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M2-SPBR-1 Post-market Real-world Data Demonstrates that an AI System Can Detect Cancers Missed by Human
Readers in Breast Cancer Screening Without Unnecessary Recalls: A Stepping Stone Towards
Implementation

Participants
Jonathan Nash, San Francisco, CA (Presenter) Medical Director, Kheiron Medical Technologies Ltd;Stockholder, Kheiron Medical
Technologies Ltd

PURPOSE
To demonstrate real-world post-market benefit of artificial intelligence (AI) as an extra reader in breast cancer screening (BCS).
METHODS AND MATERIALS

A commercially available Al system was employed as an extra reader (XR) in addition to standard human double reading (HDR) at a
breast cancer screening center from Apr-Sept 2021. The XR workflow involved flagging cases the Al suggested to recall which HDR
did not recall, i.e. positive discordant cases, for arbitration by an experienced radiologist. The deep learning model and the
thresholds for the operating points of the Al were predefined and validated in previous studies. Primary outcome was cancer
detection rate. All detected cancers were pathology-confirmed.

RESULTS

Standard HDR for 3746 patients had an arbitration rate of 3.0% (114 patients), a recall rate of 6.7% (250 patients), and a cancer
detection rate (CDR) of 12.5/1000 (47 cancer cases). Of the cases that were not recalled by HDR, the Al flagged 396 cases to
recommend recall (positive discordance rate 10.6%). Extra arbitration resulted in recalling 6 patients, all of whom were diagnosed
with breast cancer. This equated to a total arbitration rate of 13.6% and 1.6/1000 increase in CDR (sum 14.1/1000). An exact
simulation with a less sensitive Al operating point yielded a total arbitration rate of 5.3%, while still detecting 5 of 6 extra cancer
cases.

CONCLUSION

s This real-world deployment of Al increased cancer detection rates without recalling extra false positives, indicating the
effectiveness of Al as an extra reader. Combining the XR workflow with workflows focused on workload savings will mitigate the
increased arbitration rate and optimise clinical and operational benefits. The results provide important, real-world evidence showing
the benefit of using an AI reader in breast cancer screening, paving the way for innovative workflows where synergy of humans and
Al achieve optimal performance for patients.

CLINICAL RELEVANCE/APPLICATION

One of the first prospectively collected data sets where Al is actually being employed in real-world breast cancer screening shows
increased cancer detection rate for Al an as extra reader.

M2-SPBR-2 Artificial-Intelligence-Driven Volumetric Breast Density Estimation as a Predictor of Individualized
Breast Cancer Risk

Participants
Vinayak Ahluwalia, BS, Philadelphia, PA (Presenter) Nothing to Disclose

PURPOSE

Breast density is a well-established risk factor for breast cancer. We present an artificial intelligence (AI) algorithm to estimate
volumetric breast density (VBD) solely from 3D-reconstructed digital breast tomosynthesis (DBT) images, rather than raw images
rarely kept by clinical centers, and analyze its ability to perform individualized breast cancer risk assessment.

METHODS AND MATERIALS

We retrospectively analyzed 1,080 negative DBT screening exams obtained between 2011 and 2016 from the Hospital of the
University of Pennsylvania (41.2% White, 54.2% Black, 4.6% Other; mean age + SD, 57 £ 11 years; mean BMI £ SD, 28.7 £ 7.1
kg/m2), for which both 2D raw and 3D reconstructed DBT images (Selenia Dimensions, Hologic Inc) were available. Corresponding
3D reference-standard tissue segmentations were generated from previously validated software that uses both 3D reconstructed
slices and raw 2D DBT data. We based our deep learning algorithm on the U-Net architecture within the open-source Generally



Nuanced Deep Learning Framework (GaNDLF) and created a 3-label image segmentation task (background, dense tissue, and fatty
tissue). Our dataset was randomly split into training (70%), validation (15%) and test (15%) sets. Our evaluation measure was the
weighted Dice score (DSC), with 0 signifying no overlap and 1 signifying perfect overlap, overall and separately for each label.
Subsequently, we created a conditional logistic regression model using an independent case-control set of 907 subjects from the
same hospital system to evaluate if the VBD estimated from the AI algorithm and BMI is associated with breast cancer risk.

RESULTS

On an independent testing set, our Al algorithm achieved unweighted and weighted DSC of 0.78 (STD=0.09) and 0.56 (STD=0.19),
respectively. It accurately segmented the three labels of background, fatty tissue, and dense tissue, with Dice scores of 0.94,
0.89, and 0.49, respectively. In conditional logistic regression, VBD (Odds ratio 1.27, 95% confidence interval [1.03, 1.55],
p=0.022) and BMI (Odds ratio 1.37, 95% confidence interval [1.12, 1.68], p=0.002) were shown to be statistically significant
factors in individualized breast cancer prediction.

CONCLUSION

s This Al method demonstrates promise in the estimation of VBD from 3D-reconstructed DBT images. Moreover, this estimation,
along with BMI, has been shown to be associated with breast cancer risk. Such a tool can enable large retrospective
epidemiological and personalized risk assessments of breast density with DBT.

CLINICAL RELEVANCE/APPLICATION

We have created an Al algorithm for estimating VBD from 3D-reconstructed DBT images that does not require the use of raw image
data and could aid in predicting an individual’s risk of breast cancer.

M2-SPBR-3 Clinical Implications of Changes in Artificial Intelligence Software Case Scores from Prior to Current
Digital Breast Tomosynthesis Screening Exam

Participants
Emily F. Conant, MD, Philadelphia, PA (Presenter) Research Grant, Hologic, Inc;Advisory Panel, Hologic, Inc;Research Grant, OM1,
Inc;Research Grant, iCad, Inc;Advisory Panel, iCad, Inc;Speaker, WebMD LLC

PURPOSE

To evaluate the degree of change in digital breast tomosynthesis (DBT) artificial intelligence software (AI-CAD) case scores over
sequential screens relative to outcomes.

METHODS AND MATERIALS

In an IRB-approved, HIPAA-compliant observational study at a single site from 2/3/20-3/16/22, a total of 25220 DBT screens were
performed on 18251 women of which 22927 were scored at the exam-level with a DBT-derived, Al algorithm (Profound Al v2, iCAD,
Inc.). Study outcome groups were compared using EMR/tumor registry data. For true negatives (TN) and false positives (FP)
screens, 1 year follow-up was required. Biopsy-proven, cancer cases were deemed either true positive (TP) or false negative (FN)
based on mode of detection. The differences in Al-derived case score between second screen (time2 = t2, “current screen”) and
first screen (timel = t1, “prior screen”) were compared across outcome groups based on outcome of the current screen. For each
outcome group, the mean and median change in case scores was calculated.

RESULTS

Of 22927 screens with case scores, outcomes were: 159 TP and 18 FN cancer cases and 20777 negative or 1973 benign. For non-
cancer cases with 1 year follow-up, there were 9527 TN and 765 FP. Average age was TP: 62.6, FP: 55.5, TN: 58.5, FN: 58.5;
5467 of the women were Black, 4299 White, 325 Asian, 378 “Other”. The average (range) of case scores was: TP-75 (7-100), FP-
42 (0-100), TN-34 (0-100), FN-37 (0-88). The 10469 screens were in 10219 women with TP, FP, TN or FN; 9969 had a single
screen and 250 had 2 screens. Of women with only one screen, there were: TP=132, FP=743, TN=9079, FN=15. Of 250 women with
2 screens (and 1 year follow-up for TN and FPs), there were: TP=27, FP=13, TN=207, FN=3 on current screens and FP=9, TN=241
on prior screens. DBT AI-CAD case score change from prior to current screen in the 250 women based on outcomes demonstrated
median and mean differences in case score for t2 - t1 were: TP: 15 and 22.8; FP: 3 and 2.4; TN: 0 and -1.6; FN: -10 and -6.

CONCLUSION

s DBT AI-CAD case scores from sequential screens allow assessment of score changes, with larger increases in mean score
difference from prior to current for women with screen-detected cancers compared to other outcomes

CLINICAL RELEVANCE/APPLICATION

Changes in DBT Al-derived case scores over sequential screens should be considered; the degree of Al-derived score change may
be indicative of increased likelihood of screen-detected cancer.

M2-SPBR-4 Assessment of Breast Positioning in Digital Mammography: Performance of Artificial Intelligent
Quality Control System and Agreement Between AI and Radiographers

Participants
Huizhi Cao, PhD, (Presenter) Nothing to Disclose

PURPOSE

To evaluate the performance of breast positioning in digital mammography using an artificial intelligent quality control
system(AIQCS) and determine the agreement between Al system and radiographers.

METHODS AND MATERIALS

Assessment of breast positioning was performed by Al system ( Edison, GE Healthcare)and by four radiographers on 1223
examinations of women. Nine image quality criteria were used for craniocaudal and mediolateral-oblique views. The criteria
evaluated the appearance of the nipple, breast rotation, pectoral muscle, inframammary fold, pectoral nipple line, shoulder overlap
shadow, abdominal skin, contralateral breast and foreign body. The area under the receiver operating characteristic curve (AUC) of
poor imaging quality prediction by AI system according to incomplete gland, incomplete pectoralis muscle, over or insufficient
exposure were calculated and overall accuracy were evaluated. Intraclass correlation and Cohen's kappa coefficient (?) were used



to investigate the correlation and agreement between the radiographer's assessments and Al
RESULTS

The AUC of poor imaging quality prediction by Al system according to incomplete gland, incomplete pectoralis muscle, over or
insufficient exposure was (0.903 vs 0.937 vs 982). Overall accuracy of Al system were 0.958. The intraclass correlation for the
pectoral nipple line between the radiographers and AI was >0.80. A substantial to almost perfect agreement (? > 0.85) was
observed between the radiographers and Al on the nipple in profile criterion. We observed a slight to moderate agreement for the
other criteria (? = 0.40-0.65) and generally a higher agreement between the two pairs of radiographers (mean ? = 0.70) than
between the radiographers and Al (mean ? = 0.61).

CONCLUSION

s Al has great potential in evaluating breast position criteria in mammography by reducing subjectivity. However, varying agreement
between radiographers and AI was observed.

CLINICAL RELEVANCE/APPLICATION

Breast position with Al system has great importance for quality control of mammography and are great value to reach optimal image
quality in mammography.

M2-SPBR-5 Initial Experience with Contrast-Enhanced Mammography Guided Biopsy: A Single Institution Case
Series

Participants
Abeer Mousa, MD, Phoenix, AZ (Presenter) Nothing to Disclose

PURPOSE

CEM (contrast-enhanced mammography) utilizes iodinated contrast to highlight areas of neovascularity in the breast tissues with
sensitivity comparable to that of breast MR imaging. Review of our data has shown that 4% of our CEM cases have suspicious
areas of CEM enhancement, which are mammographically and sonographically-occult. In these instances, we have previously
performed MRI-guided biopsies given the lack of CEM-guided biopsy capability. In 2020, the FDA cleared a device to support CEM
biopsy. As a pilot site testing the Hologic Affirm contrast biopsy device, we present a preliminary overview of our experience with
this new technology.

METHODS AND MATERIALS

IRB approved, HIPAA compliant post-market, prospective case review of 28 patients who underwent a CEM-guided biopsy for
suspicious CEM only findings. Six biopsies were canceled due to lack of lesion enhancement at the time of biopsy (n=5) or benign
skin lesion (n=1). Hologic Selenia Dimensions mammography system with updated I-View software for CEM localization and biopsy
was used. After intravenous injection of iodinated contrast, enhancing lesions were localized using 2D stereotactic image
acquisition followed by stereotactic biopsy.

RESULTS

28 patients underwent CEM guided biopsy, mean patient age 57.2 years (34-78y). Mean size of biopsied lesion was 12 mm (5-29
mm). Pathology demonstrated malignancy in 5/28 (18%) (3 invasive lobular carcinoma, 2 ductal carcinoma in situ), high risk lesions
in 6/28 (21%), and benign findings in 17/28 (61%). When available, average length of procedure was 11 min (5-20 min). One
patient with a benign biopsy was categorized as clinically discordant and had subsequent MRI-guided biopsy, which demonstrated
invasive ductal carcinoma, resulting in one false negative.

CONCLUSION

s Our study demonstrates that CEM-guided biopsies are technically feasible, with average length of time relatively shorter than that
of MR biopsy. Pathology concordance remains of utmost importance using a newer biopsy technique.

CLINICAL RELEVANCE/APPLICATION

As future work evolves, CEM and CEM-guided biopsies could provide for a more cost-effective and relatively quick breast tissue
biopsy mechanism. Future work will need to be performed to compare costs, patient wait times, procedure times and patient
experience of CEM to MRI biopsy.

M2-SPBR-6 Explorative Multicenter Study to Assess Patient Comfort: Radiographers Usability and Image Quality
of Spiral Breast CT

Participants
Matthias Wetzl, MD, Erlangen, Germany (Presenter) Nothing to Disclose

PURPOSE

Dedicated spiral breast CT is a promising method in breast imaging and is increasingly used in radiology departments. This
explorative, multicenter study aimed to assess image quality of dedicated spiral breast CT and its acceptability among patients and
radiographers in different radiology sites.

METHODS AND MATERIALS

The prospective study was approved by the local ethics committee and conducted in three centers from August 2021 to March
2022. On a 5-point Likert Scale, patient comfort (1 = very good comfort; 5 = severe injury) and usability by radiographers (1 = very
good usability; 5 = examination not possible) were assessed. Radiologists rated overall image quality (1 = very good; 5 = diagnosis
not possible), depiction of calcifications (1 = very good; 5 = diagnosis not possible), and coverage of breast tissue (1 = glandular
tissue complete and parts of pectoralis muscle; 2 = almost complete glandular tissue and part of pectoralis muscle; 3 = major parts
of glandular tissue and no pectoralis muscle; 4 = major parts of glandular tissue missing).

RESULTS

393 women (age: 59 years old, range 35 - 89) participated in the study. Both breasts were examined in 92 % and intravenous



contrast media was applied in 39 % of patients. Patient comfort (n = 313) was very good in 71 % (CI 67 - 76 %) and good in 28 %
(CI 22 - 32 %), while 1 % had minor problems. One woman needed physiotherapy due to pain in cervical spine, which exaggerated
after the procedure. Usability by radiographers (n = 298) was very good in 61 % (CI 55 - 66 %) and good in 26 % (CI 22 - 31 %),
while examination was not possible in one women, since the breasts were too large for the scanner. Image quality (n = 224) was
rated very good in 57 % (CI 51 - 64 %) and good in 34 % (CI 29 - 40 %). Detectability of calcifications (n = 116) was very good in
75 % (CI 67 - 83 %), while 8 % (CI 3 - 13 %) of calcifications presented insufficiently (Likert Scale 3 - 5). Breast coverage (n =
224) was complete in 38 % (CI 32 - 45 %), almost complete in 29 % (CI 23 - 34 %), major parts of glandular tissue were covered
in 30 % (CI 23 - 35 %), and coverage was insufficient in 3 % (CI 1 - 6 %).

CONCLUSION

s Dedicated spiral breast CT has a high acceptance among patients and radiographers. Image quality is high in dedicated breast CT
and breast coverage adequate.

CLINICAL RELEVANCE/APPLICATION

Dedicated spiral breast CT delivers a high image quality and is well accepted by radiographers and patients in a prospective
multicenter study.

M2-SPBR-7 Preoperative MRI Characteristics of Invasive Breast Cancer: Association with Lympho Vascular
Invasion and Disease-free Survival

Participants
Zeyan Xu, (Presenter) Nothing to Disclose

PURPOSE

As an adverse prognostic factor in patients with invasive breast cancer, lymphovascular invasion (LVI) is closely associated with
axillary lymph node (ALN) involvement, disease recurrence, and distant metastasis. This study aims to investigate the relationship
of preoperative MRI characteristics with LVI and disease-free survival (DFS).

METHODS AND MATERIALS

This retrospective study included patients with available LVI status who underwent preoperative MRI examination at two hospitals
from January 2013 to August 2020. Univariable and multivariable logistic regression analyses were performed to evaluate the
independent predictors of LVI. A prediction model was established and a scoring system was carried out according to the odds ratio
of multivariable analysis in the primary set, and the results were further verified in the validation set. The Kaplan-Meier method and
log-rank test were applied to analyze the association of the risk score with DFS.

RESULTS

A total of 575 women (median age, 50 years; range, 24-79 years) were included. LVI-positive status was confirmed in 26.9% (104
of 386) and 27.5% (52 of 189) of the primary and validation set. At the primary set, Ki-67 index, MRI-ALN status, breast edema
score, multicentricity or multifocality showed significantly independent values in predicting LVI status (P It; 0.05). The area under
the receiver operating characteristic curve of the model using these predictors in the primary and validation set was 0.75 (95%
confidence interval [CI]: 0.69, 0.81) and 0.75 (95% CI: 0.67, 0.83), respectively. Across the entire study population, higher grades
of simplified scores tended to have a higher proportion of positive LVI status. Furthermore, patients with high-score were
significantly associated with a worse DFS (HR for high vs. low, 3.08; 95% CI: 1.32-7.18, P = 0.006).

CONCLUSION

s The prediction model incorporating Ki-67 index, MRI-ALN status, breast edema score, multicentricity or multifocality shows good
predictive performance for LVI status and is associated with DFS in patients with invasive breast cancer.

CLINICAL RELEVANCE/APPLICATION

A feasible predictive model combining preoperative breast MRI characteristics and clinicopathological factors can help identify the
presence of lymphovascular invasion in patients with invasive breast cancer. Furthermore, the variables used in our model are
readily available in routine clinical practice and could help optimize clinical workflows.

Printed on: 02/07/23
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Post-market Real-world Data Demonstrates that an AI System Can Detect Cancers Missed by Human Readers
in Breast Cancer Screening Without Unnecessary Recalls: A Stepping Stone Towards Implementation

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - BR DPS

Participants
Jonathan Nash, San Francisco, CA (Presenter) Medical Director, Kheiron Medical Technologies Ltd;Stockholder, Kheiron Medical
Technologies Ltd

PURPOSE
To demonstrate real-world post-market benefit of artificial intelligence (AI) as an extra reader in breast cancer screening (BCS).
METHODS AND MATERIALS

A commercially available AI system was employed as an extra reader (XR) in addition to standard human double reading (HDR) at a
breast cancer screening center from Apr-Sept 2021. The XR workflow involved flagging cases the AI suggested to recall which HDR
did not recall, i.e. positive discordant cases, for arbitration by an experienced radiologist. The deep learming model and the
thresholds for the operating points of the AI were predefined and validated in previous studies. Primary outcome was cancer
detection rate. All detected cancers were pathology-confirmed.

RESULTS

Standard HDR for 3746 patients had an arbitration rate of 3.0% (114 patients), a recall rate of 6.7% (250 patients), and a cancer
detection rate (CDR) of 12.5/1000 (47 cancer cases). Of the cases that were not recalled by HDR, the Al flagged 396 cases to
recommend recall (positive discordance rate 10.6%). Extra arbitration resulted in recalling 6 patients, all of whom were diagnosed
with breast cancer. This equated to a total arbitration rate of 13.6% and 1.6/1000 increase in CDR (sum 14.1/1000). An exact
simulation with a less sensitive Al operating point yielded a total arbitration rate of 5.3%, while still detecting 5 of 6 extra cancer
cases.

CONCLUSION

s This real-world deployment of Al increased cancer detection rates without recalling extra false positives, indicating the
effectiveness of Al as an extra reader. Combining the XR workflow with workflows focused on workload savings will mitigate the
increased arbitration rate and optimise clinical and operational benefits. The results provide important, real-world evidence showing
the benefit of using an Al reader in breast cancer screening, paving the way for innovative workflows where synergy of humans and
AI achieve optimal performance for patients.

CLINICAL RELEVANCE/APPLICATION

One of the first prospectively collected data sets where Al is actually being employed in real-world breast cancer screening shows
increased cancer detection rate for Al an as extra reader.

Printed on: 02/07/23
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Artificial-Intelligence-Driven Volumetric Breast Density Estimation as a Predictor of Individualized Breast
Cancer Risk

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - BR DPS

Participants
Vinayak Ahluwalia, BS, Philadelphia, PA (Presenter) Nothing to Disclose

PURPOSE

Breast density is a well-established risk factor for breast cancer. We present an artificial intelligence (AI) algorithm to estimate
volumetric breast density (VBD) solely from 3D-reconstructed digital breast tomosynthesis (DBT) images, rather than raw images
rarely kept by clinical centers, and analyze its ability to perform individualized breast cancer risk assessment.

METHODS AND MATERIALS

We retrospectively analyzed 1,080 negative DBT screening exams obtained between 2011 and 2016 from the Hospital of the
University of Pennsylvania (41.2% White, 54.2% Black, 4.6% Other; mean age + SD, 57 £ 11 years; mean BMI £ SD, 28.7 £ 7.1
kg/m2), for which both 2D raw and 3D reconstructed DBT images (Selenia Dimensions, Hologic Inc) were available. Corresponding
3D reference-standard tissue segmentations were generated from previously validated software that uses both 3D reconstructed
slices and raw 2D DBT data. We based our deep learning algorithm on the U-Net architecture within the open-source Generally
Nuanced Deep Learning Framework (GaNDLF) and created a 3-label image segmentation task (background, dense tissue, and fatty
tissue). Our dataset was randomly split into training (70%), validation (15%) and test (15%) sets. Our evaluation measure was the
weighted Dice score (DSC), with 0 signifying no overlap and 1 signifying perfect overlap, overall and separately for each label.
Subsequently, we created a conditional logistic regression model using an independent case-control set of 907 subjects from the
same hospital system to evaluate if the VBD estimated from the AI algorithm and BMI is associated with breast cancer risk.

RESULTS

On an independent testing set, our Al algorithm achieved unweighted and weighted DSC of 0.78 (STD=0.09) and 0.56 (STD=0.19),
respectively. It accurately segmented the three labels of background, fatty tissue, and dense tissue, with Dice scores of 0.94,
0.89, and 0.49, respectively. In conditional logistic regression, VBD (Odds ratio 1.27, 95% confidence interval [1.03, 1.55],
p=0.022) and BMI (Odds ratio 1.37, 95% confidence interval [1.12, 1.68], p=0.002) were shown to be statistically significant
factors in individualized breast cancer prediction.

CONCLUSION

s This Al method demonstrates promise in the estimation of VBD from 3D-reconstructed DBT images. Moreover, this estimation,
along with BMI, has been shown to be associated with breast cancer risk. Such a tool can enable large retrospective
epidemiological and personalized risk assessments of breast density with DBT.

CLINICAL RELEVANCE/APPLICATION

We have created an Al algorithm for estimating VBD from 3D-reconstructed DBT images that does not require the use of raw image
data and could aid in predicting an individual’s risk of breast cancer.

Printed on: 02/07/23
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Clinical Implications of Changes in Artificial Intelligence Software Case Scores from Prior to Current Digital
Breast Tomosynthesis Screening Exam

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - BR DPS

Participants
Emily F. Conant, MD, Philadelphia, PA (Presenter) Research Grant, Hologic, Inc;Advisory Panel, Hologic, Inc;Research Grant, OM1,
Inc;Research Grant, iCad, Inc;Advisory Panel, iCad, Inc;Speaker, WebMD LLC

PURPOSE

To evaluate the degree of change in digital breast tomosynthesis (DBT) artificial intelligence software (AI-CAD) case scores over
sequential screens relative to outcomes.

METHODS AND MATERIALS

In an IRB-approved, HIPAA-compliant observational study at a single site from 2/3/20-3/16/22, a total of 25220 DBT screens were
performed on 18251 women of which 22927 were scored at the exam-level with a DBT-derived, Al algorithm (Profound AI v2, iCAD,
Inc.). Study outcome groups were compared using EMR/tumor registry data. For true negatives (TN) and false positives (FP)
screens, 1 year follow-up was required. Biopsy-proven, cancer cases were deemed either true positive (TP) or false negative (FN)
based on mode of detection. The differences in Al-derived case score between second screen (time2 = t2, “current screen”) and
first screen (timel = t1, “prior screen”) were compared across outcome groups based on outcome of the current screen. For each
outcome group, the mean and median change in case scores was calculated.

RESULTS

Of 22927 screens with case scores, outcomes were: 159 TP and 18 FN cancer cases and 20777 negative or 1973 benign. For non-
cancer cases with 1 year follow-up, there were 9527 TN and 765 FP. Average age was TP: 62.6, FP: 55.5, TN: 58.5, FN: 58.5;
5467 of the women were Black, 4299 White, 325 Asian, 378 “Other”. The average (range) of case scores was: TP-75 (7-100), FP-
42 (0-100), TN-34 (0-100), FN-37 (0-88). The 10469 screens were in 10219 women with TP, FP, TN or FN; 9969 had a single
screen and 250 had 2 screens. Of women with only one screen, there were: TP=132, FP=743, TN=9079, FN=15. Of 250 women with
2 screens (and 1 year follow-up for TN and FPs), there were: TP=27, FP=13, TN=207, FN=3 on current screens and FP=9, TN=241
on prior screens. DBT AI-CAD case score change from prior to current screen in the 250 women based on outcomes demonstrated
median and mean differences in case score for t2 - t1 were: TP: 15 and 22.8; FP: 3 and 2.4; TN: 0 and -1.6; FN: -10 and -6.

CONCLUSION

s DBT AI-CAD case scores from sequential screens allow assessment of score changes, with larger increases in mean score
difference from prior to current for women with screen-detected cancers compared to other outcomes

CLINICAL RELEVANCE/APPLICATION

Changes in DBT Al-derived case scores over sequential screens should be considered; the degree of Al-derived score change may
be indicative of increased likelihood of screen-detected cancer.

Printed on: 02/07/23
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Assessment of Breast Positioning in Digital Mammography: Performance of Artificial Intelligent Quality Control
System and Agreement Between AI and Radiographers

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - BR DPS

Participants
Huizhi Cao, PhD, (Presenter) Nothing to Disclose

PURPOSE

To evaluate the performance of breast positioning in digital mammography using an artificial intelligent quality control
system(AIQCS) and determine the agreement between Al system and radiographers.

METHODS AND MATERIALS

Assessment of breast positioning was performed by Al system ( Edison, GE Healthcare)and by four radiographers on 1223
examinations of women. Nine image quality criteria were used for craniocaudal and mediolateral-oblique views. The criteria
evaluated the appearance of the nipple, breast rotation, pectoral muscle, inframammary fold, pectoral nipple line, shoulder overlap
shadow, abdominal skin, contralateral breast and foreign body. The area under the receiver operating characteristic curve (AUC) of
poor imaging quality prediction by Al system according to incomplete gland, incomplete pectoralis muscle, over or insufficient
exposure were calculated and overall accuracy were evaluated. Intraclass correlation and Cohen's kappa coefficient (?) were used
to investigate the correlation and agreement between the radiographer's assessments and Al

RESULTS

The AUC of poor imaging quality prediction by Al system according to incomplete gland, incomplete pectoralis muscle, over or
insufficient exposure was (0.903 vs 0.937 vs 982). Overall accuracy of Al system were 0.958. The intraclass correlation for the
pectoral nipple line between the radiographers and Al was >0.80. A substantial to almost perfect agreement (? > 0.85) was
observed between the radiographers and AI on the nipple in profile criterion. We observed a slight to moderate agreement for the
other criteria (? = 0.40-0.65) and generally a higher agreement between the two pairs of radiographers (mean ? = 0.70) than
between the radiographers and AI (mean ? = 0.61).

CONCLUSION

s Al has great potential in evaluating breast position criteria in mammography by reducing subjectivity. However, varying agreement
between radiographers and AI was observed.

CLINICAL RELEVANCE/APPLICATION

Breast position with Al system has great importance for quality control of mammography and are great value to reach optimal image
quality in mammography.

Printed on: 02/07/23
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Initial Experience with Contrast-Enhanced Mammography Guided Biopsy: A Single Institution Case Series

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - BR DPS

Participants
Abeer Mousa, MD, Phoenix, AZ (Presenter) Nothing to Disclose

PURPOSE

CEM (contrast-enhanced mammography) utilizes iodinated contrast to highlight areas of neovascularity in the breast tissues with
sensitivity comparable to that of breast MR imaging. Review of our data has shown that 4% of our CEM cases have suspicious
areas of CEM enhancement, which are mammographically and sonographically-occult. In these instances, we have previously
performed MRI-guided biopsies given the lack of CEM-guided biopsy capability. In 2020, the FDA cleared a device to support CEM
biopsy. As a pilot site testing the Hologic Affirm contrast biopsy device, we present a preliminary overview of our experience with
this new technology.

METHODS AND MATERIALS

IRB approved, HIPAA compliant post-market, prospective case review of 28 patients who underwent a CEM-guided biopsy for
suspicious CEM only findings. Six biopsies were canceled due to lack of lesion enhancement at the time of biopsy (n=5) or benign
skin lesion (n=1). Hologic Selenia Dimensions mammography system with updated I-View software for CEM localization and biopsy
was used. After intravenous injection of iodinated contrast, enhancing lesions were localized using 2D stereotactic image
acquisition followed by stereotactic biopsy.

RESULTS

28 patients underwent CEM guided biopsy, mean patient age 57.2 years (34-78y). Mean size of biopsied lesion was 12 mm (5-29
mm). Pathology demonstrated malignancy in 5/28 (18%) (3 invasive lobular carcinoma, 2 ductal carcinoma in situ), high risk lesions
in 6/28 (21%), and benign findings in 17/28 (61%). When available, average length of procedure was 11 min (5-20 min). One
patient with a benign biopsy was categorized as clinically discordant and had subsequent MRI-guided biopsy, which demonstrated
invasive ductal carcinoma, resulting in one false negative.

CONCLUSION

s Our study demonstrates that CEM-guided biopsies are technically feasible, with average length of time relatively shorter than that
of MR biopsy. Pathology concordance remains of utmost importance using a newer biopsy technique.

CLINICAL RELEVANCE/APPLICATION

As future work evolves, CEM and CEM-guided biopsies could provide for a more cost-effective and relatively quick breast tissue
biopsy mechanism. Future work will need to be performed to compare costs, patient wait times, procedure times and patient
experience of CEM to MRI biopsy.
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Explorative Multicenter Study to Assess Patient Comfort: Radiographers Usability and Image Quality of Spiral
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Matthias Wetzl, MD, Erlangen, Germany (Presenter) Nothing to Disclose

PURPOSE

Dedicated spiral breast CT is a promising method in breast imaging and is increasingly used in radiology departments. This
explorative, multicenter study aimed to assess image quality of dedicated spiral breast CT and its acceptability among patients and
radiographers in different radiology sites.

METHODS AND MATERIALS

The prospective study was approved by the local ethics committee and conducted in three centers from August 2021 to March
2022. On a 5-point Likert Scale, patient comfort (1 = very good comfort; 5 = severe injury) and usability by radiographers (1 = very
good usability; 5 = examination not possible) were assessed. Radiologists rated overall image quality (1 = very good; 5 = diagnosis
not possible), depiction of calcifications (1 = very good; 5 = diagnosis not possible), and coverage of breast tissue (1 = glandular
tissue complete and parts of pectoralis muscle; 2 = almost complete glandular tissue and part of pectoralis muscle; 3 = major parts
of glandular tissue and no pectoralis muscle; 4 = major parts of glandular tissue missing).

RESULTS

393 women (age: 59 years old, range 35 - 89) participated in the study. Both breasts were examined in 92 % and intravenous
contrast media was applied in 39 % of patients. Patient comfort (n = 313) was very good in 71 % (CI 67 - 76 %) and good in 28 %
(CI 22 - 32 %), while 1 % had minor problems. One woman needed physiotherapy due to pain in cervical spine, which exaggerated
after the procedure. Usability by radiographers (n = 298) was very good in 61 % (CI 55 - 66 %) and good in 26 % (CI 22 - 31 %),
while examination was not possible in one women, since the breasts were too large for the scanner. Image quality (n = 224) was
rated very good in 57 % (CI 51 - 64 %) and good in 34 % (CI 29 - 40 %). Detectability of calcifications (n = 116) was very good in
75 % (CI 67 - 83 %), while 8 % (CI 3 - 13 %) of calcifications presented insufficiently (Likert Scale 3 - 5). Breast coverage (n =
224) was complete in 38 % (CI 32 - 45 %), almost complete in 29 % (CI 23 - 34 %), major parts of glandular tissue were covered
in 30 % (CI 23 - 35 %), and coverage was insufficient in 3 % (CI 1 - 6 %).

CONCLUSION

s Dedicated spiral breast CT has a high acceptance among patients and radiographers. Image quality is high in dedicated breast CT
and breast coverage adequate.

CLINICAL RELEVANCE/APPLICATION

Dedicated spiral breast CT delivers a high image quality and is well accepted by radiographers and patients in a prospective
multicenter study.
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Preoperative MRI Characteristics of Invasive Breast Cancer: Association with Lympho Vascular Invasion and
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Zeyan Xu, (Presenter) Nothing to Disclose

PURPOSE

As an adverse prognostic factor in patients with invasive breast cancer, lymphovascular invasion (LVI) is closely associated with
axillary lymph node (ALN) involvement, disease recurrence, and distant metastasis. This study aims to investigate the relationship
of preoperative MRI characteristics with LVI and disease-free survival (DFS).

METHODS AND MATERIALS

This retrospective study included patients with available LVI status who underwent preoperative MRI examination at two hospitals
from January 2013 to August 2020. Univariable and multivariable logistic regression analyses were performed to evaluate the
independent predictors of LVI. A prediction model was established and a scoring system was carried out according to the odds ratio
of multivariable analysis in the primary set, and the results were further verified in the validation set. The Kaplan-Meier method and
log-rank test were applied to analyze the association of the risk score with DFS.

RESULTS

A total of 575 women (median age, 50 years; range, 24-79 years) were included. LVI-positive status was confirmed in 26.9% (104
of 386) and 27.5% (52 of 189) of the primary and validation set. At the primary set, Ki-67 index, MRI-ALN status, breast edema
score, multicentricity or multifocality showed significantly independent values in predicting LVI status (P It; 0.05). The area under
the receiver operating characteristic curve of the model using these predictors in the primary and validation set was 0.75 (95%
confidence interval [CI]: 0.69, 0.81) and 0.75 (95% CI: 0.67, 0.83), respectively. Across the entire study population, higher grades
of simplified scores tended to have a higher proportion of positive LVI status. Furthermore, patients with high-score were
significantly associated with a worse DFS (HR for high vs. low, 3.08; 95% CI: 1.32-7.18, P = 0.006).

CONCLUSION

s The prediction model incorporating Ki-67 index, MRI-ALN status, breast edema score, multicentricity or multifocality shows good
predictive performance for LVI status and is associated with DFS in patients with invasive breast cancer.

CLINICAL RELEVANCE/APPLICATION

A feasible predictive model combining preoperative breast MRI characteristics and clinicopathological factors can help identify the
presence of lymphovascular invasion in patients with invasive breast cancer. Furthermore, the variables used in our model are
readily available in routine clinical practice and could help optimize clinical workflows.
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M2-SPCA-1 Photon-Counting CT Coronary Stent Imaging with Dedicated Ultra-Sharp Convolution Kernels: A
Phantom Study

Participants
Bernhard Petritsch, MD, Wuerzburg, Germany (Presenter) Research Consultant, Siemens AG

PURPOSE

To assess the impact of different dedicated (ultra-) sharp vascular convolution kernels on quantitative and subjective image
characteristics using a clinical photon-counting detector (PCD) CT system in comparison to a conventional energy-integrating
detector (EID) CT system.

METHODS AND MATERIALS

In this phantom study, 10 different coronary stents (3.0 mm diameter) were expanded into plastic vessel phantoms filled with
contrast agent. Stent-containing vessel phantoms were positioned in an anthropomorphic phantom (QRM) simulating a medium-
sized patient. CT scans were acquired parallel to the scanners z-axis using a 1st generation PCD CT system (NAEOTOM Alpha,
Siemens). Examinations were performed with two different scan-modes (standard-resolution [SR mode - 2x2 binning] and ultra-
high-resolution [UHR mode- subpixels readout separately]). A state of the art EID CT system from the same vendor served as
reference standard (SOMATOM Force, Siemens). CTDIvol matched images were reconstructed with identical reconstruction
parameters using different convolution kernels (Bv59 [EID]; Bv60 [SR-PCD], Bv68 [SR + UHR-PCD], Bv84 [UHR-PCD]). In-stent
lumen visibility (%), image noise (HU), and subjective image quality (IQ) (Likert sale 1-4) were assessed.

RESULTS

PCD-UHR mode in Bv84 achieved highest in-stent lumen visibility and best subjective IQ [=1] while PCD-SR mode in Bv60 provided
lowest noise levels and comparable IQ [=3] to the EID CT. In-stent lumen visibility was significantly higher (p<0.001) with PCD UHR
in Bv68 (73.3%) [IQ=2], and PCD UHR in Bv84 (83.3%) when compared to conventional EID (60.0%). Image noise of PCD CT was
significantly lower (p<0.001) for Bv60 SR (24 HU), and Bv68 UHR (27 HU) mode compared to conventional EID images (66 HU). The
ultra sharp Bv84 kernel provided similar (p=1.000) noise levels (68 HU) as conventional Bv59 EID images.

CONCLUSION

s In an in vitro setting, the combination of PCD CT and ultra-sharp convolution kernels provides superior in-stent lumen visibility and
subkective image quality at identical (Bv84) or even lower (Bv68) noise levels when compared to conventional EID CT technology.

CLINICAL RELEVANCE/APPLICATION
PCD CT allows for improved assessment of coronary artery stents and potentially in-stent restenosis in particular, respectively.

M2-SPCA-2 Dual Energy versus Single Energy Coronary CT Angiography for The Evaluation of Coronary Artery
Disease

Participants
Carlos Capunay, MD, Vicente Lopez, Argentina (Presenter) Nothing to Disclose

PURPOSE

To explore the diagnostic performance of dual energy CT coronary angiography (DE-CTCA) in comparison with single energy CTCA
(SE-CTCA) in patients with intermediate to high likelihood of coronary artery disease (CAD) referred to invasive coronary
angiography (ICA).

METHODS AND MATERIALS

Study protocol include consecutive symptomatic patients with suspected CAD referred for ICA who underwent DE-CTCA and a
coronary artery calcium scoring (CACS) whithin the month before the ICA. DE-CTCA was analyzed in a polychromatic fashion to
resemble a SE-CTCA and using monochromatic images at 85 keV to reduce blooming artifact. Two blinded experienced observers
(O) analyzed the images. O1 analyzed DE-CTCA and O2 analyzed the equivalent SE-CTCA group of images. Stenosis over 50% were
considered a positive finding. The 95% confidence interval for the proportions were calculated by the exact binomial method. ROC
curve analyses were performed using specific software for ROC analysis. Pairwise comparison of ROC curves were performed using
the method of DelLong et al. for detection of differences between two AUC, and calculated the binomial exact confidence interval
for the AUC. A two-sided p value of less than 0.05 indicated statistical significance.

RESULTS
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median CAC scoring of the patients was 589 (interquartile range 183-1085). The sensitivity, specificity, PPV, NPV, LR +, LR - and
AUC for the detection of stenosis = 50% (per segment analysis; 711 segments) for SE-CTA were 93.8%, 90.7%, 71.7%, 98.3%,

10.1, 0.07 and 0.92; for DE-CTA 94.4%, 96,2%, 84.3%, 98.7%, 24.7, 0.05 and 0.95. Improvement of PPV, LR+ and in diagnostic

performance was observed between techniques, p=0.006.

CONCLUSION

s In symptomatic patients with intermediate to high likelihood of CAD, DE-CTCA showed a good diagnostic performance to identify
obstructive disease with better diagnostic performance than SE-CTCA.

CLINICAL RELEVANCE/APPLICATION

Dual Energy computed tomography coronary angiography emerged as a novel promising CT technology to attenuate some of the
limitations related to the polychromatic nature of the x-rays (such as blooming artifact).

M2-SPCA-3 Coronary Stent Image Quality with A Spectral Photon Counting CT: Initial Results in Humans

Participants
Sara Boccalini, MD, PhD, Lyon, France (Presenter) Nothing to Disclose

PURPOSE

The aim of this study is to compare the image quality (IQ) of in-vivo coronary stents between a dual-energy dual-source CT
(DECT) and a clinical prototype of Spectral Photon Counting CT (SPCCT).

METHODS AND MATERIALS

In January-April 2021 patients with coronary stents were prospectively enrolled to undergo a coronary CT with a DECT (IQon,
Philips) and a SPCCT (Philips). The study was approved by the local ethical committee and patients signed an informed consent. An
acquisition with retrospective ECG gating was performed with optimized matching parameters on the two scanners (DECT:
collimation=64x0.625, kV=120, mAs=255, dose modulation, rotation time=0.27; SPCCT: collimation=64x0.275, kV=120, mAs=255,
rotation time=0.33). The injection protocol was the same on the two scanners: 65-75mL of Iomeron (Bracco) at 5mL/sec. Images
were reconstructed with slice thickness of 0.67mm, 512 matrix, XCD kernel, iDose 3 for DECT and 0.25mm slice thickness, 1024
matrix and sharp kernel, iDose 6 for SPCCT. ROIs were drawn in the lumen of the stent and of the upstream coronary artery and
the difference (?HU) between the respective values was calculated. Measures of the proximal and distal outer and inner diameter of
the stents were used to quantify blooming artefacts. For subjective IQ, 2 experienced observers graded with a 4-point scale the
image quality of different parameters: coronary wall before the stent, stent lumen, stent structure, calcifications surrounding the
stent, beam hardening artefacts.

RESULTS

7 patients (age: 6945; all males; BMI: 25.9+2.1) with 14 stents were scanned. Two stents were not evaluable due to motion
artifacts. Of the remaining, 7 were active stents of Platinum-Chromium (5 Synergy; 1 Promus) and Cobalt-Chromium (Ultimaster);
for the others no information could be retrieved. Whereas HU values within the coronary arteries on the two scanners were similar
(p=0.56), the ?HU was higher for the DECT (median(IQ)=201(278) vs 112(59); p<0.01). The mean external diameter of the stents
was 4.5 vs 4mm and the internal 1.5 vs 2.2mm (without the 1 stent the internal diameter of which was not assessable on the
DECT). Blooming artefacts were more pronounced on the DECT (69%(16) vs 48%(10); p<0.001). SPCCT IQ had higher subjective
scores for stent lumen, stent structure, surrounding calcifications and beam hardening (all p=0.001). The IQ of the coronary wall
scored higher as well, but not significantly (3 vs 2; p=0.19).

CONCLUSION
s SPCCT demonstrated improved objective and subjective image quality as compared to DECT for the evaluation of coronary stents.
CLINICAL RELEVANCE/APPLICATION

Stent assessment remains a challenge of coronary CT. With its proven higher spatial resolution and artefacts reduction capabilities,
SPCCT might overcome these limitations.

Printed on: 02/07/23
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Photon-Counting CT Coronary Stent Imaging with Dedicated Ultra-Sharp Convolution Kernels: A Phantom
Study

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - CA DPS

Participants
Bernhard Petritsch, MD, Wuerzburg, Germany (Presenter) Research Consultant, Siemens AG

PURPOSE

To assess the impact of different dedicated (ultra-) sharp vascular convolution kernels on quantitative and subjective image
characteristics using a clinical photon-counting detector (PCD) CT system in comparison to a conventional energy-integrating
detector (EID) CT system.

METHODS AND MATERIALS

In this phantom study, 10 different coronary stents (3.0 mm diameter) were expanded into plastic vessel phantoms filled with
contrast agent. Stent-containing vessel phantoms were positioned in an anthropomorphic phantom (QRM) simulating a medium-
sized patient. CT scans were acquired parallel to the scanners z-axis using a 1st generation PCD CT system (NAEOTOM Alpha,
Siemens). Examinations were performed with two different scan-modes (standard-resolution [SR mode - 2x2 binning] and ultra-
high-resolution [UHR mode- subpixels readout separately]). A state of the art EID CT system from the same vendor served as
reference standard (SOMATOM Force, Siemens). CTDIvol matched images were reconstructed with identical reconstruction
parameters using different convolution kernels (Bv59 [EID]; Bv60 [SR-PCD], Bv68 [SR + UHR-PCD], Bv84 [UHR-PCD]). In-stent
lumen visibility (%), image noise (HU), and subjective image quality (IQ) (Likert sale 1-4) were assessed.

RESULTS

PCD-UHR mode in Bv84 achieved highest in-stent lumen visibility and best subjective IQ [=1] while PCD-SR mode in Bv60 provided
lowest noise levels and comparable IQ [=3] to the EID CT. In-stent lumen visibility was significantly higher (p<0.001) with PCD UHR
in Bv68 (73.3%) [IQ=2], and PCD UHR in Bv84 (83.3%) when compared to conventional EID (60.0%). Image noise of PCD CT was
significantly lower (p<0.001) for Bv60 SR (24 HU), and Bv68 UHR (27 HU) mode compared to conventional EID images (66 HU). The
ultra sharp Bv84 kernel provided similar (p=1.000) noise levels (68 HU) as conventional Bv59 EID images.

CONCLUSION

s In an in vitro setting, the combination of PCD CT and ultra-sharp convolution kernels provides superior in-stent lumen visibility and
subkective image quality at identical (Bv84) or even lower (Bv68) noise levels when compared to conventional EID CT technology.

CLINICAL RELEVANCE/APPLICATION
PCD CT allows for improved assessment of coronary artery stents and potentially in-stent restenosis in particular, respectively.
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Dual Energy versus Single Energy Coronary CT Angiography for The Evaluation of Coronary Artery Disease
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Participants
Carlos Capunay, MD, Vicente Lopez, Argentina (Presenter) Nothing to Disclose

PURPOSE

To explore the diagnostic performance of dual energy CT coronary angiography (DE-CTCA) in comparison with single energy CTCA
(SE-CTCA) in patients with intermediate to high likelihood of coronary artery disease (CAD) referred to invasive coronary
angiography (ICA).

METHODS AND MATERIALS

Study protocol include consecutive symptomatic patients with suspected CAD referred for ICA who underwent DE-CTCA and a
coronary artery calcium scoring (CACS) whithin the month before the ICA. DE-CTCA was analyzed in a polychromatic fashion to
resemble a SE-CTCA and using monochromatic images at 85 keV to reduce blooming artifact. Two blinded experienced observers
(0) analyzed the images. O1 analyzed DE-CTCA and O2 analyzed the equivalent SE-CTCA group of images. Stenosis over 50% were
considered a positive finding. The 95% confidence interval for the proportions were calculated by the exact binomial method. ROC
curve analyses were performed using specific software for ROC analysis. Pairwise comparison of ROC curves were performed using
the method of DeLong et al. for detection of differences between two AUC, and calculated the binomial exact confidence interval
for the AUC. A two-sided p value of less than 0.05 indicated statistical significance.

RESULTS

Fifty patients were included, mean age 63 years-old; 70% male. The mean effective radiation dose of DE-CTCA was 4 mSv. The

median CAC scoring of the patients was 589 (interquartile range 183-1085). The sensitivity, specificity, PPV, NPV, LR +, LR - and
AUC for the detection of stenosis = 50% (per segment analysis; 711 segments) for SE-CTA were 93.8%, 90.7%, 71.7%, 98.3%,

10.1, 0.07 and 0.92; for DE-CTA 94.4%, 96,2%, 84.3%, 98.7%, 24.7, 0.05 and 0.95. Improvement of PPV, LR+ and in diagnostic

performance was observed between techniques, p=0.006.

CONCLUSION

s In symptomatic patients with intermediate to high likelihood of CAD, DE-CTCA showed a good diagnostic performance to identify
obstructive disease with better diagnostic performance than SE-CTCA.

CLINICAL RELEVANCE/APPLICATION

Dual Energy computed tomography coronary angiography emerged as a novel promising CT technology to attenuate some of the
limitations related to the polychromatic nature of the x-rays (such as blooming artifact).
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Coronary Stent Image Quality with A Spectral Photon Counting CT: Initial Results in Humans
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Participants
Sara Boccalini, MD, PhD, Lyon, France (Presenter) Nothing to Disclose

PURPOSE

The aim of this study is to compare the image quality (IQ) of in-vivo coronary stents between a dual-energy dual-source CT
(DECT) and a clinical prototype of Spectral Photon Counting CT (SPCCT).

METHODS AND MATERIALS

In January-April 2021 patients with coronary stents were prospectively enrolled to undergo a coronary CT with a DECT (IQon,
Philips) and a SPCCT (Philips). The study was approved by the local ethical committee and patients signed an informed consent. An
acquisition with retrospective ECG gating was performed with optimized matching parameters on the two scanners (DECT:
collimation=64x0.625, kV=120, mAs=255, dose modulation, rotation time=0.27; SPCCT: collimation=64x0.275, kV=120, mAs=255,
rotation time=0.33). The injection protocol was the same on the two scanners: 65-75mL of Iomeron (Bracco) at 5mL/sec. Images
were reconstructed with slice thickness of 0.67mm, 512 matrix, XCD kernel, iDose 3 for DECT and 0.25mm slice thickness, 1024
matrix and sharp kernel, iDose 6 for SPCCT. ROIs were drawn in the lumen of the stent and of the upstream coronary artery and
the difference (?HU) between the respective values was calculated. Measures of the proximal and distal outer and inner diameter of
the stents were used to quantify blooming artefacts. For subjective IQ, 2 experienced observers graded with a 4-point scale the
image quality of different parameters: coronary wall before the stent, stent lumen, stent structure, calcifications surrounding the
stent, beam hardening artefacts.

RESULTS

7 patients (age: 69+5; all males; BMI: 25.94+2.1) with 14 stents were scanned. Two stents were not evaluable due to motion
artifacts. Of the remaining, 7 were active stents of Platinum-Chromium (5 Synergy; 1 Promus) and Cobalt-Chromium (Ultimaster);
for the others no information could be retrieved. Whereas HU values within the coronary arteries on the two scanners were similar
(p=0.56), the ?HU was higher for the DECT (median(IQ)=201(278) vs 112(59); p<0.01). The mean external diameter of the stents
was 4.5 vs 4mm and the internal 1.5 vs 2.2mm (without the 1 stent the internal diameter of which was not assessable on the
DECT). Blooming artefacts were more pronounced on the DECT (69%(16) vs 48%(10); p<0.001). SPCCT IQ had higher subjective
scores for stent lumen, stent structure, surrounding calcifications and beam hardening (all p=0.001). The IQ of the coronary wall
scored higher as well, but not significantly (3 vs 2; p=0.19).

CONCLUSION
s SPCCT demonstrated improved objective and subjective image quality as compared to DECT for the evaluation of coronary stents.
CLINICAL RELEVANCE/APPLICATION

Stent assessment remains a challenge of coronary CT. With its proven higher spatial resolution and artefacts reduction capabilities,
SPCCT might overcome these limitations.
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M2-SPCH-1 CT Findings of Systemic Sclerosis: Precise Radiologic-pathologic Correlation in 29 Patients

Participants
Taiki Fukuda, MD, PhD, Tokyo, Japan (Presenter) Nothing to Disclose

PURPOSE

There has been no report of a precise radiologic-pathologic correlation of systemic sclerosis-related interstitial lung disease (SSc-
ILD). Moreover, despite the early therapeutic intervention is desirable, early CT findings of SSc-ILD has been still unclear. The
purposes of this study were two-fold; (1) To decide pathological backgrounds of CT findings of SSc-ILD and (2) To clarify the early
CT findings and their pathological features.

METHODS AND MATERIALS

Twenty-nine patients with SSc-ILD diagnosed by surgical lung biopsy (SLB) were enrolled. A total of 82 specimens were obtained.
The histological findings of each specimen were correlated with the corresponding CT side by side by two radiologists and two
pathologists. Whole lung CT was evaluated by the other two radiologists, independently. Early CT findings were extracted from the
whole lung CT according to the rationale that diseases with lower lobe predominance show their early findings in more upper zones.
Their pathological findings were examined from the area of SLB which corresponded to early CT findings.

RESULTS

Pathologically, non-specific interstitial pneumonia was diagnosed in 18 cases, while usual interstitial pneumonia and fibrosing
organizing pneumonia were diagnosed in 9 and 2 cases respectively. Emphysematous change was pathologically observed in 19
cases and identified on CT in 11 cases. Four of those were non-smokers. Pathologically, vascular wall thickening was observed in
14 cases. Small faint nodules superimposed on amorphous ground-glass opacity within 1 cm from the pleura, which we term faint
amorphous opacity (FAC), were present in 18 cases, particularly in the anterolateral upper lobes. FAC pathologically corresponded
to either peribronchial metaplasia, centriacinar mucostasis or periacinar alveolar septal fibrosis.

CONCLUSION

s Pathological detectability of the emphysematous changes was superior to CT. Vasculopathy might be another cause of
emphysema other than smoking. FAC could be an early CT finding of SSc-ILD, representing either peribronchial metaplasia,
centriacinar mucostasis, or periacinar alveolar septal fibrosis pathologically.

CLINICAL RELEVANCE/APPLICATION

Understanding the pathological features of SSc-ILD will help to analyze the pathogenesis and determine the disease progression on
CT. The aforementioned early CT finding may allow a more accurate diagnosis of SSc-ILD and prompt therapeutic intervention.

M2-SPCH-2 Radiologic Predictors of Pulmonary Hypertension in Patients with Fibrosing Interstitial Lung Disease

Participants
Lubna Siddiqgi, MD, (Presenter) Nothing to Disclose

PURPOSE

The development of pulmonary hypertension (PH) in fibrosing ILD is associated with significantly shorter survival. Currently, risk
stratification for PH is exclusively based on clinical and echocardiographic findings. We sought to use objective values from CT
imaging to predict the presence of associated pulmonary hypertension in patients with fibrosing interstitial lung disease (ILD).

METHODS AND MATERIALS

An initial 128 patients with fibrosing ILD followed at the London Health Sciences Centre underwent right heart catheterization
(RHC). Of these, 94 patients (66 male, 28 female, with average age of 66.2) with CT thorax within 6 months of RHC were assessed
for main pulmonary artery to aorta ratio (MPA:Ao0), right to left ventricular ratio (RV:LV), caliber of the right and left pulmonary
arteries, interventricular septal thickness, and right ventricular wall thickness, as well as the presence of pulmonary thromboembolic
disease and degree of mosaic attenuation. PH was defined as a mean pulmonary arterial pressure (mPAP) =25 mmHg on RHC.
Radiologic data were then analyzed using stepwise regression analysis to determine the best predictors of associated PH. Results
were adjusted for sex, BMI, and age.

RESULTS

Thirty-eight patients (40%) underwent RHC electively and 56 (60%) as part of a lung transplant (LTx) assessment. Average mPAP
was 25+6 mmHg, wedge pressure 9+4 mmHg, cardiac output 5.0%+1.0 L/min and pulmonary vascular resistance 3.3+1.4 Wood units.



Sixty-six patients (70%) had PH. Among patients with PH, average mPAP was 38+11 mmHg and PVR was 5.7+2.6 Wood Units. On
stepwise multiple regression analysis, MPA and RV diameter were independent and significant predictors of PVR (F ratio 6.64 and
6.32, p-values 0.0137 and 0.0159 respectively). Importantly, the correlation between MPA and RV was weak (Spearman’s rank
0.17, not significant), with no collinearity observed. MPA was also a significant predictor of mPAP (F ratio 11.5, p-value 0.0015).

CONCLUSION

s The presence of associated PH has a significant impact on the appearance of CT thorax in fibrosing ILD. Both MPA and RV
diameter are predictors of PH. A combination of radiologic parameters obtained from CT thorax may be used to reliably risk stratify
patients with fibrosing ILD for the presence and severity of associated PH. We will seek validation of these data in a separate
cohort of patients.

CLINICAL RELEVANCE/APPLICATION

In patients with fibrosing ILD, a combination of radiologic parameters may be used to predict the presence and severity of PH and
to guide clinical decisions on RHC, LTx assessment and prognosis. These parameters could be especially helpful in populations for
whom RHC is not readily available, or is a contraindication.

M2-SPCH-3 Deep Learning-based Fibrosis Quantification on Chest CT as a Prognostic Predictor in Patient with
Idiopathic Pulmonary Fibrosis

Participants
Ju Gang Nam, MD, Seoul, Korea, Republic Of (Presenter) Research Grant, VUNO Inc

PURPOSE

Radiology plays a crucial role in the diagnosis and management of patients with idiopathic pulmonary fibrosis (IPF), however, degree
of fibrosis on CT is not easy to be quantified and thus seldom used as an objective prognostic factor. We aimed to explore
prognostic value of the CT-quantified degree of lung fibrosis using a commercial deep leamning software.

METHODS AND MATERIALS

Patients diagnosed with IPF and underwent nonenhanced chest CT and spirometry within 3 months in between 2005-2009 were
retrospectively collected from a single institution, and their overall survival information were documented. Proportions of normal lung
volume (CT-Norm@) and fibrotic lung volume (CT-Fib%), including reticular opacities and honeycombing, were calculated on chest
CT using a commercial deep learning software. Correlation of CT-Norm% and CT-fib% with spirometry results including forced vital
capacity (FVC) and diffusion capacity of carbon monoxide (DLCO) were calculated. The multivariable-adjusted hazard ratios (aHRs)
of CT-Norm% and CT-Fib% were evaluated with clinical prognostic factors using the Cox regression. Survival prediction
performances of modified GAP indices utilizing CT-norm% (CTNorm%-GAP) or CT-fib% (CTFib%-GAP) instead of DLCO were
evaluated using Harrell C index at 5-year and compared with that of original GAP index.

RESULTS

A total of 170 patients (median age [interquartile range], 68 years [62-73]; 104 men) were evaluated. CT-Norm% and CT-Fib%
showed significant correlation with FVC (Pearson coefficient, 0.40 [95% CI; 0.25, 0.52; P<.001] for CT-Norm% and -0.37 [-0.47, -
0.24; P<.001] for CT-Fib%) and DLCO (0.52 [0.43, 0.60; P<.001] for CT-Norm% and -0.46 [-0.56, -0.33; P<.001] for CT-Fib%). On
multivariable Cox regression, both CT-Norm% and CT-Fib% worked as independent survival predictors when adjusted to age, sex,
smoking status, comorbidities of chronic diseases, FVC, and DLCO (aHRs per 1% increment, 0.98 [0.97, 0.99; P=.002] for CT-
Norm% and 1.03 [1.01, 1.05; P=.01] for CT-Fib%). Modified GAP indices showed comparable C indices compared with the original
GAP index without information of DLCO (CTNorm%-GAP vs. GAP, 0.76 vs. 0.75; P=.89 and CTFib%-GAP vs. GAP, 0.77 vs. 0.75;
P=.27).

CONCLUSION

s Normal lung and fibrotic lung proportions calculated from chest CT-based deep learning algorithm worked as independent
predictors of the patients’ overall survival. Modified GAP indices showed comparable survival prediction performance to the original
GAP index.

CLINICAL RELEVANCE/APPLICATION

Predicting prognosis is important in determining treatment options and follow-up intervals in patients with IPF. Automatic CT
quantification using deep learning may provide additional prognostic information in routine practice.

M2-SPCH-4 Generalized Lymphatic Anomaly of The Chest: Pathological Subtypes and Imaging Manifestations

Participants
Qi Hao, Beijing, China (Presenter) Nothing to Disclose

PURPOSE

Generalized lymphatic Abnormal(GLA) is a complex type of lymphatic malformation or lymphangiomatosis characterized by diffuse or
multiple organ involvement. This study is to annlysis retrospectively the imaging manifestations of three subtypes of GLA in the
chest.

METHODS AND MATERIALS

From June 2006 to March 2020, 86 patients with GLA in our hospital were collected, including 37 males and 49 females, aged from 1
month to 58 years (median age 15.8). All patients underwent X-ray film, CT scan and ultrasound examination, 76 MRI or MRL in 76,
62 direct lymphangiography and MSCT lymphangiography in 62, and Nuclide lymphoscintigraphy in 57. Follow up for two years, 5
cases died 32 cases (37.2%) died and 54 cases (62.8%) had poor prognosis.

RESULTS

According to the clinical and imaging features, 86 GLAs were divided into three subtypes: kaposiform lymphangiomatosis(KIA, n=32),
multifocal Lymphangiomas (ML,n=36), giant complex Lymphangiomas (GCL, n=18). The imaging features included: (1) 80 cases
(93%) with abnormal mediastinum, including thickening and turbidity of mediastinum (n=39, 32/KIA,5/ML,2/GCL); thin-walled cystic
cavity (n=24, 24/ML) and huge mixed cystic lesions(n=17, 16/GCL, 1/ML); (2) pulmonary lesions (n=49, 32/KIA, 9/ML, 8/GCL),



including thickening of bronchovascular bundle and interlobular septum (n=46, 32/KIA, 11/ML, 3/GCL, P<0.05), GGO (n=42, 32/KIA,
7/ML, 3/GCL, P<0.05), consolidation shadow(n=17, 13/KIA, 1/ML, 3/GCL, P<0.05), and cystic nodules or masses(n=12, 5/KIA,
7/ML); (3) pleural or extrapleural and chest wall lesions(n=72, 30/KIA, 31/ML, 11/GCL); (4)osteo-lesions(n=31, 9/KIA, 18/ML,
4/GCL, P<0.05).

CONCLUSION

s The three subtypes of GLA have different clinical manifestations, imaging types and histopathological features. Multimodality
image are important methods for accurate diagnosis, staging and grading evaluation of lymphatic diseases.

CLINICAL RELEVANCE/APPLICATION
Multimodality image are important methods for accurate diagnosis of the three subtypes of GLA.

M2-SPCH-5 What Happens when Artificial Intelligence (AI) Feedback Is Wrong? A Multi-reader Pilot Study
Examining the Human Factors of AI Implementation

Participants
Grayson Baird, PhD, Providence, RI (Presenter) Nothing to Disclose

PURPOSE

To examine whether incorrect Al feedback impacts radiologist performance, and if so, whether human factors can be optimized to
reduce error.

METHODS AND MATERIALS

A prospective multi-reader design was used, where 6 radiologists interpreted 90 identical chest radiographs (follow-up CT needed:
yes/no) on four occasions from 09/20 to 01/22. Sessions were separated by a minimum of 1 month, and the order of chest
radiographs was identical in each session. In session 1, the radiologist interpreted images without AL. Sham Al feedback was
provided for sessions 2-4, and 12 cases were manipulated to be incorrect (8 False Positives [FP], 4 False Negatives [FN]) (.87
ROCAUC). Radiologists anticipated a performance evaluation. In the Delete AI (No Box) condition, radiologists were told Al results
would not be saved for the evaluation. In Keep Al (No Box) and Keep Al (Box), radiologists were told results would be saved.
Radiologists were told these instructions were analogous to keeping or deleting Al feedback in the patient’s record. In Keep Al
(Box), the ostensible Al program visually outlined the region of suspicion. Al feedback was constant between conditions. FP and FN
rates for the 12 erroneous cases were examined between conditions using generalized linear mixed modeling (GLMM) assuming a
binary distribution.

RESULTS

Relative to the No AI condition (FN=2.7%, FP=51.4%), FN and FP rates were higher in the Keep AI (No Box) (FN=33.0%,
FP=86.0%), Delete AI (No Box) (FN=26.7%, FP=80.5%), and Keep AI (Box) conditions (FN=to 20.7%, FP=80.5%), all ps<.05. FN
rates were higher in the Keep AI (No Box) condition (33.0%) than the Keep Al (Box) condition (20.7%), p=.04. FP rates were higher
in the Keep AI (No Box) (86.0%) condition than the Delete AI (No Box) condition (80.5%), p=.03.

CONCLUSION

s Incorrect Al causes radiologists to make incorrect follow-up decisions when they were correct without Al. This effect is mitigated
when a box is provided around the region of interest and when Al feedback is deleted from the patient’s record. Human factors for
Al implementation are important.

CLINICAL RELEVANCE/APPLICATION

Al is often right but sometimes wrong. To maximize patient outcomes, we must consider how to prevent radiologists from being
influenced by incorrect feedback.

M2-SPCH-6 Prevalence and Long-term Outcome of Interstitial Lung Abnormality in the Asian Health-screening
Population: A Multicenter Study

Participants
Seolbin Park, MD, Gwangju, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To investigate interstitial lung abnormality (ILA) prevalence in the Asian health-screening population and determine rates and risks
for disease progression, lung cancer development, and 10-year mortality.

METHODS AND MATERIALS

This observational, retrospective, multicenter study included subjects = 50 years old who underwent chest computed tomography
(CT) at three health screening centers over a 4-year period (2007 - 2010). ILA status was classified as none, equivocal ILA, and
ILA, and ILA was further subcategorized into non-fibrotic or fibrotic ILA. Progression was evaluated between baseline and last
follow-up CT. Kaplan-Meier analysis with the log-rank test was performed to estimate mortality according to ILA status. Cox
proportional hazards models were used to assess factors associated with ILA progression, lung cancer development, and mortality.

RESULTS

In total, 2,765 subjects who underwent health screening chest CT were identified (mean age, 59+7 years; 2,068 men). Of the
2,765 subjects, 94 (3%) had a finding of ILA (35 non-fibrotic and 59 fibrotic ILA), and 119 (4%) had a finding of equivocal ILA. The
mean follow-up period was approximately 12 years, and ILA progression was observed in 85% (34/40) of fibrotic ILA patients and
70% (14/20) of non-fibrotic ILA patients. Kaplan-Meier analysis showed subjects with ILA had a significantly higher mortality rate
than those without ILA (P<.05). Multivariate Cox proportional hazards analysis revealed that fibrotic ILA was significantly
associated with ILA progression (hazard ratio [HR], 10.3; 95% confidence interval [CI], 6.4-16.4; P<.001) and lung cancer
development (HR, 4.4, 95% CI, 2.1-9.1; P<.001). Furthermore, subjects with fibrotic ILA had a significantly higher risk of disease-
specific mortality (HR, 6.7; 95% CI, 3.6-12.2; P<.001) and all-cause mortality (HR, 2.5; 95% CI, 1.6 - 3.8; P<.001) than those
without ILA.



CONCLUSION

s The prevalence of ILA in the Asian health-screening population was approximately 3%, and fibrotic ILA was an independent risk
factor for disease progression, lung cancer development, and mortality over a 10-year follow-up period.

CLINICAL RELEVANCE/APPLICATION

Our study reveals ILA prevalence in the Asian health-screening population and demonstrates the association between ILAs and
long-term outcomes.

M2-SPCH-7 Survival Impact of Incidental Abnormalities on Screening Thoracic Computed Tomography: Long-
term Follow-up Analysis

Participants
Jaehyun Park, MD, Gwangju, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

The present study aimed to assess the association between long-term mortality and incidental abnormalities on thoracic computed
tomography (CT) among the general screening population.

METHODS AND MATERIALS

We retrospectively collected the medical records and CT images of subjects who visited a single health promotion center between
2007 and 2010. Two thoracic radiologists independently reviewed all CT images and evaluated incidental abnormalities by visual
assessment, which is interstitial lung abnormality (ILA), emphysema, and coronary artery calcification (CAC). Kaplan-Meier analysis
was performed using a log-rank test to evaluate the association between incidental CT abnormalities and mortality. A Cox
proportional hazards model was used to analyze the association factors between incidental CT abnormalities and mortality.

RESULTS

A total of 859 subjects were identified (59 £ 6.7 years of age, 582 men). The median follow-up time was approximately 10.9 years.
Of the 859 subjects, 57 (6.6%), 318 (37%), and 178 (21%) had findings of ILA, CAC, and emphysema, respectively. Subjects with
fibrotic ILA, CAC of any degree, and emphysema of any degree exhibited significantly higher mortality during Kaplan-Meier analysis
with the log-rank test (p < 0.05). A multivariate Cox proportional hazards model revealed that fibrotic ILAs were independently
associated with higher mortality (hazard ratio, 2.59, [95% confidence interval, 1.07-6.27], p = 0.035) among the incidental CT
abnormalities and clinically relevant factors.

CONCLUSION

s Incidental abnormalities on screening thoracic CT were associated with an increased hazard of mortality in the general screening
population. Fibrotic ILAs in particular were independently associated with increased hazard of mortality compared to other incidental
CT abnormalities.

CLINICAL RELEVANCE/APPLICATION
Our study reveals the relationship between incidental abnormalites found in screening thoracic CT and long-term morality.

M2-SPCH-8 Post-COVID-19 Interstitial Lung Disease (PC-ILD): The Role of Lung Imaging Andpulmonary
Function Testing in The Long-term Follow-up of Patients with COVID-19 Pneumonia

Participants
Emanuele Messina, MD, Roma, Italy (Presenter) Nothing to Disclose

PURPOSE

Post COVID-19 Interstitial Lung Disease (PC-ILD) is characterized by fibrotic-like signs at High Resolution Computed Tomography
(HRCT) and Pulmonary Function Tests (PFTs) abnormalities after SARS-CoV-2 infection. It is still not clear how frequent these tests
should be performed to rule out long-term consequences of COVID-19 pneumonia. The aims of our study are to evaluate the
incidence and risk factors of PC-ILD and possibly to propose a long-term follow-up program.

METHODS AND MATERIALS

In this prospective single-center study, 100 patients, hospitalized in our ward for moderate to critical COVID-19, underwent two
follow-up visits at 3 and 15 months, performing HRCT and PFTs.

RESULTS

At 3-month follow up, HRCTs showed that lung parenchymal abnormalities were still present in 22% of patients, mainly consisting in
ground glass opacities (GGO) and fibrotic-like alterations (63% and 78%, respectively); 37% showed PFTs abnormalities consistent
with PC-ILD. 48 patients underwent the 15-month follow up: at HRCT, residual fibrotic-like abnormalities were found in 40% of
patients with almost complete reduction of GGO and consolidation; at PFTs, 33.3% showed residual respiratory functional
impairment (PC-ILD); 8% of patients showed residual radiological and functional signs consistent with PC-ILD. All but one of these
patients had already demonstrated PFTs and HRCT alterations at first follow-up visit, the last one patient showed worsening of lung
function during follow up.

CONCLUSION

s These findings highlight the negative predictive value of HRCT and PFTs at three months follow-up for the development of PC-ILD.
Ageing, severity of COVID-19 and degree of pulmonary involvement during acute infection proved to be significant risk factors for
developing PC-ILD. Our study highlights the importance of PFTs in the long-term follow-up of patients affected by moderate to
critical COVID-19 pneumonia. HRCT should be obtained in those patients still presenting PFTs abnormalities at 15 months.

CLINICAL RELEVANCE/APPLICATION
This is the first study investigating such a long-term follow up with HRCT and PFTs, at fifteen months.
Printed on: 02/07/23
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CT Findings of Systemic Sclerosis: Precise Radiologic-pathologic Correlation in 29 Patients

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - CH DPS

Participants
Taiki Fukuda, MD, PhD, Tokyo, Japan (Presenter) Nothing to Disclose

PURPOSE

There has been no report of a precise radiologic-pathologic correlation of systemic sclerosis-related interstitial lung disease (SSc-
ILD). Moreover, despite the early therapeutic intervention is desirable, early CT findings of SSc-ILD has been still unclear. The
purposes of this study were two-fold; (1) To decide pathological backgrounds of CT findings of SSc-ILD and (2) To clarify the early
CT findings and their pathological features.

METHODS AND MATERIALS

Twenty-nine patients with SSc-ILD diagnosed by surgical lung biopsy (SLB) were enrolled. A total of 82 specimens were obtained.
The histological findings of each specimen were correlated with the corresponding CT side by side by two radiologists and two
pathologists. Whole lung CT was evaluated by the other two radiologists, independently. Early CT findings were extracted from the
whole lung CT according to the rationale that diseases with lower lobe predominance show their early findings in more upper zones.
Their pathological findings were examined from the area of SLB which corresponded to early CT findings.

RESULTS

Pathologically, non-specific interstitial pneumonia was diagnosed in 18 cases, while usual interstitial pneumonia and fibrosing
organizing pneumonia were diagnosed in 9 and 2 cases respectively. Emphysematous change was pathologically observed in 19
cases and identified on CT in 11 cases. Four of those were non-smokers. Pathologically, vascular wall thickening was observed in
14 cases. Small faint nodules superimposed on amorphous ground-glass opacity within 1 cm from the pleura, which we term faint
amorphous opacity (FAC), were present in 18 cases, particularly in the anterolateral upper lobes. FAC pathologically corresponded
to either peribronchial metaplasia, centriacinar mucostasis or periacinar alveolar septal fibrosis.

CONCLUSION

s Pathological detectability of the emphysematous changes was superior to CT. Vasculopathy might be another cause of
emphysema other than smoking. FAC could be an early CT finding of SSc-ILD, representing either peribronchial metaplasia,
centriacinar mucostasis, or periacinar alveolar septal fibrosis pathologically.

CLINICAL RELEVANCE/APPLICATION

Understanding the pathological features of SSc-ILD will help to analyze the pathogenesis and determine the disease progression on
CT. The aforementioned early CT finding may allow a more accurate diagnosis of SSc-ILD and prompt therapeutic intervention.

Printed on: 02/07/23
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Radiologic Predictors of Pulmonary Hypertension in Patients with Fibrosing Interstitial Lung Disease
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Participants
Lubna Siddigi, MD, (Presenter) Nothing to Disclose

PURPOSE

The development of pulmonary hypertension (PH) in fibrosing ILD is associated with significantly shorter survival. Currently, risk
stratification for PH is exclusively based on clinical and echocardiographic findings. We sought to use objective values from CT
imaging to predict the presence of associated pulmonary hypertension in patients with fibrosing interstitial lung disease (ILD).

METHODS AND MATERIALS

An initial 128 patients with fibrosing ILD followed at the London Health Sciences Centre underwent right heart catheterization
(RHC). Of these, 94 patients (66 male, 28 female, with average age of 66.2) with CT thorax within 6 months of RHC were assessed
for main pulmonary artery to aorta ratio (MPA:Ao0), right to left ventricular ratio (RV:LV), caliber of the right and left pulmonary
arteries, interventricular septal thickness, and right ventricular wall thickness, as well as the presence of pulmonary thromboembolic
disease and degree of mosaic attenuation. PH was defined as a mean pulmonary arterial pressure (mPAP) =25 mmHg on RHC.
Radiologic data were then analyzed using stepwise regression analysis to determine the best predictors of associated PH. Results
were adjusted for sex, BMI, and age.

RESULTS

Thirty-eight patients (40%) underwent RHC electively and 56 (60%) as part of a lung transplant (LTx) assessment. Average mPAP
was 256 mmHg, wedge pressure 9+4 mmHg, cardiac output 5.0£1.0 L/min and pulmonary vascular resistance 3.3+1.4 Wood units.
Sixty-six patients (70%) had PH. Among patients with PH, average mPAP was 38+11 mmHg and PVR was 5.7+2.6 Wood Units. On
stepwise multiple regression analysis, MPA and RV diameter were independent and significant predictors of PVR (F ratio 6.64 and
6.32, p-values 0.0137 and 0.0159 respectively). Importantly, the correlation between MPA and RV was weak (Spearman’s rank
0.17, not significant), with no collinearity observed. MPA was also a significant predictor of mPAP (F ratio 11.5, p-value 0.0015).

CONCLUSION

s The presence of associated PH has a significant impact on the appearance of CT thorax in fibrosing ILD. Both MPA and RV
diameter are predictors of PH. A combination of radiologic parameters obtained from CT thorax may be used to reliably risk stratify
patients with fibrosing ILD for the presence and severity of associated PH. We will seek validation of these data in a separate
cohort of patients.

CLINICAL RELEVANCE/APPLICATION

In patients with fibrosing ILD, a combination of radiologic parameters may be used to predict the presence and severity of PH and
to guide clinical decisions on RHC, LTx assessment and prognosis. These parameters could be especially helpful in populations for
whom RHC is not readily available, or is a contraindication.

Printed on: 02/07/23
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Deep Learning-based Fibrosis Quantification on Chest CT as a Prognostic Predictor in Patient with Idiopathic
Pulmonary Fibrosis
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Ju Gang Nam, MD, Seoul, Korea, Republic Of (Presenter) Research Grant, VUNO Inc

PURPOSE

Radiology plays a crucial role in the diagnosis and management of patients with idiopathic pulmonary fibrosis (IPF), however, degree
of fibrosis on CT is not easy to be quantified and thus seldom used as an objective prognostic factor. We aimed to explore
prognostic value of the CT-quantified degree of lung fibrosis using a commercial deep learning software.

METHODS AND MATERIALS

Patients diagnosed with IPF and underwent nonenhanced chest CT and spirometry within 3 months in between 2005-2009 were
retrospectively collected from a single institution, and their overall survival information were documented. Proportions of normal lung
volume (CT-Norm%) and fibrotic lung volume (CT-Fib%), including reticular opacities and honeycombing, were calculated on chest
CT using a commercial deep learning software. Correlation of CT-Norm% and CT-fib% with spirometry results including forced vital
capacity (FVC) and diffusion capacity of carbon monoxide (DLCO) were calculated. The multivariable-adjusted hazard ratios (aHRs)
of CT-Norm% and CT-Fib% were evaluated with clinical prognostic factors using the Cox regression. Survival prediction
performances of modified GAP indices utilizing CT-norm% (CTNorm%-GAP) or CT-fib% (CTFib%-GAP) instead of DLCO were
evaluated using Harrell C index at 5-year and compared with that of original GAP index.

RESULTS

A total of 170 patients (median age [interquartile range], 68 years [62-73]; 104 men) were evaluated. CT-Norm% and CT-Fib%
showed significant correlation with FVC (Pearson coefficient, 0.40 [95% CI; 0.25, 0.52; P<.001] for CT-Norm% and -0.37 [-0.47, -
0.24; P<.001] for CT-Fib%) and DLCO (0.52 [0.43, 0.60; P<.001] for CT-Norm% and -0.46 [-0.56, -0.33; P<.001] for CT-Fib%). On
multivariable Cox regression, both CT-Norm% and CT-Fib% worked as independent survival predictors when adjusted to age, sex,
smoking status, comorbidities of chronic diseases, FVC, and DLCO (aHRs per 1% increment, 0.98 [0.97, 0.99; P=.002] for CT-
Norm% and 1.03 [1.01, 1.05; P=.01] for CT-Fib%). Modified GAP indices showed comparable C indices compared with the original
GAP index without information of DLCO (CTNorm%-GAP vs. GAP, 0.76 vs. 0.75; P=.89 and CTFib%-GAP vs. GAP, 0.77 vs. 0.75;
P=.27).

CONCLUSION

s Normal lung and fibrotic lung proportions calculated from chest CT-based deep learning algorithm worked as independent
predictors of the patients’ overall survival. Modified GAP indices showed comparable survival prediction performance to the original
GAP index.

CLINICAL RELEVANCE/APPLICATION

Predicting prognosis is important in determining treatment options and follow-up intervals in patients with IPF. Automatic CT
quantification using deep learning may provide additional prognostic information in routine practice.

Printed on: 02/07/23



KSNA 2022

Empowering Patients and Partners in Care
Moverber 27 to December 1 | McCarmick Place, Chicaga

Abstract Archives of the RSNA, 2022
M2-SPCH-4

Generalized Lymphatic Anomaly of The Chest: Pathological Subtypes and Imaging Manifestations
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Qi Hao, Beijing, China (Presenter) Nothing to Disclose

PURPOSE

Generalized lymphatic Abnormal(GLA) is a complex type of lymphatic malformation or lymphangiomatosis characterized by diffuse or
multiple organ involvement. This study is to annlysis retrospectively the imaging manifestations of three subtypes of GLA in the
chest.

METHODS AND MATERIALS

From June 2006 to March 2020, 86 patients with GLA in our hospital were collected, including 37 males and 49 females, aged from 1
month to 58 years (median age 15.8). All patients underwent X-ray film, CT scan and ultrasound examination, 76 MRI or MRL in 76,
62 direct lymphangiography and MSCT lymphangiography in 62, and Nuclide lymphoscintigraphy in 57. Follow up for two years, 5
cases died 32 cases (37.2%) died and 54 cases (62.8%) had poor prognosis.

RESULTS

According to the clinical and imaging features, 86 GLAs were divided into three subtypes: kaposiform lymphangiomatosis(KIA, n=32),
multifocal Lymphangiomas (ML,n=36), giant complex Lymphangiomas (GCL, n=18). The imaging features included: (1) 80 cases
(93%) with abnormal mediastinum, including thickening and turbidity of mediastinum (n=39, 32/KIA,5/ML,2/GCL); thin-walled cystic
cavity (n=24, 24/ML) and huge mixed cystic lesions(n=17, 16/GCL, 1/ML); (2) pulmonary lesions (n=49, 32/KIA, 9/ML, 8/GCL),
including thickening of bronchovascular bundle and interlobular septum (n=46, 32/KIA, 11/ML, 3/GCL, P<0.05), GGO (n=42, 32/KIA,
7/ML, 3/GCL, P<0.05), consolidation shadow(n=17, 13/KIA, 1/ML, 3/GCL, P<0.05), and cystic nodules or masses(n=12, 5/KIA,
7/ML); (3) pleural or extrapleural and chest wall lesions(n=72, 30/KIA, 31/ML, 11/GCL); (4)osteo-lesions(n=31, 9/KIA, 18/ML,
4/GCL, P<0.05).

CONCLUSION

s The three subtypes of GLA have different clinical manifestations, imaging types and histopathological features. Multimodality
image are important methods for accurate diagnosis, staging and grading evaluation of lymphatic diseases.

CLINICAL RELEVANCE/APPLICATION
Multimodality image are important methods for accurate diagnosis of the three subtypes of GLA.

Printed on: 02/07/23
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What Happens when Artificial Intelligence (AI) Feedback Is Wrong? A Multi-reader Pilot Study Examining the
Human Factors of AI Implementation
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Participants
Grayson Baird, PhD, Providence, RI (Presenter) Nothing to Disclose

PURPOSE

To examine whether incorrect Al feedback impacts radiologist performance, and if so, whether human factors can be optimized to
reduce error.

METHODS AND MATERIALS

A prospective multi-reader design was used, where 6 radiologists interpreted 90 identical chest radiographs (follow-up CT needed:
yes/no) on four occasions from 09/20 to 01/22. Sessions were separated by a minimum of 1 month, and the order of chest
radiographs was identical in each session. In session 1, the radiologist interpreted images without AL. Sham Al feedback was
provided for sessions 2-4, and 12 cases were manipulated to be incorrect (8 False Positives [FP], 4 False Negatives [FN]) (.87
ROCAUC). Radiologists anticipated a performance evaluation. In the Delete AI (No Box) condition, radiologists were told Al results
would not be saved for the evaluation. In Keep Al (No Box) and Keep Al (Box), radiologists were told results would be saved.
Radiologists were told these instructions were analogous to keeping or deleting Al feedback in the patient’s record. In Keep Al
(Box), the ostensible Al program visually outlined the region of suspicion. Al feedback was constant between conditions. FP and FN
rates for the 12 erroneous cases were examined between conditions using generalized linear mixed modeling (GLMM) assuming a
binary distribution.

RESULTS

Relative to the No AI condition (FN=2.7%, FP=51.4%), FN and FP rates were higher in the Keep AI (No Box) (FN=33.0%,
FP=86.0%), Delete AI (No Box) (FN=26.7%, FP=80.5%), and Keep AI (Box) conditions (FN=to 20.7%, FP=80.5%), all ps<.05. FN
rates were higher in the Keep AI (No Box) condition (33.0%) than the Keep Al (Box) condition (20.7%), p=.04. FP rates were higher
in the Keep AI (No Box) (86.0%) condition than the Delete AI (No Box) condition (80.5%), p=.03.

CONCLUSION

s Incorrect Al causes radiologists to make incorrect follow-up decisions when they were correct without Al. This effect is mitigated
when a box is provided around the region of interest and when Al feedback is deleted from the patient’s record. Human factors for
Al implementation are important.

CLINICAL RELEVANCE/APPLICATION

Al is often right but sometimes wrong. To maximize patient outcomes, we must consider how to prevent radiologists from being
influenced by incorrect feedback.

Printed on: 02/07/23
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Prevalence and Long-term Outcome of Interstitial Lung Abnormality in the Asian Health-screening Population:
A Multicenter Study
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Seolbin Park, MD, Gwangju, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To investigate interstitial lung abnormality (ILA) prevalence in the Asian health-screening population and determine rates and risks
for disease progression, lung cancer development, and 10-year mortality.

METHODS AND MATERIALS

This observational, retrospective, multicenter study included subjects = 50 years old who underwent chest computed tomography
(CT) at three health screening centers over a 4-year period (2007 - 2010). ILA status was classified as none, equivocal ILA, and
ILA, and ILA was further subcategorized into non-fibrotic or fibrotic ILA. Progression was evaluated between baseline and last
follow-up CT. Kaplan-Meier analysis with the log-rank test was performed to estimate mortality according to ILA status. Cox
proportional hazards models were used to assess factors associated with ILA progression, lung cancer development, and mortality.

RESULTS

In total, 2,765 subjects who underwent health screening chest CT were identified (mean age, 59+7 years; 2,068 men). Of the
2,765 subjects, 94 (3%) had a finding of ILA (35 non-fibrotic and 59 fibrotic ILA), and 119 (4%) had a finding of equivocal ILA. The
mean follow-up period was approximately 12 years, and ILA progression was observed in 85% (34/40) of fibrotic ILA patients and
70% (14/20) of non-fibrotic ILA patients. Kaplan-Meier analysis showed subjects with ILA had a significantly higher mortality rate
than those without ILA (P<.05). Multivariate Cox proportional hazards analysis revealed that fibrotic ILA was significantly
associated with ILA progression (hazard ratio [HR], 10.3; 95% confidence interval [CI], 6.4-16.4; P<.001) and lung cancer
development (HR, 4.4, 95% CI, 2.1-9.1; P<.001). Furthermore, subjects with fibrotic ILA had a significantly higher risk of disease-
specific mortality (HR, 6.7; 95% CI, 3.6-12.2; P<.001) and all-cause mortality (HR, 2.5; 95% CI, 1.6 - 3.8; P<.001) than those
without ILA.

CONCLUSION

s The prevalence of ILA in the Asian health-screening population was approximately 3%, and fibrotic ILA was an independent risk
factor for disease progression, lung cancer development, and mortality over a 10-year follow-up period.

CLINICAL RELEVANCE/APPLICATION

Our study reveals ILA prevalence in the Asian health-screening population and demonstrates the association between ILAs and
long-term outcomes.

Printed on: 02/07/23
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Survival Impact of Incidental Abnormalities on Screening Thoracic Computed Tomography: Long-term Follow-
up Analysis
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PURPOSE

The present study aimed to assess the association between long-term mortality and incidental abnormalities on thoracic computed
tomography (CT) among the general screening population.

METHODS AND MATERIALS

We retrospectively collected the medical records and CT images of subjects who visited a single health promotion center between
2007 and 2010. Two thoracic radiologists independently reviewed all CT images and evaluated incidental abnormalities by visual
assessment, which is interstitial lung abnormality (ILA), emphysema, and coronary artery calcification (CAC). Kaplan-Meier analysis
was performed using a log-rank test to evaluate the association between incidental CT abnormalities and mortality. A Cox
proportional hazards model was used to analyze the association factors between incidental CT abnormalities and mortality.

RESULTS

A total of 859 subjects were identified (59 + 6.7 years of age, 582 men). The median follow-up time was approximately 10.9 years.
Of the 859 subjects, 57 (6.6%), 318 (37%), and 178 (21%) had findings of ILA, CAC, and emphysema, respectively. Subjects with
fibrotic ILA, CAC of any degree, and emphysema of any degree exhibited significantly higher mortality during Kaplan-Meier analysis
with the log-rank test (p < 0.05). A multivariate Cox proportional hazards model revealed that fibrotic ILAs were independently
associated with higher mortality (hazard ratio, 2.59, [95% confidence interval, 1.07-6.27], p = 0.035) among the incidental CT
abnormalities and clinically relevant factors.

CONCLUSION

s Incidental abnormalities on screening thoracic CT were associated with an increased hazard of mortality in the general screening
population. Fibrotic ILAs in particular were independently associated with increased hazard of mortality compared to other incidental
CT abnormalities.

CLINICAL RELEVANCE/APPLICATION
Our study reveals the relationship between incidental abnormalites found in screening thoracic CT and long-term morality.

Printed on: 02/07/23
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PURPOSE

Post COVID-19 Interstitial Lung Disease (PC-ILD) is characterized by fibrotic-like signs at High Resolution Computed Tomography
(HRCT) and Pulmonary Function Tests (PFTs) abnormalities after SARS-CoV-2 infection. It is still not clear how frequent these tests
should be performed to rule out long-term consequences of COVID-19 pneumonia. The aims of our study are to evaluate the
incidence and risk factors of PC-ILD and possibly to propose a long-term follow-up program.

METHODS AND MATERIALS

In this prospective single-center study, 100 patients, hospitalized in our ward for moderate to critical COVID-19, underwent two
follow-up visits at 3 and 15 months, performing HRCT and PFTs.

RESULTS

At 3-month follow up, HRCTs showed that lung parenchymal abnormalities were still present in 22% of patients, mainly consisting in
ground glass opacities (GGO) and fibrotic-like alterations (63% and 78%, respectively); 37% showed PFTs abnormalities consistent
with PC-ILD. 48 patients underwent the 15-month follow up: at HRCT, residual fibrotic-like abnormalities were found in 40% of
patients with almost complete reduction of GGO and consolidation; at PFTs, 33.3% showed residual respiratory functional
impairment (PC-ILD); 8% of patients showed residual radiological and functional signs consistent with PC-ILD. All but one of these
patients had already demonstrated PFTs and HRCT alterations at first follow-up visit, the last one patient showed worsening of lung
function during follow up.

CONCLUSION

s These findings highlight the negative predictive value of HRCT and PFTs at three months follow-up for the development of PC-ILD.
Ageing, severity of COVID-19 and degree of pulmonary involvement during acute infection proved to be significant risk factors for
developing PC-ILD. Our study highlights the importance of PFTs in the long-term follow-up of patients affected by moderate to
critical COVID-19 pneumonia. HRCT should be obtained in those patients still presenting PFTs abnormalities at 15 months.

CLINICAL RELEVANCE/APPLICATION
This is the first study investigating such a long-term follow up with HRCT and PFTs, at fifteen months.
Printed on: 02/07/23
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M2-SPGI-1 Automated multi-organ segmentation tool for both non-contrast and post-contrast abdominal CT: a
deep learning algorithm developed using dual-energy CT images

Participants
Sun Kyung Jeon, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To develop and validate a deep learning-based fully-automated abdominal multi-organ segmentation algorithm, robust to both non-
contrast and post-contrast CT images, using dual-energy CT (DECT) images.

METHODS AND MATERIALS

For development, 75 abdominal DECT scans (portal venous phase (PVP) images and the spatiotemporally matched virtual non-
contrast (VNC) images; 18174 slices in each) were used as the input. A single three-dimensional (3D) nnU-Net-based algorithm for
multi-organ segmentation (liver, spleen, right kidney, left kidney, and pancreas, respectively) was trained. On an external validation
set of 30 single-energy CT scans with both PVP and true non-contrast (TNC) images, the performance of the developed algorithm
for each organ was evaluated using the dice similarity score (DSS) for segmentation; and linear regression analysis and Bland-
Altman analysis for measurement of the volumetric indices, in comparison to the ground truth manual segmentation.

RESULTS

For 3D segmentation of the liver, spleen, right kidney, left kidney, and pancreas, the fully-automated segmentation algorithm
achieved a mean DSS of 0.982, 0.972, 0.972, 0.970, 0.847 in PVP image; and 0.968, 0.956, 0.940, 0.955, and 0.807 in TNC images,
respectively. For the measurement of volumetric indices of those organs, manual and automated organ segmentation strongly
correlated both in PVP and TNC (R2 = 0.99, 0.99, 0.99, 0.98, and 0.80 in PVP; and 0.98, 0.99, 0.95, 0.98, 0.72 in TNC, all Ps
<0.001), and the mean differences (95 % limits of agreement) were -1.0% (-3.2, 1.1), 0.3% (-5.2, 5.8), -0.9% (-5.5, 3.8), -2.3%
(-7.2, 2.5), 5.8% (-20.1, 31.8) in PVP images; and -1.9% (-3.7, 7.5), -3.1% (-10.9, 4.6), 2.2% (-7.0, 11.3), 3.4% (-1.0, 7.9), -
0.3% (-25.8, 25.2) in TNC images, respectively.

CONCLUSION

s The deep learning-based fully-automated segmentation algorithm developed using virtual non-contrast and post-contrast CT
images from DECT provided accurate segmentation of abdominal solid organs at both CT scans with and without contrast.

CLINICAL RELEVANCE/APPLICATION

By using paired DECT images, a fully-automated multi-organ segmentation algorithm that is robust to both non-contrast and post-
contrast CT can be developed with a relatively small number of datasets, which can be applied to volumetric analysis of abdominal
organs of large cohort studies.

M2-SPGI-10 A review of the use of Computed Tomography (CT) Colonography in acute diverticulitis follow up

Participants
Amy Verrinder, MBBS, (Presenter) Nothing to Disclose

PURPOSE

Direct visualisation of the bowel lumen is recommended as follow up for all acute diverticulitis cases. This includes CT Colonography
(CTC). In Newcastle Upon Tyne Hospitals (NUTH), surgical practice is that all patients admitted with diverticulitis have a follow up
CTC approximately 3 months from discharge.

METHODS AND MATERIALS

A Radiology Information system (RIS) search of CTCs performed in NUTH trust between 1/1/2019-31/12/2019. Reports were
excluded if the indication was not acute diverticulitis follow-up. Remaining reports were assessed for compliance with
standards.Joint guidance from the BSGAR and RCR: Standards of practice for CTC (2021); and Royal College of Surgeons
commissioning guide into Colonic Diverticular disease (2014).Percentage of CTC reports following acute diverticulitis accordant with
standards of practice.1. CTC should be completed within 3 months of acute episode 2. Local target of 100% sensitivity for colonic
malignancy. 3. Polyp identification rate of >13% of patients 4. Indeterminate CTC report (leading to further investigation) in
<25%References: Royal College of Radiologists. (2021). Joint guidance from the BSGAR and RCR: Standards of practice for
CTC.Royal College of Surgeons. (2014). Colonic Diverticular disease - Commissioning Guide.



RESULTS

Of the 1282 CTC reports identified, 1207 (94%) were excluded. Of the remaining 75 reports, no cases had a colonic malignancy
later identified which was not reported at the time of CTC (100% sensitivity). There was a wide range in the time interval to CTC,
from 3 to 69 weeks. 15 cases (20%) had polyps identified. 6 reports (8%) were indeterminate (C score of 3c) and required further
investigation.

CONCLUSION

s CTC in acute diverticulitis follow-up achieved targets in malignancy and polyp sensitivity, and indeterminate rates. However, the
time interval was very variable and could be standardised to produce a more robust pathway for patients requiring acute
diverticulitis follow-up. Results have been presents regionally.

CLINICAL RELEVANCE/APPLICATION

CTC in acute diverticulitis follow up has superseded the Colonoscopy at NUTH. This has been a success story for the Radiology
teams with increased trust in CTC reports from the General Surgical teams. This audit shows this trust is well placed with national
standards met using this less invasive, more accessible and better tolerated test. Going forward this pathway could be standardised
to set up a routine follow up time interval for CTC following acute diverticulitis which would stream line patient management and
improve efficiency.

M2-SPGI-2 Phenotypic and Biomarker Associations with Lean Steatosis using Image-derived Phenotypes from
Abdominal CT Scans

Participants
Hersh Sagreiya, MD, Philadelphia, PA (Presenter) Nothing to Disclose

PURPOSE

Although non-alcoholic fatty liver disease (NAFLD) is associated with obesity, a significant subgroup of NAFLD patients have normal
body mass index (BMI) or “lean steatosis.” We investigated characteristics associated with lean steatosis using biobank data by
aggregating ICD codes and CT scans to perform a phenome-wide association study (PheWAS) and biomarker analysis.

METHODS AND MATERIALS

We collected chest and abdominal CTs, blood biomarkers, and ICD-9 codes from 11,559 biobank participants, excluding patients
with alcohol use disorder, alcohol-related liver disease, and end-stage liver disease (ESLD). CT scans were segmented using deep
learning. Hepatic fat (HF) was estimated by computing liver attenuation - spleen attenuation (in Hounsfield units); a lower value
indicated more HF. Lean patients were defined as those with BMI 18.5- 25. PheWAS was conducted for HF, and logistic regression
determined the interaction between the variables ‘lean’ and ‘HF,’ controlling for age, gender, and race. Livers were categorized as
steatotic or non-steatotic according to an attenuation threshold determined by receiver operating characteristic analysis of biopsy-
obtained HF measurement. Biomarkers included AST, ALT, ALP, HDL, LDL, triglycerides, total cholesterol, and hemoglobin Alc.

RESULTS

4650 NAFLD and 879 lean steatotic patients were identified. PheWAS yielded 35 significant associations, with links to several renal
pathologies. Lean steatosis patients had higher ALP and HDL and lower ALT, triglycerides, and hemoglobin Alc compared to
overweight steatosis patients. AST, LDL, and total cholesterol were not significantly different.

CONCLUSION

s Our study is the first to link CKD and other renal pathologies to lean steatosis using a high-throughput imaging-guided pipeline.

We report several metabolic biomarker differences between lean and overweight steatotic patients. These associations remained
significant when removing ESLD patients and controlling for age, race, and gender. We plan further study to characterize the risk
factors and pathophysiologic mechanisms contributing to the metabolic and renal associations with lean steatosis.

CLINICAL RELEVANCE/APPLICATION

Applying deep learning, PheWAS, and biomarker analysis to CT scans can provide new clinical insights, differentiating overweight
steatosis from the less well-understood lean steatosis phenotype.

M2-SPGI-4 EvaluationofRespiratory-Related Predictors for Image Quality of Respiratory-gating and Breath-hold
3D Magnetic Resonance Cholangiopancreatography (MRCP): A Single-Center Prospective Study

Participants
Ke Wang, MD, (Presenter) Nothing to Disclose

PURPOSE

The study aimed to compare the image quality of single breath-hold 3D GRASE MRCP (BH-MRCP) and respiratory-gating 3D FSE
MRCP (RG-MRCP), and to explore the respiratory factors based on the breathing curve that may affect the image quality of BH- and
RG- MRCP sequences.

METHODS AND MATERIALS

A total of 126 study participants were enrolled from May to December 2021 and underwent RG-MRCP and BH-MRCP at a 3-T MR
scanner (UMR790, United Imaging Healthcare, Shanghai, China). The imaging was evaluated by three radiologists based on a 5-
point Likert scale. Respiratory parameters were extracted from the breathing curve (Fig.1). Wilcoxon test was used to compare the
image quality between two MRCPs. Multivariable linear regression and logistic regression analyses were performed to identify
breathing predictor variables of a higher image quality score and better image quality.

RESULTS

The overall image quality scores were 4.45+0.73 for RG-MRCP and 4.69+0.6 for BH-MRCP (p?<?0.05). Multivariable predictors of a
higher RG-MRCP image quality score (3=-0.455 to -0.307) included lower Standard deviation of respiratory amplitude on minimum-
peak (SDAmMp-minimum-peak) (p<0.001) and lower standard deviation of time interval between the two trigger points (SDbreath-
time) (p<0.001) (Fig. 2). A higher BH-MRCP image quality score was predicted by lower standard deviation of respiratory amplitude



(SDamp) (B=-0.630, p<0.001) (Fig. 3). The results of multivariable logistic regression showed that lower SDAmMp-minimum-peak
(OR=0.147, 95% CI=0.058-0.370, p<0.001) was the only predictor of relatively good RG-MRCP image quality. For BH-MRCP, the
factor predicting relatively good image quality was SDamp (OR=0.665, 95% CI= 0.572-0.773, p<0.001) (Table 1).

CONCLUSION

s In conclusion, both RG-MRCP and BH-MRCP demonstrated satisfied image quality. The overall image quality of BH-GRASE-MRCP
was significantly better than RG-MRCP on group level, but not for every individual. Respiratory conditions exerted significant impact
on the image quality of MRCP, and parameters derived from respiratory curve could help predict image quality of both sequences.

CLINICAL RELEVANCE/APPLICATION

?The evaluation of the breathing curve could benefit for the individualized scanning plan. ?In addition, during breathing training,
patients could be guided in a more targeted manner. ?The evaluation of the breathing curve was not limited to the application of
MRCP, and could also be applied in the whole process of MRI scanning of the upper abdomen.

M2-SPGI-5 Preoperative CT Staging of Intrahepatic Cholangiocarcinoma: Impact of Up-staging of Tumor
Multiplicity on Survival Outcomes

Participants
June Park, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To develop a preoperative CT staging system for intrahepatic cholangiocarcinoma (iCCA) using American Joint Committee on Cancer
(AJCC) staging parameters and focusing on tumor multiplicity.

METHODS AND MATERIALS

Patients who underwent preoperative multiphasic CT and curative-intent resection for mass-forming iCCA were retrospectively
recruited from multiple institutions from January 2009 to December 2015. Based on Cox proportional hazards regression analysis of
the AJCC staging parameters, preoperative CT staging system was modified from the AJCC system with subdivision of tumor
multiplicity (satellitosis vs. intrahepatic metastasis). Kaplan-Meier method was used to estimate overall survival (OS). Harrell’s
concordance indices (C-indices) of AJCC and modified systems were compared with bootstrap methods.

RESULTS

This study included 319 patients (median age, 64 years; 208 men). In the modified staging system, multiple tumors (adjusted
hazard ratio [HR]; satellitosis, 3.03, P <0.001; intrahepatic metastasis, 3.92, P <0.001) were up-staged from T2 to T3 (T3a,
satellitosis; T3b, intrahepatic metastasis); solitary tumor with intrahepatic vascular invasion (adjusted HR, 1.98, P = 0.003) or
solitary tumor perforating the visceral peritoneum (adjusted HR, 2.00, P = 0.001) were designated as T2. Preoperative T2 and T3
stages according to the AJCC system failed to discriminate the survival curves (log-rank P value for T2 vs. T3 = 0.812; 5-year OS,
23.4% vs. 26.8%), but modified T2 stage showed better OS outcomes than modified T3 stage (log-rank P value for T2 vs. T3a vs.
T3b = 0.003; 5-year OS, 33.8% vs. 8.4% vs. 4.8%). The C-indices of modified staging system were higher than those of AJCC
staging system for predicting OS, marginally approaching the statistical significance (T staging, 0.647 vs. 0.626, P = 0.061; tumor-
node-metastasis staging, 0.636 vs. 0.614, P = 0.069).

CONCLUSION

s The modified staging system which upstages tumor multiplicity provides better prognostic stratification for OS than AJCC staging
system when applied to preoperative CT in patients with iCCA.

CLINICAL RELEVANCE/APPLICATION

The presence of tumor multiplicity on preoperative CT indicates worse prognosis than current AJCC T2 or T3 staging parameters,
and may need subdivision into satellitosis and intrahepatic metastasis.

M2-SPGI-7 A Diagnostic Value of MR Radiomics for Predicting Lateral Pelvic Lymph Node Metastasis in Patients
with Locally Advanced Rectal Cancer: A Multicenter Retrospective Study

Participants
Jeongin Yoo, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To develop a MRI radiomics-based prediction model for lateral pelvic lymph node (LPLN) metastasis in rectal cancer patients who
underwent LPLN dissection as well as to validate model performance using an external validation dataset.

METHODS AND MATERIALS

A total of 344 patients (198 in the development cohort and 146 in the validation cohort) who underwent rectal cancer surgery and
LPLN dissection were enrolled. Patients’ clinical and laboratory features were recorded. Radiomics features of LPLN were extracted
from pre- post-chemoradiation therapy high-resolution T2-weighted axial or coronal MR images. The least absolute shrinkage and
selection operator regression analysis was conducted to select predictive radiomics features in the development cohort, and a
radiomics score for predicting LPLN metastasis was calculated based on the selected features. Model performance was assessed by
receiver operating characteristics curve, calibration curves, and decision curve analysis (DCA). The prediction model was externally
validated in the validation cohort.

RESULTS

In the development cohort, 70 (35.4%) of 198 patients had metastatic LPLN. Of clinical features, neoadjuvant radiotherapy is the
sole significant feature. Of 116 radiomics features, histogram-based energy and histogram-based total energy were selected as
significant features. Radiomics score can be calculated as a following formula: radiomics score = -0.58618 + 1.7252902E-9 x
histogram-based energy + 1.1056922E-9 x histogram-based total energy. A combined model using clinical features and radiomics
score showed better prediction performance compared to the clinical feature only (area under the curve [AUC] value: 0.73 vs 0.61)
in the development cohort (P<0.0001). DCA demonstrated that the combined model has the highest net benefit in threshold
probability of 25% - 75%. In the validation cohort, a combined model using clinical features and radiomics score showed better



prediction performance compared to the clinical feature only (AUC value: 0.61 vs 0.51) (P=0.0318) and had the highest net benefit
in threshold probability of 30%-75%.

CONCLUSION

s An application of radiomics on rectal MRI showed the best prediction performance of a combined model using clinical features and
radiomics score to predict LPLN metastasis.

CLINICAL RELEVANCE/APPLICATION
An application of radiomics on rectal MRI can be useful for accurately predicting LPLN metastasis in patients with rectal cancer

M2-SPGI-8 Diagnostic performance of Apparent Diffusion Coefficient to assess the therapeutic response to
biological therapy in Crohn's disease

Participants
Jordi Rimola, MD, PhD, (Presenter) Consultant, Alimentiv Health Trust;Speaker, Takeda Pharmaceutical Company Limited;Consultant,
Johnson & Johnson;Consultant, Boehringer Ingelheim GmbH;Research Grant, AbbVie Inc

PURPOSE

to determine prospectively the performance of the Apparent Diffusion Coefficient (ADC) to assess response to biological therapy in
Crohn’s disease (CD) using MR enterography (MRE) and ileocolonoscopy as reference standards.

METHODS AND MATERIALS

Seventy four CD &9;patients underwent MRE with ADC calculation before and at 46-week after treatment with biological therapy.
MRE images were analyzed including measurement of ADC. Segmental MaRIA was considered the reference standard to identify
presence and severity of inflammation. Similar analysis was done in the 41 subjects who underwent ileocolonoscopy at both time
points.

RESULTS

MRE identified 125 intestinal segments with severe inflammation (MaRIA > or = 11) at baseline. Of them, 54% achieved healing of
severe inflammation (MaRIA <11) at week 46.89;Using a receiver operating characteristic (ROC) curve, we determined at baseline
an ADC threshold of 1.301x10-3mm2/s to predict severity, yielding a sensitivity of 0.78 and specificity of 0.94 to identify segments
with MaRIA > or = 11 (AUROC=0.92). Using the same threshold, ADC has a sensitivity and specificity of 0.90 and 0.75 respectively
to identify healing of severe inflammation (MaRIA<11) at week 46. Using ileocolonoscopy as reference, the ADC threshold to predict
endoscopic severity (ulcers) was very similar (1.382x10-3mm2/s) yielding a sensitivity and specificity of 0.76 and 0.89, and 0.95
and 0.71 to identify endoscopic ulcer healing. The MaRIA score was superior to ADC to predict endoscopic ulcer healing (AUROC
0.94 vs. 0.83 p=0.01).

CONCLUSION

s ADC showed robust thresholds to predict severe inflammation in CD using either MaRIA or ileocolonoscopy, and could be used as
an alternative to the MaRIA index to assess therapeutic response in CD.

CLINICAL RELEVANCE/APPLICATION

ADC is a potential imaging biomarker alternative to MaRIA score or ileocolonoscopy to assess the treatment response to biological
therapy in Crohn’s disease

M2-SPGI-9 MRI Defecography: A Useful Tool to Guide Surgical Management in Patients With Pelvic Floor
Dysfunction

Participants
John Gao, MD, Kansas City, KS (Presenter) Nothing to Disclose

PURPOSE

To retrospectively evaluate magnetic resonance (MR) defecography findings in patients with pelvic floor dysfunction to assess
which findings on MR defecography influence decisions to perform subsequent pelvic floor surgery.

METHODS AND MATERIALS

This retrospective cohort study included women 18 and older who had an MRI defecography exam from 1/1/2017 - 6/30/2021.
Patients were excluded if they were male, under 18, unable to comply with the exam, or had insufficient imaging. Demographic,
clinical, and imaging information were obtained from the electronic medical record and Picture Archiving and Communications
Systems (PACS). Imaging reports were retrospectively reviewed using the original interpretations.

RESULTS

One hundred sixty-eight patients with 171 MR defecography exams were included. Twenty out of 168 total patients (11.9%)
patients had subsequent pelvic floor surgery in the year following their exam. Multiple measurements on MRI demonstrated a
statistically significant odds ratio for subsequent pelvic floor surgery, including M line at maximal strain (OR=1.5, p=0.070) and the
presence of sigmoidocele (OR=27.7, p=0.011) and enterocele (OR=6.8, p=0.015). Patients in the surgical group had higher M-lines
at maximal strain (5.7 cm) than in the non-surgical group (4.7 cm).

CONCLUSION

s MRI defecography is an important tool to evaluate anatomical and functional abnormalities in patients with pelvic floor
dysfunction. Certain measurements and findings may help guide decisions to pursue surgical treatment. The presence of
sigmoidoceles and enteroceles is a significant finding that may direct patients and clinicians to pursue surgical management, which
should be highlighted in the radiology report.

CLINICAL RELEVANCE/APPLICATION

Radiologists should highlight key measurements and findings on MRI defecography exams as well as recommend surgical consultation



in certain patients.

Printed on: 02/07/23
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Automated multi-organ segmentation tool for both non-contrast and post-contrast abdominal CT: a deep
learning algorithm developed using dual-energy CT images
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Participants
Sun Kyung Jeon, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To develop and validate a deep learning-based fully-automated abdominal multi-organ segmentation algorithm, robust to both non-
contrast and post-contrast CT images, using dual-energy CT (DECT) images.

METHODS AND MATERIALS

For development, 75 abdominal DECT scans (portal venous phase (PVP) images and the spatiotemporally matched virtual non-
contrast (VNC) images; 18174 slices in each) were used as the input. A single three-dimensional (3D) nnU-Net-based algorithm for
multi-organ segmentation (liver, spleen, right kidney, left kidney, and pancreas, respectively) was trained. On an external validation
set of 30 single-energy CT scans with both PVP and true non-contrast (TNC) images, the performance of the developed algorithm
for each organ was evaluated using the dice similarity score (DSS) for segmentation; and linear regression analysis and Bland-
Altman analysis for measurement of the volumetric indices, in comparison to the ground truth manual segmentation.

RESULTS

For 3D segmentation of the liver, spleen, right kidney, left kidney, and pancreas, the fully-automated segmentation algorithm
achieved a mean DSS of 0.982, 0.972, 0.972, 0.970, 0.847 in PVP image; and 0.968, 0.956, 0.940, 0.955, and 0.807 in TNC images,
respectively. For the measurement of volumetric indices of those organs, manual and automated organ segmentation strongly
correlated both in PVP and TNC (R2 = 0.99, 0.99, 0.99, 0.98, and 0.80 in PVP; and 0.98, 0.99, 0.95, 0.98, 0.72 in TNC, all Ps
<0.001), and the mean differences (95 % limits of agreement) were -1.0% (-3.2, 1.1), 0.3% (-5.2, 5.8), -0.9% (-5.5, 3.8), -2.3%
(-7.2, 2.5), 5.8% (-20.1, 31.8) in PVP images; and -1.9% (-3.7, 7.5), -3.1% (-10.9, 4.6), 2.2% (-7.0, 11.3), 3.4% (-1.0, 7.9), -
0.3% (-25.8, 25.2) in TNC images, respectively.

CONCLUSION

s The deep learning-based fully-automated segmentation algorithm developed using virtual non-contrast and post-contrast CT
images from DECT provided accurate segmentation of abdominal solid organs at both CT scans with and without contrast.

CLINICAL RELEVANCE/APPLICATION

By using paired DECT images, a fully-automated multi-organ segmentation algorithm that is robust to both non-contrast and post-
contrast CT can be developed with a relatively small number of datasets, which can be applied to volumetric analysis of abdominal
organs of large cohort studies.

Printed on: 02/07/23
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A review of the use of Computed Tomography (CT) Colonography in acute diverticulitis follow up
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Amy Verrinder, MBBS, (Presenter) Nothing to Disclose

PURPOSE

Direct visualisation of the bowel lumen is recommended as follow up for all acute diverticulitis cases. This includes CT Colonography
(CTC). In Newcastle Upon Tyne Hospitals (NUTH), surgical practice is that all patients admitted with diverticulitis have a follow up
CTC approximately 3 months from discharge.

METHODS AND MATERIALS

A Radiology Information system (RIS) search of CTCs performed in NUTH trust between 1/1/2019-31/12/2019. Reports were
excluded if the indication was not acute diverticulitis follow-up. Remaining reports were assessed for compliance with
standards.Joint guidance from the BSGAR and RCR: Standards of practice for CTC (2021); and Royal College of Surgeons
commissioning guide into Colonic Diverticular disease (2014).Percentage of CTC reports following acute diverticulitis accordant with
standards of practice.1. CTC should be completed within 3 months of acute episode 2. Local target of 100% sensitivity for colonic
malignancy. 3. Polyp identification rate of >13% of patients 4. Indeterminate CTC report (leading to further investigation) in
<25%References: Royal College of Radiologists. (2021). Joint guidance from the BSGAR and RCR: Standards of practice for
CTC.Royal College of Surgeons. (2014). Colonic Diverticular disease - Commissioning Guide.

RESULTS

Of the 1282 CTC reports identified, 1207 (94%) were excluded. Of the remaining 75 reports, no cases had a colonic malignancy
later identified which was not reported at the time of CTC (100% sensitivity). There was a wide range in the time interval to CTC,
from 3 to 69 weeks. 15 cases (20%) had polyps identified. 6 reports (8%) were indeterminate (C score of 3c) and required further
investigation.

CONCLUSION

s CTC in acute diverticulitis follow-up achieved targets in malignancy and polyp sensitivity, and indeterminate rates. However, the
time interval was very variable and could be standardised to produce a more robust pathway for patients requiring acute
diverticulitis follow-up. Results have been presents regionally.

CLINICAL RELEVANCE/APPLICATION

CTC in acute diverticulitis follow up has superseded the Colonoscopy at NUTH. This has been a success story for the Radiology
teams with increased trust in CTC reports from the General Surgical teams. This audit shows this trust is well placed with national
standards met using this less invasive, more accessible and better tolerated test. Going forward this pathway could be standardised
to set up a routine follow up time interval for CTC following acute diverticulitis which would stream line patient management and
improve efficiency.
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PURPOSE

Although non-alcoholic fatty liver disease (NAFLD) is associated with obesity, a significant subgroup of NAFLD patients have normal
body mass index (BMI) or “lean steatosis.” We investigated characteristics associated with lean steatosis using biobank data by
aggregating ICD codes and CT scans to perform a phenome-wide association study (PheWAS) and biomarker analysis.

METHODS AND MATERIALS

We collected chest and abdominal CTs, blood biomarkers, and ICD-9 codes from 11,559 biobank participants, excluding patients
with alcohol use disorder, alcohol-related liver disease, and end-stage liver disease (ESLD). CT scans were segmented using deep
learning. Hepatic fat (HF) was estimated by computing liver attenuation - spleen attenuation (in Hounsfield units); a lower value
indicated more HF. Lean patients were defined as those with BMI 18.5- 25. PheWAS was conducted for HF, and logistic regression
determined the interaction between the variables ‘lean’ and ‘HF,’ controlling for age, gender, and race. Livers were categorized as
steatotic or non-steatotic according to an attenuation threshold determined by receiver operating characteristic analysis of biopsy-
obtained HF measurement. Biomarkers included AST, ALT, ALP, HDL, LDL, triglycerides, total cholesterol, and hemoglobin Alc.

RESULTS

4650 NAFLD and 879 lean steatotic patients were identified. PheWAS yielded 35 significant associations, with links to several renal
pathologies. Lean steatosis patients had higher ALP and HDL and lower ALT, triglycerides, and hemoglobin Alc compared to
overweight steatosis patients. AST, LDL, and total cholesterol were not significantly different.

CONCLUSION

s Our study is the first to link CKD and other renal pathologies to lean steatosis using a high-throughput imaging-guided pipeline.

We report several metabolic biomarker differences between lean and overweight steatotic patients. These associations remained
significant when removing ESLD patients and controlling for age, race, and gender. We plan further study to characterize the risk
factors and pathophysiologic mechanisms contributing to the metabolic and renal associations with lean steatosis.

CLINICAL RELEVANCE/APPLICATION

Applying deep learning, PheWAS, and biomarker analysis to CT scans can provide new clinical insights, differentiating overweight
steatosis from the less well-understood lean steatosis phenotype.
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EvaluationofRespiratory-Related Predictors for Image Quality of Respiratory-gating and Breath-hold 3D
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Ke Wang, MD, (Presenter) Nothing to Disclose

PURPOSE

The study aimed to compare the image quality of single breath-hold 3D GRASE MRCP (BH-MRCP) and respiratory-gating 3D FSE
MRCP (RG-MRCP), and to explore the respiratory factors based on the breathing curve that may affect the image quality of BH- and
RG- MRCP sequences.

METHODS AND MATERIALS

A total of 126 study participants were enrolled from May to December 2021 and underwent RG-MRCP and BH-MRCP at a 3-T MR
scanner (UMR790, United Imaging Healthcare, Shanghai, China). The imaging was evaluated by three radiologists based on a 5-
point Likert scale. Respiratory parameters were extracted from the breathing curve (Fig.1). Wilcoxon test was used to compare the
image quality between two MRCPs. Multivariable linear regression and logistic regression analyses were performed to identify
breathing predictor variables of a higher image quality score and better image quality.

RESULTS

The overall image quality scores were 4.45+0.73 for RG-MRCP and 4.69+0.6 for BH-MRCP (p?<?0.05). Multivariable predictors of a
higher RG-MRCP image quality score (8=-0.455 to -0.307) included lower Standard deviation of respiratory amplitude on minimum-
peak (SDAmp-minimum-peak) (p<0.001) and lower standard deviation of time interval between the two trigger points (SDbreath-
time) (p<0.001) (Fig. 2). A higher BH-MRCP image quality score was predicted by lower standard deviation of respiratory amplitude
(SDamp) (B=-0.630, p<0.001) (Fig. 3). The results of multivariable logistic regression showed that lower SDAmp-minimum-peak
(OR=0.147, 95% CI=0.058-0.370, p<0.001) was the only predictor of relatively good RG-MRCP image quality. For BH-MRCP, the
factor predicting relatively good image quality was SDamp (OR=0.665, 95% CI= 0.572-0.773, p<0.001) (Table 1).

CONCLUSION

s In conclusion, both RG-MRCP and BH-MRCP demonstrated satisfied image quality. The overall image quality of BH-GRASE-MRCP
was significantly better than RG-MRCP on group level, but not for every individual. Respiratory conditions exerted significant impact
on the image quality of MRCP, and parameters derived from respiratory curve could help predict image quality of both sequences.

CLINICAL RELEVANCE/APPLICATION

?The evaluation of the breathing curve could benefit for the individualized scanning plan. ?In addition, during breathing training,
patients could be guided in a more targeted manner. ?The evaluation of the breathing curve was not limited to the application of
MRCP, and could also be applied in the whole process of MRI scanning of the upper abdomen.
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Preoperative CT Staging of Intrahepatic Cholangiocarcinoma: Impact of Up-staging of Tumor Multiplicity on
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June Park, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To develop a preoperative CT staging system for intrahepatic cholangiocarcinoma (iCCA) using American Joint Committee on Cancer
(AJCC) staging parameters and focusing on tumor multiplicity.

METHODS AND MATERIALS

Patients who underwent preoperative multiphasic CT and curative-intent resection for mass-forming iCCA were retrospectively
recruited from multiple institutions from January 2009 to December 2015. Based on Cox proportional hazards regression analysis of
the AJCC staging parameters, preoperative CT staging system was modified from the AJCC system with subdivision of tumor
multiplicity (satellitosis vs. intrahepatic metastasis). Kaplan-Meier method was used to estimate overall survival (OS). Harrell’s
concordance indices (C-indices) of AJCC and modified systems were compared with bootstrap methods.

RESULTS

This study included 319 patients (median age, 64 years; 208 men). In the modified staging system, multiple tumors (adjusted
hazard ratio [HR]; satellitosis, 3.03, P <0.001; intrahepatic metastasis, 3.92, P <0.001) were up-staged from T2 to T3 (T3a,
satellitosis; T3b, intrahepatic metastasis); solitary tumor with intrahepatic vascular invasion (adjusted HR, 1.98, P = 0.003) or
solitary tumor perforating the visceral peritoneum (adjusted HR, 2.00, P = 0.001) were designated as T2. Preoperative T2 and T3
stages according to the AJCC system failed to discriminate the survival curves (log-rank P value for T2 vs. T3 = 0.812; 5-year OS,
23.4% vs. 26.8%), but modified T2 stage showed better OS outcomes than modified T3 stage (log-rank P value for T2 vs. T3a vs.
T3b = 0.003; 5-year OS, 33.8% vs. 8.4% vs. 4.8%). The C-indices of modified staging system were higher than those of AJCC
staging system for predicting OS, marginally approaching the statistical significance (T staging, 0.647 vs. 0.626, P = 0.061; tumor-
node-metastasis staging, 0.636 vs. 0.614, P = 0.069).

CONCLUSION

s The modified staging system which upstages tumor multiplicity provides better prognostic stratification for OS than AJCC staging
system when applied to preoperative CT in patients with iCCA.

CLINICAL RELEVANCE/APPLICATION

The presence of tumor multiplicity on preoperative CT indicates worse prognosis than current AJCC T2 or T3 staging parameters,
and may need subdivision into satellitosis and intrahepatic metastasis.
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A Diagnostic Value of MR Radiomics for Predicting Lateral Pelvic Lymph Node Metastasis in Patients with
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PURPOSE

To develop a MRI radiomics-based prediction model for lateral pelvic lymph node (LPLN) metastasis in rectal cancer patients who
underwent LPLN dissection as well as to validate model performance using an external validation dataset.

METHODS AND MATERIALS

A total of 344 patients (198 in the development cohort and 146 in the validation cohort) who underwent rectal cancer surgery and
LPLN dissection were enrolled. Patients’ clinical and laboratory features were recorded. Radiomics features of LPLN were extracted
from pre- post-chemoradiation therapy high-resolution T2-weighted axial or coronal MR images. The least absolute shrinkage and
selection operator regression analysis was conducted to select predictive radiomics features in the development cohort, and a
radiomics score for predicting LPLN metastasis was calculated based on the selected features. Model performance was assessed by
receiver operating characteristics curve, calibration curves, and decision curve analysis (DCA). The prediction model was externally
validated in the validation cohort.

RESULTS

In the development cohort, 70 (35.4%) of 198 patients had metastatic LPLN. Of clinical features, neoadjuvant radiotherapy is the
sole significant feature. Of 116 radiomics features, histogram-based energy and histogram-based total energy were selected as
significant features. Radiomics score can be calculated as a following formula: radiomics score =-0.58618 + 1.7252902E-9 x
histogram-based energy + 1.1056922E-9 x histogram-based total energy. A combined model using clinical features and radiomics
score showed better prediction performance compared to the clinical feature only (area under the curve [AUC] value: 0.73 vs 0.61)
in the development cohort (P<0.0001). DCA demonstrated that the combined model has the highest net benefit in threshold
probability of 25% - 75%. In the validation cohort, a combined model using clinical features and radiomics score showed better
prediction performance compared to the clinical feature only (AUC value: 0.61 vs 0.51) (P=0.0318) and had the highest net benefit
in threshold probability of 30%-75%.

CONCLUSION

s An application of radiomics on rectal MRI showed the best prediction performance of a combined model using clinical features and
radiomics score to predict LPLN metastasis.

CLINICAL RELEVANCE/APPLICATION
An application of radiomics on rectal MRI can be useful for accurately predicting LPLN metastasis in patients with rectal cancer
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Diagnostic performance of Apparent Diffusion Coefficient to assess the therapeutic response to biological
therapy in Crohn's disease
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PURPOSE

to determine prospectively the performance of the Apparent Diffusion Coefficient (ADC) to assess response to biological therapy in
Crohn’s disease (CD) using MR enterography (MRE) and ileocolonoscopy as reference standards.

METHODS AND MATERIALS

Seventy four CD &9;patients underwent MRE with ADC calculation before and at 46-week after treatment with biological therapy.
MRE images were analyzed including measurement of ADC. Segmental MaRIA was considered the reference standard to identify
presence and severity of inflammation. Similar analysis was done in the 41 subjects who underwent ileocolonoscopy at both time
points.

RESULTS

MRE identified 125 intestinal segments with severe inflammation (MaRIA > or = 11) at baseline. Of them, 54% achieved healing of
severe inflammation (MaRIA <11) at week 46.89;Using a receiver operating characteristic (ROC) curve, we determined at baseline
an ADC threshold of 1.301x10-3mm2/s to predict severity, yielding a sensitivity of 0.78 and specificity of 0.94 to identify segments
with MaRIA > or = 11 (AUROC=0.92). Using the same threshold, ADC has a sensitivity and specificity of 0.90 and 0.75 respectively
to identify healing of severe inflammation (MaRIA<11) at week 46. Using ileocolonoscopy as reference, the ADC threshold to predict
endoscopic severity (ulcers) was very similar (1.382x10-3mm2/s) yielding a sensitivity and specificity of 0.76 and 0.89, and 0.95
and 0.71 to identify endoscopic ulcer healing. The MaRIA score was superior to ADC to predict endoscopic ulcer healing (AUROC
0.94 vs. 0.83 p=0.01).

CONCLUSION

s ADC showed robust thresholds to predict severe inflammation in CD using either MaRIA or ileocolonoscopy, and could be used as
an alternative to the MaRIA index to assess therapeutic response in CD.

CLINICAL RELEVANCE/APPLICATION

ADC is a potential imaging biomarker alternative to MaRIA score or ileocolonoscopy to assess the treatment response to biological
therapy in Crohn’s disease
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MRI Defecography: A Useful Tool to Guide Surgical Management in Patients With Pelvic Floor Dysfunction
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John Gao, MD, Kansas City, KS (Presenter) Nothing to Disclose

PURPOSE

To retrospectively evaluate magnetic resonance (MR) defecography findings in patients with pelvic floor dysfunction to assess
which findings on MR defecography influence decisions to perform subsequent pelvic floor surgery.

METHODS AND MATERIALS

This retrospective cohort study included women 18 and older who had an MRI defecography exam from 1/1/2017 - 6/30/2021.
Patients were excluded if they were male, under 18, unable to comply with the exam, or had insufficient imaging. Demographic,
clinical, and imaging information were obtained from the electronic medical record and Picture Archiving and Communications
Systems (PACS). Imaging reports were retrospectively reviewed using the original interpretations.

RESULTS

One hundred sixty-eight patients with 171 MR defecography exams were included. Twenty out of 168 total patients (11.9%)
patients had subsequent pelvic floor surgery in the year following their exam. Multiple measurements on MRI demonstrated a
statistically significant odds ratio for subsequent pelvic floor surgery, including M line at maximal strain (OR=1.5, p=0.070) and the
presence of sigmoidocele (OR=27.7, p=0.011) and enterocele (OR=6.8, p=0.015). Patients in the surgical group had higher M-lines
at maximal strain (5.7 cm) than in the non-surgical group (4.7 cm).

CONCLUSION

s MRI defecography is an important tool to evaluate anatomical and functional abnormalities in patients with pelvic floor
dysfunction. Certain measurements and findings may help guide decisions to pursue surgical treatment. The presence of
sigmoidoceles and enteroceles is a significant finding that may direct patients and clinicians to pursue surgical management, which
should be highlighted in the radiology report.

CLINICAL RELEVANCE/APPLICATION

Radiologists should highlight key measurements and findings on MRI defecography exams as well as recommend surgical consultation
in certain patients.
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M2-SPGU-1 Comparison of diagnostic accuracy between an artificial-intelligence-based prostate MRI protocol,
mpMRI and bpMRI in dependence on the radiologist experience
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Daniel Nissler, MD, (Presenter) Grant, Zentrales Innovations;Speaker, Bayer AG;Travel support, Bayer AG

PURPOSE

Evaluation of the diagnostic accuracy of three rating radiologists with different degree of experience in prostate MRI assessment for
an artificial intelligence supported biparametric MRI protocol (ai) in comparison to a multiparametric MRI (mp) as well as a
biparametric MRI (bp) protocol.

METHODS AND MATERIALS

In this retrospective study, the diagnostic accuracy of prostate cancer detection between ai, mp and bp was compared. The
software used T2-weighted und diffusion sequences froma 3.0 T MRI system to run an automatic segmentation of suspicious
prostate lesions using an Aniso-3D-U-Net and a VGG-Net for lesion classification. Three radiologist with different degree of
experience in prostate MRI (1- high, 2- intermedium, 3- low) evaluated the PI-RADS score for the patients in three different
branches of the study: ai, mp, bp. Ground truth was the histology from the combined systematic and targeted transrectal US fusion
biopsy.

RESULTS

PI-RADS scores from 105 men (median age, 66 years; range, 46-85 years/ median PSA, 9.4 [ng/ml]; range, 1-56 [ng/ml]) were
matched with the Gleason score (GS) to determine the AUC for each branch (ai, mp, bp) and reader (1-3). The AUC to detect
prostate cancer (GS = 3 + 3) for reader 1 was 0.850 for ai, 0.849 for mp, and 0.829 for bp. The corresponding values for reader 2
were 0.847 (ai), 0.781 (mp), 0.762 (bp) and for reader 3 0.819 (ai), 0.775 (mp), 0.712 (bp). There were no statically significant
differences for reader 1 between ai, mp and bp. The difference between ai and bp for reader 2 (p = 0,006) and 3 (p = 0.008) was
statically significant. For all readers the diagnostic accuracy for bp was lower than mp, but not statically significant.

CONCLUSION

s Radiologist with low or intermedium degree of experience in prostate MRI assessment benefit from ai and reach higher accuracy
then mp and bp, whereas radiologist with high experience reached equal AUC for ai and mp. For all readers ai can compensate the
decreased accuracy in bp.

CLINICAL RELEVANCE/APPLICATION

The results reveal first signs, that the ai protocol shows similarly good values as the mp protocol, so that an ai supported bp
protocol could possibly detach a contrast agent assisted protocol.

M2-SPGU-2 Image quality of virtual monochromatic imaging of half-iodine-load contrast-enhanced abdomen-
pelvis CT by Gemstone Spectral Imaging with deep learning reconstruction

Participants
Shingo Harashima, Tokyo, Japan (Presenter) Nothing to Disclose

PURPOSE

Image quality (IQ) of Gemstone Spectral Imaging (GSI) has been improving with recent introduction of deep learning reconstruction
(DLR). We prospectively assessed IQ of virtual monochromatic imaging (VMI) of half-iodine-load contrast-enhanced abdomen-pelvis
CT (CE-APCT) with the minimal slice thickness by GSI with DLR.

METHODS AND MATERIALS

In 28 patients with moderate-severe renal impairment who underwent half-iodine-load (300 mgl/kg) CE-APCT during the
nephrographic phase using a 256-detector GSI scanner (Revolution CT, GE), we reconstructed VMI at 40-140 keV (1-keV interval)
of the minimal slice thickness of 0.625 mm with filtered back projection (FBP), iterative reconstruction (IR), and DLR (TrueFidelity,
GE); placed regions of interest in the liver, spleen, aorta, portal vein, paraspinal muscle, and subcutaneous fat in the abdomen and
in the prostate/uterus, gluteal muscle, and subcutaneous fat in the pelvis to measure each organ’s CT value and contrast-noise
ratio (CNR) as (CT value of each organ - that of the muscle)/standard deviation of CT value of the fat in the abdomen and pelvis;
determined the optimal keV to achieve the maximal CNR. Two independent radiologists subjectively assessed image noise, contrast,
and sharpness, delineation of small structures, and overall IQ using a 4-pont scale (1, poor; 4, excellent; 2-4, acceptable). We
used Kruskal-Wallis test with Bonferroni correction to compare each organ’s CT value and CNR and subjective IQ scores among FBP,
IR, and DLR and weighted ? test to quantify inter-reader agreement.



RESULTS

Each organ’s CT value and CNR continuously increased from 140 to 40 keV with FBP, IR, and DLR. At the optimal keV (i.e., 40 keV),
CNR of the prostate/uterus was significantly greater with DLR than with FBP (P < 0.05) but comparable between FBP and IR and
between IR and DLR (P > 0.05) and CNR of any other organs significantly increased from FBP to IR to DLR (P < 0.05), whereas each
organ’s CT value was comparable among the 3 reconstructions (P > 0.05). All the IQ scores significantly improved from FBP to IR to
DLR (P < 0.05) and were acceptable in all the patients only with DLR. Inter-reader agreement was substantial (? = 0.65).

CONCLUSION

s Combined use of 40 keV and DLR offers the maximal CNR and subjectively acceptable IQ in VMI of half-iodine-load CE-APCT with
the minimal slice thickness.

CLINICAL RELEVANCE/APPLICATION

VMI at 40 keV by GSI can preserve image contrast and improve delineation of fine anatomies and lesions in half-iodine-load CE-
APCT with the minimal slice thickness by achieving acceptable IQ by DLR.
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PURPOSE

Evaluation of the diagnostic accuracy of three rating radiologists with different degree of experience in prostate MRI assessment for
an artificial intelligence supported biparametric MRI protocol (ai) in comparison to a multiparametric MRI (mp) as well as a
biparametric MRI (bp) protocol.

METHODS AND MATERIALS

In this retrospective study, the diagnostic accuracy of prostate cancer detection between ai, mp and bp was compared. The
software used T2-weighted und diffusion sequences froma 3.0 T MRI system to run an automatic segmentation of suspicious
prostate lesions using an Aniso-3D-U-Net and a VGG-Net for lesion classification. Three radiologist with different degree of
experience in prostate MRI (1- high, 2- intermedium, 3- low) evaluated the PI-RADS score for the patients in three different
branches of the study: ai, mp, bp. Ground truth was the histology from the combined systematic and targeted transrectal US fusion
biopsy.

RESULTS

PI-RADS scores from 105 men (median age, 66 years; range, 46-85 years/ median PSA, 9.4 [ng/ml]; range, 1-56 [ng/ml]) were
matched with the Gleason score (GS) to determine the AUC for each branch (ai, mp, bp) and reader (1-3). The AUC to detect
prostate cancer (GS = 3 + 3) for reader 1 was 0.850 for ai, 0.849 for mp, and 0.829 for bp. The corresponding values for reader 2
were 0.847 (ai), 0.781 (mp), 0.762 (bp) and for reader 3 0.819 (ai), 0.775 (mp), 0.712 (bp). There were no statically significant
differences for reader 1 between ai, mp and bp. The difference between ai and bp for reader 2 (p = 0,006) and 3 (p = 0.008) was
statically significant. For all readers the diagnostic accuracy for bp was lower than mp, but not statically significant.

CONCLUSION

s Radiologist with low or intermedium degree of experience in prostate MRI assessment benefit from ai and reach higher accuracy
then mp and bp, whereas radiologist with high experience reached equal AUC for ai and mp. For all readers ai can compensate the
decreased accuracy in bp.

CLINICAL RELEVANCE/APPLICATION

The results reveal first signs, that the ai protocol shows similarly good values as the mp protocol, so that an ai supported bp
protocol could possibly detach a contrast agent assisted protocol.
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PURPOSE

Image quality (IQ) of Gemstone Spectral Imaging (GSI) has been improving with recent introduction of deep learning reconstruction
(DLR). We prospectively assessed IQ of virtual monochromatic imaging (VMI) of half-iodine-load contrast-enhanced abdomen-pelvis
CT (CE-APCT) with the minimal slice thickness by GSI with DLR.

METHODS AND MATERIALS

In 28 patients with moderate-severe renal impairment who underwent half-iodine-load (300 mgl/kg) CE-APCT during the
nephrographic phase using a 256-detector GSI scanner (Revolution CT, GE), we reconstructed VMI at 40-140 keV (1-keV interval)
of the minimal slice thickness of 0.625 mm with filtered back projection (FBP), iterative reconstruction (IR), and DLR (TrueFidelity,
GE); placed regions of interest in the liver, spleen, aorta, portal vein, paraspinal muscle, and subcutaneous fat in the abdomen and
in the prostate/uterus, gluteal muscle, and subcutaneous fat in the pelvis to measure each organ’s CT value and contrast-noise
ratio (CNR) as (CT value of each organ - that of the muscle)/standard deviation of CT value of the fat in the abdomen and pelvis;
determined the optimal keV to achieve the maximal CNR. Two independent radiologists subjectively assessed image noise, contrast,
and sharpness, delineation of small structures, and overall IQ using a 4-pont scale (1, poor; 4, excellent; 2-4, acceptable). We
used Kruskal-Wallis test with Bonferroni correction to compare each organ’s CT value and CNR and subjective IQ scores among FBP,
IR, and DLR and weighted ? test to quantify inter-reader agreement.

RESULTS

Each organ’s CT value and CNR continuously increased from 140 to 40 keV with FBP, IR, and DLR. At the optimal keV (i.e., 40 keV),
CNR of the prostate/uterus was significantly greater with DLR than with FBP (P < 0.05) but comparable between FBP and IR and
between IR and DLR (P > 0.05) and CNR of any other organs significantly increased from FBP to IR to DLR (P < 0.05), whereas each
organ’s CT value was comparable among the 3 reconstructions (P > 0.05). All the IQ scores significantly improved from FBP to IR to
DLR (P < 0.05) and were acceptable in all the patients only with DLR. Inter-reader agreement was substantial (? = 0.65).

CONCLUSION

s Combined use of 40 keV and DLR offers the maximal CNR and subjectively acceptable IQ in VMI of half-iodine-load CE-APCT with
the minimal slice thickness.

CLINICAL RELEVANCE/APPLICATION

VMI at 40 keV by GSI can preserve image contrast and improve delineation of fine anatomies and lesions in half-iodine-load CE-
APCT with the minimal slice thickness by achieving acceptable IQ by DLR.
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PURPOSE

To determine 1) whether normal-sized endolymphatic ducts (ELD) are routinely visible on high-resolution temporal bone MRI and 2)
how reliably MRI detects vestibular aqueduct (VA) enlargement.

METHODS AND MATERIALS

The study was approved by our center’s IRB. 100 pediatric patients who underwent temporal bone CT and MRI between January
2017 and December 2020 were included for this study. VA width was measured at the midpoint and operculum on axial CT and at
the midpoint on Poschl reconstructions. Enlargement of the VA (eVA) was determined using the Cincinnati criteria. Corresponding
heavily T2-weighted high-resolution MRI images were reviewed, with visibility of each ELD categorized as: type 1=not visible; type
2=indistinct; or type 3=easily visible (Figure).Mixed-effect logistic regression analyses were used to evaluate 1) whether MRI
visibility was associated with eVA and 2) whether mean vestibular aqueduct diameters differ based on MRI visibility. A p-value<0.05
was used as the level of statistical significance in all analyses.

RESULTS

eVA was identified in 21% of the analyzed ears. There was a significant association between the presence of eVA on CT and ELD
visibility on MRI (p=0.0001). In eVA- ears, ELD visibility on MRI was type 1 in 87%, type 2 in 13%, and type 3 in 0%. In eVA+ ears,
the ELDs were type 1 in 21%, type 2 in 21%, and type 3 in 57%.There were significant differences in predicted mean VA widths
based on MRI visibility (p<0.0001) regardless of the method of VA measurement. E.g., the mean predicted axial mid-VA widths
were: 0.63 mm for type 1, 0.97 mm for type 2, and 2.1 mm for type 3 ELDs (Tukey-adjusted p-value <0.0001 for all comparisons).

CONCLUSION

s ELDs were never easily visible and were usually invisible on high-resolution MRI in eVA- ears on CT. Easy visibility of the ELD was
only noted in eVA+ ears, in whom, the majority of cases were type 3; however, in 21% of eVA+ ears, the ELD was not visible on
MRI, suggesting that MRI should not be used as a substitute for CT in ruling out eVA.

CLINICAL RELEVANCE/APPLICATION

Our data suggested that MRI cannot be substituted for temporal bone CT to rule out eVA in pediatric patients. Furthermore, in the
vast majority of ears without eVA, the ELD is not visible on MRI.

M2-SPHN-3 CT-guided Core Needle Biopsy in Head and Neck Masses: Evaluation of Accuracy and Safety

Participants
Thomas J. Vogl, MD, PhD, Frankfurt, Germany (Presenter) Nothing to Disclose

PURPOSE
To evaluate the procedure of CT-guided core needle biopsy of head and neck masses focusing on accuracy and safety.
METHODS AND MATERIALS

In this retrospective single-center study the accuracy and safety of CT-guided core needle biopsies in head and neck masses was
evaluated from April 2007 to December 2021. A total of 154 patients (mean: 55.9y; 61% males, 39% females) with biopsies were
evaluated. 57.1% of all patients had a history of malignoma, 56.7% of the lesions were located cranial to the os hyoideum. The
most common needle approach of suprahyoid lesions (33%) was the subzygomatic approach. The average diameters of all lesions
were 36x23mm. The location of the lesions was divided in cranial and caudal to the os hyoideum. To ensure the diagnostic
accuracy, the initial histological results were compared with the final medical diagnosis and an additional follow-up of at least six
months.

RESULTS

10 of 154 biopsies showed insufficient and inconclusive samples and were excluded from the evalulation. The remaining 144 biopsies



showed a sensitivity of 94.1%, a specificity of 100% and an accuracy of 97.3%. There were four false negative and no false
positive biopsies, resulting in a positive predictive value of 100% and a negative predictive value of 95.1%. Eight cases presented
minor complications such as postpunctate hematomas, without requiring any intervention. The average dosis-length-product was
276,4 mGy x cm.

CONCLUSION

s CT-guided core needle biopsy of head and neck masses is a safe and effective procedure, which shows a low rate of
complications with a high diagnostic accuracy.

CLINICAL RELEVANCE/APPLICATION
CT-guided biopsy of head and neck masses is of high clinical relevance

Printed on: 02/07/23
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PURPOSE

To determine 1) whether normal-sized endolymphatic ducts (ELD) are routinely visible on high-resolution temporal bone MRI and 2)
how reliably MRI detects vestibular aqueduct (VA) enlargement.

METHODS AND MATERIALS

The study was approved by our center’s IRB. 100 pediatric patients who underwent temporal bone CT and MRI between January
2017 and December 2020 were included for this study. VA width was measured at the midpoint and operculum on axial CT and at
the midpoint on Poschl reconstructions. Enlargement of the VA (eVA) was determined using the Cincinnati criteria. Corresponding
heavily T2-weighted high-resolution MRI images were reviewed, with visibility of each ELD categorized as: type 1=not visible; type
2=indistinct; or type 3=easily visible (Figure).Mixed-effect logistic regression analyses were used to evaluate 1) whether MRI
visibility was associated with eVA and 2) whether mean vestibular aqueduct diameters differ based on MRI visibility. A p-value<0.05
was used as the level of statistical significance in all analyses.

RESULTS

eVA was identified in 21% of the analyzed ears. There was a significant association between the presence of eVA on CT and ELD
visibility on MRI (p=0.0001). In eVA- ears, ELD visibility on MRI was type 1 in 87%, type 2 in 13%, and type 3 in 0%. In eVA+ ears,
the ELDs were type 1 in 21%, type 2 in 21%, and type 3 in 57%.There were significant differences in predicted mean VA widths
based on MRI visibility (p<0.0001) regardless of the method of VA measurement. E.g., the mean predicted axial mid-VA widths
were: 0.63 mm for type 1, 0.97 mm for type 2, and 2.1 mm for type 3 ELDs (Tukey-adjusted p-value <0.0001 for all comparisons).

CONCLUSION

s ELDs were never easily visible and were usually invisible on high-resolution MRI in eVA- ears on CT. Easy visibility of the ELD was
only noted in eVA+ ears, in whom, the majority of cases were type 3; however, in 21% of eVA+ ears, the ELD was not visible on
MRI, suggesting that MRI should not be used as a substitute for CT in ruling out eVA.

CLINICAL RELEVANCE/APPLICATION

Our data suggested that MRI cannot be substituted for temporal bone CT to rule out eVA in pediatric patients. Furthermore, in the
vast majority of ears without eVA, the ELD is not visible on MRI.
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PURPOSE
To evaluate the procedure of CT-guided core needle biopsy of head and neck masses focusing on accuracy and safety.
METHODS AND MATERIALS

In this retrospective single-center study the accuracy and safety of CT-guided core needle biopsies in head and neck masses was
evaluated from April 2007 to December 2021. A total of 154 patients (mean: 55.9y; 61% males, 39% females) with biopsies were
evaluated. 57.1% of all patients had a history of malignoma, 56.7% of the lesions were located cranial to the os hyoideum. The
most common needle approach of suprahyoid lesions (33%) was the subzygomatic approach. The average diameters of all lesions
were 36x23mm. The location of the lesions was divided in cranial and caudal to the os hyoideum. To ensure the diagnostic
accuracy, the initial histological results were compared with the final medical diagnosis and an additional follow-up of at least six
months.

RESULTS

10 of 154 biopsies showed insufficient and inconclusive samples and were excluded from the evalulation. The remaining 144 biopsies
showed a sensitivity of 94.1%, a specificity of 100% and an accuracy of 97.3%. There were four false negative and no false
positive biopsies, resulting in a positive predictive value of 100% and a negative predictive value of 95.1%. Eight cases presented
minor complications such as postpunctate hematomas, without requiring any intervention. The average dosis-length-product was
276,4 mGy x cm.

CONCLUSION

s CT-guided core needle biopsy of head and neck masses is a safe and effective procedure, which shows a low rate of
complications with a high diagnostic accuracy.

CLINICAL RELEVANCE/APPLICATION
CT-guided biopsy of head and neck masses is of high clinical relevance

Printed on: 02/07/23
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M2-SPIN-1 Mask Interpolation, Autocorrection, and Fast Annotation for Medical Imaging Labels

Participants
Kuan Zhang, PhD, , MN (Presenter) Nothing to Disclose

PURPOSE

Training a segmentation model requires human annotations, which are tedious. Since the annotation is performed among slices, the
out-of-plane signals can be noisy with heterogeneous artifacts. There is a growing demand for efficient mask interpolation to
alleviate annotation efforts and help with data preprocessing and augmentation. Here, we developed new interpolation and
autocorrection algorithms for mask data. Based on them, a simple fast-annotation scheme was proposed.

METHODS AND MATERIALS

Tri-cubic interpolation (TCI) is often used to normalize imaging data as it provides more smooth transitions than nearest-neighbor
interpolation (NNI). However, both methods fail for mask data due to the piecewise distribution. In addition to the zig-zag artifacts
in the lateral planes, TCI can result in in-plane discontinuity artifacts. We created a distance field (dist-field) evaluating the
nearest distance to the label boundary before TCI. It helps convert the piecewise mask data into continuous functions and corrects
artifacts. Given the noisy signals in the lateral planes, we developed a label autocorrection (LAC) algorithm by optimizing the signals
with a total-variation (TV) regularization term. We applied the TV on the dist-field rather than the original mask. Besides, the
regularization rate is tuned pixel-wisely given the size and smoothness of the object obtained from the connected component
analysis. We evaluated methods applied on our annotations of LiTZ data and compared with the official mask data as the ground
truth. Besides, we trained and evaluated 3D U-Net models on the original body-decomposition labels and the labels with LAC.

RESULTS

Full annotation achieves a Dice Score (DS) as 0.966 (0.964 - 0.967) for liver and 0.862 (0.802 - 0.895) for tumor. Applying LAC on
the full annotation, the DS increased to 0.974 (0.972 - 0.976) for liver and 0.890 (0.834 - 0.918) for tumor. Performing the fast-
annotation scheme can achieve DS 0.970 (0.965 - 0.974) for liver and 0.873 (0.806 - 0.920) for tumor. Besides, if we label every
five slices and do TCI, the DS decreased to 0.963 (0.959 - 0.966) for liver and 0.857 (0.793 - 0.898) for tumor. The time spent on
fast annotation is one-fifth of the full annotation. Trained on body-decomposition datasets, the validation DS increased among 23
organs and decreased among five. The medium difference with and without LAC is +0.018.

CONCLUSION
s We developed new algorithms to interpolate, autocorrect and fast annotate imaging labels.
CLINICAL RELEVANCE/APPLICATION

DL segmentation is widely performed in clinical practice and research. Human annotations limit its development in terms of efficiency
and accuracy. The proposed methods can be smoothly embedded into the routine pipeline and improve performance.

M2-SPIN-2 Transformation of Multiphasic Intraprocedural Angiograms into Physiologic Models for Identification
of Tumor Bed Saturation in Y-90 Radioembolization Planning

Participants
John Mayfield, MD, MS, Lithia, FL (Presenter) Nothing to Disclose

PURPOSE

Since the first appearance of CT angiography in Radiology in 1992, this technology has found a growing use in Interventional
Radiology. A large volume of literature has evolved describing how to best provide intraprocedural and as well as predictive
surrogates of pathophysiological processes. Past attempts of translating images into realistic models ranged from two-dimensional
flow diagrams to three-dimensional rigid wall synthetic structures. We propose a unique method of using multiphase intra-arterial CT
angiogram in a population of patients with Neuroendocrine tumor liver metastases (NETLMs).

METHODS AND MATERIALS

We retrospectively reviewed three patients with NETLMs who were candidates for Y-90 radioembolization. Pre-embolization mapping
was carried out in the angiography suite of two target hepatic arteries with injection of Isovue-250® (iopamidol, Bracco
diagnostics Inc, Monroe Township, NJ) during intra-arterial CT angiography (CTA) on a Canon 4D Scanner (Canon Medical Systems,
Tustin, CA) captured at 6 and 14 seconds to provide multiphasic images. Subsequent CTAs were deidentified and exported as
DICOM images to Mimics and 3Matic software packages (Materialise, Plymouth, MI) where the artery distal to the tip of
microcatheter placement was segmented and exported to COMSOL Multiphysics (COMSOL, Stockholm, Sweden). From the
intraprocedural nursing records, the patient’s specific vital signs and physiologic parameters were parameterized in the model with



Monte Carlo simulation until a solution converged.
RESULTS

In all three patients, late-phase (14s) intraprocedural angiograms demonstrated significantly improved visualization of the tumor
vascular beds in comparison to the early arterial phase (6s). The tumor vascular bed and feeding arteries were effectively
segmented and represented in the resultant geometry in the modeling software. Variant flow patterns were mapped in the distal
feeding vessels as well as tumor vascular beds. Four maximum velocity thresholds helped identify potential areas of low perfusion or
“blind spots” where the Y-90 radioembolization microspheres would not deposit adequately based upon blood flow distribution.

CONCLUSION

s We demonstrate that utilization of multiphase intra-arterial CT angiography provides high-quality images that include tumor
vascular beds, which in turn allow effective, patient-specific computational modeling of these systems from an off-the-shelf
software suite that can be utilized in mapping hepatic tumors.

CLINICAL RELEVANCE/APPLICATION

Visualization of the three-dimensional blood flow behavior can help to identify potential regions of decreased radioembolization
based upon bead distribution and alter treatment delivery mechanisms and dose.

M2-SPIN-4 FDA's list of Artificial Intelligence and Machine Learning Enabled Medical Devices- Radiology Leads the
Way

Participants
Larisa Gorenstein, MD, (Presenter) Nothing to Disclose

PURPOSE

The US food and drug administration (FDA) ensures the safety and efficacy of healthcare-related products and promotes public
health through innovation. Artificial intelligence (AI) has become an area of extreme interest in healthcare in the past decade.
Understanding FDA-approved application trends in different medical fields can direct future industry and research resource
allocations and regulatory efforts.Our objective was to assess the role of radiology in the FDA's list of Al-enabled medical devices.

METHODS AND MATERIALS

We accessed the list of Artificial Intelligence and Machine Learning Enabled Medical Devices-publicly available on the FDA website
(“https://www.fda.gov/medical-devices/software-medical-device-samd/artificial-intelligence-and-machine-learning-aiml-enabled-
medical-devices). The site was Accessed on 1/4/2022, and the data is current to 09/22/2021. Entries' medical field and registration
dates were analyzed.

RESULTS

A total of 343 entries were listed. 241 (70%) of the entries are from Radiology. 41 (12%) cardiovascular devices. 13 (4%)
hematological entries, and 12 (3.5%) from the field of Neurology. Gastroenterology-Urology, General and Plastic Surgery,
Anesthesiology, Microbiology, Pathology, Orthopedics, Obstetrics and gynecology and Dental had less than ten entries each. 38
(11%) were listed in 2021, only partially included. 29 (76%) of those were from Radiology. In 2020 out of 100 entries 54 were in
Radiology. The largest number of entries by a single conglomerate was 22 (6%), all from the field of Radiology. All devices except
one were submitted via 510(k) clearance or De Novo request.

CONCLUSION

s Radiology led the FDA'’s list by a wide margin with a rise in recent years. Al in medical imaging is in the front line of the entire
healthcare innovation. In light of our findings, prioritization of the regulatory resources for radiological medical devices should be
considered. The substantial number of devices approved in radiology and the nuances of this field require specialists in radiology to
be an integral part of the regulatory process.

CLINICAL RELEVANCE/APPLICATION
The allocation of regulatory resources towards radiology should be considered.

M2-SPIN-5 Long-Tailed Classification of Thorax Diseases on Chest X-Ray

Participants
Yifan Peng, New York, NY (Presenter) Nothing to Disclose

PURPOSE

Medical imaging exams, such as CXR, will yield a small set of common findings and a much larger set of uncommon findings. While a
trained radiologist can learn uncommon findings by studying a few representative examples, it is more difficult to train a machine
learning model from such a “long-tailed” distribution. In this work, we present a comprehensive benchmark study of the long-tailed
learning problem in the specific domain of thorax diseases on CXR.

METHODS AND MATERIALS

We introduced a new challenging CXR benchmark to facilitate research on developing long-tailed learning methods. The benchmark
consists of two datasets, NIH-CXR-LT and MIMIC-CXR-LT, for 19- and 20-way thorax disease classification, respectively (Figure
1). We compared 15 different long-tail learning methods (Figure 2), which could be grouped into three categories: re-balancing,
augmentation, and others. We present results on both the balanced test set and the imbalanced test set for each model and
dataset.

RESULTS

For the NIH-CXR-LT, the baseline of softmax cross-entropy loss achieves a group-wise average accuracy of 0.168, but improves to
0.260 and 0.264 when using class-balanced and sklearn weights, respectively (Figure 2). Furthermore, re-weighting constantly
improves performance, and class-balanced methods achieve the highest group-wise average accuracy on the balanced test set. On
the MIMIC-CXR-LT, re-weighting is always beneficial; for example, class-balanced re-weighting and sklearn re-weighting improve



focal loss performance from 0.181 to 0.278 and 0.299, respectively. However, unlike the NIH-CXR-LT results, DRW brings more
gains to a re-weighted LDAM loss, improving group-wise accuracy by an absolute margin of at least 0.05. Interestingly, classifier
re-training achieves both the highest group-wise average accuracy on the balanced test set and the highest balanced accuracy on
the test set by a considerable margin.

CONCLUSION

s We conducted the first comprehensive study of long-tailed learning methods for disease classification on CXR. We will publicly
release all code, models, and data to encourage the development of long-tailed learning methods for medical image classification.

CLINICAL RELEVANCE/APPLICATION

Medical imaging exams often yield a small set of common but a much larger set of uncommon findings. We present a benchmark
study of long-tailed learning on chest X-rays to facilitate future research.

M2-SPIN-6 Development and Validation of A Deep Learning Model for Prediction of The 30-day Mortality of
Patients With Community-acquired pneumonia from Chest X-ray

Participants
Changi Kim, BS, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To develop and validate a deep learning (DL) model to predict the 30-day mortality of patients with community-acquired pneumonia
(CAP) using the chest X-ray (CXR) of patients.

METHODS AND MATERIALS

For model development, initial CXRs of patients diagnosed with CAP at a single institution (Institution A) between 2013 and 2019
were included (Developmental dataset). A convolutional neural network-based DL model was trained to predict the hazard of death
within 30 days from the diagnosis of CAP. [B1] For validation of model performance, patients who visited the emergency
departments of three institutions (Institutions A [temporally separated with developmental dataset], B, and C) due to CAP were
included (External validation datasets). The predictive performance for the 30-day mortality was evaluated using the area under
the receiver operating characteristic curves (AUCs). The AUC of the DL model was compared with that of CURB-65 score, a widely
used tool for risk evaluation in CAP. Finally, the results from the DL model were categorized into three risk groups, and simply added
to the CURB-65 scores (combined scores), and the AUC of the combined score was compared with that of the CURB-65 score.

RESULTS

Developmental dataset comprised 7,105 patients (62% men; mean age, 68 years; 30-day mortality rate, 11.4%), while external
validation datasets from institution A, B, and C comprised 947 (63% men; mean age, 71 years; 30-day mortality rate, 17.6%), 467
(63% men; mean age, 73 years; 30-day mortality rate, 8.4%), and 381 (63.8% men; mean age, 71 years; 30-day mortality rate,
10.8%) patients, respectively. The DL model exhibited significantly higher AUC than CURB-65 score in external validation dataset
from institution A (0.77 vs. 0.67, P<.001); while the difference did not reach statistical significance in datasets from institutions B
(0.80 vs. 0.73, P=.194) and C (0.80 vs. 0.72, P=.081). Finally, combined scores exhibited significantly higher AUCs than CURB-65
scores in all three external validation datasets (Institution A, 0.74, P<.001; Institution B, 0.80, P=.002; Institution C, 0.79,
P<.001).

CONCLUSION

s A DL model could predict the 30-day mortality of patients with CAP using CXRs, with higher performance than the CURB-65 score.
Adding risk scores from the DL model to the CURB-65 score could improve the prediction performance.

CLINICAL RELEVANCE/APPLICATION

Evaluation of CXRs of patients with CAP using the DL model for mortality prediction may help improve risk stratification and clinical
decision-making for hospitalization or intensive care.

Printed on: 02/07/23
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PURPOSE

Training a segmentation model requires human annotations, which are tedious. Since the annotation is performed among slices, the
out-of-plane signals can be noisy with heterogeneous artifacts. There is a growing demand for efficient mask interpolation to
alleviate annotation efforts and help with data preprocessing and augmentation. Here, we developed new interpolation and
autocorrection algorithms for mask data. Based on them, a simple fast-annotation scheme was proposed.

METHODS AND MATERIALS

Tri-cubic interpolation (TCI) is often used to normalize imaging data as it provides more smooth transitions than nearest-neighbor
interpolation (NNI). However, both methods fail for mask data due to the piecewise distribution. In addition to the zig-zag artifacts
in the lateral planes, TCI can result in in-plane discontinuity artifacts. We created a distance field (dist-field) evaluating the
nearest distance to the label boundary before TCI. It helps convert the piecewise mask data into continuous functions and corrects
artifacts. Given the noisy signals in the lateral planes, we developed a label autocorrection (LAC) algorithm by optimizing the signals
with a total-variation (TV) regularization term. We applied the TV on the dist-field rather than the original mask. Besides, the
regularization rate is tuned pixel-wisely given the size and smoothness of the object obtained from the connected component
analysis. We evaluated methods applied on our annotations of LiTZ data and compared with the official mask data as the ground
truth. Besides, we trained and evaluated 3D U-Net models on the original body-decomposition labels and the labels with LAC.

RESULTS

Full annotation achieves a Dice Score (DS) as 0.966 (0.964 - 0.967) for liver and 0.862 (0.802 - 0.895) for tumor. Applying LAC on
the full annotation, the DS increased to 0.974 (0.972 - 0.976) for liver and 0.890 (0.834 - 0.918) for tumor. Performing the fast-
annotation scheme can achieve DS 0.970 (0.965 - 0.974) for liver and 0.873 (0.806 - 0.920) for tumor. Besides, if we label every
five slices and do TCI, the DS decreased to 0.963 (0.959 - 0.966) for liver and 0.857 (0.793 - 0.898) for tumor. The time spent on
fast annotation is one-fifth of the full annotation. Trained on body-decomposition datasets, the validation DS increased among 23
organs and decreased among five. The medium difference with and without LAC is +0.018.

CONCLUSION
s We developed new algorithms to interpolate, autocorrect and fast annotate imaging labels.
CLINICAL RELEVANCE/APPLICATION

DL segmentation is widely performed in clinical practice and research. Human annotations limit its development in terms of efficiency
and accuracy. The proposed methods can be smoothly embedded into the routine pipeline and improve performance.

Printed on: 02/07/23
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PURPOSE

Since the first appearance of CT angiography in Radiology in 1992, this technology has found a growing use in Interventional
Radiology. A large volume of literature has evolved describing how to best provide intraprocedural and as well as predictive
surrogates of pathophysiological processes. Past attempts of translating images into realistic models ranged from two-dimensional
flow diagrams to three-dimensional rigid wall synthetic structures. We propose a unique method of using multiphase intra-arterial CT
angiogram in a population of patients with Neuroendocrine tumor liver metastases (NETLMs).

METHODS AND MATERIALS

We retrospectively reviewed three patients with NETLMs who were candidates for Y-90 radioembolization. Pre-embolization mapping
was carried out in the angiography suite of two target hepatic arteries with injection of Isovue-250® (iopamidol, Bracco
diagnostics Inc, Monroe Township, NJ) during intra-arterial CT angiography (CTA) on a Canon 4D Scanner (Canon Medical Systems,
Tustin, CA) captured at 6 and 14 seconds to provide multiphasic images. Subsequent CTAs were deidentified and exported as
DICOM images to Mimics and 3Matic software packages (Materialise, Plymouth, MI) where the artery distal to the tip of
microcatheter placement was segmented and exported to COMSOL Multiphysics (COMSOL, Stockholm, Sweden). From the
intraprocedural nursing records, the patient’s specific vital signs and physiologic parameters were parameterized in the model with
Monte Carlo simulation until a solution converged.

RESULTS

In all three patients, late-phase (14s) intraprocedural angiograms demonstrated significantly improved visualization of the tumor
vascular beds in comparison to the early arterial phase (6s). The tumor vascular bed and feeding arteries were effectively
segmented and represented in the resultant geometry in the modeling software. Variant flow patterns were mapped in the distal
feeding vessels as well as tumor vascular beds. Four maximum velocity thresholds helped identify potential areas of low perfusion or
“blind spots” where the Y-90 radioembolization microspheres would not deposit adequately based upon blood flow distribution.

CONCLUSION

s We demonstrate that utilization of multiphase intra-arterial CT angiography provides high-quality images that include tumor
vascular beds, which in turn allow effective, patient-specific computational modeling of these systems from an off-the-shelf
software suite that can be utilized in mapping hepatic tumors.

CLINICAL RELEVANCE/APPLICATION

Visualization of the three-dimensional blood flow behavior can help to identify potential regions of decreased radioembolization
based upon bead distribution and alter treatment delivery mechanisms and dose.

Printed on: 02/07/23
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PURPOSE

The US food and drug administration (FDA) ensures the safety and efficacy of healthcare-related products and promotes public
health through innovation. Artificial intelligence (AI) has become an area of extreme interest in healthcare in the past decade.
Understanding FDA-approved application trends in different medical fields can direct future industry and research resource
allocations and regulatory efforts.Our objective was to assess the role of radiology in the FDA's list of Al-enabled medical devices.

METHODS AND MATERIALS

We accessed the list of Artificial Intelligence and Machine Learning Enabled Medical Devices-publicly available on the FDA website
(“https://www.fda.gov/medical-devices/software-medical-device-samd/artificial-intelligence-and-machine-learning-aiml-enabled-
medical-devices). The site was Accessed on 1/4/2022, and the data is current to 09/22/2021. Entries' medical field and registration
dates were analyzed.

RESULTS

A total of 343 entries were listed. 241 (70%) of the entries are from Radiology. 41 (12%) cardiovascular devices. 13 (4%)
hematological entries, and 12 (3.5%) from the field of Neurology. Gastroenterology-Urology, General and Plastic Surgery,
Anesthesiology, Microbiology, Pathology, Orthopedics, Obstetrics and gynecology and Dental had less than ten entries each. 38
(11%) were listed in 2021, only partially included. 29 (76%) of those were from Radiology. In 2020 out of 100 entries 54 were in
Radiology. The largest number of entries by a single conglomerate was 22 (6%), all from the field of Radiology. All devices except
one were submitted via 510(k) clearance or De Novo request.

CONCLUSION

s Radiology led the FDA's list by a wide margin with a rise in recent years. Al in medical imaging is in the front line of the entire
healthcare innovation. In light of our findings, prioritization of the regulatory resources for radiological medical devices should be
considered. The substantial number of devices approved in radiology and the nuances of this field require specialists in radiology to
be an integral part of the regulatory process.

CLINICAL RELEVANCE/APPLICATION
The allocation of regulatory resources towards radiology should be considered.

Printed on: 02/07/23
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PURPOSE

Medical imaging exams, such as CXR, will yield a small set of common findings and a much larger set of uncommon findings. While a
trained radiologist can learn uncommon findings by studying a few representative examples, it is more difficult to train a machine
learning model from such a “long-tailed” distribution. In this work, we present a comprehensive benchmark study of the long-tailed
learning problem in the specific domain of thorax diseases on CXR.

METHODS AND MATERIALS

We introduced a new challenging CXR benchmark to facilitate research on developing long-tailed learning methods. The benchmark
consists of two datasets, NIH-CXR-LT and MIMIC-CXR-LT, for 19- and 20-way thorax disease classification, respectively (Figure
1). We compared 15 different long-tail learning methods (Figure 2), which could be grouped into three categories: re-balancing,
augmentation, and others. We present results on both the balanced test set and the imbalanced test set for each model and
dataset.

RESULTS

For the NIH-CXR-LT, the baseline of softmax cross-entropy loss achieves a group-wise average accuracy of 0.168, but improves to
0.260 and 0.264 when using class-balanced and sklearn weights, respectively (Figure 2). Furthermore, re-weighting constantly
improves performance, and class-balanced methods achieve the highest group-wise average accuracy on the balanced test set. On
the MIMIC-CXR-LT, re-weighting is always beneficial; for example, class-balanced re-weighting and sklearn re-weighting improve
focal loss performance from 0.181 to 0.278 and 0.299, respectively. However, unlike the NIH-CXR-LT results, DRW brings more
gains to a re-weighted LDAM loss, improving group-wise accuracy by an absolute margin of at least 0.05. Interestingly, classifier
re-training achieves both the highest group-wise average accuracy on the balanced test set and the highest balanced accuracy on
the test set by a considerable margin.

CONCLUSION

s We conducted the first comprehensive study of long-tailed learning methods for disease classification on CXR. We will publicly
release all code, models, and data to encourage the development of long-tailed learning methods for medical image classification.

CLINICAL RELEVANCE/APPLICATION

Medical imaging exams often yield a small set of common but a much larger set of uncommon findings. We present a benchmark
study of long-tailed learning on chest X-rays to facilitate future research.

Printed on: 02/07/23
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Development and Validation of A Deep Learning Model for Prediction of The 30-day Mortality of Patients With
Community-acquired pneumonia from Chest X-ray

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - IN DPS

Participants
Changi Kim, BS, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To develop and validate a deep learning (DL) model to predict the 30-day mortality of patients with community-acquired pneumonia
(CAP) using the chest X-ray (CXR) of patients.

METHODS AND MATERIALS

For model development, initial CXRs of patients diagnosed with CAP at a single institution (Institution A) between 2013 and 2019
were included (Developmental dataset). A convolutional neural network-based DL model was trained to predict the hazard of death
within 30 days from the diagnosis of CAP. [B1] For validation of model performance, patients who visited the emergency
departments of three institutions (Institutions A [temporally separated with developmental dataset], B, and C) due to CAP were
included (External validation datasets). The predictive performance for the 30-day mortality was evaluated using the area under
the receiver operating characteristic curves (AUCs). The AUC of the DL model was compared with that of CURB-65 score, a widely
used tool for risk evaluation in CAP. Finally, the results from the DL model were categorized into three risk groups, and simply added
to the CURB-65 scores (combined scores), and the AUC of the combined score was compared with that of the CURB-65 score.

RESULTS

Developmental dataset comprised 7,105 patients (62% men; mean age, 68 years; 30-day mortality rate, 11.4%), while external
validation datasets from institution A, B, and C comprised 947 (63% men; mean age, 71 years; 30-day mortality rate, 17.6%), 467
(63% men; mean age, 73 years; 30-day mortality rate, 8.4%), and 381 (63.8% men; mean age, 71 years; 30-day mortality rate,
10.8%) patients, respectively. The DL model exhibited significantly higher AUC than CURB-65 score in external validation dataset
from institution A (0.77 vs. 0.67, P<.001); while the difference did not reach statistical significance in datasets from institutions B
(0.80 vs. 0.73, P=.194) and C (0.80 vs. 0.72, P=.081). Finally, combined scores exhibited significantly higher AUCs than CURB-65
scores in all three external validation datasets (Institution A, 0.74, P<.001; Institution B, 0.80, P=.002; Institution C, 0.79,
P<.001).

CONCLUSION

s A DL model could predict the 30-day mortality of patients with CAP using CXRs, with higher performance than the CURB-65 score.
Adding risk scores from the DL model to the CURB-65 score could improve the prediction performance.

CLINICAL RELEVANCE/APPLICATION

Evaluation of CXRs of patients with CAP using the DL model for mortality prediction may help improve risk stratification and clinical
decision-making for hospitalization or intensive care.

Printed on: 02/07/23
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M2-SPIR-1 Strategy of Target Biopsy and Number of Target Cores for a PI-RADS 3-5 Index Lesion to Reduce
Gleason Score Underestimation: A Propensity Score Matching Analysis

Participants
Byung Kwan Park, MD, PhD, (Presenter) Nothing to Disclose

PURPOSE
To determine the number of target cores and targeting strategy to reduce GS underestimation.
METHODS AND MATERIALS

Between May 2017 and April 2020, a total of 385 patients undergoing target cognitive or image fusion biopsy of PI-RADS 3-5 index
lesions and radical prostatectomies (RP) were 2:1 matched with propensity score using multiple variables and divided into the 1-4
core (n =242) and 5-6 core (n = 143) groups, which were obtained with multiple logistic regression with restricted cubic spline
curve. Target cores of 1-3 and 4-6 were sampled from central and peripheral areas, respectively. Pathologic outcomes and target
cores were retrospectively assessed to analyze the GS difference or changes between biopsy and RP with Wilcoxon signed-rank
test.

RESULTS

The median of target cores was 3 and 6 in the 1-4 core and 5-6 core groups, respectively (p < 0.001). Restricted cubic spline
curve showed that GS upgrade was significantly reduced from the 5th core and there was no difference between 5th and 6th
cores. Among the matched patients, 35.4% (136/385; 95% confidence interval, 0.305-0.403) had a GS upgrade after RP. The GS
upgrades in the 1-4 core and 5-6 core groups were observed in 40.6% (98/242, 0.343-0.470) and 26.6% (38/143, 0.195-0.346),
respectively (p = 0.023). Although there was no statistical difference between the matched groups in terms of RP GS (p = 0.092),
the 5-6 core group had significantly higher biopsy GS (p = 0.006) and lower GS change from biopsy to RP (p = 0.027).

CONCLUSION
s Five or more target cores sampling from both periphery and center of an index tumor contribute to reduce GS upgrade.
CLINICAL RELEVANCE/APPLICATION

1. Five or more cores reduces underestimation of Gleason score compared to four or less in targeting an index lesion of PI-RADS 3-
5. [D1] 2. Sampling the periphery as well as the center of an index lesion may reduce underestimation of Gleason grade.[D2]

M2-SPIR-2 Renal Mass Biopsy: Evaluating Post-Biopsy Complications to Determine Optimal Observation Time

Participants
Sebastien Robert, MD, (Presenter) Nothing to Disclose

PURPOSE
This study evaluates post renal mass biopsy (RMB) complications to determine the minimum recovery time for safe discharge.
METHODS AND MATERIALS

An approved multi-site retrospective study of 571 patients who underwent percutaneous US or CT guided RMB between January 1,
2008 and June 1, 2020 was performed. Post-RMB clinical course was evaluated for all patients to identify the frequency and timing
of all bleeding and non-bleeding related acute (<24 hours) or delayed (<30 days) complications. The timing of bleeding
complications was established by first clinical deviation from standard recovery, defined as unplanned imaging, bloodwork, or
analgesia. Complications were graded using the SIR Adverse Event Classification system.

RESULTS

613 RMB procedures were performed by 22 different radiologists (mean tumor diameter 4.3+3.2 cm, RENAL nephrometry 7.6+2.0).
Diagnostic yield was 88% (65% renal cell carcinoma). Acute post-RMB complications occurred in 3.4% (21/613) of cases of which
76% (16/21) were bleeding related. Delayed bleeding complications were reported in 0.5% (3/613) of cases. Of all reported
complications, two (0.3%) were deemed severe or life-threatening. Post-RMB interventions included: 3 embolization, 2 patients
receiving blood transfusion, and 11 admissions to hospital (median 1 night). No patient deaths were reported. The mean time to
clinical deviation from the expected post-RMB course was 59 minutes (range 13-135 minutes) in the acute bleeding complication
cohort. Initial deviation occurred within 3 hours in all acute bleeding cases. The remaining delayed post-RMB bleeding cases all
presented multiple days following discharge. Pre-RMB platelet counts and endophytic tumor location were independent predictors of
bleeding complication (p=<0.05). No recorded patient characteristics including age, gender, or prior anticoagulation use were



associated with a significant increase in post-RMB bleeding complications. Kidney characteristics, tumor morphology, and radiologist
experience also did not show any association.

CONCLUSION

s Post-RMB complications are uncommon and usually present acutely. All acute bleeding complications occurred within a 3-hour
post-procedure window, suggesting that this time frame may be sufficient for safe patient discharge.

CLINICAL RELEVANCE/APPLICATION

Short recovery times (2-3 hours) following renal mass biopsy (RMB) might allow for procedural cost efficiency by using a single
recovery bed for two sequential RMB procedures.

M2-SPIR-3 American Society of Anesthesiologists Physical Status Classification as a Predictor of Random Native
Kidney Biopsy Complications in Hospitalized Patients

Participants
Anisha Mittal, BA, (Presenter) Nothing to Disclose

PURPOSE

The American Society of Anesthesiology (ASA) physical status classification system is designed to assess a patient’s pre-
anesthesia physiological status which can be helpful in predicting perioperative risk. We compared the complication rates and types
of complications of random native renal biopsies among hospitalized patients with a low ASA classification (best physiological
status) vs. a high ASA classification (worse physiological status) to predict perioperative risk of a radiological procedure for which
the ASA classification is not commonly used.

METHODS AND MATERIALS

We conducted a retrospective chart review of 105 consecutive inpatient random native kidney biopsies performed by radiologists
between 2006 and 2020 at an academic medical center. Variables included the number and types of perioperative complications per
patient. Patients’ ASA physical status classification levels were calculated according to the guidelines provided by the ASA based
on clinical factors and comorbidities. Hospitalized patients with a low ASA classification (class 1-2) were compared to those with a
high ASA classification (class 3-4) for complication rate and types of complications using the Society of Interventional Radiology’s
Adverse Event Classification system.

RESULTS

105 hospitalized adult patients (58 females and 47 males; average age 53 years) underwent random native kidney biopsy during the
study period. 53 (50.5%) were in ASA class 1-2 and 52 (49.5%) in ASA class 3-4. No patients in our study were in ASA class 5 or
6. Overall complication rates between ASA class 1-2 patients and ASA class 3-4 patients were 10/53 (19%) vs. 23/52 (44%),
respectively (p = .006). ASA class 1-2 patients had 4 major and 6 minor complications, and ASA class 3-4 patients had 17 major
and 6 minor complications.

CONCLUSION

s High ASA physical status classifications were associated with a higher overall complication rate for random native kidney biopsies
as compared to low ASA classifications. While the ASA classification is not commonly used for radiological procedures such as a
random native kidney biopsy, this study provides evidence that the ASA classification may be used in conjunction with other clinical
factors to help predict the perioperative complication risk of random native kidney biopsy in hospitalized patients.

CLINICAL RELEVANCE/APPLICATION

A greater utilization of the ASA classification by radiologists may help reduce the perioperative risk of random native kidney biopsy
in hospitalized patients.

M2-SPIR-4 Catheter Tract Seeding in Indwelling Pleural Catheter Placement for the Drainage of Malignant Pleural
Effusions: Incidence and Related Clinical and Imaging Factors

Participants
Yoojin Nam, MD, Changwon, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To evaluate the incidence of IPC-related cancer tract seeding and seek for related demographic, clinical or imaging factors to the
tract seeding.

METHODS AND MATERIALS

This was a retrospective study regarding 124 consecutive patients seen between January 2011 and December 2021 who underwent
IPC placement for the drainage of malignant pleural effusion. Chest radiographs before IPC placement and serial chest CT studies
were obtained in all patients. The incidence of IPC-related cancer tract seeding, and related factors were assessed by reviewing
medical records.

RESULTS

The incidence of IPC tract seeding was 21.7% (27 of 124 malignant effusions). Of 27 patients with seeding, 15 had primary lung
cancer and remaining 12 had extra-thoracic malignancy. Adenocarcinoma (19 of 27, 70.3%) either from the lung (n = 12) or extra-
thoracic malignancy (n = 7) was the most common cell type. Mean time elapsed until tract seeding occurrence after IPC placement
was 94 days (ranges; 26-300 days). The survival in seeding group after IPC placement was 123 days (ranges, 16-457 days). On
odd ratio analysis, the presence of mediastinal pleural thickening (OR [95% CIJ; 9.79 (2.67-35.84), P = 0.001) was significantly
related to the presence of tract seeding. Neither, tumor volume in pleural space (P = 0.168), duration of IPC indwelling (P = 0.142),
days of survival after IPC placement (P = 0.699), nor pleural effusion amount (P = 0.481) was related to the cancer tract seeding.

CONCLUSION

s IPC tract seeding is seen in 27 (21.7%) of 124 malignant pleural effusion patients, particularly with adenocarcinoma cytology. CT



features of mediastinal pleural thickening prior to IPC insertion are related to the occurrence of tract seeding.
CLINICAL RELEVANCE/APPLICATION

Detailed analysis of CT findings of malignant pleural effusion may help predict oncoming tract seeding after IPC placement for
malignant pleural effusion evacuation. When tract seeding is expected with the analyses of CT findings, prophylactic radiation
therapy immediately after the placement of the catheter or thoracentesis (reducing intrapleural pressure) before IPC placement
may be considered as the way of reducing tract seeding occurrence.

M2-SPIR-5 Multiparametric Bone MRI Targeting Improves CT-guided Sclerotic Bone Biopsy Success in Metastatic
Castrate Resistant Prostate Cancer: A Prospective Evaluation

Participants
Ricardo Donners, MD, (Presenter) Nothing to Disclose

PURPOSE

The purpose of this study was to prospectively validate a multiparametric bone MRI (mpBMRI) target lesion selection algorithm to
improve CT-guided sclerotic bone biopsy success in metastatic castrate-resistant prostate cancer (mCRPC) patients with sclerotic
bone disease mCRPC.

METHODS AND MATERIALS

20 CT-guided bone biopsies were performed by interventional radiologists in 17 mCRPC patients with only sclerotic bone disease.
Biopsy targets were selected based on mpBMRI, including diffusion-weighted (DWI) and diagnostic, T1-weighted gradient-echo
Dixon images, allowing for calculation of apparent diffusion coefficient (ADC) and relative fat-fraction percentages (rFF%),
respectively. Bone marrow with high DWI signal, ADC <1100 pm2/s and rFF <20% was the preferred biopsy target. Biopsy tumour
content and next-generation genomic sequencing (NGS)-feasibility was assessed by a pathologist. Prognostic values of routine
laboratory blood parameters, tumour marker levels, target lesion size, biopsy tract length, visual CT density (mild or dense
sclerosis), means of HU, ADC and rFF% to distinguish between successful and unsuccessful biopsies were tested for statistical
significance (p <0.05 = significant).

RESULTS

17/20 (85%) biopsies were tumour-positive and NGS was feasible in 13/18 (72%). Neither laboratory parameters, target diameter,
tract length nor visual CT density grading showed significant differences between a positive versus negative or NGS feasible versus
non-feasible biopsy result (each p >0.137). Lesion mean HU was 387+187 HU in NGS feasible and 493+218 HU in non-feasible
biopsies (p =0.521). 13/14 (93%) biopsies in targets fulfiling mpBMRI selection algorithm criteria were tumour-positive and 10/12
(83%) provided sufficient material for NGS. In six biopsies mean rFF% was >20% (range 21 - 25%). 4/6 (60%) biopsies were
tumour-positive and NGS was feasible in 3/6 (50%).

CONCLUSION

s MpBMRI can facilitate CT-guided bone biopsy target selection in mCPRC patients with sclerotic metastases and improves
diagnostic yield and NGS feasibility.

CLINICAL RELEVANCE/APPLICATION

Obtaining high quality tumour tissue samples for NGS can be challenging in mCRPC patients with sclerotic bone disease. Improving
bone biopsy success rates by using multiparametric bone MRI to identify active bone metastases allows this patient cohort to
benefit from personalised oncology therapy based on individual tumor genomics.

M2-SPIR-6 Risk Reduction Protocol for Mitigating Bleeding Complications after an Image—Guided Kidney Biopsy

Participants
Ali Kord, MD, MPH, Cincinnati, OH (Presenter) Nothing to Disclose

PURPOSE

There are Society of Interventional Radiology (SIR) guidelines to correct peri-procedural variables that can affect bleeding
complications after kidney biopsy, yet bleedings are seen after kidney biopsies. This study is designed to assess the variables
affecting bleeding complications in patients who underwent an image-guided kidney biopsy with controlled peri-procedural clinical
variables.

METHODS AND MATERIALS

A total of 200 consecutive patients (100 native, 100 transplant, Mean age: 52 + 17 years) underwent an image-guided kidney
biopsy. All biopsies were performed using a 17-gauge coaxial access needle and an 18-gauge biopsy needle. Hemoglobin (HGB),
Platelet (PLT), international normalized ratio (INR), and systolic and diastolic blood pressure (SBP, DBP) were checked and
corrected based on the SIR guidelines, if needed (Table.1). Gelfoam was used in some cases to embolize the biopsy path. Post-
procedure bleeding complications were categorized using SIR adverse event classification. The peri-procedural variables were
compared between patients without and with bleeding after kidney biopsy using univariate and multivariate analysis. Statistical
significance was considered at 0.05.

RESULTS

Technical success was 99%. Minor and major bleedings were observed in 4.5% and 3.0% of the patients, respectively. As
expected, bleeding complications were seen more often after native kidney biopsies compared to the transplant kidneys (p <
0.001). Patients with bleeding were more likely to need CT for kidney biopsy (p =0.02). Gelfoam embolization of the biopsy path was
not associated with reduced bleeding after kidney biopsy (p = 0.8). The mean SBPs and DBPs were higher in patients with bleeding
than in patients without bleeding (p < 0.05, Table.1). In multi-variate analysis, pre- and post-biopsy SBP and DBP remained
significantly different between native kidneys with and without bleeding (Fig.1, p < 0.04).

CONCLUSION

s Higher peri-procedural blood pressures are associated with increased bleeding after an image-guided kidney biopsy. A stricter
blood pressure control should be considered both before and after kidney biopsy as part of the procedural protocol.



CLINICAL RELEVANCE/APPLICATION
A stricter blood pressure control should be part of the procedural protocol for native kidney biopsy.

M2-SPIR-7 Air Embolism in CT-Guided Transthoracic Needle Biopsy and Localization: Emphasis on Pulmonary
Vein Injury

Participants
Yura Ahn, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To assess whether pulmonary vein injury is detectable on CT and associated with air embolism after percutaneous transthoracic
needle biopsy (PTNB) and wire localization in a tertiary referral hospital.

METHODS AND MATERIALS

Between January 2012 and November 2021, 11905 consecutive CT-guided PTNBs and 1553 wire localizations in 12042 patients were
retrospectively evaluated. Air embolism was identified by reviewing radiologic reports. Pulmonary vein injury was defined as the
presence of the pulmonary vein in the needle pathway or shooting range of the cutting needle with presence of parenchymal
hemorrhage. The association between pulmonary vein injury and air embolism was assessed using logistic regression analysis in
matched patients with and without air embolism with a ratio of 1:4.

RESULTS

A total of 30 cases of air embolism (median age, 67 years; range, 48-80 years; 25 men) was found with an incidence of 0.22%
(30/13458). Pulmonary vein injury during the procedures was identifiable on CT in 26 of 30 patients (86.7%) whereas it was 1.7%
(2/120) for matched patients without air embolism The veins beyond the target lesion (65.3% [17/26]) were injured more frequently
than the veins in the needle pathway before the target lesion (34.6% [9/26]). In univariable and multivariable analyses, pulmonary
vein injury was associated with air embolism (odds ratio, 86.92; 95% confidence interval, 21.71->999.99, p <.001).

CONCLUSION

s Pulmonary vein injury was actually detected on CT and was associated with air embolism.

CLINICAL RELEVANCE/APPLICATION

Avoiding pulmonary vein injury with careful planning of the needle pathway on CT may reduce air embolism risk.

M2-SPIR-8 The Effect of Music on Patients Anxiety in CT-guided Percutaneous Interventions: A Prospective
Randomized Controlled Trial

Participants
Florian Fleckenstein, MS, (Presenter) Nothing to Disclose

PURPOSE

CT-guided percutaneous interventions oftentimes cause patients to experience a high level of stress and anxiety before the
operation. As a proven medium to lessen anxiety and pain in the peri-operational setting, music could potentially serve as relief.
The aim of this study is to contribute to further understanding the effect of music on anxiety and pain compared to basic
operational procedures.

METHODS AND MATERIALS

A total of 178 patients were included in this randomized controlled trial. The participants were randomized in a music group (MG)
and a control group (CG). Items of anxiety were analysed by using the STAI-6 pre- and post-intervention, while a numeric rating
scale with faces served to rate the level of pain after the procedure. Post-interventional state anxiety levels and the reduction of
anxiety were set as primary outcomes, whereas the level of pain experienced during the procedure was chosen as a secondary
outcome.

RESULTS

176 patients were eligible for statistical analysis. N=91 patients underwent the procedure in the MG, compared to n=85 participants
in the CG. Median post-interventional item values in the MG ranked more towards lower levels of anxiety than the same item values
of the CG (p<0.001). The reduction of anxiety between pre- and post-procedural states was stronger in the MG, but also

detectable in the CG (p<0.001). Of note, the level of experienced post-procedural pain was significantly lower in the MG (p<0.001).

CONCLUSION

s This study could show, that exposure to music during CT-guided percutaneous procedures can aid in lowering peri-interventional
anxiety and pain thus improves patient care without any negative side-effects.

CLINICAL RELEVANCE/APPLICATION

Music can act as a safe, easily applicable, free of charge and non-invasive aid to reduce anxiety in the peri-interventional setting
to improve quality of care. Apart from statistical significances, we believe our findings are of high clinical relevance beyond the field
of IR.

M2-SPIR-9 Safety of Image-guided Splenic Biopsy: Retrospective Outcomes Analysis From Eight Academic
Institutions

Participants
Hadiseh Kavandi, MD, Boston, MA (Presenter) Nothing to Disclose

PURPOSE

To evaluate the safety of image-guided targeted and non-targeted splenic biopsy as performed in eight US academic institutions.



METHODS AND MATERIALS

This retrospective IRB-approved, HIPAA-compliant, multi-institutional study included consecutive patients that underwent
ultrasound or CT-guided splenic biopsy between 3/1/2001 and 3/31/2022. Significant bleeding after the procedure was defined by
the presence of bleeding on CT performed within 30 days or angiography and/or surgery performed to manage the bleeding.

RESULTS

384 splenic biopsies, ultrasound (97/384, 25%) and CT-guided (287, 75%), on 372 patients from 8 academic institutions were
included (age 59+17 years, 183 (48%) female, 337 (88%) targeted, 184 (48%) co-axial, 312 (81%) core biopsy, median of 3
samples). Bleeding occurred following 31/384 (8%) biopsies, treated angiographically in 4/384 (1%) cases and surgically in 3/384
(1%) cases; one of the surgical cases had IR intervention before surgery. 8/384 (2%) patients received RBC transfusion. 4/384
(1%) patients readmitted (3 (1%) for bleeding, 1 (0.5%) for sepsis) and 8/384 (2%) had ED visits for pain management. There were
no deaths related to the biopsy. Bleeding risk was inversely associated with lesion size, with a median size of 2.1 cm in patients
who bled vs. 3.6 cmin patients who did not, p=0.03. In patients with a history of lymphoma or leukemia, there was a lower
incidence of bleeding 3/92 (3%) vs. 28/292 (10%), p=0.05. There was no association of bleeding with patient’s gender, age, history
of anticoagulation, modality of guidance, targeted vs. non-targeted, coaxial vs non-coaxial technique, number of samples, the
gauge of core biopsy, or core vs. FNA; lesion location, CT attenuation, US echogenicity, vascularity, all p>0.05. Incidence of
bleeding was higher in patients with tract embolization (10/59, 17% vs. 18/301, 6%), as tract embolization was likely performed to
treat the bleeding.

CONCLUSION

s Bleeding after splenic biopsy occurred after 8% of procedures, with 2% requiring medical, 1% angiographic, and 1% surgical
management. Smaller lesions and patients with no hematological history had a higher incidence of bleeding.

CLINICAL RELEVANCE/APPLICATION

The image-guided splenic biopsy is safe with a small number of patients requiring treatment for clinically significant post-procedure
bleeding.

Printed on: 02/07/23
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Strategy of Target Biopsy and Number of Target Cores for a PI-RADS 3-5 Index Lesion to Reduce Gleason
Score Underestimation: A Propensity Score Matching Analysis

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - IR DPS

Participants
Byung Kwan Park, MD, PhD, (Presenter) Nothing to Disclose

PURPOSE
To determine the number of target cores and targeting strategy to reduce GS underestimation.
METHODS AND MATERIALS

Between May 2017 and April 2020, a total of 385 patients undergoing target cognitive or image fusion biopsy of PI-RADS 3-5 index
lesions and radical prostatectomies (RP) were 2:1 matched with propensity score using multiple variables and divided into the 1-4
core (n =242) and 5-6 core (n = 143) groups, which were obtained with multiple logistic regression with restricted cubic spline
curve. Target cores of 1-3 and 4-6 were sampled from central and peripheral areas, respectively. Pathologic outcomes and target
cores were retrospectively assessed to analyze the GS difference or changes between biopsy and RP with Wilcoxon signed-rank
test.

RESULTS

The median of target cores was 3 and 6 in the 1-4 core and 5-6 core groups, respectively (p < 0.001). Restricted cubic spline
curve showed that GS upgrade was significantly reduced from the 5th core and there was no difference between 5th and 6th
cores. Among the matched patients, 35.4% (136/385; 95% confidence interval, 0.305-0.403) had a GS upgrade after RP. The GS
upgrades in the 1-4 core and 5-6 core groups were observed in 40.6% (98/242, 0.343-0.470) and 26.6% (38/143, 0.195-0.346),
respectively (p = 0.023). Although there was no statistical difference between the matched groups in terms of RP GS (p = 0.092),
the 5-6 core group had significantly higher biopsy GS (p = 0.006) and lower GS change from biopsy to RP (p = 0.027).

CONCLUSION
s Five or more target cores sampling from both periphery and center of an index tumor contribute to reduce GS upgrade.
CLINICAL RELEVANCE/APPLICATION

1. Five or more cores reduces underestimation of Gleason score compared to four or less in targeting an index lesion of PI-RADS 3-
5. [D1] 2. Sampling the periphery as well as the center of an index lesion may reduce underestimation of Gleason grade.[D2]

Printed on: 02/07/23
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Renal Mass Biopsy: Evaluating Post-Biopsy Complications to Determine Optimal Observation Time
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Participants
Sebastien Robert, MD, (Presenter) Nothing to Disclose

PURPOSE
This study evaluates post renal mass biopsy (RMB) complications to determine the minimum recovery time for safe discharge.
METHODS AND MATERIALS

An approved multi-site retrospective study of 571 patients who underwent percutaneous US or CT guided RMB between January 1,
2008 and June 1, 2020 was performed. Post-RMB clinical course was evaluated for all patients to identify the frequency and timing
of all bleeding and non-bleeding related acute (<24 hours) or delayed (<30 days) complications. The timing of bleeding
complications was established by first clinical deviation from standard recovery, defined as unplanned imaging, bloodwork, or
analgesia. Complications were graded using the SIR Adverse Event Classification system.

RESULTS

613 RMB procedures were performed by 22 different radiologists (mean tumor diameter 4.3+3.2 cm, RENAL nephrometry 7.6+2.0).
Diagnostic yield was 88% (65% renal cell carcinoma). Acute post-RMB complications occurred in 3.4% (21/613) of cases of which
76% (16/21) were bleeding related. Delayed bleeding complications were reported in 0.5% (3/613) of cases. Of all reported
complications, two (0.3%) were deemed severe or life-threatening. Post-RMB interventions included: 3 embolization, 2 patients
receiving blood transfusion, and 11 admissions to hospital (median 1 night). No patient deaths were reported. The mean time to
clinical deviation from the expected post-RMB course was 59 minutes (range 13-135 minutes) in the acute bleeding complication
cohort. Initial deviation occurred within 3 hours in all acute bleeding cases. The remaining delayed post-RMB bleeding cases all
presented multiple days following discharge. Pre-RMB platelet counts and endophytic tumor location were independent predictors of
bleeding complication (p=<0.05). No recorded patient characteristics including age, gender, or prior anticoagulation use were
associated with a significant increase in post-RMB bleeding complications. Kidney characteristics, tumor morphology, and radiologist
experience also did not show any association.

CONCLUSION

s Post-RMB complications are uncommon and usually present acutely. All acute bleeding complications occurred within a 3-hour
post-procedure window, suggesting that this time frame may be sufficient for safe patient discharge.

CLINICAL RELEVANCE/APPLICATION

Short recovery times (2-3 hours) following renal mass biopsy (RMB) might allow for procedural cost efficiency by using a single
recovery bed for two sequential RMB procedures.

Printed on: 02/07/23
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American Society of Anesthesiologists Physical Status Classification as a Predictor of Random Native Kidney
Biopsy Complications in Hospitalized Patients

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - IR DPS

Participants
Anisha Mittal, BA, (Presenter) Nothing to Disclose

PURPOSE

The American Society of Anesthesiology (ASA) physical status classification system is designed to assess a patient’s pre-
anesthesia physiological status which can be helpful in predicting perioperative risk. We compared the complication rates and types
of complications of random native renal biopsies among hospitalized patients with a low ASA classification (best physiological
status) vs. a high ASA classification (worse physiological status) to predict perioperative risk of a radiological procedure for which
the ASA classification is not commonly used.

METHODS AND MATERIALS

We conducted a retrospective chart review of 105 consecutive inpatient random native kidney biopsies performed by radiologists
between 2006 and 2020 at an academic medical center. Variables included the number and types of perioperative complications per
patient. Patients’ ASA physical status classification levels were calculated according to the guidelines provided by the ASA based
on clinical factors and comorbidities. Hospitalized patients with a low ASA classification (class 1-2) were compared to those with a
high ASA classification (class 3-4) for complication rate and types of complications using the Society of Interventional Radiology’s
Adverse Event Classification system.

RESULTS

105 hospitalized adult patients (58 females and 47 males; average age 53 years) underwent random native kidney biopsy during the
study period. 53 (50.5%) were in ASA class 1-2 and 52 (49.5%) in ASA class 3-4. No patients in our study were in ASA class 5 or
6. Overall complication rates between ASA class 1-2 patients and ASA class 3-4 patients were 10/53 (19%) vs. 23/52 (44%),
respectively (p =.006). ASA class 1-2 patients had 4 major and 6 minor complications, and ASA class 3-4 patients had 17 major
and 6 minor complications.

CONCLUSION

s High ASA physical status classifications were associated with a higher overall complication rate for random native kidney biopsies
as compared to low ASA classifications. While the ASA classification is not commonly used for radiological procedures such as a
random native kidney biopsy, this study provides evidence that the ASA classification may be used in conjunction with other clinical
factors to help predict the perioperative complication risk of random native kidney biopsy in hospitalized patients.

CLINICAL RELEVANCE/APPLICATION

A greater utilization of the ASA classification by radiologists may help reduce the perioperative risk of random native kidney biopsy
in hospitalized patients.

Printed on: 02/07/23
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Catheter Tract Seeding in Indwelling Pleural Catheter Placement for the Drainage of Malignant Pleural
Effusions: Incidence and Related Clinical and Imaging Factors
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Participants
Yoojin Nam, MD, Changwon, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To evaluate the incidence of IPC-related cancer tract seeding and seek for related demographic, clinical or imaging factors to the
tract seeding.

METHODS AND MATERIALS

This was a retrospective study regarding 124 consecutive patients seen between January 2011 and December 2021 who underwent
IPC placement for the drainage of malignant pleural effusion. Chest radiographs before IPC placement and serial chest CT studies
were obtained in all patients. The incidence of IPC-related cancer tract seeding, and related factors were assessed by reviewing
medical records.

RESULTS

The incidence of IPC tract seeding was 21.7% (27 of 124 malignant effusions). Of 27 patients with seeding, 15 had primary lung
cancer and remaining 12 had extra-thoracic malignancy. Adenocarcinoma (19 of 27, 70.3%) either from the lung (n = 12) or extra-
thoracic malignancy (n = 7) was the most common cell type. Mean time elapsed until tract seeding occurrence after IPC placement
was 94 days (ranges; 26-300 days). The survival in seeding group after IPC placement was 123 days (ranges, 16-457 days). On
odd ratio analysis, the presence of mediastinal pleural thickening (OR [95% CI]; 9.79 (2.67-35.84), P = 0.001) was significantly
related to the presence of tract seeding. Neither, tumor volume in pleural space (P = 0.168), duration of IPC indwelling (P = 0.142),
days of survival after IPC placement (P = 0.699), nor pleural effusion amount (P = 0.481) was related to the cancer tract seeding.

CONCLUSION

s IPC tract seeding is seen in 27 (21.7%) of 124 malignant pleural effusion patients, particularly with adenocarcinoma cytology. CT
features of mediastinal pleural thickening prior to IPC insertion are related to the occurrence of tract seeding.

CLINICAL RELEVANCE/APPLICATION

Detailed analysis of CT findings of malignant pleural effusion may help predict oncoming tract seeding after IPC placement for
malignant pleural effusion evacuation. When tract seeding is expected with the analyses of CT findings, prophylactic radiation
therapy immediately after the placement of the catheter or thoracentesis (reducing intrapleural pressure) before IPC placement
may be considered as the way of reducing tract seeding occurrence.

Printed on: 02/07/23
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Multiparametric Bone MRI Targeting Improves CT-guided Sclerotic Bone Biopsy Success in Metastatic Castrate
Resistant Prostate Cancer: A Prospective Evaluation
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Participants
Ricardo Donners, MD, (Presenter) Nothing to Disclose

PURPOSE

The purpose of this study was to prospectively validate a multiparametric bone MRI (mpBMRI) target lesion selection algorithm to
improve CT-guided sclerotic bone biopsy success in metastatic castrate-resistant prostate cancer (mCRPC) patients with sclerotic
bone disease mCRPC.

METHODS AND MATERIALS

20 CT-guided bone biopsies were performed by interventional radiologists in 17 mCRPC patients with only sclerotic bone disease.
Biopsy targets were selected based on mpBMRI, including diffusion-weighted (DWI) and diagnostic, T1-weighted gradient-echo
Dixon images, allowing for calculation of apparent diffusion coefficient (ADC) and relative fat-fraction percentages (rFF%),
respectively. Bone marrow with high DWI signal, ADC <1100 pm2/s and rFF <20% was the preferred biopsy target. Biopsy tumour
content and next-generation genomic sequencing (NGS)-feasibility was assessed by a pathologist. Prognostic values of routine
laboratory blood parameters, tumour marker levels, target lesion size, biopsy tract length, visual CT density (mild or dense
sclerosis), means of HU, ADC and rFF% to distinguish between successful and unsuccessful biopsies were tested for statistical
significance (p <0.05 = significant).

RESULTS

17/20 (85%) biopsies were tumour-positive and NGS was feasible in 13/18 (72%). Neither laboratory parameters, target diameter,
tract length nor visual CT density grading showed significant differences between a positive versus negative or NGS feasible versus
non-feasible biopsy result (each p >0.137). Lesion mean HU was 387+187 HU in NGS feasible and 493+218 HU in non-feasible
biopsies (p =0.521). 13/14 (93%) biopsies in targets fulfilling mpBMRI selection algorithm criteria were tumour-positive and 10/12
(83%) provided sufficient material for NGS. In six biopsies mean rFF% was >20% (range 21 - 25%). 4/6 (60%) biopsies were
tumour-positive and NGS was feasible in 3/6 (50%).

CONCLUSION

s MpBMRI can facilitate CT-guided bone biopsy target selection in mCPRC patients with sclerotic metastases and improves
diagnostic yield and NGS feasibility.

CLINICAL RELEVANCE/APPLICATION

Obtaining high quality tumour tissue samples for NGS can be challenging in mCRPC patients with sclerotic bone disease. Improving
bone biopsy success rates by using multiparametric bone MRI to identify active bone metastases allows this patient cohort to
benefit from personalised oncology therapy based on individual tumor genomics.

Printed on: 02/07/23
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Risk Reduction Protocol for Mitigating Bleeding Complications after an Image—Guided Kidney Biopsy
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Ali Kord, MD, MPH, Cincinnati, OH (Presenter) Nothing to Disclose

PURPOSE

There are Society of Interventional Radiology (SIR) guidelines to correct peri-procedural variables that can affect bleeding
complications after kidney biopsy, yet bleedings are seen after kidney biopsies. This study is designed to assess the variables
affecting bleeding complications in patients who underwent an image-guided kidney biopsy with controlled peri-procedural clinical
variables.

METHODS AND MATERIALS

A total of 200 consecutive patients (100 native, 100 transplant, Mean age: 52 + 17 years) underwent an image-guided kidney
biopsy. All biopsies were performed using a 17-gauge coaxial access needle and an 18-gauge biopsy needle. Hemoglobin (HGB),
Platelet (PLT), international normalized ratio (INR), and systolic and diastolic blood pressure (SBP, DBP) were checked and
corrected based on the SIR guidelines, if needed (Table.1). Gelfoam was used in some cases to embolize the biopsy path. Post-
procedure bleeding complications were categorized using SIR adverse event classification. The peri-procedural variables were
compared between patients without and with bleeding after kidney biopsy using univariate and multivariate analysis. Statistical
significance was considered at 0.05.

RESULTS

Technical success was 99%. Minor and major bleedings were observed in 4.5% and 3.0% of the patients, respectively. As
expected, bleeding complications were seen more often after native kidney biopsies compared to the transplant kidneys (p <
0.001). Patients with bleeding were more likely to need CT for kidney biopsy (p =0.02). Gelfoam embolization of the biopsy path was
not associated with reduced bleeding after kidney biopsy (p = 0.8). The mean SBPs and DBPs were higher in patients with bleeding
than in patients without bleeding (p < 0.05, Table.1). In multi-variate analysis, pre- and post-biopsy SBP and DBP remained
significantly different between native kidneys with and without bleeding (Fig.1, p < 0.04).

CONCLUSION

s Higher peri-procedural blood pressures are associated with increased bleeding after an image-guided kidney biopsy. A stricter
blood pressure control should be considered both before and after kidney biopsy as part of the procedural protocol.

CLINICAL RELEVANCE/APPLICATION
A stricter blood pressure control should be part of the procedural protocol for native kidney biopsy.

Printed on: 02/07/23
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Air Embolism in CT-Guided Transthoracic Needle Biopsy and Localization: Emphasis on Pulmonary Vein Injury
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Yura Ahn, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To assess whether pulmonary vein injury is detectable on CT and associated with air embolism after percutaneous transthoracic
needle biopsy (PTNB) and wire localization in a tertiary referral hospital.

METHODS AND MATERIALS

Between January 2012 and November 2021, 11905 consecutive CT-guided PTNBs and 1553 wire localizations in 12042 patients were
retrospectively evaluated. Air embolism was identified by reviewing radiologic reports. Pulmonary vein injury was defined as the
presence of the pulmonary vein in the needle pathway or shooting range of the cutting needle with presence of parenchymal
hemorrhage. The association between pulmonary vein injury and air embolism was assessed using logistic regression analysis in
matched patients with and without air embolism with a ratio of 1:4.

RESULTS

A total of 30 cases of air embolism (median age, 67 years; range, 48-80 years; 25 men) was found with an incidence of 0.22%
(30/13458). Pulmonary vein injury during the procedures was identifiable on CT in 26 of 30 patients (86.7%) whereas it was 1.7%
(2/120) for matched patients without air embolism The veins beyond the target lesion (65.3% [17/26]) were injured more frequently
than the veins in the needle pathway before the target lesion (34.6% [9/26]). In univariable and multivariable analyses, pulmonary
vein injury was associated with air embolism (odds ratio, 86.92; 95% confidence interval, 21.71->999.99, p <.001).

CONCLUSION

s Pulmonary vein injury was actually detected on CT and was associated with air embolism.

CLINICAL RELEVANCE/APPLICATION

Avoiding pulmonary vein injury with careful planning of the needle pathway on CT may reduce air embolism risk.

Printed on: 02/07/23
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The Effect of Music on Patients Anxiety in CT-guided Percutaneous Interventions: A Prospective Randomized
Controlled Trial
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Florian Fleckenstein, MS, (Presenter) Nothing to Disclose

PURPOSE

CT-guided percutaneous interventions oftentimes cause patients to experience a high level of stress and anxiety before the
operation. As a proven medium to lessen anxiety and pain in the peri-operational setting, music could potentially serve as relief.
The aim of this study is to contribute to further understanding the effect of music on anxiety and pain compared to basic
operational procedures.

METHODS AND MATERIALS

A total of 178 patients were included in this randomized controlled trial. The participants were randomized in a music group (MG)
and a control group (CG). Items of anxiety were analysed by using the STAI-6 pre- and post-intervention, while a numeric rating
scale with faces served to rate the level of pain after the procedure. Post-interventional state anxiety levels and the reduction of
anxiety were set as primary outcomes, whereas the level of pain experienced during the procedure was chosen as a secondary
outcome.

RESULTS

176 patients were eligible for statistical analysis. N=91 patients underwent the procedure in the MG, compared to n=85 participants
in the CG. Median post-interventional item values in the MG ranked more towards lower levels of anxiety than the same item values
of the CG (p<0.001). The reduction of anxiety between pre- and post-procedural states was stronger in the MG, but also

detectable in the CG (p<0.001). Of note, the level of experienced post-procedural pain was significantly lower in the MG (p<0.001).

CONCLUSION

s This study could show, that exposure to music during CT-guided percutaneous procedures can aid in lowering peri-interventional
anxiety and pain thus improves patient care without any negative side-effects.

CLINICAL RELEVANCE/APPLICATION

Music can act as a safe, easily applicable, free of charge and non-invasive aid to reduce anxiety in the peri-interventional setting
to improve quality of care. Apart from statistical significances, we believe our findings are of high clinical relevance beyond the field
of IR.

Printed on: 02/07/23
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Safety of Image-guided Splenic Biopsy: Retrospective Outcomes Analysis From Eight Academic Institutions
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Hadiseh Kavandi, MD, Boston, MA (Presenter) Nothing to Disclose

PURPOSE
To evaluate the safety of image-guided targeted and non-targeted splenic biopsy as performed in eight US academic institutions.
METHODS AND MATERIALS

This retrospective IRB-approved, HIPAA-compliant, multi-institutional study included consecutive patients that underwent
ultrasound or CT-guided splenic biopsy between 3/1/2001 and 3/31/2022. Significant bleeding after the procedure was defined by
the presence of bleeding on CT performed within 30 days or angiography and/or surgery performed to manage the bleeding.

RESULTS

384 splenic biopsies, ultrasound (97/384, 25%) and CT-guided (287, 75%), on 372 patients from 8 academic institutions were
included (age 59%17 years, 183 (48%) female, 337 (88%) targeted, 184 (48%) co-axial, 312 (81%) core biopsy, median of 3
samples). Bleeding occurred following 31/384 (8%) biopsies, treated angiographically in 4/384 (1%) cases and surgically in 3/384
(1%) cases; one of the surgical cases had IR intervention before surgery. 8/384 (2%) patients received RBC transfusion. 4/384
(1%) patients readmitted (3 (1%) for bleeding, 1 (0.5%) for sepsis) and 8/384 (2%) had ED visits for pain management. There were
no deaths related to the biopsy. Bleeding risk was inversely associated with lesion size, with a median size of 2.1 cm in patients
who bled vs. 3.6 cmin patients who did not, p=0.03. In patients with a history of lymphoma or leukemia, there was a lower
incidence of bleeding 3/92 (3%) vs. 28/292 (10%), p=0.05. There was no association of bleeding with patient’s gender, age, history
of anticoagulation, modality of guidance, targeted vs. non-targeted, coaxial vs non-coaxial technique, number of samples, the
gauge of core biopsy, or core vs. FNA; lesion location, CT attenuation, US echogenicity, vascularity, all p>0.05. Incidence of
bleeding was higher in patients with tract embolization (10/59, 17% vs. 18/301, 6%), as tract embolization was likely performed to
treat the bleeding.

CONCLUSION

s Bleeding after splenic biopsy occurred after 8% of procedures, with 2% requiring medical, 1% angiographic, and 1% surgical
management. Smaller lesions and patients with no hematological history had a higher incidence of bleeding.

CLINICAL RELEVANCE/APPLICATION

The image-guided splenic biopsy is safe with a small number of patients requiring treatment for clinically significant post-procedure
bleeding.

Printed on: 02/07/23
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Sub-Events

M2-SPMK-1 Diagnosis of Foot and Ankle Injuries with Multiple-view Radiographic Studies by HAMIL-Net

Participants
Amilcare Gentili, MD, MBA, San Diego, CA (Presenter) Institutional Grant, VoxelCloud

PURPOSE

Automated diagnosis of orthopedic injuries can save time by providing a preliminary interpretation on the presence of orthopaedic
trauma. Al deep learning has been shown to be promising but many challenges need to be overcome. For orthopaedic injuries, one
of the key challenges is that a radiographic study usually consists of multiple image views of different angles of different body
parts, but the available data might not pinpoint specific views where abnormalities are observable. For example, MURA, a widely
used dataset in the public domain, provides a single label of normal or abnormal for each study. While providing view-level labels is
expensive.

METHODS AND MATERIALS

We considered "HAMIL-Net,” a deep neural net architecture with hierarchical attention (HA) mechanism and multiple instance
learning (MIL) to discriminate body parts and selectively attend to different views and regions. Previously, 0.91 AUC for MURA was
reported. The study team used a dataset of 580K musculoskeletal imaging studies for 138K patients with 17 body parts. 148K were
foot and ankle. We designed an ontology that consists of 26 orthopedic pathologies with 8 levels of classification of
positive/negative, high/low certainty, and acute/chronic and leveraged PyContextNLP, a rule-based natural language processing
(NLP) tool to semi-automatically label each study based on the ontology. To compare with MURA, we focused on 8 pathologies
(i.e., fracture, hardware, arthritis, subluxations etc.) with high certainty. 24K abnormal and 47K normal studies were included.
Image views per study were 3.16 (2.72 in MURA). Data were randomly split at 8:2 for training/test.

RESULTS

HAMIL-Net achieved 0.84 AUC (95% CI 0.8475, 0.8325), compared to 0.82(95% CI 0.8244, 0.8155) by ResNet34 and 0.83(95% CI
0.8343, 0.8257) by DenseNet169 as baselines. The baselines, however, classified each view instead of the whole study. When
considering fracture only, HAMIL-Net achieved 0.86 AUC (95% CI 0.8687, 0.8513). Pretraining HAMIL-Net with MURA did not
improve or degrade the performance.

CONCLUSION

s Foot and ankle studies contain more views per study than upper extremity studies in MURA and may be more challenging. HAMIL-
Net outperformed baselines by considering multiple views and performed even better when considering fracture only. Our HAMIL-Net
implementation considered four views for all studies. Our future work is to relax this limitation.

CLINICAL RELEVANCE/APPLICATION

Automated initial interpretation of orthopaedic injury studies by shortening the communication gap between the point of injury and
patient care, which could lead to earlier treatment and better outcomes.

M2-SPMK-2 Will Novel Deep Learning Architectures 'Transform' MSK Radiograph Diagnosis? A Comparison of
Vision Transformers and Convolutional Neural Networks for Abnormality Detection in Extremity
Radiographs

Participants
Paul Yi, MD, Baltimore, MD (Presenter) Consultant, FH Orthopedics SAS;Consultant, BunkerHill Health

PURPOSE

Visual transformers (VTs) are a new type of deep learning algorithm that has shown advantage in classification tasks for general
imaging datasets compared to traditional convolutional neural networks (CNNs). However, it is unclear if these advantages translate
to radiology-specific tasks. We compared performance, sample efficiency, and hidden stratification of multiple ViT and CNN
architectures for diagnosis of abnormalities on extremity radiographs using transfer learning.

METHODS AND MATERIALS

We used Stanford’s MURA dataset of 40,005 upper extremity radiographs from five anatomic regions labeled as normal or abnormal;
these images were divided into 70/20/10% train/validation/testing splits. We finetuned Data-efficient Image Transformer (DeiT) ViT
and CNN classification models pretrained on ImageNet using these images to identify abnormal images. Performance was assessed



using weighted AUROC across anatomical regions (WAUC). Our primary comparison was DeiT-B ViT vs. DenseNet121 CNN with
secondary comparisons including DeiT-Ti, ResNet152, and EfficientNetB7. We evaluated sample efficiency by training models on
varying dataset sizes ranging from 1% to 100% of total data. We evaluated hidden stratification by comparing prevalence of
arthritis, fracture, and hardware in false positive (FP) and false negative (FN) predictions. Finally, we visually compared the
localization ability of VIiT attention and CNN grad-CAM heatmaps.

RESULTS

DeiT-B wAUC was significantly lower than DenseNet121 (0.887 vs. 0.893, p<0.001). DeiT-B and DeiT-Ti both performed worse than
all CNNs evaluated (p<0.001, all comparisons). ViTs and CNNs showed similar sample efficiency. There was no significant difference
in hidden stratification between ViTs and CNNs with arthritis being more prevalent in FP and FN predictions than fracture or
hardware. ViT attention heatmaps qualitatively were more accurate and tightly bounded to radiographic abnormalities compared to
CNN heatmaps.

CONCLUSION

s Although DeiT ViT models had lower wAUCs than CNNs for extremity abnormality diagnosis, the absolute differences were small.
Additionally, ViT models had similar sample efficiency with more reassuring heatmaps that may prove more useful for disease
localization than CNN heatmaps. As ViT architectures are in their infancy, there will almost assuredly continue to be improvements
in performance and we optimistically recommend continued evaluation of ViTs for MSK imaging as they mature in the coming years.

CLINICAL RELEVANCE/APPLICATION

Even in their early stages, visual transformers provide similar performance to convolutional neural networks while outputting more
reassuring heatmaps, which may prove useful for disease localization in MSK radiograph diagnosis.

M2-SPMK-3 Patient-Specific Hip Arthroplasty Dislocation Risk Calculator: An Explainable Multimodal Machine
Learning Based Approach

Participants
Bardia Khosravi, MD, MPH, Rochester, MN (Presenter) Nothing to Disclose

PURPOSE

Total hip arthroplasty (THA) is among the most common elective surgeries in the United States. While typically THA is quite
successful, complications can occur. Implant dislocation is the most common complication of THA that might require revision
surgery. However, there are also well-described intraoperative choices within a surgeon’s control that can be used to mitigate the
risk of dislocation. This study develops a multimodal machine learning-based pipeline to predict the patient-specific risk of
dislocation following primary THA that can help surgeons with preoperative planning.

METHODS AND MATERIALS

This study retrospectively evaluates 17,073 patients who underwent primary THA between 1998-2018. A test set of 1,733 patients
was held out. A hybrid network of EfficientNet-B4 and Swin-B vision transformer was developed to classify patients based on 5-
year dislocation outcomes from preoperative anteroposterior (AP) pelvis radiographs and clinical (demographics, comorbidities, and
surgical) characteristics. The most informative imaging features, that the mentioned model extracted were selected and
concatenated with clinical features. A collection of these features was then used to train a multimodal survival XGBoost model to
predict the individualized risk of dislocation. A clinical-only survival XGBoost was trained as a benchmark to compare addition of
imaging features. C-index was used to evaluate the multimodal survival model on the test set and compare it with the clinical-only
model. Integrated gradient maps and Shapley additive explanation (SHAP) values were used for the classifier and survival model
explanation, respectively.

RESULTS

On the holdout test set, the clinical-only model achieved a C-index of 63.8% (95% CI: 59.5%-68.1%); adding imaging features
boosted multimodal model performance to a C-index of 73.6% (95% CI: 69.2%-78.0%). Imaging features represented 4 of the top 5
and 10 of the top 13 most influential variables in the multimodal model. The imaging feature showed focus of the model on the area
of maximum load in the hip joint articulation, the lesser trochanter, and the acetabular teardrop.

CONCLUSION

s A multimodal calculator for predicting dislocation was introduced by combining preoperative characteristics and radiographic
features of patients undergoing primary THA. This study highlights the superiority of imaging features compared to clinical variables
and the synergy between these modes of patient evaluation.

CLINICAL RELEVANCE/APPLICATION

The developed tool enables patient-specific dislocation risk prediction with an acceptable C-index, and more importantly, shows the
degree to which this risk is modified by decisions within a surgeon’s control.

M2-SPMK-4 Deep-Learning-Based Evaluation and Quantification of Real-Time MRI for the Assessment of Active
Wrist Motion in Health and Disease

Participants
Lena Wilms, Dusseldorf, Germany (Presenter) Nothing to Disclose

PURPOSE

For wrist imaging, clinical MRI sequences focus on the morphologic appearance of a structure to assess its condition. Yet, such MRI
sequences are acquired in a static condition, thereby potentially missing complex dynamic instability patterns. Based on real-time
MRI during active wrist motion and deep-learning based image post-processing using convolutional neural networks (CNN), this
study aimed to develop and validate an automated wrist motion quantification method.

METHODS AND MATERIALS

After systematic Fast Low Angle Shot (FLASH) sequence variation, 56 bilateral wrists (28 healthy volunteers) were imaged during
continuous active radioulnar abduction at a temporal resolution of 95 ms/image. After CNN based segmentations of carpal bone



contours, scapholunate (SL) and lunotriquetral (LT) gap widths were determined as a function of wrist position across the entire
range-of-motion. Manual segmentations and quantification of gap widths served as reference standard. Clinical applicability of the
framework was assessed in two ligament-injured patients (partial and complete SL injuries). Mean SL and LT gap widths were
evaluated using a linear mixed model based on multivariable statistics. Bland-Altman plots were used comparatively evaluate
automatically and manually determined SL and LT gap widths and wrist angles.

RESULTS

Automatic segmentations agreed excellently with manual reference segmentations, performed independently by two radiologists, as
shown by the Dice similarity coefficients of 0.96+0.02 and the consistent and unskewed Bland-Altman plots. Clinical applicability of
the framework was demonstrated in two patients with diagnosed SL injuries indicating significantly greater SL gap widths over the
entire range-of-motion in patients than in controls (SL gap widths: 3.4+1.2mm [patients], 1.6+0.4mm [controls], p<0.001),
particularly at maximum radial abduction, and displaying distinctly different motion patterns and trajectories.

CONCLUSION

s The combination of advanced image acquisition and post-processing techniques permits dynamic wrist assessment over the entire
range of active radioulnar motion, both in healthy volunteers and ligament-injured patients. Merging real-time wrist MRT and the
introduced technical framework, thus, provides a powerful diagnostic tool for dynamic quantification of wrist function and, if
confirmed in clinical trials, dynamic carpal instability that may elude static assessment using clinical-standard morphologic MRI.

CLINICAL RELEVANCE/APPLICATION

If confirmed in clinical trials, the combination of advanced image acquisition using real-time wrist MRI and post-processing
techniques may serve as a contrast agent-free surrogate of carpus integrity and dynamic wrist function.

Printed on: 02/07/23
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PURPOSE

Automated diagnosis of orthopedic injuries can save time by providing a preliminary interpretation on the presence of orthopaedic
trauma. Al deep learning has been shown to be promising but many challenges need to be overcome. For orthopaedic injuries, one
of the key challenges is that a radiographic study usually consists of multiple image views of different angles of different body
parts, but the available data might not pinpoint specific views where abnormalities are observable. For example, MURA, a widely
used dataset in the public domain, provides a single label of normal or abnormal for each study. While providing view-level labels is
expensive.

METHODS AND MATERIALS

We considered "HAMIL-Net,” a deep neural net architecture with hierarchical attention (HA) mechanism and multiple instance
learning (MIL) to discriminate body parts and selectively attend to different views and regions. Previously, 0.91 AUC for MURA was
reported. The study team used a dataset of 580K musculoskeletal imaging studies for 138K patients with 17 body parts. 148K were
foot and ankle. We designed an ontology that consists of 26 orthopedic pathologies with 8 levels of classification of
positive/negative, high/low certainty, and acute/chronic and leveraged PyContextNLP, a rule-based natural language processing
(NLP) tool to semi-automatically label each study based on the ontology. To compare with MURA, we focused on 8 pathologies
(i.e., fracture, hardware, arthritis, subluxations etc.) with high certainty. 24K abnormal and 47K normal studies were included.
Image views per study were 3.16 (2.72 in MURA). Data were randomly split at 8:2 for training/test.

RESULTS

HAMIL-Net achieved 0.84 AUC (95% CI 0.8475, 0.8325), compared to 0.82(95% CI 0.8244, 0.8155) by ResNet34 and 0.83(95% CI
0.8343, 0.8257) by DenseNet169 as baselines. The baselines, however, classified each view instead of the whole study. When
considering fracture only, HAMIL-Net achieved 0.86 AUC (95% CI 0.8687, 0.8513). Pretraining HAMIL-Net with MURA did not
improve or degrade the performance.

CONCLUSION

s Foot and ankle studies contain more views per study than upper extremity studies in MURA and may be more challenging. HAMIL-
Net outperformed baselines by considering multiple views and performed even better when considering fracture only. Our HAMIL-Net
implementation considered four views for all studies. Our future work is to relax this limitation.

CLINICAL RELEVANCE/APPLICATION

Automated initial interpretation of orthopaedic injury studies by shortening the communication gap between the point of injury and
patient care, which could lead to earlier treatment and better outcomes.

Printed on: 02/07/23
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PURPOSE

Visual transformers (VTs) are a new type of deep learning algorithm that has shown advantage in classification tasks for general
imaging datasets compared to traditional convolutional neural networks (CNNs). However, it is unclear if these advantages translate
to radiology-specific tasks. We compared performance, sample efficiency, and hidden stratification of multiple ViT and CNN
architectures for diagnosis of abnormalities on extremity radiographs using transfer learning.

METHODS AND MATERIALS

We used Stanford’s MURA dataset of 40,005 upper extremity radiographs from five anatomic regions labeled as normal or abnormal;
these images were divided into 70/20/10% train/validation/testing splits. We finetuned Data-efficient Image Transformer (DeiT) ViT
and CNN classification models pretrained on ImageNet using these images to identify abnormal images. Performance was assessed
using weighted AUROC across anatomical regions (wWAUC). Our primary comparison was DeiT-B ViT vs. DenseNet121 CNN with
secondary comparisons including DeiT-Ti, ResNet152, and EfficientNetB7. We evaluated sample efficiency by training models on
varying dataset sizes ranging from 1% to 100% of total data. We evaluated hidden stratification by comparing prevalence of
arthritis, fracture, and hardware in false positive (FP) and false negative (FN) predictions. Finally, we visually compared the
localization ability of VIiT attention and CNN grad-CAM heatmaps.

RESULTS

DeiT-B wAUC was significantly lower than DenseNet121 (0.887 vs. 0.893, p<0.001). DeiT-B and DeiT-Ti both performed worse than
all CNNs evaluated (p<0.001, all comparisons). ViTs and CNNs showed similar sample efficiency. There was no significant difference
in hidden stratification between ViTs and CNNs with arthritis being more prevalent in FP and FN predictions than fracture or
hardware. ViT attention heatmaps qualitatively were more accurate and tightly bounded to radiographic abnormalities compared to
CNN heatmaps.

CONCLUSION

s Although DeiT VIiT models had lower wAUCs than CNNs for extremity abnormality diagnosis, the absolute differences were small.
Additionally, ViT models had similar sample efficiency with more reassuring heatmaps that may prove more useful for disease
localization than CNN heatmaps. As VIT architectures are in their infancy, there will almost assuredly continue to be improvements
in performance and we optimistically recommend continued evaluation of ViTs for MSK imaging as they mature in the coming years.

CLINICAL RELEVANCE/APPLICATION

Even in their early stages, visual transformers provide similar performance to convolutional neural networks while outputting more
reassuring heatmaps, which may prove useful for disease localization in MSK radiograph diagnosis.

Printed on: 02/07/23
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PURPOSE

Total hip arthroplasty (THA) is among the most common elective surgeries in the United States. While typically THA is quite
successful, complications can occur. Implant dislocation is the most common complication of THA that might require revision
surgery. However, there are also well-described intraoperative choices within a surgeon’s control that can be used to mitigate the
risk of dislocation. This study develops a multimodal machine learning-based pipeline to predict the patient-specific risk of
dislocation following primary THA that can help surgeons with preoperative planning.

METHODS AND MATERIALS

This study retrospectively evaluates 17,073 patients who underwent primary THA between 1998-2018. A test set of 1,733 patients
was held out. A hybrid network of EfficientNet-B4 and Swin-B vision transformer was developed to classify patients based on 5-
year dislocation outcomes from preoperative anteroposterior (AP) pelvis radiographs and clinical (demographics, comorbidities, and
surgical) characteristics. The most informative imaging features, that the mentioned model extracted were selected and
concatenated with clinical features. A collection of these features was then used to train a multimodal survival XGBoost model to
predict the individualized risk of dislocation. A clinical-only survival XGBoost was trained as a benchmark to compare addition of
imaging features. C-index was used to evaluate the multimodal survival model on the test set and compare it with the clinical-only
model. Integrated gradient maps and Shapley additive explanation (SHAP) values were used for the classifier and survival model
explanation, respectively.

RESULTS

On the holdout test set, the clinical-only model achieved a C-index of 63.8% (95% CI: 59.5%-68.1%); adding imaging features
boosted multimodal model performance to a C-index of 73.6% (95% CI: 69.2%-78.0%). Imaging features represented 4 of the top 5
and 10 of the top 13 most influential variables in the multimodal model. The imaging feature showed focus of the model on the area
of maximum load in the hip joint articulation, the lesser trochanter, and the acetabular teardrop.

CONCLUSION

s A multimodal calculator for predicting dislocation was introduced by combining preoperative characteristics and radiographic
features of patients undergoing primary THA. This study highlights the superiority of imaging features compared to clinical variables
and the synergy between these modes of patient evaluation.

CLINICAL RELEVANCE/APPLICATION

The developed tool enables patient-specific dislocation risk prediction with an acceptable C-index, and more importantly, shows the
degree to which this risk is modified by decisions within a surgeon’s control.

Printed on: 02/07/23



KSNA 2022

Empowering Patients and Partners in Care
Moverber 27 to December 1 | McCarmick Place, Chicaga

Abstract Archives of the RSNA, 2022
M2-SPMK-4

Deep-Learning-Based Evaluation and Quantification of Real-Time MRI for the Assessment of Active Wrist
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PURPOSE

For wrist imaging, clinical MRI sequences focus on the morphologic appearance of a structure to assess its condition. Yet, such MRIL
sequences are acquired in a static condition, thereby potentially missing complex dynamic instability patterns. Based on real-time
MRI during active wrist motion and deep-learning based image post-processing using convolutional neural networks (CNN), this
study aimed to develop and validate an automated wrist motion quantification method.

METHODS AND MATERIALS

After systematic Fast Low Angle Shot (FLASH) sequence variation, 56 bilateral wrists (28 healthy volunteers) were imaged during
continuous active radioulnar abduction at a temporal resolution of 95 ms/image. After CNN based segmentations of carpal bone
contours, scapholunate (SL) and lunotriquetral (LT) gap widths were determined as a function of wrist position across the entire
range-of-motion. Manual segmentations and quantification of gap widths served as reference standard. Clinical applicability of the
framework was assessed in two ligament-injured patients (partial and complete SL injuries). Mean SL and LT gap widths were
evaluated using a linear mixed model based on multivariable statistics. Bland-Altman plots were used comparatively evaluate
automatically and manually determined SL and LT gap widths and wrist angles.

RESULTS

Automatic segmentations agreed excellently with manual reference segmentations, performed independently by two radiologists, as
shown by the Dice similarity coefficients of 0.96+0.02 and the consistent and unskewed Bland-Altman plots. Clinical applicability of
the framework was demonstrated in two patients with diagnosed SL injuries indicating significantly greater SL gap widths over the
entire range-of-motion in patients than in controls (SL gap widths: 3.4+1.2mm [patients], 1.6+0.4mm [controls], p<0.001),
particularly at maximum radial abduction, and displaying distinctly different motion patterns and trajectories.

CONCLUSION

s The combination of advanced image acquisition and post-processing techniques permits dynamic wrist assessment over the entire
range of active radioulnar motion, both in healthy volunteers and ligament-injured patients. Merging real-time wrist MRT and the
introduced technical framework, thus, provides a powerful diagnostic tool for dynamic quantification of wrist function and, if
confirmed in clinical trials, dynamic carpal instability that may elude static assessment using clinical-standard morphologic MRI.

CLINICAL RELEVANCE/APPLICATION

If confirmed in clinical trials, the combination of advanced image acquisition using real-time wrist MRI and post-processing
techniques may serve as a contrast agent-free surrogate of carpus integrity and dynamic wrist function.

Printed on: 02/07/23
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PURPOSE

Systemic mastocytosis (SM) is characterized by multifocal accumulation of neoplastic mast cells (MCs), predominately affecting the
bone marrow (BM). Imaging with computed tomography (CT) is routinely used for assessment of bone mineral density and bone
structure. However, the value of functional imaging with dual-energy CT (DECT) and the assessment of virtual-non-calcium
attenuation values (VNCa-AV) for visualization of BM disease burden in SM has not yet been assessed.

METHODS AND MATERIALS

DECT of the axial skeleton was performed in 18 patients with SM (indolent SM [ISM], n=6; smoldering SM [SSM]/advanced SM
[AdvSM], n=12) and 18 control subjects. VNCa-AV were obtained in 5 representative vertebraes per patient and correlated with
laboratory, morphologic and molecular parameters. Visual evaluation of osteosclerosis was performed on morphologic CT images.

RESULTS

VNCa-AV strongly correlated with quantitative bone marrow mast infiltration (r=0.7, R2=0.49, P=0.001) and serum tryptase levels
(r=0.7, R2=0.54, P<0.001). Mean VNCa-AV were significantly higher in patients with SSM/AdvSM as compared to ISM (-9HU vs. -
54HU, P<0.005) and controls (38HU, P<0.005). Nine of 10 (90%) patients with a VNCa-AV > -30HU and 7/7 (100%) patients with a
VNCa-AV > -10HU had SSM or AdVSM.

CONCLUSION

s Bone marrow VNCa-AV provide information about the mast cell burden of SM patients and correlate with SM subtypes. Since
conventional CT is used to assess for organomegaly, pathological bone mineral density, osteolyses and fractures, functional imaging
with DECT may serve as supplementary tool for diagnosis, subclassification and monitoring of SM disease in a one-stop-shop
session.

CLINICAL RELEVANCE/APPLICATION

Dual-energy CT allows non-invasive assessment of the mast cell burden in systemic mastocytosis and may serve as supplementary
tool for diagnosis, subclassification and monitoring of systemic mastocytosis in a one-stop-shop session.

Printed on: 02/07/23
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PURPOSE

Systemic mastocytosis (SM) is characterized by multifocal accumulation of neoplastic mast cells (MCs), predominately affecting the
bone marrow (BM). Imaging with computed tomography (CT) is routinely used for assessment of bone mineral density and bone
structure. However, the value of functional imaging with dual-energy CT (DECT) and the assessment of virtual-non-calcium
attenuation values (VNCa-AV) for visualization of BM disease burden in SM has not yet been assessed.

METHODS AND MATERIALS

DECT of the axial skeleton was performed in 18 patients with SM (indolent SM [ISM], n=6; smoldering SM [SSM]/advanced SM
[AdvSM], n=12) and 18 control subjects. VNCa-AV were obtained in 5 representative vertebraes per patient and correlated with
laboratory, morphologic and molecular parameters. Visual evaluation of osteosclerosis was performed on morphologic CT images.

RESULTS

VNCa-AV strongly correlated with quantitative bone marrow mast infiltration (r=0.7, R2=0.49, P=0.001) and serum tryptase levels
(r=0.7, R2=0.54, P<0.001). Mean VNCa-AV were significantly higher in patients with SSM/AdvSM as compared to ISM (-9HU vs. -
54HU, P<0.005) and controls (38HU, P<0.005). Nine of 10 (90%) patients with a VNCa-AV > -30HU and 7/7 (100%) patients with a
VNCa-AV > -10HU had SSM or AdVSM.

CONCLUSION

s Bone marrow VNCa-AV provide information about the mast cell burden of SM patients and correlate with SM subtypes. Since
conventional CT is used to assess for organomegaly, pathological bone mineral density, osteolyses and fractures, functional imaging
with DECT may serve as supplementary tool for diagnosis, subclassification and monitoring of SM disease in a one-stop-shop
session.

CLINICAL RELEVANCE/APPLICATION

Dual-energy CT allows non-invasive assessment of the mast cell burden in systemic mastocytosis and may serve as supplementary
tool for diagnosis, subclassification and monitoring of systemic mastocytosis in a one-stop-shop session.

Printed on: 02/07/23
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Sub-Events

M2-SPNMMI-PET Respiratory Motion Correction Improves Metabolic Tumor Volume Accuracy for Lung Base
1 Lesions on Oncologic PET/CT

Participants
Genevieve Munoz, (Presenter) Nothing to Disclose

PURPOSE

Respiratory motion can distort lung base tumors on PET imaging, potentially altering metabolic tumor volume (MTV) and impacting
radiotherapy planning. This study assessed the impact of several respiratory motion mitigation strategies on lung base tumor MTVs,
utilizing CT-based segmentation volumes as the reference standard.

METHODS AND MATERIALS

To date, this IRB-approved, HIPAA-compliant prospective study has enrolled 10 patients with tracer-avid lung base tumors. All
subjects provided written informed consent. Imaging occurred on a Biograph Vision PET/CT (Siemens Healthineers). A weight-based
radiotracer dose was given ~60 min before imaging. Four PET reconstructions were performed: 1) without motion correction
(uncorrected); 2) using end-expiratory counts (EE-gate); 3) using elastic motion correction with deblurring (EMCD) to correct
counts to a reference gate, as informed by the Anzai system (Anz-EMCD); and 4) using EMCD to correct counts to a reference
gate via a purely data-driven approach (OncoFreeze Al). For each reconstruction, metabolic tumor volume (MTV) was calculated in
MIM software using an adaptive segmentation strategy. Each lesion was manually segmented on CT. Differences between MTVs
and reference CT volumes (MTV-CT) were compared across reconstructions. Statistical comparisons were based on the Wilcoxon
signed-rank test (a = 0.05).

RESULTS

All data reported are median MTV-CTs [interquartile ranges] for the 10 subjects. The MTV-CT was significantly higher for
uncorrected (0.96 ml [3.57]) images than for EE-gate (0.55 ml [0.72]; p < 0.05), Anz-EMCD (0.35 ml [0.38]; p = 0.005), or
OncoFreeze AI (0.37 ml [0.39]; p = 0.012) images. MTV-CT was not significantly different for EE-gate versus Anz-EMCD (p =
0.646) or Anz-EMCD versus OncoFreeze Al (p > 0.05) images. Visually, image noise was lower and overall image quality was higher
for Anz-EMCD and OncoFreeze Al images relative to EE-gate images.

CONCLUSION

s For lung base tumors, PET reconstructions without motion correction exhibit greater bias toward higher MTVs than EE-gate, Anz-
EMCD, or OncoFreeze Al reconstructions. Anz-EMCD and OncoFreeze Al reconstructions, which utilize all counts, result in better
image quality than end-expiratory gated reconstructions.

CLINICAL RELEVANCE/APPLICATION

EMCD using the Anzai system or OncoFreeze Al improves PET volume quantification without sacrificing image quality, potentially
resulting in more accurate tumor response assessments and more precise radiotherapy plans.

M2-SPNMMI-Does the Finding of Two Areas of TC-99M Sestamibi Retention on Parathyroid Scintigraphy Always
3 Indicate Double Parathyroid Adenomas? Results of a 10-Year Analysis

Participants
Charles M. Intenzo, MD, Philadelphia, PA (Presenter) Nothing to Disclose

PURPOSE

Tc-99m sestamibi (MIBI) scintigraphy is commonly utilized for the preoperative localization of parathyroid adenomas. A focal area of
tracer retention that persists on delayed images is fairly specific for a parathyroid adenoma. Occasionally, there are 2 foci of MIBI
retention on delayed imaging, which theoretically suggests a double parathyroid adenoma. However, on follow-up review of
pathology reports, many of these were signed out as "asymmetric parathyroid hyperplasia" by the cytopathologist Our aim was to
determine just how often this finding was shown to represent a double parathyroid adenoma.



METHODS AND MATERIALS

Over a 10-yea interval, both retrospectively and prospectively, all parathyroid scans with the finding of 2 areas of MIBI
concentration in initial images of the neck, that retained the tracer on 3-hour delayed images were collected and corresponding
histopathological results were reviewed.

RESULTS

A total of 49 patients demonstrated the above finding. Of these, 41 underwent neck exploration; 33 were diagnosed as having
asymmetric parathyroid gland hyperplasia, while only 8 were diagnosed with double parathyroid adenoma.

CONCLUSION

s Of the group of 41 patients whose parathyroid scintigraphy showed 2 areas of MIBI retention on 3-hour delayed images of neck,
33 (80.5%) had asymmetric parathyroid gland hyperplasia, whereas only 8 patients with this finding had true double adenoma. In
parathyroid scintigraphy, 2 foci of tracer retention more than likely indicate parathyroid gland hyperplasia, as opposed to double
parathyroid adenoma.

CLINICAL RELEVANCE/APPLICATION

For the finding of 2 focal areas of sestamibi retention on sestamibi scintigraphy, both parathyroid gland hyperplasia and double
parathyroid adenoma should be given as a differential diagnosis in the scan report summary.

Printed on: 02/07/23
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PURPOSE

Respiratory motion can distort lung base tumors on PET imaging, potentially altering metabolic tumor volume (MTV) and impacting
radiotherapy planning. This study assessed the impact of several respiratory motion mitigation strategies on lung base tumor MTVs,
utilizing CT-based segmentation volumes as the reference standard.

METHODS AND MATERIALS

To date, this IRB-approved, HIPAA-compliant prospective study has enrolled 10 patients with tracer-avid lung base tumors. All
subjects provided written informed consent. Imaging occurred on a Biograph Vision PET/CT (Siemens Healthineers). A weight-based
radiotracer dose was given ~60 min before imaging. Four PET reconstructions were performed: 1) without motion correction
(uncorrected); 2) using end-expiratory counts (EE-gate); 3) using elastic motion correction with deblurring (EMCD) to correct
counts to a reference gate, as informed by the Anzai system (Anz-EMCD); and 4) using EMCD to correct counts to a reference
gate via a purely data-driven approach (OncoFreeze AI). For each reconstruction, metabolic tumor volume (MTV) was calculated in
MIM software using an adaptive segmentation strategy. Each lesion was manually segmented on CT. Differences between MTVs
and reference CT volumes (MTV-CT) were compared across reconstructions. Statistical comparisons were based on the Wilcoxon
signed-rank test (a = 0.05).

RESULTS

All data reported are median MTV-CTs [interquartile ranges] for the 10 subjects. The MTV-CT was significantly higher for
uncorrected (0.96 ml [3.57]) images than for EE-gate (0.55 ml [0.72]; p < 0.05), Anz-EMCD (0.35 ml [0.38]; p = 0.005), or
OncoFreeze AI (0.37 ml [0.39]; p = 0.012) images. MTV-CT was not significantly different for EE-gate versus Anz-EMCD (p =
0.646) or Anz-EMCD versus OncoFreeze AI (p > 0.05) images. Visually, image noise was lower and overall image quality was higher
for Anz-EMCD and OncoFreeze Al images relative to EE-gate images.

CONCLUSION

s For lung base tumors, PET reconstructions without motion correction exhibit greater bias toward higher MTVs than EE-gate, Anz-
EMCD, or OncoFreeze Al reconstructions. Anz-EMCD and OncoFreeze Al reconstructions, which utilize all counts, result in better
image quality than end-expiratory gated reconstructions.

CLINICAL RELEVANCE/APPLICATION

EMCD using the Anzai system or OncoFreeze Al improves PET volume quantification without sacrificing image quality, potentially
resulting in more accurate tumor response assessments and more precise radiotherapy plans.
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PURPOSE

Tc-99m sestamibi (MIBI) scintigraphy is commonly utilized for the preoperative localization of parathyroid adenomas. A focal area of
tracer retention that persists on delayed images is fairly specific for a parathyroid adenoma. Occasionally, there are 2 foci of MIBI
retention on delayed imaging, which theoretically suggests a double parathyroid adenoma. However, on follow-up review of
pathology reports, many of these were signed out as "asymmetric parathyroid hyperplasia" by the cytopathologist Our aim was to
determine just how often this finding was shown to represent a double parathyroid adenoma.

METHODS AND MATERIALS

Over a 10-yea interval, both retrospectively and prospectively, all parathyroid scans with the finding of 2 areas of MIBIL
concentration in initial images of the neck, that retained the tracer on 3-hour delayed images were collected and corresponding
histopathological results were reviewed.

RESULTS

A total of 49 patients demonstrated the above finding. Of these, 41 underwent neck exploration; 33 were diagnosed as having
asymmetric parathyroid gland hyperplasia, while only 8 were diagnosed with double parathyroid adenoma.

CONCLUSION

s Of the group of 41 patients whose parathyroid scintigraphy showed 2 areas of MIBI retention on 3-hour delayed images of neck,
33 (80.5%) had asymmetric parathyroid gland hyperplasia, whereas only 8 patients with this finding had true double adenoma. In
parathyroid scintigraphy, 2 foci of tracer retention more than likely indicate parathyroid gland hyperplasia, as opposed to double
parathyroid adenoma.

CLINICAL RELEVANCE/APPLICATION

For the finding of 2 focal areas of sestamibi retention on sestamibi scintigraphy, both parathyroid gland hyperplasia and double
parathyroid adenoma should be given as a differential diagnosis in the scan report summary.
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M2-SPNPM- Reliability of 3D Image Analysis and Comparison of Diagnostic Accuracy of 2D and 3D Measurements
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CT
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PURPOSE

To evaluate the reliability of 3D image analysis and compare the osteoporosis-predicting ability of computed tomography (CT)
indexes in abdomen-pelvic CT (APCT) using the proximal femur and the reliability of measurements in two and three-dimensional
analyses.

METHODS AND MATERIALS

430 female patients who underwent dual-energy X-ray absorptiometry (DXA) and APCT within 1 month were retrospectively
selected. The volumes of interest (VOIs) from the femoral head to the lesser trochanter and the femoral neck were expressed as
3DFemur. Total volume, mean-HU, and HU histogram analysis (HUHA) values of the extracted femur were calculated. Also, round
regions of interest (ROIs) of image plane drawn over the femoral neck touching the outer cortex were determined as 2Dcoronal. In
HUHA, the percentages of HU histogram ranges related to the ROI or VOI were classified as HUHAfat (<OHU) and HUHAbone
(126HU=). Reliability of 3D image analysis was assessed by calculating intra- and interobserver correlation coefficients (ICCs). In
addition, diagnostic performance, correlation analysis and measurement reliability were analyzed by receiver operating characteristic
curves, correlation coefficient and ICC, respectively. Furthurmore, the effect of contrast medium administration was evaluated by
the paired t-test.

RESULTS

All ICCs of 3D volume measurements showed excellent reproducibility (all ICCs>0.90). AUCs of each HUHA and mean-HU
measurement on 2D-ROI and 3D-VOI were 0.94 or higher (P<0.001). Both 3DFemur-mean-HU and 3DFemur-HUHAbone showed the
highest AUC (0.96). The cut-off value of 3DFemur-mean-HU was 231HU or less (P<0.001) for diagnosis of osteoporosis. There was
no superiority between AUCs in 2D-ROI and 3D-VOI measurements (P>0.05). Reliability of the 3D-VOI measurement showed perfect
agreement (ICC=0.94), and 2D-ROI showed moderate to good agreement (ICC range: 0.63~0.84). The mean difference in HU after
contrast agent administration (-2.2HU) was not significant (P=0.27).

CONCLUSION

s Image analysis based on 3D volume measurement of the proximal femur showed excellent reliability with the contrast agent
administration showing negligible influence on the mean-HU, and CT indexes on 3D-VOI for predicting femoral osteoporosis showed
similar diagnostic accuracy with better reproducibility of measurement, compared with 2D-ROI.

CLINICAL RELEVANCE/APPLICATION

Since DXA is a 2D technique, clinically relevant diagnostic errors can be made. Using APCT, BMD can be assessed in femur by
measuring HU without additional imaging, radiation exposure, or patient time. Also, measurements performed with a VOI in the 3D
image plane may not be substantially affected by structural complexity of femur and cross-section selection as well as the ROI
location.

M2-SPNPM- Observer Recall Bias in Diagnostic Test Accuracy Comparative Studies: Much Room for Improvement
2

Participants

Bharadwaj Pindiprolu, MD, (Presenter) Nothing to Disclose

PURPOSE

Diagnostic test accuracy (DTA) studies often compare two or more imaging modalities, yet little is known on the impact of reading-
order effects. Observer recall bias occurs when a subsequently performed test seems more accurate than an earlier test due to
retention of information from the earlier test, rather than a true difference in test performance. The purpose of this study was to
perform a methodological review of DTA comparative studies to assess strategies employed to limit observer recall bias.

METHODS AND MATERIALS

MEDLINE was used to identify DTA systematic reviews published in imaging journals from 2000 to 2021. Two reviewers



independently conducted title, abstract and full-text review to identify all systematic reviews comparing two or more index tests
including at least one diagnostic imaging modality. Each reviewer extracted data from the primary studies within each systematic
review. Disagreements were resolved by consensus or using a third reviewer where needed.

RESULTS

87 radiologic comparative DTA studies were included, of which 38 (44%) had the same radiologist interpret both modalities, 24
(28%) used separate radiologists, and 25 (29%) provided no details. A minimum time delay between interpretations was only
reported in 25 studies. Most studies (24%) required a minimum of 1 week between reads, followed by 2 weeks (16%) and 3 weeks
(12%). Two readers were most frequently used (44/87; 50.6%) to interpret index tests and most commonly, reading sessions were
conducted independently (40/87; 46.0%) rather than by consensus (14/87; 16.1%). Reader order was randomized in 20/87 (23%)
studies. 54/87 (62.1%) studies utilized some form of blinding to minimize clinical review bias.

CONCLUSION

s Strategies for addressing observer recall bias vary considerably in DTA comparative studies and are often suboptimal. Increased
awareness of this potential source of bias is needed.

CLINICAL RELEVANCE/APPLICATION

Reading-order effects are a potential source of bias in many diagnostic test accuracy comparative studies; increased recognition of
this pitfall could improve study quality and reporting consistency.

Printed on: 02/07/23
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PURPOSE

To evaluate the reliability of 3D image analysis and compare the osteoporosis-predicting ability of computed tomography (CT)
indexes in abdomen-pelvic CT (APCT) using the proximal femur and the reliability of measurements in two and three-dimensional
analyses.

METHODS AND MATERIALS

430 female patients who underwent dual-energy X-ray absorptiometry (DXA) and APCT within 1 month were retrospectively
selected. The volumes of interest (VOIs) from the femoral head to the lesser trochanter and the femoral neck were expressed as
3DFemur. Total volume, mean-HU, and HU histogram analysis (HUHA) values of the extracted femur were calculated. Also, round
regions of interest (ROIs) of image plane drawn over the femoral neck touching the outer cortex were determined as 2Dcoronal. In
HUHA, the percentages of HU histogram ranges related to the ROI or VOI were classified as HUHAfat (<OHU) and HUHAbone
(126HU=). Reliability of 3D image analysis was assessed by calculating intra- and interobserver correlation coefficients (ICCs). In
addition, diagnostic performance, correlation analysis and measurement reliability were analyzed by receiver operating characteristic
curves, correlation coefficient and ICC, respectively. Furthurmore, the effect of contrast medium administration was evaluated by
the paired t-test.

RESULTS

All ICCs of 3D volume measurements showed excellent reproducibility (all ICCs>0.90). AUCs of each HUHA and mean-HU
measurement on 2D-ROI and 3D-VOI were 0.94 or higher (P<0.001). Both 3DFemur-mean-HU and 3DFemur-HUHAbone showed the
highest AUC (0.96). The cut-off value of 3DFemur-mean-HU was 231HU or less (P<0.001) for diagnosis of osteoporosis. There was
no superiority between AUCs in 2D-ROI and 3D-VOI measurements (P>0.05). Reliability of the 3D-VOI measurement showed perfect
agreement (ICC=0.94), and 2D-ROI showed moderate to good agreement (ICC range: 0.63~0.84). The mean difference in HU after
contrast agent administration (-2.2HU) was not significant (P=0.27).

CONCLUSION

s Image analysis based on 3D volume measurement of the proximal femur showed excellent reliability with the contrast agent
administration showing negligible influence on the mean-HU, and CT indexes on 3D-VOI for predicting femoral osteoporosis showed
similar diagnostic accuracy with better reproducibility of measurement, compared with 2D-ROI.

CLINICAL RELEVANCE/APPLICATION

Since DXA is a 2D technique, clinically relevant diagnostic errors can be made. Using APCT, BMD can be assessed in femur by
measuring HU without additional imaging, radiation exposure, or patient time. Also, measurements performed with a VOI in the 3D
image plane may not be substantially affected by structural complexity of femur and cross-section selection as well as the ROI
location.

Printed on: 02/07/23
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PURPOSE

Diagnostic test accuracy (DTA) studies often compare two or more imaging modalities, yet little is known on the impact of reading-
order effects. Observer recall bias occurs when a subsequently performed test seems more accurate than an earlier test due to
retention of information from the earlier test, rather than a true difference in test performance. The purpose of this study was to
perform a methodological review of DTA comparative studies to assess strategies employed to limit observer recall bias.

METHODS AND MATERIALS

MEDLINE was used to identify DTA systematic reviews published in imaging journals from 2000 to 2021. Two reviewers
independently conducted title, abstract and full-text review to identify all systematic reviews comparing two or more index tests
including at least one diagnostic imaging modality. Each reviewer extracted data from the primary studies within each systematic
review. Disagreements were resolved by consensus or using a third reviewer where needed.

RESULTS

87 radiologic comparative DTA studies were included, of which 38 (44%) had the same radiologist interpret both modalities, 24
(28%) used separate radiologists, and 25 (29%) provided no details. A minimum time delay between interpretations was only
reported in 25 studies. Most studies (24%) required a minimum of 1 week between reads, followed by 2 weeks (16%) and 3 weeks
(12%). Two readers were most frequently used (44/87; 50.6%) to interpret index tests and most commonly, reading sessions were
conducted independently (40/87; 46.0%) rather than by consensus (14/87; 16.1%). Reader order was randomized in 20/87 (23%)
studies. 54/87 (62.1%) studies utilized some form of blinding to minimize clinical review bias.

CONCLUSION

s Strategies for addressing observer recall bias vary considerably in DTA comparative studies and are often suboptimal. Increased
awareness of this potential source of bias is needed.

CLINICAL RELEVANCE/APPLICATION

Reading-order effects are a potential source of bias in many diagnostic test accuracy comparative studies; increased recognition of
this pitfall could improve study quality and reporting consistency.

Printed on: 02/07/23
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Sub-Events

M2-SPNR-1 How Are We Handling All Those Fluoroscopic Guided Lumbar Puncture Requests? A Nationwide
Survey of Practice Trends

Participants
Tyler Richards, MD, Salt Lake City, UT (Presenter) Nothing to Disclose

PURPOSE

Our study's purpose was to determine how radiologists in different practice settings manage fluoroscopy guided lumbar puncture
(FGLP) referrals.

METHODS AND MATERIALS

An online questionnaire was sent to radiologists and trainees to survey their methodology of handling FGLP requests, pre-procedural
work-up including lab value and head imaging requirements, utilization of physician extenders (PEs)/trainees to perform FGLPs,
among others. Odds ratio (OR) was used to compare the categories.

RESULTS

Of 131 responses, 93.9% were from the U.S. and 81.7% were from an academic practice (AP) and 18.3% from a private practice
(PP). Regarding FGLP referrals, 27.5% of respondents stated it was not standard practice in their department that a bedside lumbar
puncture is attempted by a clinician prior to FGLP referral, a practice 4 x more common among PP respondents (OR 4.19 (95% CI:
1.86,9.65)). Morbid obesity (80.2%), congenitally altered anatomy (71.0%), and prior lumbar surgery with hardware (61.1%) were
some of the most frequent reasons respondents did not require a bedside LP attempt prior to referral for FGLP. 95.8% of PP and
84.1% of AP respondents were asked often to perform an FGLP by clinicians because the clinician does not feel competent
performing LPs. Of those, 74.3% stated they will always or sometimes agree to the request; a 4.7 higher likelihood that a PP
radiologist would oblige and always agree to perform the FGLP compared to an academic radiologist (OR 4.7 (95% CI: 1.3-20.5).
42.0% of respondents stated that they would always comply if a patient specifically requests an FGLP without a bedside LP
attempt, 2.5 x higher likelihood for PP respondents (OR 2.5 (95%CI: 1.15-5.56)). Regarding FGLP operators, AP respondents were
less likely to have PEs perform FGLPs compared to PP respondents (31.8% vs. 45.8%; (OR 0.65 (95% CI: 0.3,1.42)). In academic
practices, 72.9% reported trainees perform >50% of their FGLPs. Regarding pre-procedural work up, 42.0% of respondents stated
that they check coagulation labs on all patients prior to FGLP and 84.0% of respondents stated that patients should get a head CT
prior to an FLGP only if there is high suspicion for increased intracranial pressure, similar between PP and AP respondents.

CONCLUSION

s This survey demonstrates that many academic and private practice radiology practitioners are relatively lenient in obliging to
perform FGLPs in patients. There were many differences and some similarities in management of FGLP referrals and pre-procedural
workup between academic and private practice groups.

CLINICAL RELEVANCE/APPLICATION

Our findings demonstrate the current methods of how private practice and academic radiologists handle FGLPs referrals and can be
potentially used to develop guidelines of best FGLP practices.

M2-SPNR-11Leptomeningeal Metastases in Glioma Revisited: High Incidence and Their Molecular Predictors based
on Recent Imaging and Molecular Diagnostics

Participants
Sung Soo Ahn, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE
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aimed to |nvest|gate a real-world incidence of LM using a CSF-sensitive MR imaging technique and analyze molecular predlctors for
LM in the molecular era.

METHODS AND MATERIALS

Total 1,405 adult glioma patients underwent post-contrast fluid attenuated inversion recovery (FLAIR) imaging at initial diagnosis
and during treatment monitoring between March 2001 and October 2021. Molecular data included isocitrate dehydrogenase (IDH)
mutation, 1p/19q co-deletion, H3 K27M alteration, and O6-methylguanine-methyltransferase (MGMT) promoter methylation status.
Multivariable logistic regression analysis for LM development was performed in molecular data, clinical data, and imaging
characteristics. Median overall survival (OS) was compared between patients with and without LM using Kaplan-Meier survival
curves and log-rank test.

RESULTS

LM was identified in 16.2% of glioma (228 of 1405), with 7.8% (110 of 1405) at initial diagnosis, and 8.4% (118 of 1405) at
recurrence. Among molecular diagnostics, IDH-wildtype (odds ratio [OR] 3.14, P = .001) and MGMT promoter unmethylation (OR
1.43, P =.034) were independent predictors of LM. WHO grade 4 (OR 10.52, P <.001) and nonlobar location (OR 1.54, P=.048) were
associated with LM at initial diagnosis, whereas IDH-wildtype (OR 5.04, P <.001) and H3 K27M alteration (OR 3.39, P =.003) were
significantly associated with LM at recurrence. Patients with LM had a worse median OS than those without LM (16.7 vs. 32.0
months, log-rank test; P <.001). N

CONCLUSION

s CSF-sensitive MR imaging diagnostics aid diagnosis of LM and reduced an underdiagnosed condition in adult gliomas. Molecular
markers affect LM at initial diagnosis and at recurrence, and patients with aggressive molecular markers warrant imaging
surveillance of LM.

CLINICAL RELEVANCE/APPLICATION

The incidence of LM in glioma is underestimated due to lack of sensitive imaging protocol. Here, we utilized CSF-sensitive MRI with
post-contrast FLAIR and discovered a high frequency of 228 (16.2%) patients diagnosed with LM in 1,405 diffuse glioma patients.
Our findings emphasize the role of molecular markers in the development of LM in glioma patients. Patients with aggressive
molecular markers such as IDH-wildtype and H3 K27M alteration warrant imaging surveillance of LM.

M2-SPNR-12Use of VASARI Features for The Systematic Identification of Typical and Atypical Primary Central
Nervous System Lymphomas

Participants
Irene Dixe de Oliveira Santo, MD, New Haven, CT (Presenter) Nothing to Disclose

PURPOSE

The imaging appearance of PCNSL is highly variable with a significant proportion of cases demonstrating atypical features,
frequently leading to a significant delay in diagnosis. Standardized classification of features has the potential to improve recognition
of atypical variants, which is especially important given the drastically different treatment approach from the similar-appearing
gliomas.

METHODS AND MATERIALS

Presurgical MR images of 71 patients with histologically-proven PCNSL were scored independently according to the VASARI (Visually
Accessible Rembrandt Images) features by two different neuroradiologists. Classification into typical versus atypical PCNSL was
based on enhancement pattern, presence or absence of necrosis, hemorrhage, and calcification. Age at diagnosis, gender,
presenting symptoms, immune status, biochemical and molecular profile of the neoplasms, treatment, and overall survival were also
recorded. The influence of visual appearance (atypical versus typical) on overall survival was analyzed using the Kaplan-Meier
method and tested for significance using log-rank test (alpha=0.05).

RESULTS

Appearance of PCNSL was highly variable ranging from multiple infiltrative solid masses to ring-enhancing lesions. Periventricular and
ependymal involvement were among the most common locations. Systematic scoring classified 44 (62%) patients into typical and
27 (38%) patients into atypical PCNSL. Presence of hemorrhage on SWI was often responsible for classification into atypical.
Regarding survival, median OS was significantly lower for atypical (203 days) compared to typical (767 days) PCNSL (p = 0.012).

CONCLUSION
s Up to a third of our PCNSL patients demonstrated atypical MRI features, which may complicate diagnosis.
CLINICAL RELEVANCE/APPLICATION

Awareness of varying imaging presentations of PCNSL may alert the interpreting radiologist to consider lymphoma early and expedite
diagnosis and treatment.

M2-SPNR-13 Usefulness of the Wave-CAIPI for the Post-contrast 3D T1-SPACE in The Evaluation of Brain
Metastases

Participants
Youngjin Heo, MD, (Presenter) Nothing to Disclose

PURPOSE

High-resolution post-contrast 3D T1WI is a widely used sequence for evaluating brain metastasis, despite the long scan time. This
study aimed to compare highly accelerated post-contrast 3D T1-weighted sampling perfection with application-optimized contrasts
by using different flip angle evolution using Wave-controlled aliasing in parallel imaging (Wave-T1-SPACE) with the commonly used

standard high-resolution post-contrast 3D T1-SPACE for the evaluation of brain metastases.

METHODS AND MATERIALS



Among the 387 patients who underwent post-contrast wave-T1-SPACE and standard SPACE, 56 patients with suspected brain
metastases were retrospectively included. Two neuroradiologists assessed the number of enhancing lesions according to lesion size,
contrast-to-noise ratio (CNR) lesion/parenchyma, CNR white matter/gray matter, contrast ratio (CR) lesion/parenchyma, and overall
image quality for the two different sequences.

RESULTS

Although there was no significant difference in the evaluation of larger enhancing lesions (>5 mm) between the two different
sequences (P=0.66 for observer 1, P=0.26 for observer 2), wave-T1-SPACE showed significantly lower number of smaller enhancing
lesions (<5 mm) than standard SPACE (1.61+0.29 vs 2.84+0.47 for observer 1, 1.41+0.19 vs 2.68+0.43 for observer 2).
Furthermore, mean CNRlesion/parenchyma and overall image quality of wave-T1-SPACE were significantly lower than standard
SPACE.

CONCLUSION

s Post-contrast wave-T1-SPACE showed comparable diagnostic performance for larger enhancing lesions (>5 mm) and marked scan
time reduction as compared with standard SPACE. However, post-contrast wave-T1-SPACE showed underestimation of smaller
enhancing lesions (<5 mm) and lower image quality than standard SPACE. Therefore, post-contrast wave-T1-SPACE should be
interpreted carefully in the evaluation of brain metastasis.

CLINICAL RELEVANCE/APPLICATION

Recently, accelerated 3D acquisition techniques have been developed to reduce the scan time of high-resolution 3D T1WI
sequences while preserving image quality. Wave-controlled aliasing in parallel imaging (Wave-CAIPI; Siemens Healthineers) is
advanced parallel imaging technique that combines a corkscrew gradient trajectory with CAIPI shifts in the ky and kz directions to
efficiently encode k-space and evenly spread the voxel aliasing in all dimensions. This allow to take better advantage of the 3D coil
sensitivity information to provide highly accelerated parallel imaging with negligible artifacts and signal-to-noise ratio penalties.
Therefore, we evaluated the diagnostic performance according to the lesion size and overall image quality of post-contrast wave-
T1-SPACE for the evaluation of brain metastases.

M2-SPNR-14 White Matter Hyperintensities in Younger Mild Traumatic Brain Injured Patients

Participants
Priya Santhanam, PhD, (Presenter) Nothing to Disclose

PURPOSE

This study aims to identify associations between white matter hyperintensities (WMH) and the presentation and progression of
post-concussive symptoms in patients 40 years and younger with mild traumatic brain injury (mTBI).

METHODS AND MATERIALS

MTBI patients (n=152; mean age=30 yrs) without preexisting head pathology were included in this study. Axial T2-weighted and
T2-FLAIR sequences were performed on a 3.0 Tesla MR Signa HDxt system. Hyperintensities were regionally classified by lobe
(frontal, parietal, temporal, or occipital) or cerebellum. Clinical data, including presence of several post-concussive symptoms, was
obtained via retrospective chart review. Patient groups were compared by the presence or absence of WMH on imaging as well as
by whether the patient had loss-of-consciousness (LOC) during injury. Interval-censored data analyses were performed to test the
time to recovery between the comparison groups as recovery is only known to be between two examinations.

RESULTS

At least one WMH was present in 44% of male and 52% of female patients. Single WMH were predominantly located in the frontal
lobe (84%) and more commonly in the left hemisphere (65%). LOC was more prevalent (p=0.018) in those with WMH as compared
to those without WMH. While symptoms improved or resolved in both groups, a larger percentage of patients without WMH showed
improvement as compared to patients with WMH. Patients with WMH also took significantly longer to recover from cognitive deficits
than those without WMH (p=0.0177). Patients with LOC had a higher incidence of balance deficits as compared to patients without
LOC (p=0.0391), while a larger percentage of those without LOC showed improvement or resolution of symptoms, specifically
headache (p=0.0406), balance deficits (p=0.0173), and cognitive deficit (p=0.0341).

CONCLUSION

s This study revealed several significant associations between quantitative WMH findings, loss of consciousness, and clinical
outcomes following mTBI. Taken together, findings suggest the presence of WMH in younger TBI patients may influence patient
symptomology, while co-morbid LOC may lead to poor outcomes and recovery for affected individuals.

CLINICAL RELEVANCE/APPLICATION

The presence of white matter hyperintensities in younger patients with mild traumatic brain injury and loss of consciousness could
be related to symptom prevalence, long-term outcomes, and recovery.

M2-SPNR-15IDH and 1p19q Diagnosis in Diffuse Glioma from Preoperative MRI Using Artificial Intelligence

Participants
Hugh McHugh, BMBCh, Auckland, New Zealand (Presenter) Clinical Al Registrar, Harrison Al Research Grant, RANZCR

PURPOSE

Isocitrate dehydrogenase (IDH) mutation and 1p19q codeletion are key molecular markers in glioma which both confer a more
favorable prognosis. In the 2021 WHO classification of CNS tumours IDH and 1p19q status determine the glioma sub-categories of
glioblastoma, astrocytoma and oligodendroglioma. IDH and 1p19q status is unknown until after surgery unless there is a biopsy
which is uncommon. Reliable preoperative molecular characterization may facilitate tailored treatment approaches, for example if
molecular status affects the optimal extent of tumor resection.Emerging research supports the potential of MRI-based IDH and
1p19q diagnosis. A limitation is the relative lack of generalization and external validation outside the widely used The Cancer
Imaging Archive (TCIA) dataset. We present a combined IDH and 1p19q classification algorithm and assess performance on a local
retrospective cohort and a fully independent cohort from the Erasmus Glioma Database (EGD).



METHODS AND MATERIALS

2D convolutional neural networks were trained to provide IDH and 1p19q classification. Inputs are T1 post-contrast, T2, and FLAIR
sequences. Training data consists of preoperative imaging from the TCIA dataset (n=184) and images from a locally obtained cohort
that were obtained prior to 1/1/2018 (n=349). Evaluation data consists of the most recent cases from the local cohort obtained
between 1/1/2018 and 31/8/2021 (n=205) and the EGD (n=420).

RESULTS

Subject-wise IDH classification accuracy was 93.3% and 91.5% on the local cohort and EDG, with AUC of 95.4% and 95.8%,
respectively. 1p19q accuracy was 94.5% and 87.5% with AUC of 92.5% and 85.4% on the local cohort and EGD. Combined
subject-wise IDH and 1p19q accuracy was 90.4% and 84.3% on the local cohort and EGD, with AUC of 92.4% and 91.2%.

CONCLUSION

s High IDH and 1p19q classification performance was achieved on the local retrospective cohort. Generalization to the EGD was
robust, demonstrating the potential for clinical translation. This method is able to non-invasively predict tumor subtypes according
to the WHO 2021 classification with high accuracy using readily available imaging without the need for MR spectroscopy. This may
better inform patients and clinicians prior to surgery and demonstrates the high potential impact in glioma diagnostics.

CLINICAL RELEVANCE/APPLICATION

This research externally validates non-invasive IDH and 1p19q diagnosis in glioma from preoperative MRI using artificial intelligence
techniques allowing tumor classification by WHO 2021 criteria.

M2-SPNR-16 Compare the Performance of MRI-based 2.5D and 3D Convolutional Neural Networks in Differential
Diagnosis of High-grade Gliomas and Single Brain Metastases

Participants
Bin Zhang, (Presenter) Nothing to Disclose

PURPOSE

The 2.5D convolutional neural network models have unique advantages for studies with moderate sample sizes, while the 3D model
can completely extract tumor and peritumoral features. To explore and compare the value of preoperative differential diagnosis of
high-grade gliomas (HGG) and single brain metastases (BM) under 2.5D and 3D convolutional neural network models.

METHODS AND MATERIALS

T2WI and contrast-enhanced T1WI(CE T1WI) images of 230 patients with HGG and 111 patients with BM confirmed by surgery and
pathology were retrospectively collected.The radiologist delineated the regions of interests (ROIs) of the input images of the 2.5D
networks and 3D networks on the T2WI and CE T1WI axial images of the registered MRI. The slice nth with the largest tumor
parenchyma area on the MRI image was determined, and then the tumor area (including tumor parenchyma and peritumoral edema
area) of the slice of (n-2)th,nth and (n+2)th was delineated respectively. Define a minimum rectangular box as the ROIs of the
2.5D models that can cover all tumor areas at the three slices. Define the smallest 3D rectangular box that can completely contain
the tumor area at all slices as the ROIs of the 3D models. Finally, based on DenseNet convolutional neural networks respectively
build prediction models for T2WI and CE T1WI sequences under 2.5D and 3D model.The predictive performance of each model was
evaluated by the receiver operating characteristic(ROC) curve, and the differences in the ROC curves of the models built by
different convolutional neural networks were compared in pairs by Delong's test.

RESULTS

The best AUC values of the 3D model on CE T1WI and T2WI were 0.852 and 0.802, respectively. And the best AUC values of the
2.5D model on CE T1WI and T2WI were 0.831 and 0.784, respectively.The performance of the 3D models were better than that of
the 2.5D models. Delong's test showed that the differences between the models were statistically significant (P<0.05).

CONCLUSION

s The MRI-based 2.5D and 3D convolutional neural network models have better diagnostic performance in differentiating HGG and
single BM, and the 3D models have better diagnostic performance than 2.5D models. The deep learning model can be used to
identify HGGs and BMs and assist in clinical formulation of precise treatment plans potential tool.

CLINICAL RELEVANCE/APPLICATION

The 2.5D model has better advantages in the deep learning model with a medium sample size, which can make up for the problem of
the large data demand of the 3D model. While the 3D convolutional neural network structure analyzes the lesion information more
completely, so it is easier to apply to clinical practice. The establishment of the prediction model will be able to differential diagnose
HGG and single BM through non-invasive imaging examination.

M2-SPNR-17 Predicting the Isocitrate Dehydrogenase Wildtype in Non-enhancing or Poorly Enhancing Glioma by
Conventional MRI Features and Apparent Diffusion Coefficient

Participants
Jiyoung Song, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To develop predictive models using clinically available MRI parameters for predicting isocitrate dehydrogenase (IDH) status of
gliomas with no or poor enhancement, which is considered as a radiologically low-grade feature.

METHODS AND MATERIALS

This retrospective study included 241 patients with surgically resected and pathologically confirmed gliomas that showed no or poor
enhancement (less than 5% of the entire tumor volume) in the preoperative MRI. Visual rating of imaging features (T1-weighted,
T2-weighted, FLAIR, contrast-enhanced T1-weighted images, and cerebral blood volume map) was performed. Regions of interest
were drawn to acquire the apparent diffusion coefficient (ADC) mean (ADCmean) and minimum (ADCmin) in tumor and ADCnhawm in
normal-appearing white matter. Univariable and multivariable logistic regression analyses were performed for each imaging feature



and ADC value. Then, receiver operating characteristic curve analysis was done with probability index calculated from the
multivariable logistic regression model. A subgroup analysis was performed to predict IDH status in the non-enhancing gliomas.

RESULTS

In 241 non-enhancing or poorly enhancing gliomas, T2/FLAIR mismatch sign showed 100% specificity (42 of 42) to predict IDH-
mutant gliomas. Among 199 gliomas with negative T2/FLAIR mismatch signs, 78 were IDH-wildtype. A predictive model incorporating
age, calcification, multifocality, FLAIR homogeneity, ADCmin-to-ADCnawm ratio, and cortical involvement showed area under the
curve (AUC) of 0.909 (95% CI: 0.858-0.946) with 90.8% sensitivity and 81.2% specificity. In the subgroup analysis for 116 non-
enhancing tumors (46 IDH-wildtypes and 70 IDH-mutants) a predictive model that consisted of the same variables showed AUC of
0.883 (95% CI: 0.808-0.935), 82.6% sensitivity, and 88.1% specificity.

CONCLUSION

s Algorithms incorporating T2/FLAIR mismatch sign, age, calcification, multifocality, FLAIR homogeneity, ADCmin-to-ADCnawm ratio,
and cortical involvement predicted IDH wild-type gliomas with radiologically low-grade feature.

CLINICAL RELEVANCE/APPLICATION

According to 2021 WHO classification for adult-type diffuse gliomas, even if a tumor seems low-grade, being IDH-wildtype satisfies
a necessary condition to be diagnosed as glioblastoma. This study developed models using clinically available MRI parameters for
predicting IDH status of gliomas with no or poor enhancement, which is considered as a radiologically low-grade feature.

M2-SPNR-18 High-resolution Clinical Functional MRI at 7T in Patients with Brain Tumors: Initial Assessment

Participants
Kinsey Lano, BS, Houston, TX (Presenter) Nothing to Disclose

PURPOSE

This study aimed to evaluate spatial localization accuracy of a high-resolution (1.4 mm isotropic) 7T fMRI protocol and compare
with a clinical 3T protocol with typical resolution (1.9 x 1.9 x 4 mm3).

METHODS AND MATERIALS

Hand motor fMRI studies of 24 patients (n=12 on 7T and 12 on 3T) were evaluated. The 7T patients included 1 with brain mets, 3
with low-grade, and 8 with high-grade gliomas. The 3T patients included 4 with low-grade and 8 with high-grade gliomas. The fMRI
paradigm consisted of 6 cycles of resting and bilateral hand-motor task blocks. T2*-weighted EPI sequences were used for the
fMRI at 7T (TR/TE=2000 ms/24 ms, PI=3, SMS=2, 1.4 x 1.4 x 1.4 mm3) and at 3T (TR/TE=3000 ms/25 ms, PI=2, 1.9 x 1.9 x 4.0
mm3). The fMRI pre-processing included motion correction and co-registration with 3D T1-weighted images. Functional t-value
maps were then generated by the standard GLM method. The t-value maps were thresholded at two statistical levels: (1) FWE-
corrected p It 0.05 (t gt 5.5 and 6.1 for 7T and 3T, respectively), and (2) t gt 4.0. For each patient, the most relevant motor-
activation cluster on the lesion side was visually determined. The smallest distance between the center of the cluster and the
central sulcus was measured and categorized: (1) gt 2 mm, (2) 2-4 mm, and (3) 5-10 mm.

RESULTS

At 7T, activation clusters at expected hand motor areas were detected in 7 (58%) and 9 (75%) out of the 12 patients at the
statistical level of p It 0.05, FWE corrected, and t gt 4.0, respectively. The spatial localization accuracy was within 2 mm for all the
9 patients with detected activation clusters. At 3T, hand motor activations were detected in 11 (92%) and 12 (100%) out of the
12 patients at the two statistical levels. The spatial localization accuracy assessment found 4 (33%), 6 (50%), and 2 (17%)
patients having the detected activation cluster centered at gt 2mm, 2-4 mm, and 5-10 mm, respectively, from the central sulcus.

CONCLUSION

s We demonstrated that high-resolution fMRI at 7T is feasible for mapping primary motor areas in clinical routine. More accurate
functional localization was achieved using the high-resolution 7T protocol compared to our routine protocol at 3T.

CLINICAL RELEVANCE/APPLICATION

The higher fMRI sensitivity at 7T allows imaging at higher spatial resolution, which leads to improved localization accuracy for
presurgical functional mapping.

M2-SPNR-19 Nomogram for Predicting Early Recurrence in Patients with High Grade Glioma

Participants
Qing Zhou, Lanzhou, China (Presenter) Nothing to Disclose

PURPOSE

To develop a nomogram to predict early recurrence of high-grade glioma (HGG) based on clinical factors, genetic factors, and MRI
parameters.

METHODS AND MATERIALS

154 HGG patients were classified into recurrence and non-recurrence groups based on pathological diagnosis and RANO criteria.
Clinical information included age, sex, and preoperative Karnofsky Performance Status (KPS) scores. Gene information included P53,
IDH1, MGMT, and TERT status. All patients had baseline MRIs before treatment, including T1WI, T2WI, T1C, Flair and DWI
examinations. The tumor location, single/multiple tumors, tumor diameter, peritumoral edema, necrotic cyst, hemorrhage, average
apparent diffusion coefficient(ADC) value and minimum ADC values were evaluated. Univariate and multivariate logistic regression
were used to determine the predictors of early recurrence and to build the nomogram.

RESULTS

Univariate analysis showed that the number of tumors (OR, 0.258; 95% CI: 0.104, 0.639; P = 0.003) and peritumoral edema (OR,
0.965; 95% CI 0.942, 0.988; P = 0.003; mean in the recurrence group 22.04+17.21 mm; mean in the non-recurrence group
14.22+12.84 mm) were statistically significantly different in patients with early recurrence. Genetic factors included IDH1 (OR,



4.405; 95% CI 1.874, 10.353; P=0.001), and MGMT (OR, 2.389; 95% CI 1.234, 4.628; P= 0.010). Multivariate logistic regression
analysis revealed that the number of tumors (OR, 0.227; 95% CI 0.084, 0.616; P = 0.004), peritumoral edema (OR, 0.969; 95% CI
0.945, 0.993; P =0.013) and IDH1 (OR, 4.200; 95% CI 1.602, 10.013; P= 0.004) were independent risk factors for early
recurrence. The nomogram showed the highest net benefit when the threshold probability was less than 63%.

CONCLUSION

s A nomogram prediction model based on results that are easily available before surgery can effectively aid clinical treatment
decisions for newly diagnosed HGG patients.

CLINICAL RELEVANCE/APPLICATION

A nomogram prediction model can effectively aid treatment decisions in newly diagnosed HGG patients. Neurosurgeons may adjust
the surgical decision on the scope of tumor resection based on the prediction model. For tumor tissues with a high risk of
recurrence and high infiltration, the radiation oncologist can also upgrade the radiation dose to high-risk areas.

M2-SPNR-20 Peritumoral MR Imaging Radiomic Features Improves Identification of Circumscribed Astrocytic
Gliomas and High-grade Gliomas

Participants
Shuang Li, (Presenter) Nothing to Disclose

PURPOSE

In the 2021 WHO classification of tumors of the central Nervous System, the terms of “diffuse” and “circumscribed” were applied to
the classification of gliomas, diffuse gliomas are characterized by extensive infiltration, while circumscribed astrocytic gliomas show
a solid growth pattern. The most common circumscribed astrocytic gliomas are pilocytic astrocytoma (PA) and pleomorphic
xanthoastrcytoma (PXA). MR imaging findings of them can resemble high grade gliomas (HGGs). We aimed to develop an MRI-based
radiomics model to distinguish circumstanced glioma from HGGs.

METHODS AND MATERIALS

Preoperative T2 fluid-attenuated inversion recovery (T2 FLAIR) and contrast-enhanced T1-weighted imaging (CE-T1WI) data were
obtained from 160 patients (91 circumscribed astrocytic gliomas and 69 glioblastoma) between 2016 and 2020. 1288 features were
obtained in tumor region and the 5 mm thickness peritumoral region, respectively. We up-sampled features by repeating random
cases to make samples balance. Then, we applied the normalization on the feature matrix. Feature pairs with PCC values larger
than 0.990 will be removed. Before build the model, we used recursive feature elimination (RFE) to select features. Support vector
machine (SVM) was used as a classifier. To determine the hyper-parameter of model, we applied cross validation with 10-fold on
the training data set. The hyper-parameters were set according to the model performance on the validation data set. The
performance of the model was evaluated using receiver operating characteristic (ROC) curve analysis. The area under the ROC
curve (AUC) was calculated for quantification. We also estimated the 95% confidence interval by bootstrape with 1000 samples.

RESULTS

Intratumor radiomic features achieved AUCs of 0.820(CE-T1WI) and 0.787(T2 FLAIR). The integrated model, incorporating intra-
and peritumoral features extracted from T2 FLAIR and CE-T1WI images, improved the AUCs to 0.889 on the same test set.

CONCLUSION

s An imaging-based model combining tumor and peritumor radiomics can help to distinguish between circumscribed astrocytic
gliomas and high-grade gliomas.

CLINICAL RELEVANCE/APPLICATION

Circumscribed astrocytic gliomas had better prognosis than HGGs. Correct differential diagnosis is vital for preoperative decision-
making and prognostic evaluation. Radiomic features extracted from intra- and peritumoral region may help the identification.

M2-SPNR-4 Discriminative Power of Macro- And Microstructural MRI in the Differential Diagnosis of
Neurodegenerative Parkinsonian Syndromes

Participants
Alexander Rau, MD, Freiburg, Germany (Presenter) Nothing to Disclose

PURPOSE

To investigate the discriminative performance of macro- and microstructural MRI in the differential diagnosis of neurodegenerative
parkinsonian syndromes (NPS).

METHODS AND MATERIALS

We included patients with NPS according to current consensus diagnostic criteria, i.e. 136 patients with Parkinson ‘s disease (PD),
32 patients with progressive supranuclear palsy (PSP), 41 patients with multiple system atrophy (MSA) as well as 37 healthy
controls (HC) in this monocentric retrospective cross-sectional study. Tissue probability values for gray matter, white matter and
CSF were automatically obtained by CAT12. In addition, the microstructure of the patients was analyzed using a mesoscopic
approach by diffusion tensor imaging (DTI) and diffusion microstructure imaging (DMI). Respective parameters were extracted using
the AAL3-atlas and ROIs with great relevance for PSP. Based on this, a linear support vector machine (SVM) was trained and
optimized in respect of ROC-AUC in a one-vs-rest (OVR) classifier. The diagnostic performance of SVM was compared with respect
to different inputs, i.e. TPV, DTI and DMI individually.

RESULTS

Diffusion MRI outperformed the Tiw derived TPV with a correct classification in 80% for DTI, 79% for DMI and 52% for TPV. The
corresponding OVR-ROC-AUC of DTI was 0.92 for HC, 0.89 for PD, 0.95 for MSA and 0.93 for PSP and for DMI 0.91 (HC), 0.90 (PD),
0.96 (MSA) and 0.93 (PSP).

CONCLUSION
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by conventional imaging in the diagnosis of NPS. The particularly good performance of microstructural approaches in the diagnosis
of PD, as a weak point in conventional MRI, underlines the potential of this approach. The introduced automatic approach might
facilitate the MRI diagnosis of patients with suspected NPS.

CLINICAL RELEVANCE/APPLICATION

The developed approach might facilitate the differential diagnosis of neurodegenerative parkinsonian syndromes in an objective
manner and is therefore of high clinical relevance.

M2-SPNR-6 Usefulness of 3D FIESTA in Differentiating Parkinson's Disease From Parkinson Syndrome: Volumetric
Alternation of Olfactory Bulb

Participants
Ide Ide, MD, (Presenter) Nothing to Disclose

PURPOSE

Parkinson's disease (PD) is a neurodegenerative disease, related with deposition of Lewy body. Braak stage of Lewy pathology
shows the initiation sites are in the olfactory bulb (OB), hence, olfactory dysfunction is among the earliest nonmotor features of
PD. It's sometimes difficult to differentiate PD from parkinson syndrome (PS), such as multiple system atrophy (MSA), corticobasal
syndrome (CBS), and progressive supranuclear palsy (PSP) using conventional MRI and clinical symptom. It's known that olfactory
loss occurs to a lesser extent or is absent in PS. Therefore, we hypothesized OB change may be useful in differential diagnosis. 3D
fast imaging employing steady-state acquisition (FIESTA) results in good delineation of cranial nerves, however, no study
demonstrated OB volume change between PD and PS using 3D-FIESTA. Our purpose is to determine whether OB measurement on
3D-FIESTA is useful for differentiating PD from PS.

METHODS AND MATERIALS

Sixty-four PD (mean age + SD: 71.5 £9.4), 8 MSA (68.9 +£8.9), 10 PSP (75.9 £ 8.3), and 8 CBS (73.8 £ 8.9) patients were
recruited. Thirty-three healthy subjects (HS) (63.8 + 18.6) were also recruited as normal controls. The diagnoses were made
according to the diagnostic criteria by an experienced neurologist. The parameter of 3D-FIESTA is following: 3T SIGNA Premier
(GE), FA 45deg, TR 4ms, TE 2ms, matrix 512x512, slice thickness 1.0mm, scan time 2:27, spatial resolution: 0.6x0.6x0.8 mm. The
cross-sectional area of the OB was measured using manual ROI method, and we used maximum area of OB in coronal plane. The
average of bilateral OB was calculated for each subject. We performed group comparison and diagnostic accuracy test using
Welch's t test and ROC analysis, respectively. All statistics were performed with BellCurve for Excel (Social Survey Research
Information Co., Ltd.).

RESULTS

The mean area of OB was significantly smaller for PD patients (mean area £ SD mm2: 4.1 + 1.0) than for HSs (6.6 *+ 1.4, plt;0.01).
Moreover, that of PD were also significantly smaller than that of MSA (6.0 + 1.4, p=.007), PSP (4.8 £ 0.9, p=.03), and CBS (5.3 £
1.2, p=.03), respectively (Figure 1 and 2). The ROC analyses showed that good diagnostic performance, especially in analysis of PD
vs MSA (AUC: 0.874, optimal cut off points: 5.6 mm2, sensitivity: 93.8%, specificity: 87.5%).

CONCLUSION

s Our results suggest the OB volume loss in PD, which may reflect degeneration due to deposition of Lewy body. OB volumetry using
3D-FIESTA can be useful to differentiate PD from PS, especially for MSA.

CLINICAL RELEVANCE/APPLICATION

OB volumetry with 3D-FIESTA may contribute precise diagnoses in PD and PS showing atypical MR findings. 3D-FIESTA is a common
and widespread MR technique, which can work as clinical routine MR application in patients with Parkinsonism.

M2-SPNR-7 Altered Cerebral Blood Flow in Spinocerebellar Degeneration Patients

Participants
Bing Liu, Beijing, China (Presenter) Nothing to Disclose

PURPOSE

Spinocerebellar degeneration (SCD) comprises a multitude of disorders with sporadic and hereditary forms, including spinocerebellar
ataxia (SCA), cerebellum-type of multiple system atrophy (MSA) and more complex phenotypes. Except for progressive cerebellar
ataxia and structural atrophy, hemodynamic changes have also been demonstrated in SCD. This study aimed to clarify the whole-
brain altered patterns of cerebral blood flow (CBF) and its correlations with disease severity and emotional abnormalities in SCD via
arterial spin labeling (ASL).

METHODS AND MATERIALS

Thirty SCD patients and 30 age- and sex-matched healthy controls (HC) were prospectively recruited to undergo ASL examinations
in a 3.0T MR scanner. The Scale for Assessment and Rating of Ataxia (SARA) and the International Cooperative Ataxia Rating Scale
(ICARS) scores were used to reflect the disease severity in SCD patients. Additionally, the status of anxiety and depression among
all patients were evaluated by the Self-Rating Anxiety Scale (SAS) and the Self-Rating Depression Scale (SDS). We compared the
whole-brain CBF between SCD group and HC group at voxel level. And the ROI-based correlation analyses between CBF and disease
severity as well as emotional abnormalities were performed for SCD group.

RESULTS

Compared with HC, SCD patients exhibited decreased CBF in two clusters (FWE corrected P<0.05), covering bilateral dentate and
fastigii nuclei, lobule VIX, lobule VX, bilateral lobule HI-IV and lobule HIX, left lobule HVI and right lobule HVIIIb as Clusterl and the
dorsal part of raphe nucleus in midbrain as Cluster2. The CBF of Cluster 1 was negatively correlated with SARA scores (Spearman’s
rho=-0.374, P=0.042) and SDS standard scores (Spearman’s rho=-0.388, P=0.034), respectively. While the CBF of Cluster2 also had
negative correlations with SARA scores (Spearman’s rho=-0.370, P=0.044) and ICARS scores (Pearson r=-0.464, P=0.010).

CONCLUSION
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and tongue movement activations areas. Decreased CBF was related to disease severity and depression status in SCD. Therefore,
CBF may be a promising neuroimaging biomarker to reflect the severity of neurodegeneration and to provide warnings for emotional
changes.

CLINICAL RELEVANCE/APPLICATION

Decreased CBF in cerebellum and midbrain were associated with disease severity and depression level in SCD, which may help
reflect the degree of neurodegeneration in vivo, and give early warnings for SCD-related depression.

M2-SPNR-8 Diagnostic Performance of Susceptibility Map-weighted MRI According to Acquisition Plane for
Differentiating Neurodegenerative Parkinsonism

Participants
Suiji Lee, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To evaluate the diagnostic performance of SMwI according to the acquisition plane for differentiating neurodegenerative
parkinsonism.

METHODS AND MATERIALS

This retrospective, observational, single-institution study included patients who were consecutively enrolled from those who visited
movement disorder clinics and underwent both brain MRI and 18F-FP-CIT with clinical symptoms of suspected parkinsonism between
September 2021 and December 2021. Both oblique coronal plane (vertical to the midbrain) and anterior commissure-posterior
commissure (AC-PC) plane of SMwI were acquired. Abnormality was determined when there was any hypointense area that
obliterated the differentiation of the three layers and classified into 3 categories (0: normal, 1: intermediate, 2: abnormal) by two
neuroradiologists. 18F-FP-CIT PET served as the reference standard. The diagnostic performance of the oblique plane and AC-PC
plane of SMwI were assessed per substantia nigra and per participant. Inter-rater agreement was assessed using Cohen’s kappa
coefficient. McNemar's test was used to test the diagnostic performance of oblique coronal plane and AC-PC plane of SMwlI.

RESULTS

Total 194 patients (mean age = SD, 67 £10 years, 91 men) were included. Among them, 84 patients were diagnosed with IPD, 26
with MSA, 3 with PSP, 10 with CBS, 35 with ET, 10 with DIP, 4 with NPH and 22 with others. The overall inter-rater agreement for
both oblique and AC-PC plane was good (? = 0.747 and 758 for each, P <.001). In per participant analysis, the overall inter-rater
agreement for both oblique and AC-PC plane was good (? = 0.747 and 758 for each, P < .001). For reader 1, the overall sensitivity
of the oblique plane was 89.9% and that of the AC-PC plane was 91.7% (P =.727). The overall specificity of the oblique plane was
87.1% and that of AC-PC plane was 88.2% (P =.727). The overall accuracy of the oblique plane was 88.7% and that of AC-PC
plane was 90.2%, with p-value of 0.607. Reader 2 demonstrated similar results. For both readers, there was no significant
difference of sensitivity, specificity and accuracy between the oblique plane and the AC-PC plane.

CONCLUSION

s There was no significant difference of diagnostic performance between the oblique plane and the AC-PC plane of SMwI in
differentiating parkinsonism.

CLINICAL RELEVANCE/APPLICATION

This study assures clinics can choose any one of MRI acquisition planes of SMwI between oblique plane and AC-PC plane according
to their clinical settings in the diagnosis of parkinsonism.

M2-SPNR-9 Brain Connectivity Changes in Resting-State Functional MRI in Patients with HIV-Associated
Neurocognitive Disorder (hand): A Multi-voxel Pattern Analysis (MVPA) Approach Using Mutual
Connectivity Analysis (MCA)

Participants
Ali Vosoughi, Rochester, NY (Presenter) Nothing to Disclose

PURPOSE

To develop and evaluate a novel machine learning framework for identifying subjects with HIV-Associated Neurocognitive Disorder
(HAND) using Mutual Connectivity Analysis (MCA) by capturing connectivity differences in resting-state functional MRI (rsfMRI).

METHODS AND MATERIALS

Resting-state fMRI scans (3T, EPI sequence, TR=1.65s, 250 acquisitions) were acquired in a cohort of 45 age-matched subjects
(20 healthy, 25 HIV+, 16 of whom had HAND symptoms (HAND+)). After pre-processing, data was parcellated into 90 regions using
the Automated Anatomical Labeling atlas. Regions were represented by their average time-series. A nonlinear machine learning
connectivity analysis method (MCA [Citation blinded for review]), was used to quantify interdependence of region-specific time-
series producing a 8100-element connectivity matrix. Generalized matrix learning vector quantization feature selection revealed
regional connections that were most different between the groups. These were used for subsequent identification of HAND+
subjects using an adaptive boosting classifier in a Multi-Voxel Pattern Analysis (MVPA) framework. For both feature selection and
classification, strict data separation (90% train/10% test) was carried out in a 100-iteration cross-validation scheme. For
comparison, MCA was evaluated against the clinical standard technique of functional connectivity analysis using cross-correlating
(CC) low-pass filtered fMRI time-series. Area Under the Curve (AUC) for Receiver Operator Characteristics (ROC) analysis was used
to quantitatively evaluate diagnostic quality of HAND+ subject classification.

RESULTS

The MCA rsfMRI connectivity analysis method clearly outperformed the clinical standard CC technique in identifying HAND+ subjects
with AUC of 0.85 £ 0.27 for MCA, and 0.71 + 0.31 for CC, respectively. Diagnostic quality differences between both methods were
statistically significant (p<0.05, Wilcoxon signed-rank test).

CONCLUSION
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rsfMRI neuroimaging. We conclude that, when compared to conventional CC analysis, our MVPA framework is better suited to
capture disease-related brain network connectivity changes in HAND.

CLINICAL RELEVANCE/APPLICATION

The MCA method classifies HAND+ subjects and controls by identifying relevant changes in fMRI connectivity. Such changes can be
useful diagnostic imaging biomarkers for HIV-related neurologic disease.

Printed on: 02/07/23
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How Are We Handling All Those Fluoroscopic Guided Lumbar Puncture Requests? A Nationwide Survey of
Practice Trends

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - NR DPS

Participants
Tyler Richards, MD, Salt Lake City, UT (Presenter) Nothing to Disclose

PURPOSE

Our study's purpose was to determine how radiologists in different practice settings manage fluoroscopy guided lumbar puncture
(FGLP) referrals.

METHODS AND MATERIALS

An online questionnaire was sent to radiologists and trainees to survey their methodology of handling FGLP requests, pre-procedural
work-up including lab value and head imaging requirements, utilization of physician extenders (PEs)/trainees to perform FGLPs,
among others. Odds ratio (OR) was used to compare the categories.

RESULTS

Of 131 responses, 93.9% were from the U.S. and 81.7% were from an academic practice (AP) and 18.3% from a private practice
(PP). Regarding FGLP referrals, 27.5% of respondents stated it was not standard practice in their department that a bedside lumbar
puncture is attempted by a clinician prior to FGLP referral, a practice 4 x more common among PP respondents (OR 4.19 (95% CI:
1.86,9.65)). Morbid obesity (80.2%), congenitally altered anatomy (71.0%), and prior lumbar surgery with hardware (61.1%) were
some of the most frequent reasons respondents did not require a bedside LP attempt prior to referral for FGLP. 95.8% of PP and
84.1% of AP respondents were asked often to perform an FGLP by clinicians because the clinician does not feel competent
performing LPs. Of those, 74.3% stated they will always or sometimes agree to the request; a 4.7 higher likelihood that a PP
radiologist would oblige and always agree to perform the FGLP compared to an academic radiologist (OR 4.7 (95% CI: 1.3-20.5).
42.0% of respondents stated that they would always comply if a patient specifically requests an FGLP without a bedside LP
attempt, 2.5 x higher likelihood for PP respondents (OR 2.5 (95%CI: 1.15-5.56)). Regarding FGLP operators, AP respondents were
less likely to have PEs perform FGLPs compared to PP respondents (31.8% vs. 45.8%; (OR 0.65 (95% CI: 0.3,1.42)). In academic
practices, 72.9% reported trainees perform >50% of their FGLPs. Regarding pre-procedural work up, 42.0% of respondents stated
that they check coagulation labs on all patients prior to FGLP and 84.0% of respondents stated that patients should get a head CT
prior to an FLGP only if there is high suspicion for increased intracranial pressure, similar between PP and AP respondents.

CONCLUSION

s This survey demonstrates that many academic and private practice radiology practitioners are relatively lenient in obliging to
perform FGLPs in patients. There were many differences and some similarities in management of FGLP referrals and pre-procedural
workup between academic and private practice groups.

CLINICAL RELEVANCE/APPLICATION

Our findings demonstrate the current methods of how private practice and academic radiologists handle FGLPs referrals and can be
potentially used to develop guidelines of best FGLP practices.

Printed on: 02/07/23
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Leptomeningeal Metastases in Glioma Revisited: High Incidence and Their Molecular Predictors based on
Recent Imaging and Molecular Diagnostics
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Participants
Sung Soo Ahn, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

Leptomeningeal metastases (LM) in glioma has been underestimated due to low incidence and lack of reliable imaging. This study
aimed to investigate a real-world incidence of LM using a CSF-sensitive MR imaging technique and analyze molecular predictors for
LM in the molecular era.

METHODS AND MATERIALS

Total 1,405 adult glioma patients underwent post-contrast fluid attenuated inversion recovery (FLAIR) imaging at initial diagnosis
and during treatment monitoring between March 2001 and October 2021. Molecular data included isocitrate dehydrogenase (IDH)
mutation, 1p/19q co-deletion, H3 K27M alteration, and O6-methylguanine-methyltransferase (MGMT) promoter methylation status.
Multivariable logistic regression analysis for LM development was performed in molecular data, clinical data, and imaging
characteristics. Median overall survival (OS) was compared between patients with and without LM using Kaplan-Meier survival
curves and log-rank test.

RESULTS

LM was identified in 16.2% of glioma (228 of 1405), with 7.8% (110 of 1405) at initial diagnosis, and 8.4% (118 of 1405) at
recurrence. Among molecular diagnostics, IDH-wildtype (odds ratio [OR] 3.14, P = .001) and MGMT promoter unmethylation (OR
1.43, P =.034) were independent predictors of LM. WHO grade 4 (OR 10.52, P <.001) and nonlobar location (OR 1.54, P=.048) were
associated with LM at initial diagnosis, whereas IDH-wildtype (OR 5.04, P <.001) and H3 K27M alteration (OR 3.39, P =.003) were
significantly associated with LM at recurrence. Patients with LM had a worse median OS than those without LM (16.7 vs. 32.0
months, log-rank test; P <.001). N

CONCLUSION

s CSF-sensitive MR imaging diagnostics aid diagnosis of LM and reduced an underdiagnosed condition in adult gliomas. Molecular
markers affect LM at initial diagnosis and at recurrence, and patients with aggressive molecular markers warrant imaging
surveillance of LM.

CLINICAL RELEVANCE/APPLICATION

The incidence of LM in glioma is underestimated due to lack of sensitive imaging protocol. Here, we utilized CSF-sensitive MRI with
post-contrast FLAIR and discovered a high frequency of 228 (16.2%) patients diagnosed with LM in 1,405 diffuse glioma patients.
Our findings emphasize the role of molecular markers in the development of LM in glioma patients. Patients with aggressive
molecular markers such as IDH-wildtype and H3 K27M alteration warrant imaging surveillance of LM.

Printed on: 02/07/23
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Use of VASARI Features for The Systematic Identification of Typical and Atypical Primary Central Nervous
System Lymphomas
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Participants
Irene Dixe de Oliveira Santo, MD, New Haven, CT (Presenter) Nothing to Disclose

PURPOSE

The imaging appearance of PCNSL is highly variable with a significant proportion of cases demonstrating atypical features,
frequently leading to a significant delay in diagnosis. Standardized classification of features has the potential to improve recognition
of atypical variants, which is especially important given the drastically different treatment approach from the similar-appearing
gliomas.

METHODS AND MATERIALS

Presurgical MR images of 71 patients with histologically-proven PCNSL were scored independently according to the VASARI (Visually
Accessible Rembrandt Images) features by two different neuroradiologists. Classification into typical versus atypical PCNSL was
based on enhancement pattern, presence or absence of necrosis, hemorrhage, and calcification. Age at diagnosis, gender,
presenting symptoms, immune status, biochemical and molecular profile of the neoplasms, treatment, and overall survival were also
recorded. The influence of visual appearance (atypical versus typical) on overall survival was analyzed using the Kaplan-Meier
method and tested for significance using log-rank test (alpha=0.05).

RESULTS

Appearance of PCNSL was highly variable ranging from multiple infiltrative solid masses to ring-enhancing lesions. Periventricular and
ependymal involvement were among the most common locations. Systematic scoring classified 44 (62%) patients into typical and
27 (38%) patients into atypical PCNSL. Presence of hemorrhage on SWI was often responsible for classification into atypical.
Regarding survival, median OS was significantly lower for atypical (203 days) compared to typical (767 days) PCNSL (p = 0.012).

CONCLUSION
s Up to a third of our PCNSL patients demonstrated atypical MRI features, which may complicate diagnosis.
CLINICAL RELEVANCE/APPLICATION

Awareness of varying imaging presentations of PCNSL may alert the interpreting radiologist to consider lymphoma early and expedite
diagnosis and treatment.

Printed on: 02/07/23
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Usefulness of the Wave-CAIPI for the Post-contrast 3D T1-SPACE in The Evaluation of Brain Metastases

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - NR DPS

Participants
Youngjin Heo, MD, (Presenter) Nothing to Disclose

PURPOSE

High-resolution post-contrast 3D T1WI is a widely used sequence for evaluating brain metastasis, despite the long scan time. This
study aimed to compare highly accelerated post-contrast 3D T1-weighted sampling perfection with application-optimized contrasts
by using different flip angle evolution using Wave-controlled aliasing in parallel imaging (Wave-T1-SPACE) with the commonly used

standard high-resolution post-contrast 3D T1-SPACE for the evaluation of brain metastases.

METHODS AND MATERIALS

Among the 387 patients who underwent post-contrast wave-T1-SPACE and standard SPACE, 56 patients with suspected brain
metastases were retrospectively included. Two neuroradiologists assessed the number of enhancing lesions according to lesion size,
contrast-to-noise ratio (CNR) lesion/parenchyma, CNR white matter/gray matter, contrast ratio (CR) lesion/parenchyma, and overall
image quality for the two different sequences.

RESULTS

Although there was no significant difference in the evaluation of larger enhancing lesions (>5 mm) between the two different
sequences (P=0.66 for observer 1, P=0.26 for observer 2), wave-T1-SPACE showed significantly lower number of smaller enhancing
lesions (<5 mm) than standard SPACE (1.61%0.29 vs 2.84+0.47 for observer 1, 1.41+0.19 vs 2.68+0.43 for observer 2).
Furthermore, mean CNRlesion/parenchyma and overall image quality of wave-T1-SPACE were significantly lower than standard
SPACE.

CONCLUSION

s Post-contrast wave-T1-SPACE showed comparable diagnostic performance for larger enhancing lesions (>5 mm) and marked scan
time reduction as compared with standard SPACE. However, post-contrast wave-T1-SPACE showed underestimation of smaller
enhancing lesions (<5 mm) and lower image quality than standard SPACE. Therefore, post-contrast wave-T1-SPACE should be
interpreted carefully in the evaluation of brain metastasis.

CLINICAL RELEVANCE/APPLICATION

Recently, accelerated 3D acquisition techniques have been developed to reduce the scan time of high-resolution 3D T1WI
sequences while preserving image quality. Wave-controlled aliasing in parallel imaging (Wave-CAIPI; Siemens Healthineers) is
advanced parallel imaging technique that combines a corkscrew gradient trajectory with CAIPI shifts in the ky and kz directions to
efficiently encode k-space and evenly spread the voxel aliasing in all dimensions. This allow to take better advantage of the 3D coil
sensitivity information to provide highly accelerated parallel imaging with negligible artifacts and signal-to-noise ratio penalties.
Therefore, we evaluated the diagnostic performance according to the lesion size and overall image quality of post-contrast wave-
T1-SPACE for the evaluation of brain metastases.
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White Matter Hyperintensities in Younger Mild Traumatic Brain Injured Patients
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PURPOSE

This study aims to identify associations between white matter hyperintensities (WMH) and the presentation and progression of
post-concussive symptoms in patients 40 years and younger with mild traumatic brain injury (mTBI).

METHODS AND MATERIALS

MTBI patients (n=152; mean age=30 yrs) without preexisting head pathology were included in this study. Axial T2-weighted and
T2-FLAIR sequences were performed on a 3.0 Tesla MR Signa HDxt system. Hyperintensities were regionally classified by lobe
(frontal, parietal, temporal, or occipital) or cerebellum. Clinical data, including presence of several post-concussive symptoms, was
obtained via retrospective chart review. Patient groups were compared by the presence or absence of WMH on imaging as well as
by whether the patient had loss-of-consciousness (LOC) during injury. Interval-censored data analyses were performed to test the
time to recovery between the comparison groups as recovery is only known to be between two examinations.

RESULTS

At least one WMH was present in 44% of male and 52% of female patients. Single WMH were predominantly located in the frontal
lobe (84%) and more commonly in the left hemisphere (65%). LOC was more prevalent (p=0.018) in those with WMH as compared
to those without WMH. While symptoms improved or resolved in both groups, a larger percentage of patients without WMH showed
improvement as compared to patients with WMH. Patients with WMH also took significantly longer to recover from cognitive deficits
than those without WMH (p=0.0177). Patients with LOC had a higher incidence of balance deficits as compared to patients without
LOC (p=0.0391), while a larger percentage of those without LOC showed improvement or resolution of symptoms, specifically
headache (p=0.0406), balance deficits (p=0.0173), and cognitive deficit (p=0.0341).

CONCLUSION

s This study revealed several significant associations between quantitative WMH findings, loss of consciousness, and clinical
outcomes following mTBI. Taken together, findings suggest the presence of WMH in younger TBI patients may influence patient
symptomology, while co-morbid LOC may lead to poor outcomes and recovery for affected individuals.

CLINICAL RELEVANCE/APPLICATION

The presence of white matter hyperintensities in younger patients with mild traumatic brain injury and loss of consciousness could
be related to symptom prevalence, long-term outcomes, and recovery.
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IDH and 1p19q Diagnosis in Diffuse Glioma from Preoperative MRI Using Artificial Intelligence
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PURPOSE

Isocitrate dehydrogenase (IDH) mutation and 1p19q codeletion are key molecular markers in glioma which both confer a more
favorable prognosis. In the 2021 WHO classification of CNS tumours IDH and 1p19q status determine the glioma sub-categories of
glioblastoma, astrocytoma and oligodendroglioma. IDH and 1p19q status is unknown until after surgery unless there is a biopsy
which is uncommon. Reliable preoperative molecular characterization may facilitate tailored treatment approaches, for example if
molecular status affects the optimal extent of tumor resection.Emerging research supports the potential of MRI-based IDH and
1p19q diagnosis. A limitation is the relative lack of generalization and external validation outside the widely used The Cancer
Imaging Archive (TCIA) dataset. We present a combined IDH and 1p19q classification algorithm and assess performance on a local
retrospective cohort and a fully independent cohort from the Erasmus Glioma Database (EGD).

METHODS AND MATERIALS

2D convolutional neural networks were trained to provide IDH and 1p19q classification. Inputs are T1 post-contrast, T2, and FLAIR
sequences. Training data consists of preoperative imaging from the TCIA dataset (n=184) and images from a locally obtained cohort
that were obtained prior to 1/1/2018 (n=349). Evaluation data consists of the most recent cases from the local cohort obtained
between 1/1/2018 and 31/8/2021 (n=205) and the EGD (n=420).

RESULTS

Subject-wise IDH classification accuracy was 93.3% and 91.5% on the local cohort and EDG, with AUC of 95.4% and 95.8%,
respectively. 1p19q accuracy was 94.5% and 87.5% with AUC of 92.5% and 85.4% on the local cohort and EGD. Combined
subject-wise IDH and 1p19q accuracy was 90.4% and 84.3% on the local cohort and EGD, with AUC of 92.4% and 91.2%.

CONCLUSION

s High IDH and 1p19q classification performance was achieved on the local retrospective cohort. Generalization to the EGD was
robust, demonstrating the potential for clinical translation. This method is able to non-invasively predict tumor subtypes according
to the WHO 2021 classification with high accuracy using readily available imaging without the need for MR spectroscopy. This may
better inform patients and clinicians prior to surgery and demonstrates the high potential impact in glioma diagnostics.

CLINICAL RELEVANCE/APPLICATION

This research externally validates non-invasive IDH and 1p19q diagnosis in glioma from preoperative MRI using artificial intelligence
techniques allowing tumor classification by WHO 2021 criteria.
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of High-grade Gliomas and Single Brain Metastases
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PURPOSE

The 2.5D convolutional neural network models have unique advantages for studies with moderate sample sizes, while the 3D model
can completely extract tumor and peritumoral features. To explore and compare the value of preoperative differential diagnosis of
high-grade gliomas (HGG) and single brain metastases (BM) under 2.5D and 3D convolutional neural network models.

METHODS AND MATERIALS

T2WI and contrast-enhanced T1WI(CE T1WI) images of 230 patients with HGG and 111 patients with BM confirmed by surgery and
pathology were retrospectively collected.The radiologist delineated the regions of interests (ROIs) of the input images of the 2.5D
networks and 3D networks on the T2WI and CE T1WI axial images of the registered MRI. The slice nth with the largest tumor
parenchyma area on the MRI image was determined, and then the tumor area (including tumor parenchyma and peritumoral edema
area) of the slice of (n-2)th,nth and (n+2)th was delineated respectively. Define a minimum rectangular box as the ROIs of the
2.5D models that can cover all tumor areas at the three slices. Define the smallest 3D rectangular box that can completely contain
the tumor area at all slices as the ROIs of the 3D models. Finally, based on DenseNet convolutional neural networks respectively
build prediction models for T2WI and CE T1WI sequences under 2.5D and 3D model.The predictive performance of each model was
evaluated by the receiver operating characteristic(ROC) curve, and the differences in the ROC curves of the models built by
different convolutional neural networks were compared in pairs by Delong's test.

RESULTS

The best AUC values of the 3D model on CE T1WI and T2WI were 0.852 and 0.802, respectively. And the best AUC values of the
2.5D model on CE T1WI and T2WI were 0.831 and 0.784, respectively.The performance of the 3D models were better than that of
the 2.5D models. Delong's test showed that the differences between the models were statistically significant (P<0.05).

CONCLUSION

s The MRI-based 2.5D and 3D convolutional neural network models have better diagnostic performance in differentiating HGG and
single BM, and the 3D models have better diagnostic performance than 2.5D models. The deep learning model can be used to
identify HGGs and BMs and assist in clinical formulation of precise treatment plans potential tool.

CLINICAL RELEVANCE/APPLICATION

The 2.5D model has better advantages in the deep learning model with a medium sample size, which can make up for the problem of
the large data demand of the 3D model. While the 3D convolutional neural network structure analyzes the lesion information more
completely, so it is easier to apply to clinical practice. The establishment of the prediction model will be able to differential diagnose
HGG and single BM through non-invasive imaging examination.
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Predicting the Isocitrate Dehydrogenase Wildtype in Non-enhancing or Poorly Enhancing Glioma by
Conventional MRI Features and Apparent Diffusion Coefficient

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - NR DPS

Participants
Jiyoung Song, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To develop predictive models using clinically available MRI parameters for predicting isocitrate dehydrogenase (IDH) status of
gliomas with no or poor enhancement, which is considered as a radiologically low-grade feature.

METHODS AND MATERIALS

This retrospective study included 241 patients with surgically resected and pathologically confirmed gliomas that showed no or poor
enhancement (less than 5% of the entire tumor volume) in the preoperative MRI. Visual rating of imaging features (T1-weighted,
T2-weighted, FLAIR, contrast-enhanced T1-weighted images, and cerebral blood volume map) was performed. Regions of interest
were drawn to acquire the apparent diffusion coefficient (ADC) mean (ADCmean) and minimum (ADCmin) in tumor and ADCnhawm in
normal-appearing white matter. Univariable and multivariable logistic regression analyses were performed for each imaging feature
and ADC value. Then, receiver operating characteristic curve analysis was done with probability index calculated from the
multivariable logistic regression model. A subgroup analysis was performed to predict IDH status in the non-enhancing gliomas.

RESULTS

In 241 non-enhancing or poorly enhancing gliomas, T2/FLAIR mismatch sign showed 100% specificity (42 of 42) to predict IDH-
mutant gliomas. Among 199 gliomas with negative T2/FLAIR mismatch signs, 78 were IDH-wildtype. A predictive model incorporating
age, calcification, multifocality, FLAIR homogeneity, ADCmin-to-ADCnawm ratio, and cortical involvement showed area under the
curve (AUC) of 0.909 (95% CI: 0.858-0.946) with 90.8% sensitivity and 81.2% specificity. In the subgroup analysis for 116 non-
enhancing tumors (46 IDH-wildtypes and 70 IDH-mutants) a predictive model that consisted of the same variables showed AUC of
0.883 (95% CI: 0.808-0.935), 82.6% sensitivity, and 88.1% specificity.

CONCLUSION

s Algorithms incorporating T2/FLAIR mismatch sign, age, calcification, multifocality, FLAIR homogeneity, ADCmin-to-ADCnawm ratio,
and cortical involvement predicted IDH wild-type gliomas with radiologically low-grade feature.

CLINICAL RELEVANCE/APPLICATION

According to 2021 WHO classification for adult-type diffuse gliomas, even if a tumor seems low-grade, being IDH-wildtype satisfies
a necessary condition to be diagnosed as glioblastoma. This study developed models using clinically available MRI parameters for
predicting IDH status of gliomas with no or poor enhancement, which is considered as a radiologically low-grade feature.
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High-resolution Clinical Functional MRI at 7T in Patients with Brain Tumors: Initial Assessment
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PURPOSE

This study aimed to evaluate spatial localization accuracy of a high-resolution (1.4 mm isotropic) 7T fMRI protocol and compare
with a clinical 3T protocol with typical resolution (1.9 x 1.9 x 4 mm3).

METHODS AND MATERIALS

Hand motor fMRI studies of 24 patients (n=12 on 7T and 12 on 3T) were evaluated. The 7T patients included 1 with brain mets, 3
with low-grade, and 8 with high-grade gliomas. The 3T patients included 4 with low-grade and 8 with high-grade gliomas. The fMRI
paradigm consisted of 6 cycles of resting and bilateral hand-motor task blocks. T2*-weighted EPI sequences were used for the
fMRI at 7T (TR/TE=2000 ms/24 ms, PI=3, SMS=2, 1.4 x 1.4 x 1.4 mm3) and at 3T (TR/TE=3000 ms/25 ms, PI=2, 1.9 x 1.9 x 4.0
mm3). The fMRI pre-processing included motion correction and co-registration with 3D T1-weighted images. Functional t-value
maps were then generated by the standard GLM method. The t-value maps were thresholded at two statistical levels: (1) FWE-
corrected p It 0.05 (t gt 5.5 and 6.1 for 7T and 3T, respectively), and (2) t gt 4.0. For each patient, the most relevant motor-
activation cluster on the lesion side was visually determined. The smallest distance between the center of the cluster and the
central sulcus was measured and categorized: (1) gt 2 mm, (2) 2-4 mm, and (3) 5-10 mm.

RESULTS

At 7T, activation clusters at expected hand motor areas were detected in 7 (58%) and 9 (75%) out of the 12 patients at the
statistical level of p It 0.05, FWE corrected, and t gt 4.0, respectively. The spatial localization accuracy was within 2 mm for all the
9 patients with detected activation clusters. At 3T, hand motor activations were detected in 11 (92%) and 12 (100%) out of the
12 patients at the two statistical levels. The spatial localization accuracy assessment found 4 (33%), 6 (50%), and 2 (17%)
patients having the detected activation cluster centered at gt 2mm, 2-4 mm, and 5-10 mm, respectively, from the central sulcus.

CONCLUSION

s We demonstrated that high-resolution fMRI at 7T is feasible for mapping primary motor areas in clinical routine. More accurate
functional localization was achieved using the high-resolution 7T protocol compared to our routine protocol at 3T.

CLINICAL RELEVANCE/APPLICATION

The higher fMRI sensitivity at 7T allows imaging at higher spatial resolution, which leads to improved localization accuracy for
presurgical functional mapping.
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Nomogram for Predicting Early Recurrence in Patients with High Grade Glioma
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PURPOSE

To develop a nomogram to predict early recurrence of high-grade glioma (HGG) based on clinical factors, genetic factors, and MRI
parameters.

METHODS AND MATERIALS

154 HGG patients were classified into recurrence and non-recurrence groups based on pathological diagnosis and RANO criteria.
Clinical information included age, sex, and preoperative Karnofsky Performance Status (KPS) scores. Gene information included P53,
IDH1, MGMT, and TERT status. All patients had baseline MRIs before treatment, including T1WI, T2WI, T1C, Flair and DWI
examinations. The tumor location, single/multiple tumors, tumor diameter, peritumoral edema, necrotic cyst, hemorrhage, average
apparent diffusion coefficient(ADC) value and minimum ADC values were evaluated. Univariate and multivariate logistic regression
were used to determine the predictors of early recurrence and to build the nomogram.

RESULTS

Univariate analysis showed that the number of tumors (OR, 0.258; 95% CI: 0.104, 0.639; P = 0.003) and peritumoral edema (OR,
0.965; 95% CI 0.942, 0.988; P = 0.003; mean in the recurrence group 22.04+17.21 mm; mean in the non-recurrence group
14.22+12.84 mm) were statistically significantly different in patients with early recurrence. Genetic factors included IDH1 (OR,
4.405; 95% CI 1.874, 10.353; P=0.001), and MGMT (OR, 2.389; 95% CI 1.234, 4.628; P= 0.010). Multivariate logistic regression
analysis revealed that the number of tumors (OR, 0.227; 95% CI 0.084, 0.616; P = 0.004), peritumoral edema (OR, 0.969; 95% CI
0.945, 0.993; P =0.013) and IDH1 (OR, 4.200; 95% CI 1.602, 10.013; P= 0.004) were independent risk factors for early
recurrence. The nomogram showed the highest net benefit when the threshold probability was less than 63%.

CONCLUSION

s A nomogram prediction model based on results that are easily available before surgery can effectively aid clinical treatment
decisions for newly diagnosed HGG patients.

CLINICAL RELEVANCE/APPLICATION

A nomogram prediction model can effectively aid treatment decisions in newly diagnosed HGG patients. Neurosurgeons may adjust
the surgical decision on the scope of tumor resection based on the prediction model. For tumor tissues with a high risk of
recurrence and high infiltration, the radiation oncologist can also upgrade the radiation dose to high-risk areas.
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Peritumoral MR Imaging Radiomic Features Improves Identification of Circumscribed Astrocytic Gliomas and
High-grade Gliomas
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PURPOSE

In the 2021 WHO classification of tumors of the central Nervous System, the terms of “diffuse” and “circumscribed” were applied to
the classification of gliomas, diffuse gliomas are characterized by extensive infiltration, while circumscribed astrocytic gliomas show
a solid growth pattern. The most common circumscribed astrocytic gliomas are pilocytic astrocytoma (PA) and pleomorphic
xanthoastrcytoma (PXA). MR imaging findings of them can resemble high grade gliomas (HGGs). We aimed to develop an MRI-based
radiomics model to distinguish circumstanced glioma from HGGs.

METHODS AND MATERIALS

Preoperative T2 fluid-attenuated inversion recovery (T2 FLAIR) and contrast-enhanced T1-weighted imaging (CE-T1WI) data were
obtained from 160 patients (91 circumscribed astrocytic gliomas and 69 glioblastoma) between 2016 and 2020. 1288 features were
obtained in tumor region and the 5 mm thickness peritumoral region, respectively. We up-sampled features by repeating random
cases to make samples balance. Then, we applied the normalization on the feature matrix. Feature pairs with PCC values larger
than 0.990 will be removed. Before build the model, we used recursive feature elimination (RFE) to select features. Support vector
machine (SVM) was used as a classifier. To determine the hyper-parameter of model, we applied cross validation with 10-fold on
the training data set. The hyper-parameters were set according to the model performance on the validation data set. The
performance of the model was evaluated using receiver operating characteristic (ROC) curve analysis. The area under the ROC
curve (AUC) was calculated for quantification. We also estimated the 95% confidence interval by bootstrape with 1000 samples.

RESULTS

Intratumor radiomic features achieved AUCs of 0.820(CE-T1WI) and 0.787(T2 FLAIR). The integrated model, incorporating intra-
and peritumoral features extracted from T2 FLAIR and CE-T1WI images, improved the AUCs to 0.889 on the same test set.

CONCLUSION

s An imaging-based model combining tumor and peritumor radiomics can help to distinguish between circumscribed astrocytic
gliomas and high-grade gliomas.

CLINICAL RELEVANCE/APPLICATION

Circumscribed astrocytic gliomas had better prognosis than HGGs. Correct differential diagnosis is vital for preoperative decision-
making and prognostic evaluation. Radiomic features extracted from intra- and peritumoral region may help the identification.
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PURPOSE

To investigate the discriminative performance of macro- and microstructural MRI in the differential diagnosis of neurodegenerative
parkinsonian syndromes (NPS).

METHODS AND MATERIALS

We included patients with NPS according to current consensus diagnostic criteria, i.e. 136 patients with Parkinson ‘s disease (PD),
32 patients with progressive supranuclear palsy (PSP), 41 patients with multiple system atrophy (MSA) as well as 37 healthy
controls (HC) in this monocentric retrospective cross-sectional study. Tissue probability values for gray matter, white matter and
CSF were automatically obtained by CAT12. In addition, the microstructure of the patients was analyzed using a mesoscopic
approach by diffusion tensor imaging (DTI) and diffusion microstructure imaging (DMI). Respective parameters were extracted using
the AAL3-atlas and ROIs with great relevance for PSP. Based on this, a linear support vector machine (SVM) was trained and
optimized in respect of ROC-AUC in a one-vs-rest (OVR) classifier. The diagnostic performance of SVM was compared with respect
to different inputs, i.e. TPV, DTI and DMI individually.

RESULTS

Diffusion MRI outperformed the T1w derived TPV with a correct classification in 80% for DTI, 79% for DMI and 52% for TPV. The
corresponding OVR-ROC-AUC of DTI was 0.92 for HC, 0.89 for PD, 0.95 for MSA and 0.93 for PSP and for DMI 0.91 (HC), 0.90 (PD),
0.96 (MSA) and 0.93 (PSP).

CONCLUSION

s Microstructural parameters as obtained in an mesoscopic approach using diffusion MRI data outperformed structural data derived
by conventional imaging in the diagnosis of NPS. The particularly good performance of microstructural approaches in the diagnosis
of PD, as a weak point in conventional MRI, underlines the potential of this approach. The introduced automatic approach might
facilitate the MRI diagnosis of patients with suspected NPS.

CLINICAL RELEVANCE/APPLICATION

The developed approach might facilitate the differential diagnosis of neurodegenerative parkinsonian syndromes in an objective
manner and is therefore of high clinical relevance.
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Usefulness of 3D FIESTA in Differentiating Parkinson's Disease From Parkinson Syndrome: Volumetric
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PURPOSE

Parkinson's disease (PD) is a neurodegenerative disease, related with deposition of Lewy body. Braak stage of Lewy pathology
shows the initiation sites are in the olfactory bulb (OB), hence, olfactory dysfunction is among the earliest nonmotor features of
PD. It's sometimes difficult to differentiate PD from parkinson syndrome (PS), such as multiple system atrophy (MSA), corticobasal
syndrome (CBS), and progressive supranuclear palsy (PSP) using conventional MRI and clinical symptom. It's known that olfactory
loss occurs to a lesser extent or is absent in PS. Therefore, we hypothesized OB change may be useful in differential diagnosis. 3D
fast imaging employing steady-state acquisition (FIESTA) results in good delineation of cranial nerves, however, no study
demonstrated OB volume change between PD and PS using 3D-FIESTA. Our purpose is to determine whether OB measurement on
3D-FIESTA is useful for differentiating PD from PS.

METHODS AND MATERIALS

Sixty-four PD (mean age + SD: 71.5 £ 9.4), 8 MSA (68.9 +8.9), 10 PSP (75.9 +8.3), and 8 CBS (73.8 *+ 8.9) patients were
recruited. Thirty-three healthy subjects (HS) (63.8 + 18.6) were also recruited as normal controls. The diagnoses were made
according to the diagnostic criteria by an experienced neurologist. The parameter of 3D-FIESTA is following: 3T SIGNA Premier
(GE), FA 45deg, TR 4ms, TE 2ms, matrix 512x512, slice thickness 1.0mm, scan time 2:27, spatial resolution: 0.6x0.6x0.8 mm. The
cross-sectional area of the OB was measured using manual ROI method, and we used maximum area of OB in coronal plane. The
average of bilateral OB was calculated for each subject. We performed group comparison and diagnostic accuracy test using
Welch's t test and ROC analysis, respectively. All statistics were performed with BellCurve for Excel (Social Survey Research
Information Co., Ltd.).

RESULTS

The mean area of OB was significantly smaller for PD patients (mean area £ SD mm2: 4.1 + 1.0) than for HSs (6.6 + 1.4, plt;0.01).
Moreover, that of PD were also significantly smaller than that of MSA (6.0 £ 1.4, p=.007), PSP (4.8 £ 0.9, p=.03), and CBS (5.3 £
1.2, p=.03), respectively (Figure 1 and 2). The ROC analyses showed that good diagnostic performance, especially in analysis of PD
vs MSA (AUC: 0.874, optimal cut off points: 5.6 mm2, sensitivity: 93.8%, specificity: 87.5%).

CONCLUSION

s Our results suggest the OB volume loss in PD, which may reflect degeneration due to deposition of Lewy body. OB volumetry using
3D-FIESTA can be useful to differentiate PD from PS, especially for MSA.

CLINICAL RELEVANCE/APPLICATION

OB volumetry with 3D-FIESTA may contribute precise diagnoses in PD and PS showing atypical MR findings. 3D-FIESTA is a common
and widespread MR technique, which can work as clinical routine MR application in patients with Parkinsonism.
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PURPOSE

Spinocerebellar degeneration (SCD) comprises a multitude of disorders with sporadic and hereditary forms, including spinocerebellar
ataxia (SCA), cerebellum-type of multiple system atrophy (MSA) and more complex phenotypes. Except for progressive cerebellar
ataxia and structural atrophy, hemodynamic changes have also been demonstrated in SCD. This study aimed to clarify the whole-
brain altered patterns of cerebral blood flow (CBF) and its correlations with disease severity and emotional abnormalities in SCD via
arterial spin labeling (ASL).

METHODS AND MATERIALS

Thirty SCD patients and 30 age- and sex-matched healthy controls (HC) were prospectively recruited to undergo ASL examinations
in a 3.0T MR scanner. The Scale for Assessment and Rating of Ataxia (SARA) and the International Cooperative Ataxia Rating Scale
(ICARS) scores were used to reflect the disease severity in SCD patients. Additionally, the status of anxiety and depression among
all patients were evaluated by the Self-Rating Anxiety Scale (SAS) and the Self-Rating Depression Scale (SDS). We compared the
whole-brain CBF between SCD group and HC group at voxel level. And the ROI-based correlation analyses between CBF and disease
severity as well as emotional abnormalities were performed for SCD group.

RESULTS

Compared with HC, SCD patients exhibited decreased CBF in two clusters (FWE corrected P<0.05), covering bilateral dentate and
fastigii nuclei, lobule VIX, lobule VX, bilateral lobule HI-IV and lobule HIX, left lobule HVI and right lobule HVIIIb as Clusterl and the
dorsal part of raphe nucleus in midbrain as Cluster2. The CBF of Cluster 1 was negatively correlated with SARA scores (Spearman’s
rho=-0.374, P=0.042) and SDS standard scores (Spearman’s rho=-0.388, P=0.034), respectively. While the CBF of Cluster2 also had
negative correlations with SARA scores (Spearman’s rho=-0.370, P=0.044) and ICARS scores (Pearson r=-0.464, P=0.010).

CONCLUSION

s The SCD-related whole-brain CBF changes were mainly involved in cerebellum and midbrain, partially overlapped with hand, foot
and tongue movement activations areas. Decreased CBF was related to disease severity and depression status in SCD. Therefore,
CBF may be a promising neuroimaging biomarker to reflect the severity of neurodegeneration and to provide warnings for emotional
changes.

CLINICAL RELEVANCE/APPLICATION

Decreased CBF in cerebellum and midbrain were associated with disease severity and depression level in SCD, which may help
reflect the degree of neurodegeneration in vivo, and give early warnings for SCD-related depression.
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PURPOSE

To evaluate the diagnostic performance of SMwl according to the acquisition plane for differentiating neurodegenerative
parkinsonism.

METHODS AND MATERIALS

This retrospective, observational, single-institution study included patients who were consecutively enrolled from those who visited
movement disorder clinics and underwent both brain MRI and 18F-FP-CIT with clinical symptoms of suspected parkinsonism between
September 2021 and December 2021. Both oblique coronal plane (vertical to the midbrain) and anterior commissure-posterior
commissure (AC-PC) plane of SMwIl were acquired. Abnormality was determined when there was any hypointense area that
obliterated the differentiation of the three layers and classified into 3 categories (0: normal, 1: intermediate, 2: abnormal) by two
neuroradiologists. 18F-FP-CIT PET served as the reference standard. The diagnostic performance of the oblique plane and AC-PC
plane of SMwI were assessed per substantia nigra and per participant. Inter-rater agreement was assessed using Cohen’s kappa
coefficient. McNemar's test was used to test the diagnostic performance of oblique coronal plane and AC-PC plane of SMwl.

RESULTS

Total 194 patients (mean age = SD, 67 +£10 years, 91 men) were included. Among them, 84 patients were diagnosed with IPD, 26
with MSA, 3 with PSP, 10 with CBS, 35 with ET, 10 with DIP, 4 with NPH and 22 with others. The overall inter-rater agreement for
both oblique and AC-PC plane was good (? = 0.747 and 758 for each, P < .001). In per participant analysis, the overall inter-rater
agreement for both oblique and AC-PC plane was good (? = 0.747 and 758 for each, P < .001). For reader 1, the overall sensitivity
of the oblique plane was 89.9% and that of the AC-PC plane was 91.7% (P =.727). The overall specificity of the oblique plane was
87.1% and that of AC-PC plane was 88.2% (P =.727). The overall accuracy of the oblique plane was 88.7% and that of AC-PC
plane was 90.2%, with p-value of 0.607. Reader 2 demonstrated similar results. For both readers, there was no significant
difference of sensitivity, specificity and accuracy between the oblique plane and the AC-PC plane.

CONCLUSION

s There was no significant difference of diagnostic performance between the oblique plane and the AC-PC plane of SMwI in
differentiating parkinsonism.

CLINICAL RELEVANCE/APPLICATION

This study assures clinics can choose any one of MRI acquisition planes of SMwI between oblique plane and AC-PC plane according
to their clinical settings in the diagnosis of parkinsonism.
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Brain Connectivity Changes in Resting-State Functional MRI in Patients with HIV-Associated Neurocognitive
Disorder (hand): A Multi-voxel Pattern Analysis (MVPA) Approach Using Mutual Connectivity Analysis (MCA)

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - NR DPS

Participants
Ali Vosoughi, Rochester, NY (Presenter) Nothing to Disclose

PURPOSE

To develop and evaluate a novel machine learning framework for identifying subjects with HIV-Associated Neurocognitive Disorder
(HAND) using Mutual Connectivity Analysis (MCA) by capturing connectivity differences in resting-state functional MRI (rsfMRI).

METHODS AND MATERIALS

Resting-state fMRI scans (3T, EPI sequence, TR=1.65s, 250 acquisitions) were acquired in a cohort of 45 age-matched subjects
(20 healthy, 25 HIV+, 16 of whom had HAND symptoms (HAND+)). After pre-processing, data was parcellated into 90 regions using
the Automated Anatomical Labeling atlas. Regions were represented by their average time-series. A nonlinear machine leamning
connectivity analysis method (MCA [Citation blinded for review]), was used to quantify interdependence of region-specific time-
series producing a 8100-element connectivity matrix. Generalized matrix learning vector quantization feature selection revealed
regional connections that were most different between the groups. These were used for subsequent identification of HAND+
subjects using an adaptive boosting classifier in a Multi-Voxel Pattern Analysis (MVPA) framework. For both feature selection and
classification, strict data separation (90% train/10% test) was carried out in a 100-iteration cross-validation scheme. For
comparison, MCA was evaluated against the clinical standard technique of functional connectivity analysis using cross-correlating
(CC) low-pass filtered fMRI time-series. Area Under the Curve (AUC) for Receiver Operator Characteristics (ROC) analysis was used
to quantitatively evaluate diagnostic quality of HAND+ subject classification.

RESULTS

The MCA rsfMRI connectivity analysis method clearly outperformed the clinical standard CC technique in identifying HAND+ subjects
with AUC of 0.85 £ 0.27 for MCA, and 0.71 + 0.31 for CC, respectively. Diagnostic quality differences between both methods were
statistically significant (p<0.05, Wilcoxon signed-rank test).

CONCLUSION

s Our results suggest that MCA significantly improves the diagnostic accuracy of identification of patients with HAND based on
rsfMRI neuroimaging. We conclude that, when compared to conventional CC analysis, our MVPA framework is better suited to
capture disease-related brain network connectivity changes in HAND.

CLINICAL RELEVANCE/APPLICATION

The MCA method classifies HAND+ subjects and controls by identifying relevant changes in fMRI connectivity. Such changes can be
useful diagnostic imaging biomarkers for HIV-related neurologic disease.
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OB/Gynecology Monday Poster Discussions
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Dorothy Shum, MD, San Francisco, CA (Moderator) Nothing to Disclose

Sub-Events

M2-SPOB-1 Assessment of Fetoplacental Unit by Intravoxel Incoherent Motion MRI: Diffusion and Perfusion
Properties of Fetal Lungs and Placenta in Intrauterine Growth Restriction

Participants
Roberta Ninkova, MD, Rome, Italy (Presenter) Nothing to Disclose

PURPOSE

To investigate the potential use of Intravoxel Incoherent Motion (IVIM) imaging in the study of microperfusion and microstructural
characteristics of fetal lungs and placenta in IUGR fetuses, comparing IVIM parameters with those of a healthy control group.

METHODS AND MATERIALS

Eighty-eight pregnancies (26 IUGR; 62 normal) will be enrolled. MR examinations will be performed at 1.5 T, using a DWI sequence
with 10 different b-values (0,10,30,50,75,100,200,400,700,1000 s/mm2). For each fetus, two bilateral ROIs will be manually placed
in lung parenchyma; six ROIs will be placed on both fetal and maternal sides of each placenta. Differences of mean values of
perfusion fraction f, diffusion coefficient D, and pseudo-diffusion coefficient D*and their correlation with Gestational Age (GA) and
Birth Weight (BW) will be investigated in both IUGR and control group.

RESULTS

- In fetal lungs, we found a significant difference in f mean values between IUGR fetuses and the healthy control group (p=
0.0000004). No statistically significant difference was observed for D and D* values. In normal fetuses we found a positive
correlation between f and GA (p<001); no correlation with GA was found in pathological fetuses.- Concerning the placenta, in the
fetal side of placenta f and D* allowed to discriminate SGA (Small for Gestational Age) from real FGR (Fetal Growth Restriction)
(p=0.021; p=0.036, respectively), with FGR showing lower values. SGA showed intermediate impaired perfusion pattern in terms of f
and D* compared to FGR and healthy controls. A significant positive correlation was found between f and BW in IUGR fetuses. A
significant negative correlation was found between D and GA in IUGR fetuses.

CONCLUSION

s Complex interactions between placental and fetal environments ensure normal fetal growth. Impairment of the fetoplacental unit
may lead to Intrauterine Growth Restriction (IUGR), which is associated with perinatal morbidity and mortality, neonatal
complications such as ARDS, and long-term complications, like cardiovascular disease and neurodevelopmental delay. Preliminary
results show that IVIM parameters, with special regard to perfusion fraction f, may be potential in vivo biomarkers to discriminate
between IUGR and healthy fetuses, and correlate with GA and BW.

CLINICAL RELEVANCE/APPLICATION

The development of new non-invasive techniques for prompt and accurate prenatal diagnosis is critical to improve the prenatal and
postnatal outcomes of IUGR fetuses. The clinical significance of IVIM-MRI may lie in providing in vivo imaging biomarkers of IUGR
severity useful in predicting perinatal outcome and guiding treatment decisions.
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Assessment of Fetoplacental Unit by Intravoxel Incoherent Motion MRI: Diffusion and Perfusion Properties of
Fetal Lungs and Placenta in Intrauterine Growth Restriction

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - OB DPS

Participants
Roberta Ninkova, MD, Rome, Italy (Presenter) Nothing to Disclose

PURPOSE

To investigate the potential use of Intravoxel Incoherent Motion (IVIM) imaging in the study of microperfusion and microstructural
characteristics of fetal lungs and placenta in IUGR fetuses, comparing IVIM parameters with those of a healthy control group.

METHODS AND MATERIALS

Eighty-eight pregnancies (26 IUGR; 62 normal) will be enrolled. MR examinations will be performed at 1.5 T, using a DWI sequence
with 10 different b-values (0,10,30,50,75,100,200,400,700,1000 s/mm2). For each fetus, two bilateral ROIs will be manually placed
in lung parenchyma; six ROIs will be placed on both fetal and matemal sides of each placenta. Differences of mean values of
perfusion fraction f, diffusion coefficient D, and pseudo-diffusion coefficient D*and their correlation with Gestational Age (GA) and
Birth Weight (BW) will be investigated in both IUGR and control group.

RESULTS

- In fetal lungs, we found a significant difference in f mean values between IUGR fetuses and the healthy control group (p=
0.0000004). No statistically significant difference was observed for D and D* values. In normal fetuses we found a positive
correlation between f and GA (p<001); no correlation with GA was found in pathological fetuses.- Concerning the placenta, in the
fetal side of placenta f and D* allowed to discriminate SGA (Small for Gestational Age) from real FGR (Fetal Growth Restriction)
(p=0.021; p=0.036, respectively), with FGR showing lower values. SGA showed intermediate impaired perfusion pattern in terms of f
and D* compared to FGR and healthy controls. A significant positive correlation was found between f and BW in IUGR fetuses. A
significant negative correlation was found between D and GA in IUGR fetuses.

CONCLUSION

s Complex interactions between placental and fetal environments ensure normal fetal growth. Impairment of the fetoplacental unit
may lead to Intrauterine Growth Restriction (IUGR), which is associated with perinatal morbidity and mortality, neonatal
complications such as ARDS, and long-term complications, like cardiovascular disease and neurodevelopmental delay. Preliminary
results show that IVIM parameters, with special regard to perfusion fraction f, may be potential in vivo biomarkers to discriminate
between IUGR and healthy fetuses, and correlate with GA and BW.

CLINICAL RELEVANCE/APPLICATION

The development of new non-invasive techniques for prompt and accurate prenatal diagnosis is critical to improve the prenatal and
postnatal outcomes of IUGR fetuses. The clinical significance of IVIM-MRI may lie in providing in vivo imaging biomarkers of IUGR
severity useful in predicting perinatal outcome and guiding treatment decisions.
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Usha D. Nagaraj, MD, Cincinnati, OH (Moderator) Author with royalties, Reed Elsevier;

Sub-Events

M2-SPPD-2 Radiogenomics in Pediatric Neuroblastoma: Radiomics Signature With Imaging Features Based on
Computed Tomography in Predicting Segmental Chromosomal Aberrations at 1p36 and 11q23

Participants
Haoru Wang, (Presenter) Nothing to Disclose

PURPOSE

To build and evaluate a CT-based radiomics signature with imaging features in predicting SCAs status at 1p36 and 11g23 in
pediatric neuroblastoma.

METHODS AND MATERIALS

Eighty-seven neuroblastoma patients with detection of SCAs at 1p36 and 11923 were retrospectively enrolled and randomly
stratified into training set (n=60) and test set (n=27). Clinical factors were analyzed and then selected using univariate and
multivariate logistic regression analysis. Lesion regions of interest were manually delineated on three-phase CT images, and
radiomics features were extracted automatically and selected. Clinical model, radiomics signature and clinical radiomics nomogram
were established respectively on the basis of selected clinical factors and radiomics features. The receiver operating characteristic
curve analysis and decision curve analysis were used to evaluate the predictive performance of each model.

RESULTS

The constructed radiomics signature was composed of eight radiomics features, with area under the curve (AUC) of 0.869 (95%
confidence interval [CI]: 0.786, 0.941) and 0.883 (95%CI: 0.761, 0.983) in the training and test sets respectively. The nomogram
incorporated of shape, ratio of mean CT values between tumor parenchyma and paraspinal muscle (Tmean/muscle) at venous phase
and radiomics signature had better diagnostic efficacy in predicting SCAs compared to the clinical model for training (AUC, 0.893 vs.
0.791) and test (AUC, 0.861 vs. 0.750) sets. Decision curve analysis showed that the nomogram had better clinical practicability
than the clinical model alone.

CONCLUSION

s There are certain relevance between CT imaging features and SCAs status in pediatric neuroblastoma. The CT-based radiomics
signature could be helpful for predicting SCAs in neuroblastoma. The nomogram incorporated of shape, Tmean/muscle at venous
phase and radiomics signature performs better than clinical model in predicting SCAs in neuroblastoma.

CLINICAL RELEVANCE/APPLICATION

We used radiomics to predict segmental chromosomal aberrations at 1p36 and 11923 in pediatric neuroblastoma, and found that
radiomics is able to predict segmental chromosomal aberrations at 1p36 and 11923, which could provide a non-invasive method to
predict genomic profiles in neuroblastoma. Meanwhile, we found imaging features based on computed tomography correlate with
segmental chromosomal aberrations at 1p36 and 11923 in neuroblastoma, and this finding is useful to direct clinical decisions and
management.
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Radiogenomics in Pediatric Neuroblastoma: Radiomics Signature With Imaging Features Based on Computed
Tomography in Predicting Segmental Chromosomal Aberrations at 1p36 and 11q23
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Participants
Haoru Wang, (Presenter) Nothing to Disclose

PURPOSE

To build and evaluate a CT-based radiomics signature with imaging features in predicting SCAs status at 1p36 and 11923 in
pediatric neuroblastoma.

METHODS AND MATERIALS

Eighty-seven neuroblastoma patients with detection of SCAs at 1p36 and 11923 were retrospectively enrolled and randomly
stratified into training set (n=60) and test set (n=27). Clinical factors were analyzed and then selected using univariate and
multivariate logistic regression analysis. Lesion regions of interest were manually delineated on three-phase CT images, and
radiomics features were extracted automatically and selected. Clinical model, radiomics signature and clinical radiomics nomogram
were established respectively on the basis of selected clinical factors and radiomics features. The receiver operating characteristic
curve analysis and decision curve analysis were used to evaluate the predictive performance of each model.

RESULTS

The constructed radiomics signature was composed of eight radiomics features, with area under the curve (AUC) of 0.869 (95%
confidence interval [CI]: 0.786, 0.941) and 0.883 (95%CI: 0.761, 0.983) in the training and test sets respectively. The nomogram
incorporated of shape, ratio of mean CT values between tumor parenchyma and paraspinal muscle (Tmean/muscle) at venous phase
and radiomics signature had better diagnostic efficacy in predicting SCAs compared to the clinical model for training (AUC, 0.893 vs.
0.791) and test (AUC, 0.861 vs. 0.750) sets. Decision curve analysis showed that the nomogram had better clinical practicability
than the clinical model alone.

CONCLUSION

s There are certain relevance between CT imaging features and SCAs status in pediatric neuroblastoma. The CT-based radiomics
signature could be helpful for predicting SCAs in neuroblastoma. The nomogram incorporated of shape, Tmean/muscle at venous
phase and radiomics signature performs better than clinical model in predicting SCAs in neuroblastoma.

CLINICAL RELEVANCE/APPLICATION

We used radiomics to predict segmental chromosomal aberrations at 1p36 and 11923 in pediatric neuroblastoma, and found that
radiomics is able to predict segmental chromosomal aberrations at 1p36 and 1123, which could provide a non-invasive method to
predict genomic profiles in neuroblastoma. Meanwhile, we found imaging features based on computed tomography correlate with
segmental chromosomal aberrations at 1p36 and 11923 in neuroblastoma, and this finding is useful to direct clinical decisions and
management.
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Ingrid Reiser, PhD, Chicago, IL (Moderator) Family member, Employee, Clarix Imaging

Sub-Events

M2-SPPH-1 Differentiating Patients With Diabetes Mellitus With Pancreatic Extracellular Volume Fraction and
Normalized Iodine Concentration Acquired by Dual Energy CT

Participants
Xiaoyi Cai, MBBS, (Presenter) Nothing to Disclose

PURPOSE

To investigate the feasibility of extracellular volume (ECV) fraction and normalized iodine concentration (nIC) using dual energy CT
(DECT) to evaluate diabetic patients.

METHODS AND MATERIALS

106 patients with known or suspected abdominal disease underwent abdominal precontrast CT scan (120kV) and DECT enhanced
scan. Patients were divided into three groups according to the American Diabetes Association criteria: non-diabetes group (HbA1l <
5.7%, 31 patients), pre-diabetes group (5.7% = HbA1lc < 6.5%, 36 patients) and diabetes group (HbAlc = 6.5%, 39 patients). Two
ECV fractions(ECV-HU = (HUpancreas -equilibrium phase - HUpancreas -precontrast) /(HUabdominal aorta -equilibrium phase -
HUabdominal aorta -precontrast) x (100-Hct), ECV-ID = (IDpancrease -equilibrium phase /IDabdominal aorta -equilibrium phase) x
(100-Hct)) and the nIC (nIC=ICpancrease-equilibrium phase /ICabdominal aorta-equilibrium phase) of the pancreas were calculated.
The correlations of pancreatic ECV-HU, ECV-ID, and nIC with HbA1lc value were analyzed by Spearman rank correlation. Pancreatic
ECV-HU, ECV-ID and nIC among groups were compared by one-way ANOVA. The diagnostic performance of pancreatic ECV-HU,
ECV-ID, and nIC was evaluated by receiver operating characteristic (ROC) curve analysis.

RESULTS

In the whole patients, HbAlc was moderately positively correlated with ECV-HU, ECV-ID and nIC (rs =0.447, rs =0.541, rs =0.533,
respectively; all P < 0.001). The pancreatic ECV-HU, ECV-ID and nIC in diabetes group were significantly higher than those in non-
diabetes group and pre-diabetes group (all P < 0.001). The combination of ECV-ID and nIC has the highest area under the curve
(AUQ), sensitivity and specificity in differentiating non-diabetic or pre-diabetes from diabetic patients(0.876, 76.9% and 83.9%;
0.820, 71.8% and 88.9%, respectively). Furthermore, in differentiating non-diabetes or pre-diabetes from diabetes group, the AUC
was superior in ECV-ID vs. ECV-HU (0.851 vs. 0.799 and 0.787 vs. 0.741, respectively).

CONCLUSION
s Combined application of pancreatic ECV-ID and nIC is a potential imaging index to evaluate diabetic patients.
CLINICAL RELEVANCE/APPLICATION

The diagnosis of diabetes mellitus was associated with pancreatic imaging biomarkers, such as ECV and nIC, which may provide new
insights into clinical practice.

M2-SPPH-2 Impact of Patient Habitus and Energy-Bin Weighting on Monochromatic Image Quality for Photon-
Counting CT

Participants
Paul E. Kinahan, PhD, Seattle, WA (Presenter) Co-founder, PET/X LLC

PURPOSE

Photon-counting x-ray computed tomography (PCCT) is a new technology that has the potential to improve clinically relevant
image properties such as bias and noise. However, the image reconstruction algorithm must account for energy-dependent physical
effects, including Compton scattering in the detectors for the case of silicon-based scanners. We investigated the effects of
combining post-log projection data from different edge-on silicon-based PCCT energy bins to form virtual mono-energetic images by
minimizing the root-mean-squared error (RMSE).

METHODS AND MATERIALS

PCCT and monochromatic images were simulated using the Catsim software package. The XCAT phantom served as a vector-based
input to the simulations. Optimization of the projection data weighting and image analysis was done in MATLAB.The patient habitus
was varied by modifying the XCAT fields to generate three patient sizes defined as “small”, “medium”, and “large”. For each
phantom size, two Catsim simulations were performed: one having a monochromatic x-ray spectrum with standard detection, and
one having a full bremsstrahlung spectrum and edge-on silicon-based PCCT detectors that included a model for Compton scatter.



Using a least-squares cost function, PCCT sinograms corresponding to different photon energies were combined to match the
monochromatic sinograms at each of the three sizes. These “synthetic monochromatic sinograms” were then reconstructed. The
RMSE was computed using the monochromatic images as ground truth.

RESULTS

The optimal weights for recombining multiple PCCT energy bin sinograms were object dependent. When size-specific weights were
used, the RMSEs over all phantom pixels were 22, 41 and 53 HU for the three respective phantom sizes. However, if the
coefficients were fixed to those optimal for the medium phantom, the RMSEs for the smaller and larger increased to 28 and 60 HU
respectively. For some imaging techniques, photon starvation artifacts would appear for sub-optimal weights.

CONCLUSION

s For PCCT reconstruction algorithms that aim to estimate monochromatic CT data by simple weighting of energy bin sinograms, the
use of fixed coefficients will lead to increased noise and artifacts for varying patient sizes.

CLINICAL RELEVANCE/APPLICATION

Photon-counting CT scanners have a dramatic increase in the amount of spectral (energy) information generated compared to
standard energy-integrating CT scanners, even those operated in dual-kVp mode. With this rich source of energy data, there are
many new parameters to be evaluated and ideally optimized. This study evaluates one such set of

M2-SPPH-3 Reporting on Methodology in Dual Energy CT Studies: A Systematic Literature Review

Participants
Nils Grosse Hokamp, MD, MBA, Koln, Germany (Presenter) Research Grant, Koninklijke Philips NV;Speakers Bureau, Koninklijke Philips
NV;Consultant, Bristol-Myers Squibb Company

PURPOSE

The objective of this study was to perform a structured literature review to assess how image acquisition parameters and technical
details are reported in clinical dual-energy CT (DECT) studies.

METHODS AND MATERIALS

A structured query of the PubMed meta-database was performed that covered all studies between the years 2016 and 2020 with a
potential utilization of a dual-energy system. After inclusion, the described dual-energy CT methodology was recorded in a
structured approach for each study with particular attention to scanning and reconstruction parameters.

RESULTS

A total of 864 out of 2742 studies were eligible for inclusion. The DECT approach that was used was reported in 87% of all studies,
while in 98% of all studies at least the vendor of the DECT system was specified. In most studies, a dual-source system was used
(44%), followed by kVp switching (34%) and dual-layer systems (15%), with the remainder using multiple systems or twinbeam
technology. The average number of patients included was 83 + 213. Data on mAS was reported in 70%, data on tube voltage in
78%, data on gantry rotation time in 60%, data on collimation in 57%, and data on pitch in 60% of the studies.

CONCLUSION

s In dual-energy CT studies between 2016 and 2020, the technical parameters of image acquisition as well as reconstruction
parameters are frequently only partially specified, which may significantly limit reproducibility.

CLINICAL RELEVANCE/APPLICATION

WIth the increasing complexity of technological concepts to Dual-Energy CT imaging, more caution has to be taken when describing
methodology of scientific studies. Only complete details on image acquisition and image reconstruction will allow for transferability
of findings among sites and from research into clinics, eventually.

M2-SPPH-5 Prior-Information-Inspired Deep Learning Noise Reduction for Coronary CT Angiography Acquired
with a Photon Counting Detector CT

Participants
Shaojie Chang, PhD, ROCHESTER, MN (Presenter) Nothing to Disclose

PURPOSE

To develop a deep learning technique that utilizes prior information to reduce noise in high-resolution, photon-counting-detector
(PCD) CT coronary CT angiography (CTA).

METHODS AND MATERIALS

Clinical coronary CTA exams acquired on a PCD-CT (NAEOTOM Alpha, Siemens Healthcare) were considered in this study. Virtual
monoenergetic images (VMIs) at different energies (50, 70, 100 keV) were reconstructed using both filtered back projection (FBP)
and iterative reconstruction (IR) algorithms, 0.6 mm slice thickness, and a sharp kernel (Bv68). The FBP and IR images were
subtracted to generate images composed predominately of noise. The lower noise 70 keV VMI images served as the prior images.
To obtain a relatively low-noise signal reference, adjacent IR images and prior images were averaged to simulate thicker slice
images (1.5 mm). A convolutional neural network (CNN) was constructed based on a U-Net architecture with mean square error
loss. CNN inputs consisted of (1) noise-only images superimposed onto the signal reference images and (2) the prior images. Spatial
decoupling between the noise-only image and signal reference was used to avoid overfitting and reduce propagation of IR
deficiencies into the CNN model. Image patches of 128x128 pixels were extracted from all available training data and standard data
augmentation techniques were applied. Training targets consisted of the signal reference without added noise. Denoising strength
was controlled by a weighting factor of the noise patch. The resulting CNN was applied to the original thin slice and sharp kernel
FBP images.

RESULTS

FBP images showed very high noise at all VMI energies given the sharp kernel. While IR images substantially reduced image noise



compared to FBP, noise texture was altered and a patchy appearance was observed. The proposed CNN framework provided strong
noise reduction, by 95 £+ 1 % relative to FBP and by 60 % 3 % relative to IR, while maintaining a natural noise texture without a
patchy appearance. Additionally, image properties unique to each VMI energy were retained, with increased contrast signal at 50
keV, and decreased calcium blooming at 100 keV.

CONCLUSION

s This prior information inspired CNN framework fully utilized the PCD-CT data along the energy axis to achieve substantial noise
reduction while preserving the VMI's properties.

CLINICAL RELEVANCE/APPLICATION

Improved PCD-CT coronary CTA image quality at different energies is beneficial for improving visualization of non-calcific plaques
using low keV VMI and reduction of calcium/stent blooming using high keV VMI.

M2-SPPH-6 Development of a Dose- And Size- Independent Deep Learning Based Material Decomposition
Algorithm Using Photon-Counting CT Images

Participants
Jayasai Rajagopal, BA, Durham, NC (Presenter) Nothing to Disclose

PURPOSE

To develop a material decomposition technique that can accurately characterize k-edge materials in the presence of variable dose
conditions

METHODS AND MATERIALS

Image data was generated using a validated simulation platform (DukeSim, Duke University) to emulate a clinical photon-counting
CT system (NAEOTOM Alpha, Siemens Healthineers) with standardized acquisition parameters (120 kV, 20-65 keV detector
thresholds). 4200 cases were acquired consisting of cylindrical phantoms at variable sizes (16, 24, 32, 40 cm diameter) containing
inserts of iodine and gadolinium (0.25-20 mg/mL) in various configurations including vials with single materials and mixtures and
simulated at several dose levels (3.9, 5.9, 11.7 mGy CTDIvol). Dose and size parameters were selected to create variable image
quality across the dataset. A convolutional neural network with a U-net architecture was trained using a subset of the cases to
learn the relationship between the simulated images and the concentrations of iodine and gadolinium. The model used patch-wise
training with a squared-error regression loss function. None of the material concentrations in the testing dataset were present in
the training data. Model accuracy was measured by estimating bias and limits of agreement (LoA) in a Bland-Altman analysis and
root-mean-square error (RMSE) of concentration estimates from the ground truth values.

RESULTS

Image noise within vial regions-of-interest increased as dose decreased (32%). Testing results showed a good performance for
estimating iodine (bias: -0.1, LoA: -0.6 - 0.4 mg/mL I) and gadolinium (bias: -0.02, LoA: -0.3 - 0.3 mg/mL Gd). RMSE showed an
excellent overall performance for iodine (0.1 mg/mL) and gadolinium (0.1 mg/mL).

CONCLUSION

s A deep learning based material decomposition algorithm was able to accurately characterize iodine and gadolinium as single
materials and mixtures. The algorithm maintained a desirable performance under low dose conditions.

CLINICAL RELEVANCE/APPLICATION

A material decomposition technique that can reliably function at different dose levels can increase the clinical viability of material
characterization for diagnostic purposes

M2-SPPH-7 Performance Evaluation of Deep Learning Image Reconstruction for Dual Energy CT - Quantitative
Accuracy and Noise Characteristics of Iodine Map

Participants
Benjamin Maloney, PhD, Detroit, MI (Presenter) Nothing to Disclose

PURPOSE

To evaluate the performance of DLIR-GSI, a novel deep learning image reconstruction algorithm for dual energy CT, with a focus on
quantitative accuracy and noise characteristics of its generated iodine maps at reduced radiation dose levels.

METHODS AND MATERIALS

An anthropomorphic lung phantom (CTP698, The Phantom Laboratory) with an inserted syringe filled with iodine solution (ISOVUE
300 and saline mix) was scanned under GSI mode on a Revolution CT scanner (GE Healthcare). Six concentrations of iodine solution
(range [1.7, 12.0] mgl/ml), and five CTDIvol levels of CT scan (range [4.2, 19.0] mGy) were used in the experiment. For each scan,
the iodine images were reconstructed using five different reconstruction algorithm settings, including FBP (standard), ASIR-V
(40%), and DLIR (high, medium, and low strength settings). For each set of iodine images, the iodine concentration within the
syringe was measured and its percentage difference relative to the reference value calculated. Also, repeated scans of the
phantom without iodine inserts were performed, from which the noise power spectra (NPS) were measured from homogeneous
background and the peak frequencies of their radial profiles determined.

RESULTS

For all reconstruction settings, the largest percentage difference between the measured iodine concentration and the reference
value occurred at both the lowest iodine concentration and the lowest CTDIvol; the percentage differences from DLIR-GSI
reconstructed images are 3.6%=0.3% (DLIR high), 3.7%=0.5% (DLIR medium), 3.9%=0.6% (DLIR low), compared to 4.3%=*1.0%
(FBP) and 4.3%+0.8% (ASIR-V). At the lowest CTDlvol, the peak frequencies of NPS radial profiles from DLIR-GSI reconstructed
iodine images are 0.34+0.01 mm-1 (DLIR high), 0.33+£0.01 mm-1 (DLIR medium), 0.34+0.01 mm-1 (DLIR low), compared to
0.34+0.01 mm-1 (FBP) and 0.30+0.01 mm-1 (ASIR-V).

CONCLUSION



s The DLIR-GSI algorithm is capable of accurate quantification of iodine at both low iodine concentration and low radiation dose
while maintaining the same noise texture as the traditional analytical reconstruction algorithm.

CLINICAL RELEVANCE/APPLICATION

It provides guidance for dual energy CT protocol optimization for accurate and reliable iodine quantification in clinical applications
such as perfusion defect identification and lesion characterization in lung imaging.

M2-SPPH-9 Feasibility of Small Pulmonary Nodule Detection and Characterization Using Edge-On-Irradiated
Silicon Detector Photon-Counting CT

Participants
Zhye Yin, Niskayuna, NY (Presenter) Employee, General Electric Company

PURPOSE

Advanced high-resolution CT is effective at assessing small pulmonary nodules down to 3—5mm in size during screening and
oncology exams. However, the clinical value of such findings may be unclear without further tissue characterization. Photon-
counting CT (PCCT) with edge-on-irradiated silicon detectors can simultaneously offer improved spectral capability (to enable
characterization) and spatial resolution (to measure size). In this study, we demonstrate the feasibility of detecting and providing
quantitative spectral characterization of small peripheral pulmonary lung nodules (<5mm) in a phantom study.

METHODS AND MATERIALS

An anthropomorphic phantom (Lungman, Kyoto Kagaku) with two sets of iodine rods (diameter 2—7mm), placed longitudinally at the
peripheral regions of lung, were scanned using a prototype PCCT (GE Healthcare) at 120kVp and CTDIvol of 8.72mGy. Iodine rod
concentrations were 1.7mg/ml and 3.0mg/ml. Material images were generated on a 1024x1024 image grid with standard and high-
resolution kernels. Quantification accuracy for various nodule sizes was obtained for regions of interest (ROI) on iodine images.
Nodule sizes were measured at monochromatic images at 70 keV.

RESULTS

In the iodine images, the ROI means and standard deviations for 5mm, 4mm, 3mm, and 2mm diameter rods with 3mg/ml
concentration were 3.18mg/ml[0.51mg/ml], 3.12mg/mi[0.40mg/ml], 3.21mg/mI[1.32mg/ml], and 2.56mg/mlI[1.25mg/ml], respectively.
The respective nodule size measurements were 5.08mm, 3.87mm, 3.05mm and 1.94mm.

CONCLUSION

s Our results indicate that this PCCT prototype can provide, from a single scan, both nodule size and iodine quantification for small
lung nodule detection and characterization. Edge-on-irradiated Si-based PCCT thus has the potential to provide additional
information on small pulmonary nodules and could have a role in differentiating benign and malignant nodules, obviating the need for
follow up imaging or biopsy.

CLINICAL RELEVANCE/APPLICATION

PCCT with simultaneous high spatial and spectral resolution can provide supplementary information on lung nodules smaller than 3—
5mm and simplify the clinical decision process.
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Differentiating Patients With Diabetes Mellitus With Pancreatic Extracellular Volume Fraction and Normalized
Iodine Concentration Acquired by Dual Energy CT
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Participants
Xiaoyi Cai, MBBS, (Presenter) Nothing to Disclose

PURPOSE

To investigate the feasibility of extracellular volume (ECV) fraction and normalized iodine concentration (nIC) using dual energy CT
(DECT) to evaluate diabetic patients.

METHODS AND MATERIALS

106 patients with known or suspected abdominal disease underwent abdominal precontrast CT scan (120kV) and DECT enhanced
scan. Patients were divided into three groups according to the American Diabetes Association criteria: non-diabetes group (HbA1l <
5.7%, 31 patients), pre-diabetes group (5.7% = HbAlc < 6.5%, 36 patients) and diabetes group (HbAlc = 6.5%, 39 patients). Two
ECV fractions(ECV-HU = (HUpancreas -equilibrium phase - HUpancreas -precontrast) /(HUabdominal aorta -equilibrium phase -
HUabdominal aorta -precontrast) x (100-Hct), ECV-ID = (IDpancrease -equilibrium phase /IDabdominal aorta -equilibrium phase) x
(100-Hct)) and the nIC (nIC=ICpancrease-equilibrium phase /ICabdominal aorta-equilibrium phase) of the pancreas were calculated.
The correlations of pancreatic ECV-HU, ECV-ID, and nIC with HbAlc value were analyzed by Spearman rank correlation. Pancreatic
ECV-HU, ECV-ID and nIC among groups were compared by one-way ANOVA. The diagnostic performance of pancreatic ECV-HU,
ECV-ID, and nIC was evaluated by receiver operating characteristic (ROC) curve analysis.

RESULTS

In the whole patients, HbAlc was moderately positively correlated with ECV-HU, ECV-ID and nIC (rs =0.447, rs =0.541, rs =0.533,
respectively; all P < 0.001). The pancreatic ECV-HU, ECV-ID and nIC in diabetes group were significantly higher than those in non-
diabetes group and pre-diabetes group (all P < 0.001). The combination of ECV-ID and nIC has the highest area under the curve
(AUC), sensitivity and specificity in differentiating non-diabetic or pre-diabetes from diabetic patients(0.876, 76.9% and 83.9%;
0.820, 71.8% and 88.9%, respectively). Furthermore, in differentiating non-diabetes or pre-diabetes from diabetes group, the AUC
was superior in ECV-ID vs. ECV-HU (0.851 vs. 0.799 and 0.787 vs. 0.741, respectively).

CONCLUSION
s Combined application of pancreatic ECV-ID and nIC is a potential imaging index to evaluate diabetic patients.
CLINICAL RELEVANCE/APPLICATION

The diagnosis of diabetes mellitus was associated with pancreatic imaging biomarkers, such as ECV and nIC, which may provide new
insights into clinical practice.
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Impact of Patient Habitus and Energy-Bin Weighting on Monochromatic Image Quality for Photon-Counting
CT

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - PH DPS

Participants
Paul E. Kinahan, PhD, Seattle, WA (Presenter) Co-founder, PET/X LLC

PURPOSE

Photon-counting x-ray computed tomography (PCCT) is a new technology that has the potential to improve clinically relevant
image properties such as bias and noise. However, the image reconstruction algorithm must account for energy-dependent physical
effects, including Compton scattering in the detectors for the case of silicon-based scanners. We investigated the effects of
combining post-log projection data from different edge-on silicon-based PCCT energy bins to form virtual mono-energetic images by
minimizing the root-mean-squared error (RMSE).

METHODS AND MATERIALS

PCCT and monochromatic images were simulated using the Catsim software package. The XCAT phantom served as a vector-based
input to the simulations. Optimization of the projection data weighting and image analysis was done in MATLAB.The patient habitus
was varied by modifying the XCAT fields to generate three patient sizes defined as “small”, “medium”, and “large”. For each
phantom size, two Catsim simulations were performed: one having a monochromatic x-ray spectrum with standard detection, and
one having a full bremsstrahlung spectrum and edge-on silicon-based PCCT detectors that included a model for Compton scatter.
Using a least-squares cost function, PCCT sinograms corresponding to different photon energies were combined to match the
monochromatic sinograms at each of the three sizes. These “synthetic monochromatic sinograms” were then reconstructed. The
RMSE was computed using the monochromatic images as ground truth.

RESULTS

The optimal weights for recombining multiple PCCT energy bin sinograms were object dependent. When size-specific weights were
used, the RMSEs over all phantom pixels were 22, 41 and 53 HU for the three respective phantom sizes. However, if the
coefficients were fixed to those optimal for the medium phantom, the RMSEs for the smaller and larger increased to 28 and 60 HU
respectively. For some imaging techniques, photon starvation artifacts would appear for sub-optimal weights.

CONCLUSION

s For PCCT reconstruction algorithms that aim to estimate monochromatic CT data by simple weighting of energy bin sinograms, the
use of fixed coefficients will lead to increased noise and artifacts for varying patient sizes.

CLINICAL RELEVANCE/APPLICATION

Photon-counting CT scanners have a dramatic increase in the amount of spectral (energy) information generated compared to
standard energy-integrating CT scanners, even those operated in dual-kVp mode. With this rich source of energy data, there are
many new parameters to be evaluated and ideally optimized. This study evaluates one such set of
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Reporting on Methodology in Dual Energy CT Studies: A Systematic Literature Review
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Nils Grosse Hokamp, MD, MBA, Koln, Germany (Presenter) Research Grant, Koninklijke Philips NV;Speakers Bureau, Koninklijke Philips
NV;Consultant, Bristol-Myers Squibb Company

PURPOSE

The objective of this study was to perform a structured literature review to assess how image acquisition parameters and technical
details are reported in clinical dual-energy CT (DECT) studies.

METHODS AND MATERIALS

A structured query of the PubMed meta-database was performed that covered all studies between the years 2016 and 2020 with a
potential utilization of a dual-energy system. After inclusion, the described dual-energy CT methodology was recorded in a
structured approach for each study with particular attention to scanning and reconstruction parameters.

RESULTS

A total of 864 out of 2742 studies were eligible for inclusion. The DECT approach that was used was reported in 87% of all studies,
while in 98% of all studies at least the vendor of the DECT system was specified. In most studies, a dual-source system was used
(44%), followed by kVp switching (34%) and dual-layer systems (15%), with the remainder using multiple systems or twinbeam
technology. The average number of patients included was 83 £ 213. Data on mAS was reported in 70%, data on tube voltage in
78%, data on gantry rotation time in 60%, data on collimation in 57%, and data on pitch in 60% of the studies.

CONCLUSION

s In dual-energy CT studies between 2016 and 2020, the technical parameters of image acquisition as well as reconstruction
parameters are frequently only partially specified, which may significantly limit reproducibility.

CLINICAL RELEVANCE/APPLICATION

WIth the increasing complexity of technological concepts to Dual-Energy CT imaging, more caution has to be taken when describing
methodology of scientific studies. Only complete details on image acquisition and image reconstruction will allow for transferability
of findings among sites and from research into clinics, eventually.

Printed on: 02/07/23



KSNA 2022

Empowering Patients and Partners in Care
Moverber 27 to December 1 | McCarmick Place, Chicaga

Abstract Archives of the RSNA, 2022
M2-SPPH-5

Prior-Information-Inspired Deep Learning Noise Reduction for Coronary CT Angiography Acquired with a
Photon Counting Detector CT

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - PH DPS

Participants
Shaojie Chang, PhD, ROCHESTER, MN (Presenter) Nothing to Disclose

PURPOSE

To develop a deep learning technique that utilizes prior information to reduce noise in high-resolution, photon-counting-detector
(PCD) CT coronary CT angiography (CTA).

METHODS AND MATERIALS

Clinical coronary CTA exams acquired on a PCD-CT (NAEOTOM Alpha, Siemens Healthcare) were considered in this study. Virtual
monoenergetic images (VMIs) at different energies (50, 70, 100 keV) were reconstructed using both filtered back projection (FBP)
and iterative reconstruction (IR) algorithms, 0.6 mm slice thickness, and a sharp kernel (Bv68). The FBP and IR images were
subtracted to generate images composed predominately of noise. The lower noise 70 keV VMI images served as the prior images.
To obtain a relatively low-noise signal reference, adjacent IR images and prior images were averaged to simulate thicker slice
images (1.5 mm). A convolutional neural network (CNN) was constructed based on a U-Net architecture with mean square error
loss. CNN inputs consisted of (1) noise-only images superimposed onto the signal reference images and (2) the prior images. Spatial
decoupling between the noise-only image and signal reference was used to avoid overfitting and reduce propagation of IR
deficiencies into the CNN model. Image patches of 128x128 pixels were extracted from all available training data and standard data
augmentation techniques were applied. Training targets consisted of the signal reference without added noise. Denoising strength
was controlled by a weighting factor of the noise patch. The resulting CNN was applied to the original thin slice and sharp kernel
FBP images.

RESULTS

FBP images showed very high noise at all VMI energies given the sharp kernel. While IR images substantially reduced image noise
compared to FBP, noise texture was altered and a patchy appearance was observed. The proposed CNN framework provided strong
noise reduction, by 95 £ 1 % relative to FBP and by 60 *+ 3 % relative to IR, while maintaining a natural noise texture without a
patchy appearance. Additionally, image properties unique to each VMI energy were retained, with increased contrast signal at 50
keV, and decreased calcium blooming at 100 keV.

CONCLUSION

s This prior information inspired CNN framework fully utilized the PCD-CT data along the energy axis to achieve substantial noise
reduction while preserving the VMI's properties.

CLINICAL RELEVANCE/APPLICATION

Improved PCD-CT coronary CTA image quality at different energies is beneficial for improving visualization of non-calcific plaques
using low keV VMI and reduction of calcium/stent blooming using high keV VMI.
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Development of a Dose- And Size- Independent Deep Learning Based Material Decomposition Algorithm Using
Photon-Counting CT Images
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Jayasai Rajagopal, BA, Durham, NC (Presenter) Nothing to Disclose

PURPOSE

To develop a material decomposition technique that can accurately characterize k-edge materials in the presence of variable dose
conditions

METHODS AND MATERIALS

Image data was generated using a validated simulation platform (DukeSim, Duke University) to emulate a clinical photon-counting
CT system (NAEOTOM Alpha, Siemens Healthineers) with standardized acquisition parameters (120 kV, 20-65 keV detector
thresholds). 4200 cases were acquired consisting of cylindrical phantoms at variable sizes (16, 24, 32, 40 cm diameter) containing
inserts of iodine and gadolinium (0.25-20 mg/mL) in various configurations including vials with single materials and mixtures and
simulated at several dose levels (3.9, 5.9, 11.7 mGy CTDIvol). Dose and size parameters were selected to create variable image
quality across the dataset. A convolutional neural network with a U-net architecture was trained using a subset of the cases to
learn the relationship between the simulated images and the concentrations of iodine and gadolinium. The model used patch-wise
training with a squared-error regression loss function. None of the material concentrations in the testing dataset were present in
the training data. Model accuracy was measured by estimating bias and limits of agreement (LoA) in a Bland-Altman analysis and
root-mean-square error (RMSE) of concentration estimates from the ground truth values.

RESULTS

Image noise within vial regions-of-interest increased as dose decreased (32%). Testing results showed a good performance for
estimating iodine (bias: -0.1, LoA: -0.6 - 0.4 mg/mL I) and gadolinium (bias: -0.02, LoA: -0.3 - 0.3 mg/mL Gd). RMSE showed an
excellent overall performance for iodine (0.1 mg/mL) and gadolinium (0.1 mg/mL).

CONCLUSION

s A deep learning based material decomposition algorithm was able to accurately characterize iodine and gadolinium as single
materials and mixtures. The algorithm maintained a desirable performance under low dose conditions.

CLINICAL RELEVANCE/APPLICATION

A material decomposition technique that can reliably function at different dose levels can increase the clinical viability of material
characterization for diagnostic purposes
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Performance Evaluation of Deep Learning Image Reconstruction for Dual Energy CT - Quantitative Accuracy
and Noise Characteristics of Iodine Map

Monday, Nov. 28 9:00AM - 9:30AM Room: Learning Center - PH DPS

Participants
Benjamin Maloney, PhD, Detroit, MI (Presenter) Nothing to Disclose

PURPOSE

To evaluate the performance of DLIR-GSI, a novel deep learning image reconstruction algorithm for dual energy CT, with a focus on
quantitative accuracy and noise characteristics of its generated iodine maps at reduced radiation dose levels.

METHODS AND MATERIALS

An anthropomorphic lung phantom (CTP698, The Phantom Laboratory) with an inserted syringe filled with iodine solution (ISOVUE
300 and saline mix) was scanned under GSI mode on a Revolution CT scanner (GE Healthcare). Six concentrations of iodine solution
(range [1.7, 12.0] mgl/ml), and five CTDIvol levels of CT scan (range [4.2, 19.0] mGy) were used in the experiment. For each scan,
the iodine images were reconstructed using five different reconstruction algorithm settings, including FBP (standard), ASIR-V
(40%), and DLIR (high, medium, and low strength settings). For each set of iodine images, the iodine concentration within the
syringe was measured and its percentage difference relative to the reference value calculated. Also, repeated scans of the
phantom without iodine inserts were performed, from which the noise power spectra (NPS) were measured from homogeneous
background and the peak frequencies of their radial profiles determined.

RESULTS

For all reconstruction settings, the largest percentage difference between the measured iodine concentration and the reference
value occurred at both the lowest iodine concentration and the lowest CTDIvol; the percentage differences from DLIR-GSI
reconstructed images are 3.6%=0.3% (DLIR high), 3.7%=0.5% (DLIR medium), 3.9%=0.6% (DLIR low), compared to 4.3%=+1.0%
(FBP) and 4.3%+0.8% (ASIR-V). At the lowest CTDIvol, the peak frequencies of NPS radial profiles from DLIR-GSI reconstructed
iodine images are 0.34%+0.01 mm-1 (DLIR high), 0.33+0.01 mm-1 (DLIR medium), 0.34+0.01 mm-1 (DLIR low), compared to
0.34+0.01 mm-1 (FBP) and 0.30+0.01 mm-1 (ASIR-V).

CONCLUSION

s The DLIR-GSI algorithm is capable of accurate quantification of iodine at both low iodine concentration and low radiation dose
while maintaining the same noise texture as the traditional analytical reconstruction algorithm.

CLINICAL RELEVANCE/APPLICATION

It provides guidance for dual energy CT protocol optimization for accurate and reliable iodine quantification in clinical applications
such as perfusion defect identification and lesion characterization in lung imaging.
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Feasibility of Small Puilmonary Nodule Detection and Characterization Using Edge-On-Irradiated Silicon
Detector Photon-Counting CT
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Participants
Zhye Yin, Niskayuna, NY (Presenter) Employee, General Electric Company

PURPOSE

Advanced high-resolution CT is effective at assessing small pulmonary nodules down to 3—5mm in size during screening and
oncology exams. However, the clinical value of such findings may be unclear without further tissue characterization. Photon-
counting CT (PCCT) with edge-on-irradiated silicon detectors can simultaneously offer improved spectral capability (to enable
characterization) and spatial resolution (to measure size). In this study, we demonstrate the feasibility of detecting and providing
quantitative spectral characterization of small peripheral pulmonary lung nodules (<5mm) in a phantom study.

METHODS AND MATERIALS

An anthropomorphic phantom (Lungman, Kyoto Kagaku) with two sets of iodine rods (diameter 2—7mm), placed longitudinally at the
peripheral regions of lung, were scanned using a prototype PCCT (GE Healthcare) at 120kVp and CTDIvol of 8.72mGy. Iodine rod
concentrations were 1.7mg/ml and 3.0mg/ml. Material images were generated on a 1024x1024 image grid with standard and high-
resolution kernels. Quantification accuracy for various nodule sizes was obtained for regions of interest (ROI) on iodine images.
Nodule sizes were measured at monochromatic images at 70 keV.

RESULTS

In the iodine images, the ROI means and standard deviations for 5mm, 4mm, 3mm, and 2mm diameter rods with 3mg/ml
concentration were 3.18mg/ml[0.51mg/ml], 3.12mg/mi[0.40mg/ml], 3.21mg/mI[1.32mg/ml], and 2.56mg/mi[1.25mg/ml], respectively.
The respective nodule size measurements were 5.08mm, 3.87mm, 3.05mm and 1.94mm.

CONCLUSION

s Our results indicate that this PCCT prototype can provide, from a single scan, both nodule size and iodine quantification for small
lung nodule detection and characterization. Edge-on-irradiated Si-based PCCT thus has the potential to provide additional
information on small pulmonary nodules and could have a role in differentiating benign and malignant nodules, obviating the need for
follow up imaging or biopsy.

CLINICAL RELEVANCE/APPLICATION

PCCT with simultaneous high spatial and spectral resolution can provide supplementary information on lung nodules smaller than 3—
5mm and simplify the clinical decision process.
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M5A-SPBR-1 Application of Whole-Image Pixel Analysis to Contrast-Enhanced Mammography: A Potential
Supplementary Tool for Evaluating Mammograms

Participants
Michael Borten, MD, (Presenter) Nothing to Disclose

PURPOSE

Contrast-enhanced mammography (CEM) is an emerging breast imaging modality that has been shown to be more sensitive for
detecting breast cancer than traditional mammography. This study is a pilot demonstration of whole-image pixel analysis over
multiple time points and creation of a color-coded image representing contrast enhancement kinetics.

METHODS AND MATERIALS

We first identified retrospectively CEM exams that contained multiple imaging acquisitions of the same position (e.g., CC or MLO),
which provided serial imaging of the same breast over several time points. After aligning these serial images using MATLAB, three
techniques for overlaying the contrast distribution onto the low energy (LE) traditional mammogram were utilized: 1) direct overlay
of the recombined (RC) image onto the LE image, 2) overlaying a color-coded map of change in “early phase” pixel intensity
between the first and second time points, and 3) overlaying a color-coded map of “delayed phase” change in pixel intensity
between the second and third time points.

RESULTS

From 2124 retrospective images of 139 patients, we identified 40 patients with 53 views for which two or more images were
acquired (two or more time points). Two patients had three images acquired of the same view. Color maps were successfully
created from one time point (single RC image), two time points (“early phase”), and three time points (“delayed phase”). Our
imaging data demonstrate better results as the number of time points increases (Figure 1A-C). For one patient with three time
points, our technique demonstrated an area of rapid uptake (Figure 1B) and mixed washout/plateau (Figure 1C) which corresponded
with the area of biopsy-proven atypical ductal hyperplasia, albeit with noise from inter-acquisition movement. We also found that
the mean pixel intensity across the whole breast tended to decrease around two minutes after first image acquisition (Figure 1D-E).

CONCLUSION

s Our pilot data have demonstrated the feasibility of using serial CEM acquisitions to create a kinetic color map analogous to those
routinely utilized with breast MR imaging, which can demonstrate areas of washout that might correlate with suspicious breast
findings. Future studies will focus on prospectively acquiring images at systematic time points to allow for more robust and
conclusive data analysis.

CLINICAL RELEVANCE/APPLICATION

We apply whole-image pixel analysis to contrast-enhanced mammography (CEM) to create color-coded enhancement kinetic maps
that could aid clinicians in evaluating findings suspicious for malignancy.

M5A-SPBR-2 Diagnostic Performance and Image Quality of Contrast Enhanced Spectral Mammography with Low-
Dose Contrast Agents in Detecting Breast Lesions

Participants
Huizhi Cao, PhD, (Presenter) Nothing to Disclose

PURPOSE

To explore the clinical value of contrast enhanced spectral mammography with low-dose contrast agents in assessing breast
lesions.

METHODS AND MATERIALS

In this IRB-approved retrospective study, 223 patients undergoing CESM were randomly assigned into two protocols: 113 patients
were carried out exam with conventional dose (Iohexol at 1.5ml/kg;350 mg/ml), and other 110 patients underwent exam with low
dose (Iohecol at 1 ml/kg; 300-350 mg/ml). All the patients accepted MRI examination within one week. The image of CESM, MRI
and the histopathological data were analyzed. The clinical value of CESM and MRI were evaluated according to the
histopathological results, respectively. The ROC curve was to applied to analyzed clinical efficiency. The tumor size was measured
from CESM, MRI modalities and pathological data. By using the Bland-Altman analysis, the consistency of the maximum tumor size



was assessed.
RESULTS

Histopathologic result revealed 33 benign and 67 malignant lesions in low dose group, and 35 benign and 78 malignant lesions in
conventional group. CESM obtained from conventional group had similar AUC area, sensitivity, specificity, PPV, NPV to MRI imaging
(0,928, 0.962, 0.846,0.783,0.821 vs. 0.903,0.974,0.809,0.805,0.856). Importantly, CESM from low dose group showed a
comparison of clinical performance to MRI as well. (AUC area: 0.944 vs. 0.925; sensitivity:0.990 vs.0.941;
specificity:0.825vs.0.831; PPV:0.802 vs. 0.825; NPV:0.855 vs. 0.895). For tumor size measurement, mean tumor size was 3.51 cm
for CESM (conventional group) and 3.61 cm for MRI, compared with 3.38 cm on histopathological results, the average difference of
diameters between CESM (conventional group), MRI and Histopathologic size was -0.02, -0.10cm, respectively. Additionally,
average sizes were measured as 4.02 cm, 3.76 cm, 3.96 cm for CESM (low dose group), MRI and Histopathologic result, and the
difference diameters compared to Pathologic data were -0.05, -0.08cm. Bland-Altman analysis showed best consistency on tumor
size between CESM (low dose group), MRI and pathological results.

CONCLUSION

sLow doses of contrast agents used for CESM show a comparison both in diagnostic performance and tumor size assessment,
compared to CESM obtained with conventional dose.

CLINICAL RELEVANCE/APPLICATION

Contrast enhanced spectral mammography performed at low dose of contrast agents can meet the clinical and imaging
requirements without sacrificing diagnostic performance.

M5A-SPBR-3 Diagnostic Accuracy of Automated ACR BI-RADS Breast Density Classification using Deep
Convolutional Neural Networks

Participants
Raphael Sexauer, MD, (Presenter) Nothing to Disclose

PURPOSE

High breast density is a well-known risk factor for breast cancer. This study aimed to develop and adapt two deep convolutional
neural networks (DCNN) for the automatic classification of breast density based on the mammographic appearance of the tissue on
synthetic 2D tomosynthesis craniocaudal (CC) and mediolateral oblique (MLO) projections.

METHODS AND MATERIALS

In this study, 4605 mammography tomosynthesis-based synthetic images from 1267 different patients (57 + 37 years) were labeled
according to the ACR (American College of Radiology) density (A-D) by a radiologist with 2 years of experience in breast imaging.
Two DCNN with 11 convolutional layers and 3 fully connected layers were trained with 70% of the data, whereas 20% was used for
validation. The remaining 10% were used as a separate test dataset with 460 images (380 patients). All mammograms in the test
dataset were read blinded by two radiologists (reader 1 with two and reader 2 with 11 years of dedicated mammographic
experience in mammographic imaging), and the consensus was formed as the reference standard. The inter- and intra-reader
reliabilities of the density classifications were assessed by calculating Cohen’s kappa coefficients, and diagnostic accuracy
measures of automated classification were evaluated.

RESULTS

Two separate models for MLO and CC projections were successfully trained and implemented in the “b-box” artificial intelligence
(AI) platform (Medical device type Ila, CE 0297). Mean sensitivity of 80.4 (95%-CI 72.2-86.9) and a specificity of 89.3 (95%-CI
85.4-92.3) in the differentiation between ACR A/B and ACR C/D. DCNN versus human and interhuman agreement was both
“substantial” (Cohen’s kappa: 0.61 versus 0.63).

CONCLUSION

s The DCNN allows for accurate, standardized, and observer-independent classification of breast density based on the ACR BI-RADS
system. The proposed technique is suited for tomosynthesis-based synthetic images.

CLINICAL RELEVANCE/APPLICATION
DCNNs can be used to accurately mimic human decision-making in breast density assessment for synthetic 2D tomosynthesis.

M5A-SPBR-4 Screen-detected and Interval Breast Cancer Rates are Significantly Higher in Women with Dense
Breasts Across all Age Groups in a Large DBT Dataset

Participants
Giorgia Grisot, PhD, CAMBRIDGE, United Kingdom (Presenter) Employee, RadNet, Inc

PURPOSE

High breast density is associated with both increased breast cancer risk and decreased sensitivity of screening mammography,
contributing to higher overall breast cancer rates and interval breast cancer rates. The Breast Cancer Surveillance Consortium
(BCSC) previously showed that interval cancer rates are higher in women with dense breasts undergoing screening with full-field
digital mammography, but little data is available for digital breast tomosynthesis (DBT). We sought to compare cancer rates by
breast density on women undergoing screening with DBT using a dataset comparable to BCSC.

METHODS AND MATERIALS

Retrospective data was collected including one DBT screening mammogram from each of 559,791 women undergoing screening
between 2017-2021 at over 150 clinical locations, excluding first screens, and with at least one year of follow-up. Screen-detected
cancer rate and interval cancer rate were calculated per 1000 women. Analyses are separated by women with nondense (fatty or
scattered fibroglandular) and dense (heterogeneously dense or very dense) breast tissue, following BI-RADS 5th Edition guidelines.

RESULTS
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rate compared to women with nondense breasts. CDR is higher in women with dense breasts in all age brackets (dense/nondense
CDR: age 40-49: 2.0; 50-59: 1.8; 60-69: 1.4; 70-74: 1.4, chi-square p<0.001 for all differences). Interval cancer rate was higher
in women with dense breasts in all age brackets (dense/nondense interval cancer rate: age 40-49: 2.5; 50-59: 3.2; 60-69: 2.8;
70-74: 3.7, chi-square p<0.01 for all differences). While the positive predictive value of recalls (PPV1) was similar for women with
dense breasts compared to nondense breasts in age groups above 50, women ages 40-49 with dense breasts who were recalled
were more likely to have cancer detected than women with nondense breasts (dense/nondense PPV1: 1.17).

CONCLUSION

s In a group of more than half a million women, women with dense breasts undergoing screening mammography with DBT show
increased rates of cancer detection and interval cancer rates compared to women without dense breasts, across all age groups.
Women aged 40-49 with dense breasts had a higher recall rate but also a higher likelihood of a cancer diagnosis than women
without dense breasts. Mammographic breast density, even with DBT, remains associated with higher rates of cancer.

CLINICAL RELEVANCE/APPLICATION

Mammographic breast density is a strong risk factor for breast cancer and for interval breast cancers, even when DBT is used. Our
results suggest women aged 40-49 with dense breasts particularly benefit from screening mammography.

M5A-SPBR-5 Density Awareness: Do Patients Know About Breast Density? What Are Factors That May Influence
Breast Density Awareness?

Participants
Mary W. Yamashita, MD, South Pasadena, CA (Presenter) Research Grant, Delphinus Medical Technologies, Inc;Consultant,
Delphinus Medical Technologies, Inc

PURPOSE

While prior studies have investigated primary or referring physician awareness of breast density and its association with breast
cancer, to our knowledge, patient knowledge of breast density has not been assessed. We would like to investigate patients’
awareness of breast density, specifically those patients who were previously notified of their dense breasts in the mammography
result letter.

METHODS AND MATERIALS

We conducted a retrospective review of 8317 women who enrolled in the SoftVue™ Prospective Case Collection registry between
December 2016 and October 2019 who had heterogeneously or extremely dense breasts. After undergoing mammography (MG) and
SoftVue™ automated whole breast ultrasound tomography (SV), all participants completed a history and demographics
questionnaire and an experience survey which also measured awareness of their own breast density, anxiety about breast density,
and level of worry about breast cancer. We reviewed this data and determined the awareness of dense breasts in this population
and its influence on self-reported anxiety about breast cancer and looked at other factors that may influence density awareness.

RESULTS

A large percentage of women are not aware of the significance of dense breasts, despite many of them having received breast
density notification letters prior to participation. Patients who are aware of their breast density report higher anxiety about their
breast density compared to those who are not. Non-Hispanic women are more aware of breast density than Hispanic women.
Patients who underwent imaging in States where Breast Density Notification Laws were active are more likely to be aware of their
breast density, however the wording of the density information letter may impact patient awareness and concern surrounding it.

CONCLUSION

s Breast density is not well understood by women who are heterogeneously dense or extremely dense. More work needs to be done
to educate women with dense breasts about the increased risk of breast cancer and the need for supplementary imaging to
mammography.

CLINICAL RELEVANCE/APPLICATION

Increasing breast density awareness in women with dense breasts will likely empower them to self-advocate for additional imaging
for early detection of breast cancer.

M5A-SPBR-6 SOLUS - Smart Optical and Ultrasound Diagnostics of Breast Cancer: US / DOT Hybrid System for the
Characterization of Breast Lesions

Participants
Elena Venturini, MD, (Presenter) Speaker, Bayer AG

PURPOSE

Presentation of the technology and the first clinical results of a project funded by a Grant Horizon 2020 for the development of a
hybrid ultrasound and optical tomography device, created by the SOLUS consortium that unites 9 European partners experts in
optical imaging, ultrasound and image processing. The purpose of the clinical study, still ongoing, is to evaluate the feasibility of the
SOLUS device in the differentiation of the malignant breast nodules from the benign ones.

METHODS AND MATERIALS

The SOLUS device is a US/optical hybrid prototype that consists of a commercial Hologic Aixplorer Mach 30 US system combined
with an innovative diffuse optical tomography (DOT) system. The SOLUS device includes, in a single exam, B mode ultrasound, color
Doppler, share wave elastography and DOT through a probe that has a normal US transducer in the center, flanked by 8 optodes
that emit and receive light in the red and infrared spectrum. The optical study allows one to measure the concentrations of water,
lipids, collagen, oxygenated and deoxygenated hemoglobin, as well as to provide information on cell membranes and subcellular
organelles. In the clinical study we enroll women with breast nodules = 1 cm, detectable at US, suspicious for malignancy (BI-RADS
4 or 5) or benign (BI-RADS 2 or 3) before breast biopsy, if it is clinically needed. The aim of the clinical study is to compare, in vivo,
the parameters obtained from the evaluation of 20 benign and 20 malignant lesions to test the possibility of differentiating them.

RESULTS



From 10/2021 to 04/2022 we enrolled 17 women with breast nodules; overall 18 breast nodules were evaluated (5 malignant, 13
benign). The preliminary analysis performed have confirmed that the SOLUS device may depict the composition of breast tissue,
differentiating breast nodules from the surrounding tissue and distinguishing malignant from benign lesions.

CONCLUSION

s The initial data collected, based mainly on DOT findings guided by US, suggest that a multiparametric analysis, adding also
information from US based techniques, may have a role in the characterization of breast lesions.

CLINICAL RELEVANCE/APPLICATION
A multiparametric analysis, based mainly on DOT findings guided by US, may have a role in the characterization of breast lesions.

M5A-SPBR-7 Do as We Say, Not as We Do? Our Initial Experience with the Lateral-Arm Needle Approach for Prone
Tomosynthesis Breast Biopsy.

Participants
Ethan O. Cohen, MD, Houston, TX (Presenter) Spouse, Consultant, Boehringer Ingelheim GmbH;Spouse, Consultant, Novo Nordisk
AS;Spouse, Consultant, Eli Lilly and Company

PURPOSE
Compare conventional and lateral-arm needle approaches for prone tomosynthesis breast biopsy.
METHODS AND MATERIALS

Conventional or lateral-arm needle approach for tomosynthesis biopsy was selected based on radiologist preference during 2016-
2019, and these biopsies were retrospectively reviewed after IRB approval. Procedure details and biopsy outcomes were compared
with the two-sample t-test and two proportion z-tests.

RESULTS

165 patients (median age, 56 years; interquartile range 48-64) underwent 177 biopsies with a conventional needle approach, and
140 patients (median age 56 years; interquartile range 48-65) underwent 147 biopsies with a lateral-arm needle approach. All were
successful. Fewer images were necessary with the lateral-arm needle approach (mean 8 versus 6, P < 0.001). There were no
differences between needle approaches for the remaining procedure details: total procedure time, lesion targeting time, tissue
sampling time, number of samples acquired, biopsy target lesion (calcifications, distortion, asymmetry, or mass), clip migration, and
complications (P = 0.06-0.96). Outcomes for conventional-needle-approach biopsies were 99 benign (56%), 28 high-risk (16%), and
40 malignant (23%); one discordant benign lesion and two high-risk lesions were upgraded at excision. Outcomes for lateral-arm-
approach biopsies were 80 benign (54%), 39 high-risk (27%), and 28 malignant (19%); one high-risk lesion was upgraded at
excision. Benign and malignant outcomes were equally common with either needle approach (P = 0.44-0.79), but high-risk outcomes
were more common with the lateral-arm needle approach (believed to be due to radiologist preference based on lesion type, P =
0.02). Positive predictive values were similar between approaches (P = 0.33).

CONCLUSION

s The lateral-arm needle approach for prone tomosynthesis breast biopsy is an acceptable alternative to conventional needle
approach based on radiologist preference. Fewer images were required for the lateral-arm approach, and other procedure details
were similar to the conventional needle approach.

CLINICAL RELEVANCE/APPLICATION

The lateral-arm needle approach for tomosynthesis breast biopsy is a new addition to percutaneous biopsy options, and radiologists
should familiarize themselves with its benefits.

Printed on: 02/07/23
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Application of Whole-Image Pixel Analysis to Contrast-Enhanced Mammography: A Potential Supplementary
Tool for Evaluating Mammograms

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - BR DPS

Participants
Michael Borten, MD, (Presenter) Nothing to Disclose

PURPOSE

Contrast-enhanced mammography (CEM) is an emerging breast imaging modality that has been shown to be more sensitive for
detecting breast cancer than traditional mammography. This study is a pilot demonstration of whole-image pixel analysis over
multiple time points and creation of a color-coded image representing contrast enhancement kinetics.

METHODS AND MATERIALS

We first identified retrospectively CEM exams that contained multiple imaging acquisitions of the same position (e.g., CC or MLO),
which provided serial imaging of the same breast over several time points. After aligning these serial images using MATLAB, three
techniques for overlaying the contrast distribution onto the low energy (LE) traditional mammogram were utilized: 1) direct overlay
of the recombined (RC) image onto the LE image, 2) overlaying a color-coded map of change in “early phase” pixel intensity
between the first and second time points, and 3) overlaying a color-coded map of “delayed phase” change in pixel intensity
between the second and third time points.

RESULTS

From 2124 retrospective images of 139 patients, we identified 40 patients with 53 views for which two or more images were
acquired (two or more time points). Two patients had three images acquired of the same view. Color maps were successfully
created from one time point (single RC image), two time points (“early phase”), and three time points (“delayed phase”). Our
imaging data demonstrate better results as the number of time points increases (Figure 1A-C). For one patient with three time
points, our technique demonstrated an area of rapid uptake (Figure 1B) and mixed washout/plateau (Figure 1C) which corresponded
with the area of biopsy-proven atypical ductal hyperplasia, albeit with noise from inter-acquisition movement. We also found that
the mean pixel intensity across the whole breast tended to decrease around two minutes after first image acquisition (Figure 1D-E).

CONCLUSION

s Our pilot data have demonstrated the feasibility of using serial CEM acquisitions to create a kinetic color map analogous to those
routinely utilized with breast MR imaging, which can demonstrate areas of washout that might correlate with suspicious breast
findings. Future studies will focus on prospectively acquiring images at systematic time points to allow for more robust and
conclusive data analysis.

CLINICAL RELEVANCE/APPLICATION

We apply whole-image pixel analysis to contrast-enhanced mammography (CEM) to create color-coded enhancement kinetic maps
that could aid clinicians in evaluating findings suspicious for malignancy.

Printed on: 02/07/23
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Diagnostic Performance and Image Quality of Contrast Enhanced Spectral Mammography with Low-Dose
Contrast Agents in Detecting Breast Lesions

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - BR DPS

Participants
Huizhi Cao, PhD, (Presenter) Nothing to Disclose

PURPOSE

To explore the clinical value of contrast enhanced spectral mammography with low-dose contrast agents in assessing breast
lesions.

METHODS AND MATERIALS

In this IRB-approved retrospective study, 223 patients undergoing CESM were randomly assigned into two protocols: 113 patients
were carried out exam with conventional dose (Iohexol at 1.5ml/kg;350 mg/ml), and other 110 patients underwent exam with low
dose (Iohecol at 1 ml/kg; 300-350 mg/ml). All the patients accepted MRI examination within one week. The image of CESM, MRI
and the histopathological data were analyzed. The clinical value of CESM and MRI were evaluated according to the
histopathological results, respectively. The ROC curve was to applied to analyzed clinical efficiency. The tumor size was measured
from CESM, MRI modalities and pathological data. By using the Bland-Altman analysis, the consistency of the maximum tumor size
was assessed.

RESULTS

Histopathologic result revealed 33 benign and 67 malignant lesions in low dose group, and 35 benign and 78 malignant lesions in
conventional group. CESM obtained from conventional group had similar AUC area, sensitivity, specificity, PPV, NPV to MRI imaging
(0,928, 0.962, 0.846,0.783,0.821 vs. 0.903,0.974,0.809,0.805,0.856). Importantly, CESM from low dose group showed a
comparison of clinical performance to MRI as well. (AUC area: 0.944 vs. 0.925; sensitivity:0.990 vs.0.941;
specificity:0.825vs.0.831; PPV:0.802 vs. 0.825; NPV:0.855 vs. 0.895). For tumor size measurement, mean tumor size was 3.51 cm
for CESM (conventional group) and 3.61 cm for MRI, compared with 3.38 cm on histopathological results, the average difference of
diameters between CESM (conventional group), MRI and Histopathologic size was -0.02, -0.10cm, respectively. Additionally,
average sizes were measured as 4.02 cm, 3.76 cm, 3.96 cm for CESM (low dose group), MRI and Histopathologic result, and the
difference diameters compared to Pathologic data were -0.05, -0.08cm. Bland-Altman analysis showed best consistency on tumor
size between CESM (low dose group), MRI and pathological results.

CONCLUSION

sLow doses of contrast agents used for CESM show a comparison both in diagnostic performance and tumor size assessment,
compared to CESM obtained with conventional dose.

CLINICAL RELEVANCE/APPLICATION

Contrast enhanced spectral mammography performed at low dose of contrast agents can meet the clinical and imaging
requirements without sacrificing diagnostic performance.

Printed on: 02/07/23
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Diagnostic Accuracy of Automated ACR BI-RADS Breast Density Classification using Deep Convolutional Neural
Networks

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - BR DPS

Participants
Raphael Sexauer, MD, (Presenter) Nothing to Disclose

PURPOSE

High breast density is a well-known risk factor for breast cancer. This study aimed to develop and adapt two deep convolutional
neural networks (DCNN) for the automatic classification of breast density based on the mammographic appearance of the tissue on
synthetic 2D tomosynthesis craniocaudal (CC) and mediolateral oblique (MLO) projections.

METHODS AND MATERIALS

In this study, 4605 mammography tomosynthesis-based synthetic images from 1267 different patients (57 + 37 years) were labeled
according to the ACR (American College of Radiology) density (A-D) by a radiologist with 2 years of experience in breast imaging.
Two DCNN with 11 convolutional layers and 3 fully connected layers were trained with 70% of the data, whereas 20% was used for
validation. The remaining 10% were used as a separate test dataset with 460 images (380 patients). All mammograms in the test
dataset were read blinded by two radiologists (reader 1 with two and reader 2 with 11 years of dedicated mammographic
experience in mammographic imaging), and the consensus was formed as the reference standard. The inter- and intra-reader
reliabilities of the density classifications were assessed by calculating Cohen’s kappa coefficients, and diagnostic accuracy
measures of automated classification were evaluated.

RESULTS

Two separate models for MLO and CC projections were successfully trained and implemented in the “b-box” artificial intelligence
(AI) platform (Medical device type Ila, CE 0297). Mean sensitivity of 80.4 (95%-CI 72.2-86.9) and a specificity of 89.3 (95%-CI
85.4-92.3) in the differentiation between ACR A/B and ACR C/D. DCNN versus human and interhuman agreement was both
“substantial” (Cohen’s kappa: 0.61 versus 0.63).

CONCLUSION

s The DCNN allows for accurate, standardized, and observer-independent classification of breast density based on the ACR BI-RADS
system. The proposed technique is suited for tomosynthesis-based synthetic images.

CLINICAL RELEVANCE/APPLICATION
DCNNs can be used to accurately mimic human decision-making in breast density assessment for synthetic 2D tomosynthesis.

Printed on: 02/07/23
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Screen-detected and Interval Breast Cancer Rates are Significantly Higher in Women with Dense Breasts
Across all Age Groups in a Large DBT Dataset

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - BR DPS

Participants
Giorgia Grisot, PhD, CAMBRIDGE, United Kingdom (Presenter) Employee, RadNet, Inc

PURPOSE

High breast density is associated with both increased breast cancer risk and decreased sensitivity of screening mammography,
contributing to higher overall breast cancer rates and interval breast cancer rates. The Breast Cancer Surveillance Consortium
(BCSC) previously showed that interval cancer rates are higher in women with dense breasts undergoing screening with full-field
digital mammography, but little data is available for digital breast tomosynthesis (DBT). We sought to compare cancer rates by
breast density on women undergoing screening with DBT using a dataset comparable to BCSC.

METHODS AND MATERIALS

Retrospective data was collected including one DBT screening mammogram from each of 559,791 women undergoing screening
between 2017-2021 at over 150 clinical locations, excluding first screens, and with at least one year of follow-up. Screen-detected
cancer rate and interval cancer rate were calculated per 1000 women. Analyses are separated by women with nondense (fatty or
scattered fibroglandular) and dense (heterogeneously dense or very dense) breast tissue, following BI-RADS 5th Edition guidelines.

RESULTS

Across all age groups, women with dense breasts had a 1.8x higher recall rate, 1.4x higher CDR, and 2.9x higher interval cancer
rate compared to women with nondense breasts. CDR is higher in women with dense breasts in all age brackets (dense/nondense
CDR: age 40-49: 2.0; 50-59: 1.8; 60-69: 1.4; 70-74: 1.4, chi-square p<0.001 for all differences). Interval cancer rate was higher
in women with dense breasts in all age brackets (dense/nondense interval cancer rate: age 40-49: 2.5; 50-59: 3.2; 60-69: 2.8;
70-74: 3.7, chi-square p<0.01 for all differences). While the positive predictive value of recalls (PPV1) was similar for women with
dense breasts compared to nondense breasts in age groups above 50, women ages 40-49 with dense breasts who were recalled
were more likely to have cancer detected than women with nondense breasts (dense/nondense PPV1: 1.17).

CONCLUSION

s In a group of more than half a milion women, women with dense breasts undergoing screening mammography with DBT show
increased rates of cancer detection and interval cancer rates compared to women without dense breasts, across all age groups.
Women aged 40-49 with dense breasts had a higher recall rate but also a higher likelihood of a cancer diagnosis than women
without dense breasts. Mammographic breast density, even with DBT, remains associated with higher rates of cancer.

CLINICAL RELEVANCE/APPLICATION

Mammographic breast density is a strong risk factor for breast cancer and for interval breast cancers, even when DBT is used. Our
results suggest women aged 40-49 with dense breasts particularly benefit from screening mammography.

Printed on: 02/07/23
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Density Awareness: Do Patients Know About Breast Density? What Are Factors That May Influence Breast
Density Awareness?

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - BR DPS

Participants
Mary W. Yamashita, MD, South Pasadena, CA (Presenter) Research Grant, Delphinus Medical Technologies, Inc;Consultant,
Delphinus Medical Technologies, Inc

PURPOSE

While prior studies have investigated primary or referring physician awareness of breast density and its association with breast
cancer, to our knowledge, patient knowledge of breast density has not been assessed. We would like to investigate patients’
awareness of breast density, specifically those patients who were previously notified of their dense breasts in the mammography
result letter.

METHODS AND MATERIALS

We conducted a retrospective review of 8317 women who enrolled in the SoftVue™ Prospective Case Collection registry between
December 2016 and October 2019 who had heterogeneously or extremely dense breasts. After undergoing mammography (MG) and
SoftVue™ automated whole breast ultrasound tomography (SV), all participants completed a history and demographics
questionnaire and an experience survey which also measured awareness of their own breast density, anxiety about breast density,
and level of worry about breast cancer. We reviewed this data and determined the awareness of dense breasts in this population
and its influence on self-reported anxiety about breast cancer and looked at other factors that may influence density awareness.

RESULTS

A large percentage of women are not aware of the significance of dense breasts, despite many of them having received breast
density notification letters prior to participation. Patients who are aware of their breast density report higher anxiety about their
breast density compared to those who are not. Non-Hispanic women are more aware of breast density than Hispanic women.
Patients who underwent imaging in States where Breast Density Notification Laws were active are more likely to be aware of their
breast density, however the wording of the density information letter may impact patient awareness and concern surrounding it.

CONCLUSION

s Breast density is not well understood by women who are heterogeneously dense or extremely dense. More work needs to be done
to educate women with dense breasts about the increased risk of breast cancer and the need for supplementary imaging to
mammography.

CLINICAL RELEVANCE/APPLICATION

Increasing breast density awareness in women with dense breasts will likely empower them to self-advocate for additional imaging
for early detection of breast cancer.

Printed on: 02/07/23



KSNA 2022

Empowering Patients and Partners in Care
Moverber 27 to December 1 | McCarmick Place, Chicaga

Abstract Archives of the RSNA, 2022

M5A-SPBR-6

SOLUS - Smart Optical and Ultrasound Diagnostics of Breast Cancer: US / DOT Hybrid System for the
Characterization of Breast Lesions

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - BR DPS

Participants
Elena Venturini, MD, (Presenter) Speaker, Bayer AG

PURPOSE

Presentation of the technology and the first clinical results of a project funded by a Grant Horizon 2020 for the development of a
hybrid ultrasound and optical tomography device, created by the SOLUS consortium that unites 9 European partners experts in
optical imaging, ultrasound and image processing. The purpose of the clinical study, still ongoing, is to evaluate the feasibility of the
SOLUS device in the differentiation of the malignant breast nodules from the benign ones.

METHODS AND MATERIALS

The SOLUS device is a US/optical hybrid prototype that consists of a commercial Hologic Aixplorer Mach 30 US system combined
with an innovative diffuse optical tomography (DOT) system. The SOLUS device includes, in a single exam, B mode ultrasound, color
Doppler, share wave elastography and DOT through a probe that has a normal US transducer in the center, flanked by 8 optodes
that emit and receive light in the red and infrared spectrum. The optical study allows one to measure the concentrations of water,
lipids, collagen, oxygenated and deoxygenated hemoglobin, as well as to provide information on cell membranes and subcellular
organelles. In the clinical study we enroll women with breast nodules = 1 cm, detectable at US, suspicious for malignancy (BI-RADS
4 or 5) or benign (BI-RADS 2 or 3) before breast biopsy, if it is clinically needed. The aim of the clinical study is to compare, in vivo,
the parameters obtained from the evaluation of 20 benign and 20 malignant lesions to test the possibility of differentiating them.

RESULTS

From 10/2021 to 04/2022 we enrolled 17 women with breast nodules; overall 18 breast nodules were evaluated (5 malignant, 13
benign). The preliminary analysis performed have confirmed that the SOLUS device may depict the composition of breast tissue,
differentiating breast nodules from the surrounding tissue and distinguishing malignant from benign lesions.

CONCLUSION

s The initial data collected, based mainly on DOT findings guided by US, suggest that a multiparametric analysis, adding also
information from US based techniques, may have a role in the characterization of breast lesions.

CLINICAL RELEVANCE/APPLICATION
A multiparametric analysis, based mainly on DOT findings guided by US, may have a role in the characterization of breast lesions.

Printed on: 02/07/23
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Do as We Say, Not as We Do? Our Initial Experience with the Lateral-Arm Needle Approach for Prone
Tomosynthesis Breast Biopsy.

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - BR DPS

Participants
Ethan O. Cohen, MD, Houston, TX (Presenter) Spouse, Consultant, Boehringer Ingelheim GmbH;Spouse, Consultant, Novo Nordisk
AS;Spouse, Consultant, Eli Lilly and Company

PURPOSE
Compare conventional and lateral-arm needle approaches for prone tomosynthesis breast biopsy.
METHODS AND MATERIALS

Conventional or lateral-arm needle approach for tomosynthesis biopsy was selected based on radiologist preference during 2016-
2019, and these biopsies were retrospectively reviewed after IRB approval. Procedure details and biopsy outcomes were compared
with the two-sample t-test and two proportion z-tests.

RESULTS

165 patients (median age, 56 years; interquartile range 48-64) underwent 177 biopsies with a conventional needle approach, and
140 patients (median age 56 years; interquartile range 48-65) underwent 147 biopsies with a lateral-arm needle approach. All were
successful. Fewer images were necessary with the lateral-arm needle approach (mean 8 versus 6, P < 0.001). There were no
differences between needle approaches for the remaining procedure details: total procedure time, lesion targeting time, tissue
sampling time, number of samples acquired, biopsy target lesion (calcifications, distortion, asymmetry, or mass), clip migration, and
complications (P = 0.06-0.96). Outcomes for conventional-needle-approach biopsies were 99 benign (56%), 28 high-risk (16%), and
40 malignant (23%); one discordant benign lesion and two high-risk lesions were upgraded at excision. Outcomes for lateral-arm-
approach biopsies were 80 benign (54%), 39 high-risk (27%), and 28 malignant (19%); one high-risk lesion was upgraded at
excision. Benign and malignant outcomes were equally common with either needle approach (P = 0.44-0.79), but high-risk outcomes
were more common with the lateral-arm needle approach (believed to be due to radiologist preference based on lesion type, P =
0.02). Positive predictive values were similar between approaches (P = 0.33).

CONCLUSION

s The lateral-arm needle approach for prone tomosynthesis breast biopsy is an acceptable alternative to conventional needle
approach based on radiologist preference. Fewer images were required for the lateral-arm approach, and other procedure details
were similar to the conventional needle approach.

CLINICAL RELEVANCE/APPLICATION

The lateral-arm needle approach for tomosynthesis breast biopsy is a new addition to percutaneous biopsy options, and radiologists
should familiarize themselves with its benefits.

Printed on: 02/07/23
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Cardiac Monday Poster Discussions - A
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Sub-Events

M5A-SPCA-1 Left ventricular diastolic filling pattern in competitive triathletes with and without myocardial fibrosis
compared to sedentary controls by CMR imaging

Participants
Hang Chen, MD, Hamburg, Germany (Presenter) Nothing to Disclose

PURPOSE

Endurance athletes have a higher incidence of myocardial fibrosis than the general population. However, it remains unclear whether
myocardial fibrosis leads to any alterations of left ventricular (LV) diastolic function. The aim of this study was to investigate the
diastolic LV filling pattern in triathletes, and the influence of myocardial fibrosis by cardiac magnetic resonance (CMR) imaging.

METHODS AND MATERIALS

101 male triathletes (age: 43+11 years) and 28 male controls (age: 41+10 years) were recruited through advertisement in local
triathlon clubs. All participants underwent CMR including cine SSFP series, late gadolinium enhancement (LGE) imaging and T1
mapping. Functional and morphological ventricular parameters were obtained, including LV mass and ejection fraction (EF). Diastolic
LV filling was determined by a time-volume analysis using cine series (25 phases of the cardiac cycle). Early peak-filling rates
(EPFR) and atrial peak-filling rates (APFR) as well as peak-filling rate ratios (PFRR=EPFR/APFR) were determined.

RESULTS

Focal myocardial fibrosis (LGE+) was detected in 20 triathletes (20%) and in none of the controls. LVEF was similar in both
triathletes and controls (6146 vs. 62+7%; P=0.36). LGE+ triathletes had a higher LV mass (88+10 vs. 80+12 g/m?; P<0.01) and
extracellular volume (ECV) (26+£3 vs. 2442%; P<0.001) compared to LGE- triathletes. EPFR was similar in LGE- triathletes and
controls (216+58 vs. 224+69 ml/s/m?2; P=0.52). LGE- triathletes had lower APFR (12046 vs. 147+55 ml/s/m?; P<0.05) and higher
PFRR (2.1+1 vs. 1.6+0.5; P<0.05) compared to controls. LGE+ triathletes had similar EPFR (212+73 ml/s/m?; P=0.80), higher APFR
(149450 ml/s/m?2; P<0.05) and decreased PFRR (1.6+0.7, P<0.05) compared to LGE- triathletes. EPFR (P=0.52), APFR (P=0.91) and
PFRR (P=0.67) were similar in LGE+ triathletes compared to controls.

CONCLUSION

s While adaptations in diastolic LV filling in LGE- triathletes are characterized by decreased APFR and increased PFRR compared to
sedentary controls, LGE+ triathletes demonstrate a pseudo-normalization of APFR and PFRR.

CLINICAL RELEVANCE/APPLICATION

LGE+ triathletes show a diastolic LV filling at rest with a compensatory increase of atrial contraction rates compared to LGE-
triathletes. This might suggest that diffuse myocardial fibrosis is associated with reduced passive elasticity of the hypertrophied left
ventricle.

M5A-SPCA-3 Free-breathing pseudo-golden-angle bSSFP cine cardiac MRI for evaluation of biventricular function
in patients with congenital heart disease

Participants
Dmitrij Kravchenko, MD, Bonn, Germany (Presenter) Nothing to Disclose

PURPOSE

To compare free-breathing (FB) multi-slice respiratory-triggered pseudo-golden-angle balanced steady state free precession
(bSSFP) cine cardiac MRI (CMR) to standard breath hold (BH) sequences in congenital heart disease (CHD) patients who have
trouble suspending respiration.

METHODS AND MATERIALS

Twenty-five CHD patients (mean age 24+9 years, 17 males) underwent routine CMR including breath-hold (BH) 4-chamber (4C) and
short axis (SA) cine imaging. FB pseudo-golden-angle bSSFP cine 4C und SA were acquired using ECG-gating and respiratory belt-
triggering (at the expiratory phase with 150 ms duration for start-up excitation to drive the magnetization to steady state).
Sequences were quantitively analyzed for biventricular volumes, function, signal to noise ratio (SNR), and estimated contrast to
noise ratio (CNR). Qualitative image comparison was evaluated for contrast, endocardial edge definition, and artefacts, on a 5-point
numeric rating scale. Statistical analysis was carried out using a two tailed paired t-Test and Bland-Altman analysis for direct
comparisons.

RESULTS

NA ctaticticral Aiffarancoc wara fAanind haotwason tha RH and FR caniianrcrac ranardinAa intravantriciilar cantiim thicrlbnace in AdAiactala



INU DLALIDLILAl UITITIILED VWEIT IVUIIU UTLVWECIHT LT DI AU | D DTYUTIILED 1TYdiullly HILIavelItiiLuidl DTPLUITL LTHUATIEDD 111 UIiadLvic

(IVSD, 7.4+2.0 mm vs 7.4+1.8 mm, p=.71), biventricular ejection fraction (left: 56.4+10.3 % vs 55.7+8.5 %, p=.57; right: 49.349.1
% vs 49.3%10.8 %, p=.93), or biventricular end diastolic volume (left: 176.3+65.8 ml vs 173.94+66.6 ml, p=.47; right: 186.6+75.8 ml
vs 184.0+56.3 ml, p=.81). Average acquisition times for FB SA sequences was 9.22 min. compared to 4.26 min. for BH. Subjective
image quality was comparable, yet slightly in favour of the BH sequences (BH 4C 13.9+1.8 and SA 14.7+1.0 vs FB 4C 13.4+1.8 and
SA 13.6%1.6). SNR and CNR values were higher for the BH sequences compared to FB (SNR SA 1.0+0.7 and CNR SA 124.1+35.5 vs
SNR SA 0.4+0.3 and CNR SA 91.7+45.7, respectively).

CONCLUSION

s FB sequences performed nearly identical to currently available BH sequences regarding ventricular volumetry and function,
producing images subjectively slightly inferior to normal BH sequences while remaining diagnostic, providing sufficient data when BH
could not be or were insufficiently performed.

CLINICAL RELEVANCE/APPLICATION

Free-breathing respiratory-triggered pseudo-golden-angle bSSFP imaging provides comparable diagnostic quality images to standard
BH sequences in CHD patients, offering an alternative when breath-holding capacities are limited.

Printed on: 02/07/23
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Left ventricular diastolic filling pattern in competitive triathletes with and without myocardial fibrosis
compared to sedentary controls by CMR imaging
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Hang Chen, MD, Hamburg, Germany (Presenter) Nothing to Disclose

PURPOSE

Endurance athletes have a higher incidence of myocardial fibrosis than the general population. However, it remains unclear whether
myocardial fibrosis leads to any alterations of left ventricular (LV) diastolic function. The aim of this study was to investigate the
diastolic LV filling pattern in triathletes, and the influence of myocardial fibrosis by cardiac magnetic resonance (CMR) imaging.

METHODS AND MATERIALS

101 male triathletes (age: 43+11 years) and 28 male controls (age: 41+10 years) were recruited through advertisement in local
triathlon clubs. All participants underwent CMR including cine SSFP series, late gadolinium enhancement (LGE) imaging and T1
mapping. Functional and morphological ventricular parameters were obtained, including LV mass and ejection fraction (EF). Diastolic
LV filling was determined by a time-volume analysis using cine series (25 phases of the cardiac cycle). Early peak-filling rates
(EPFR) and atrial peak-filling rates (APFR) as well as peak-filling rate ratios (PFRR=EPFR/APFR) were determined.

RESULTS

Focal myocardial fibrosis (LGE+) was detected in 20 triathletes (20%) and in none of the controls. LVEF was similar in both
triathletes and controls (61+6 vs. 62+7%; P=0.36). LGE+ triathletes had a higher LV mass (88+10 vs. 80+12 g/m?; P<0.01) and
extracellular volume (ECV) (26+3 vs. 24+2%,; P<0.001) compared to LGE- triathletes. EPFR was similar in LGE- triathletes and
controls (21658 vs. 224469 ml/s/m?2; P=0.52). LGE- triathletes had lower APFR (120446 vs. 147+55 ml/s/m?; P<0.05) and higher
PFRR (2.1+1 vs. 1.6%0.5; P<0.05) compared to controls. LGE+ triathletes had similar EPFR (212+73 ml/s/m?; P=0.80), higher APFR
(149450 ml/s/m2; P<0.05) and decreased PFRR (1.6%0.7, P<0.05) compared to LGE- triathletes. EPFR (P=0.52), APFR (P=0.91) and
PFRR (P=0.67) were similar in LGE+ triathletes compared to controls.

CONCLUSION

s While adaptations in diastolic LV filling in LGE- triathletes are characterized by decreased APFR and increased PFRR compared to
sedentary controls, LGE+ triathletes demonstrate a pseudo-normalization of APFR and PFRR.

CLINICAL RELEVANCE/APPLICATION

LGE+ triathletes show a diastolic LV filling at rest with a compensatory increase of atrial contraction rates compared to LGE-
triathletes. This might suggest that diffuse myocardial fibrosis is associated with reduced passive elasticity of the hypertrophied left
ventricle.

Printed on: 02/07/23
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PURPOSE

To compare free-breathing (FB) multi-slice respiratory-triggered pseudo-golden-angle balanced steady state free precession
(bSSFP) cine cardiac MRI (CMR) to standard breath hold (BH) sequences in congenital heart disease (CHD) patients who have
trouble suspending respiration.

METHODS AND MATERIALS

Twenty-five CHD patients (mean age 24+9 years, 17 males) underwent routine CMR including breath-hold (BH) 4-chamber (4C) and
short axis (SA) cine imaging. FB pseudo-golden-angle bSSFP cine 4C und SA were acquired using ECG-gating and respiratory belt-
triggering (at the expiratory phase with 150 ms duration for start-up excitation to drive the magnetization to steady state).
Sequences were quantitively analyzed for biventricular volumes, function, signal to noise ratio (SNR), and estimated contrast to
noise ratio (CNR). Qualitative image comparison was evaluated for contrast, endocardial edge definition, and artefacts, on a 5-point
numeric rating scale. Statistical analysis was carried out using a two tailed paired t-Test and Bland-Altman analysis for direct
comparisons.

RESULTS

No statistical differences were found between the BH and FB sequences regarding intraventricular septum thickness in diastole
(IVSD, 7.4+2.0 mm vs 7.4+1.8 mm, p=.71), biventricular ejection fraction (left: 56.4+10.3 % vs 55.7+8.5 %, p=.57; right: 49.349.1
% vs 49.3£10.8 %, p=.93), or biventricular end diastolic volume (left: 176.3+65.8 ml vs 173.94+66.6 ml, p=.47; right: 186.6+75.8 ml
vs 184.0+56.3 ml, p=.81). Average acquisition times for FB SA sequences was 9.22 min. compared to 4.26 min. for BH. Subjective
image quality was comparable, yet slightly in favour of the BH sequences (BH 4C 13.9+1.8 and SA 14.7+1.0 vs FB 4C 13.4+1.8 and
SA 13.6%1.6). SNR and CNR values were higher for the BH sequences compared to FB (SNR SA 1.0+0.7 and CNR SA 124.1+35.5 vs
SNR SA 0.4+0.3 and CNR SA 91.7+45.7, respectively).

CONCLUSION

s FB sequences performed nearly identical to currently available BH sequences regarding ventricular volumetry and function,
producing images subjectively slightly inferior to normal BH sequences while remaining diagnostic, providing sufficient data when BH
could not be or were insufficiently performed.

CLINICAL RELEVANCE/APPLICATION

Free-breathing respiratory-triggered pseudo-golden-angle bSSFP imaging provides comparable diagnostic quality images to standard
BH sequences in CHD patients, offering an alternative when breath-holding capacities are limited.

Printed on: 02/07/23
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M5A-SPCH-2 Quantitative CT and Machine Learning Classification of Fibrotic Interstitial Lung Diseases

Participants
Grace Liu, MD, (Presenter) Nothing to Disclose

PURPOSE

To evaluate quantitative computed tomography (QCT) features and QCT feature-based machine learning (ML) models in classifying
interstitial lung diseases (ILDs). To compare QCT-ML and deep learning (DL) models’ performance.

METHODS AND MATERIALS

We retrospectively identified 1085 patients with pathologically proven usual interstitial pneumonitis (UIP), nonspecific interstitial
pneumonitis (NSIP) and chronic hypersensitivity pneumonitis (CHP) who underwent peri-biopsy chest CT. Kruskal-Wallis test
evaluated QCT feature associations with each ILD. QCT features, patient demographics and pulmonary function test (PFT) results
trained eXtreme Gradient Boosting (training/validation set n=911) yielding 3 models: M1=QCT features only; M2=M1 plus age and
sex; M3=M2 plus PFT results. A DL model was also developed. ML and DL model areas under the receiver operating characteristic
curve (AUC) and 95% confidence intervals (CIs) were compared for multiclass (UIP vs. NSIP vs. CHP) and binary (UIP vs. non-UIP)
classification performances.

RESULTS

The majority (69/78 [88%]) of QCT features successfully differentiated the 3 ILDs (adjusted p=0.05). All QCT-ML models achieved
higher AUC than the DL model (multiclass AUC micro-averages: 0.910, 0.910, 0.925, 0.798 and macro-averages: 0.895, 0.893,

0.925, 0.779 for M1, M2, M3 and DL respectively; binary AUC: 0.880, 0.899, 0.898, 0.869 for M1, M2, M3 and DL respectively). M3
demonstrated statistically significant better performance compared to M2 (?AUC:0.015, CI:[0.002,0.029]) for multiclass prediction.

CONCLUSION

s QCT features successfully differentiated pathologically proven UIP, NSIP and CHP. While QCT-based ML models outperformed a DL
model for classifying ILDs, further investigations are warranted to determine if QCT-ML, DL, or a combination will be superior in ILD
classification.

CLINICAL RELEVANCE/APPLICATION

CALIPER-based ML model demonstrated high performance in classifying UIP, NSIP and CHP using pathology as reference,
outperforming a DL model. While further validation is needed, a CALIPER-based ML model may mitigate the need for invasive wedge
biopsies and may be useful in multidisciplinary diagnosis.

M5A-SPCH-3Deep Learning-Based Survival Prediction in Patients with Idiopathic Pulmonary Fibrosis Using Chest
Radiographs

Participants
Taehee Lee, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

Predicting prognosis in patients with idiopathic pulmonary fibrosis (IPF) is important in determining management plans and follow-up
intervals. Various clinical indices including GAP index had been devised, however, chest radiographs (CXRs) were seldom utilized. We
aimed to develop and validate a deep learning-based survival prediction algorithm for patients with IPF using CXRs.

METHODS AND MATERIALS

Patients diagnosed with IPF and underwent spirometry and CXR within 1 month in a single institution during 2011-2021 were
retrospectively collected and split into training (n=911), validation (n=112), and internal test (n=187) datasets. A deep-learning
algorithm predicting survival from CXR was trained (DLSP). For external testing, two cohorts were collected from two different
institutions (EXT-A and B; n=178 [mean age 66.6 = 10.3; 116 men] and n=101 [mean age 70.9 + 7.5; 87 men], each). The
discrimination performance of DLSP was evaluated and compared with that of forced vital capacity (FVC) using time-dependent
area-under-the receiver-operating characteristic curves (TD-AUCs) for 1-year and 3-year survivals. Cox regression was performed
to see if DLSP was independent prognostic factor adjusted to FVC. Goodness-of-fit was assessed using the Hosmer-Lemeshow test
for model calibration. We proposed modified GAP index (GAP-CXR) which utilizes DLSP instead of DLCO: DLSP results were
categorized by quartiles calculated from internal test dataset. TD-AUCs of GAP index and GAP-CXR index were compared.



RESULTS

DLSP showed 1-yr and 3-yr TD-AUCs of 0.832 and 0.753 in EXT-A cohort and 0.838 and 0.785 in EXT-B cohort, while FVC exhibited
1-yr and 3-yr TD-AUCs of 0.769 and 0.679 in EXT-A cohort and 0.568 and 0.634 in EXT-B cohort. DLSP showed significantly higher
performance in predicting 1-yr (P=.03) and 3-yr survival (P=.02) in EXT-B cohort. In both external test cohorts, DLSP worked as an
independent predictor when adjusted to FVC (Ps<.001) and showed good calibration (Ps>.05). When GAP index was modified to use
DLSP instead of DLCO results, GAP-CXR showed comparable performance to original GAP index in EXT-A cohort (1yr TD-AUC, 0.884
vs. 0.893, P=.68; 3yr TD-AUC, 0.822 vs. 0.820, P=.95) and higher performance in EXT-B cohort (1yr TD-AUC, 0.845 vs. 0.705,
P=.003; 3yr TD-AUC, 0.718 vs. 0.621, P=.03).

CONCLUSION

s DLSP using chest radiographs worked as a significant survival predictor for patients with IPF, surpassing and independent of FVC.
Modified GAP index replacing DLCO by DLSP results showed comparable-to-superior performance than original GAP index.

CLINICAL RELEVANCE/APPLICATION

By predicting life expectancy of patients with IPF using easily accessible chest radiographs, personalized management could be
achieved.

M5A-SPCH-5Volumetric and Movement CT Analysis of Lung Parenchyma in Prone Positioning using Deep Neural
Networks

Participants
Hyungin Park, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE
To conduct a volumetric and movement analysis of lung parenchyma in prone positioning using deep neural networks (DNNs).
METHODS AND MATERIALS

We included patients suspected of interstitial lung abnormalities or disease undergoing full-inspiratory supine and prone chest CT
scans in a single institution between June 2021 and March 2022. A thoracic radiologist visually assessed the fibrosis extent in units
of 10% of a total lung on supine CT images. Lobar volumes and the extent of overall fibrosis in each lobe were quantified on supine
and prone CT images with the help of a previously developed 3DnnUNET. A publicly-available DNN-based deformable image
registration, LungReg, was used to register supine and prone CT images: sequential affine and deformable registration. Affine
registration matched patient centers and locations between supine and prone CT images. Then, we calculated pixel movement
during deformable registration to calculate the x, y, z-axis, and 3-dimensional (3D) lung pixel movement of prone positioning. After
registration, the radiologist visually evaluated subtraction images to check whether the registration succeeded.

RESULTS

A total of 122 CT pairs in patients (mean age, 68.1 years; 65 men) had successful CT image registration. Prone positioning
significantly increased left lower (90.24+69.5 mL) and right lower lobar volumes (52.5+74.2 mL), whereas right upper (-15.5+54.4
mL) and middle lobar volumes (-33.9444.8 mL) decreased (all p=.003). During the deformable registration, averaged maximum
whole-lung pixel movements between prone and supine positions were 1.5, 1.9, 1.6, and 2.9 cmin X, y, z-axis, and 3D planes,
each. Compared to patients having fibrosis <30%, those with fibrosis =30% had a smaller volume change (p<.001) and smaller
maximum pixel movements in all axes between the positions (p=.000 to .007). FVC was correlated with left lower lobar volume
increases (Spearman coefficient, .238) and the maximum whole-lung pixel movements in all axes (coefficients, .311 to .357).

CONCLUSION

s Prone positioning led to the expansion of lower lobes correlated with FVC, and lung fibrosis limited the lung expansion of prone
positioning.

CLINICAL RELEVANCE/APPLICATION

Lower lobe recruitment in prone positioning is quantifiable on CT images and can be a new imaging biomarker for assessing lung
function in interstitial lung disease.

M5A-SPCH-8 Machine Learning Based Computer-Aided Simple Triage (CAST): Capabilities for COVID-19
Pneumonia Triage based on RSNA Expert Consensus Statement and Radiological Finding Evaluations
in Multi-Center Study

Participants
Yoshiharu Ohno, MD, PhD, Toyoake, Japan (Presenter) Research Grant, Canon Medical Systems Corporation;Research Grant, Daiichi
Sankyo Co, Ltd;Research Grant, Ministry of Education, Culture, Sports, Science and Technology

PURPOSE

To determine the capability of machine learning (ML) based computer-aided simple triage (CAST) software based on RSNA expert
consensus statement for diagnosis of COVID-19 pneumonia in multicenter study.

METHODS AND MATERIALS

174 cases underwent CT and polymerase chain reaction (PCR) test for COVID-19 (87 PCR positive and 87 PCR negative cases) were
retrospectively included in this multicenter study. Then, CT data were assessed by CAST and consensus from three independent
board-certified chest radiologists, and all cases were divided into three groups as follows: positive cases (i.e. typical and
indeterminant appearances), atypical appearance and negative for pneumonia (i.e. latter two groups were assessed as negative
cases). To determine radiological finding evaluation capability with CAST, three other board-certified chest radiologists also
assessed CAST results of radiological finding including pulmonary emphysema, nodular lesion, consolidation, ground-glass opacity,
reticulation and honeycombing within 156 slices selected by central reading team and classified into five criteria as follows: agree,
acceptable, disagree, true negative and false positive, respectively. To determine capability of CAST, agreements between CAST
and consensus were evaluated by kappa statistics with ?2 test. Then, sensitivity (SE), specificity (SP) and accuracy (AC) between
CAST and PCR were compared with those between consensus and PCR by McNemar’s test. To determine overall radiological finding



evaluation capability, each radiological finding accuracy of CAST (i.e. percentage of agree, acceptable and true negative lesions/
all evaluated lesions) were assessed in all readers. Moreover, overall interobserver agreements between each two readers were
determined by kappa statistics with ?2 test.

RESULTS

Agreement between CAST and consensus evaluations were determined as moderate (?=0.55, p<0.0001). No significant difference
of SE (88.5%) was observed between CAST and consensus, although SP (47.1%) and AC (67.8%) of CAST were significantly lower
than those of consensus (SP: 79.3%, p<0.0001; AC: 83.9%, p<0.0001). Accuracies for radiological finding evaluation by CAST were
determined as follows: reader A, 91.7-99.4%; reader B, 99.4-100%, reader C, 99.4-100%. Overall interobserver agreements
between each two readers were assessed as substantial or almost perfect (0.65<?<0.96, p<0.0001).

CONCLUSION

s This multicenter study shows CAST is considered at least as valuable as radiologists for COVID-19 pneumonia triage with accurate
radiological finding evaluations.

CLINICAL RELEVANCE/APPLICATION
CAST is considered at least as valuable as radiologists for COVID-19 pneumonia triage with accurate radiological finding evaluations.

Printed on: 02/07/23
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PURPOSE

To evaluate quantitative computed tomography (QCT) features and QCT feature-based machine learning (ML) models in classifying
interstitial lung diseases (ILDs). To compare QCT-ML and deep learning (DL) models’ performance.

METHODS AND MATERIALS

We retrospectively identified 1085 patients with pathologically proven usual interstitial pneumonitis (UIP), nonspecific interstitial
pneumonitis (NSIP) and chronic hypersensitivity pneumonitis (CHP) who underwent peri-biopsy chest CT. Kruskal-Wallis test
evaluated QCT feature associations with each ILD. QCT features, patient demographics and pulmonary function test (PFT) results
trained eXtreme Gradient Boosting (training/validation set n=911) yielding 3 models: M1=QCT features only; M2=M1 plus age and
sex; M3=M2 plus PFT results. A DL model was also developed. ML and DL model areas under the receiver operating characteristic
curve (AUC) and 95% confidence intervals (CIs) were compared for multiclass (UIP vs. NSIP vs. CHP) and binary (UIP vs. non-UIP)
classification performances.

RESULTS

The majority (69/78 [88%]) of QCT features successfully differentiated the 3 ILDs (adjusted p=0.05). All QCT-ML models achieved
higher AUC than the DL model (multiclass AUC micro-averages: 0.910, 0.910, 0.925, 0.798 and macro-averages: 0.895, 0.893,

0.925, 0.779 for M1, M2, M3 and DL respectively; binary AUC: 0.880, 0.899, 0.898, 0.869 for M1, M2, M3 and DL respectively). M3
demonstrated statistically significant better performance compared to M2 (?AUC:0.015, CI:[0.002,0.029]) for multiclass prediction.

CONCLUSION

s QCT features successfully differentiated pathologically proven UIP, NSIP and CHP. While QCT-based ML models outperformed a DL
model for classifying ILDs, further investigations are warranted to determine if QCT-ML, DL, or a combination will be superior in ILD
classification.

CLINICAL RELEVANCE/APPLICATION

CALIPER-based ML model demonstrated high performance in classifying UIP, NSIP and CHP using pathology as reference,
outperforming a DL model. While further validation is needed, a CALIPER-based ML model may mitigate the need for invasive wedge
biopsies and may be useful in multidisciplinary diagnosis.

Printed on: 02/07/23
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PURPOSE

Predicting prognosis in patients with idiopathic pulmonary fibrosis (IPF) is important in determining management plans and follow-up
intervals. Various clinical indices including GAP index had been devised, however, chest radiographs (CXRs) were seldom utilized. We
aimed to develop and validate a deep learning-based survival prediction algorithm for patients with IPF using CXRs.

METHODS AND MATERIALS

Patients diagnosed with IPF and underwent spirometry and CXR within 1 month in a single institution during 2011-2021 were
retrospectively collected and split into training (n=911), validation (n=112), and internal test (n=187) datasets. A deep-learning
algorithm predicting survival from CXR was trained (DLSP). For external testing, two cohorts were collected from two different
institutions (EXT-A and B; n=178 [mean age 66.6 £ 10.3; 116 men] and n=101 [mean age 70.9 + 7.5; 87 men], each). The
discrimination performance of DLSP was evaluated and compared with that of forced vital capacity (FVC) using time-dependent
area-under-the receiver-operating characteristic curves (TD-AUCs) for 1-year and 3-year survivals. Cox regression was performed
to see if DLSP was independent prognostic factor adjusted to FVC. Goodness-of-fit was assessed using the Hosmer-Lemeshow test
for model calibration. We proposed modified GAP index (GAP-CXR) which utilizes DLSP instead of DLCO: DLSP results were
categorized by quartiles calculated from internal test dataset. TD-AUCs of GAP index and GAP-CXR index were compared.

RESULTS

DLSP showed 1-yr and 3-yr TD-AUCs of 0.832 and 0.753 in EXT-A cohort and 0.838 and 0.785 in EXT-B cohort, while FVC exhibited
1-yr and 3-yr TD-AUCs of 0.769 and 0.679 in EXT-A cohort and 0.568 and 0.634 in EXT-B cohort. DLSP showed significantly higher
performance in predicting 1-yr (P=.03) and 3-yr survival (P=.02) in EXT-B cohort. In both external test cohorts, DLSP worked as an
independent predictor when adjusted to FVC (Ps<.001) and showed good calibration (Ps>.05). When GAP index was modified to use
DLSP instead of DLCO results, GAP-CXR showed comparable performance to original GAP index in EXT-A cohort (1yr TD-AUC, 0.884
vs. 0.893, P=.68; 3yr TD-AUC, 0.822 vs. 0.820, P=.95) and higher performance in EXT-B cohort (1yr TD-AUC, 0.845 vs. 0.705,
P=.003; 3yr TD-AUC, 0.718 vs. 0.621, P=.03).

CONCLUSION

s DLSP using chest radiographs worked as a significant survival predictor for patients with IPF, surpassing and independent of FVC.
Modified GAP index replacing DLCO by DLSP results showed comparable-to-superior performance than original GAP index.

CLINICAL RELEVANCE/APPLICATION

By predicting life expectancy of patients with IPF using easily accessible chest radiographs, personalized management could be
achieved.

Printed on: 02/07/23
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PURPOSE
To conduct a volumetric and movement analysis of lung parenchyma in prone positioning using deep neural networks (DNNs).
METHODS AND MATERIALS

We included patients suspected of interstitial lung abnormalities or disease undergoing full-inspiratory supine and prone chest CT
scans in a single institution between June 2021 and March 2022. A thoracic radiologist visually assessed the fibrosis extent in units
of 10% of a total lung on supine CT images. Lobar volumes and the extent of overall fibrosis in each lobe were quantified on supine
and prone CT images with the help of a previously developed 3DnnUNET. A publicly-available DNN-based deformable image
registration, LungReg, was used to register supine and prone CT images: sequential affine and deformable registration. Affine
registration matched patient centers and locations between supine and prone CT images. Then, we calculated pixel movement
during deformable registration to calculate the x, y, z-axis, and 3-dimensional (3D) lung pixel movement of prone positioning. After
registration, the radiologist visually evaluated subtraction images to check whether the registration succeeded.

RESULTS

A total of 122 CT pairs in patients (mean age, 68.1 years; 65 men) had successful CT image registration. Prone positioning
significantly increased left lower (90.2+69.5 mL) and right lower lobar volumes (52.5+74.2 mL), whereas right upper (-15.5+54.4
mL) and middle lobar volumes (-33.9+44.8 mL) decreased (all p=.003). During the deformable registration, averaged maximum
whole-lung pixel movements between prone and supine positions were 1.5, 1.9, 1.6, and 2.9 cmin X, y, z-axis, and 3D planes,
each. Compared to patients having fibrosis <30%, those with fibrosis =30% had a smaller volume change (p<.001) and smaller
maximum pixel movements in all axes between the positions (p=.000 to .007). FVC was correlated with left lower lobar volume
increases (Spearman coefficient, .238) and the maximum whole-lung pixel movements in all axes (coefficients, .311 to .357).

CONCLUSION

s Prone positioning led to the expansion of lower lobes correlated with FVC, and lung fibrosis limited the lung expansion of prone
positioning.

CLINICAL RELEVANCE/APPLICATION

Lower lobe recruitment in prone positioning is quantifiable on CT images and can be a new imaging biomarker for assessing lung
function in interstitial lung disease.

Printed on: 02/07/23
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PURPOSE

To determine the capability of machine leaming (ML) based computer-aided simple triage (CAST) software based on RSNA expert
consensus statement for diagnosis of COVID-19 pneumonia in multicenter study.

METHODS AND MATERIALS

174 cases underwent CT and polymerase chain reaction (PCR) test for COVID-19 (87 PCR positive and 87 PCR negative cases) were
retrospectively included in this multicenter study. Then, CT data were assessed by CAST and consensus from three independent
board-certified chest radiologists, and all cases were divided into three groups as follows: positive cases (i.e. typical and
indeterminant appearances), atypical appearance and negative for pneumonia (i.e. latter two groups were assessed as negative
cases). To determine radiological finding evaluation capability with CAST, three other board-certified chest radiologists also
assessed CAST results of radiological finding including pulmonary emphysema, nodular lesion, consolidation, ground-glass opacity,
reticulation and honeycombing within 156 slices selected by central reading team and classified into five criteria as follows: agree,
acceptable, disagree, true negative and false positive, respectively. To determine capability of CAST, agreements between CAST
and consensus were evaluated by kappa statistics with ?2 test. Then, sensitivity (SE), specificity (SP) and accuracy (AC) between
CAST and PCR were compared with those between consensus and PCR by McNemar’s test. To determine overall radiological finding
evaluation capability, each radiological finding accuracy of CAST (i.e. percentage of agree, acceptable and true negative lesions/
all evaluated lesions) were assessed in all readers. Moreover, overall interobserver agreements between each two readers were
determined by kappa statistics with ?2 test.

RESULTS

Agreement between CAST and consensus evaluations were determined as moderate (?=0.55, p<0.0001). No significant difference
of SE (88.5%) was observed between CAST and consensus, although SP (47.1%) and AC (67.8%) of CAST were significantly lower
than those of consensus (SP: 79.3%, p<0.0001; AC: 83.9%, p<0.0001). Accuracies for radiological finding evaluation by CAST were
determined as follows: reader A, 91.7-99.4%; reader B, 99.4-100%, reader C, 99.4-100%. Overall interobserver agreements
between each two readers were assessed as substantial or almost perfect (0.65<?<0.96, p<0.0001).

CONCLUSION

s This multicenter study shows CAST is considered at least as valuable as radiologists for COVID-19 pneumonia triage with accurate
radiological finding evaluations.

CLINICAL RELEVANCE/APPLICATION
CAST is considered at least as valuable as radiologists for COVID-19 pneumonia triage with accurate radiological finding evaluations.
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PURPOSE

Contained vascular injury (CVI) and active bleeding (AB) are indications for intervention after blunt splenic trauma. Automated tools
in this high-stakes setting require a high level of transparency and interpretability. AB and CVI are components of AAST grading and
future interpretable human-centered AAST-based CAD tools will require accurate multi-feature detection. We evaluate performance
of a 2D Faster-RCNN deep learning object detection framework for AB and CVI.

METHODS AND MATERIALS

An existing single institution dataset was used which included abdominal CT scans from 174 consecutively selected BSI patients
archived at 1.5 mm section thickness and with voxelwise labeling of CVI on arterial images and AB on PVP images. 2D Faster-RCNN
was employed given its well-known high performance for cross-sectional imaging object detection. Training and validation were
performed in 5 folds with 80/20 split of the data using the most appropriate imaging phase for each task (arterial phase- CVI; PVP-
active bleed). Since the 2018-AAST scoring system approaches CVI and AB in a binary fashion (intervention is typically warranted if
either are present), accuracy metrics were determined at the patient level based on the highest probability box detection for each
feature.

RESULTS

Of the 174 patients, 28.1% had CVI, and 14.9% had AB. The overall accuracy of Faster R-CNN for AB detection on PVP images was
86% with sens, spec, NPV PPV of 85, 85, 92, and 74%. The accuracy for CVI detection on arterial images was 84%, with sens,
spec, NPV PPV of 91, 73, 94, and 61%. In patients with detected vascular lesions, intervention (either embolization or
splenectomy) was performed in 88.9%.

CONCLUSION

s In this initial proof of concept study with single institution data, Faster R-CNN was useful for confident exclusion of AB or PSA
(NPV 92 and 94%). As with lung nodule detection where Faster R-CNN is frequently employed, low PPV remained a challenge owing
to false positives. Given the wide variability in appearances of CVI and AB, improved results are expected with large multi-
institutional datasets. Further improvements could also be achieved with modifications in pre-processing (e.g., MIPs), and
modifications in network architecture (e.g., residual networks) for false positive reduction.

CLINICAL RELEVANCE/APPLICATION

To our knowledge, we present the first implementation of object detection for splenic vascular lesions on CT. The method denotes
lesions with box proposals and could be incorporated into interpretable automated AAST CAD grading systems in the future.

Printed on: 02/07/23
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PURPOSE

Contained vascular injury (CVI) and active bleeding (AB) are indications for intervention after blunt splenic trauma. Automated tools
in this high-stakes setting require a high level of transparency and interpretability. AB and CVI are components of AAST grading and
future interpretable human-centered AAST-based CAD tools will require accurate multi-feature detection. We evaluate performance
of a 2D Faster-RCNN deep learning object detection framework for AB and CVI.

METHODS AND MATERIALS

An existing single institution dataset was used which included abdominal CT scans from 174 consecutively selected BSI patients
archived at 1.5 mm section thickness and with voxelwise labeling of CVI on arterial images and AB on PVP images. 2D Faster-RCNN
was employed given its well-known high performance for cross-sectional imaging object detection. Training and validation were
performed in 5 folds with 80/20 split of the data using the most appropriate imaging phase for each task (arterial phase- CVI; PVP-
active bleed). Since the 2018-AAST scoring system approaches CVI and AB in a binary fashion (intervention is typically warranted if
either are present), accuracy metrics were determined at the patient level based on the highest probability box detection for each
feature.

RESULTS

Of the 174 patients, 28.1% had CVI, and 14.9% had AB. The overall accuracy of Faster R-CNN for AB detection on PVP images was
86% with sens, spec, NPV PPV of 85, 85, 92, and 74%. The accuracy for CVI detection on arterial images was 84%, with sens,
spec, NPV PPV of 91, 73, 94, and 61%. In patients with detected vascular lesions, intervention (either embolization or
splenectomy) was performed in 88.9%.

CONCLUSION

s In this initial proof of concept study with single institution data, Faster R-CNN was useful for confident exclusion of AB or PSA
(NPV 92 and 94%). As with lung nodule detection where Faster R-CNN is frequently employed, low PPV remained a challenge owing
to false positives. Given the wide variability in appearances of CVI and AB, improved results are expected with large multi-
institutional datasets. Further improvements could also be achieved with modifications in pre-processing (e.g., MIPs), and
modifications in network architecture (e.g., residual networks) for false positive reduction.

CLINICAL RELEVANCE/APPLICATION

To our knowledge, we present the first implementation of object detection for splenic vascular lesions on CT. The method denotes
lesions with box proposals and could be incorporated into interpretable automated AAST CAD grading systems in the future.
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PURPOSE

More than half of patients with Crohn’s disease (CD) need at least one surgery in their life, however, most patients will experience
postoperative anastomotic recurrence (PAR). Stratifying them according to the risk of PAR and tailoring therapy are the most cost-
effective way to manage these patients. This study aimed to develop and validate a novel preoperative clinical-radiological-
radiomic model to predict the risk of PAR.

METHODS AND MATERIALS

This retrospective study included 186 CD patients (training cohort: n=103; test cohort 1: n=31; test cohort 2: n=52) who
underwent CD-related surgery in one of the three centers. The presence of endoscopic, radiological, or surgical anastomotic
recurrence was termed PAR. In training cohort, 106 radiomic features were extracted respectively from bowel lesions and
perienteric mesenteric adipose tissues on preoperative venous-phase computed tomography enterography (CTE) images and ranked
by SelectKBest to select the key features. Univariate and multivariate analyses with Cox proportional hazards regression were
performed to determine the risk factors of PAR and construct the prediction model (so-call clinical-radiological-radiomic model) from
various clinical-radiological and radiomic features. The prediction efficacy of clinical-radiological-radiomic model was validated in two
external test cohorts.

RESULTS

Three mesenteric radiomic features were selected to develop radiomic-mesentery model and four bowel features were selected to
construct radiomic-bowel model. In training cohort, radiomic-mesentery model (AUC=0.690; P<0.05) showed higher predicting
efficacy than radiomic-bowel model (AUC=0.654; P<0.05) and was thus chose to integrate into the clinical-radiological-radiomic
model. In training cohort and test cohorts 1 and 2, the clinical-radiological-radiomic model showed an increase in predicting
performance (AUCs: 0.833, 0.778, and 0.742, respectively; all P<0.05) than clinical-radiological model (AUCs: 0.679, 0.674, and
0.687, respectively; all P<0.05). Decision curve analysis demonstrated the clinical usefulness of the clinical-radiological-radiomic
model.

CONCLUSION

s The preoperative clinical-radiological-radiomic model could be a promising tool to accurately identify CD patients at high risk of
PAR.

CLINICAL RELEVANCE/APPLICATION
To develop and validate a preoperative CTE-based radiomics signature to early predict postoperative anastomotic recurrence in CD.

M5A-SPGI- Hepatobiliary Phase Imaging in cirrhotic patients using Compressed Sensing: Comparison of Image
10 Quality and focal Lesion Detection with the T1-Weighted Sequence using Controlled Aliasing in
Parallel Imaging Results in Higher Acceleration

Participants
So Hyun Park, MD, (Presenter) Nothing to Disclose

PURPOSE

We aimed to compare VIBE using compressed sensing (CS) and controlled aliasing in parallel imaging results in higher acceleration
(CAIPIRINHA) in subjective and objective image quality in patients with cirrhotic liver for acquisition of single breath-hold on
hepatobiliary phase images.

METHODS AND MATERIALS

We retrospectively included 244 gadoxetic acid-enhanced liver MRI in 244 patients with cirrhosis from July 2020 to December 2020.
All patients underwent two hepatobiliary phases (HBP) using CS and CAIPIRINHA. Optimized resolution and scan time for CS-HBP
were 0.9?x?0.9?x?1.5 mm3 and 15 s, while those for CAIPIRINHA-HBP were 1.3?x?1.8?%?3 mm3 and 15 s. Two abdominal
radiologists assessed the two MRI data sets for image quality in consensus. We compared subjective and objective image quality in



two sequences.
RESULTS

CS-HBP showed significantly superior liver edge sharpness and overall image quality, and lesser respiratory motion artifact (all P
<0.001), but higher non-respiratory artifact (P =0.014) compared to CAIPIRINHA-HBP. Intraclass correlation coefficients of
subjective image quality in CS-HBP was 0.550-0.827 and that in CAIPIRINHA-HBP was 0.530-0.809. CS-HBP showed superior SNR in
the liver to CAIPIRINHA-HBP (20.8 £9.1 vs. 18.8 £7.2; P <0.001) and liver-spleen contrast in two were similar (2.0 £1.1 vs. 2.1 *
1.2, P =0.071), respectively.

CONCLUSION

s CS-HBP identified superior overall image quality, liver edge sharpness, and liver SNR and lesser respiratory motion artifact, but
higher non-respiratory artifact and noise and comparable liver-spleen contrast compared to CAIPIRINHA-HBP, with same acquisition
time.

CLINICAL RELEVANCE/APPLICATION

In patient with decreased liver function, HBP image showed non-clean or decreased enhancement of liver. Identification of
adequate image quality on HBP applied CS in patients with cirrhosis can help to select protocol. To our knowledge, however, there
have been no studies comparing image quality of HBP between CS and CAIPIRINHA in patients with liver cirrhosis.

M5A-SPGI-2 Comparison of diagnostic performance of Ultrasonography and Magnetic Resonance Enterography in
assessment of active bowel lesions in patients with Crohn's disease

Participants
Dain Lee, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

We aimed to evaluate and compare the diagnostic performance of ultrasonography (US) and magnetic resonance enterography
(MRE) in assessing active bowel lesions in patients with Crohn’s disease (CD) through meta-analysis

METHODS AND MATERIALS

We searched PubMed and EMBASE for studies in which US and MRE were evaluated to assess active bowel lesions in CD patients.
Bivariate random effect meta-analytic methods were used to estimate pooled sensitivity, specificity, and hierarchical summary
receiver operating characteristic (HSROC) curves. We performed meta-regression analysis according to the characteristics of the
study design, study population, reference standards, and US technique.

RESULTS

Eleven studies involving a total of 752 patients were included. US exhibited a pooled sensitivity of 87.5 % (95% confidence interval
73.7-94.6), a pooled specificity of 87.1% (95% CI 72.4-94.6), and HSROC of 0.9 in 10 studies. MRE exhibited a pooled sensitivity of
88.5% (95% CI 76.1-94.9), a pooled specificity of 87.5% (95% CI 73.1-94.8), and HSROC of 0.93 in 8 studies. In 7 studies
comparing the diagnostic performance of US and MRE, summary sensitivity of US and MR were 88% (95% CI 65.3-96.6, 12=92.1)
and 86% (95% CI 72.4-93.6, 12=92.3) (p=0.841) and summary specificity of US and MR were 88% (95% CI 79.7-93.1, 12=64.2%)
and 84% (72.5-90.7, 12=48.9%) (p=0.431), which showed no significant differences. On meta-regression analysis, studies from
Europe(p=0.002) and studies that used one kind of US probe (p=0.012) reported higher US sensitivity than those from other region
and used two kind of US probe, and studies with pediatrics reported higher MR specificity than those with adult
population(p=0.001>).

CONCLUSION

s Both US and MRE can diagnose active bowel lesions with comparable diagnostic accuracy in CD patients, although there was
significant heterogeneity in the included studies. Study region, number of used US probe for US sensitivity and study population for
MR specificity were the potential source of heterogeneity.

CLINICAL RELEVANCE/APPLICATION

Ultrasonography can be the reliable alternative to MRE in assessing active bowel lesion with free of radiation and easier accessibility
in CD patients

M5A-SPGI-3 Utility of dual-layer spectral-detector CT imaging for assessing pathological tumor stages and
histologic grades of colorectal adenocarcinoma

Participants
Weicui Chen, Guangzhou, China (Presenter) Nothing to Disclose

PURPOSE

Pathological tumor (pT) stage and histologic differentiation are the most critical factors for colorectal adenocarcinoma (CRAC)
prognosis.This study aims at assessing the utility of Dual-layer spectral-detector CT (DLCT) in predicting the pT stage and
histologic grade for CRAC.

METHODS AND MATERIALS

A total of 131 patients with pathologically confirmed CRAC (82 colon cancers and 49 rectal cancers; 35 pT1-2, 61 pT3, and 35
pT4; 32 high grade and 99 low grade) between May 2021 and March 2022, who received dual-phase DLCT were enrolled in this
retrospective study. Normalized iodine concentration (NIC), slope of the spectral HU curve (?HU), and effective atomic number (Eff-
Z) were measured for each lesion by two radiologists independently. Intraobserver reliability and interobserver agreement were
assessed. The Student’s t-test, one-way analysis of variance (ANOVA), Mann-Whitney U test, or Kruskal-Wallis ANOVA test was
used to compare the above quantitative parameters between two groups by histologic grades (high and low) and three groups by
pT stages (pT1-2, pT3, and pT4). The correlation between the pT stages and above values were assessed by Spearman
correlation analysis. ROC analyses were calculated to evaluate the diagnostic efficacy of each parameter for differentiating
advanced- (pT3/4) from early-stage (pT1/2) and high- from low-grade CRAC.



RESULTS

The range of 95% confidence interval (CI) for intraobserver reliability were 0.88 to 0.99. The range of 95% CI for intreobserver
agreement were 0.74 to 0.98. Eff-Z [7.21(0.09) vs 7.31 (0.10) vs 7.35 (0.19)], NICAP [0.11 (0.05) vs 0.15 (0.08) vs 0.15 (0.08)],
NICVP [0.27 (0.06) vs 0.34 (0.11) vs 0.35 (0.12)], ?HUAP [1.20 (0.45) vs 1.93 (1.18) vs 2.37 (0.91)], and ?HUVP [2.07 (0.68) vs
2.35 (0.62) vs 3.09 (1.07)] were significantly different among pT stage groups (all p<0.001) and exhibited a positive correlation
with pT stages (r= 0.503, 0.455, 0.394, 0.512, 0.376, respectively, all p<0.001). Eff-Z [7.37 (0.10) vs 7.28 (0.08)], NICAP [0.20
(0.10) vs 0.13 (0.08)], NICVP [0.35 (0.07) vs 0.31 (0.11)], and ?HUAP [2.59 (1.11) vs 1.63 (0.75)] in the high-grade group were
markedly higher than those in the low-grade group (all p<0.05). For discriminating the advanced- from early-stage CRAC, the AUCs
of Eff-Z, NICAP, NICVP, ?HUAP, and ?HUVP were 0.83, 0.80, 0.79, 0.86, and 0.68, respectively. For discriminating the high- from
low-grade CRAC, the AUCs of Eff-Z, NICAP, NICVP, and ?HUAP were 0.81, 0.81, 0.64, and 0.81, respectively.

CONCLUSION

s The quantitative parameters derived from DLCT could successfully predict pT stages and histologic differentiation in CRAC.
CLINICAL RELEVANCE/APPLICATION

DLCT parameters may help characterize the aggressive CRAC.

M5A-SPGI-4 Prediction of KRAS mutations in colorectal cancer based on dual-energy and perfusion CT parameters

Participants
Xiaogiang Lin, Lanzhou, China (Presenter) Nothing to Disclose

PURPOSE

To investigate the predictive value of dual-energy spectral CT (DESCT) and perfusion CT quantitative parameters for KRAS
mutation in colorectal cancer, a diagnostic model was constructed and visualized as a nomogram to assist clinical preoperative
treatment decisions.

METHODS AND MATERIALS

67 patients with colorectal cancer underwent “one-step” abdominal spectral and perfusion CT before surgery and were divided into
two groups: group A (wild-type) and group B (mutation). Clinical baseline characteristics included age, gender, tumor location,
serum tumor markers, bowel wall thickening pattern and superior rectal vein (SRV) width. A radiologist delineated the regions of
interest (ROIs) on the layer of maximum tumor diameter and the nearest upper and lower layers in axial enhanced images and
calculated the average value. Monoenergetic CT value, effective atomic number (Eff-Z), iodine concentration (IC) of tumor and
artery were acquired to calculate normalized iodine concentration (NIC, NIC = ICtumor / ICartery). Perfusion parameters include
blood flow (BF), blood volume (BV), mean slope of increase (MSI), mean transit time (MTT), positive enh integral (PEI), capillary
permeability surface area product (PS) and time to peak (TTP). ?2 test, t-test and U test were used for calculated differences
between groups. Then, least absolute shrinkage and selection operator (LASSO) regression and multivariate logistic regression were
used to select the most discriminating features, build a predictive model and visualize the model as a nomogram. Concordance index
(C-index), calibration curves and decision curves analysis (DCA) were used to evaluate prediction performance and clinical utility.

RESULTS

30 patients had KRAS mutations in 67 patients. After feature selection, the four variables included BF, BV, 130keVAP and NICAP*10
were screened by LASSO regression and multivariate logistic regression to construct the nomogram. The C-index and bootstrap C-
index of the model were 0.886 (95%CI: 0.808~0.963) and 0.857, respectively. The sensitivity and specificity were 70.0% and
85.7%, respectively. The model showed good calibration, and the DCA demonstrated that the model has a higher net benefit than
the best single variable.

CONCLUSION

s There were differences in LTL, CT perfusion parameters and multiple arteriovenous phases spectral CT parameters in KRAS
mutation status. The nomogram based on BF, BV, 130KeVAP and NICAP*10 is helpful for the preoperative determination of KRAS
mutation status in colorectal cancer.

CLINICAL RELEVANCE/APPLICATION

The nomogram is helpful for the preoperative determination of KRAS mutation status in colorectal cancer, which can assist in
clinical preoperative decision-making and patient risk stratification.

M5A-SPGI-5 Noise power spectrum properties of deep learning-based reconstruction and iterative reconstruction
algorithms:Phantom and clinical study

Participants
Yoshinori Funama, PhD, Kumamoto, Japan (Presenter) Nothing to Disclose

PURPOSE

Recent reconstructions of computed tomography (CT) images are nonlinear in nature. Therefore, the noise power spectrum (NPS)
properties of reconstructed images are likely to be clinically more relevant when measured in uniform organs of the human body,
such as the bladder, with noise-level matching than the use of phantom images. This study aimed to compare the NPS properties
and perform qualitative analysis of hybrid iterative reconstruction (hybrid-IR), model-based IR (MBIR), and deep learning-based IR
(DLR) at a similar noise level in a clinical study based on the outcomes of a phantom study.

METHODS AND MATERIALS

A Catphan phantom with an external body ring was used in the phantom study. In the clinical study, CT examination data of 35
patients were retrospectively reviewed. NPS was calculated from DLR, hybrid IR, and MBIR images using a uniform portion of the
phantom and bladder portions of the patients. The noise magnitude ratio (NMR) and central frequency ratio (CFR) were calculated
from DLR, hybrid IR, and MBIR images relative to filtered back-projection (FBP) images using NPS. CFR represents the degree of
lower frequency shift for NPS. Clinical CT images were independently reviewed by two board-certified general radiologists.

RESULTS



In the phantom study, DLR achieved substantial noise reduction compared to hybrid IR and MBIR with increasing strength levels.
The mean NMR for DLR with a mild level was 0.49, and the noise level was similar to those of hybrid IR at 0.53 and MBIR at 0.65
with strong levels. The CFRs were 0.83, 0.60, and 0.66 for DLR, hybrid IR, and MBIR, respectively; the lower frequency shift for NPS
was small level on DLR. Based on the outcomes of the phantom study, the clinical study applied DLR with mild and hybrid IR and
MBIR with strong-level images. In the clinical study, the NMR and CFR were 0.39 and 0.35, 0.46 and 0.76, and 0.51 and 0.62 for
DLR, hybrid IR, and MBIR, respectively. The visual inspection for DLR with mild-level images was superior to those for hybrid IR and
MBIR with strong levels .

CONCLUSION

s DLR images achieved substantial noise reduction while maintaining image noise texture in the phantom and clinical studies.
CLINICAL RELEVANCE/APPLICATION

DLR images provide better clinical visibility without the lack of image texture appearance in CT.

M5A-SPGI-6 Ultra-high resolution computed tomography with deep-learning-reconstruction: Diagnostic ability in
the assessment of gastric cancer and the depth of invasion

Participants
Masaya Tanabe, MD, Ube, Japan (Presenter) Nothing to Disclose

PURPOSE

To assess the image quality of ultra-high-resolution CT (U-HRCT) reconstructed with improved deep-learning-reconstruction (DLR)
method, the utility in the delineation of the gastric wall structure, and visibility of gastric cancer and its depth invasion.

METHODS AND MATERIALS

This study included 46 patients with resected gastric cancers who underwent preoperative contrast-enhanced U-HRCT. Image
quality of U-HRCT (0.5mm, 1024x1024) reconstructed with three different methods; standard DLR (Advanced intelligent Clear-1Q
Engine [AICE]), improved DLR (AiCE-Body Sharp [BS]) and hybrid-IR (Adaptive Interactive Dose Reduction 3Dimensional [AIDR3D])
was compared for the visualization of the gastric wall. Then, the conspicuity for the three-layered structure of the gastric wall at
four regions (fornix, body, angle and antrum) and the visibility of gastric cancers were compared between conventional HRCT (C-
HRCT; 2mm, 512x512) and U-HRCT. Finally, the diagnostic ability of U-HRCT with improved AICE-BS for the depth invasion of gastric
cancers was assessed in comparison with actual postoperative pathology specimens.

RESULTS

The mean noise of U-HRCT with improved AICE-BS was significantly lower than that with AIDR3D although there was no significant
difference between improved AiCE-BS and standard AIiCE. The mean overall image quality scores with improved AiCE-BS images
were significantly higher than those with the other two methods (p<0.001). Regarding the comparison between C-HRCT and U-
HRCT, the mean conspicuity scores for the three-layered structure of the gastric wall on U-HRCT were significantly better than
those on C-HRCT in the fornix (p<0.001), body (p<0.001), angle (p=0.007), antrum (p=0.007). In addition, visibility of gastric
cancer with U-HRCT was better than that with C-HRCT(p<0.001). Correct diagnosis rate for depth invasion of gastric cancer using
U-HRCT was 72%.

CONCLUSION

s U-HRCT with improved AICE-BS is capable of depicting the three-layered structure of the gastric wall more clearly than the other
two reconstruction methods, and is useful for the visualization of gastric cancers as well as for the assessment of depth invasion.

CLINICAL RELEVANCE/APPLICATION

U-HRCT using new DLR method will improve overall image quality, delineation of the three-layered structure of gastric wall, visibility
of gastric cancer, and diagnostic ability for depth invasion.

M5A-SPGI-7 Low-Tube-Voltage Whole-Body CT Angiography with Extremely-Low-Iodine Dose: Comparison
between Deep Learning-based and Adaptive Statistical Iterative Reconstructions

Participants
Nobuyuki Kawai, MD, Gifu, Japan (Presenter) Nothing to Disclose

PURPOSE

To prospectively compare the arterial enhancement, its depiction and image quality in whole-body CT angiography (CTA) at 80 kVp
with equivalent contrast material (CM) of 192 mgl/mL between deep learning image reconstruction (DLIR) and adaptive statistical
iterative reconstruction Veo of 40% (ASiR-V).

METHODS AND MATERIALS

Thirty-four consecutive participants (27 men and 7 women; mean age, 74.2 years) who underwent dual phase whole-body CTA,
with images obtained at 80 kVp, for evaluation of aortic diseases between January and July 2020. We used 240-mgl/mL of CM with
concurrent administration of its quarter volume of saline, which is corresponding iodine concentration of 192 mgl/mL, and they were
intravenously injected at 4 mL/s (iodine mass administered per unit of time; 768 mgl/s) using a commercially available power
injector. Three image sets were reconstructed using the ASiR-V, DLIR with middle performance (DLIR-M), and DLIR with high
performance (DLIR-H), respectively. A radiologist measured CT values of aortas, iliac arteries, and endoleaks after endovascular
aortic repair (EVAR), and one standard deviation (SD) of CT value of subcutaneous fat. Signal-to-noise ratios (SNR) were
calculated as CT value/ SD. Two radiologists evaluated the depiction of 25 arteries and image quality on axial, multiplanar-
reformatted, and volume-rendered images.

RESULTS

Mean CM volume and iodine weight were 64.1 mL and 15.4 g, respectively. SNRs of aortas, iliac arteries, and endoleaks after EVAR
were significantly higher in the order corresponding to DLIR-H, DLIR-M, and ASiR-V (P = 0.001, respectively). Depiction of
intercostal, dorsal pancreatic, inferior phrenic, lumber, internal pudendal, and inferior epigastric arteries were significantly better in



DLIR-M and ASiR-V than those in DLIR-H (P = 0.001-0.002), however, no significant difference was found in the other arteries (P =
0.13-1.00). Image sharpness, noise, and diagnostic acceptability were significantly better in DLIR-M and DLIR-H than in ASiR-V (P =
0.001-0.005).

CONCLUSION

s DLIR significantly improved SNR and image quality compared with ASiR-V in whole-body CTA at 80 kVp with equivalent CM of 192
mgl/mL. DLIR-M seemed well-balanced algorithm compared with ASiR-V and DLIR-H.

CLINICAL RELEVANCE/APPLICATION

Deep learning image reconstruction was alternative method to adaptive statistical iterative reconstruction Veo on whole-body CT
angiography at 80 kVp with equivalent contrast material of 192 mgl/mL.

M5A-SPGI-8 Is it safe to give iodine- or gadolinium-based contrast agents repeatedly on the same day?: An animal
study

Participants
Heejin Bae, (Presenter) Nothing to Disclose

PURPOSE

To investigate molecular and functional consequences of repeated exposures to iodine- or gadolinium-based contrast agents within
24 hours through an animal study.

METHODS AND MATERIALS

Fifty-six Sprague-Dawley male rats were equally divided into 8 groups: negative control group, positive control group with single
dose administration of iodine-based CT contrast agent, and repeated administration of either CT or MRI contrast agents after 2, 4,
and 24 hours from the single dose injection of CT contrast agent. Concentrations of BUN, creatinine (SCr), cystatin C (Cys C), and
malondialdehyde (MDA) were measured in serum samples and mRNA of kidney injury markers including kidney injury molecule-1 (KIM-
1) and neutrophil gelatinase-associated lipocalin (NGAL) were evaluated from kidney tissues. Serum KIM-1 and NGAL proteins were
detected by immunoassay and quantified by ELISA.

RESULTS

Repeated exposure to CT contrast agents significantly increased SCr (0.344 - 0.411 mg/dL, P = <0.001) than negative and positive
control groups (0.160; 0.207 mg/dL, respectively). SCr concentrations were not significantly different depending on various time
intervals (P = >0.999). For average levels of Cys C and MDA, statistically significant differences were not observed between the
positive control group (0.427 mg/L; 1.802 uM) and repeated injection groups (0.549 - 0.550, P = 0.256 - 0.362; 1.283 0 2.254, P =
>0.999, respectively). Likewise, additional dose of MRI contrast agent after single dose of CT contrast agent did not affect SCr,
Cys C, and MDA (0.171 - 0.230, P = >0.999; 0.4, P =0.262; 0.770 - 1.079, P =0.139 - 0.771, respectively). mRNA and protein
levels of KIM-1 and NGAL were not significantly different among various time intervals of the additional injection of either CT or MRI
contrast agents.

CONCLUSION

s More than 24 hours of interval between the repeated contrast-enhanced CT examinations may be necessary to avoid
deterioration in renal function, whereas conducting contrast-enhanced MRI on the same day as contrast-enhanced CT examination
may not induce clinically significant kidney injury.

CLINICAL RELEVANCE/APPLICATION

Repeated exposure to the contrast agents in a short time period is known to be a risk factor for development of contrast-induced
nephropathy. However, according to ACR manual on contrast media, the evidence to avoid a repeated contrast agent injection until
more than 24 hours is yet insufficient.

M5A-SPGI-9 Cross-Sectional Comparison of Serum Fib-4 and MRI-Derived Liver T1 as Noninvasive Markers of
Liver Fibrosis: An Interim Analysis of the Dallas Heart Study Cohort

Participants
Sujoy Mukherjee, (Presenter) Nothing to Disclose

PURPOSE

Noninvasive serum (e.g. FIB-4)1 and imaging (e.g. elastography, T1 mapping)2-4 biomarkers of liver fibrosis have been validated
against liver biopsy. Whether these biomarkers are correlative or complementary remains unknown. The purpose of this study is to
compare serum FIB-4 and MRI-derived liver T1 in the general adult population in the US.

METHODS AND MATERIALS

This is an interim analysis of the ongoing Dallas Hearts Study (DHS) third examination, a large multiethnic sampling of adults in
Dallas County, Texas. The study collects demographic data, serum laboratory tests needed to calculate FIB-4, and multiparametric
liver MRI using LiverMultiScan® 3T protocol (Perspectum, Oxford, UK) to calculate mean hepatic iron-corrected T1 (cT1)5. The
correlation between FIB-4 and cT1 values was assessed by scatter plots as well as Spearman and Pearson correlation coefficients.
The association between FIB-4 = 1.3 and cT1 = 763 msec was assessed by odds ratio, where these thresholds were drawn from
the upper limits of the low risk group6 7. This study was approved by IRB and was compliant with HIPAA.

RESULTS

279 adult participants from DHS completed liver cT1 analysis and included 107 males and 172 females, median age [interquartile
range] 61 [55-67] years. The median FIB-4 and cT1 were 1.06 [0.84-1.43] and 745 [697-802] msec, with n=93 (33.3%) and n=111
(39.8%) with above-normal FIB-4 and cT1, respectively. No significant correlation was found between FIB-4 and cT1 (Figure 2) by
Pearson nor Spearman methods. No significant association was found between above-normal FIB-4 and cT1, with odds ratio [95%
confidence interval] of 1.14 [0.69 - 1.90].

CONCLUSION



s Serum FIB-4 and cT1 were not significantly correlated with each other in the general population. Our finding is consistent with
other studies where FIB-4 had a low correlation with viscoelastic transient elastography8. Our early data suggest that FIB-4 and
cT1 are not correlative, but may be complementary, in evaluating liver disease. Further research is necessary how serum and
imaging biomarkers may be used in combination.

CLINICAL RELEVANCE/APPLICATION

FIB-4 was developed for viral hepatitis. Iron-corrected T1 MRI was developed for nonalcoholic fatty liver disease. While both
biomarkers were validated against liver biopsies, they may generate discrepant results when applied to the general population for
liver disease screening.

Printed on: 02/07/23
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Prediction of Postoperative Anastomotic Recurrence in Crohn's Disease Using Preoperative CTE Radiomic Data

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - GI DPS

Participants
Xiao Di Shen, (Presenter) Nothing to Disclose

PURPOSE

More than half of patients with Crohn’s disease (CD) need at least one surgery in their life, however, most patients will experience
postoperative anastomotic recurrence (PAR). Stratifying them according to the risk of PAR and tailoring therapy are the most cost-
effective way to manage these patients. This study aimed to develop and validate a novel preoperative clinical-radiological-
radiomic model to predict the risk of PAR.

METHODS AND MATERIALS

This retrospective study included 186 CD patients (training cohort: n=103; test cohort 1: n=31; test cohort 2: n=52) who
underwent CD-related surgery in one of the three centers. The presence of endoscopic, radiological, or surgical anastomotic
recurrence was termed PAR. In training cohort, 106 radiomic features were extracted respectively from bowel lesions and
perienteric mesenteric adipose tissues on preoperative venous-phase computed tomography enterography (CTE) images and ranked
by SelectKBest to select the key features. Univariate and multivariate analyses with Cox proportional hazards regression were
performed to determine the risk factors of PAR and construct the prediction model (so-call clinical-radiological-radiomic model) from
various clinical-radiological and radiomic features. The prediction efficacy of clinical-radiological-radiomic model was validated in two
external test cohorts.

RESULTS

Three mesenteric radiomic features were selected to develop radiomic-mesentery model and four bowel features were selected to
construct radiomic-bowel model. In training cohort, radiomic-mesentery model (AUC=0.690; P<0.05) showed higher predicting
efficacy than radiomic-bowel model (AUC=0.654; P<0.05) and was thus chose to integrate into the clinical-radiological-radiomic
model. In training cohort and test cohorts 1 and 2, the clinical-radiological-radiomic model showed an increase in predicting
performance (AUCs: 0.833, 0.778, and 0.742, respectively; all P<0.05) than clinical-radiological model (AUCs: 0.679, 0.674, and
0.687, respectively; all P<0.05). Decision curve analysis demonstrated the clinical usefulness of the clinical-radiological-radiomic
model.

CONCLUSION

s The preoperative clinical-radiological-radiomic model could be a promising tool to accurately identify CD patients at high risk of
PAR.

CLINICAL RELEVANCE/APPLICATION
To develop and validate a preoperative CTE-based radiomics signature to early predict postoperative anastomotic recurrence in CD.
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Hepatobiliary Phase Imaging in cirrhotic patients using Compressed Sensing: Comparison of Image Quality

and focal Lesion Detection with the T1-Weighted Sequence using Controlled Aliasing in Parallel Imaging
Results in Higher Acceleration
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Participants
So Hyun Park, MD, (Presenter) Nothing to Disclose

PURPOSE

We aimed to compare VIBE using compressed sensing (CS) and controlled aliasing in parallel imaging results in higher acceleration
(CAIPIRINHA) in subjective and objective image quality in patients with cirrhotic liver for acquisition of single breath-hold on
hepatobiliary phase images.

METHODS AND MATERIALS

We retrospectively included 244 gadoxetic acid-enhanced liver MRI in 244 patients with cirrhosis from July 2020 to December 2020.
All patients underwent two hepatobiliary phases (HBP) using CS and CAIPIRINHA. Optimized resolution and scan time for CS-HBP
were 0.9?x?0.9?%?1.5 mm3 and 15 s, while those for CAIPIRINHA-HBP were 1.3?x?1.8?%?3 mm3 and 15 s. Two abdominal
radiologists assessed the two MRI data sets for image quality in consensus. We compared subjective and objective image quality in
two sequences.

RESULTS

CS-HBP showed significantly superior liver edge sharpness and overall image quality, and lesser respiratory motion artifact (all P
<0.001), but higher non-respiratory artifact (P =0.014) compared to CAIPIRINHA-HBP. Intraclass correlation coefficients of
subjective image quality in CS-HBP was 0.550-0.827 and that in CAIPIRINHA-HBP was 0.530-0.809. CS-HBP showed superior SNR in
the liver to CAIPIRINHA-HBP (20.8 £9.1 vs. 18.8 £ 7.2; P <0.001) and liver-spleen contrast in two were similar (2.0 £ 1.1 vs. 2.1 £
1.2, P =0.071), respectively.

CONCLUSION

s CS-HBP identified superior overall image quality, liver edge sharpness, and liver SNR and lesser respiratory motion artifact, but
higher non-respiratory artifact and noise and comparable liver-spleen contrast compared to CAIPIRINHA-HBP, with same acquisition
time.

CLINICAL RELEVANCE/APPLICATION

In patient with decreased liver function, HBP image showed non-clean or decreased enhancement of liver. Identification of
adequate image quality on HBP applied CS in patients with cirrhosis can help to select protocol. To our knowledge, however, there
have been no studies comparing image quality of HBP between CS and CAIPIRINHA in patients with liver cirrhosis.
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Comparison of diagnostic performance of Ultrasonography and Magnetic Resonance Enterography in
assessment of active bowel lesions in patients with Crohn's disease
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Participants
Dain Lee, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

We aimed to evaluate and compare the diagnostic performance of ultrasonography (US) and magnetic resonance enterography
(MRE) in assessing active bowel lesions in patients with Crohn’s disease (CD) through meta-analysis

METHODS AND MATERIALS

We searched PubMed and EMBASE for studies in which US and MRE were evaluated to assess active bowel lesions in CD patients.
Bivariate random effect meta-analytic methods were used to estimate pooled sensitivity, specificity, and hierarchical summary
receiver operating characteristic (HSROC) curves. We performed meta-regression analysis according to the characteristics of the
study design, study population, reference standards, and US technique.

RESULTS

Eleven studies involving a total of 752 patients were included. US exhibited a pooled sensitivity of 87.5 % (95% confidence interval
73.7-94.6), a pooled specificity of 87.1% (95% CI 72.4-94.6), and HSROC of 0.9 in 10 studies. MRE exhibited a pooled sensitivity of
88.5% (95% CI 76.1-94.9), a pooled specificity of 87.5% (95% CI 73.1-94.8), and HSROC of 0.93 in 8 studies. In 7 studies
comparing the diagnostic performance of US and MRE, summary sensitivity of US and MR were 88% (95% CI 65.3-96.6, 12=92.1)
and 86% (95% CI 72.4-93.6, 12=92.3) (p=0.841) and summary specificity of US and MR were 88% (95% CI 79.7-93.1, 12=64.2%)
and 84% (72.5-90.7, 12=48.9%) (p=0.431), which showed no significant differences. On meta-regression analysis, studies from
Europe(p=0.002) and studies that used one kind of US probe (p=0.012) reported higher US sensitivity than those from other region
and used two kind of US probe, and studies with pediatrics reported higher MR specificity than those with adult
population(p=0.001>).

CONCLUSION

s Both US and MRE can diagnose active bowel lesions with comparable diagnostic accuracy in CD patients, although there was
significant heterogeneity in the included studies. Study region, number of used US probe for US sensitivity and study population for
MR specificity were the potential source of heterogeneity.

CLINICAL RELEVANCE/APPLICATION

Ultrasonography can be the reliable alternative to MRE in assessing active bowel lesion with free of radiation and easier accessibility
in CD patients
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Utility of dual-layer spectral-detector CT imaging for assessing pathological tumor stages and histologic
grades of colorectal adenocarcinoma
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Participants
Weicui Chen, Guangzhou, China (Presenter) Nothing to Disclose

PURPOSE

Pathological tumor (pT) stage and histologic differentiation are the most critical factors for colorectal adenocarcinoma (CRAC)
prognosis.This study aims at assessing the utility of Dual-layer spectral-detector CT (DLCT) in predicting the pT stage and
histologic grade for CRAC.

METHODS AND MATERIALS

A total of 131 patients with pathologically confirmed CRAC (82 colon cancers and 49 rectal cancers; 35 pT1-2, 61 pT3, and 35
pT4; 32 high grade and 99 low grade) between May 2021 and March 2022, who received dual-phase DLCT were enrolled in this
retrospective study. Normalized iodine concentration (NIC), slope of the spectral HU curve (?HU), and effective atomic number (Eff-
Z) were measured for each lesion by two radiologists independently. Intraobserver reliability and interobserver agreement were
assessed. The Student’s t-test, one-way analysis of variance (ANOVA), Mann-Whitney U test, or Kruskal-Wallis ANOVA test was
used to compare the above quantitative parameters between two groups by histologic grades (high and low) and three groups by
pT stages (pT1-2, pT3, and pT4). The correlation between the pT stages and above values were assessed by Spearman
correlation analysis. ROC analyses were calculated to evaluate the diagnostic efficacy of each parameter for differentiating
advanced- (pT3/4) from early-stage (pT1/2) and high- from low-grade CRAC.

RESULTS

The range of 95% confidence interval (CI) for intraobserver reliability were 0.88 to 0.99. The range of 95% CI for intreobserver
agreement were 0.74 to 0.98. Eff-Z [7.21(0.09) vs 7.31 (0.10) vs 7.35 (0.19)], NICAP [0.11 (0.05) vs 0.15 (0.08) vs 0.15 (0.08)],
NICVP [0.27 (0.06) vs 0.34 (0.11) vs 0.35 (0.12)], ?HUAP [1.20 (0.45) vs 1.93 (1.18) vs 2.37 (0.91)], and ?HUVP [2.07 (0.68) vs
2.35 (0.62) vs 3.09 (1.07)] were significantly different among pT stage groups (all p<0.001) and exhibited a positive correlation
with pT stages (r=0.503, 0.455, 0.394, 0.512, 0.376, respectively, all p<0.001). Eff-Z [7.37 (0.10) vs 7.28 (0.08)], NICAP [0.20
(0.10) vs 0.13 (0.08)], NICVP [0.35 (0.07) vs 0.31 (0.11)], and ?HUAP [2.59 (1.11) vs 1.63 (0.75)] in the high-grade group were
markedly higher than those in the low-grade group (all p<0.05). For discriminating the advanced- from early-stage CRAC, the AUCs
of Eff-Z, NICAP, NICVP, ?HUAP, and ?HUVP were 0.83, 0.80, 0.79, 0.86, and 0.68, respectively. For discriminating the high- from
low-grade CRAC, the AUCs of Eff-Z, NICAP, NICVP, and ?HUAP were 0.81, 0.81, 0.64, and 0.81, respectively.

CONCLUSION

s The quantitative parameters derived from DLCT could successfully predict pT stages and histologic differentiation in CRAC.
CLINICAL RELEVANCE/APPLICATION

DLCT parameters may help characterize the aggressive CRAC.
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Prediction of KRAS mutations in colorectal cancer based on dual-energy and perfusion CT parameters
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Xiaogiang Lin, Lanzhou, China (Presenter) Nothing to Disclose

PURPOSE

To investigate the predictive value of dual-energy spectral CT (DESCT) and perfusion CT quantitative parameters for KRAS
mutation in colorectal cancer, a diagnostic model was constructed and visualized as a nomogram to assist clinical preoperative
treatment decisions.

METHODS AND MATERIALS

67 patients with colorectal cancer underwent “one-step” abdominal spectral and perfusion CT before surgery and were divided into
two groups: group A (wild-type) and group B (mutation). Clinical baseline characteristics included age, gender, tumor location,
serum tumor markers, bowel wall thickening pattern and superior rectal vein (SRV) width. A radiologist delineated the regions of
interest (ROIs) on the layer of maximum tumor diameter and the nearest upper and lower layers in axial enhanced images and
calculated the average value. Monoenergetic CT value, effective atomic number (Eff-Z), iodine concentration (IC) of tumor and
artery were acquired to calculate normalized iodine concentration (NIC, NIC = ICtumor / ICartery). Perfusion parameters include
blood flow (BF), blood volume (BV), mean slope of increase (MSI), mean transit time (MTT), positive enh integral (PEI), capillary
permeability surface area product (PS) and time to peak (TTP). ?2 test, t-test and U test were used for calculated differences
between groups. Then, least absolute shrinkage and selection operator (LASSO) regression and multivariate logistic regression were
used to select the most discriminating features, build a predictive model and visualize the model as a nomogram. Concordance index
(C-index), calibration curves and decision curves analysis (DCA) were used to evaluate prediction performance and clinical utility.

RESULTS

30 patients had KRAS mutations in 67 patients. After feature selection, the four variables included BF, BV, 130keVAP and NICAP*10
were screened by LASSO regression and multivariate logistic regression to construct the nomogram. The C-index and bootstrap C-
index of the model were 0.886 (95%CI: 0.808~0.963) and 0.857, respectively. The sensitivity and specificity were 70.0% and
85.7%, respectively. The model showed good calibration, and the DCA demonstrated that the model has a higher net benefit than
the best single variable.

CONCLUSION

s There were differences in LTL, CT perfusion parameters and multiple arteriovenous phases spectral CT parameters in KRAS
mutation status. The nomogram based on BF, BV, 130KeVAP and NICAP*10 is helpful for the preoperative determination of KRAS
mutation status in colorectal cancer.

CLINICAL RELEVANCE/APPLICATION

The nomogram is helpful for the preoperative determination of KRAS mutation status in colorectal cancer, which can assist in
clinical preoperative decision-making and patient risk stratification.
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Noise power spectrum properties of deep learning-based reconstruction and iterative reconstruction
algorithms:Phantom and clinical study
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Yoshinori Funama, PhD, Kumamoto, Japan (Presenter) Nothing to Disclose

PURPOSE

Recent reconstructions of computed tomography (CT) images are nonlinear in nature. Therefore, the noise power spectrum (NPS)
properties of reconstructed images are likely to be clinically more relevant when measured in uniform organs of the human body,
such as the bladder, with noise-level matching than the use of phantom images. This study aimed to compare the NPS properties
and perform qualitative analysis of hybrid iterative reconstruction (hybrid-IR), model-based IR (MBIR), and deep learning-based IR
(DLR) at a similar noise level in a clinical study based on the outcomes of a phantom study.

METHODS AND MATERIALS

A Catphan phantom with an external body ring was used in the phantom study. In the clinical study, CT examination data of 35
patients were retrospectively reviewed. NPS was calculated from DLR, hybrid IR, and MBIR images using a uniform portion of the
phantom and bladder portions of the patients. The noise magnitude ratio (NMR) and central frequency ratio (CFR) were calculated
from DLR, hybrid IR, and MBIR images relative to filtered back-projection (FBP) images using NPS. CFR represents the degree of
lower frequency shift for NPS. Clinical CT images were independently reviewed by two board-certified general radiologists.

RESULTS

In the phantom study, DLR achieved substantial noise reduction compared to hybrid IR and MBIR with increasing strength levels.
The mean NMR for DLR with a mild level was 0.49, and the noise level was similar to those of hybrid IR at 0.53 and MBIR at 0.65
with strong levels. The CFRs were 0.83, 0.60, and 0.66 for DLR, hybrid IR, and MBIR, respectively; the lower frequency shift for NPS
was small level on DLR. Based on the outcomes of the phantom study, the clinical study applied DLR with mild and hybrid IR and
MBIR with strong-level images. In the clinical study, the NMR and CFR were 0.39 and 0.35, 0.46 and 0.76, and 0.51 and 0.62 for
DLR, hybrid IR, and MBIR, respectively. The visual inspection for DLR with mild-level images was superior to those for hybrid IR and
MBIR with strong levels .

CONCLUSION

s DLR images achieved substantial noise reduction while maintaining image noise texture in the phantom and clinical studies.
CLINICAL RELEVANCE/APPLICATION

DLR images provide better clinical visibility without the lack of image texture appearance in CT.

Printed on: 02/07/23



KSNA 2022

Empowering Patients and Partners in Care
Moverber 27 to December 1 | McCarmick Place, Chicaga

Abstract Archives of the RSNA, 2022
M5A-SPGI-6

Ultra-high resolution computed tomography with deep-learning-reconstruction: Diagnostic ability in the
assessment of gastric cancer and the depth of invasion
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Masaya Tanabe, MD, Ube, Japan (Presenter) Nothing to Disclose

PURPOSE

To assess the image quality of ultra-high-resolution CT (U-HRCT) reconstructed with improved deep-learning-reconstruction (DLR)
method, the utility in the delineation of the gastric wall structure, and visibility of gastric cancer and its depth invasion.

METHODS AND MATERIALS

This study included 46 patients with resected gastric cancers who underwent preoperative contrast-enhanced U-HRCT. Image
quality of U-HRCT (0.5mm, 1024x1024) reconstructed with three different methods; standard DLR (Advanced intelligent Clear-1Q
Engine [AICE]), improved DLR (AiCE-Body Sharp [BS]) and hybrid-IR (Adaptive Interactive Dose Reduction 3Dimensional [AIDR3D])
was compared for the visualization of the gastric wall. Then, the conspicuity for the three-layered structure of the gastric wall at
four regions (fornix, body, angle and antrum) and the visibility of gastric cancers were compared between conventional HRCT (C-
HRCT; 2mm, 512x512) and U-HRCT. Finally, the diagnostic ability of U-HRCT with improved AiCE-BS for the depth invasion of gastric
cancers was assessed in comparison with actual postoperative pathology specimens.

RESULTS

The mean noise of U-HRCT with improved AICE-BS was significantly lower than that with AIDR3D although there was no significant
difference between improved AiCE-BS and standard AiCE. The mean overall image quality scores with improved AiCE-BS images
were significantly higher than those with the other two methods (p<0.001). Regarding the comparison between C-HRCT and U-
HRCT, the mean conspicuity scores for the three-layered structure of the gastric wall on U-HRCT were significantly better than
those on C-HRCT in the fornix (p<0.001), body (p<0.001), angle (p=0.007), antrum (p=0.007). In addition, visibility of gastric
cancer with U-HRCT was better than that with C-HRCT(p<0.001). Correct diagnosis rate for depth invasion of gastric cancer using
U-HRCT was 72%.

CONCLUSION

s U-HRCT with improved AICE-BS is capable of depicting the three-layered structure of the gastric wall more clearly than the other
two reconstruction methods, and is useful for the visualization of gastric cancers as well as for the assessment of depth invasion.

CLINICAL RELEVANCE/APPLICATION

U-HRCT using new DLR method will improve overall image quality, delineation of the three-layered structure of gastric wall, visibility
of gastric cancer, and diagnostic ability for depth invasion.
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Low-Tube-Voltage Whole-Body CT Angiography with Extremely-Low-Iodine Dose: Comparison between Deep
Learning-based and Adaptive Statistical Iterative Reconstructions
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Nobuyuki Kawai, MD, Gifu, Japan (Presenter) Nothing to Disclose

PURPOSE

To prospectively compare the arterial enhancement, its depiction and image quality in whole-body CT angiography (CTA) at 80 kVp
with equivalent contrast material (CM) of 192 mgl/mL between deep learning image reconstruction (DLIR) and adaptive statistical
iterative reconstruction Veo of 40% (ASiR-V).

METHODS AND MATERIALS

Thirty-four consecutive participants (27 men and 7 women; mean age, 74.2 years) who underwent dual phase whole-body CTA,
with images obtained at 80 kVp, for evaluation of aortic diseases between January and July 2020. We used 240-mgIl/mL of CM with
concurrent administration of its quarter volume of saline, which is corresponding iodine concentration of 192 mgl/mL, and they were
intravenously injected at 4 mL/s (iodine mass administered per unit of time; 768 mgl/s) using a commercially available power
injector. Three image sets were reconstructed using the ASiR-V, DLIR with middle performance (DLIR-M), and DLIR with high
performance (DLIR-H), respectively. A radiologist measured CT values of aortas, iliac arteries, and endoleaks after endovascular
aortic repair (EVAR), and one standard deviation (SD) of CT value of subcutaneous fat. Signal-to-noise ratios (SNR) were
calculated as CT value/ SD. Two radiologists evaluated the depiction of 25 arteries and image quality on axial, multiplanar-
reformatted, and volume-rendered images.

RESULTS

Mean CM volume and iodine weight were 64.1 mL and 15.4 g, respectively. SNRs of aortas, iliac arteries, and endoleaks after EVAR
were significantly higher in the order corresponding to DLIR-H, DLIR-M, and ASiR-V (P = 0.001, respectively). Depiction of
intercostal, dorsal pancreatic, inferior phrenic, lumber, internal pudendal, and inferior epigastric arteries were significantly better in
DLIR-M and ASiR-V than those in DLIR-H (P = 0.001-0.002), however, no significant difference was found in the other arteries (P =
0.13-1.00). Image sharpness, noise, and diagnostic acceptability were significantly better in DLIR-M and DLIR-H than in ASiR-V (P =
0.001-0.005).

CONCLUSION

s DLIR significantly improved SNR and image quality compared with ASiR-V in whole-body CTA at 80 kVp with equivalent CM of 192
mgl/mL. DLIR-M seemed well-balanced algorithm compared with ASiR-V and DLIR-H.

CLINICAL RELEVANCE/APPLICATION

Deep learning image reconstruction was alternative method to adaptive statistical iterative reconstruction Veo on whole-body CT
angiography at 80 kVp with equivalent contrast material of 192 mgl/mL.
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Is it safe to give iodine- or gadolinium-based contrast agents repeatedly on the same day?: An animal study
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PURPOSE

To investigate molecular and functional consequences of repeated exposures to iodine- or gadolinium-based contrast agents within
24 hours through an animal study.

METHODS AND MATERIALS

Fifty-six Sprague-Dawley male rats were equally divided into 8 groups: negative control group, positive control group with single
dose administration of iodine-based CT contrast agent, and repeated administration of either CT or MRI contrast agents after 2, 4,
and 24 hours from the single dose injection of CT contrast agent. Concentrations of BUN, creatinine (SCr), cystatin C (Cys C), and
malondialdehyde (MDA) were measured in serum samples and mRNA of kidney injury markers including kidney injury molecule-1 (KIM-
1) and neutrophil gelatinase-associated lipocalin (NGAL) were evaluated from kidney tissues. Serum KIM-1 and NGAL proteins were
detected by immunoassay and quantified by ELISA.

RESULTS

Repeated exposure to CT contrast agents significantly increased SCr (0.344 - 0.411 mg/dL, P = <0.001) than negative and positive
control groups (0.160; 0.207 mg/dL, respectively). SCr concentrations were not significantly different depending on various time
intervals (P = >0.999). For average levels of Cys C and MDA, statistically significant differences were not observed between the
positive control group (0.427 mg/L; 1.802 uM) and repeated injection groups (0.549 - 0.550, P = 0.256 - 0.362; 1.283 0 2.254, P =
>0.999, respectively). Likewise, additional dose of MRI contrast agent after single dose of CT contrast agent did not affect SCr,
Cys C, and MDA (0.171 - 0.230, P =>0.999; 0.4, P = 0.262; 0.770 - 1.079, P = 0.139 - 0.771, respectively). mRNA and protein
levels of KIM-1 and NGAL were not significantly different among various time intervals of the additional injection of either CT or MRI
contrast agents.

CONCLUSION

s More than 24 hours of interval between the repeated contrast-enhanced CT examinations may be necessary to avoid
deterioration in renal function, whereas conducting contrast-enhanced MRI on the same day as contrast-enhanced CT examination
may not induce clinically significant kidney injury.

CLINICAL RELEVANCE/APPLICATION

Repeated exposure to the contrast agents in a short time period is known to be a risk factor for development of contrast-induced
nephropathy. However, according to ACR manual on contrast media, the evidence to avoid a repeated contrast agent injection until
more than 24 hours is yet insufficient.
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Cross-Sectional Comparison of Serum Fib-4 and MRI-Derived Liver T1 as Noninvasive Markers of Liver
Fibrosis: An Interim Analysis of the Dallas Heart Study Cohort
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PURPOSE

Noninvasive serum (e.g. FIB-4)1 and imaging (e.g. elastography, T1 mapping)2-4 biomarkers of liver fibrosis have been validated
against liver biopsy. Whether these biomarkers are correlative or complementary remains unknown. The purpose of this study is to
compare serum FIB-4 and MRI-derived liver T1 in the general adult population in the US.

METHODS AND MATERIALS

This is an interim analysis of the ongoing Dallas Hearts Study (DHS) third examination, a large multiethnic sampling of adults in
Dallas County, Texas. The study collects demographic data, serum laboratory tests needed to calculate FIB-4, and multiparametric
liver MRI using LiverMultiScan® 3T protocol (Perspectum, Oxford, UK) to calculate mean hepatic iron-corrected T1 (cT1)5. The
correlation between FIB-4 and cT1 values was assessed by scatter plots as well as Spearman and Pearson correlation coefficients.
The association between FIB-4 = 1.3 and cT1 = 763 msec was assessed by odds ratio, where these thresholds were drawn from
the upper limits of the low risk group6 7. This study was approved by IRB and was compliant with HIPAA.

RESULTS

279 adult participants from DHS completed liver cT1 analysis and included 107 males and 172 females, median age [interquartile
range] 61 [55-67] years. The median FIB-4 and cT1 were 1.06 [0.84-1.43] and 745 [697-802] msec, with n=93 (33.3%) and n=111
(39.8%) with above-normal FIB-4 and cT1, respectively. No significant correlation was found between FIB-4 and cT1 (Figure 2) by
Pearson nor Spearman methods. No significant association was found between above-normal FIB-4 and cT1, with odds ratio [95%
confidence interval] of 1.14 [0.69 - 1.90].

CONCLUSION

s Serum FIB-4 and cT1 were not significantly correlated with each other in the general population. Our finding is consistent with
other studies where FIB-4 had a low correlation with viscoelastic transient elastography8. Our early data suggest that FIB-4 and
cT1 are not correlative, but may be complementary, in evaluating liver disease. Further research is necessary how serum and
imaging biomarkers may be used in combination.

CLINICAL RELEVANCE/APPLICATION

FIB-4 was developed for viral hepatitis. Iron-corrected T1 MRI was developed for nonalcoholic fatty liver disease. While both
biomarkers were validated against liver biopsies, they may generate discrepant results when applied to the general population for
liver disease screening.

Printed on: 02/07/23
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M5A-SPGU-1External validation of an AI model for prostate mpMRI: a multicenter study

Participants
Kexin Wang, (Presenter) Nothing to Disclose

PURPOSE
To evaluate the prediction efficacy of an Al model for prostate cancer using external data.
METHODS AND MATERIALS

480 cases of mpMRI were retrospectively collected from four hospitals. The pathology diagnosis was clinically significant cancer
(csPCa) in 180 cases, and non-csPCa in 300 cases, with a PSA level of 17.79 [0.15,100.00]. A prior trained Al model was used to
predict the existence of prostate cancer on DWI and ADC maps. 16 radiologists were asked to interpret the image without
knowledge of the clinical information. Each radiologist was assigned 30 cases and interpreted the cases twice in between 1 month,
with and without the aid of Al. The cases were randomly separated into 2 groups. For group 1, the case was read firstly without Al
and secondly with AI. For group 2, the cases were firstly read with AI and secondly without Al. The radiologist made their diagnosis
following PI-RADS v2.1. When the PI-RADS category was 3-5, the case was considered to be diagnosed as positive. On the
contrary, when the PI-RADS category was 1 and 2, the case was considered to be diagnosed as negative. The reading time and
diagnosis confidence were also recorded during the image interpretation.

RESULTS

The AUC for the all the radiologists were 0.791 (95%CI: 0.687-0.956) and 0.699 (95%CI: 0.565-0.773) with and without the aided
of Al (p<0.05). The reading time shortened from 350 [27-1140]s (Median [Min, Max]) to 148 [19-948]s. The diagnosis confidence
increased in 10 radiologists with the help of Al

CONCLUSION

s This multicenter study proved that the AI model for the prediction of prostate cancer on mpMRI could be generalized, and the
diagnostic accuracy of csPCa was increased.

CLINICAL RELEVANCE/APPLICATION

Validation of AI models requires large samples of external data. This study provides evidence for future practical clinical applications
of the AI model for the diagnosis of prostate cancer on mpMRI.

M5A-SPGU-2Multiparametric MR imaging for evaluating early diabetic nephropathy: Changes related to glomerular
hypertension

Participants
Akira Yamamoto, MD, PhD, Kurashiki, Japan (Presenter) Nothing to Disclose

PURPOSE

The purpose of this study was to identify the changes related to glomerular hypertension in multiparametric magnetic resonance
imaging (MRI) findings for evaluating early diabetic nephropathy.

METHODS AND MATERIALS

The study subjects (N=58) included 35 patients with early diabetic nephropathy (hyperfiltration stage) and 23 healthy volunteers.
All subjects underwent non-contrast MRI using a 3-Tesla MRI machine. Measurements were made of the renal cortex and renal
medulla T1 values, T2 values, blood oxygenation level dependent (BOLD) imaging (T2* values and R2* values), intravoxel
incoherent motion (IVIM) imaging (ADC, f, D* and D values), arterial spin labeling (ASL) as well as optimal inversion time (TI) (=TI
of maximum corticomedullary contrast ratio (CMR = signal intensity (SI) of cortex / SI of medulla)) and inverted TI value (value of
TI that inverts the renal cortex and renal medulla SI) on steady-state free precession (SSFP) with inversion recovery (IR) pulse
with multi TI (TI = 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800 msec). A total 21 parameters were compared between
healthy groups and early DN group.

RESULTS

A significant difference between healthy groups and early diabetic nephropathy group was seen in T2 values of cortex (mean % SD:
101.28%9.59 msec vs. 107.76.0+£11.39 msec; p=0.041) and parameters derived from SSFP with IR pulse with multi TI, inverted TI
(mean £ SD: 1240.9+66.6 msec vs. 1278.6+62.2 msec; p=0.029) and optimal TI (mean £ SD: 1395.5+72.2 msec vs. 1437.1+70.0
msec; p=0.019). No other 18 parameters showed significant differences between healthy groups and early DN group. There was no



significant difference in renal cortical thickness, but it showed a large value in the hyperfiltration stage.
CONCLUSION

s T2 value of cortex and parameters derived from SSFP with an ssIR pulse, inverted TI and optimal TI might sensitively capture the
changes in glomerular hypertension related changes of the renal cortex in early diabetic nephropathy, can be used to evaluate early
diabetic nephropathy non-invasively and in a short period of time.

CLINICAL RELEVANCE/APPLICATION

MR imaging using the T2 value of cortex and parameters derived from SSFP with an ssIR pulse, inverted TI and optimal TI might be
useful to evaluate glomerular hypertension in early stage of diabetic nephropathy with non-invasively and in a short period of time.

M5A-SPGU-3Application of dual energy spectral CT in Vascular ErectileDysfunction

Participants
Xiaohu Li, MD, PhD, (Presenter) Nothing to Disclose

PURPOSE

To study the value of CT angiography and CT perfusion imaging in guiding the diagnosis of vascular erectile dysfunction and
indicating the clinical grading of vascular erectile dysfunction.

METHODS AND MATERIALS

60 patients with erectile dysfunction in our hospital were divided into vascular erectile dysfunction group and non-vascular erectile

dysfunction group. The vascular erectile dysfunction group was divided into severe erectile dysfunction group and mild-to-moderate
erectile dysfunction group according to IIEF-5. After CT scanning of hypogastrium, we completed the reconstruction of penile blood
vessels and the collection of perfusion data of corpus cavernosum and penis root by using post-processing software.Then both the
perfusion data and penile vascular status,including Internal pudendal artery,dorsal penile artery and cavernous artery,were analyzed
statistically.

RESULTS

vascular abnormalities were found in all cases in vascular erectile dysfunction group, especially in cavernous artery; in non vascular
erectile dysfunction group, there were 2 cases of dorsal penile artery and 2 cases of cavernous artery abnormalities, but no internal
pudendal artery abnormalities. There were significant differences in the abnormalities of internal pudendal artery, dorsal penile
artery and cavernous artery between vascular group and non vascular group (p < 0.05), and there was significant correlation
between mild to moderate vascular erectile dysfunction group and severe group in vascular subjective score (p < 0.05). The BF, BV
and Tmax parameters of the penile root and corpus cavernosum in the vascular erectile dysfunction group were statistically
significant compared with those in the non vascular erectile dysfunction group (p < 0.05), but the PS parameters were not
statistically significant (p = 0.70, p < 0.05).

CONCLUSION

s CT angiography can show the penile blood vessel status of patients with vascular erectile dysfunction, prompt the diseased blood
vessels, assist the clinical diagnosis and treatment, and assist the clinical grading of patients with erectile dysfunction through the
perfusion data obtained by post-processing software and the analysis of the degree of vascular lesions.

CLINICAL RELEVANCE/APPLICATION

The imaging data of vascular ED patients were analyzed by vascular reconstruction and perfusion parameters, and it was found
that CTA can better display the penile blood vessels of patients with vascular erectile dysfunction, indicating the diseased blood
vessels and their severity, which has a certain value for clinical diagnosis.

Printed on: 02/07/23
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Kexin Wang, (Presenter) Nothing to Disclose

PURPOSE
To evaluate the prediction efficacy of an AI model for prostate cancer using external data.
METHODS AND MATERIALS

480 cases of mpMRI were retrospectively collected from four hospitals. The pathology diagnosis was clinically significant cancer
(csPCa) in 180 cases, and non-csPCa in 300 cases, with a PSA level of 17.79 [0.15,100.00]. A prior trained Al model was used to
predict the existence of prostate cancer on DWI and ADC maps. 16 radiologists were asked to interpret the image without
knowledge of the clinical information. Each radiologist was assigned 30 cases and interpreted the cases twice in between 1 month,
with and without the aid of Al. The cases were randomly separated into 2 groups. For group 1, the case was read firstly without Al
and secondly with AI. For group 2, the cases were firstly read with AI and secondly without Al. The radiologist made their diagnosis
following PI-RADS v2.1. When the PI-RADS category was 3-5, the case was considered to be diagnosed as positive. On the
contrary, when the PI-RADS category was 1 and 2, the case was considered to be diagnosed as negative. The reading time and
diagnosis confidence were also recorded during the image interpretation.

RESULTS

The AUC for the all the radiologists were 0.791 (95%CI: 0.687-0.956) and 0.699 (95%CI: 0.565-0.773) with and without the aided
of AI (p<0.05). The reading time shortened from 350 [27-1140]s (Median [Min, Max]) to 148 [19-948]s. The diagnosis confidence
increased in 10 radiologists with the help of Al

CONCLUSION

s This multicenter study proved that the AI model for the prediction of prostate cancer on mpMRI could be generalized, and the
diagnostic accuracy of csPCa was increased.

CLINICAL RELEVANCE/APPLICATION

Validation of AI models requires large samples of external data. This study provides evidence for future practical clinical applications
of the Al model for the diagnosis of prostate cancer on mpMRI.

Printed on: 02/07/23
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PURPOSE

The purpose of this study was to identify the changes related to glomerular hypertension in multiparametric magnetic resonance
imaging (MRI) findings for evaluating early diabetic nephropathy.

METHODS AND MATERIALS

The study subjects (N=58) included 35 patients with early diabetic nephropathy (hyperfiltration stage) and 23 healthy volunteers.
All subjects underwent non-contrast MRI using a 3-Tesla MRI machine. Measurements were made of the renal cortex and renal
medulla T1 values, T2 values, blood oxygenation level dependent (BOLD) imaging (T2* values and R2* values), intravoxel
incoherent motion (IVIM) imaging (ADC, f, D* and D values), arterial spin labeling (ASL) as well as optimal inversion time (TI) (=TI
of maximum corticomedullary contrast ratio (CMR = signal intensity (SI) of cortex / SI of medulla)) and inverted TI value (value of
TI that inverts the renal cortex and renal medulla SI) on steady-state free precession (SSFP) with inversion recovery (IR) pulse
with multi TI (TI = 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800 msec). A total 21 parameters were compared between
healthy groups and early DN group.

RESULTS

A significant difference between healthy groups and early diabetic nephropathy group was seen in T2 values of cortex (mean % SD:
101.28+9.59 msec vs. 107.76.0£11.39 msec; p=0.041) and parameters derived from SSFP with IR pulse with multi TI, inverted TI
(mean £ SD: 1240.9+66.6 msec vs. 1278.6+62.2 msec; p=0.029) and optimal TI (mean £ SD: 1395.5+72.2 msec vs. 1437.1+70.0
msec; p=0.019). No other 18 parameters showed significant differences between healthy groups and early DN group. There was no
significant difference in renal cortical thickness, but it showed a large value in the hyperfiltration stage.

CONCLUSION

s T2 value of cortex and parameters derived from SSFP with an ssIR pulse, inverted TI and optimal TI might sensitively capture the
changes in glomerular hypertension related changes of the renal cortex in early diabetic nephropathy, can be used to evaluate early
diabetic nephropathy non-invasively and in a short period of time.

CLINICAL RELEVANCE/APPLICATION

MR imaging using the T2 value of cortex and parameters derived from SSFP with an ssIR pulse, inverted TI and optimal TI might be
useful to evaluate glomerular hypertension in early stage of diabetic nephropathy with non-invasively and in a short period of time.

Printed on: 02/07/23
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PURPOSE

To study the value of CT angiography and CT perfusion imaging in guiding the diagnosis of vascular erectile dysfunction and
indicating the clinical grading of vascular erectile dysfunction.

METHODS AND MATERIALS

60 patients with erectile dysfunction in our hospital were divided into vascular erectile dysfunction group and non-vascular erectile

dysfunction group. The vascular erectile dysfunction group was divided into severe erectile dysfunction group and mild-to-moderate
erectile dysfunction group according to IIEF-5. After CT scanning of hypogastrium, we completed the reconstruction of penile blood
vessels and the collection of perfusion data of corpus cavernosum and penis root by using post-processing software.Then both the
perfusion data and penile vascular status,including Internal pudendal artery,dorsal penile artery and cavernous artery,were analyzed
statistically.

RESULTS

vascular abnormalities were found in all cases in vascular erectile dysfunction group, especially in cavernous artery; in non vascular
erectile dysfunction group, there were 2 cases of dorsal penile artery and 2 cases of cavernous artery abnormalities, but no internal
pudendal artery abnormalities. There were significant differences in the abnormalities of internal pudendal artery, dorsal penile
artery and cavernous artery between vascular group and non vascular group (p < 0.05), and there was significant correlation
between mild to moderate vascular erectile dysfunction group and severe group in vascular subjective score (p < 0.05). The BF, BV
and Tmax parameters of the penile root and corpus cavernosum in the vascular erectile dysfunction group were statistically
significant compared with those in the non vascular erectile dysfunction group (p < 0.05), but the PS parameters were not
statistically significant (p = 0.70, p < 0.05).

CONCLUSION

s CT angiography can show the penile blood vessel status of patients with vascular erectile dysfunction, prompt the diseased blood
vessels, assist the clinical diagnosis and treatment, and assist the clinical grading of patients with erectile dysfunction through the
perfusion data obtained by post-processing software and the analysis of the degree of vascular lesions.

CLINICAL RELEVANCE/APPLICATION

The imaging data of vascular ED patients were analyzed by vascular reconstruction and perfusion parameters, and it was found
that CTA can better display the penile blood vessels of patients with vascular erectile dysfunction, indicating the diseased blood
vessels and their severity, which has a certain value for clinical diagnosis.

Printed on: 02/07/23
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Sub-Events

M5A-SPHN-1The Clinical Feasibility of T1-based Dynamic Susceptibility Contrast Perfusion MRI in Head and Neck
Cancer Patients

Participants
Ji Young Lee, MD, PhD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

The T2*-based dynamic susceptibility contrast (DSC) perfusion MRI has been limited for clinical application in the head and neck
MRI due to susceptibility or motion artifact. High temporal resolution enabled the T1-based DSC (T1-DSC) perfusion MRI which
provides reliable CBV value. The purpose of this study was to assess the technical and clinical feasibility of T1-DSC perfusion MRI in
patients with head and neck cancer.

METHODS AND MATERIALS

This retrospective study included twelve patients with head and neck cancer who performed the dynamic T1 gradient echo
enhancement scans. The CBV maps were obtained from the T1-DSC perfusion MRI and Vp maps were obtained with the T1-DCE
perfusion MRI using a commercial software. The statistical analysis was performed to evaluate the relationship between two
methods. Spearman correlation and intraclass correlation coefficients (ICC) were obtained.

RESULTS

The perfusion maps were acquired for the preoperative tumor staging (n=9) and tumor treatment response (n=3). The CBV maps
and Vp maps were obtained in the following locations: oral cavity (n=5), sinus cancer (n=2), hypopharynx (n=1), supraglottis
(n=1), soft palate (n=1), and lymph node (n=2). The statistical analysis showed the moderate linear correlation between T1-CBV
and the Vp (r=0.67, p=0.01) The ICC was 0.80 (p=0.002).

CONCLUSION

s The relationship between T1-CBV and Vp showed moderate correlation and good reliability. T1-based DSC perfusion MRI can be
feasible in head and neck oncology and it could be expected to be useful for the tumor characterization and treatment response
assessment in the head and neck cancer patient.

CLINICAL RELEVANCE/APPLICATION

T1-based DSC perfusion MRI can be feasible in head and neck oncology and it could be expected to be useful for the tumor
characterization and treatment response assessment in the head and neck cancer patient.

M5A-SPHN-2Submental High Frequency Ultrasound to Evaluate the Efficacy of Acupuncture Combined with
Electrical Stimulation in PD Dysphagia

Participants
Huang Meng, (Presenter) Nothing to Disclose

PURPOSE

To observe the effect of acupuncture combined with electrical stimulation on dysphagia in Parkinson Disease (PD) by submental
high frequency ultrasound.

METHODS AND MATERIALS

A total of 64 patients with PD who were hospitalized in our hospital from April 2020 to June 2021 were enrolled in the study group
and the control group after they were confirmed to have swallowing dysfunction by videofluroscopic study of swallowing (VFSS).
There were 32 cases in each group. Both groups were treated with basic therapy (i.e., medopa therapy + electrical stimulation
therapy). The drinking water test score and VFSS score were used to evaluate the changes of the two groups before and after
treatment, and the clinical efficacy of the two groups was compared.

RESULTS

1. After treatment, the total effective rate of the research group was 90.62%, and the total effective rate of the control group
was 71.87% (p<0.05); 2. There was no statistical difference in the overall mean of MHLA between the two groups after treatment
(p>0.05); the research group NHLA was greater than that of the control group, and there was a difference in the overall mean of
NHLA between the two groups (p < 0.05). 3. There was no significant correlation between MHLA and VFSS score (p>0.05); there
was a negative correlation between NHLA and VFSS score (p<0.05), and a positive correlation between HLAS and ASR and VFSS
score respectively (p<0.05) . 4. The AUCs of NHLA, HLAS and ASR for the diagnosis of dysphagia in PD were 0.893, 0.831 and



0.968, respectively. The optimal cut-off value of ASR for the diagnosis of dysphagia in PD was 41.09%, and the sensitivity and
specificity were 83.65% and 100.00%, respectively.

CONCLUSION

s 1. Acupuncture combined with electrical stimulation therapy has a better effect on PD swallowing dysfunction, which can
significantly improve the quality of life of patients; 2. The measurement indexes of NHLA, HLAS and ASR of submental high-
frequency ultrasound can be used to evaluate the therapeutic effect of PD patients with dysphagia. ASR has high sensitivity and
specificity in the diagnosis of dysphagia, and it is a reliable index to evaluate the dysphagia of PD patients.

CLINICAL RELEVANCE/APPLICATION

Acupuncture combined with electrical stimulation therapy is an effective method for the treatment of dysphagia in PD, which can
significantly improve the swallowing function of patients with dysphagia in PD. Using submental high-frequency ultrasound to
measure HLA can evaluate the efficacy of acupuncture combined with electrical stimulation therapy on PD dysphagia. ASR has high
sensitivity and specificity in diagnosing PD dysphagia. Because of its advantages of simplicity, high repeatability, no radiation,
safety and non-invasiveness, it is worthy of clinical application.

Printed on: 02/07/23
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PURPOSE

The T2*-based dynamic susceptibility contrast (DSC) perfusion MRI has been limited for clinical application in the head and neck
MRI due to susceptibility or motion artifact. High temporal resolution enabled the T1-based DSC (T1-DSC) perfusion MRI which
provides reliable CBV value. The purpose of this study was to assess the technical and clinical feasibility of T1-DSC perfusion MRI in
patients with head and neck cancer.

METHODS AND MATERIALS

This retrospective study included twelve patients with head and neck cancer who performed the dynamic T1 gradient echo
enhancement scans. The CBV maps were obtained from the T1-DSC perfusion MRI and Vp maps were obtained with the T1-DCE
perfusion MRI using a commercial software. The statistical analysis was performed to evaluate the relationship between two
methods. Spearman correlation and intraclass correlation coefficients (ICC) were obtained.

RESULTS

The perfusion maps were acquired for the preoperative tumor staging (n=9) and tumor treatment response (n=3). The CBV maps
and Vp maps were obtained in the following locations: oral cavity (n=5), sinus cancer (n=2), hypopharynx (n=1), supraglottis
(n=1), soft palate (n=1), and lymph node (n=2). The statistical analysis showed the moderate linear correlation between T1-CBV
and the Vp (r=0.67, p=0.01) The ICC was 0.80 (p=0.002).

CONCLUSION

s The relationship between T1-CBV and Vp showed moderate correlation and good reliability. T1-based DSC perfusion MRI can be
feasible in head and neck oncology and it could be expected to be useful for the tumor characterization and treatment response
assessment in the head and neck cancer patient.

CLINICAL RELEVANCE/APPLICATION

T1-based DSC perfusion MRI can be feasible in head and neck oncology and it could be expected to be useful for the tumor
characterization and treatment response assessment in the head and neck cancer patient.

Printed on: 02/07/23
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PURPOSE

To observe the effect of acupuncture combined with electrical stimulation on dysphagia in Parkinson Disease (PD) by submental
high frequency ultrasound.

METHODS AND MATERIALS

A total of 64 patients with PD who were hospitalized in our hospital from April 2020 to June 2021 were enrolled in the study group
and the control group after they were confirmed to have swallowing dysfunction by videofluroscopic study of swallowing (VFSS).
There were 32 cases in each group. Both groups were treated with basic therapy (i.e., medopa therapy + electrical stimulation
therapy). The drinking water test score and VFSS score were used to evaluate the changes of the two groups before and after
treatment, and the clinical efficacy of the two groups was compared.

RESULTS

1. After treatment, the total effective rate of the research group was 90.62%, and the total effective rate of the control group
was 71.87% (p<0.05); 2. There was no statistical difference in the overall mean of MHLA between the two groups after treatment
(p>0.05); the research group NHLA was greater than that of the control group, and there was a difference in the overall mean of
NHLA between the two groups (p < 0.05). 3. There was no significant correlation between MHLA and VFSS score (p>0.05); there
was a negative correlation between NHLA and VFSS score (p<0.05), and a positive correlation between HLAS and ASR and VFSS
score respectively (p<0.05) . 4. The AUCs of NHLA, HLAS and ASR for the diagnosis of dysphagia in PD were 0.893, 0.831 and
0.968, respectively. The optimal cut-off value of ASR for the diagnosis of dysphagia in PD was 41.09%, and the sensitivity and
specificity were 83.65% and 100.00%, respectively.

CONCLUSION

s 1. Acupuncture combined with electrical stimulation therapy has a better effect on PD swallowing dysfunction, which can
significantly improve the quality of life of patients; 2. The measurement indexes of NHLA, HLAS and ASR of submental high-
frequency ultrasound can be used to evaluate the therapeutic effect of PD patients with dysphagia. ASR has high sensitivity and
specificity in the diagnosis of dysphagia, and it is a reliable index to evaluate the dysphagia of PD patients.

CLINICAL RELEVANCE/APPLICATION

Acupuncture combined with electrical stimulation therapy is an effective method for the treatment of dysphagia in PD, which can
significantly improve the swallowing function of patients with dysphagia in PD. Using submental high-frequency ultrasound to
measure HLA can evaluate the efficacy of acupuncture combined with electrical stimulation therapy on PD dysphagia. ASR has high
sensitivity and specificity in diagnosing PD dysphagia. Because of its advantages of simplicity, high repeatability, no radiation,
safety and non-invasiveness, it is worthy of clinical application.
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M5A-SPIN-1 Using a Single Artificial Intelligence Solution in Detecting Anatomy, View, and Orientation of X-ray
Exams of Adult and Pediatric Population

Participants
Ravi Soni, (Presenter) Nothing to Disclose

PURPOSE

To use deep learning model in determining if an acquired X-ray image is one of many prevalent anatomies such as chest, abdomen,
pelvis, hand, knee, foot, and wrist. Additionally, using the same model to identify a view and an orientation of an x-ray image. Up
to 30% of Chest X-rays obtained on fixed systems have been reported as being acquired with the incorrect protocol view. This
results in incorrect exposure parameters, incorrect DICOM tags being recorded, and incorrect processing algorithms. Also,
radiographers must correct incorrectly orientated acquired images to a reference orientation before sending them to PACS. Across
the fixed and mobile systems, we find 53% and 42% of upper and lower extremity exams respectively require manual rotation
correction. We propose an Al algorithm to identify the anatomy, view, and detect the orientation of the x-rays. This model helps
reduce human operating errors related to protocol mismatches and incorrect orientation.

METHODS AND MATERIALS

A convolutional neural network composed of Inception blocks for feature extraction is used to train over a large set of x-ray exams
of adult and pediatric population. The size of the convolutional neural network is 5.1 million parameters. The network has multiple
outputs: (1) anatomy, (2) view, (3) quadrant, (4) precise orientation. The quadrant branch outputs the coarse orientation of the
X-ray image in the step of 90 degrees. While the precise orientation branch outputs the precise orientation degrees of the image.
The out-of-scope or low prevalent x-ray exams are excluded and trained as the “others” class.

RESULTS

The results showed that the AI model detected the anatomy, view, and quadrant orientation with well above 90% accuracy on a

large test set comprised of 13,207 images. Each image was randomly rotated multiple times to find out robustness. The quadrant

orientation performance is above 99% while the performance of anatomy and view is around mid-90s%. The Matthew’s Correlation
Coefficient is higher than 90% for all in-scope anatomies and views.

CONCLUSION

s We demonstrated the feasibility and efficacy of artificial convolutional neural network in detecting the multiple anatomies, views,
and orientations of x-rays from a large international data set. We believe this is the first time a single deep neural network is used
in identifying multiple anatomies of thoracic and MSK radiographic images.

CLINICAL RELEVANCE/APPLICATION

A wide variety of x-ray exams are performed to help diagnose a variety of injuries and illnesses in most body parts. To avoid human
operating errors related to protocol mismatch and to reduce time for orientation correction, an Al solution is needed to include all
high prevalent anatomies and views. The proposed model offers a single solution to address this.

M5A-SPIN-2 A Novel Collaborative Self-Supervised Transformer Neural Network for Radiomic Data Classification

Participants
Zhiyuan Li, BS,MS, (Presenter) Nothing to Disclose

PURPOSE

To develop a novel collaborative self-supervised transformer neural network for radiomic data classification without large-scale
annotated images.

METHODS AND MATERIALS

Data acquisition and pre-processing: The proposed approach was developed and validated on a prospective cohort of 392 very
preterm infants, enrolled soon after birth. We used each infant’s T2-weighted MRI data acquired at term-equivalent age to identify
imaging prognostic features of cognitive deficits. We classified infants into one of the two groups - high-risk (Cognitive score =85)
or low-risk (Cognitive score >85) for cognitive deficits based on the standardized Bayley-III Cognitive subscale at 2 years corrected
age.. We segmented each T2-weighted brain image into 87 regions of interest (ROIs) and extracted 100 radiomics features from
each ROI using the PyRadiomics pipeline, therefore resulting in a 87-by-100 feature map for each subject. Collaborative Self-
Supervised Learning: It remains challenging to train robust deep learning models due to the lack of sufficient labeled data. As shown
in Figure 1, we developed a collaborative self-supervised learning (SSL) model to solve the challenges posed by the over-
dependence of labeled data, particularly for radiomic data classification. We first augmented multiple samples from each subject by



randomly masking/hiding radiomic features from several ROIs, and then we trained a transformer to learn latent features from
augmented samples without human labeling by solving two collaborative pretext tasks, including 1) Reconstruction - to reconstruct
the hidden radiomic features using the observable ones, and 2) Discrimination - to find similarity and dissimilarity from augmented
samples, and to classify all augmented samples from the same subject into one group. Model performance was assessed using 5-
fold cross-validation. This process was repeated 100 times.

RESULTS

Of the original cohort of 392 infants, 318 (81%) had Bayley III cognitive scores assessed at 2 years corrected age. Our model
achieved an AUC of 0.78, outperforming the supervised Transformer (AUC=0.61) as well as several peer self-supervised models that
were developed for text and/or image data, including Rotation (AUC=0.64), Moco v1 (AUC=0.69), and SimCLR (AUC=0.71). Our
method achieved a balanced accuracy of 76.3%, sensitivity of 75.8%, and specificity of 76.7%.

CONCLUSION

s We showed that the proposed model outperformed peer self-supervised models for radiomic data classification in the application
of the early prediction of cognitive deficit in very preterm infants.

CLINICAL RELEVANCE/APPLICATION
The proposed model is able to facilitate the deep learning-based applications in Radiomics without large-scale annotated datasets.

M5A-SPIN-3 Radiology Trainees Attitudes Towards Artificial Intelligence in Clinical Radiology and Its
Implementation in Training and the Curriculum in The United Kingdom

Participants
Obaid Hashmi, MBBS, FRCR, (Presenter) Nothing to Disclose

PURPOSE

Artificial Intelligence (AI) and Machine learning (ML) have garnered significant interest in radiology. Al and ML have been introduced
to the 2021 Royal College of Radiologists (RCR) curriculum highlighting its importance to radiology trainees in the United Kingdom
(UK). The attitudes of trainees towards Al in Radiology has been reviewed in several countries, however there was no documented
survey assessing the attitudes of UK radiology trainees towards Al. A national trainee led survey was created to understand the
attitudes of UK radiology trainees, in particular assessing the demand for Al education. This could help guide implementation of Al
teaching in radiology training programmes.

METHODS AND MATERIALS

The survey was created in the Google Forms platform and nationally distributed via email. The survey ran over a period of 2
months. All 37 training programmes in the United Kingdom were targeted. Participants were asked 4 demographic questions and 14
questions relating to the topic of Al in radiology. They were surveyed on their views relating to previous experience with Al,
teaching of AI and its future within the career of a radiologist.

RESULTS

The survey was completed by 149 trainee radiologists with at least 1 response from each of the 37 UK training programmes. 83.7%
said they were interested in AI use in Radiology but 71.4% had no experience of working with Al. Most, 79.9%, would like to be
involved in AI based projects. Almost all respondents (98.7%) felt that Al should be taught during their training, in particular in the
1st 3 years of training, yet, only 1 respondent stated that their training programme had implemented Al teaching. Respondents
indicated that basic understanding, implementation and critical appraisal of Al software should be prioritized in Al teaching. Most
trainees preferred teaching to be delivered at a dearnery or training programme level. Only 12.8% of respondents said that AI would
make them less likely to apply for radiology specialty training. Most responded that AI would be used in regular radiology practice in
the next 5 to 10 years with 74.2% of trainees agreeing that AI will improve and enhance the job of radiologists in the next 20
years. The main concerns raised about AI in Radiology were IT/implementation and ethical/regulatory issues.

CONCLUSION

s The attitudes of UK trainees towards Al are mostly positive with many interested in being involved in Al based projects and
activities. There is also clear interest and demand for Al teaching within training. However, current discussion, availability of Al
based activities and Al teaching within UK training programmes is very limited.

CLINICAL RELEVANCE/APPLICATION
To help guide the RCR and UK training programmes in their implementation of Al into radiology training.

M5A-SPIN-4 A Cost-effective Multi-modality Machine Learning Framework for Prediction of Alzheimer' Disease

Participants
Jing Li, (Presenter) Nothing to Disclose

PURPOSE

Machine learning (ML) models integrating multi-modality datasets have shown great promise for disease diagnosis/prognosis. The
acquisition costs of different data modalities vary significantly. It is not cost-effective to require all patients acquiring all data
modalities. We propose a cost-effective ML framework, called the Uncertainty-driven Modality Selection (UMoS) framework, to
sequentially add modalities for each patient on an as-needed basis while at the same time ensuring high diagnostic/prognostic
accuracy.

METHODS AND MATERIALS

We demonstrate UMoS in an application of predicting the risk of progressing to Alzheimer’s Disease (AD) for individuals with Mild
Cognitive Impairment (MCI). ML models integrating MRI and PET have shown high accuracy in predicting MCI progression to AD.
While MRI is used in the standard of care, PET is more costly and has less accessibility to patients. Under UMoS, a patient will be
first predicted based on MRI; if the predictive uncertainty is lower than a threshold, the patient will not need PET; otherwise, the
patient will need PET and be predicted by an MRI+PET model. To develop UMoS, we need to establish three building blocks: a
trained MRI model, an uncertainty quantification approach for the MRI model, and a trained MRI+PET model. We establish these



building blocks and demonstrate UMoS using a dataset from ADNI, which includes 1319 T1-MRI scans from MCI patients with 612 of
these MRI scans having accompanying amyloid-PET scans. We extracted regional volumetric and thickness features from MRI using
FreeSurfer v7.1 and regional SUVR features from amyloid-PET using our in-house pipeline. To establish the building blocks of UMoS,
we first train an MRI4+PET model based on the subset of samples with both MRI and PET. Using the MRI4+PET model as the teacher
model, we further train an MRI model based on all samples using knowledge distillation. Predictive entropy was computed to quantify
both the aleatoric and epistemic uncertainties of the MRI model.

RESULTS

Under 10-fold cross validation, UMoS achieves 0.851 AUC (0.782/0.809 sensitivity/specificity using 0.5 probability cutoff), with
46.7% of patients predicted by the MRI model and 53.3% by the MRI+PET model. If all patients are predicted by the MRI +PET
model, the performances are 0.873 AUC (0.776/0.811 sensitivity/specificity).

CONCLUSION

s Under the UMoS framework, we achieve prediction performance at a similar level to the model that needs both MRI and PET for
predicting MRI progression to AD, but UMoS saves 46.7% patients from needing PET.

CLINICAL RELEVANCE/APPLICATION

This study provides an ML framework that ensures high accuracy in disease diagnosis/prognosis, but saves patients from needing
unnecessary data modalities thus saving diagnostic/prognostic costs.

M5A-SPIN-5 AI-based Bronchial Segmentation and Quantitation Prototype for Chest CT: Can it Help Assess
Severity of Obstructive Lung Disease by Pulmonary Function Test?

Participants
Parisa Kaviani, MD, Boston, MA (Presenter) Nothing to Disclose

PURPOSE

The aim of this study was to assess if an artificial intelligence-based bronchial segmentation and quantitation prototype for
assessing severity of obstructive lung disease.

METHODS AND MATERIALS

Our retrospective IRB-approved, HIPAA-compliant study comprised 222 adults (mean age 57+16 years; M:F 116: 106). A total of
107 patients with COPD had both PFT and non-contrast chest CT. The remaining 115 patients had no CT or clinical abnormality
suggestive of lung disease (COPD or otherwise). The COPD severity was defined as mild, moderate, and severe based on the forced
expiratory volume in 1 second (FEV1). We processed thin-section (1-1.25mm) CT images with the bronchial segmentation and
quantitation prototype (Siemens Healthineers) to obtain following metrics: bronchial lumen volume, lumen diameter, lumen area, wall
thickness, wall area, wall area ratio, and wall tapering) for total lung volumes and separately for each lung and lung lobe. Data were
analyzed with area under the receiver operating characteristics curve (AUC) for distinguishing between mild, moderate, and severe
COPD.

RESULTS

Al algorithm had an AUC of up to 0.79 (95% CI: 0.728-0.852) for differentiating mild, moderate and severe emphysema based on
FEV1. The Al algorithm was able to differentiate mild COPD with AUC of 0.86 (95% CI: 0.728-0.852) for the combination of
generation 2 wall thickness, generation 0 lumen volume and RUL wall thickness, moderate COPD with AUC of 0.72 (95% CI: 0.728-
0.852) for the combination of generation 1 wall thickness and LLL wall area, and severe COPD with 0.79 (95% CI: 0.728-0.852) for
the combination of LUL wall thickness, generation 0 lumen volume, and global volume ratio airways vs lung as the best features.

CONCLUSION

s Fully automated Al-based bronchial tree segmentation and quantitation prototype can differentiate different severity of COPD
assessed with pulmonary function tests.

CLINICAL RELEVANCE/APPLICATION

The quantitative information pertaining to bronchial wall and luminal dimensions estimated from an Al-based prototype can help in
diagnosis and treatment of patients with bronchial involvement in COPD.

M5A-SPIN-6 Semantic Retrieval of Similar Radiological Images using Vision Transformers: CXR and CT study

Participants
Anjali Thakrar, BS, Goleta, CA (Presenter) Nothing to Disclose

PURPOSE

Identifying visually and semantically similar radiological images in a database can facilitate the creation of decision support tools,
teaching files, and research cohorts. Existing content based image retrieval tools are often limited to searching by pixel-wise
difference or vector distance of model predictions. Vision transformers (ViT) use attention to simultaneously take into account
radiological diagnosis as well as visual appearance. Here, we develop a ViT-based image retrieval framework and evaluate the
algorithm on the NIH Chest Radiographs (NIH-CXR) and NLST Chest CTs.

METHODS AND MATERIALS

All 112,120 images from the NIH-CXR and 3246 randomly sampled cases from the NLST CT dataset were used. For CXR, a ViT binary
classifier was trained on 4 ground truth labels (Cardiomegaly, Opacity, Emphysema, No Finding) and ensembled to produce multilabel
classifications for each CXR. For CT, a regression model was trained to minimize L1 loss on the continuous ground truth labels of
patient weight. The ViT image embedding layer was treated as a global image descriptor, using the L2 distance between descriptors
as a similarity measure. Normalized discounted cumulative gain (nDCG) and mean average precision (mAP) were calculated from the
ground truth labels. Five radiologists performed a reader performance study with random query images (25 CT and 25 CXR) and
chose the 5 most similar images to the query from a set of 10 images (consisting of 5 closest to the query and 5 furthest from the
query in model space). Inter-radiologist agreement and radiologist-model agreement statistics (Fleiss' and Cohen's kappa) were
calculated. A t-SNE of the CT model latent space was generated to confirm clustering of similar images.



RESULTS

The CXR model achieved nDCG@5 of 0.73 (p<0.001) and Cardiomegaly mAP@5 of 0.76 (p<0.001) among other results for CXR. The
CT model achieved nDCG of 16.85 (p<0.001). The model prediction agreed with radiologist consensus on 86% of CXR samples and
79.2% of CT samples. Inter-radiologist Fleiss Kappa of 0.51 and radiologist consensus to model Cohen's Kappa of 0.65 were
observed. Full code will be made available at the time of presentation.

CONCLUSION

s We have developed and evaluated a vision transformer architecture that can retrieve visually and semantically similar radiological
images.

CLINICAL RELEVANCE/APPLICATION

Our vision transformer model can identify radiological images with visual and diagnostic similarities, which may be applied to decision
support, teaching file creation, and research cohort creation.

Printed on: 02/07/23
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Using a Single Artificial Intelligence Solution in Detecting Anatomy, View, and Orientation of X-ray Exams of
Adult and Pediatric Population

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - IN DPS

Participants
Ravi Soni, (Presenter) Nothing to Disclose

PURPOSE

To use deep learning model in determining if an acquired X-ray image is one of many prevalent anatomies such as chest, abdomen,
pelvis, hand, knee, foot, and wrist. Additionally, using the same model to identify a view and an orientation of an x-ray image. Up
to 30% of Chest X-rays obtained on fixed systems have been reported as being acquired with the incorrect protocol view. This
results in incorrect exposure parameters, incorrect DICOM tags being recorded, and incorrect processing algorithms. Also,
radiographers must correct incorrectly orientated acquired images to a reference orientation before sending them to PACS. Across
the fixed and mobile systems, we find 53% and 42% of upper and lower extremity exams respectively require manual rotation
correction. We propose an Al algorithm to identify the anatomy, view, and detect the orientation of the x-rays. This model helps
reduce human operating errors related to protocol mismatches and incorrect orientation.

METHODS AND MATERIALS

A convolutional neural network composed of Inception blocks for feature extraction is used to train over a large set of x-ray exams
of adult and pediatric population. The size of the convolutional neural network is 5.1 million parameters. The network has multiple
outputs: (1) anatomy, (2) view, (3) quadrant, (4) precise orientation. The quadrant branch outputs the coarse orientation of the
X-ray image in the step of 90 degrees. While the precise orientation branch outputs the precise orientation degrees of the image.
The out-of-scope or low prevalent x-ray exams are excluded and trained as the “others” class.

RESULTS

The results showed that the Al model detected the anatomy, view, and quadrant orientation with well above 90% accuracy on a

large test set comprised of 13,207 images. Each image was randomly rotated multiple times to find out robustness. The quadrant

orientation performance is above 99% while the performance of anatomy and view is around mid-90s%. The Matthew’s Correlation
Coefficient is higher than 90% for all in-scope anatomies and views.

CONCLUSION

s We demonstrated the feasibility and efficacy of artificial convolutional neural network in detecting the multiple anatomies, views,
and orientations of x-rays from a large international data set. We believe this is the first time a single deep neural network is used
in identifying multiple anatomies of thoracic and MSK radiographic images.

CLINICAL RELEVANCE/APPLICATION

A wide variety of x-ray exams are performed to help diagnose a variety of injuries and illnesses in most body parts. To avoid human
operating errors related to protocol mismatch and to reduce time for orientation correction, an Al solution is needed to include all
high prevalent anatomies and views. The proposed model offers a single solution to address this.

Printed on: 02/07/23
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Zhiyuan Li, BS,MS, (Presenter) Nothing to Disclose

PURPOSE

To develop a novel collaborative self-supervised transformer neural network for radiomic data classification without large-scale
annotated images.

METHODS AND MATERIALS

Data acquisition and pre-processing: The proposed approach was developed and validated on a prospective cohort of 392 very
preterm infants, enrolled soon after birth. We used each infant’s T2-weighted MRI data acquired at term-equivalent age to identify
imaging prognostic features of cognitive deficits. We classified infants into one of the two groups - high-risk (Cognitive score =85)
or low-risk (Cognitive score >85) for cognitive deficits based on the standardized Bayley-III Cognitive subscale at 2 years corrected
age.. We segmented each T2-weighted brain image into 87 regions of interest (ROIs) and extracted 100 radiomics features from
each ROI using the PyRadiomics pipeline, therefore resulting in a 87-by-100 feature map for each subject. Collaborative Self-
Supervised Learning: It remains challenging to train robust deep learning models due to the lack of sufficient labeled data. As shown
in Figure 1, we developed a collaborative self-supervised learning (SSL) model to solve the challenges posed by the over-
dependence of labeled data, particularly for radiomic data classification. We first augmented multiple samples from each subject by
randomly masking/hiding radiomic features from several ROIs, and then we trained a transformer to learn latent features from
augmented samples without human labeling by solving two collaborative pretext tasks, including 1) Reconstruction - to reconstruct
the hidden radiomic features using the observable ones, and 2) Discrimination - to find similarity and dissimilarity from augmented
samples, and to classify all augmented samples from the same subject into one group. Model performance was assessed using 5-
fold cross-validation. This process was repeated 100 times.

RESULTS

Of the original cohort of 392 infants, 318 (81%) had Bayley III cognitive scores assessed at 2 years corrected age. Our model
achieved an AUC of 0.78, outperforming the supervised Transformer (AUC=0.61) as well as several peer self-supervised models that
were developed for text and/or image data, including Rotation (AUC=0.64), Moco v1 (AUC=0.69), and SimCLR (AUC=0.71). Our
method achieved a balanced accuracy of 76.3%, sensitivity of 75.8%, and specificity of 76.7%.

CONCLUSION

s We showed that the proposed model outperformed peer self-supervised models for radiomic data classification in the application
of the early prediction of cognitive deficit in very preterm infants.

CLINICAL RELEVANCE/APPLICATION
The proposed model is able to facilitate the deep learning-based applications in Radiomics without large-scale annotated datasets.
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Radiology Trainees Attitudes Towards Artificial Intelligence in Clinical Radiology and Its Implementation in
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Participants
Obaid Hashmi, MBBS, FRCR, (Presenter) Nothing to Disclose

PURPOSE

Artificial Intelligence (AI) and Machine learning (ML) have garnered significant interest in radiology. Al and ML have been introduced
to the 2021 Royal College of Radiologists (RCR) curriculum highlighting its importance to radiology trainees in the United Kingdom
(UK). The attitudes of trainees towards Al in Radiology has been reviewed in several countries, however there was no documented
survey assessing the attitudes of UK radiology trainees towards Al. A national trainee led survey was created to understand the
attitudes of UK radiology trainees, in particular assessing the demand for Al education. This could help guide implementation of Al
teaching in radiology training programmes.

METHODS AND MATERIALS

The survey was created in the Google Forms platform and nationally distributed via email. The survey ran over a period of 2
months. All 37 training programmes in the United Kingdom were targeted. Participants were asked 4 demographic questions and 14
questions relating to the topic of Al in radiology. They were surveyed on their views relating to previous experience with Al,
teaching of AI and its future within the career of a radiologist.

RESULTS

The survey was completed by 149 trainee radiologists with at least 1 response from each of the 37 UK training programmes. 83.7%
said they were interested in AI use in Radiology but 71.4% had no experience of working with Al. Most, 79.9%, would like to be
involved in AI based projects. Almost all respondents (98.7%) felt that Al should be taught during their training, in particular in the
1st 3 years of training, yet, only 1 respondent stated that their training programme had implemented Al teaching. Respondents
indicated that basic understanding, implementation and critical appraisal of Al software should be prioritized in Al teaching. Most
trainees preferred teaching to be delivered at a dearnery or training programme level. Only 12.8% of respondents said that AI would
make them less likely to apply for radiology specialty training. Most responded that AI would be used in regular radiology practice in
the next 5 to 10 years with 74.2% of trainees agreeing that AI will improve and enhance the job of radiologists in the next 20
years. The main concerns raised about Al in Radiology were IT/implementation and ethical/regulatory issues.

CONCLUSION

s The attitudes of UK trainees towards Al are mostly positive with many interested in being involved in Al based projects and
activities. There is also clear interest and demand for Al teaching within training. However, current discussion, availability of AI
based activities and Al teaching within UK training programmes is very limited.

CLINICAL RELEVANCE/APPLICATION
To help guide the RCR and UK training programmes in their implementation of Al into radiology training.
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Jing Li, (Presenter) Nothing to Disclose

PURPOSE

Machine learning (ML) models integrating multi-modality datasets have shown great promise for disease diagnosis/prognosis. The
acquisition costs of different data modalities vary significantly. It is not cost-effective to require all patients acquiring all data
modalities. We propose a cost-effective ML framework, called the Uncertainty-driven Modality Selection (UMoS) framework, to
sequentially add modalities for each patient on an as-needed basis while at the same time ensuring high diagnostic/prognostic
accuracy.

METHODS AND MATERIALS

We demonstrate UMoS in an application of predicting the risk of progressing to Alzheimer’s Disease (AD) for individuals with Mild
Cognitive Impairment (MCI). ML models integrating MRI and PET have shown high accuracy in predicting MCI progression to AD.
While MRI is used in the standard of care, PET is more costly and has less accessibility to patients. Under UMoS, a patient will be
first predicted based on MRI; if the predictive uncertainty is lower than a threshold, the patient will not need PET; otherwise, the
patient will need PET and be predicted by an MRI+PET model. To develop UMoS, we need to establish three building blocks: a
trained MRI model, an uncertainty quantification approach for the MRI model, and a trained MRI+PET model. We establish these
building blocks and demonstrate UMoS using a dataset from ADNI, which includes 1319 T1-MRI scans from MCI patients with 612 of
these MRI scans having accompanying amyloid-PET scans. We extracted regional volumetric and thickness features from MRI using
FreeSurfer v7.1 and regional SUVR features from amyloid-PET using our in-house pipeline. To establish the building blocks of UMoS,
we first train an MRI4+PET model based on the subset of samples with both MRI and PET. Using the MRI4+PET model as the teacher
model, we further train an MRI model based on all samples using knowledge distillation. Predictive entropy was computed to quantify
both the aleatoric and epistemic uncertainties of the MRI model.

RESULTS

Under 10-fold cross validation, UMoS achieves 0.851 AUC (0.782/0.809 sensitivity/specificity using 0.5 probability cutoff), with
46.7% of patients predicted by the MRI model and 53.3% by the MRI+PET model. If all patients are predicted by the MRI +PET
model, the performances are 0.873 AUC (0.776/0.811 sensitivity/specificity).

CONCLUSION

s Under the UMoS framework, we achieve prediction performance at a similar level to the model that needs both MRI and PET for
predicting MRI progression to AD, but UMoS saves 46.7% patients from needing PET.

CLINICAL RELEVANCE/APPLICATION

This study provides an ML framework that ensures high accuracy in disease diagnosis/prognosis, but saves patients from needing
unnecessary data modalities thus saving diagnostic/prognostic costs.
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AI-based Bronchial Segmentation and Quantitation Prototype for Chest CT: Can it Help Assess Severity of
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PURPOSE

The aim of this study was to assess if an artificial intelligence-based bronchial segmentation and quantitation prototype for
assessing severity of obstructive lung disease.

METHODS AND MATERIALS

Our retrospective IRB-approved, HIPAA-compliant study comprised 222 adults (mean age 57+16 years; M:F 116: 106). A total of
107 patients with COPD had both PFT and non-contrast chest CT. The remaining 115 patients had no CT or clinical abnormality
suggestive of lung disease (COPD or otherwise). The COPD severity was defined as mild, moderate, and severe based on the forced
expiratory volume in 1 second (FEV1). We processed thin-section (1-1.25mm) CT images with the bronchial segmentation and
quantitation prototype (Siemens Healthineers) to obtain following metrics: bronchial lumen volume, lumen diameter, lumen area, wall
thickness, wall area, wall area ratio, and wall tapering) for total lung volumes and separately for each lung and lung lobe. Data were
analyzed with area under the receiver operating characteristics curve (AUC) for distinguishing between mild, moderate, and severe
COPD.

RESULTS

Al algorithm had an AUC of up to 0.79 (95% CI: 0.728-0.852) for differentiating mild, moderate and severe emphysema based on
FEV1. The Al algorithm was able to differentiate mild COPD with AUC of 0.86 (95% CI: 0.728-0.852) for the combination of
generation 2 wall thickness, generation 0 lumen volume and RUL wall thickness, moderate COPD with AUC of 0.72 (95% CI: 0.728-
0.852) for the combination of generation 1 wall thickness and LLL wall area, and severe COPD with 0.79 (95% CI: 0.728-0.852) for
the combination of LUL wall thickness, generation 0 lumen volume, and global volume ratio airways vs lung as the best features.

CONCLUSION

s Fully automated Al-based bronchial tree segmentation and quantitation prototype can differentiate different severity of COPD
assessed with pulmonary function tests.

CLINICAL RELEVANCE/APPLICATION

The quantitative information pertaining to bronchial wall and luminal dimensions estimated from an Al-based prototype can help in
diagnosis and treatment of patients with bronchial involvement in COPD.
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Semantic Retrieval of Similar Radiological Images using Vision Transformers: CXR and CT study
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Participants
Anjali Thakrar, BS, Goleta, CA (Presenter) Nothing to Disclose

PURPOSE

Identifying visually and semantically similar radiological images in a database can facilitate the creation of decision support tools,
teaching files, and research cohorts. Existing content based image retrieval tools are often limited to searching by pixel-wise
difference or vector distance of model predictions. Vision transformers (ViT) use attention to simultaneously take into account
radiological diagnosis as well as visual appearance. Here, we develop a ViT-based image retrieval framework and evaluate the
algorithm on the NIH Chest Radiographs (NIH-CXR) and NLST Chest CTs.

METHODS AND MATERIALS

All 112,120 images from the NIH-CXR and 3246 randomly sampled cases from the NLST CT dataset were used. For CXR, a ViT binary
classifier was trained on 4 ground truth labels (Cardiomegaly, Opacity, Emphysema, No Finding) and ensembled to produce multilabel
classifications for each CXR. For CT, a regression model was trained to minimize L1 loss on the continuous ground truth labels of
patient weight. The VIiT image embedding layer was treated as a global image descriptor, using the L2 distance between descriptors
as a similarity measure. Normalized discounted cumulative gain (nDCG) and mean average precision (mAP) were calculated from the
ground truth labels. Five radiologists performed a reader performance study with random query images (25 CT and 25 CXR) and
chose the 5 most similar images to the query from a set of 10 images (consisting of 5 closest to the query and 5 furthest from the
query in model space). Inter-radiologist agreement and radiologist-model agreement statistics (Fleiss' and Cohen's kappa) were
calculated. A t-SNE of the CT model latent space was generated to confirm clustering of similar images.

RESULTS

The CXR model achieved nDCG@5 of 0.73 (p<0.001) and Cardiomegaly mAP@5 of 0.76 (p<0.001) among other results for CXR. The
CT model achieved nDCG of 16.85 (p<0.001). The model prediction agreed with radiologist consensus on 86% of CXR samples and
79.2% of CT samples. Inter-radiologist Fleiss Kappa of 0.51 and radiologist consensus to model Cohen's Kappa of 0.65 were
observed. Full code will be made available at the time of presentation.

CONCLUSION

s We have developed and evaluated a vision transformer architecture that can retrieve visually and semantically similar radiological
images.

CLINICAL RELEVANCE/APPLICATION

Our vision transformer model can identify radiological images with visual and diagnostic similarities, which may be applied to decision
support, teaching file creation, and research cohort creation.

Printed on: 02/07/23
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M5A-SPIR-1 Percutaneous Transthoracic Lung Biopsy in Patients with Usual Interstitial Pneumonia Pattern in CT:
Its Implication on Procedure-related Complications

Participants
Jongsoo Park, MD, PhD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

We aimed to investigate the incidence and risk factors of major complications (pneumothorax and hemoptysis) after percutaneous
transthoracic lung biopsy (PTLB) in patients with usual interstitial pneumonia (UIP) pattern on CT.

METHODS AND MATERIALS

Patients who underwent PTLB between January 2010 and December 2015 in a tertiary referral hospital were retrospectively
included. UIP pattern was determined based on the pre-PTLB chest CT according to the guideline of the American Thoracic
Society/European Respiratory Society/Japanese Respiratory Society/Latin American Thoracic Society by consensus reading of two
thoracic radiologists. To analyze whether the UIP pattern and its traversal by the needle are the risk factors of PTLB-complications
(e.i., pneumothorax, hemoptysis) or not, multivariate logistic regression analyses were performed with other pre-established risk
factors.

RESULTS

A total of 4,187 patients (UIP group: 148 patients [131 men; median age, 70.1 years], non-UIP group: 4,039 patients [2,382 men;
median age, 63.6 years]) were assessed in this study. UIP group had higher incidence of pneumothorax (35.1% versus 17.9%,
P<0.001) and requirements of percutanes catheter drainage (PCD) (6.1% versus 1.5%) than those of non-UIP group while
hemoptysis was frequently occurred in non-UIP group (2% versus 6.1%, P=0.034). Adjusted with other pre-established risk factors
including emphysema, UIP pattern is associated with pneumothorax occurence (hazard ratio [HR]: 2.147, 95% confidence interval
[CI]: 1.480 - 3.116, P<0.001) and event of PCD insertion for pneumothorax (HR: 3.549, 95% CI: 1.602 - 7.861, P=0.002), but not
for hemoptysis after PTLB. Traversal of UIP pattern had consistent result as a risk factor for complication after PTLB
(pneumothorax: HR: 5.198, 95% CI: 2.913 - 9.274, P<0.001; PCD insertion for pneumothorax: HR 9.549, 95% CI: 3.741 - 24.377,
P<0.001). The duration of the PCD placement between UIP- and non-UIP groups was not different (median 3 days [range, 2 - 11
days] versus median 2 days [range, 1 - 12 days], P=0.941).

CONCLUSION

s UIP pattern on CT and traversal of this pattern by the needle are the risk factors for pneumothorax and requirements of PCD
insertion after PTLB.

CLINICAL RELEVANCE/APPLICATION

When performing PTLB, the radiologists should be alert about pneumothorax occurrence in patients with UIP on CT. They avoid
traversal of biopsy needle through the UIP pattern as much as possible.

M5A-SPIR-2 Feasibility of EKG gated CT-Fluoroscopy to Guide Percutaneous Biopsy of Cardiac and Pericardial
Masses

Participants
Patrik Rogalla, MD, MBA, Toronto, ON (Presenter) Institutional Research Grant, Canon Medical Systems Corporation;Institutional
Research Grant, KA Imaging

PURPOSE

Percutaneous biopsy of the heart and pericardium poses a significant challenge due to the target’s continuous motion and
potentially life-threatening complications. The purpose of this study was to evaluate the feasibility of an EKG gated CT-fluoroscopy
approach along with various methods to minimize the risks and complications, and the clinical outcome of cardiac and pericardial
mass biopsies.

METHODS AND MATERIALS

Between 2018 and 2022, 18 cardiac and pericardial mass biopsies were performed in a quatemary care referral centre after clinical
consultation with the cardiac surgical team. With REB approval, the patients’ charts were reviewed to extract the history,
pathology, and clinical outcomes. All biopsies were performed under conscious sedation using CT-fluoroscopy guidance on a 320-
slice cardiac scanner (Canon Medical Systems). The EKG was monitored and used for gated image acquisition during the
intervention. Mediastinal widening and iatrogenic capnothorax techniques were applied to gain access when appropriate. Full-size
18G core samples were taken using a BioPince needle, and all samples were evaluated by a specialized cardiac pathologist. The



radiation dose and time to complete the intervention were recorded.
RESULTS

All 18 biopsies in 17 patients (F:M, 9:8; mean age, 45.8) resulted in definitive pathological diagnoses. The size of the targets
ranged from 1 cm to 12 cm. Final histology reported 10 malignant (eg. synovial, spindle cell and angiosarcoma, lymphoma,
thymoma) and eight benign diagnoses (eg. IgG4, hibernoma, fibroma, TB, haemangioma, fibromyxoid stroma, lipid hyperplasia). One
patient developed a small hemothorax, and another patient developed a small pneumomediastinum immediately post-procedure,
both of which were successfully treated conservatively. Specific cardiac-related complications, such as hemopericardium,
tamponade, arrhythmia or arrest did not occur in any of the patients. The median DLP for the fluoroscopy guidance was 22.5
mGy*cm (SD, 22.3), the mean total procedure time 32 minutes. All patients left the hospital following a two-hour recovery in a
medical imaging day unit.

CONCLUSION

s Percutaneous cardiac and pericardial mass biopsies can be safely performed with an acceptable clinical risk and radiation dose
profile. CT-fluoroscopy with real-time non-gated and gated image visualization, a well-trained interventional care team, and the
backup availability of cardiac surgery may be prerequisites to ensure the best possible patient care.

CLINICAL RELEVANCE/APPLICATION

Percutaneous cardiac and pericardial biopsies represent a minimally invasive alternative to mediastinoscopy and open cardiac
surgery in a specific patient population.

M5A-SPIR-3 Histotripsy Treatment of Veins as A Mechanism of Endothelial Damage

Participants
Amanda Smolock, MD, PhD, Milwaukee, WI (Presenter) Consultant, HistoSonics, Inc;Shareholder, HistoSonics, Inc;Employee,
NeuWave Medical, Inc;Grant, NeuWave Medical, Inc;Consultant, NeuWave Medical, Inc;;

PURPOSE

Venous insufficiency affects up to a third of the population and can cause significant complications like ulcers which are painful and
costly to manage. Histotripsy is a non-invasive, non-thermal focused ultrasound method that mechanically destroys tissue through
acoustic cavitation. The aim of this project was to demonstrate the feasibility of using histotripsy to cause controlled mechanical
damage to the venous endothelium as a step in inducing venous occlusion for the treatment of venous insufficiency.

METHODS AND MATERIALS

Excised porcine femoral veins (n=13) were suspended in a mold of degassed 2% agarose gel and treated within 72 hours post-
mortem. The mold was degassed in a vacuum overnight. Histotripsy was applied using 3-cycle pulses at 44MPa predicted peak
negative pressure by a 1MHz focused ultrasound transducer along 1 cm length of vein with 4 parameter groups: 1) 1Hz pulse
repetition frequency (PRF) and 200 pulses per location (ppl) (n=2), 2) 100Hz PRF and 200 ppl (n=3), 3) 100Hz PRF and 500 ppl
(n=3), and 4) 100 Hz PRF and 1000 ppl (n=3). Following treatment, veins were removed from the gel mold and placed in 10%
formalin. Tissue was sectioned and stained with hematoxylin and eosin. Histology was reviewed for damage to vein wall layers using
a standardized scale (0 least - 4 most endothelial attenuation).

RESULTS

Histology demonstrated intact venous walls with dose-dependent damage to the venous endothelium. Frequency and severity of
endothelial loss increased with increasing ppl tested at 100Hz PRF. Endothelial damage was most significant though in veins treated
at a lower PRF of 1Hz with 200 ppl.

CONCLUSION

s Histotripsy causes dose-dependent damage to the endothelium of veins. Endothelial denudation is an initial step in venous
thrombosis and ultimately occlusion. Additional in vivo experiments of blood-containing vein are needed to fully test dose
parameters for vein histotripsy followed by longitudinal studies to assess for treatment efficacy.

CLINICAL RELEVANCE/APPLICATION
Histotripsy has the potential to provide a non-invasive and non-thermal outpatient treatment for venous insufficiency.

M5A-SPIR-4 Using a Quantitative Digital Subtraction Angiography Technique to Determine Treatment Endpoints in
Partial Splenic Artery Embolization: Feasibility in an In Vivo Porcine Model

Participants
Sarvesh Periyasamy, PhD, Madison, WI (Presenter) Consultant, Johnson & Johnson;Consultant, HEPTA Medical;Consultant, Vector
Surgical LLC

PURPOSE

Partial splenic artery embolization (PSE) is a method for treating cirrhosis-induced splenomegaly/hypersplenism and complications of
portal hypertension. However, there is a direct relationship between the extent of embolization and the severity of post-procedural
complications. Using quantitative metrics to determine PSE endpoints may improve procedural outcomes and decrease post-
procedural complications. The objective of this study was to determine the feasibility of using a quantitative digital subtraction
angiography (gDSA) technique to quantify blood velocity reduction during PSE.

METHODS AND MATERIALS

Four swine (~50 kg) underwent embolization of the proximal splenic artery using embolic particles of different sizes (100-300, 300-
500, or 500-700 pm diluted in 10 mL of iohexol 300 mg I/mL). gDSAs were acquired at baseline, and after delivery of 1 mL aliquots
of particles until a complete stasis angiographic endpoint was achieved. A retrospective image analysis was performed to calculate
blood velocity reduction in the splenic artery using gqDSA, which was correlated with time-to-peak signal in the portal vein.

RESULTS
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500-700 pm: 24.4% reduction per mL of particles) and a strong correlation with the volume of embolic particles delivered (mean R=
-0.96%0.02, R2=0.93+0.04). There was a strong correlation between the percent reduction in blood velocity calculated by gDSA
and the increased time-to-peak signal in the portal vein (mean R=-0.94+0.03, R2= 0.89+0.86). Embolizations performed with larger
particles had larger overall post-embolization blood velocity reductions (300-500 pm: 88%, 500-700 um: 90%) compared to
embolizations performed with smaller particles (100-300 pm: 71%, 70%)

CONCLUSION

s gDSA was able to quantify intra-procedural reductions in splenic arterial blood velocity during embolization in a porcine model.
Blood velocity reductions correlated with an imaging marker of reduced portal venous flow. Further investigation is warranted to
evaluate gDSA use in clinical PSE procedures.

CLINICAL RELEVANCE/APPLICATION

Quantitative digital subtraction angiography may permit the determination of objective treatment endpoints for PSE, improving the
safety and efficacy of the procedure.

M5A-SPIR-5 Preliminary Results from A Prospective Clinical Trial on The Immunological Effects of Locoregional
Therapies in Patients with Hepatocellular Carcinoma

Participants
Robin Schmidt, (Presenter) Nothing to Disclose

PURPOSE

To evaluate the prognostic value of periinterventional peripheral blood immune cell counts on tumor response in patients with
hepatocellular carcinoma (HCC) after locoregional therapies (LRT).

METHODS AND MATERIALS

This interim report of a single-site prospective clinical trial included 76 consecutive patients with unresectable HCC between
08/2020-11/2021, who underwent LRT including high dose-rate brachytherapy alone (BT, n=59) or with prior transarterial
chemoembolization (TACE/BT, n=35). Institutional review board approval and informed consent were obtained. Peripheral blood was
sampled before, 24h and 8 weeks (wk) after LRT for spectral fluorescence-activated cell sorting (FACS) analysis. A 24-color
multiplex staining panel was applied to quantify lymphoid and myeloid cells. Absolute cell counts were obtained by adding precision
count beads. FACS data was processed using a robust gating strategy including CD45/CD66/CD16/CD14/CD3/CD4/CD8. Tumor
response at 8wk was assessed on multiparametric MRI according to RECIST 1.1 and patients were grouped into responders (R) and
non-responders (NR). A nonparametric ANOVA type test statistic was used.

RESULTS

FACS data at baseline, 24h, and 8wk post-TACE were available for n=84, n=84, and n=72 patients, respectively. As for BT, higher
counts of T cells (TC), CD4+TC, and CD8+TC count as well as a lower CD4-to-CD8 TC ratio (p=0.093, p=0.232, p=0.095 and
p=0.152, respectively) were found in R compared to NR at all timepoints. However, the opposite trend was observed in patients
receiving TACE/BT, who demonstrated lower cell counts for TC, CD4+TC, CD8+TC as well as a higher CD4-to-CD8 ratio (p=0.003,
p=0.003, 0.074 and p=0.801, respectively) for R compared to NR at all timepoints (Figure 1). Neutrophil-to-lymphocyte (NLR) and
monocyte-to-lymphocyte (MLR) ratio were similar in R and NR after BT. However, NR after TACE/BT tended to have a lower NLR and
higher MLR than R (Figure 2).

CONCLUSION

s The preliminary results of this prospective study state that different types of locoregional therapies may induce different
immunological responses in HCC patients and establish the prognostic value of such quantitative inflammatory biomarkers associated
with tumor response prior to LRT. Moreover, patient and tumor characteristics at baseline, that determine the assignment to the
respective LRT, may potentially reflect the immunological phenotype in these patients.

CLINICAL RELEVANCE/APPLICATION

If confirmed in the complete cohort, these results may help exploit LRT-induced immune-activation and guide improved personalized
monitoring and combinations with immunooncological therapies.

M5A-SPIR-6 A Phantom for Assessing Histotripsy Treatment Zones on Both Ultrasound and X-ray Imaging

Participants
Ayca Kutlu, MD, Madison, WI (Presenter) Nothing to Disclose

PURPOSE

Histotripsy is an emerging non-invasive, non-ionizing, and non-thermal focal tumor therapy. While targeting during histotripsy is
currently based on ultrasound (US), X-ray-based fusion and targeting techniques are being developed for tumors not visible by US.
The objective of this study was to validate a multi-modal phantom that enables assessment of histotripsy treatment zones on both
US and X-ray imaging.

METHODS AND MATERIALS

Six cube-shaped phantoms were created by suspending sheep red blood cells (RBC) in agarose. To provide x-ray contrast,
alternating layers with (~1 mm thick) and without barium sulfate (~4 mm thick) were poured in a 2 x 2 x 2 in silicone mold. During
histotripsy, adjacent layers in the treatment volume mix and create a homogeneous mixture visible on US and cone beam CT
(CBCT). Spherical (2.5 cm diameter) treatments were performed in each phantom and resulting treatment zones measured on US
and CBCT. Treatment zone size and location (distance from phantom center) were measured in three orthogonal planes separately.
In addition, signal-difference-to-noise ratio (SDNR) was calculated on CBCT images between ablation zones and untreated RBC
layers.

RESULTS

In all cases, histotripsy resulted in homogeneous treatment zones with distinct x-ray attenuation and acoustic impedance, which



made segmentation of the treatment zone on both CBCT and US possible. On US, treatment zone diameters (mean+SD) were 25.5
+0.3, 25.0 £ 0.3 and 24.5 £ 0.4 mmon X, Y and Z planes, respectively. Similarly, on CBCT, diameters were 25.8 £1.1, 25.3 £ 0.4
and 24.4 £ 0.2 mm. Treatment zone center point location differed by 1.6 £0.9, 1.5+ 1.1 and 2.6 £ 1.2 mmon X, Y and Z planes,
respectively between CBCT and US measurements. The average SDNR between ablation zone and RBC layer was 23.1 £ 7.3.

CONCLUSION

s The proposed multimodal RBC phantom allowed visualization of histotripsy treatment zones on both US and x-ray imaging.
Treatment zone diameters and center locations were similar between the two modalities. These phantoms can help validate newly
developed fusion and targeting techniques for histotripsy, expanding the scope of treatable lesions.

CLINICAL RELEVANCE/APPLICATION

A multimodal RBC phantom may be used to develop and validate X-ray-based fusion and targeting techniques for histotripsy, which
will facilitate treatment of tumors not visible on US.

M5A-SPIR-7 Safety and Efficacy of Serial Doxycycline Exchange Sclerotherapy for Lymphatic Malformations

Participants
Anna Gong, Baltimore, MD (Presenter) Nothing to Disclose

PURPOSE
To assess the efficacy of serial doxycycline exchanges (SDE) for the treatment of lymphatic malformations (LM).
METHODS AND MATERIALS

We reviewed all patients from 9/2004 to 02/2022 who received SDE after a percutaneous drain placement for an LM at our
institution. After initial image-guided drainage catheter placement and sclerotherapy into the LM, the patient was admitted for SDE.
Standard procedure involved bedside drainage, and infusion of doxycycline (10mg/mL) 1/3 to 1/2 of the drained volume, which was
left to dwell for 4 hours before draining. This was performed twice a day, until the drained volume was sufficiently decreased as per
the physician’s direction, after which the patient was discharged. Charts were reviewed to assess clinical response, size changes,
and complications. Symptom response was classified as resolved, improved, and stable/worsened. LM size change was calculated
using difference of pre- and post- procedure MRI of the largest lesion diameter in one plane: complete response (CR, 100%
reduction), partial response (PR, 30% reduction), stable disease (SD, =30% reduction or =20% enlargement), progressive disease
(PD, =20% size increase). SIR classification criteria were used to classify adverse events. Fisher's Exact Tests were used for
statistical analysis.

RESULTS

43 patients (58.1% M) underwent 82 image-guided sclerotherapy procedures with subsequent SDE (technical success 80/82;
97.6%). An average of 3.87 SDE sessions/admission was reported for an average extended inpatient stay of 92 hours/admission
(Total: 201 exchanges). This resulted in 201/283 (71.0%) sclerotherapy sessions that were performed at the bedside. The mean
patient follow-up period was 902.15 days (median: 328 days).Most common presenting symptoms were swelling/mass (25, 58.1%),
pain (8, 18.6%) and trouble breathing (3, 7.0%). Sclerotherapy significantly improved symptoms with 6.1% (5/82) resolved, 47.6%
(39/82) improved, and 46.3% (38/82) stable or worsened (p < 0.0001). Embolization also significantly decreased LM size on imaging
(p = 0.0011). Of the 47 image-guided procedures (47/82, 57.3%) with both pre- and post- MRI imaging, zero patients saw CR, 10
patients (21.3%) experienced PR, 35 patients (74.5%) experienced SD and 2 patients (4.3%) saw PD. Early (30-day) post-
procedural complications occurred after 9 of 82 procedures (10.9%), the most common of which were sensory or motor nerve injury
(44.4%; 4/9) and mild in severity (44.4%; 4/9).

CONCLUSION
s SDE significantly decreases lesion size and improves clinical symptoms in LMs.
CLINICAL RELEVANCE/APPLICATION

SDE is a safe and effective treatment option for LMs that allows for multiple sclerotherapy sessions with a single fluoroscopic
procedure.

M5A-SPIR-8 Silver Nanoparticles-coated Stent for Suppressing Bacterial Growth and Tissue Hyperplasia after
Radiofrequency Ablation in the Rabbit Common Bile Duct

Participants
Yubeen Park, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To investigate the efficacy of silver nanoparticles (AgNPs)-coated self-expandable metal stent (SEMS) placement immediately after
radiofrequency (RF) ablation in suppressing thermal damage as well as SEMS-induced bacterial growth and tissue hyperplasia in the
common bile duct of rabbits.

METHODS AND MATERIALS

The release behavior and antibacterial effects of AgNPs-coated SEMSs were evaluated. A total of 12 male New Zealand White
rabbits were randomly divided into two groups for verification of the efficacy of AgNPs-coated SEMS placement immediately after
RF ablation: the control group received an uncoated SEMS, and the AgNPs group received an AgNPs-coated SEMS. Cholangiography
was performed immediately before sacrifice in all rabbits to check the stent patency. Venous blood samples were collected before
sacrifice and AST, ALT, ALP, GGT, and total bilirubin levels were analyzed to evaluate hepatobiliary functions. Histological
examination was performed about the degree of inflammatory cell infiltration, thickness of submucosal fibrosis, percentage of
granulation tissue area, and degree of collagen deposition. Immunohistochemistry analysis was performed about the degree of
TUNEL-, HSP 70-, and a-SMA-positive areas.

RESULTS

Ag ions were rapidly released at the beginning and then showed a gradual release behavior. The AgNPs-coated SEMS significantly
inhibited bacterial activity compared to the uncoated SEMS (p < 0.05). Stent placement immediately after RF ablation was



successfully performed without procedure-related complications in all rabbits. Jaundice was observed in 3 out of 6 (50%) rabbits in
the control group. The luminal diameter in the AgNPs group was greater than that in the control group (p < 0.05). AST, ALT, ALP,
GGT, and total bilirubin levels were all lower in the AgNPs group than in the control group. Histological examination confirmed that all
evaluation results were significantly lower in the AgNPs group than in the control group (all p < 0.05). Immunohistochemistry
analyses revealed that TUNEL-, HSP 70-, and a-SMA-positive areas were significantly lower in the AgNPs group than in the control
group (all p < 0.05).

CONCLUSION

s The AgNPs-coated SEMS significantly inhibited tissue hyperplasia and biofilm induced by heat and mechanical damage in the rabbit
common bile duct. The developed method of RF ablation with AgNPs-coated SEMS should be a promising therapeutic strategy for
the prevention of RF ablation- and stent-related complications.

CLINICAL RELEVANCE/APPLICATION

AgNPs-coated SEMS placement immediately after RF ablation might be effective in preventing RF ablation and stent-related
complications in patients with unresectable malignant biliary obstruction.

M5A-SPIR-9 Intragastric Satiety-Inducing Device combined with Photodynamic Therapy to Treat Obesity

Participants
Ji Won Kim, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To evaluate the efficacy and safety of the Chlorin e6-embedded intragastric satiety-inducing device (Ce6-embedded ISD)
placement with photodynamic therapy (PDT) in suppressing appetite in porcine stomach.

METHODS AND MATERIALS

The ISD consisted of the lower esophageal part and disk part for the fundus of the stomach. The once dip coating technique was
used for the fabrication of Ce6-embedded ISD. A total of 12 minipigs were divided into four groups. PDT group (n = 3) received
single PDT using Ce6-embedded ISD. ISD group (n = 3) received ISD placement. ISD with PDT group (n = 3) received single PDT
with Ce6-embedded ISD placement. The remaining three weight and age-matched healthy pigs were used as a control group. All
pigs were sacrificed 4 weeks after the procedures. The outcomes were assessed by histological examinations and
immunohistochemistry analysis. Body weight was monitored weekly, and the percentage of total body weight gain (%TBWG) was
calculated.

RESULTS

A total of 12 minipigs were divided into four groups. PDT group (n = 3) received single PDT using Ce6-embedded ISD. ISD group (n
= 3) received ISD placement. ISD with PDT group (n = 3) received single PDT with Ce6-embedded ISD placement. The remaining
three weight and age-matched healthy pigs were used as a control group. Anti-ghrelin and TUNEL- positive deposition were
significantly increased in PDT, ISD, and ISD with PDT groups compared to the control group (all p < 0.001). The weight gain was
observed to decrease in the order of PDT, ISD, and ISD with PDT groups compared to the control group, and the ISD with PDT
proved to be the most effective for wight loss.

CONCLUSION

s Ce6-embedded ISD was effectively decreases weight gain rate and ghrelin-producing cells in the porcine model. The simple and
unique operation extends the point of view in PDT and is expected to be a novel obesity therapy.

CLINICAL RELEVANCE/APPLICATION
Ce6-embedded ISD, weight loss and stimulation of ghrelin-producing cells, will become strategy for obesity treatment.

Printed on: 02/07/23
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Percutaneous Transthoracic Lung Biopsy in Patients with Usual Interstitial Pneumonia Pattern in CT: Its
Implication on Procedure-related Complications
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Participants
Jongsoo Park, MD, PhD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

We aimed to investigate the incidence and risk factors of major complications (pneumothorax and hemoptysis) after percutaneous
transthoracic lung biopsy (PTLB) in patients with usual interstitial pneumonia (UIP) pattern on CT.

METHODS AND MATERIALS

Patients who underwent PTLB between January 2010 and December 2015 in a tertiary referral hospital were retrospectively
included. UIP pattern was determined based on the pre-PTLB chest CT according to the guideline of the American Thoracic
Society/European Respiratory Society/Japanese Respiratory Society/Latin American Thoracic Society by consensus reading of two
thoracic radiologists. To analyze whether the UIP pattern and its traversal by the needle are the risk factors of PTLB-complications
(e.i., pneumothorax, hemoptysis) or not, multivariate logistic regression analyses were performed with other pre-established risk
factors.

RESULTS

A total of 4,187 patients (UIP group: 148 patients [131 men; median age, 70.1 years], non-UIP group: 4,039 patients [2,382 men;
median age, 63.6 years]) were assessed in this study. UIP group had higher incidence of pneumothorax (35.1% versus 17.9%,
P<0.001) and requirements of percutanes catheter drainage (PCD) (6.1% versus 1.5%) than those of non-UIP group while
hemoptysis was frequently occurred in non-UIP group (2% versus 6.1%, P=0.034). Adjusted with other pre-established risk factors
including emphysema, UIP pattern is associated with pneumothorax occurence (hazard ratio [HR]: 2.147, 95% confidence interval
[CI]: 1.480 - 3.116, P<0.001) and event of PCD insertion for pneumothorax (HR: 3.549, 95% CI: 1.602 - 7.861, P=0.002), but not
for hemoptysis after PTLB. Traversal of UIP pattern had consistent result as a risk factor for complication after PTLB
(pneumothorax: HR: 5.198, 95% CI: 2.913 - 9.274, P<0.001; PCD insertion for pneumothorax: HR 9.549, 95% CI: 3.741 - 24.377,
P<0.001). The duration of the PCD placement between UIP- and non-UIP groups was not different (median 3 days [range, 2 - 11
days] versus median 2 days [range, 1 - 12 days], P=0.941).

CONCLUSION

s UIP pattern on CT and traversal of this pattern by the needle are the risk factors for pneumothorax and requirements of PCD
insertion after PTLB.

CLINICAL RELEVANCE/APPLICATION

When performing PTLB, the radiologists should be alert about pneumothorax occurrence in patients with UIP on CT. They avoid
traversal of biopsy needle through the UIP pattern as much as possible.

Printed on: 02/07/23
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Patrik Rogalla, MD, MBA, Toronto, ON (Presenter) Institutional Research Grant, Canon Medical Systems Corporation;Institutional
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PURPOSE

Percutaneous biopsy of the heart and pericardium poses a significant challenge due to the target’s continuous motion and
potentially life-threatening complications. The purpose of this study was to evaluate the feasibility of an EKG gated CT-fluoroscopy
approach along with various methods to minimize the risks and complications, and the clinical outcome of cardiac and pericardial
mass biopsies.

METHODS AND MATERIALS

Between 2018 and 2022, 18 cardiac and pericardial mass biopsies were performed in a quaternary care referral centre after clinical
consultation with the cardiac surgical team. With REB approval, the patients’ charts were reviewed to extract the history,
pathology, and clinical outcomes. All biopsies were performed under conscious sedation using CT-fluoroscopy guidance on a 320-
slice cardiac scanner (Canon Medical Systems). The EKG was monitored and used for gated image acquisition during the
intervention. Mediastinal widening and iatrogenic capnothorax techniques were applied to gain access when appropriate. Full-size
18G core samples were taken using a BioPince needle, and all samples were evaluated by a specialized cardiac pathologist. The
radiation dose and time to complete the intervention were recorded.

RESULTS

All 18 biopsies in 17 patients (F:M, 9:8; mean age, 45.8) resulted in definitive pathological diagnoses. The size of the targets
ranged from 1 cm to 12 cm. Final histology reported 10 malignant (eg. synovial, spindle cell and angiosarcoma, lymphoma,
thymoma) and eight benign diagnoses (eg. IgG4, hibernoma, fibroma, TB, haemangioma, fibromyxoid stroma, lipid hyperplasia). One
patient developed a small hemothorax, and another patient developed a small pneumomediastinum immediately post-procedure,
both of which were successfully treated conservatively. Specific cardiac-related complications, such as hemopericardium,
tamponade, arrhythmia or arrest did not occur in any of the patients. The median DLP for the fluoroscopy guidance was 22.5
mGy*cm (SD, 22.3), the mean total procedure time 32 minutes. All patients left the hospital following a two-hour recovery in a
medical imaging day unit.

CONCLUSION

s Percutaneous cardiac and pericardial mass biopsies can be safely performed with an acceptable clinical risk and radiation dose
profile. CT-fluoroscopy with real-time non-gated and gated image visualization, a well-trained interventional care team, and the
backup availability of cardiac surgery may be prerequisites to ensure the best possible patient care.

CLINICAL RELEVANCE/APPLICATION

Percutaneous cardiac and pericardial biopsies represent a minimally invasive alternative to mediastinoscopy and open cardiac
surgery in a specific patient population.

Printed on: 02/07/23
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Histotripsy Treatment of Veins as A Mechanism of Endothelial Damage
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Amanda Smolock, MD, PhD, Milwaukee, WI (Presenter) Consultant, HistoSonics, Inc;Shareholder, HistoSonics, Inc;Employee,
NeuWave Medical, Inc;Grant, NeuWave Medical, Inc;Consultant, NeuWave Medical, Inc;;

PURPOSE

Venous insufficiency affects up to a third of the population and can cause significant complications like ulcers which are painful and
costly to manage. Histotripsy is a non-invasive, non-thermal focused ultrasound method that mechanically destroys tissue through
acoustic cavitation. The aim of this project was to demonstrate the feasibility of using histotripsy to cause controlled mechanical
damage to the venous endothelium as a step in inducing venous occlusion for the treatment of venous insufficiency.

METHODS AND MATERIALS

Excised porcine femoral veins (n=13) were suspended in a mold of degassed 2% agarose gel and treated within 72 hours post-
mortem. The mold was degassed in a vacuum overnight. Histotripsy was applied using 3-cycle pulses at 44MPa predicted peak
negative pressure by a 1MHz focused ultrasound transducer along 1 cm length of vein with 4 parameter groups: 1) 1Hz pulse
repetition frequency (PRF) and 200 pulses per location (ppl) (n=2), 2) 100Hz PRF and 200 ppl (n=3), 3) 100Hz PRF and 500 ppl
(n=3), and 4) 100 Hz PRF and 1000 ppl (n=3). Following treatment, veins were removed from the gel mold and placed in 10%
formalin. Tissue was sectioned and stained with hematoxylin and eosin. Histology was reviewed for damage to vein wall layers using
a standardized scale (0 least - 4 most endothelial attenuation).

RESULTS

Histology demonstrated intact venous walls with dose-dependent damage to the venous endothelium. Frequency and severity of
endothelial loss increased with increasing ppl tested at 100Hz PRF. Endothelial damage was most significant though in veins treated
at a lower PRF of 1Hz with 200 ppl.

CONCLUSION

s Histotripsy causes dose-dependent damage to the endothelium of veins. Endothelial denudation is an initial step in venous
thrombosis and ultimately occlusion. Additional in vivo experiments of blood-containing vein are needed to fully test dose
parameters for vein histotripsy followed by longitudinal studies to assess for treatment efficacy.

CLINICAL RELEVANCE/APPLICATION
Histotripsy has the potential to provide a non-invasive and non-thermal outpatient treatment for venous insufficiency.

Printed on: 02/07/23
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Using a Quantitative Digital Subtraction Angiography Technique to Determine Treatment Endpoints in Partial
Splenic Artery Embolization: Feasibility in an In Vivo Porcine Model
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Sarvesh Periyasamy, PhD, Madison, WI (Presenter) Consultant, Johnson & Johnson;Consultant, HEPTA Medical;Consultant, Vector
Surgical LLC

PURPOSE

Partial splenic artery embolization (PSE) is a method for treating cirrhosis-induced splenomegaly/hypersplenism and complications of
portal hypertension. However, there is a direct relationship between the extent of embolization and the severity of post-procedural
complications. Using quantitative metrics to determine PSE endpoints may improve procedural outcomes and decrease post-
procedural complications. The objective of this study was to determine the feasibility of using a quantitative digital subtraction
angiography (gDSA) technique to quantify blood velocity reduction during PSE.

METHODS AND MATERIALS

Four swine (~50 kg) underwent embolization of the proximal splenic artery using embolic particles of different sizes (100-300, 300-
500, or 500-700 um diluted in 10 mL of iohexol 300 mg I/mL). gDSAs were acquired at baseline, and after delivery of 1 mL aliquots
of particles until a complete stasis angiographic endpoint was achieved. A retrospective image analysis was performed to calculate
blood velocity reduction in the splenic artery using gqDSA, which was correlated with time-to-peak signal in the portal vein.

RESULTS

gDSA demonstrated linear decreases in relative blood velocities from baseline (100-300 pm: 11.8%, 34.8%, 300-500 pm: 29.3%,
500-700 pm: 24.4% reduction per mL of particles) and a strong correlation with the volume of embolic particles delivered (mean R=
-0.96+0.02, R2=0.93+0.04). There was a strong correlation between the percent reduction in blood velocity calculated by gDSA
and the increased time-to-peak signal in the portal vein (mean R=-0.94+0.03, R2= 0.89+0.86). Embolizations performed with larger
particles had larger overall post-embolization blood velocity reductions (300-500 pm: 88%, 500-700 um: 90%) compared to
embolizations performed with smaller particles (100-300 pm: 71%, 70%)

CONCLUSION

s gDSA was able to quantify intra-procedural reductions in splenic arterial blood velocity during embolization in a porcine model.
Blood velocity reductions correlated with an imaging marker of reduced portal venous flow. Further investigation is warranted to
evaluate gDSA use in clinical PSE procedures.

CLINICAL RELEVANCE/APPLICATION

Quantitative digital subtraction angiography may permit the determination of objective treatment endpoints for PSE, improving the
safety and efficacy of the procedure.

Printed on: 02/07/23
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Preliminary Results from A Prospective Clinical Trial on The Immunological Effects of Locoregional Therapies
in Patients with Hepatocellular Carcinoma

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - IR DPS

Participants
Robin Schmidt, (Presenter) Nothing to Disclose

PURPOSE

To evaluate the prognostic value of periinterventional peripheral blood immune cell counts on tumor response in patients with
hepatocellular carcinoma (HCC) after locoregional therapies (LRT).

METHODS AND MATERIALS

This interim report of a single-site prospective clinical trial included 76 consecutive patients with unresectable HCC between
08/2020-11/2021, who underwent LRT including high dose-rate brachytherapy alone (BT, n=59) or with prior transarterial
chemoembolization (TACE/BT, n=35). Institutional review board approval and informed consent were obtained. Peripheral blood was
sampled before, 24h and 8 weeks (wk) after LRT for spectral fluorescence-activated cell sorting (FACS) analysis. A 24-color
multiplex staining panel was applied to quantify lymphoid and myeloid cells. Absolute cell counts were obtained by adding precision
count beads. FACS data was processed using a robust gating strategy including CD45/CD66/CD16/CD14/CD3/CD4/CD8. Tumor
response at 8wk was assessed on multiparametric MRI according to RECIST 1.1 and patients were grouped into responders (R) and
non-responders (NR). A nonparametric ANOVA type test statistic was used.

RESULTS

FACS data at baseline, 24h, and 8wk post-TACE were available for n=84, n=84, and n=72 patients, respectively. As for BT, higher
counts of T cells (TC), CD4+TC, and CD8+TC count as well as a lower CD4-to-CD8 TC ratio (p=0.093, p=0.232, p=0.095 and
p=0.152, respectively) were found in R compared to NR at all timepoints. However, the opposite trend was observed in patients
receiving TACE/BT, who demonstrated lower cell counts for TC, CD4+TC, CD8+TC as well as a higher CD4-to-CD8 ratio (p=0.003,
p=0.003, 0.074 and p=0.801, respectively) for R compared to NR at all timepoints (Figure 1). Neutrophil-to-lymphocyte (NLR) and
monocyte-to-lymphocyte (MLR) ratio were similar in R and NR after BT. However, NR after TACE/BT tended to have a lower NLR and
higher MLR than R (Figure 2).

CONCLUSION

s The preliminary results of this prospective study state that different types of locoregional therapies may induce different
immunological responses in HCC patients and establish the prognostic value of such quantitative inflammatory biomarkers associated
with tumor response prior to LRT. Moreover, patient and tumor characteristics at baseline, that determine the assignment to the
respective LRT, may potentially reflect the immunological phenotype in these patients.

CLINICAL RELEVANCE/APPLICATION

If confirmed in the complete cohort, these results may help exploit LRT-induced immune-activation and guide improved personalized
monitoring and combinations with immunooncological therapies.

Printed on: 02/07/23
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A Phantom for Assessing Histotripsy Treatment Zones on Both Ultrasound and X-ray Imaging
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Ayca Kutlu, MD, Madison, WI (Presenter) Nothing to Disclose

PURPOSE

Histotripsy is an emerging non-invasive, non-ionizing, and non-thermal focal tumor therapy. While targeting during histotripsy is
currently based on ultrasound (US), X-ray-based fusion and targeting techniques are being developed for tumors not visible by US.
The objective of this study was to validate a multi-modal phantom that enables assessment of histotripsy treatment zones on both
US and X-ray imaging.

METHODS AND MATERIALS

Six cube-shaped phantoms were created by suspending sheep red blood cells (RBC) in agarose. To provide x-ray contrast,
alternating layers with (~1 mm thick) and without barium sulfate (~4 mm thick) were poured in a 2 x 2 x 2 in silicone mold. During
histotripsy, adjacent layers in the treatment volume mix and create a homogeneous mixture visible on US and cone beam CT
(CBCT). Spherical (2.5 cm diameter) treatments were performed in each phantom and resulting treatment zones measured on US
and CBCT. Treatment zone size and location (distance from phantom center) were measured in three orthogonal planes separately.
In addition, signal-difference-to-noise ratio (SDNR) was calculated on CBCT images between ablation zones and untreated RBC
layers.

RESULTS

In all cases, histotripsy resulted in homogeneous treatment zones with distinct x-ray attenuation and acoustic impedance, which
made segmentation of the treatment zone on both CBCT and US possible. On US, treatment zone diameters (mean+SD) were 25.5
+£0.3, 25.0 £ 0.3 and 24.5 £ 0.4 mmon X, Y and Z planes, respectively. Similarly, on CBCT, diameters were 25.8 £1.1, 25.3 £ 0.4
and 24.4 £ 0.2 mm. Treatment zone center point location differed by 1.6 £0.9, 1.5+ 1.1 and 2.6 £ 1.2 mmon X, Y and Z planes,
respectively between CBCT and US measurements. The average SDNR between ablation zone and RBC layer was 23.1 £ 7.3.

CONCLUSION

s The proposed multimodal RBC phantom allowed visualization of histotripsy treatment zones on both US and x-ray imaging.
Treatment zone diameters and center locations were similar between the two modalities. These phantoms can help validate newly
developed fusion and targeting techniques for histotripsy, expanding the scope of treatable lesions.

CLINICAL RELEVANCE/APPLICATION

A multimodal RBC phantom may be used to develop and validate X-ray-based fusion and targeting techniques for histotripsy, which
will facilitate treatment of tumors not visible on US.
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Safety and Efficacy of Serial Doxycycline Exchange Sclerotherapy for Lymphatic Malformations
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Anna Gong, Baltimore, MD (Presenter) Nothing to Disclose

PURPOSE
To assess the efficacy of serial doxycycline exchanges (SDE) for the treatment of lymphatic malformations (LM).
METHODS AND MATERIALS

We reviewed all patients from 9/2004 to 02/2022 who received SDE after a percutaneous drain placement for an LM at our
institution. After initial image-guided drainage catheter placement and sclerotherapy into the LM, the patient was admitted for SDE.
Standard procedure involved bedside drainage, and infusion of doxycycline (10mg/mL) 1/3 to 1/2 of the drained volume, which was
left to dwell for 4 hours before draining. This was performed twice a day, until the drained volume was sufficiently decreased as per
the physician’s direction, after which the patient was discharged. Charts were reviewed to assess clinical response, size changes,
and complications. Symptom response was classified as resolved, improved, and stable/worsened. LM size change was calculated
using difference of pre- and post- procedure MRI of the largest lesion diameter in one plane: complete response (CR, 100%
reduction), partial response (PR, 30% reduction), stable disease (SD, =30% reduction or =20% enlargement), progressive disease
(PD, =20% size increase). SIR classification criteria were used to classify adverse events. Fisher's Exact Tests were used for
statistical analysis.

RESULTS

43 patients (58.1% M) underwent 82 image-guided sclerotherapy procedures with subsequent SDE (technical success 80/82;
97.6%). An average of 3.87 SDE sessions/admission was reported for an average extended inpatient stay of 92 hours/admission
(Total: 201 exchanges). This resulted in 201/283 (71.0%) sclerotherapy sessions that were performed at the bedside. The mean
patient follow-up period was 902.15 days (median: 328 days).Most common presenting symptoms were swelling/mass (25, 58.1%),
pain (8, 18.6%) and trouble breathing (3, 7.0%). Sclerotherapy significantly improved symptoms with 6.1% (5/82) resolved, 47.6%
(39/82) improved, and 46.3% (38/82) stable or worsened (p < 0.0001). Embolization also significantly decreased LM size on imaging
(p =0.0011). Of the 47 image-guided procedures (47/82, 57.3%) with both pre- and post- MRI imaging, zero patients saw CR, 10
patients (21.3%) experienced PR, 35 patients (74.5%) experienced SD and 2 patients (4.3%) saw PD. Early (30-day) post-
procedural complications occurred after 9 of 82 procedures (10.9%), the most common of which were sensory or motor nerve injury
(44.4%; 4/9) and mild in severity (44.4%; 4/9).

CONCLUSION
s SDE significantly decreases lesion size and improves clinical symptoms in LMs.
CLINICAL RELEVANCE/APPLICATION

SDE is a safe and effective treatment option for LMs that allows for multiple sclerotherapy sessions with a single fluoroscopic
procedure.

Printed on: 02/07/23



KSNA 2022

Empowering Patients and Partners in Care
Moverber 27 to December 1 | McCarmick Place, Chicaga

Abstract Archives of the RSNA, 2022
M5A-SPIR-8

Silver Nanoparticles-coated Stent for Suppressing Bacterial Growth and Tissue Hyperplasia after
Radiofrequency Ablation in the Rabbit Common Bile Duct
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Yubeen Park, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To investigate the efficacy of silver nanoparticles (AgNPs)-coated self-expandable metal stent (SEMS) placement immediately after
radiofrequency (RF) ablation in suppressing thermal damage as well as SEMS-induced bacterial growth and tissue hyperplasia in the
common bile duct of rabbits.

METHODS AND MATERIALS

The release behavior and antibacterial effects of AgNPs-coated SEMSs were evaluated. A total of 12 male New Zealand White
rabbits were randomly divided into two groups for verification of the efficacy of AgNPs-coated SEMS placement immediately after
RF ablation: the control group received an uncoated SEMS, and the AgNPs group received an AgNPs-coated SEMS. Cholangiography
was performed immediately before sacrifice in all rabbits to check the stent patency. Venous blood samples were collected before
sacrifice and AST, ALT, ALP, GGT, and total bilirubin levels were analyzed to evaluate hepatobiliary functions. Histological
examination was performed about the degree of inflammatory cell infiltration, thickness of submucosal fibrosis, percentage of
granulation tissue area, and degree of collagen deposition. Immunohistochemistry analysis was performed about the degree of
TUNEL-, HSP 70-, and a-SMA-positive areas.

RESULTS

Ag ions were rapidly released at the beginning and then showed a gradual release behavior. The AgNPs-coated SEMS significantly
inhibited bacterial activity compared to the uncoated SEMS (p < 0.05). Stent placement immediately after RF ablation was
successfully performed without procedure-related complications in all rabbits. Jaundice was observed in 3 out of 6 (50%) rabbits in
the control group. The luminal diameter in the AgNPs group was greater than that in the control group (p < 0.05). AST, ALT, ALP,
GGT, and total bilirubin levels were all lower in the AgNPs group than in the control group. Histological examination confirmed that all
evaluation results were significantly lower in the AgNPs group than in the control group (all p < 0.05). Immunohistochemistry
analyses revealed that TUNEL-, HSP 70-, and a-SMA-positive areas were significantly lower in the AgNPs group than in the control
group (all p < 0.05).

CONCLUSION

s The AgNPs-coated SEMS significantly inhibited tissue hyperplasia and biofilm induced by heat and mechanical damage in the rabbit
common bile duct. The developed method of RF ablation with AgNPs-coated SEMS should be a promising therapeutic strategy for
the prevention of RF ablation- and stent-related complications.

CLINICAL RELEVANCE/APPLICATION

AgNPs-coated SEMS placement immediately after RF ablation might be effective in preventing RF ablation and stent-related
complications in patients with unresectable malignant biliary obstruction.

Printed on: 02/07/23



KSNA 2022

Empowering Patients and Partners in Care
Moverber 27 to December 1 | McCarmick Place, Chicaga

Abstract Archives of the RSNA, 2022
M5A-SPIR-9

Intragastric Satiety-Inducing Device combined with Photodynamic Therapy to Treat Obesity
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PURPOSE

To evaluate the efficacy and safety of the Chlorin e6-embedded intragastric satiety-inducing device (Ce6-embedded ISD)
placement with photodynamic therapy (PDT) in suppressing appetite in porcine stomach.

METHODS AND MATERIALS

The ISD consisted of the lower esophageal part and disk part for the fundus of the stomach. The once dip coating technique was
used for the fabrication of Ce6-embedded ISD. A total of 12 minipigs were divided into four groups. PDT group (n = 3) received
single PDT using Ce6-embedded ISD. ISD group (n = 3) received ISD placement. ISD with PDT group (n = 3) received single PDT
with Ce6-embedded ISD placement. The remaining three weight and age-matched healthy pigs were used as a control group. All
pigs were sacrificed 4 weeks after the procedures. The outcomes were assessed by histological examinations and
immunohistochemistry analysis. Body weight was monitored weekly, and the percentage of total body weight gain (%TBWG) was
calculated.

RESULTS

A total of 12 minipigs were divided into four groups. PDT group (n = 3) received single PDT using Ce6-embedded ISD. ISD group (n
= 3) received ISD placement. ISD with PDT group (n = 3) received single PDT with Ce6-embedded ISD placement. The remaining
three weight and age-matched healthy pigs were used as a control group. Anti-ghrelin and TUNEL- positive deposition were
significantly increased in PDT, ISD, and ISD with PDT groups compared to the control group (all p < 0.001). The weight gain was
observed to decrease in the order of PDT, ISD, and ISD with PDT groups compared to the control group, and the ISD with PDT
proved to be the most effective for wight loss.

CONCLUSION

s Ce6-embedded ISD was effectively decreases weight gain rate and ghrelin-producing cells in the porcine model. The simple and
unique operation extends the point of view in PDT and is expected to be a novel obesity therapy.

CLINICAL RELEVANCE/APPLICATION
Ce6-embedded ISD, weight loss and stimulation of ghrelin-producing cells, will become strategy for obesity treatment.
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M5A-SPMK-1Fully Automated CT Imaging Biomarkers for Opportunistic Prediction of Future Hip Fractures

Awards
Trainee Research Prize - Medical Student

Participants
Daniel Liu, (Presenter) Nothing to Disclose

PURPOSE

Body CT scans are frequently acquired for many targeted indications, but potentially valuable additional biometric information often
remains untapped. Al-based algorithms can automate CT-based body composition measures, which can be utilized for opportunistic
screening. The purpose of this study was to assess automated CT imaging biomarkers in patients who went on to hip fracture,
compared with controls.

METHODS AND MATERIALS

In this retrospective case-control study, 6926 total patients underwent initial abdominal CT over a 20-year interval at one
institution, including 1308 patients (mean age at initial CT, 70.5+12.0 years; 64.4% female) who went on to hip fracture (mean
time to fracture, 4.5 years) and 5618 controls (mean age, 70.25+12.0 years; 61.2% female; mean follow-up interval, 5.2 years).
Validated and fully automated quantitative CT algorithms for trabecular bone attenuation (at L1), muscle attenuation (at L3), and
abdominal fat area (at L1) were applied to all scans. Univariate and multivariate hazard ratios (HRs) comparing worst quartile to the
other three and area under the receiver operating characteristic (AUROC) curve analyses were performed.

RESULTS

Hip fracture HRs (with 95% CI) for low trabecular bone HU, low muscle HU, and low subcutaneous adipose tissue (SAT) area were
2.09 (1.86-2.35), 1.36 (1.20-1.54), and 1.68 (1.50-1.89), respectively. Similarly, 10-year AUROC values for predicting hip fracture
were 0.702, 0.603, and 0.594, respectively. Multivariate combinations of these CT biomarkers further improved the predictive value.
Notably, the 10-year AUROC from combining bone, muscle, and SAT was 0.729, while combining just muscle attenuation and SAT
area was 0.679.

CONCLUSION

s Automated abdominal CT-based measures of bone, muscle, and subcutaneous fat provide useful risk stratification for future hip
fractures. Opportunistic use of these automated CT-based measures can identify patients at higher risk, regardless of the
indication for CT imaging.

CLINICAL RELEVANCE/APPLICATION

There is growing interest in leveraging opportunistic CT data for patient benefit, and automated Al-based algorithms provide a
feasible pathway for this.

M5A-SPMK-2Can Radiomics Diagnose Cancer-associated Cachexia At An Early Stage?

Participants
Yufei Zhao, PhD, (Presenter) Nothing to Disclose

PURPOSE

As one of the most common complications of non-small-cell lung cancer (NSCLC), cancer-associated cachexia (CAC) frequently
present with progressive skeletal muscle and adipose tissue wasting. However, as obesity, edema, pleural and ascites fluid, tumor
weight and other factors can mask the diagnosis of CAC. Radiomics is expected to be an important research and clinical tool to
accurate diagnosis CAC in early stage.

METHODS AND MATERIALS

A total of 93 NSCLC patients were enrolled, abdominal and pelvic CT (Siemens SOMATOM Sensation Scanner 64 Computed
Tomography) scans were collected from all patients at first diagnosis and 6 months after treatment. The complete psoas major on
both sides is automatically segmented by the FCN network. Taking the starting and ending plane of the psoas major as a reference,
Extraction of the subcutaneous fat(-190 HU — -30 HU) and visceral fat (-150 HU — -50HU) by threshold. The difference in the
volume of the psoas muscle between the two scans was calculated, if the volume decreased by more than 3%, it was classified as
a cachexia group, otherwise as non-cachexia group. All above processes were implemented with FeAture Explorer Pro (FAEPro, V
0.4.2) on Python (3.7.6), extracting features of all volume of interest separately included first order statistics, shape-based,
wavelet transform, squaregray-level co-occurrence matrix and selecting 65 cases as the training data set, another 28 cases as the



independent testing data set. we used analysis of variance (ANOVA) to select features and the support vector machine (SVM) as
the classifier.

RESULTS

A total of 434 features were extracted for each case and 6 features were screened out finally. There was no difference in the
psoas muscle between the cachexia and non-cachexia groups at the baseline of treatment [AUC: 0.62 (95% CI: 0.36, 0.85)], but
the difference between the two groups began to appear after 6 months treatment [AUC: 0.73 (95% CI: 0.51, 0.93)]. Differences in
subcutaneous adipose tissue and visceral adipose tissue between cachexia [AUC: 0.83 (95% CI: 0.63, 0.97) and 0.72 (95% CI:
0.51, 0.91)] and non-cachexia groups [AUC: 0.69 (95% CI: 0.45, 0.88) and 0.70 (95% CI: 0.49, 0.88)] were present at the start of
treatment and persisted 6 months later.

CONCLUSION

s For the NSCLC patients with CAC, adipose tissue changes earlier than muscle tissue, the radiomics is expected to be an effective
means for early diagnosis of CAC.

CLINICAL RELEVANCE/APPLICATION
Immediate diagnosis of occult CAC by radiomics enables early intervention to slow cancer progression.

M5A-SPMK-3AI-Detection and Auto-Reporting of Trochlear Groove Anatomic Landmarks

Participants
Justine Lee, (Presenter) Nothing to Disclose

PURPOSE

Total knee arthroplasty is a widely implemented, effective means applied towards the treatment of advanced osteoarthritis. One of
the most frequent complications, however, lies in relation to the patellofemoral compartment which remains poorly characterized
with marked variability in alignment1. With current implant designs falling short of fully restoring normal patellofemoral anatomy2,
and some even exhibiting characteristics of trochlear dysplasia3, our study aimed to utilize artificial intelligence auto-detection in
computed tomography (CT) imaging to identify trochlear groove anatomy, a key determinant of patellar biomechanics.

METHODS AND MATERIALS

This IRB-approved retrospective study is a collaboration between two medical institutions. A database of 219 CT scans of the knee
was constructed with healthy subjects 18-40 years, excluding significant pathology such as trauma, infection, or arthroplasty. Axial
CT images with bony reconstructions of the trochlear trough were reviewed by radiology and orthopedic residents, in which seven
key anatomic points of the distal femur were defined (three points along the anterior femoral trochlea at the medial, central trough,
and lateral aspects; two points along the most peripheral medial and lateral epicondyles; and two points at the most posterior
medial and lateral condyles), in accordance with prior morphometric studies of the distal femurd. These points were subsequently
labeled on a web-based viewer, with annotated images used in the creation, training, and validation of our deep learning (DL) model
—a ResNet50 model pre-trained on RadimageNet5, a large multimodality radiologic dataset. These seven anatomic landmarks were
auto-detected by our DL model, with mean absolute error (MAE) reported in the assessment of model performance.

RESULTS

Our RadImageNet pre-trained ResNet50 model utilized annotated CT axial images and modified the top layers to output a (14x1)
vector containing predicted x and y coordinates of the seven anatomic landmarks. Within the testing dataset, the DL model
achieved a MAE of 1.5 mm, successfully identifying the seven key points of the distal femur and trochlear groove as demarcated by
the residents.

CONCLUSION

s Our ResNet50 model successfully achieved our primary aim of identifying seven key landmarks of the femur and trochlear groove,
derived morphometric parameters of clinical interest, and auto-generated radiologic measurements targeted for clinical orthopedic
use.

CLINICAL RELEVANCE/APPLICATION

This Al-based tool demonstrates value in characterizing patellofemoral anatomy, streamlining preoperative imaging measurements,
and optimizing orthopedic planning of patient-specific implant selection, implant positioning, and surgical approach.

M5A-SPMK-4 Automated Machine Learning (AutoML) for MSK Radiograph Abnormality Detection: Feasibility Study
of Six Codeless Platforms

Participants
Paul Yi, MD, Baltimore, MD (Presenter) Consultant, FH Orthopedics SAS;Consultant, BunkerHill Health

PURPOSE

Coding expertise can be a barrier for radiologists who want to apply deep learning (DL) to musculoskeletal imaging. Automated
machine learning (AutoML) platforms that allow for the codeless development of DL models could bridge this gap. We evaluated the
feasibility of six AutoML platforms for the development of DL models to identify radiographic abnormalities on musculoskeletal
radiographs.

METHODS AND MATERIALS

We used 40,561 upper extremity radiographs from Stanford’s MURA dataset labeled as abnormal or normal by board-certified
radiologists. These images were split into 80/20% train/validation datasets. We evaluated 6 AutoML platforms (Amazon, Apple,
Clarifai, Google, Microsoft, MedicMind) for 1) feasibility of training a functioning DL model without the need for writing code and with
a cost per model <$100, and 2) performance of the DL model for identification of radiographic abnormalities as measured by F1
scores (the only metric common to all 6 platforms).

RESULTS
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platforms allowed for truly codeless DL model development and testing (Apple and MedicMind). Three platforms required some form
of coding to train and test the models (Amazon, Google, and Microsoft). One platform (Clarifai) did not successfully train a
functioning model - this platform consistently crashed during model development despite humerous attempts.(II) Performance:
Diagnostic performance varied between AutoML platforms and the upper extremity region analyzed, ranging from F1 0.25 to 0.99.
Stratified by anatomic region, AutoML models performed best analyzing the humerus and worst in the elbow. Google and Microsoft
achieved F1 scores >0.90 and >0.85, respectively, in every extremity region. The two truly codeless DL models (Apple and
MedicMind) had the lowest F1 scores of the group.

CONCLUSION

s Although advertised as codeless methods to easily develop DL models, only 2 of 6 AutoML platforms allowed for truly codeless
development of DL models for extremity radiograph abnormality detection. Nevertheless, some of these platforms did result in high-
performing models with F1 scores as high as 0.99. Altogether, these findings suggest that AutoML platforms have promise to
democratize DL for radiologists who do not have coding expertise, though there are areas for improving their useability and
performance.

CLINICAL RELEVANCE/APPLICATION

AutoML has promise to democratize deep learning for radiologists who do not have coding expertise, albeit with areas for
improvement.

Printed on: 02/07/23
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Fully Automated CT Imaging Biomarkers for Opportunistic Prediction of Future Hip Fractures
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Trainee Research Prize - Medical Student

Participants
Daniel Liu, (Presenter) Nothing to Disclose

PURPOSE

Body CT scans are frequently acquired for many targeted indications, but potentially valuable additional biometric information often
remains untapped. Al-based algorithms can automate CT-based body composition measures, which can be utilized for opportunistic
screening. The purpose of this study was to assess automated CT imaging biomarkers in patients who went on to hip fracture,
compared with controls.

METHODS AND MATERIALS

In this retrospective case-control study, 6926 total patients underwent initial abdominal CT over a 20-year interval at one
institution, including 1308 patients (mean age at initial CT, 70.5+£12.0 years; 64.4% female) who went on to hip fracture (mean
time to fracture, 4.5 years) and 5618 controls (mean age, 70.25+12.0 years; 61.2% female; mean follow-up interval, 5.2 years).
Validated and fully automated quantitative CT algorithms for trabecular bone attenuation (at L1), muscle attenuation (at L3), and
abdominal fat area (at L1) were applied to all scans. Univariate and multivariate hazard ratios (HRs) comparing worst quartile to the
other three and area under the receiver operating characteristic (AUROC) curve analyses were performed.

RESULTS

Hip fracture HRs (with 95% CI) for low trabecular bone HU, low muscle HU, and low subcutaneous adipose tissue (SAT) area were
2.09 (1.86-2.35), 1.36 (1.20-1.54), and 1.68 (1.50-1.89), respectively. Similarly, 10-year AUROC values for predicting hip fracture
were 0.702, 0.603, and 0.594, respectively. Multivariate combinations of these CT biomarkers further improved the predictive value.
Notably, the 10-year AUROC from combining bone, muscle, and SAT was 0.729, while combining just muscle attenuation and SAT
area was 0.679.

CONCLUSION

s Automated abdominal CT-based measures of bone, muscle, and subcutaneous fat provide useful risk stratification for future hip
fractures. Opportunistic use of these automated CT-based measures can identify patients at higher risk, regardless of the
indication for CT imaging.

CLINICAL RELEVANCE/APPLICATION

There is growing interest in leveraging opportunistic CT data for patient benefit, and automated Al-based algorithms provide a
feasible pathway for this.

Printed on: 02/07/23
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Yufei Zhao, PhD, (Presenter) Nothing to Disclose

PURPOSE

As one of the most common complications of non-small-cell lung cancer (NSCLC), cancer-associated cachexia (CAC) frequently
present with progressive skeletal muscle and adipose tissue wasting. However, as obesity, edema, pleural and ascites fluid, tumor
weight and other factors can mask the diagnosis of CAC. Radiomics is expected to be an important research and clinical tool to
accurate diagnosis CAC in early stage.

METHODS AND MATERIALS

A total of 93 NSCLC patients were enrolled, abdominal and pelvic CT (Siemens SOMATOM Sensation Scanner 64 Computed
Tomography) scans were collected from all patients at first diagnosis and 6 months after treatment. The complete psoas major on
both sides is automatically segmented by the FCN network. Taking the starting and ending plane of the psoas major as a reference,
Extraction of the subcutaneous fat(-190 HU — -30 HU) and visceral fat (-150 HU — -50HU) by threshold. The difference in the
volume of the psoas muscle between the two scans was calculated, if the volume decreased by more than 3%, it was classified as
a cachexia group, otherwise as non-cachexia group. All above processes were implemented with FeAture Explorer Pro (FAEPro, V
0.4.2) on Python (3.7.6), extracting features of all volume of interest separately included first order statistics, shape-based,
wavelet transform, squaregray-level co-occurrence matrix and selecting 65 cases as the training data set, another 28 cases as the
independent testing data set. we used analysis of variance (ANOVA) to select features and the support vector machine (SVM) as
the classifier.

RESULTS

A total of 434 features were extracted for each case and 6 features were screened out finally. There was no difference in the
psoas muscle between the cachexia and non-cachexia groups at the baseline of treatment [AUC: 0.62 (95% CI: 0.36, 0.85)], but
the difference between the two groups began to appear after 6 months treatment [AUC: 0.73 (95% CI: 0.51, 0.93)]. Differences in
subcutaneous adipose tissue and visceral adipose tissue between cachexia [AUC: 0.83 (95% CI: 0.63, 0.97) and 0.72 (95% CI:
0.51, 0.91)] and non-cachexia groups [AUC: 0.69 (95% CI: 0.45, 0.88) and 0.70 (95% CI: 0.49, 0.88)] were present at the start of
treatment and persisted 6 months later.

CONCLUSION

s For the NSCLC patients with CAC, adipose tissue changes earlier than muscle tissue, the radiomics is expected to be an effective
means for early diagnosis of CAC.

CLINICAL RELEVANCE/APPLICATION
Immediate diagnosis of occult CAC by radiomics enables early intervention to slow cancer progression.
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PURPOSE

Total knee arthroplasty is a widely implemented, effective means applied towards the treatment of advanced osteoarthritis. One of
the most frequent complications, however, lies in relation to the patellofemoral compartment which remains poorly characterized
with marked variability in alignment1. With current implant designs falling short of fully restoring normal patellofemoral anatomy2,
and some even exhibiting characteristics of trochlear dysplasia3, our study aimed to utilize artificial intelligence auto-detection in
computed tomography (CT) imaging to identify trochlear groove anatomy, a key determinant of patellar biomechanics.

METHODS AND MATERIALS

This IRB-approved retrospective study is a collaboration between two medical institutions. A database of 219 CT scans of the knee
was constructed with healthy subjects 18-40 years, excluding significant pathology such as trauma, infection, or arthroplasty. Axial
CT images with bony reconstructions of the trochlear trough were reviewed by radiology and orthopedic residents, in which seven
key anatomic points of the distal femur were defined (three points along the anterior femoral trochlea at the medial, central trough,
and lateral aspects; two points along the most peripheral medial and lateral epicondyles; and two points at the most posterior
medial and lateral condyles), in accordance with prior morphometric studies of the distal femurd4. These points were subsequently
labeled on a web-based viewer, with annotated images used in the creation, training, and validation of our deep learning (DL) model
—a ResNet50 model pre-trained on RadimageNet5, a large multimodality radiologic dataset. These seven anatomic landmarks were
auto-detected by our DL model, with mean absolute error (MAE) reported in the assessment of model performance.

RESULTS

Our RadImageNet pre-trained ResNet50 model utilized annotated CT axial images and modified the top layers to output a (14x1)
vector containing predicted x and y coordinates of the seven anatomic landmarks. Within the testing dataset, the DL model
achieved a MAE of 1.5 mm, successfully identifying the seven key points of the distal femur and trochlear groove as demarcated by
the residents.

CONCLUSION

s Our ResNet50 model successfully achieved our primary aim of identifying seven key landmarks of the femur and trochlear groove,
derived morphometric parameters of clinical interest, and auto-generated radiologic measurements targeted for clinical orthopedic
use.

CLINICAL RELEVANCE/APPLICATION

This AI-based tool demonstrates value in characterizing patellofemoral anatomy, streamlining preoperative imaging measurements,
and optimizing orthopedic planning of patient-specific implant selection, implant positioning, and surgical approach.

Printed on: 02/07/23
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Paul Yi, MD, Baltimore, MD (Presenter) Consultant, FH Orthopedics SAS;Consultant, BunkerHill Health

PURPOSE

Coding expertise can be a barrier for radiologists who want to apply deep learning (DL) to musculoskeletal imaging. Automated
machine learning (AutoML) platforms that allow for the codeless development of DL models could bridge this gap. We evaluated the
feasibility of six AutoML platforms for the development of DL models to identify radiographic abnormalities on musculoskeletal
radiographs.

METHODS AND MATERIALS

We used 40,561 upper extremity radiographs from Stanford’s MURA dataset labeled as abnormal or normal by board-certified
radiologists. These images were split into 80/20% train/validation datasets. We evaluated 6 AutoML platforms (Amazon, Apple,
Clarifai, Google, Microsoft, MedicMind) for 1) feasibility of training a functioning DL model without the need for writing code and with
a cost per model <$100, and 2) performance of the DL model for identification of radiographic abnormalities as measured by F1
scores (the only metric common to all 6 platforms).

RESULTS

(I) Feasibility: All successfully trained DL models were developed using free tiers of the platforms (i.e., no cost) but only 2 of 6
platforms allowed for truly codeless DL model development and testing (Apple and MedicMind). Three platforms required some form
of coding to train and test the models (Amazon, Google, and Microsoft). One platform (Clarifai) did not successfully train a
functioning model - this platform consistently crashed during model development despite humerous attempts.(II) Performance:
Diagnostic performance varied between AutoML platforms and the upper extremity region analyzed, ranging from F1 0.25 to 0.99.
Stratified by anatomic region, AutoML models performed best analyzing the humerus and worst in the elbow. Google and Microsoft
achieved F1 scores >0.90 and >0.85, respectively, in every extremity region. The two truly codeless DL models (Apple and
MedicMind) had the lowest F1 scores of the group.

CONCLUSION

s Although advertised as codeless methods to easily develop DL models, only 2 of 6 AutoML platforms allowed for truly codeless
development of DL models for extremity radiograph abnormality detection. Nevertheless, some of these platforms did result in high-
performing models with F1 scores as high as 0.99. Altogether, these findings suggest that AutoML platforms have promise to
democratize DL for radiologists who do not have coding expertise, though there are areas for improving their useability and
performance.

CLINICAL RELEVANCE/APPLICATION

AutoML has promise to democratize deep learning for radiologists who do not have coding expertise, albeit with areas for
improvement.

Printed on: 02/07/23
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Lilja Solnes, MD, Owings Mills, MD (Moderator) Consultant, Lantheus Holdings;Research funded, Novartis AG;Research funded,
Precision Molecular Inc;Research funded, Cellectar Biosciences, Inc;Royalties, RELX

Lilja Solnes, MD, Owings Mills, MD (Moderator) Consultant, Lantheus Holdings;Research funded, Novartis AG;Research funded,
Precision Molecular Inc;Research funded, Cellectar Biosciences, Inc;Royalties, RELX

Frederick Grant, MD, Philadelphia, PA (Moderator) Nothing to Disclose

Frederick Grant, MD, Philadelphia, PA (Moderator) Nothing to Disclose

Sub-Events

M5A- Role of68Ga-DOTATOC PET for Pre-operative Prediction of DAXX/ATRX Loss of Expression and
SPNMMI-1  Histopathological Characteristics of Pancreatic Neuroendocrine Tumors

Participants
Paola Mapelli, Milan, Italy (Presenter) Nothing to Disclose

PURPOSE
To evaluate the role of 68Ga-DOTATOC PET parameters in predicting PanNET characteristics of aggressiveness before surgery.
METHODS AND MATERIALS

Retrospective study including 42 patients with well-differentiated PanNET (15 females, 27 males, median age: 60 years, range: 32-
80) who underwent to 68Ga-DOTATOC PET for staging purpose.SUVmax, SUV mean, somatostatin receptor density (SRD) and total
lesion somatostatin receptor density (TLSRD) were extracted from primary PanNET and radiological diameter (RD) was measured for
each primary PanNET. Appropriate statistical analysis (see results) investigated the ability of imaging parameters predicting
DAXX/ATRX loss of expression (LoE), infiltrative growth, microvascular invasion, perineural invasion, lymph node (LN) involvement,
grade and presence of liver metastases.

RESULTS

Fourteen/42 PanNET patients had DAXX/ATRX LoE and 28/42 maintained the expression.Mann-Whitney U test: SUVmean predicted
perineural invasion (p=0.049) and grade (p=0.048) and RD infiltrative growth (p=0.007), DAXX/ATRX LoE (p=0.014) and presence of
liver metastases (p=0.005). SRD and TLSRD correlated with Ki67 (p=0.047 and 0.028, respectively). Univariate logistic regression:
SUVmax predicted LN involvement (p=0.045), SRD and TLSRD predicted DAXX/ATRX LoE (p= 0.044 and 0.0497, respectively) and
presence of liver metastases (p=0.0314 and p=0.0299, respectively); RD predicted DAXX/ATRXX LoE (p=0.00614), infiltrative
growth (p=0.033) and presence of liver metastases (p=0.0049). ROC curve analysis: SUVmax and SUVmean predicted perineural
invasion (AUC 0.672,95%CI 0.50-0.82 and AUC 0.686, 95%CI 0.50-0.86, respectively).SUVmax was predictive of LN metastases
(AUC 0.689, 95%CI: 0.52-0.84) and SUVmean of grade (AUC 0.682, 95%CI: 0.50-0.84).RD showed a role in predicting DAXX/ATRX
LoE, infiltrative growth and liver metastases, with AUC of 0.735 (95%CI 0.54-0.89), 0.789 (95% CI 0.63-0.92) and 0.789 (95% CI
0.61-0.95), respectively.

CONCLUSION

s 68Ga-DOTATOC PET parameters showed predictive value in assessing DAXX/ATRX LoE and clinicopathological features of PanNET
aggressiveness, thus providing additional information on PanNET behaviour in the preoperative setting.

CLINICAL RELEVANCE/APPLICATION

68Ga-DOTATOC PET parameters provide additional information on PanNET behaviour in the preoperative setting, thus improving
tumour characterization.

M5A- Prognostic Value of18F-FDG-PET/CT Radiomics Combined with Sarcopenia Status among Patients
SPNMMI-2  \yjth Advanced Gastroesophageal Cancer
Participants

Ricarda Hinzpeter, MD, Zurich, Switzerland (Presenter) Nothing to Disclose
PURPOSE

To investigate, whether 18F-FDG-PET/CT- derived radiomics combined with sarcopenia measurements improves survival
prognostication among patients with advanced, metastatic gastroesophageal cancer.

METHODS AND MATERIALS

In this IRB-approved retrospective study, we included 128 consecutive patients with advanced, metastatic gastroesophageal
cancer (n=128; 26 females; 102 males; mean age 63.5+11.7 years; age range: 29-91 years) undergoing 18F-FDG-PET/CT for



staging between November 2008 and December 2019. Segmentation of the primary tumor and radiomics analysis derived from PET
and CT images was performed semi-automatically with a commonly used open-source software platform (LIFEX, Version 6.30,
lifexsoft.org). Patients’ nutritional status was determined by measuring the skeletal muscle index (SMI) at the level of L3 on the CT
component. Univariable and multivariable analyses were performed to establish a survival prediction model including radiomics,
clinical data, and SMI score.

RESULTS

In a univariable Cox proportional hazards model, ECOG (<0.001) and distant metastasis to the bone (p=0,028) were significant
clinical parameters for overall survival (OS) and progression free survival (PFS). Age (p=0.017) was an additional prognostic factor
for OS. The multivariable analysis revealed improved overall survival prognostication when adding sarcopenic status, PET and CT
radiomics to the model with clinical parameter only over a clinical course of 6 to 36 months (AUC 0.67 vs. 0.82 at 15 months).
Similarly, adding sarcopenia measurements, PET and CT radiomics improved the model fit for PFS (AUC 0.65 vs. 0.82 at 12 months).

CONCLUSION

s PET and CT radiomics derived from 18F-FDG-PET/CT combined with sarcopenia measurements and clinical parameters may
improve survival prediction among patients with advanced, metastatic gastroesophageal cancer.

CLINICAL RELEVANCE/APPLICATION

Increasing knowledge of outcome prognostication, derived from quantitative radiomics features, has the potential for pretreatment
risk stratification, allowing clinicians to deliver more patient specific treatment tailored to individual risk.

M5A- Feasibility of in Vivo MRI Imaging of Human Placental Mesenchymal Stem Cells Labeled With
SPNMMI-3  yltramicro And < Superparamagnetic Iron Oxide Nanoparticles for Targeting Colorectal Cancer

Participants
Hua He, MMedSc, MMedSc, Yinchuan, China (Presenter) Nothing to Disclose

PURPOSE

To transplant human placenta-zoned mesenchymal stem cells (PMSCs) labeled with USPIO-PLL protein complex into nude mice
model of implanted tumor, and to explore the feasibility of in vivo MRI imaging of PMSCs.

METHODS AND MATERIALS

Nude mice were inoculated with human colon cancer cells (HT-29), and then transplanted and passaged between mice to establish
a human colon cancer transplanted tumor model in nude mice. The PLL-USPIO-labeled hPMSCs at a concentration of 10 pg/ml were
prepared and transplanted into the experimental group colorectal cancer animal model through the tail vein of the rat; T2WI,
T2mapping and T2*mapping sequences were used to perform 3.0T magnetic resonance imaging before the injection of hPMSCs, 1,
3, 7, 10, 14 days after the injection of PMSCs, the MRI signal and tumor image changes of labeled hPMSCs in transplanted mice
were dynamically observed, and the SNR, CNR and contrast (C value) of tumor tissues in each sequence were analyzed. Tumor
specimens were stained with Prussian blue.

RESULTS

The morphological and functional properties of the transplanted tumor are basically similar to the primary tumor, and the transplant
success rate of the transplanted tumor is 100%, the USPIO labeled hPMSCs showed low signal in all 10 hude mouse models, the
image contrast of tumor T2*mapping sequence is greater than that of T2WI and T2 mapping sequence, and the display of USPIO-
labeled cells is more obvious. Prussian blue staining was performed on the specimens of the experimental group: blue iron particles
could be seen in the red tumor tissue.

CONCLUSION

s It is confirmed that the nude mouse model of human colon cancer can be used for MRI in vivo imaging and the T2*mapping value
of the tissue can be used as a quantitative index for analysis.

CLINICAL RELEVANCE/APPLICATION
Provide basic research data for the targeted therapy of placental mesenchymal stem cells in colorectal cancer.

Printed on: 02/07/23
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Role of68Ga-DOTATOC PET for Pre-operative Prediction of DAXX/ATRX Loss of Expression and
Histopathological Characteristics of Pancreatic Neuroendocrine Tumors
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Paola Mapelli, Milan, Italy (Presenter) Nothing to Disclose

PURPOSE
To evaluate the role of 68Ga-DOTATOC PET parameters in predicting PanNET characteristics of aggressiveness before surgery.
METHODS AND MATERIALS

Retrospective study including 42 patients with well-differentiated PanNET (15 females, 27 males, median age: 60 years, range: 32-
80) who underwent to 68Ga-DOTATOC PET for staging purpose.SUVmax, SUV mean, somatostatin receptor density (SRD) and total
lesion somatostatin receptor density (TLSRD) were extracted from primary PanNET and radiological diameter (RD) was measured for
each primary PanNET. Appropriate statistical analysis (see results) investigated the ability of imaging parameters predicting
DAXX/ATRX loss of expression (LoE), infiltrative growth, microvascular invasion, perineural invasion, lymph node (LN) involvement,
grade and presence of liver metastases.

RESULTS

Fourteen/42 PanNET patients had DAXX/ATRX LoE and 28/42 maintained the expression.Mann-Whitney U test: SUVmean predicted
perineural invasion (p=0.049) and grade (p=0.048) and RD infiltrative growth (p=0.007), DAXX/ATRX LoE (p=0.014) and presence of
liver metastases (p=0.005). SRD and TLSRD correlated with Ki67 (p=0.047 and 0.028, respectively). Univariate logistic regression:
SUVmax predicted LN involvement (p=0.045), SRD and TLSRD predicted DAXX/ATRX LoE (p= 0.044 and 0.0497, respectively) and
presence of liver metastases (p=0.0314 and p=0.0299, respectively); RD predicted DAXX/ATRXX LoE (p=0.00614), infiltrative
growth (p=0.033) and presence of liver metastases (p=0.0049). ROC curve analysis: SUVmax and SUVmean predicted perineural
invasion (AUC 0.672,95%CI 0.50-0.82 and AUC 0.686, 95%CI 0.50-0.86, respectively).SUVmax was predictive of LN metastases
(AUC 0.689, 95%CI: 0.52-0.84) and SUVmean of grade (AUC 0.682, 95%CI: 0.50-0.84).RD showed a role in predicting DAXX/ATRX
LoE, infiltrative growth and liver metastases, with AUC of 0.735 (95%CI 0.54-0.89), 0.789 (95% CI 0.63-0.92) and 0.789 (95% CI
0.61-0.95), respectively.

CONCLUSION

s 68Ga-DOTATOC PET parameters showed predictive value in assessing DAXX/ATRX LoE and clinicopathological features of PanNET
aggressiveness, thus providing additional information on PanNET behaviour in the preoperative setting.

CLINICAL RELEVANCE/APPLICATION

68Ga-DOTATOC PET parameters provide additional information on PanNET behaviour in the preoperative setting, thus improving
tumour characterization.

Printed on: 02/07/23
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PURPOSE

To investigate, whether 18F-FDG-PET/CT- derived radiomics combined with sarcopenia measurements improves survival
prognostication among patients with advanced, metastatic gastroesophageal cancer.

METHODS AND MATERIALS

In this IRB-approved retrospective study, we included 128 consecutive patients with advanced, metastatic gastroesophageal
cancer (n=128; 26 females; 102 males; mean age 63.5+11.7 years; age range: 29-91 years) undergoing 18F-FDG-PET/CT for
staging between November 2008 and December 2019. Segmentation of the primary tumor and radiomics analysis derived from PET
and CT images was performed semi-automatically with a commonly used open-source software platform (LIFEX, Version 6.30,
lifexsoft.org). Patients’ nutritional status was determined by measuring the skeletal muscle index (SMI) at the level of L3 on the CT
component. Univariable and multivariable analyses were performed to establish a survival prediction model including radiomics,
clinical data, and SMI score.

RESULTS

In a univariable Cox proportional hazards model, ECOG (<0.001) and distant metastasis to the bone (p=0,028) were significant
clinical parameters for overall survival (OS) and progression free survival (PFS). Age (p=0.017) was an additional prognostic factor
for OS. The multivariable analysis revealed improved overall survival prognostication when adding sarcopenic status, PET and CT
radiomics to the model with clinical parameter only over a clinical course of 6 to 36 months (AUC 0.67 vs. 0.82 at 15 months).
Similarly, adding sarcopenia measurements, PET and CT radiomics improved the model fit for PFS (AUC 0.65 vs. 0.82 at 12 months).

CONCLUSION

s PET and CT radiomics derived from 18F-FDG-PET/CT combined with sarcopenia measurements and clinical parameters may
improve survival prediction among patients with advanced, metastatic gastroesophageal cancer.

CLINICAL RELEVANCE/APPLICATION

Increasing knowledge of outcome prognostication, derived from quantitative radiomics features, has the potential for pretreatment
risk stratification, allowing clinicians to deliver more patient specific treatment tailored to individual risk.
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Hua He, MMedSc, MMedSc, Yinchuan, China (Presenter) Nothing to Disclose

PURPOSE

To transplant human placenta-zoned mesenchymal stem cells (PMSCs) labeled with USPIO-PLL protein complex into nude mice
model of implanted tumor, and to explore the feasibility of in vivo MRI imaging of PMSCs.

METHODS AND MATERIALS

Nude mice were inoculated with human colon cancer cells (HT-29), and then transplanted and passaged between mice to establish
a human colon cancer transplanted tumor model in nude mice. The PLL-USPIO-labeled hPMSCs at a concentration of 10 pg/ml were
prepared and transplanted into the experimental group colorectal cancer animal model through the tail vein of the rat; T2WI,
T2mapping and T2*mapping sequences were used to perform 3.0T magnetic resonance imaging before the injection of hPMSCs, 1,
3, 7, 10, 14 days after the injection of PMSCs, the MRI signal and tumor image changes of labeled hPMSCs in transplanted mice
were dynamically observed, and the SNR, CNR and contrast (C value) of tumor tissues in each sequence were analyzed. Tumor
specimens were stained with Prussian blue.

RESULTS

The morphological and functional properties of the transplanted tumor are basically similar to the primary tumor, and the transplant
success rate of the transplanted tumor is 100%, the USPIO labeled hPMSCs showed low signal in all 10 nude mouse models, the
image contrast of tumor T2*mapping sequence is greater than that of T2WI and T2 mapping sequence, and the display of USPIO-
labeled cells is more obvious. Prussian blue staining was performed on the specimens of the experimental group: blue iron particles
could be seen in the red tumor tissue.

CONCLUSION

s It is confirmed that the nude mouse model of human colon cancer can be used for MRI in vivo imaging and the T2*mapping value
of the tissue can be used as a quantitative index for analysis.

CLINICAL RELEVANCE/APPLICATION
Provide basic research data for the targeted therapy of placental mesenchymal stem cells in colorectal cancer.

Printed on: 02/07/23
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Madelene C. Lewis, MD, Mt Pleasant, SC (Moderator) Nothing to Disclose

Sub-Events

M5A- Diagnostic Accuracy of an Artificial Intelligence Software in Detecting Incidental Pulmonary Embolism
SPNPM-1

Participants

Madison Adams, MPH, Avon, CT (Presenter) Nothing to Disclose

PURPOSE

The aim of this study was to assess the diagnostic accuracy of an artificial intelligence-based decision support software in
identifying incidental pulmonary emboli (IPE) on CT examinations of the chest and abdomen.

METHODS AND MATERIALS

This retrospective study reviewed all consecutive CT chest and CT abdomen and pelvis examinations ordered without a dedicated
CT pulmonary angiogram (CTPA) protocol at one institution between September 20, 2021 and March 31, 2022. Triage and
notification screening results of the IPE Module by Aidoc Medical were obtained for these non-angiographic CT examinations,
indicating the presence or absence of IPE. The subsequent attending radiologists’ interpretations for each of these studies were
reviewed for the presence or absence of IPE, IPE laterality and location, and study indication. Sensitivity and specificity of the Al
software were calculated, and descriptive statistics were used to further characterize the dataset.

RESULTS

2,651 CT examinations were analyzed within the study period, including 378 (14%) CTs of the chest and 2,273 (86%) CT scans of
the abdomen and pelvis. There were 20 total IPEs (0.7%) identified by the Al software, 40% of which had concordant radiologist
interpretations. There were 4 scans (0.1%) with IPEs identified by radiologists that were not detected by the AI software, including
2 scans with multiple, bilateral emboli. The software had a specificity of 0.9954 (95%CI 0.9953-0.9955) and sensitivity of 0.66
(95%CI 0.65-0.67). The 4 false-negative readings reported by the Al module were examinations ordered emergently for specific
indications, including suspected aortic dissection, mesenteric ischemia, and intra-abdominal abscess.

CONCLUSION

s Preliminary data from this institution demonstrate the AI screening software had a high specificity but low sensitivity when
detecting IPEs. Higher sensitivity would be ideal when detecting incidental findings, especially when the AI-undetected IPEs in this
study were identified on examinations ordered for specific clinical indications, and the radiologist may be less likely to anticipate PE
in these scenarios. These results support AI modules currently serve as a reinforcement rather than a replacement for radiologists,
improving quality control, and peer-review initiatives.

CLINICAL RELEVANCE/APPLICATION

Our data demonstrated increasing the sensitivity of the current IPE AI module would enhance the reliability of this product in
triaging patients, notifying physicians, and initiating treatment.

M5A- Reporting of Participant Demographics in Articles Published in General Radiology Journals from 2013
SPNPM-2 to 2021

Participants
Marlee Parsons, MSc, MD, Montreal, QC (Presenter) Nothing to Disclose

PURPOSE

Reporting research participant demographics provides insight into representativeness. No previous study has assessed how
demographics are reported in radiology research. We sought (1) to determine how frequently participant age, sex and/or gender,
race and/or ethnicity, and socio-economic status (SES) are reported and analyzed in randomized clinical trials (RCT) or secondary
analyses of RCT published in radiology journals and (2) to evaluate associations between demographics reporting and study
characteristics.

METHODS AND MATERIALS

Articles presenting RCT and secondary analyses of RCT in human subjects published in the journals Academic Radiology, American
Journal of Roentgenology, British Journal of Radiology, European Journal of Radiology, European Radiology, and Radiology between



2013 and 2021 identified on PubMed were included. The continent of the first and senior author, publication year, study design
(RCT/secondary analysis, prospective/retrospective), funding status, subspecialty, topic, reporting of age, sex/gender,
race/ethnicity, and SES, and analysis of results according to demographics were extracted. Journal impact factors were obtained
from the Journal Citation Reports. Associations between the reporting of demographics and study characteristics were analyzed
using chi-squared and Mann-Whitney U test for categorical and continuous variables, respectively.

RESULTS

401 articles were included. Of those, 89% (355) reported age, 89% (358) sex/gender, 6% (23) race/ethnicity, and 3% (12) SES.
Amongst articles that reported these demographics and were not specific to a population subgroup, results were analyzed by age in
14% (14/355), sex/gender in 18% (57/313), race/ethnicity in 9% (2/22), and SES in 33% (4/12). Age and sex/gender reporting was
associated with first and last author continent, journal, impact factor, study design, and topic. Race/ethnicity and SES reporting
was associated with first and last author continent, journal, impact factor, and funding status.

CONCLUSION

s Participant age and sex/gender are frequently reported whereas race/ethnicity and SES are rarely reported in radiology research.
It remains uncertain whether the current reporting practices are optimal.

CLINICAL RELEVANCE/APPLICATION

Participant race/ethnicity and SES are rarely reported in radiology research, yet they can help inform generalizability. A consensus
amongst our research community on when and how to report these demographics is needed.

M5A- Pathway to the C-Suite: A Tristate Analysis of Radiology Representation in Academic Hospital
SPNPM-3  Administration

Participants
Zachary Chung, BS, Elmont, NY (Presenter) Nothing to Disclose

PURPOSE

To investigate the representation of radiologists within academic hospital leadership in New York, New Jersey, and Connecticut
Tristate area compared to other subspecialties. Long-term, we hope this will lead to comparisons of graduate medical education
(GME) to identify areas that can be modified or augmented in radiology training to encourage further representation in hospital
leadership.

METHODS AND MATERIALS

New York, New Jersey, and Connecticut Hospitals were selected from the DOH Health Profiles website. Teaching hospitals (medical
school and resident education). Physician credentials including medical school training, residency training, specialty, as well
healthcare leadership roles were determined utilizing various publicly available databases and analyzed and categorized as
demonstrated. Leadership designations/titles included CEO, CMO, CQO, CFO Physician-in-Chief, Chief-of-Staff. Given the arbitrary,
non-standardized designation of leadership roles, a qualitative and limited quantitative approach was used to determine the factors
associated with physician representation in institutional leadership.

RESULTS

Of the 196 hospitals sampled, 282 physicians were identified as leaders in academic medical institutions or their respective
healthcare systems. Median years experience post-residency was 29.5 yrs. Most common additional degree was MBA, followed by
MPH, MHCM.Primary Care: Total in Tristate workforce: 38.21%; Total in Academic Leadership: 37.94%Surgery/Surgical Sub-
specialties: Total in Tristate workforce: 15.57%; Total in Academic Leadership: 16.31%Additional medical subspecialties: Total in
Tristate workforce: 42.49%; Total in Academic Leadership: 43.61%Radiology: Total in Tristate workforce: 3.71%; Total in Academic
Leadership: 2.13 %

CONCLUSION

s In the NY/NJ/CT tristate area, radiologists represent a small fraction of the physician workforce (3.71%) and a significantly
smaller portion of academic hospital leadership (2.13%) as opposed to their primary care, surgical, and other subspecialist
counterparts. When juxtaposed to primary care, surgical, and other subspecialty counterparts, there is a clear deficit in
representation.

CLINICAL RELEVANCE/APPLICATION

These findings suggest that there is a significant opportunity for the field of radiology to focus on developing and training
radiologists who can ascend to executive leadership positions within institutions. This is important because imaging is at the core of
patient care and without adequate radiology hospital leadership representation, it may be more difficult to effectively advocate for
high-quality imaging or adequate access to imaging modalities that could significantly impact patient outcomes.

Printed on: 02/07/23
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Participants
Madison Adams, MPH, Avon, CT (Presenter) Nothing to Disclose

PURPOSE

The aim of this study was to assess the diagnostic accuracy of an artificial intelligence-based decision support software in
identifying incidental pulmonary emboli (IPE) on CT examinations of the chest and abdomen.

METHODS AND MATERIALS

This retrospective study reviewed all consecutive CT chest and CT abdomen and pelvis examinations ordered without a dedicated
CT pulmonary angiogram (CTPA) protocol at one institution between September 20, 2021 and March 31, 2022. Triage and
notification screening results of the IPE Module by Aidoc Medical were obtained for these non-angiographic CT examinations,
indicating the presence or absence of IPE. The subsequent attending radiologists’ interpretations for each of these studies were
reviewed for the presence or absence of IPE, IPE laterality and location, and study indication. Sensitivity and specificity of the AI
software were calculated, and descriptive statistics were used to further characterize the dataset.

RESULTS

2,651 CT examinations were analyzed within the study period, including 378 (14%) CTs of the chest and 2,273 (86%) CT scans of
the abdomen and pelvis. There were 20 total IPEs (0.7%) identified by the Al software, 40% of which had concordant radiologist
interpretations. There were 4 scans (0.1%) with IPEs identified by radiologists that were not detected by the Al software, including
2 scans with multiple, bilateral emboli. The software had a specificity of 0.9954 (95%CI 0.9953-0.9955) and sensitivity of 0.66
(95%CI 0.65-0.67). The 4 false-negative readings reported by the Al module were examinations ordered emergently for specific
indications, including suspected aortic dissection, mesenteric ischemia, and intra-abdominal abscess.

CONCLUSION

s Preliminary data from this institution demonstrate the AI screening software had a high specificity but low sensitivity when
detecting IPEs. Higher sensitivity would be ideal when detecting incidental findings, especially when the AI-undetected IPEs in this
study were identified on examinations ordered for specific clinical indications, and the radiologist may be less likely to anticipate PE
in these scenarios. These results support AI modules currently serve as a reinforcement rather than a replacement for radiologists,
improving quality control, and peer-review initiatives.

CLINICAL RELEVANCE/APPLICATION

Our data demonstrated increasing the sensitivity of the current IPE Al module would enhance the reliability of this product in
triaging patients, notifying physicians, and initiating treatment.

Printed on: 02/07/23
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Participants
Marlee Parsons, MSc, MD, Montreal, QC (Presenter) Nothing to Disclose

PURPOSE

Reporting research participant demographics provides insight into representativeness. No previous study has assessed how
demographics are reported in radiology research. We sought (1) to determine how frequently participant age, sex and/or gender,
race and/or ethnicity, and socio-economic status (SES) are reported and analyzed in randomized clinical trials (RCT) or secondary
analyses of RCT published in radiology journals and (2) to evaluate associations between demographics reporting and study
characteristics.

METHODS AND MATERIALS

Articles presenting RCT and secondary analyses of RCT in human subjects published in the journals Academic Radiology, American
Journal of Roentgenology, British Journal of Radiology, European Journal of Radiology, European Radiology, and Radiology between
2013 and 2021 identified on PubMed were included. The continent of the first and senior author, publication year, study design
(RCT/secondary analysis, prospective/retrospective), funding status, subspecialty, topic, reporting of age, sex/gender,
race/ethnicity, and SES, and analysis of results according to demographics were extracted. Journal impact factors were obtained
from the Journal Citation Reports. Associations between the reporting of demographics and study characteristics were analyzed
using chi-squared and Mann-Whitney U test for categorical and continuous variables, respectively.

RESULTS

401 articles were included. Of those, 89% (355) reported age, 89% (358) sex/gender, 6% (23) race/ethnicity, and 3% (12) SES.
Amongst articles that reported these demographics and were not specific to a population subgroup, results were analyzed by age in
149% (14/355), sex/gender in 18% (57/313), race/ethnicity in 9% (2/22), and SES in 33% (4/12). Age and sex/gender reporting was
associated with first and last author continent, journal, impact factor, study design, and topic. Race/ethnicity and SES reporting
was associated with first and last author continent, journal, impact factor, and funding status.

CONCLUSION

s Participant age and sex/gender are frequently reported whereas race/ethnicity and SES are rarely reported in radiology research.
It remains uncertain whether the current reporting practices are optimal.

CLINICAL RELEVANCE/APPLICATION

Participant race/ethnicity and SES are rarely reported in radiology research, yet they can help inform generalizability. A consensus
amongst our research community on when and how to report these demographics is needed.

Printed on: 02/07/23
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Participants
Zachary Chung, BS, Elmont, NY (Presenter) Nothing to Disclose

PURPOSE

To investigate the representation of radiologists within academic hospital leadership in New York, New Jersey, and Connecticut
Tristate area compared to other subspecialties. Long-term, we hope this will lead to comparisons of graduate medical education
(GME) to identify areas that can be modified or augmented in radiology training to encourage further representation in hospital
leadership.

METHODS AND MATERIALS

New York, New Jersey, and Connecticut Hospitals were selected from the DOH Health Profiles website. Teaching hospitals (medical
school and resident education). Physician credentials including medical school training, residency training, specialty, as well
healthcare leadership roles were determined utilizing various publicly available databases and analyzed and categorized as
demonstrated. Leadership designations/titles included CEO, CMO, CQO, CFO Physician-in-Chief, Chief-of-Staff. Given the arbitrary,
non-standardized designation of leadership roles, a qualitative and limited quantitative approach was used to determine the factors
associated with physician representation in institutional leadership.

RESULTS

Of the 196 hospitals sampled, 282 physicians were identified as leaders in academic medical institutions or their respective
healthcare systems. Median years experience post-residency was 29.5 yrs. Most common additional degree was MBA, followed by
MPH, MHCM.Primary Care: Total in Tristate workforce: 38.21%; Total in Academic Leadership: 37.94%Surgery/Surgical Sub-
specialties: Total in Tristate workforce: 15.57%; Total in Academic Leadership: 16.31%Additional medical subspecialties: Total in
Tristate workforce: 42.49%; Total in Academic Leadership: 43.61%Radiology: Total in Tristate workforce: 3.71%; Total in Academic
Leadership: 2.13 %

CONCLUSION

s In the NY/NJ/CT tristate area, radiologists represent a small fraction of the physician workforce (3.71%) and a significantly
smaller portion of academic hospital leadership (2.13%) as opposed to their primary care, surgical, and other subspecialist
counterparts. When juxtaposed to primary care, surgical, and other subspecialty counterparts, there is a clear deficit in
representation.

CLINICAL RELEVANCE/APPLICATION

These findings suggest that there is a significant opportunity for the field of radiology to focus on developing and training
radiologists who can ascend to executive leadership positions within institutions. This is important because imaging is at the core of
patient care and without adequate radiology hospital leadership representation, it may be more difficult to effectively advocate for
high-quality imaging or adequate access to imaging modalities that could significantly impact patient outcomes.

Printed on: 02/07/23
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M5A-SPNR-1 Non-invasive Prediction of IDH Mutation Status in Gliomas Using Pre-operative Multi-parametric MRI
Radiomics Nomogram: A Multi-center Study

Participants
Jun Lu, (Presenter) Nothing to Disclose

PURPOSE

Accurate identification of IDH mutation status has revolutionized our understanding of the potential for targeted therapeutics using
small molecule IDH mutation inhibitors with the update of 2021 WHO classification criterion of gliomas, which might be clinically
meaningful for treatment strategy and prognosis stratification of gliomas. This study aimed to establish and validate a radiomics
nomogram for predicting IDH mutation status in gliomas using preoperative multiparametric MRI in a multicenter setting.

METHODS AND MATERIALS

306 gliomas patients in local institution were enrolled and randomly assigned into a training (n=214) and a test dataset (n=92). 108
patients were collected from TCGA as an independent external validation dataset. The volume of interest(VOI) was delineated
manually on the map of contrast-enhanced T1-weighted (CE-T1W) and fluid attenuated inversion recovery(FLAIR). 851 radiomics
features were extracted on each VOI. The features were firstly selected using Mann-Whitney U-test, followed by refining using
least absolute shrinkage and selection operator (LASSO) regression combing 10-fold cross-validation. The optimal radiomics
features with age and sex were processed by multivariate logistic regression to construct a prediction model, which was developed
in the training dataset and assessed in the test and external validation datasets. Receiver operating characteristic(ROC),
calibration curve and decision curve analysis were applied in the test and external validation datasets to evaluate the
discrimination, calibration and clinical utility of prediction model.

RESULTS

Ten robust radiomics features were selected from the 1702 features(four CE-T1W and six FLAIR features). A nomogram was plotted
to represent the prediction model. The accuracy and AUC of the radiomics nomogram achieved 86.96% and 0.891(0.809-0.947) and
84.26% and 0.881(0.805-0.936) in the test and external validation dataset (all p<0.05). The positive predictive value(PPV) and
negative predictive value(NPV) were 83.72%, 87.75% and 87.81%, 82.09% in the test and external validation dataset. The
Hosmer-Lemeshow test concluded that the radiomics nomogram showed goodness of fit(all p>0.05). Decision curve analysis
demonstrated the clinical value of the radiomics nomogram.

CONCLUSION

s IDH genotypes of gliomas can be identified by preoperative multiparametric MRI radiomics nomogram and might be clinically
meaningful for treatment strategy and prognosis stratification of gliomas .

CLINICAL RELEVANCE/APPLICATION

This study aimed to find imaging biomarkers for noninvasively predicting the IDH mutation status for a tailored treatment plan and
prognosis stratification in glioma patients from the initial stage of the tumor diagnosis.

M5A-SPNR- Extent of Resection of Contrast-enhancing and Non-enhancing Tumor - Different Impacts on Survival
10 According to Types of Adult-type Diffuse Gliomas in 2021 WHO Classification

Participants
Sung Soo Ahn, MD, Seoul, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

To evaluate the impact of extent of resection (EOR) of contrast-enhancing (CE) and nonenhancing (NE) tumors in the types of
adult-type diffuse gliomas according to the 2021 WHO classification.

METHODS AND MATERIALS

Total 1,196 patients with adult-type diffuse gliomas diagnosed between 2001 and 2021 from a single institution were enrolled (183
patients with IDH-mutant and 1p/19q codeleted oligodendroglioma [herein oligodendroglioma], 211 patients with IDH-mutant
astrocytoma, and 802 patients with IDH-wildtype glioblastoma. Multivariable Cox analyses were performed within each type to
assess predictors of overall survival, including clinical, imaging data, histological grade, MGMT promoter methylation status,
treatment, and EOR of CE and NE tumors. Subgroup analyses were performed in patients with CE tumor. N

RESULTS

Armnna 1 10A natiante QA& (77 AL\ natiante had CE fiimnare Tn alinAadandranlinmac (CTD Af NE waec nat acenriatad with cimnrival (HD



MAIINVIY 1,1JV PAUITIILY, J£LVU \/ /7.7T /U) PALITIILD 11AU L LUIIVID. LI VIIYUUTITIUIUYNVITKED, \JI N\ Ul 1VL VvdD 11UL ddDULIaLTuU VVILIT Ddulvival \1In

=0.41, 95% CI 0.14-1.15, P = 0.088). In 81 (43.3%) oligodendroglioma patients with CE tumor, GTR of CE tumors was the only
independent predictor of survival (HR = 0.20, 95% CI 0.05-0.85, P = 0.029) in multivariable analysis. GTR of NE and CE tumors was
independently associated with better survival in IDH-mutant astrocytoma and IDH-wildtype glioblastoma (all Ps <0.05) in
multivariable analyses.

CONCLUSION

s GTR of both CE and NE tumors may significantly improve survival within all types of adult-type diffuse gliomas except
oligodendrogliomas. In oligodendrogliomas, the EOR of CE tumor may be crucial in survival; aggressive GTR of NE tumor may be
unnecessary, whereas GTR of the CE tumor is recommended.

CLINICAL RELEVANCE/APPLICATION

This study is the first, to our knowledge, to examine the independent role of EOR in both CE and NE tumors across types in adult-
type diffuse gliomas according to the 2021 WHO classification. Well-known predictors for survival such as clinical, radiological, and
MGMT promoter methylation status were included in the Cox analysis, to demonstrate the independent role of EOR. Our results pave
the way for rethinking surgical strategies according to types of adult-type diffuse gliomas.

M5A-SPNR- Application of Brain Tumour Reporting and Data System (BT-RADS) in A Large Population with High-
11 grade Gliomas (HGG) Exhibiting Progression (PD) and Pseudo progression (PSPD) and Correlation
with Survival Analysis

Participants
Ankush Jajodia, MD, MBBS, New Delhi, India (Presenter) Nothing to Disclose

PURPOSE

HGG accounts for approximately 60% of all primary brain tumors. BT-RADS assigns each MRI to study a score or category based on
imaging findings. PsPD is an effect usually occurring in the first six months after chemoradiation (CRT), with reported incidence
ranging from 2-50%. We investigated the utility of BT-RADS applications in a large population of patients with HGG with PD and
PsPD.

METHODS AND MATERIALS

After institutional review board approval, a retrospective analysis was performed on 437 patients with HGG who underwent
Gadolinium-enhanced MRI between 2013-and 2021. Patients were labeled as having PD or PsPD after multidisciplinary team
evaluation. Typically we called pseudoprogression as progression on early scans, that stabilizes without further anti cancer therapy
vs progression as continual progression. The clinical outcome (dichotomized as stable or worse) was collected from medical records.
An experienced neuroradiologist did the BT-RADS category assignment. Kaplan Meier survival analysis and Chi-square test between
different groups were done using MedCalc software.

RESULTS

Two hundred and thirteen patients with HGG after exclusion (Figurel) were included. PsPD (n=109) and PD (n=104) were
determined in a multidisciplinary care team after evaluation of clinical information and follow-up imaging. BT-RADS category
assignment between the PD and PsPD group and the final clinical outcome dichotomized group (worse and stable) was statistically
significant (table). KS survival analysis of BT-RADS assignment during follow-up with the final clinical result is shown in figure 2.

CONCLUSION

s BT-RADS has a significant correlation with survival and can be an imperative tool for response assessment, especially in resource-
constrained setup.

CLINICAL RELEVANCE/APPLICATION

BT-RADS implementation has the potential to increase the completeness, consistency, and comprehensibility of radiology reports in
patients with glioma. This preliminary work summarizes the initial experience and emphasizes its effectiveness in a large subset of
patients with HGG.

M5A-SPNR- Analyzing Treatment Response of Recurrent Pediatric Low-Grade Gliomas in Clinical Trials:
12 Comparison of Volumetric and Two-Dimensional Tumor Assessment

Participants
Ryan C. Bahar, BSc, Yale School of Medicine, New Haven, CT (Presenter) Nothing to Disclose

PURPOSE

The Response Assessment in Neuro-Oncology (RANO) criteria were designed to radiologically evaluate tumor response and
endpoints in clinical trials of novel treatments. These criteria estimate tumor size using the two-dimensional (2D) product of maximal
perpendicular diameters on axial slices of MR images. Pediatric low-grade gliomas (pLGGs), however, are intratumorally
heterogeneous with solid and cystic components. 2D measurements may therefore misevaluate pLGG tumor volume and tumor
response, and ultimately affect trial outcome. This study aims to assess tumor response using volumetric assessment of recurrent
and progressive pLGGs treated with everolimus. We seek to identify clinically relevant criteria that provide added value to response
assessment beyond 2D measurements.

METHODS AND MATERIALS

Using multiparametric MR imaging from 44 patients in the Pediatric Neuro-Oncology Consortium (PNOC) 001 clinical trial, we
performed 3D-segmentation of solid, cystic, and whole pLGGs within our PACS-framework to assess tumor response. We compared
our results to those from a prior independent central imaging review which had yielded 15 (34%) patients showing progressive
disease (PD), 27 (61%) stable disease (SD), 2 (5%) partial response (PR), and 0 (0%) complete response (CR).

RESULTS

8 (18%) of the 44 tumors were solid-only and 36 (82%) had a mixed solid-cystic appearance. Comparing 2D central imaging review
to our volumetric tumor evaluation using the same RANO cutoff criteria, 7 (16%) cases changed from PD to SD, 3 (7%) from SD to



PD, 1 (2%) from SD to PR, and 1 (2%) from PR to SD, constituting an overall discordance in 12 (27%) cases.
CONCLUSION

s Integration of volumetrics into tumor response assessments provides additional and potentially more accurate information than
strictly 2D RANO-based measurements. It is crucial to note that the above-reported changes in assessed tumor response represent
numerical discrepancies as opposed to true-to-reality changes in clinical outcome. Determining representative thresholds for the
deployment of volumetric measures in clinical trials will be critical. Future work will include data from the PNOC-002 clinical trial and
evaluate inter-reader agreement and reader discordance.

CLINICAL RELEVANCE/APPLICATION

With the availability of PACS-based 3D tools in neuroradiology practice, well-defined volumetric criteria could be incorporated
prospectively to enhance tumor response analysis in clinical trials.

M5A-SPNR- SMART Syndrome and Variants: From Clinical Presentation to Imaging: How to Arrive At the
13 Diagnosis

Participants
Denver Pinto, MD, Miami, FL (Presenter) Nothing to Disclose

PURPOSE

SMART (Stroke-like migraine attacks after radiation therapy) syndrome is a rare clinical-radiological entity characterized by complex
neurologic symptoms which may occur years following radiation therapy. The imaging features resemble a subacute infarct, hence,
an incorrect diagnosis may lead to unnecessary imaging and treatment. This presentation will help the audience to identify SMART
syndrome and to avoid misdiagnosis. We describe and illustrate a small series of SMART cases with the purpose of identifying the
varied clinical and imaging features.

METHODS AND MATERIALS

We conducted a database search involving 3 health systems for cases of SMART syndrome and for “subacute infarcts” in patients
status post radiation. We found 7 patients who could be classified as having SMART syndrome or a variant of it based on history,
clinical symptoms, clinical follow-up and comparison with prior/follow-up imaging.

RESULTS

There were 5 patients with features typical of the SMART syndrome and 2 patients with atypical presentations consistent with
peri-ictal pseudo-progression (PIPG). All patients had radiation therapy 1.5 years to 25 years before presentation. The most
common clinical symptoms were headache (6/7) and seizures (5/7). Cranial nerve involvement (5/7), motor deficits/extremity
weakness (3/7) and sensory deficits (2/7) were identified on examination. MRI findings included cortical and subcortical edema, as
well as sub-arachnoid, gyriform, parenchymal and punctate contrast enhancement with elevated rCBV. Diffusion restriction in a
focal or gyriform pattern was identified both in the typical presentation and in PIPG. Patients with PIPG showed more avid cortical
and meningeal enhancement[RQ1] even the absence of headache (1/2). rCBV was reduced in one of our patients with PIPG. In one
of our patients, the imaging changes occurred in the radiation field on the side opposite the surgery and another patient had
bilateral findings. This symptom-imaging complex occurred following treatment of a wide range of benign and malignant tumors.

CONCLUSION

s SMART syndrome is a diagnostic confounder that can have undesirable downstream effects if misdiagnosed. MRI findings such as
gyriform diffusion restriction, cortical and vasogenic edema as well as cortical or meningeal enhancement in a non-vascular
distribution in concert with the clinical information such as the location and time since radiation delivery helps suggest the proper
diagnosis.

CLINICAL RELEVANCE/APPLICATION

Decisions relative to continuing or withholding anti-neoplastic therapy may depend on recognizing this entity. Also a confident
diagnosis will prevent extensive and unnecessary stroke or seizure work up because the imaging features may resemble either of
these conditions.

M5A-SPNR- Vascular Habitats analysis Based on Preoperative Dynamic Susceptibility-weighted Contrast Perfusion
14 MRI Predicts Recurrence Pattern in High-grade Gliomas

Participants
Hanwei Wang, (Presenter) Nothing to Disclose

PURPOSE

To evaluate if vascular habitats analysis based on preoperative dynamic susceptibility-weighted contrast perfusion MRI predicts
recurrence pattern in high-grade gliomas (WHO grade 3-4, HGG).

METHODS AND MATERIALS

In this single-center, retrospective study, we included adults with HGG, who received chemoradiotherapy and were diagnosed with
recurrence based on RANO criteria or resurgical pathology. A neurosurgeon and a neuroradiologist based on preoperative and follow-
up MRI images of patients, classified recurrence patterns into local recurrence (LR) and non-local recurrence (NLR). The LR was
further divided into intra-surgical cavity recurrence (ICR) and extra-surgical cavity recurrence (ECR). Kaplan-meier curves were
used to analyze the PFS and OS of patients with LR and NLR, ICR recurrence and ECR. And log-rank test was used to compare the
differences in patient survival. Based on ONCOhabitats platform (https://www.oncohabitats.upv.es) hemodynamic tissue signature
(HTS) method automatic segmentation of vascular habitats, evaluate each vascular habitats in the 95th percentile rCBV, rCBF
value. Univariate and multivariate logistic regression analysis were used to evaluate the correlation between vascular habitats
parameters and recurrence patterns, and to determine the predictors. The prediction efficiency of relevant factors were computed
by receiver operating characteristics curve (ROC) and the area under curve (AUC).

RESULTS

77 HGG were included in this study, of which 60 (77.92%) with LR and 17 (22.08%) with NLR. The LR was divided into ICR (30,



38.96%) and ECR (30, 38.96%). PFS and OS were longer in the LR than in the NLR (p<0.05). There was no significant difference in
PFS and OS between ICR and ECR (p>0.05). In univariate logistic regression analysis, rCBVp95 at LAT (OR=2.084 ,95%CI=1.198-
3.626), rCBVp95 at IPE (OR=2.840 ,95%CI=1.213-6.648), rCBVp95 at VPE (OR=3.598 ,95%CI=1.256-10.308) and rCBFp95 at VPE
(OR=3.793 ,95%CI=1.172-12.270) correlated with ECR. Multivariate logistic regression analysis revealed rCBVp95 at LAT could be
used as a predictor of ECR (OR=2.317,95%CI:1.264-4.246,p=0.007). ROC curve showed that the prediction efficiency is good
(AUC=0.743,95%CI=0.614-0.847).

CONCLUSION

s Preoperative vascular habitats parameters can be used as noninvasive imaging markers to predict ECR, and provide reference for
the management and treatment of HGG.

CLINICAL RELEVANCE/APPLICATION

Preoperative vascular habitats parameters can be used as noninvasive imaging markers to predict extra-surgical cavity recurrence,
and provide reference for the management and treatment of high-grade gliomas.

M5A-SPNR- Neuroimaging Findings in Patients with Immune Effector Cell-associated Neurotoxicity Syndrome
15 after CAR-T-cell Therapy

Participants
Burak Akkurt, MD, Muenster, Germany (Presenter) Nothing to Disclose

PURPOSE

Chimeric antigen receptor T-cell therapy (CART) is a new immunomodulating therapy of relapsed/refractory hematological
malignancies, capable of inducing an immune response against tumor cells.CART often comes with relevant organ toxicities, one of
which is referred to as immune effector cell-associated neurotoxicity syndrome (ICANS). Symptoms of ICANS are heterogenous and
include headache, confusion and encephalopathy.In this study we evaluated ICANS associated neuroimaging findings in cerebral
magnetic resonance imaging (cMRI).

METHODS AND MATERIALS

We reviewed all patients, who received CART infusion at our university hospital between 12/2018 and 09/2021. From the initial 32
patients, 11 received cerebral imaging due to suspected or diagnosed ICANS within a follow-up time of up to 30 days after
infusion.Of these 11 patients, 2 presented with ICANS grade I, 5 with ICANS grade 2, and 4 with ICANS grade 3.The routine cMRI
images of patients were reviewed by two neuroradiologists with an experience of 3 and 9 years. We correlated the imaging findings
with the clinical grading according to ICANS.

RESULTS

We observed FLAIR hyperintense signal alterations in most cases with pericallosal involvement (5/11, 45 %). Furthermore, we
noticed FLAIR hyperintense signal changes in the forceps minor in 5 out of 11 patients (45 %). Other locations of FLAIR alterations
were noticed in the capsula interna, foliae cerebelli, thalami, as well as temporal and subinsular regions (each in 1 case). We
correlated the imaging findings with the clinical grading of the ICANS. According to literature, only ICANS grade =3 shows changes
on MRI. However, in our cohort we observed white matter changes in all of our patients with ICANS grades =2 .

CONCLUSION

s ICANS may show subtle changes on cMRI, with FLAIR hyperintense white matter changes being the most prevalent ones.In our
cohort, we found signal alterations in all patients graded ICANS =2.0Our findings suggest FLAIR hyperintense signal changes in the
forceps minor as a possible specific sign of neurotoxicity after CART, but further prospective evaluation with a larger cohort should
be aimed at for confirmation.

CLINICAL RELEVANCE/APPLICATION

ICANS is one of the major toxicities associated with CAR-T-cell therapy and neuroimaging can help identifying ICANS and should be
evaluated in suspected cases.

M5A-SPNR- Magnetic Resonance Imaging and Amino Acid Positron Emission Tomography in Differentiating Tumor
16 Recurrence from Radiation Necrosis in High Grade Gliomas.

Participants
Antariksh Vijan, MBBS, Mumbai, India (Presenter) Nothing to Disclose

PURPOSE

Differentiating tumor recurrence (TR) from radiation necrosis (RN) in high-grade glioma (HGG) following radiotherapy can be
challenging. The ability of conventional magnetic resonance imaging (MRI) to differentiate TR from post-therapeutic effects is often
limited. Multiparametric advanced MRI (perfusion) and positron emission tomography (PET) with amino acid tracers, specifically 18F-
Fluoroethyl-Tyrosine (FET) can provide relevant additional information on tumor metabolism, which allows for a more accurate
diagnosis to differentiate tumor recurrence from radiation necrosis in HGG.

METHODS AND MATERIALS

Retrospective analysis of 69 lesions in 69 patients with HGG who underwent both MRI and FET-PET imaging within three weeks
intervals was done independently by a neuroradiologist and nuclear medicine physician. The study was conducted in the
department of radiodiagnosis in a tertiary care oncology center between July 2018 and August 2021. Manually segmented regions of
interest were placed over the areas of maximum enhancement/suspicion on MRI and FET uptake, which were used to calculate the
rCBV and tumor to white-matter ratios, respectively. Definitive diagnosis (TR versus RN) was made on clinico-radiological follow-up
or histopathological report (wherever available).

RESULTS

Out of the 69 lesions that were studied, 52 and 13 had TR and RN, respectively. 4 cases were excluded from the study as they
were lost to follow-up. The rCBVmean (mean relative CBV) and mean target-to-background ratios showed an accuracy of 94% and
80% for MRI and FET-PET respectively in the detection of recurrent lesions. The sensitivity and specificity for determination of TR



in HGG with conventional MRI were 98% and 77% respectively, while with FET-PET it was 79% and 85% respectively. A
combination of MRI and PET parameters (mean target-to-background ratio), demonstrated an increase in diagnostic accuracy to
98%. A rCBVmax cutoff > 1.48 had a positive predictive value for recurrence of 97.92%. The sensitivity and specificity of rCBV
values for determination of TR in treated cases of HGG were 90.38% and 87.50% respectively.

CONCLUSION

s Cumulative imaging with MRI and FET-PET offers a multiparametric assessment of glioma recurrence that is correlative and
complimentary, with higher accuracy and clinical value.

CLINICAL RELEVANCE/APPLICATION

This study analyses the individual and combined diagnostic performance of MR and amino acid PET to distinguish recurrence from
radiation necrosis in treated cases of gliomas.

M5A-SPNR- Critical Information Provided by PACS Based Peritumoral Edema Volumetrics in Assessment of Lung
17 Cancer Brain Metastases after Gamma Knife Therapy

Participants
Manpreet Kaur, BSc, New Haven, CT (Presenter) Nothing to Disclose

PURPOSE

Gamma Knife (GK) has become standard of care to locally treat BM, however there is insufficient understanding of the natural
posttreatment volumetric changes of peritumoral edema of BM due to paucity of tools for volumetric segmentation in neuroradiology
practice. Recently PACS-integrated tools have become available in select clinical practices therefore we aimed to compare
volumetric response curves of peritumoral edema to response curves of RANO-BM based measurements.

METHODS AND MATERIALS

Patients with NSCLC BM with longest diameter greater or equal to 10mm on CE-T1WI that were treated with GK were included.
Volumetric measurements were performed for up to 7 follow-up studies using a PACS-integrated tool that segments the FLAIR
hyperintense volume surrounding the CE lesion. The 2D and volumetric measurements were analyzed using Prism9 and clinical
information including steroid timing were incorporated in the assessment.

RESULTS

41 NSCLC BM were included (59+10 years, 20 pts). The median pretreatment metastasis volume was 8.52cm3 (IQR 1.01-
47.03cm3). A significant decrease was measured at 0-90 days post-GK (median 1.16cm3, IQR 0.51-6.12cm3). The time of peak
median peritumoral volume increase was after 365 days post-GK (median 1.42cm3, IQR 0.37-8.12cm3). There was a significant
positive correlation between longest diameter and peritumoral edema volume (r=.75). At 181-270 days post-GK 50% of BM showed
an incongruent course of response curves for longest diameter and peritumoral volume. 60% of these lesions could be classified as
partial response. The congruence to incongruence ratio of edema to enhancing portion of BM changed over follow-up time.

CONCLUSION

s Volumetric edema assessment of BM post-GK provides critical additional information as compared to RANO-BM based response
curves.

CLINICAL RELEVANCE/APPLICATION

In the follow-up assessment of BM after GK we recommend including both volumetric response curves of peritumoral edema and CE
portion of BM.

M5A-SPNR- Application of Electrical Properties Tomography to Ischemic Stroke: Comparison of Conductivity
19 between Infarct and Contralateral Brain

Participants
Seong Woo Cho, Hwasun, Korea, Republic Of (Presenter) Nothing to Disclose

PURPOSE

Ischemic stroke is one of the most important causes of neurological morbidity and mortality in the world and remains to be the
leading cause of death and disability [1]. Electrical Properties Tomography (EPT) is a new MRI technique that delivers information
on tissue electrical properties [2,3]. The aim of this study was to explore the feasibility of using EPT on ischemic stroke and
compared the conductivity between infarct and contralateral brain.

METHODS AND MATERIALS

Twenty-seven patients who presented with acute stroke at a tertiary stroke centre were included in this study. The patients
consisted of 19 males and 8 females (mean age=73.75, range=54~90). The EPT data were acquired using a balanced-Fast Field
Echo (b-FFE) sequence (TR/TE = 3/1.62 ms, flip angle=30°, pixel size=1.15x1.15x2 mm) from a clinical 3T scanner (Philips,
Amsterdam). The EPT data were reconstructed using the previously described method [4]. The conductivity (s) map was quantified
and compared between 4 different regions: basal ganglia thalamus (n=10), cerebral hemisphere (n=11), pons (n=5), and cerebellum
(n=2).

RESULTS

The ischemic lesions demonstrated a significantly higher mean conductivity value (0.93 £ 0.097 S/m) than the contralateral brain
tissue (0.83 £ 0.095 S/m, p=0.00004). Both basal ganglia thalamus and cerebral hemisphere demonstrated significantly higher levels
of conductivity (0.88 £ 0.1 S/mand 0.97 £ 0.097 S/m, respectively) than their contralateral normal brain tissues (0.78 + 0.093
S/m, p=0.00009 for basal ganglia thalamus and 0.83 + 0.046 S/m, p=0.0008 for cerebral hemisphere, respectively). The mean lesion
basal ganglia thalamus (0.88 + 0.1 S/m) conductivity value were significantly lower (p < 0.05) than the cerebral hemisphere (0.97 +
0.09 S/m). The mean contralateral conductivity value in both basal ganglia thalamus (0.78 + 0.09 S/m, p=0.009) and cerebral
hemisphere (0.83 £ 0.05 S/m, p=0.04) were significantly lower than the combined pons and cerebellum (0.92 £ 0.1 S/m).

CONCLUSION



s The ischemic lesion exhibited significantly higher conductivity values than the contralateral brain tissue in the cerebral brain, while
the pons and cerebellum showed similar levels of conductivity values between the lesion and contralateral brain. Interestingly, the
levels of conductivity were significantly different between the contralateral normal tissue of supra- and infra-tentorial brains. The
results from this study warrant further investigation of this method with a broader range of patients with stroke.

CLINICAL RELEVANCE/APPLICATION

This preliminary study demonstrated the feasibility of acquiring EPT from stroke patients and evaluating conductivities in lesion and
normal brain. This new imaging contrast may provide an extra value on ischemic stroke.

M5A-SPNR- IDH-wild type Glioblastoma: Imaging Independent Predictors of Gross Total Resection (GTR) Using
20 the VASARI Feature Set and Tumoral Volumetric MeasurementsVASARI Feature Set and Tumoral
Volumetric Measurements

Participants
Luis Nunez, MD, Houston, TX (Presenter) Nothing to Disclose

PURPOSE

The aim of this study is to assess the impact of preoperative imaging phenotypes to determine predictors of gross total resection
(GTR) using the Visually Accessible Rembrandt Images lexicon (VASARI) and tumoral volumetry measurements

METHODS AND MATERIALS

A single center, retrospective study of a prospectively maintained database of 167 patients with GBMs was performed. Fourteen
patients (8%) with IDH mutation and 2 subjects (1.1%) with incomplete data were excluded. Among the 146 patients, 85 (59%)
were male with a mean age of 59 years (SD 4/- 13.6 years). MRI findings were assessed using the VASARI feature set and semi-
automated tumoral segmentation. Univariate analysis was performed using X2/Fisher’'s exact test with Monte Carlo simulation for
categorical variables and non-parametric analysis with the Mann-Whitney U test for continuous variables. Multivariate analysis was
performed using the Logistic regression analysis test and receiver operating characteristic curve (ROC)

RESULTS

In total, 79 patients (55%) underwent GTR, 15 (10%) near-total resection (NTR) and 50 (35%) subtotal resection (STR). Out of
the 25 VASARI criteria, 4 characteristics were found to be associated with GTR, as follows: 39 GBMs (49%) were in non-eloquent
areas (p=0.04), 59 (75%) had thick enhancing margins (p=0.04), 64 (81%) had no ependymal invasion (p=0.02) and 48 (61%) had
no deep white matter invasion (p=0.03). Additionally, GBMs with GTR were found to have lower tumoral volumes (121 ml [IQR, 51.7-
174 ml] versus 163.9 ml [IQR, 121.9-215.3 ml] (p<0.01), lower FLAIR volumes (98 ml [IQR, 40.2-134 ml] versus 127 ml [IQR, 87-167
mi] (p<0.01), and lower enhancing volumes (14.5 ml [IQR, 8.3-24.7 ml] versus 28.6 ml [IQR, 14.2-42 ml] (p<0.01). Logistic
regression model demonstrated that thickness of enhancing margins is the only independent predictor of non-gross total resection
(odds ratio: 1.57 [95% CI, 1.1-2.2]) (p=0.01). ROC analysis of our multivariate model demonstrated an AUC estimate of 0.75 with a
sensitivity of 60% and a specificity of 91%

CONCLUSION

s Imaging characteristics on standard-of-care (SOC) MR scans may predict gross total resection of GBMs wild-type. Furthermore,
thickness of enhancing margins was the only significant predictor of GTR after multivariate analysis. Additionally, a diagnostic model
that includes a combination of the discriminating depicted features on SOC MR scans and volumetric measurements, demonstrated
to have an acceptable diagnostic performance with a specificity greater than 90%

CLINICAL RELEVANCE/APPLICATION

Higher survival rates are seen among glioblastoma patients that undergo gross-total resection (GTR). Our study provides
information that m will help to determine prognosis of patients with wild type glioblastomas.

M5A-SPNR-3 Study on Cranial Bone Marrow Conversion of High Altitude Polycythemia

Participants
Hai Hua Bao, Xining, China (Presenter) Nothing to Disclose

PURPOSE

High altitude polycythemia (HAPC) is a chronic disease caused by excessive compensatory proliferation of erythrocytes in the
hypoxia environment at high altitude. The disease commonly affects multiple systems throughout the body, leading to an abnormal
increase in hemoglobin concentration and red blood cell count. This study aimed to investigate the characteristics of cranial bone
marrow conversion in patients with high altitude polycythemia based on conventional magnetic resonance imaging (MRI) and
diffusion-weighted imaging (DWI).

METHODS AND MATERIALS

30 patients with high altitude polycythemia were included in the experimental group, aged (47.96 £9.65) years, living at an altitude
of (3155 £736.98) m, with hemoglobin (216.57 £11.10m) g/mL. 30 healthy subjects matched with the HAPC group in age and living
altitude were included as the control group, aged (48.1748.28) years, living altitude (3124.41+567.36) m, HGB(155.53+18.19) g/mL.
The ADC values of the frontal bone, parietal bone, occipital bone and temporal bone were measured at Philips post-processing
workstation, and the characteristics of cranial bone marrow conversion in patients with high altitude polycythemia were statistically
analyzed.

RESULTS

There was no significant difference in age and living altitude between the two groups. Compared with the control group, the
hemoglobin (HGB), red blood cell count (RBC) and hematocrit (HCT) in the HAPC group were significantly higher than those in the
control group, as shown in Table 1. The ADC values of parietal bone and occipital bone in THE HAPC group were (0.88+0.30) x10-
3mm2/s and (1.37+0.27) x10-3mm2/s, both higher than those in the control group (P<0.05), with statistical differences. The ADC
values of the frontal bone and temporal bone in THE HAPC group were (1.09+0.24) x10-3mm2/s and (1.36%0.27) x10-3mm2/s,
respectively, which were higher than those in the control group (P>0.05). The differences were not statistically significant, as
shown in Table 2.



CONCLUSION

s Under the condition of long-term hypoxia in HAPC, the bone marrow of parietal bone and occipital bone was erythromedularized.
This suggests that long-term chronic hypoxia may induce bone marrow erythromyelization, resulting in HAPC.

CLINICAL RELEVANCE/APPLICATION

Hypoxia is the main cause of altitude sickness. High altitude polycythemia (HAPC) is a common disease threatening people's health
in the plateau, which can cause damage to multiple organs. We believe that imaging to explore cranial bone marrow conversion of
HAPC patients compared with normal controls may provide an essential basis for understanding bone marrow erythromyelization
induced by chronic hypoxia.

M5A-SPNR-4Intravoxel Incoherent Motion (IVIM) May Help Distinguishing Gliomas and Solitary Brain Metastasis:
A Multi-parameter Magnetic Resonance Imaging Study

Participants
Yifei Su, MS, (Presenter) Nothing to Disclose

PURPOSE

The aim of this study is to investigate the value of diffusion, perfusion and chemical exchange saturation transfer MR imaging in
differentiating the gliomas and metastases.

METHODS AND MATERIALS

65 patients pathologically newly diagnosed gliomas or metastases were enrolled and all were conducted the diffusion weighted
imaging, intravoxel incoherent motion (IVIM), and amide proton transfer-weighted (APT) imaging as well as the T1W, T2W, T2FLAIR
and enhanced T1W imaging in a 3.0T MR scanner (Discovery MR 750w; GE, Milwaukee, USA). The images were imported to the
iQuant software (GE Healthcare, Beijing, China) to calculate parametric maps including the apparent diffusion coefficient from DWI
(ADC), diffusion coefficient (D), perfusion fraction (f), pseudo-diffusion coefficient (D*) from IVIM and the MTRasym (3.5 ppm) from
APT imaging. The tumor parenchyma was delineated wherever possible in 3dslicer (https://www.slicer.org/, version 4.10).
Quantitative values of 10 percentile,90 percentile, entropy, kurtosis, mean and skewness in parametric maps for region of interest
(ROI)were extracted with the pyradiomics plugin and compared. Logistics regression and receiver operator curves (ROC) analysis
were performed to explore the independent factors and optimal model. R packages were used for all the statistics (version 4.0.0).

RESULTS

44 patients were diagnosed as glioma (males:25, females:10, age range: 20-79y), and 21 cases were diagnosed as metastasis
(males:10, females:11, age range: 34-80y) from the pathological analysis. No significant difference was observed in clinical
manifestations (Table 1). There were significant differences for ADC kurtosis (6.43+5.63 vs. 4.54+3.23, p= 0.02), MTRasym
(3.5ppm) 10 percentile (0.53+0.97 vs. 1.00+0.75, p= 0.05), f 90 percentile (23.0745.14 vs. 28.67+5.51, p<0.01), f entropy
(56.00+33.08 vs. 85.20+33.08, p<0.01), f kurtosis (67.56%+40.75 vs. 39.08+142,84, p<0.01), and f mean (13.924+2.50 vs.
17.38+3.84, p<0.01) between gliomas and metastases groups (Table 2). The f kurtosis (OR =0.66, 95% CI 0.48-0.92, p=0.02), and
f mean (OR = 1.44, 95% CI 1.16-1.18, p<0.01) were found the independent factors for metastases differentiation in logistic
regression analysis (Table 3). The AUC of model combined with age, IVIM-f kurtosis and IVIM-f mean was 0.83while the AUC of
model combined with IVIM-f kurtosis and IVIM-f mean with improved sensitivity was 0.81 with no significant difference under Delong
test (p=0.58). (Table 4,Figure 1).

CONCLUSION

s The IVM-f kurtosis and IVM-f mean demonstrated the differences in perfusion characteristics of gliomas and metastases.
CLINICAL RELEVANCE/APPLICATION

Accurate identification of these two kinds of tumors will largely benefit the therapy.

M5A-SPNR-5 Evaluation of RANO Criteria for Assessment of Tumor Progression for Lower-grade Gliomas

Participants
Fabio Raman, MD, PhD, (Presenter) Nothing to Disclose

PURPOSE

The Response Assessment in Neuro-Oncology (RANO) criteria for lower-grade gliomas (LGGs) defines tumor progression as =25%
change in T2/FLAIR signal based on an operator’s discretion of the perpendicular diameter of the largest tumor cross-section.
Potential sources of error include limitation of 2D quantification, operator selection of both tumor cross-section and perpendicular
parameters, and inability to quantify satellite tumor components. Our goal was to assess accuracy and reproducibility of RANO.

METHODS AND MATERIALS

651 FLAIR MRIs from 63 participants with LGGs at the University of Alabama at Birmingham were retrospectively analyzed by 3
blinded attending physicians and 3 blinded resident trainees using RANO, 2D visual, and 3D computer-assisted volumetric
assessment. Inter- and intra-operator reproducibility was assessed using Pearson correlation, Bland Altman, and Cohen’s kappa.
Accuracy assessment was performed by comparing RANO to either visual or volumetric assessment, where 2/3 consensus
agreement across operators was required to meet RANO and visual growth criteria for a particular tumor measurement. Volumetric
assessment was performed by statistical change-of-point method. RANO assessment was performed compared to both previous and
baseline scan.

RESULTS

RANO product measurements had moderate inter-operator reproducibility [r2 = 0.71 - 0.82, coefficient of variance (CV) =81 -
110%), mean percent difference (diff) = 0.4 - 46.8%] and intra-operator reproducibility (r2 =0.71 - 0.88, CV = 31 - 58%, diff = 0.3
- 23.9%, Figure A-B). When comparing to 2D visual gold standard, accuracy of RANO compared to previous and baseline scans
were 66.7% and 65.1% with AUC of 0.67 and 0.66, respectively (Figure C). When comparing to volumetric gold standard, accuracy
of RANO compared to previous and baseline scans were 21.0% and 48.4% with AUC of 0.39 and 0.55, respectively (Figure D).
Median time delay at diagnosis was greater for false negative cases (RANO detected growth after volumetric) than for false positive



cases (RANO growth detected earlier) for RANO assessment compared to previous scan (2.05 > 0.50 years, p = 0.003) and baseline
scan (1.08 > 0.50 years, p = 0.02, Figure E).

CONCLUSION
s RANO has moderate reproducibility and poor accuracy when comparing to either visual or volumetric gold standards.
CLINICAL RELEVANCE/APPLICATION

Limitations of the RANO criteria for LGGs suggest novel approaches, such as computer-assisted diagnostic tools, are necessary to
reduce human variability and accurately assess 3D tumor progression.

Printed on: 02/07/23
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PURPOSE

Accurate identification of IDH mutation status has revolutionized our understanding of the potential for targeted therapeutics using
small molecule IDH mutation inhibitors with the update of 2021 WHO classification criterion of gliomas, which might be clinically
meaningful for treatment strategy and prognosis stratification of gliomas. This study aimed to establish and validate a radiomics
nomogram for predicting IDH mutation status in gliomas using preoperative multiparametric MRI in a multicenter setting.

METHODS AND MATERIALS

306 gliomas patients in local institution were enrolled and randomly assigned into a training (n=214) and a test dataset (n=92). 108
patients were collected from TCGA as an independent external validation dataset. The volume of interest(VOI) was delineated
manually on the map of contrast-enhanced T1-weighted (CE-T1W) and fluid attenuated inversion recovery(FLAIR). 851 radiomics
features were extracted on each VOI. The features were firstly selected using Mann-Whitney U-test, followed by refining using
least absolute shrinkage and selection operator (LASSO) regression combing 10-fold cross-validation. The optimal radiomics
features with age and sex were processed by multivariate logistic regression to construct a prediction model, which was developed
in the training dataset and assessed in the test and external validation datasets. Receiver operating characteristic(ROC),
calibration curve and decision curve analysis were applied in the test and external validation datasets to evaluate the
discrimination, calibration and clinical utility of prediction model.

RESULTS

Ten robust radiomics features were selected from the 1702 features(four CE-T1W and six FLAIR features). A nomogram was plotted
to represent the prediction model. The accuracy and AUC of the radiomics nomogram achieved 86.96% and 0.891(0.809-0.947) and
84.26% and 0.881(0.805-0.936) in the test and external validation dataset (all p<0.05). The positive predictive value(PPV) and
negative predictive value(NPV) were 83.72%, 87.75% and 87.81%, 82.09% in the test and external validation dataset. The
Hosmer-Lemeshow test concluded that the radiomics nomogram showed goodness of fit(all p>0.05). Decision curve analysis
demonstrated the clinical value of the radiomics nhomogram.

CONCLUSION

s IDH genotypes of gliomas can be identified by preoperative multiparametric MRI radiomics nomogram and might be clinically
meaningful for treatment strategy and prognosis stratification of gliomas .

CLINICAL RELEVANCE/APPLICATION

This study aimed to find imaging biomarkers for noninvasively predicting the IDH mutation status for a tailored treatment plan and
prognosis stratification in glioma patients from the initial stage of the tumor diagnosis.

Printed on: 02/07/23
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PURPOSE

To evaluate the impact of extent of resection (EOR) of contrast-enhancing (CE) and nonenhancing (NE) tumors in the types of
adult-type diffuse gliomas according to the 2021 WHO classification.

METHODS AND MATERIALS

Total 1,196 patients with adult-type diffuse gliomas diagnosed between 2001 and 2021 from a single institution were enrolled (183
patients with IDH-mutant and 1p/19q codeleted oligodendroglioma [herein oligodendroglioma], 211 patients with IDH-mutant
astrocytoma, and 802 patients with IDH-wildtype glioblastoma. Multivariable Cox analyses were performed within each type to
assess predictors of overall survival, including clinical, imaging data, histological grade, MGMT promoter methylation status,
treatment, and EOR of CE and NE tumors. Subgroup analyses were performed in patients with CE tumor. N

RESULTS

Among 1,196 patients, 926 (77.4%) patients had CE tumors. In oligodendrogliomas, GTR of NE was not associated with survival (HR
=0.41, 95% CI 0.14-1.15, P = 0.088). In 81 (43.3%) oligodendroglioma patients with CE tumor, GTR of CE tumors was the only
independent predictor of survival (HR = 0.20, 95% CI 0.05-0.85, P = 0.029) in multivariable analysis. GTR of NE and CE tumors was
independently associated with better survival in IDH-mutant astrocytoma and IDH-wildtype glioblastoma (all Ps <0.05) in
multivariable analyses.

CONCLUSION

s GTR of both CE and NE tumors may significantly improve survival within all types of adult-type diffuse gliomas except
oligodendrogliomas. In oligodendrogliomas, the EOR of CE tumor may be crucial in survival; aggressive GTR of NE tumor may be
unnecessary, whereas GTR of the CE tumor is recommended.

CLINICAL RELEVANCE/APPLICATION

This study is the first, to our knowledge, to examine the independent role of EOR in both CE and NE tumors across types in adult-
type diffuse gliomas according to the 2021 WHO classification. Well-known predictors for survival such as clinical, radiological, and
MGMT promoter methylation status were included in the Cox analysis, to demonstrate the independent role of EOR. Our results pave
the way for rethinking surgical strategies according to types of adult-type diffuse gliomas.

Printed on: 02/07/23
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PURPOSE

HGG accounts for approximately 60% of all primary brain tumors. BT-RADS assigns each MRI to study a score or category based on
imaging findings. PsPD is an effect usually occurring in the first six months after chemoradiation (CRT), with reported incidence
ranging from 2-50%. We investigated the utility of BT-RADS applications in a large population of patients with HGG with PD and
PsPD.

METHODS AND MATERIALS

After institutional review board approval, a retrospective analysis was performed on 437 patients with HGG who underwent
Gadolinium-enhanced MRI between 2013-and 2021. Patients were labeled as having PD or PsPD after multidisciplinary team
evaluation. Typically we called pseudoprogression as progression on early scans, that stabilizes without further anti cancer therapy
vs progression as continual progression. The clinical outcome (dichotomized as stable or worse) was collected from medical records.
An experienced neuroradiologist did the BT-RADS category assignment. Kaplan Meier survival analysis and Chi-square test between
different groups were done using MedCalc software.

RESULTS

Two hundred and thirteen patients with HGG after exclusion (Figurel) were included. PsPD (n=109) and PD (n=104) were
determined in a multidisciplinary care team after evaluation of clinical information and follow-up imaging. BT-RADS category
assignment between the PD and PsPD group and the final clinical outcome dichotomized group (worse and stable) was statistically
significant (table). KS survival analysis of BT-RADS assignment during follow-up with the final clinical result is shown in figure 2.

CONCLUSION

s BT-RADS has a significant correlation with survival and can be an imperative tool for response assessment, especially in resource-
constrained setup.

CLINICAL RELEVANCE/APPLICATION

BT-RADS implementation has the potential to increase the completeness, consistency, and comprehensibility of radiology reports in
patients with glioma. This preliminary work summarizes the initial experience and emphasizes its effectiveness in a large subset of
patients with HGG.
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Analyzing Treatment Response of Recurrent Pediatric Low-Grade Gliomas in Clinical Trials: Comparison of
Volumetric and Two-Dimensional Tumor Assessment
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PURPOSE

The Response Assessment in Neuro-Oncology (RANO) criteria were designed to radiologically evaluate tumor response and
endpoints in clinical trials of novel treatments. These criteria estimate tumor size using the two-dimensional (2D) product of maximal
perpendicular diameters on axial slices of MR images. Pediatric low-grade gliomas (pLGGs), however, are intratumorally
heterogeneous with solid and cystic components. 2D measurements may therefore misevaluate pLGG tumor volume and tumor
response, and ultimately affect trial outcome. This study aims to assess tumor response using volumetric assessment of recurrent
and progressive pLGGs treated with everolimus. We seek to identify clinically relevant criteria that provide added value to response
assessment beyond 2D measurements.

METHODS AND MATERIALS

Using multiparametric MR imaging from 44 patients in the Pediatric Neuro-Oncology Consortium (PNOC) 001 clinical trial, we
performed 3D-segmentation of solid, cystic, and whole pLGGs within our PACS-framework to assess tumor response. We compared
our results to those from a prior independent central imaging review which had yielded 15 (34%) patients showing progressive
disease (PD), 27 (61%) stable disease (SD), 2 (5%) partial response (PR), and 0 (0%) complete response (CR).

RESULTS

8 (18%) of the 44 tumors were solid-only and 36 (82%) had a mixed solid-cystic appearance. Comparing 2D central imaging review
to our volumetric tumor evaluation using the same RANO cutoff criteria, 7 (16%) cases changed from PD to SD, 3 (7%) from SD to
PD, 1 (2%) from SD to PR, and 1 (2%) from PR to SD, constituting an overall discordance in 12 (27%) cases.

CONCLUSION

s Integration of volumetrics into tumor response assessments provides additional and potentially more accurate information than
strictly 2D RANO-based measurements. It is crucial to note that the above-reported changes in assessed tumor response represent
numerical discrepancies as opposed to true-to-reality changes in clinical outcome. Determining representative thresholds for the
deployment of volumetric measures in clinical trials will be critical. Future work will include data from the PNOC-002 clinical trial and
evaluate inter-reader agreement and reader discordance.

CLINICAL RELEVANCE/APPLICATION

With the availability of PACS-based 3D tools in neuroradiology practice, well-defined volumetric criteria could be incorporated
prospectively to enhance tumor response analysis in clinical trials.
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SMART Syndrome and Variants: From Clinical Presentation to Imaging: How to Arrive At the Diagnosis
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PURPOSE

SMART (Stroke-like migraine attacks after radiation therapy) syndrome is a rare clinical-radiological entity characterized by complex
neurologic symptoms which may occur years following radiation therapy. The imaging features resemble a subacute infarct, hence,
an incorrect diagnosis may lead to unnecessary imaging and treatment. This presentation will help the audience to identify SMART
syndrome and to avoid misdiagnosis. We describe and illustrate a small series of SMART cases with the purpose of identifying the
varied clinical and imaging features.

METHODS AND MATERIALS

We conducted a database search involving 3 health systems for cases of SMART syndrome and for “subacute infarcts” in patients
status post radiation. We found 7 patients who could be classified as having SMART syndrome or a variant of it based on history,
clinical symptoms, clinical follow-up and comparison with prior/follow-up imaging.

RESULTS

There were 5 patients with features typical of the SMART syndrome and 2 patients with atypical presentations consistent with
peri-ictal pseudo-progression (PIPG). All patients had radiation therapy 1.5 years to 25 years before presentation. The most
common clinical symptoms were headache (6/7) and seizures (5/7). Cranial nerve involvement (5/7), motor deficits/extremity
weakness (3/7) and sensory deficits (2/7) were identified on examination. MRI findings included cortical and subcortical edema, as
well as sub-arachnoid, gyriform, parenchymal and punctate contrast enhancement with elevated rCBV. Diffusion restriction in a
focal or gyriform pattern was identified both in the typical presentation and in PIPG. Patients with PIPG showed more avid cortical
and meningeal enhancement[RQ1] even the absence of headache (1/2). rCBV was reduced in one of our patients with PIPG. In one
of our patients, the imaging changes occurred in the radiation field on the side opposite the surgery and another patient had
bilateral findings. This symptom-imaging complex occurred following treatment of a wide range of benign and malignant tumors.

CONCLUSION

s SMART syndrome is a diagnostic confounder that can have undesirable downstream effects if misdiagnosed. MRI findings such as
gyriform diffusion restriction, cortical and vasogenic edema as well as cortical or meningeal enhancement in a non-vascular
distribution in concert with the clinical information such as the location and time since radiation delivery helps suggest the proper
diagnosis.

CLINICAL RELEVANCE/APPLICATION

Decisions relative to continuing or withholding anti-neoplastic therapy may depend on recognizing this entity. Also a confident
diagnosis will prevent extensive and unnecessary stroke or seizure work up because the imaging features may resemble either of
these conditions.
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PURPOSE

To evaluate if vascular habitats analysis based on preoperative dynamic susceptibility-weighted contrast perfusion MRI predicts
recurrence pattern in high-grade gliomas (WHO grade 3-4, HGG).

METHODS AND MATERIALS

In this single-center, retrospective study, we included adults with HGG, who received chemoradiotherapy and were diagnosed with
recurrence based on RANO criteria or resurgical pathology. A neurosurgeon and a neuroradiologist based on preoperative and follow-
up MRI images of patients, classified recurrence pattemns into local recurrence (LR) and non-local recurrence (NLR). The LR was
further divided into intra-surgical cavity recurrence (ICR) and extra-surgical cavity recurrence (ECR). Kaplan-meier curves were
used to analyze the PFS and OS of patients with LR and NLR, ICR recurrence and ECR. And log-rank test was used to compare the
differences in patient survival. Based on ONCOhabitats platform (https://www.oncohabitats.upv.es) hemodynamic tissue signature
(HTS) method automatic segmentation of vascular habitats, evaluate each vascular habitats in the 95th percentile rCBV, rCBF
value. Univariate and multivariate logistic regression analysis were used to evaluate the correlation between vascular habitats
parameters and recurrence patterns, and to determine the predictors. The prediction efficiency of relevant factors were computed
by receiver operating characteristics curve (ROC) and the area under curve (AUC).

RESULTS

77 HGG were included in this study, of which 60 (77.92%) with LR and 17 (22.08%) with NLR. The LR was divided into ICR (30,
38.96%) and ECR (30, 38.96%). PFS and OS were longer in the LR than in the NLR (p<0.05). There was no significant difference in
PFS and OS between ICR and ECR (p>0.05). In univariate logistic regression analysis, rCBVp95 at LAT (OR=2.084 ,95%CI=1.198-
3.626), rCBVp95 at IPE (OR=2.840 ,95%CI=1.213-6.648), rCBVp95 at VPE (OR=3.598 ,95%CI=1.256-10.308) and rCBFp95 at VPE
(OR=3.793 ,95%CI=1.172-12.270) correlated with ECR. Multivariate logistic regression analysis revealed rCBVp95 at LAT could be
used as a predictor of ECR (OR=2.317,95%CI:1.264-4.246,p=0.007). ROC curve showed that the prediction efficiency is good
(AUC=0.743,95%CI=0.614-0.847).

CONCLUSION

s Preoperative vascular habitats parameters can be used as noninvasive imaging markers to predict ECR, and provide reference for
the management and treatment of HGG.

CLINICAL RELEVANCE/APPLICATION

Preoperative vascular habitats parameters can be used as noninvasive imaging markers to predict extra-surgical cavity recurrence,
and provide reference for the management and treatment of high-grade gliomas.
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Neuroimaging Findings in Patients with Immune Effector Cell-associated Neurotoxicity Syndrome after CAR-T-
cell Therapy
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PURPOSE

Chimeric antigen receptor T-cell therapy (CART) is a new immunomodulating therapy of relapsed/refractory hematological
malignancies, capable of inducing an immune response against tumor cells.CART often comes with relevant organ toxicities, one of
which is referred to as immune effector cell-associated neurotoxicity syndrome (ICANS). Symptoms of ICANS are heterogenous and
include headache, confusion and encephalopathy.In this study we evaluated ICANS associated neuroimaging findings in cerebral
magnetic resonance imaging (cMRI).

METHODS AND MATERIALS

We reviewed all patients, who received CART infusion at our university hospital between 12/2018 and 09/2021. From the initial 32
patients, 11 received cerebral imaging due to suspected or diagnosed ICANS within a follow-up time of up to 30 days after
infusion.Of these 11 patients, 2 presented with ICANS grade I, 5 with ICANS grade 2, and 4 with ICANS grade 3.The routine cMRI
images of patients were reviewed by two neuroradiologists with an experience of 3 and 9 years. We correlated the imaging findings
with the clinical grading according to ICANS.

RESULTS

We observed FLAIR hyperintense signal alterations in most cases with pericallosal involvement (5/11, 45 %). Furthermore, we
noticed FLAIR hyperintense signal changes in the forceps minor in 5 out of 11 patients (45 %). Other locations of FLAIR alterations
were noticed in the capsula interna, foliae cerebelli, thalami, as well as temporal and subinsular regions (each in 1 case). We
correlated the imaging findings with the clinical grading of the ICANS. According to literature, only ICANS grade =3 shows changes
on MRI. However, in our cohort we observed white matter changes in all of our patients with ICANS grades =2 .

CONCLUSION

s ICANS may show subtle changes on cMRI, with FLAIR hyperintense white matter changes being the most prevalent ones.In our
cohort, we found signal alterations in all patients graded ICANS =2.0Our findings suggest FLAIR hyperintense signal changes in the
forceps minor as a possible specific sign of neurotoxicity after CART, but further prospective evaluation with a larger cohort should
be aimed at for confirmation.

CLINICAL RELEVANCE/APPLICATION

ICANS is one of the major toxicities associated with CAR-T-cell therapy and neuroimaging can help identifying ICANS and should be
evaluated in suspected cases.
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Magnetic Resonance Imaging and Amino Acid Positron Emission Tomography in Differentiating Tumor
Recurrence from Radiation Necrosis in High Grade Gliomas.
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PURPOSE

Differentiating tumor recurrence (TR) from radiation necrosis (RN) in high-grade glioma (HGG) following radiotherapy can be
challenging. The ability of conventional magnetic resonance imaging (MRI) to differentiate TR from post-therapeutic effects is often
limited. Multiparametric advanced MRI (perfusion) and positron emission tomography (PET) with amino acid tracers, specifically 18F-
Fluoroethyl-Tyrosine (FET) can provide relevant additional information on tumor metabolism, which allows for a more accurate
diagnosis to differentiate tumor recurrence from radiation necrosis in HGG.

METHODS AND MATERIALS

Retrospective analysis of 69 lesions in 69 patients with HGG who underwent both MRI and FET-PET imaging within three weeks
intervals was done independently by a neuroradiologist and nuclear medicine physician. The study was conducted in the
department of radiodiagnosis in a tertiary care oncology center between July 2018 and August 2021. Manually segmented regions of
interest were placed over the areas of maximum enhancement/suspicion on MRI and FET uptake, which were used to calculate the
rCBV and tumor to white-matter ratios, respectively. Definitive diagnosis (TR versus RN) was made on clinico-radiological follow-up
or histopathological report (wherever available).

RESULTS

Out of the 69 lesions that were studied, 52 and 13 had TR and RN, respectively. 4 cases were excluded from the study as they
were lost to follow-up. The rCBVmean (mean relative CBV) and mean target-to-background ratios showed an accuracy of 94% and
80% for MRI and FET-PET respectively in the detection of recurrent lesions. The sensitivity and specificity for determination of TR
in HGG with conventional MRI were 98% and 77% respectively, while with FET-PET it was 79% and 85% respectively. A
combination of MRI and PET parameters (mean target-to-background ratio), demonstrated an increase in diagnostic accuracy to
98%. A rCBVmax cutoff > 1.48 had a positive predictive value for recurrence of 97.92%. The sensitivity and specificity of rCBV
values for determination of TR in treated cases of HGG were 90.38% and 87.50% respectively.

CONCLUSION

s Cumulative imaging with MRI and FET-PET offers a multiparametric assessment of glioma recurrence that is correlative and
complimentary, with higher accuracy and clinical value.

CLINICAL RELEVANCE/APPLICATION

This study analyses the individual and combined diagnostic performance of MR and amino acid PET to distinguish recurrence from
radiation necrosis in treated cases of gliomas.
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Critical Information Provided by PACS Based Peritumoral Edema Volumetrics in Assessment of Lung Cancer
Brain Metastases after Gamma Knife Therapy
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PURPOSE

Gamma Knife (GK) has become standard of care to locally treat BM, however there is insufficient understanding of the natural
posttreatment volumetric changes of peritumoral edema of BM due to paucity of tools for volumetric segmentation in neuroradiology
practice. Recently PACS-integrated tools have become available in select clinical practices therefore we aimed to compare
volumetric response curves of peritumoral edema to response curves of RANO-BM based measurements.

METHODS AND MATERIALS

Patients with NSCLC BM with longest diameter greater or equal to 10mm on CE-T1WI that were treated with GK were included.
Volumetric measurements were performed for up to 7 follow-up studies using a PACS-integrated tool that segments the FLAIR
hyperintense volume surrounding the CE lesion. The 2D and volumetric measurements were analyzed using Prism9 and clinical
information including steroid timing were incorporated in the assessment.

RESULTS

41 NSCLC BM were included (59+10 years, 20 pts). The median pretreatment metastasis volume was 8.52cm3 (IQR 1.01-
47.03cm3). A significant decrease was measured at 0-90 days post-GK (median 1.16cm3, IQR 0.51-6.12cm3). The time of peak
median peritumoral volume increase was after 365 days post-GK (median 1.42cm3, IQR 0.37-8.12cm3). There was a significant
positive correlation between longest diameter and peritumoral edema volume (r=.75). At 181-270 days post-GK 50% of BM showed
an incongruent course of response curves for longest diameter and peritumoral volume. 60% of these lesions could be classified as
partial response. The congruence to incongruence ratio of edema to enhancing portion of BM changed over follow-up time.

CONCLUSION

s Volumetric edema assessment of BM post-GK provides critical additional information as compared to RANO-BM based response
curves.

CLINICAL RELEVANCE/APPLICATION

In the follow-up assessment of BM after GK we recommend including both volumetric response curves of peritumoral edema and CE
portion of BM.
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Application of Electrical Properties Tomography to Ischemic Stroke: Comparison of Conductivity between
Infarct and Contralateral Brain
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PURPOSE

Ischemic stroke is one of the most important causes of neurological morbidity and mortality in the world and remains to be the
leading cause of death and disability [1]. Electrical Properties Tomography (EPT) is a new MRI technique that delivers information
on tissue electrical properties [2,3]. The aim of this study was to explore the feasibility of using EPT on ischemic stroke and
compared the conductivity between infarct and contralateral brain.

METHODS AND MATERIALS

Twenty-seven patients who presented with acute stroke at a tertiary stroke centre were included in this study. The patients
consisted of 19 males and 8 females (mean age=73.75, range=54~90). The EPT data were acquired using a balanced-Fast Field
Echo (b-FFE) sequence (TR/TE = 3/1.62 ms, flip angle=30°, pixel size=1.15x1.15x2 mm) from a clinical 3T scanner (Philips,
Amsterdam). The EPT data were reconstructed using the previously described method [4]. The conductivity (s) map was quantified
and compared between 4 different regions: basal ganglia thalamus (n=10), cerebral hemisphere (n=11), pons (n=5), and cerebellum
(n=2).

RESULTS

The ischemic lesions demonstrated a significantly higher mean conductivity value (0.93 £ 0.097 S/m) than the contralateral brain
tissue (0.83 £ 0.095 S/m, p=0.00004). Both basal ganglia thalamus and cerebral hemisphere demonstrated significantly higher levels
of conductivity (0.88 £ 0.1 S/mand 0.97 + 0.097 S/m, respectively) than their contralateral normal brain tissues (0.78 + 0.093
S/m, p=0.00009 for basal ganglia thalamus and 0.83 £+ 0.046 S/m, p=0.0008 for cerebral hemisphere, respectively). The mean lesion
basal ganglia thalamus (0.88 + 0.1 S/m) conductivity value were significantly lower (p < 0.05) than the cerebral hemisphere (0.97 =
0.09 S/m). The mean contralateral conductivity value in both basal ganglia thalamus (0.78 + 0.09 S/m, p=0.009) and cerebral
hemisphere (0.83 £ 0.05 S/m, p=0.04) were significantly lower than the combined pons and cerebellum (0.92 £ 0.1 S/m).

CONCLUSION

s The ischemic lesion exhibited significantly higher conductivity values than the contralateral brain tissue in the cerebral brain, while
the pons and cerebellum showed similar levels of conductivity values between the lesion and contralateral brain. Interestingly, the
levels of conductivity were significantly different between the contralateral normal tissue of supra- and infra-tentorial brains. The
results from this study warrant further investigation of this method with a broader range of patients with stroke.

CLINICAL RELEVANCE/APPLICATION

This preliminary study demonstrated the feasibility of acquiring EPT from stroke patients and evaluating conductivities in lesion and
normal brain. This new imaging contrast may provide an extra value on ischemic stroke.

Printed on: 02/07/23



KSNA 2022

Empowering Patients and Partners in Care
Moverber 27 to December 1 | McCarmick Place, Chicaga

Abstract Archives of the RSNA, 2022
M5A-SPNR-20
IDH-wild type Glioblastoma: Imaging Independent Predictors of Gross Total Resection (GTR) Using the

VASARI Feature Set and Tumoral Volumetric MeasurementsVASARI Feature Set and Tumoral Volumetric
Measurements

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - NR DPS

Participants
Luis Nunez, MD, Houston, TX (Presenter) Nothing to Disclose

PURPOSE

The aim of this study is to assess the impact of preoperative imaging phenotypes to determine predictors of gross total resection
(GTR) using the Visually Accessible Rembrandt Images lexicon (VASARI) and tumoral volumetry measurements

METHODS AND MATERIALS

A single center, retrospective study of a prospectively maintained database of 167 patients with GBMs was performed. Fourteen
patients (8%) with IDH mutation and 2 subjects (1.1%) with incomplete data were excluded. Among the 146 patients, 85 (59%)
were male with a mean age of 59 years (SD 4/- 13.6 years). MRI findings were assessed using the VASARI feature set and semi-
automated tumoral segmentation. Univariate analysis was performed using X2/Fisher’s exact test with Monte Carlo simulation for
categorical variables and non-parametric analysis with the Mann-Whitney U test for continuous variables. Multivariate analysis was
performed using the Logistic regression analysis test and receiver operating characteristic curve (ROC)

RESULTS

In total, 79 patients (55%) underwent GTR, 15 (10%) near-total resection (NTR) and 50 (35%) subtotal resection (STR). Out of
the 25 VASARI criteria, 4 characteristics were found to be associated with GTR, as follows: 39 GBMs (49%) were in non-eloquent
areas (p=0.04), 59 (75%) had thick enhancing margins (p=0.04), 64 (81%) had no ependymal invasion (p=0.02) and 48 (61%) had
no deep white matter invasion (p=0.03). Additionally, GBMs with GTR were found to have lower tumoral volumes (121 ml [IQR, 51.7-
174 ml] versus 163.9 ml [IQR, 121.9-215.3 mi] (p<0.01), lower FLAIR volumes (98 ml [IQR, 40.2-134 ml] versus 127 ml [IQR, 87-167
ml] (p<0.01), and lower enhancing volumes (14.5 ml [IQR, 8.3-24.7 ml] versus 28.6 ml [IQR, 14.2-42 mi] (p<0.01). Logistic
regression model demonstrated that thickness of enhancing margins is the only independent predictor of non-gross total resection
(odds ratio: 1.57 [95% CI, 1.1-2.2]) (p=0.01). ROC analysis of our multivariate model demonstrated an AUC estimate of 0.75 with a
sensitivity of 60% and a specificity of 91%

CONCLUSION

s Imaging characteristics on standard-of-care (SOC) MR scans may predict gross total resection of GBMs wild-type. Furthermore,
thickness of enhancing margins was the only significant predictor of GTR after multivariate analysis. Additionally, a diagnostic model
that includes a combination of the discriminating depicted features on SOC MR scans and volumetric measurements, demonstrated
to have an acceptable diagnostic performance with a specificity greater than 90%

CLINICAL RELEVANCE/APPLICATION

Higher survival rates are seen among glioblastoma patients that undergo gross-total resection (GTR). Our study provides
information that m will help to determine prognosis of patients with wild type glioblastomas.
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PURPOSE

High altitude polycythemia (HAPC) is a chronic disease caused by excessive compensatory proliferation of erythrocytes in the
hypoxia environment at high altitude. The disease commonly affects multiple systems throughout the body, leading to an abnormal
increase in hemoglobin concentration and red blood cell count. This study aimed to investigate the characteristics of cranial bone
marrow conversion in patients with high altitude polycythemia based on conventional magnetic resonance imaging (MRI) and
diffusion-weighted imaging (DWI).

METHODS AND MATERIALS

30 patients with high altitude polycythemia were included in the experimental group, aged (47.96 £9.65) years, living at an altitude
of (3155 £736.98) m, with hemoglobin (216.57 £11.10m) g/mL. 30 healthy subjects matched with the HAPC group in age and living
altitude were included as the control group, aged (48.1748.28) years, living altitude (3124.41+567.36) m, HGB(155.53+18.19) g/mL.
The ADC values of the frontal bone, parietal bone, occipital bone and temporal bone were measured at Philips post-processing
workstation, and the characteristics of cranial bone marrow conversion in patients with high altitude polycythemia were statistically
analyzed.

RESULTS

There was no significant difference in age and living altitude between the two groups. Compared with the control group, the
hemoglobin (HGB), red blood cell count (RBC) and hematocrit (HCT) in the HAPC group were significantly higher than those in the
control group, as shown in Table 1. The ADC values of parietal bone and occipital bone in THE HAPC group were (0.88+0.30) x10-
3mm2/s and (1.37+0.27) x10-3mm2/s, both higher than those in the control group (P<0.05), with statistical differences. The ADC
values of the frontal bone and temporal bone in THE HAPC group were (1.0940.24) x10-3mm2/s and (1.36%0.27) x10-3mm2/s,
respectively, which were higher than those in the control group (P>0.05). The differences were not statistically significant, as
shown in Table 2.

CONCLUSION

s Under the condition of long-term hypoxia in HAPC, the bone marrow of parietal bone and occipital bone was erythromedularized.
This suggests that long-term chronic hypoxia may induce bone marrow erythromyelization, resulting in HAPC.

CLINICAL RELEVANCE/APPLICATION

Hypoxia is the main cause of altitude sickness. High altitude polycythemia (HAPC) is a common disease threatening people's health
in the plateau, which can cause damage to multiple organs. We believe that imaging to explore cranial bone marrow conversion of
HAPC patients compared with normal controls may provide an essential basis for understanding bone marrow erythromyelization
induced by chronic hypoxia.
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Intravoxel Incoherent Motion (IVIM) May Help Distinguishing Gliomas and Solitary Brain Metastasis: A Multi-
parameter Magnetic Resonance Imaging Study
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PURPOSE

The aim of this study is to investigate the value of diffusion, perfusion and chemical exchange saturation transfer MR imaging in
differentiating the gliomas and metastases.

METHODS AND MATERIALS

65 patients pathologically newly diagnosed gliomas or metastases were enrolled and all were conducted the diffusion weighted
imaging, intravoxel incoherent motion (IVIM), and amide proton transfer-weighted (APT) imaging as well as the T1W, T2W, T2FLAIR
and enhanced T1W imaging in a 3.0T MR scanner (Discovery MR 750w; GE, Milwaukee, USA). The images were imported to the
iQuant software (GE Healthcare, Beijing, China) to calculate parametric maps including the apparent diffusion coefficient from DWI
(ADC), diffusion coefficient (D), perfusion fraction (f), pseudo-diffusion coefficient (D*) from IVIM and the MTRasym (3.5 ppm) from
APT imaging. The tumor parenchyma was delineated wherever possible in 3dslicer (https://www.slicer.org/, version 4.10).
Quantitative values of 10 percentile,90 percentile, entropy, kurtosis, mean and skewness in parametric maps for region of interest
(ROI)were extracted with the pyradiomics plugin and compared. Logistics regression and receiver operator curves (ROC) analysis
were performed to explore the independent factors and optimal model. R packages were used for all the statistics (version 4.0.0).

RESULTS

44 patients were diagnosed as glioma (males:25, females:10, age range: 20-79y), and 21 cases were diagnosed as metastasis
(males:10, females:11, age range: 34-80y) from the pathological analysis. No significant difference was observed in clinical
manifestations (Table 1). There were significant differences for ADC kurtosis (6.43+5.63 vs. 4.54+3.23, p= 0.02), MTRasym
(3.5ppm) 10 percentile (0.53+0.97 vs. 1.00+0.75, p= 0.05), f 90 percentile (23.0745.14 vs. 28.67+5.51, p<0.01), f entropy
(56.00+33.08 vs. 85.20+33.08, p<0.01), f kurtosis (67.56%+40.75 vs. 39.08+142,84, p<0.01), and f mean (13.924+2.50 vs.
17.3843.84, p<0.01) between gliomas and metastases groups (Table 2). The f kurtosis (OR =0.66, 95% CI 0.48-0.92, p=0.02), and
f mean (OR = 1.44, 95% CI 1.16-1.18, p<0.01) were found the independent factors for metastases differentiation in logistic
regression analysis (Table 3). The AUC of model combined with age, IVIM-f kurtosis and IVIM-f mean was 0.83while the AUC of
model combined with IVIM-f kurtosis and IVIM-f mean with improved sensitivity was 0.81 with no significant difference under Delong
test (p=0.58). (Table 4,Figure 1).

CONCLUSION

s The IVM-f kurtosis and IVM-f mean demonstrated the differences in perfusion characteristics of gliomas and metastases.
CLINICAL RELEVANCE/APPLICATION

Accurate identification of these two kinds of tumors will largely benefit the therapy.
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PURPOSE

The Response Assessment in Neuro-Oncology (RANO) criteria for lower-grade gliomas (LGGs) defines tumor progression as =25%
change in T2/FLAIR signal based on an operator’s discretion of the perpendicular diameter of the largest tumor cross-section.
Potential sources of error include limitation of 2D quantification, operator selection of both tumor cross-section and perpendicular
parameters, and inability to quantify satellite tumor components. Our goal was to assess accuracy and reproducibility of RANO.

METHODS AND MATERIALS

651 FLAIR MRIs from 63 participants with LGGs at the University of Alabama at Birmingham were retrospectively analyzed by 3
blinded attending physicians and 3 blinded resident trainees using RANO, 2D visual, and 3D computer-assisted volumetric
assessment. Inter- and intra-operator reproducibility was assessed using Pearson correlation, Bland Altman, and Cohen’s kappa.
Accuracy assessment was performed by comparing RANO to either visual or volumetric assessment, where 2/3 consensus
agreement across operators was required to meet RANO and visual growth criteria for a particular tumor measurement. Volumetric
assessment was performed by statistical change-of-point method. RANO assessment was performed compared to both previous and
baseline scan.

RESULTS

RANO product measurements had moderate inter-operator reproducibility [r2 = 0.71 - 0.82, coefficient of variance (CV) =81 -
110%), mean percent difference (diff) = 0.4 - 46.8%] and intra-operator reproducibility (r2 = 0.71 - 0.88, CV = 31 - 58%, diff = 0.3
- 23.9%, Figure A-B). When comparing to 2D visual gold standard, accuracy of RANO compared to previous and baseline scans
were 66.7% and 65.1% with AUC of 0.67 and 0.66, respectively (Figure C). When comparing to volumetric gold standard, accuracy
of RANO compared to previous and baseline scans were 21.0% and 48.4% with AUC of 0.39 and 0.55, respectively (Figure D).
Median time delay at diagnosis was greater for false negative cases (RANO detected growth after volumetric) than for false positive
cases (RANO growth detected earlier) for RANO assessment compared to previous scan (2.05 > 0.50 years, p = 0.003) and baseline
scan (1.08 > 0.50 years, p = 0.02, Figure E).

CONCLUSION
s RANO has moderate reproducibility and poor accuracy when comparing to either visual or volumetric gold standards.
CLINICAL RELEVANCE/APPLICATION

Limitations of the RANO criteria for LGGs suggest novel approaches, such as computer-assisted diagnostic tools, are necessary to
reduce human variability and accurately assess 3D tumor progression.
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PURPOSE

Multiparametric magnetic resonance imaging (mMRI) is the modality of choice in the imaging of ovarian cancer (OC). We aimed to
investigate the feasibility of different types of regions of interest (ROIs) in the measurement of apparent diffusion coefficient (ADC)
values of diffusion-weighted imaging in OC patients treated with neoadjuvant chemotherapy (NACT).

METHODS AND MATERIALS

We retrospectively enrolled 23 consecutive patients with advanced OC who had undergone NACT and mMRI. Seventeen of them
had been imaged before and after NACT. Two observers independently measured the ADC values in both ovaries and in the
metastatic mass by drawing on a single slice of 1) freehand large ROIs (L-ROIs) covering the solid parts of the whole tumour and 2)
three small round ROIs (S-ROIs). The side of the primary ovarian tumour was defined. We evaluated the interobserver
reproducibility and statistical significance of the change in tumoural pre- and post-NACT ADC values. Each patient’s disease was
defined as platinum-sensitive, semi-sensitive, or resistant. The patients were deemed either responders or non-responders.

RESULTS

The interobserver reproducibility of the L-ROI and S-ROI measurements ranged from good to excellent (ICC range: 0.80-0.99). The
mean ADC values were significantly higher after NACT in the primary tumour (L-ROI p It; 0.001, S-ROIs p It; 0.01) and the increase
after NACT was associated with sensitivity to platinum-based chemotherapy. The changes in the ADC values of the omental mass
were associated with a response to NACT.

CONCLUSION

s The mean ADC values in the primary tumour increased significantly after NACT in the OC patients and the amount of increase in
omental mass predicted a response to platinum-based NACT. Our study indicates that quantitative analysis of ADC values with a
single slice and a whole tumour ROI placement is a reproducible method that has a potential role in the evaluation of NACT response
in patients with OC.

CLINICAL RELEVANCE/APPLICATION
Quantitative analysis of ADC values potentially has a role in evaluating the NACT response in patients with OC.
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PURPOSE

Multiparametric magnetic resonance imaging (mMRI) is the modality of choice in the imaging of ovarian cancer (OC). We aimed to
investigate the feasibility of different types of regions of interest (ROIs) in the measurement of apparent diffusion coefficient (ADC)
values of diffusion-weighted imaging in OC patients treated with neoadjuvant chemotherapy (NACT).

METHODS AND MATERIALS

We retrospectively enrolled 23 consecutive patients with advanced OC who had undergone NACT and mMRI. Seventeen of them
had been imaged before and after NACT. Two observers independently measured the ADC values in both ovaries and in the
metastatic mass by drawing on a single slice of 1) freehand large ROIs (L-ROIs) covering the solid parts of the whole tumour and 2)
three small round ROIs (S-ROIs). The side of the primary ovarian tumour was defined. We evaluated the interobserver
reproducibility and statistical significance of the change in tumoural pre- and post-NACT ADC values. Each patient’s disease was
defined as platinum-sensitive, semi-sensitive, or resistant. The patients were deemed either responders or non-responders.

RESULTS

The interobserver reproducibility of the L-ROI and S-ROI measurements ranged from good to excellent (ICC range: 0.80-0.99). The
mean ADC values were significantly higher after NACT in the primary tumour (L-ROI p It; 0.001, S-ROIs p It; 0.01) and the increase
after NACT was associated with sensitivity to platinum-based chemotherapy. The changes in the ADC values of the omental mass
were associated with a response to NACT.

CONCLUSION

s The mean ADC values in the primary tumour increased significantly after NACT in the OC patients and the amount of increase in
omental mass predicted a response to platinum-based NACT. Our study indicates that quantitative analysis of ADC values with a
single slice and a whole tumour ROI placement is a reproducible method that has a potential role in the evaluation of NACT response
in patients with OC.

CLINICAL RELEVANCE/APPLICATION
Quantitative analysis of ADC values potentially has a role in evaluating the NACT response in patients with OC.
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PURPOSE

To observe the changes to CT-based image-defined risk factors (IDRFs) with neoadjuvant chemotherapy in pediatric abdominal
neuroblastoma, and to investigate the correlation between residual IDRFs after neoadjuvant chemotherapy and surgery-related
events.

METHODS AND MATERIALS

A total of forty-three patients were enrolled. Surgical and pathological data, as well as CT images at initial diagnosis and after
neoadjuvant chemotherapy of all patients were retrospectively collected and analyzed.

RESULTS

The number of IDRFs at first visit was 245, and was significantly reduced to 156 after neoadjuvant chemotherapy (p < 0.001). The
presence of most IDRFs was significantly improved after neoadjuvant chemotherapy (p < 0.05), while the tumor invasion of renal
pedicles (p > 0.05) and adjacent structures other than kidney (p > 0.05) was the least sensitive IDRFs. The loss of IDRFs
correlated with the percentage reduction of tumor volume (p < 0.001). IDRFs in different neuroblastoma decreased significantly
after neoadjuvant chemotherapy (p < 0.05), while not significant in neuroblastoma with low and intermediate mitosis-karyorrhexis
index (p > 0.05). The residual IDRFs correlated with the volume of intraoperative blood loss (r = 0.399, p = 0.008), while not with
the presence of surgical complications (r = 0.111, p = 0.478).

CONCLUSION

s Neoadjuvant chemotherapy can effectively improve the majority of IDRFs in pediatric abdominal neuroblastoma. The presence of
residual IDRFs after neoadjuvant chemotherapy is helpful for preoperative surgical planning, but not correlate with the occurrence
of surgical complications in abdominal neuroblastoma.

CLINICAL RELEVANCE/APPLICATION

The present study focused on the changes of CT-based IDRFs with neoadjuvant chemotherapy in pediatric abdominal
neuroblastoma. In general, the presence of most IDRFs in abdominal neuroblastoma could be effectively improved by neoadjuvant
chemotherapy, while tumor invasion of renal pedicles and adjacent structures other than kidney was least sensitive to neoadjuvant
chemotherapy. Meanwhile, we also found that IDRFs of neuroblastoma with low and intermediate MKI do not change significantly
after neoadjuvant chemotherapy, and that the residual IDRFs before surgery is helpful for preoperative surgical planning but not
correlate with the presence of surgical complications in abdominal neuroblastoma.
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PURPOSE

To observe the changes to CT-based image-defined risk factors (IDRFs) with neoadjuvant chemotherapy in pediatric abdominal
neuroblastoma, and to investigate the correlation between residual IDRFs after neoadjuvant chemotherapy and surgery-related
events.

METHODS AND MATERIALS

A total of forty-three patients were enrolled. Surgical and pathological data, as well as CT images at initial diagnosis and after
neoadjuvant chemotherapy of all patients were retrospectively collected and analyzed.

RESULTS

The number of IDRFs at first visit was 245, and was significantly reduced to 156 after neoadjuvant chemotherapy (p < 0.001). The
presence of most IDRFs was significantly improved after neoadjuvant chemotherapy (p < 0.05), while the tumor invasion of renal
pedicles (p > 0.05) and adjacent structures other than kidney (p > 0.05) was the least sensitive IDRFs. The loss of IDRFs
correlated with the percentage reduction of tumor volume (p < 0.001). IDRFs in different neuroblastoma decreased significantly
after neoadjuvant chemotherapy (p < 0.05), while not significant in neuroblastoma with low and intermediate mitosis-karyorrhexis
index (p > 0.05). The residual IDRFs correlated with the volume of intraoperative blood loss (r = 0.399, p = 0.008), while not with
the presence of surgical complications (r = 0.111, p = 0.478).

CONCLUSION

s Neoadjuvant chemotherapy can effectively improve the majority of IDRFs in pediatric abdominal neuroblastoma. The presence of
residual IDRFs after neoadjuvant chemotherapy is helpful for preoperative surgical planning, but not correlate with the occurrence
of surgical complications in abdominal neuroblastoma.

CLINICAL RELEVANCE/APPLICATION

The present study focused on the changes of CT-based IDRFs with neoadjuvant chemotherapy in pediatric abdominal
neuroblastoma. In general, the presence of most IDRFs in abdominal neuroblastoma could be effectively improved by neoadjuvant
chemotherapy, while tumor invasion of renal pedicles and adjacent structures other than kidney was least sensitive to neoadjuvant
chemotherapy. Meanwhile, we also found that IDRFs of neuroblastoma with low and intermediate MKI do not change significantly
after neoadjuvant chemotherapy, and that the residual IDRFs before surgery is helpful for preoperative surgical planning but not
correlate with the presence of surgical complications in abdominal neuroblastoma.
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PURPOSE

Photon-counting CT (PCCT) enables novel clinical applications such as dual contrast imaging using I and Gd. PCCTs with edge-on-
irradiated Si detectors may offer improved spectral capabilities due to desirable detector characteristics such as a narrow
photoelectric peak, low charge-sharing and no relevant K-fluorescence. This study aims to demonstrate, in a phantom, the
potential of Si-based PCCT to simultaneously image two contrast agents.

METHODS AND MATERIALS

An 20cm cylindrical phantom (Gammex, Sun Nuclear) with two configurations of I and Gd solid inserts was scanned at 120kVp using
a prototype PCCT (GE Healthcare) equipped with Si sensors. First, three Gd rods (2.5, 5 and 10mg/ml concentration), and three I
rods (2, 5 and 10mg/ml) were scanned in order to demonstrate the separation of I and Gd. Six Gd rods with concentrations ranging
from 0.3-10mg/ml were then imaged to determine the lower limit of Gd detection. Circular regions of interest (ROI) were extracted
from water and I material basis images to generate a material scatter plot. Gd images were generated by linear combination of
water and I material images, and the transform weights estimated based on the scatter plot of known Gd concentrations.

RESULTS

Gd rods with concentrations ranging from 2.5-10mg/ml were consistently separated from the I rods with concentrations of 2-
10mg/ml in the material scatter plot. Also, we found that Gd at as low a concentration as 1.25mg/ml can be differentiated in the
material scatter plot. Literature suggests that in-vivo Gd concentrations for 1.5T MRI acquisitions range from 0-3mg/ml.

CONCLUSION

s A PCCT system using edge-on-irradiated Si detectors demonstrated separation of I and Gd. Since in vivo Gd concentration in MR
acquisitions ranges from 0 to 3mg/ml, our results also suggest that this prototype edge-on-irradiated Si-based CT system can
enable Gd detection at contrast dose levels typical of MR. This may enable imaging of multiple contrast agents in the same study
and thus the monitoring of multiple phases of contrast enhancement.

CLINICAL RELEVANCE/APPLICATION

PCCT with high spectral capability and a high number of energy bins has the potential to support innovative cardiac and oncology
applications using multiple contrast agents simultaneously.

M5A-SPPH-2 Edge-on-irradiated Si-PCCT: Spectral Imaging Performance in a Virtual Imaging Trial

Participants
Raj Kumar Panta, (Presenter) Nothing to Disclose

PURPOSE

To evaluate the spectral imaging performance of an edge-on-irradiated Si photon-counting CT (Si-PCCT) using a virtual imaging
trial platform.

METHODS AND MATERIALS

An ACR accredited CT phantom and a computational human model with liver lesions were virtually scanned with Si-PCCT under
identical imaging conditions. A newly-developed projection-based maximum-likelihood material decomposition (MD) was applied on
spectral sinogram domain. Accuracy of material images and virtual mono-chromatic images (VMI) of the ACR phantom were
evaluated against reference values. Similarly, virtual non-contrast CT (VNC) images were generated by imaging a computational
human model with iodinated contrast. The accuracy of the VNC images were compared against the true non-contrast CT (TNC)
images of the computational human model without contrast-enhancement. The spectral imaging performance of Si-PCCT was
further evaluated under various imaging conditions (e.g., radiation dose levels, slice thickness and reconstruction kernels).



RESULTS

Evaluation of material decomposed images revealed that estimated density of calcium and iodine highly corelated (R2 > 0.99) with
ground-truth concentrations under various imaging conditions. Similarly, there was a good agreement (> 99%) between virtual
monochromatic x-ray attenuation profiles and reference attenuation profiles for various materials. In addition, assessment of the in-
plane and cross-plane attenuation profiles showed that mono-chromatic images had less beam-hardening artifacts compared to
polychromatic grayscale images. Minor attenuation differences (few HU) were observed between VNC and TNC.

CONCLUSION

s Edge-on-irradiated Si-PCCT with projection-based MD enables quantitative material density images, and accurate VMI and VNC
images under various imaging conditions of radiation dose levels, slice thickness and reconstruction kernels.

CLINICAL RELEVANCE/APPLICATION

Our virtual imaging trial demonstrates the quantitative spectral imaging performance of an edge-on-irradiated Si-PCCT under various
imaging conditions and it demonstrates the promising utility in quality patient care once prototyped.

M5A-SPPH-3 Synthesizing 100 kV and 120 kV CT Images From Dual-Energy CT Data Using a Novel Ray-By-Ray
Effective Energies

Participants
Xin Tie, MS, Madison, WI (Presenter) Nothing to Disclose

PURPOSE

Fast-kV switching-based dual-energy CT (DECT) imaging acquires data at 80 kV and 140 kV. Meanwhile, the vast majority of the
clinical contrast-enhanced chest and abdominal CTs are performed at 100 or 120 kV. Reference standards for the CT numbers of
cystic renal masses, adrenal masses, liver fat fractions, and other quantitative measurements were generally established based on
100 kV and 120 kV CT images. The purpose of this work was to leverage ray-specific effective energies extracted from DECT
projection data along with material basis images to accurately synthesize 100 kV and 120 kV CT images desired by radiologists

METHODS AND MATERIALS

For each image object, the effective energies of each ray in the 80 kV and 140 kV acquisitions were first determined based on the
line integrals of water and iodine basis images. Then, they were combined using weighting factors to estimate the effective
energies of 100 kV and 120 kV acquisitions. With the estimated effective energies and DECT material basis images, 100 kV and 120
kV sinograms were synthesized. The weighting factors were learned from phantoms with known true 100 kV and 120 kV images.
Once learned, the factors were fixed to synthesize 100 kV and 120 kV images from DECT data using the effective energy of each
measured projection datum. Rigorous evaluations have been performed on physical phantoms (Gammex and anthropomorphic chest
phantoms with various inserts) and human subjects. The quantitative accuracy was benchmarked by true 100 kV and 120 kV
images of phantoms using relative root mean squared error (rRMSE) and of humans using box-whisker analysis.

RESULTS

The median ([25th, 75th percentiles]) of rRMSE were 0.38% [0.30%, 0.67%] and 0.34% [0.22%, 0.62%] for the synthesized 100
kV and 120 kV images, respectively. For the Gammex and chest phantoms, CT numbers of all inserts were accurately depicted in
the synthesized images with CT number errors less than 10 HU. 20 ROIs were randomly selected on adipose tissues of human
subjects and the box-whisker plot showed a zero bias between our results and true images (median [25th 75th percentile]: 0.0 [-
1.0, 1.0] HU for 100 kV; 0.0 [-2.0, 1.0] HU for 120 kV images).

CONCLUSION

s Using ray-specific effective energies extracted from DECT data, virtual 100 kV and 120 kV CT images can be accurately
synthesized without knowing the polychromatic spectra of each scanner.

CLINICAL RELEVANCE/APPLICATION

Even for DECT, 100 kV and 120 kV CT images are still desired by radiologists due to their training and the existing clinical standards
organ CT numbers previously established based on 100 kV and 120 kV CT images. This work enables the accurate synthesis of
those polychromatic images without additional data acquisitions.

M5A-SPPH-4 Performance Evaluation of Low-contrast Lesion Detectability and Potential Radiation Dose Reduction
on Photon-Counting-Detector CT Compared to Energy-integrating-detector CT

Participants
Ligiang Ren, PhD, Rochester, MN (Presenter) Nothing to Disclose

PURPOSE

To evaluate the performance of low-contrast lesion detectability on a clinical photon-counting-detector CT (PCD-CT) and the
potential of radiation dose reduction compared to a single-energy (SE) CT using an energy-integrating-detector (EID).

METHODS AND MATERIALS

Two holes with a diameter of 4 mm and 8 mm in a water-equivalent cylinder were filled with iodine solutions at a concentration of
0.5 mg/cc to mimic different sizes of lesions, and the cylinder was inserted into one of 3 abdomen phantoms (QRM, lateral widths of
30, 35 and 40 cm). The whole phantom was scanned on a clinical PCD-CT system (NAEOTOM Alpha, Siemens) at 120 kV and a 3rd
generation dual-source CT (SOMATOM Force, Siemens) in a single-energy mode at the same tube potential (120 kV). The effective
mAs was adjusted on PCD-CT and EID-CT to match the CTDIvol values (7.2, 12.0, and 18.4 mGy for 30, 35, and 40 cm phantom,
respectively). Scans were repeated six times for each of the 6 unique conditions: 3 phantom sizes and two dose levels (100% and
75% of the routine dose). Threshold-low (T3D) images from PCD-CT and SECT images on EID-CT were reconstructed with an
iterative reconstruction algorithm (Kernel/strength: Br40/3), and slice thickness/increment of 3/3.5 mm. Contrast to noise ratio
(CNR) and area under the receiver operating characteristic (ROC) curve (AUC) from a calibrated channelized Hotelling observer
(CHO) model observer were calculated as figures of merit for quantifying iodine detection on PCD-CT and EID-CT.

RESULTS



PCD-CT showed consistently higher iodine CNR and AUC than EID-SECT for all phantom sizes and radiation levels. Compared to EID-
CT, the CNR was improved by 30-70% with PCD-CT for the 8 mm lesion. The AUC values derived for 8 mm lesion detection with all
phantoms and that for 4 mm lesion with 30 cm phantom on PCD-CT were only slightly better than EID-CT as they were close to
saturation. For 4 mm lesion, the AUC values were ranged in 0.96-0.98 (PCD) and 0.90-0.97 (EID) for 35 cm phantom, and 0.88-0.95
(PCD) and 0.87-0.89 (EID) for 40 cm phantom.

CONCLUSION

s For the identical low-contrast lesion detection task, PCD-CT performs better than EID-CT at all phantom sizes and radiation dose
levels, which may allow up to 25% radiation dose reduction depending on lesion and patient sizes while maintaining the same lesion
detectability as EID-CT.

CLINICAL RELEVANCE/APPLICATION

Low-contrast lesion detectability can be improved with PCD-CT over EID-CT or maintained as EID-CT but with a potential of up to
25% dose reduction.

M5A-SPPH-5 Evaluation of Small Coronary Stents using High-Resolution Mode Imaging with Deep Learning
Imaging Reconstruction

Participants
Kazuki Ishikawa, (Presenter) General Electric Company

PURPOSE

Although the frequency of coronary stent restenosis has decreased with the advent of drug-eluting stents, the diagnostic
accuracy of restenosis by conventional coronary CT angiography is not high. Although the high-resolution (HR) imaging seems
promising for restenosis evaluation because it improves spatial resolution, increased image noise due to dedicated kernel and tube
current limitations is a problem. The purpose of this study was to clarify the usefulness of noise reduction by deep learning imaging
reconstruction (DLIR) in the evaluation of coronary stents using HR imaging.

METHODS AND MATERIALS

We analyzed the images of coronary stents with inner diameters of 3 mm and 2.5 mm in HR and normal (NR) modes. The images
were scanned with an ECG-synchronized axial scan on a commercially available 256 MDCT scanner: tube voltage, 120 kV; current,
automatic exposure control; and noise index, 26. Images were reconstructed using hybrid iterative reconstruction (HIR, strength
80%), DLIR-Low (L), -Medium (M) and -High (H), respectively. The kernels used were HD-Stand in HR mode and Stand in NR mode.
The values of full width at half maximum (FWHM), standard deviation (SD) of the stent profile, and noise power spectrum (NPS)
were measured to evaluate image quality.

RESULTS

The CT dose index volume for HR and NR were both 8.9 mGy. The FWHM of the stent profile in HIR, DLIR-L, DLIR-M, and DLIR-H was
1.00, 1.06, 1.05, and 1.06, respectively for HR at 2.5 mm. For NR at 2.5 mm:1.42,1.49,1.49,and 1.49, respectively. For HR at 3 mm,
0.97, 1.01, 1.01, and 1.01, respectively. For NR at 2.5 mm, 1.28,1.30,1.30,and 1.29, respectively. The FWHM between HR and NR
differed significantly (p<0.01). The SD difference between HR and NR was 7.74, 9.61, 6.20 and 3.48, respectively. There was a
significant difference among the reconstruction methods (p<0.01). The peak frequency of the NPS in HR mode was 0.23, 0.34,
0.28, and 0.22 cycles/mm for HIR, DLIR-L, DLIR-M, and DLIR-H, respectively, and the average frequency was 0.35, 0.42, 0.40, and
0.39 cycles/mm, respectively. Compared to the peak and average frequencies of the filtered back projection (0.54 and 0.48
cycles/mm), these results showed a noise texture change of HIR.

CONCLUSION

s The use of DLIR in combination with the HR mode improved the visibility of small-diameter coronary stents by minimizing the image
noise and maintaining the image texture.

CLINICAL RELEVANCE/APPLICATION

DLIR minimizes the effects of tube current limitation and noise increase in HR mode. It enables HR mode imaging for larger patients,
and can improve the imaging of smaller coronary stents.

M5A-SPPH-6 Signal-To-Noise Ratio Measurement in CT With Conventional and Textured Phantoms: Comparison of
Two Deep-Learning Image Reconstruction Techniques

Participants
Hiroki Kawashima, PhD, RT, Kanazawa, Japan (Presenter) Nothing to Disclose

PURPOSE

To evaluate signal-to-noise ratio (SNR) improvement by deep-learning image reconstruction (DLIR) techniques, with a conventional
method using rod and water phantoms and a new approach using a textured phantom.

METHODS AND MATERIALS

A water-bath phantom with a diameter of 300 mm was used as a base phantom. A textured phantom with a diameter of 128 mm,
made by mixing water and 12 mg/mL diluted iodine equivalent materials (IEM), was placed in the base phantom (non-uniform
region). In addition, a simple rod made by IEM was placed. Thirty repeated phantom scans were performed using two CT scanners
(GE, Revolution CT Apex Edition; Canon, Aquilion One PRISM Edition) at 5 and 15 mGy. Images were reconstructed with filtered
back projection (FBP) and DLIR [GE, TrueFidelity (TF); Canon, Advanced intelligent Clear-1IQ (AC)] for three process strengths. The
task transfer function (TTF) was measured with the rod image; the noise power spectrum (NPS) was measured in the water-only
region. The conventional SNR (SNRC(u)) was calculated as a square root of TTF(u)2/NPS(u). A signal spectrum (S(u)) was
measured in an averaged image of the non-uniform region using a Fourier analysis, and a noise spectrum (N(u)) was estimated as
an average of 30 spectra (S(u)+N(u)) minus the S(u). An SNR for the non-uniform region (SNRNU(u)) was calculated by S(u)/(N(u).
The SNR improvement factor (SIF) was calculated by SNR of DLIR divided by SNR of FBP.

RESULTS



The average SIFs of SNRC with TF were 1.88 at 0.1 mm-1, 2.92 at 0.5 mm-1; those with AC were 2.52 at 0.1 mm-1, 6.20 at 0.5
mm-1. On the other hand, the SIFs of SNRNU with TF were 1.41 at 0.1 mm-1, 1.10 at 0.5 mm-1; those with AC were 1.47 at 0.1
mm-1, 1.25 at 0.5 mm-1, which were notably lower than the SIF of SNRC.

CONCLUSION

s Both DLIR techniques sufficiently improved the conventional SNR measured with the rod and water images (88-500%). However,
the improvements of SNRNU were low (10-47%), which revealed limited performances for the complex structures included in the
textured phantom.

CLINICAL RELEVANCE/APPLICATION

The SIFs measured using the non-uniform region are possibly more clinically relevant compared to the conventional method using
simple rods and a uniform water region.

M5A-SPPH-7Importance of Larger Reconstruction Matrix Sizes for Super-Resolution Deep Learning
Reconstruction

Participants
Toru Higaki, PhD, Minami-ku, Hiroshima, Japan (Presenter) Nothing to Disclose

PURPOSE

Recently clinically introduced super-resolution deep learning reconstruction (SR-DLR) can convert conventional- to high-resolution
CT images. The matrix size of the output images can be selected as either 512x512 as conventional or 1024x1024. In this study,
we investigated the effect of the output image matrix size (the pixel size in the output image) on spatial resolution.

METHODS AND MATERIALS

The SR-DLR was implemented using a super-resolution DCNN (SR-DCNN). It was trained with pairs of high-resolution- and
conventional resolution images. The high-resolution images for the training target were acquired using an actual high-resolution CT
scanner (Aquilion Precision, Canon Medical Systems Corp.: CMSC) which has a twice larger matrix size. We made a CCTA phantom
(Fig. left-bottom) using a 3D printer (Agilista-3200, Keyence). The outer diameter of the phantom was 350x250 mm. Iodine
contrast medium diluted with 20 mgl/ml was filled to the simulated left ventricle and coronary arteries. We scanned the CCTA
phantom using a conventional CT scanner (Aquilion ONE GENESIS, CMSC) with standard CCTA protocol (tube voltage: 120 kV, tube
current: automatic exposure control with SD 23 HU, rotation speed: 0.275 s/rot, ECG-gated volume scan). Images were
reconstructed with conventional hybrid iterative reconstruction (IR) (Adaptive Iterative Dose Reduction 3D with FC14 kernel, CMSC)
with 512 matrix, SR-DLR with 512 matrix, and SR-DLR with 1024 matrix. The reconstruction FoV was 200 mm, and the pixel sizes of
the 512- and 1024-matrix images were 0.39 and 0.195 mm, respectively. We measured profile curves and modulation transfer
functions (MTFs) using the edge of a simulated left ventricle and compared their spatial resolution.

RESULTS

The three reconstructed images shown on the left side of the figure indicate that the 1024 matrix SR-DLR image provides the
sharpest edges. The edge profile curves and MTF on the right side of the figure also showed a similar trend. The actual MTF of SR-
DLR exceeded the Nyquist frequency of 512 matrix images, and 1024 matrix images were required to fully utilize SR-DLR's
performance.

CONCLUSION
s To fully utilize the spatial resolution of SR-DLR, it is suitable to reconstruct images with 1024 matrices.
CLINICAL RELEVANCE/APPLICATION

The SR-DLR of 1024 matrix images provides higher spatial resolution, which is useful for the visualization of fine structures such as
demonstration of plaques in the coronary artery, and fine lesions in diffuse lung disease.

M5A-SPPH-8 Ranking the Relative Importance of Image Quality Features in CT by Consensus Survey

Participants
Dustin Gress, MS, (Presenter) Nothing to Disclose

PURPOSE

To assess consensus opinions from subspecialty radiologists and imaging physicists on the relative importance of image quality
features in CT, in order to set subspecialty-informed development priorities for quantitating such features, preferably using
automated methods.

METHODS AND MATERIALS

A web-based pictorial survey was created by subject matter expert radiologists and imaging physicists, requesting respondents to
rank the relative importance of ten distinct imaging features in their clinical practice, using a 1 (lowest) to 10 (highest) scale. The
survey was first sent to subspecialty radiologists and physicists in volunteer leadership roles in the ACR and RSNA, with such roles
assumed as reasonable proxy for expertise. The survey then relied on snowball sampling, where respondents could recommend up to
3 suitable experts for invitation to complete the survey.

RESULTS

There were 66 total respondents. Median years of respondent experience for all subspecialties ranged 10-16.5 years. Overall mean
rankings for features ranged 5.48-8.74; motion and streaking artifact had the highest average across all subspecialties, scored 8.74
and 8.32, respectively. Lowest overall mean score was for blooming artifact (5.48). Musculoskeletal means were highest for noise
texture (9.0) and metal artifact (9.4). Emergency, neuro, pediatric, and abdominal radiologists scored motion artifact highest, with
means of 9.89, 9.38, 8.5, and 9.0, respectively. Low contrast axial sharpness was second highest for abdominal radiologists (8.94),
with streaking third (8.72). Imaging physicist scored low contrast axial sharpness highest and noise magnitude second highest, with
means of 8.94 and 8.78, respectively.



CONCLUSION

s Specific image quality features ranked by expert subspecialty radiologists have relatively higher importance for their routine
clinical practice compared to other features, and the importance of identical features also vary between subspecialties. These
metrics afford an opportunity to develop targeted image quality measurement tools, especially those that are automated, which
can be configurable depending on the practice domain. Limitations include those with expert opinions; responses from thoracic and
cardiac radiologists are being collected.

CLINICAL RELEVANCE/APPLICATION

Automated quantification and reporting of relevant medical image quality metrics is an essential step toward enhancing the value of
clinical care in medical imaging. This performance paradigm accounts for both radiation dose index management as well as objective
image quality management.

M5A-SPPH-9 Detectability Index Analysis of Enterprise CT AP Protocols

Participants
Brian Hurley, MS, (Presenter) Nothing to Disclose

PURPOSE

With trends to move toward enterprise-wide radiology management there should be image quality standardization across a hospital
system. The purpose is to develop a methodology to assess image quality uniformity for the adult abdomen and pelvis protocol
across a hospital enterprise which includes a CT scanner fleet with multiple manufacturers and models.

METHODS AND MATERIALS

A dose tracking software (Radimetrics) was used to gather data on abdomen and pelvis with contrast scans across a health
enterprise for the 2nd Quarter of 2021. (3,603 scans). From this dataset, the 5th, 25th, 50th, 75th, and 95th percentiles of the
CTDIVol were extracted for each facility in the hospital enterprise. The ACR CT accreditation phantom was scanned at each of the
facility specific CTDIVol values and these scans were assessed using the ImQuest software by Duke CIPG to obtain the
detectability index (d"). To normalize the dose dependence of the image quality, the d’2/CTDIVol for the 25th, 50th and 75th
percentiles were calculated and compared to evaluate the protocol performance.

RESULTS

The range of the d'2/CTDIVol for the 25th, 50th and 75th percentiles was 124 to 263, 112 to 267, and 105 to 269 respectively.
The absolute differences for the 25th, 50th, and 75th were 139, 155, and 164 which corresponds to a percent difference of 72%,
82% and 88%. When comparing a single institution, the largest percent difference within the scanners at a given institution for the
protocol 50th percentile of dose was found to be 29%.

CONCLUSION

s There is substantial variation in the image quality for the abdomen pelvis protocols across the hospital enterprise examined.
Additionally, there is a significant variation within hospitals when multiple makes/models were utilized. Currently much effort is
placed on protocol optimization in terms of dose (CTDI, DLP or Effective Dose). Though dose is a loose surrogate for image quality,
with advanced applications on modern scanners and the growing push towards enterprise healthcare more focus should be placed
on providing uniform image quality for a given protocol across different scanner types at a hospital enterprise. This analysis was
done with a 5 mm lesion based on acrylic TTF and contrast, in the future this should be expanded to other lesion sizes and contrast
levels with the potential to select the target (lesion size, contrast, etc.) based on clinical indication.

CLINICAL RELEVANCE/APPLICATION

The findings of this study can be used to help improve image quality uniformity across a large hospital system. This methodology
can be applied to other adult and pediatric protocols to assess image quality uniformity across multiple CT scanners independent of
make and model.

Printed on: 02/07/23
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Feasibility of Simultaneous Iodine and Gadolinium Imaging Using Edge-On-Irradiated Silicon Detector Photon-
Counting CT

Monday, Nov. 28 12:15PM - 12:45PM Room: Learning Center - PH DPS

Participants
Zhye Yin, Niskayuna, NY (Presenter) Employee, General Electric Company

PURPOSE

Photon-counting CT (PCCT) enables novel clinical applications such as dual contrast imaging using I and Gd. PCCTs with edge-on-
irradiated Si detectors may offer improved spectral capabilities due to desirable detector characteristics such as a narrow
photoelectric peak, low charge-sharing and no relevant K-fluorescence. This study aims to demonstrate, in a phantom, the
potential of Si-based PCCT to simultaneously image two contrast agents.

METHODS AND MATERIALS

An 20cm cylindrical phantom (Gammex, Sun Nuclear) with two configurations of I and Gd solid inserts was scanned at 120kVp using
a prototype PCCT (GE Healthcare) equipped with Si sensors. First, three Gd rods (2.5, 5 and 10mg/ml concentration), and three I
rods (2, 5 and 10mg/ml) were scanned in order to demonstrate the separation of I and Gd. Six Gd rods with concentrations ranging
from 0.3-10mg/ml were then imaged to determine the lower limit of Gd detection. Circular regions of interest (ROI) were extracted
from water and I material basis images to generate a material scatter plot. Gd images were generated by linear combination of
water and I material images, and the transform weights estimated based on the scatter plot of known Gd concentrations.

RESULTS

Gd rods with concentrations ranging from 2.5-10mg/ml were consistently separated from the I rods with concentrations of 2-
10mg/ml in the material scatter plot. Also, we found that Gd at as low a concentration as 1.25mg/ml can be differentiated in the
material scatter plot. Literature suggests that in-vivo Gd concentrations for 1.5T MRI acquisitions range from 0-3mg/ml.

CONCLUSION

s A PCCT system using edge-on-irradiated Si detectors demonstrated separation of I and Gd. Since in vivo Gd concentration in MR
acquisitions ranges from 0 to 3mg/ml, our results also suggest that this prototype edge-on-irradiated Si-based CT system can
enable Gd detection at contrast dose levels typical of MR. This may enable imaging of multiple contrast agents in the same study
and thus the monitoring of multiple phases of contrast enhancement.

CLINICAL RELEVANCE/APPLICATION

PCCT with high spectral capability and a high number of energy bins has the potential to support innovative cardiac and oncology
applications using multiple contrast agents simultaneously.

Printed on: 02/07/23
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Edge-on-irradiated Si-PCCT: Spectral Imaging Performance in a Virtual Imaging Trial
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Participants
Raj Kumar Panta, (Presenter) Nothing to Disclose

PURPOSE

To evaluate the spectral imaging performance of an edge-on-irradiated Si photon-counting CT (Si-PCCT) using a virtual imaging
trial platform.

METHODS AND MATERIALS

An ACR accredited CT phantom and a computational human model with liver lesions were virtually scanned with Si-PCCT under
identical imaging conditions. A newly-developed projection-based maximum-likelihood material decomposition (MD) was applied on
spectral sinogram domain. Accuracy of material images and virtual mono-chromatic images (VMI) of the ACR phantom were
evaluated against reference values. Similarly, virtual non-contrast CT (VNC) images were generated by imaging a computational
human model with iodinated contrast. The accuracy of the VNC images were compared against the true non-contrast CT (TNC)
images of the computational human model without contrast-enhancement. The spectral imaging performance of Si-PCCT was
further evaluated under various imaging conditions (e.g., radiation dose levels, slice thickness and reconstruction kernels).

RESULTS

Evaluation of material decomposed images revealed that estimated density of calcium and iodine highly corelated (R2 > 0.99) with
ground-truth concentrations under various imaging conditions. Similarly, there was a good agreement (> 99%) between virtual
monochromatic x-ray attenuation profiles and reference attenuation profiles for various materials. In addition, assessment of the in-
plane and cross-plane attenuation profiles showed that mono-chromatic images had less beam-hardening artifacts compared to
polychromatic grayscale images. Minor attenuation differences (few HU) were observed between VNC and TNC.

CONCLUSION

s Edge-on-irradiated Si-PCCT with projection-based MD enables quantitative material density images, and accurate VMI and VNC
images under various imaging conditions of radiation dose levels, slice thickness and reconstruction kernels.

CLINICAL RELEVANCE/APPLICATION

Our virtual imaging trial demonstrates the quantitative spectral imaging performance of an edge-on-irradiated Si-PCCT under various
imaging conditions and it demonstrates the promising utility in quality patient care once prototyped.

Printed on: 02/07/23
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Synthesizing 100 kV and 120 kV CT Images From Dual-Energy CT Data Using a Novel Ray-By-Ray Effective
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Xin Tie, MS, Madison, WI (Presenter) Nothing to Disclose

PURPOSE

Fast-kV switching-based dual-energy CT (DECT) imaging acquires data at 80 kV and 140 kV. Meanwhile, the vast majority of the
clinical contrast-enhanced chest and abdominal CTs are performed at 100 or 120 kV. Reference standards for the CT numbers of
cystic renal masses, adrenal masses, liver fat fractions, and other quantitative measurements were generally established based on
100 kV and 120 kV CT images. The purpose of this work was to leverage ray-specific effective energies extracted from DECT
projection data along with material basis images to accurately synthesize 100 kV and 120 kV CT images desired by radiologists

METHODS AND MATERIALS

For each image object, the effective energies of each ray in the 80 kV and 140 kV acquisitions were first determined based on the
line integrals of water and iodine basis images. Then, they were combined using weighting factors to estimate the effective
energies of 100 kV and 120 kV acquisitions. With the estimated effective energies and DECT material basis images, 100 kV and 120
kV sinograms were synthesized. The weighting factors were learned from phantoms with known true 100 kV and 120 kV images.
Once learned, the factors were fixed to synthesize 100 kV and 120 kV images from DECT data using the effective energy of each
measured projection datum. Rigorous evaluations have been performed on physical phantoms (Gammex and anthropomorphic chest
phantoms with various inserts) and human subjects. The quantitative accuracy was benchmarked by true 100 kV and 120 kV
images of phantoms using relative root mean squared error (rRMSE) and of humans using box-whisker analysis.

RESULTS

The median ([25th, 75th percentiles]) of rRMSE were 0.38% [0.30%, 0.67%] and 0.34% [0.22%, 0.62%] for the synthesized 100
kV and 120 kV images, respectively. For the Gammex and chest phantoms, CT numbers of all inserts were accurately depicted in
the synthesized images with CT number errors less than 10 HU. 20 ROIs were randomly selected on adipose tissues of human
subjects and the box-whisker plot showed a zero bias between our results and true images (median [25th 75th percentile]: 0.0 [-
1.0, 1.0] HU for 100 kV; 0.0 [-2.0, 1.0] HU for 120 kV images).

CONCLUSION

s Using ray-specific effective energies extracted from DECT data, virtual 100 kV and 120 kV CT images can be accurately
synthesized without knowing the polychromatic spectra of each scanner.

CLINICAL RELEVANCE/APPLICATION

Even for DECT, 100 kV and 120 kV CT images are still desired by radiologists due to their training and the existing clinical standards
organ CT numbers previously established based on 100 kV and 120 kV CT images. This work enables the accurate synthesis of
those polychromatic images without additional data acquisitions.
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Performance Evaluation of Low-contrast Lesion Detectability and Potential Radiation Dose Reduction on
Photon-Counting-Detector CT Compared to Energy-integrating-detector CT
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Ligiang Ren, PhD, Rochester, MN (Presenter) Nothing to Disclose

PURPOSE

To evaluate the performance of low-contrast lesion detectability on a clinical photon-counting-detector CT (PCD-CT) and the
potential of radiation dose reduction compared to a single-energy (SE) CT using an energy-integrating-detector (EID).

METHODS AND MATERIALS

Two holes with a diameter of 4 mm and 8 mm in a water-equivalent cylinder were filled with iodine solutions at a concentration of
0.5 mg/cc to mimic different sizes of lesions, and the cylinder was inserted into one of 3 abdomen phantoms (QRM, lateral widths of
30, 35 and 40 cm). The whole phantom was scanned on a clinical PCD-CT system (NAEOTOM Alpha, Siemens) at 120 kV and a 3rd
generation dual-source CT (SOMATOM Force, Siemens) in a single-energy mode at the same tube potential (120 kV). The effective
mAs was adjusted on PCD-CT and EID-CT to match the CTDIvol values (7.2, 12.0, and 18.4 mGy for 30, 35, and 40 cm phantom,
respectively). Scans were repeated six times for each of the 6 unique conditions: 3 phantom sizes and two dose levels (100% and
75% of the routine dose). Threshold-low (T3D) images from PCD-CT and SECT images on EID-CT were reconstructed with an
iterative reconstruction algorithm (Kernel/strength: Br40/3), and slice thickness/increment of 3/3.5 mm. Contrast to noise ratio
(CNR) and area under the receiver operating characteristic (ROC) curve (AUC) from a calibrated channelized Hotelling observer
(CHO) model observer were calculated as figures of merit for quantifying iodine detection on PCD-CT and EID-CT.

RESULTS

PCD-CT showed consistently higher iodine CNR and AUC than EID-SECT for all phantom sizes and radiation levels. Compared to EID-
CT, the CNR was improved by 30-70% with PCD-CT for the 8 mm lesion. The AUC values derived for 8 mm lesion detection with all
phantoms and that for 4 mm lesion with 30 cm phantom on PCD-CT were only slightly better than EID-CT as they were close to
saturation. For 4 mm lesion, the AUC values were ranged in 0.96-0.98 (PCD) and 0.90-0.97 (EID) for 35 cm phantom, and 0.88-0.95
(PCD) and 0.87-0.89 (EID) for 40 cm phantom.

CONCLUSION

s For the identical low-contrast lesion detection task, PCD-CT performs better than EID-CT at all phantom sizes and radiation dose
levels, which may allow up to 25% radiation dose reduction depending on lesion and patient sizes while maintaining the same lesion
detectability as EID-CT.

CLINICAL RELEVANCE/APPLICATION

Low-contrast lesion detectability can be improved with PCD-CT over EID-CT or maintained as EID-CT but with a potential of up to
25% dose reduction.
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PURPOSE

Although the frequency of coronary stent restenosis has decreased with the advent of drug-eluting stents, the diagnostic
accuracy of restenosis by conventional coronary CT angiography is not high. Although the high-resolution (HR) imaging seems
promising for restenosis evaluation because it improves spatial resolution, increased image noise due to dedicated kernel and tube
current limitations is a problem. The purpose of this study was to clarify the useful