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Introduction

O Report generation is the sine qua non of diagnostic
radiology, and training residents to create accurate
reports is one of the key functions of faculty
radiologists.

Due to variability in workflow and personality
types, consistent feedback to residents on the
quality of their reports and corrections made by
faculty before finalization is intermittent at best,
with the resident often never knowing what changes
the faculty radiologist made to his/her report.




Introduction

0 An automated process developed at our institution
highlights any changes made in a resident’s report by
the attending faculty radiologist and places the
highlighted reports in a secure online folder for the
resident to review.

The purpose of this project was to determine whether
the extent of report corrections could be measured, and
whether these measures could be used to assess
changes in the number and extent of corrections to
residents' reports made by faculty over time.

Methods: Participants

0O IRB approved study, informed consent obtained
0 R3 and R4 residents block randomized

0 Experimental group: access to a secure online folder
containing comparator output of reports they dictated
in the last week that had been amended by faculty

o Control group: No such access

o All residents received standard instructional feedback in
the course of their daily work.

O Attitude survey completed before and after study




Methods: Study period
|

0 Twenty-four week study period

o Divided into 4-week blocks to correlate with
resident clinical rotations

Methods: Comparator

0 Daily query of institutional database for
preliminary and final radiology reports

0 Open-source software tool (1) used to compare
preliminary and final reports

0 Differences between reports quantified using the
Levenshtein Distance (LD)




Methods: Levenshtein distance
| —

0 Method invented in the 1960’s to compare
sequences of symbols (2)

0 In general, it counts the number of deletions,
insertions and translations of symbols in a string

0 To correct for different length reports, we
normalized the LD:

o NLD = LD / # characters in longer of the preliminary
or final report

Methods: Statistical Analysis

o Categorical variables summarized as count (%)
o Continuous variables summarized as mean +/- sd and
median (range)

0 Derived additional binary variables: NLD>0,
NLD>10%, NLD>20%

O Survey: Seven-point Likert-like scales, compared using
Mann-Whitney and Wilcoxon signed-rank tests

0 Correction metrics averaged for each 4 week block
O Trends over time were evaluated using linear regression

0 Calculations performed for all residents as well as
separately for each group.




Results: Sample comparator report

Preliminary repor i Comparator Report

Technique Technique Technique
Extent: Base of skull (o upper thighs Extent: Base of skull to upper thighs Extent: Base of skull to upper thighs

Tha patient was in  fasting state at the time of the study. The patient was in a fasting state at the time of the study The patient was in a fasting state at the time of the study

Risks and benefits of the procedure wore sxplained to the patient Risks and benefits of the procedure were expiained to the patient Risks and benefits of the procedure were expiained to the patient
Emission acquisition time per bod: 7 minute Em cquisition ime per bed: 7 minutes Emission acquisition time per bed: 7 minutes

Blood glucose level: 97 mo/dL Biood glicose lavel "me L Blood glucose level: 87 mg/dL

Uptake time: 67 minutes Uptake time: 67 mi Uptake time. 67 minutes

The attsnuation oamection CT scen, soauied es 8 part of this siudy, ls
by lack of contrast administration and is not a od diagne

The attanuation comection CT scan, acquired as a part of this study, is  |study. The CT scan Is not breath heid. This CT sc d for The attenuation corection CT scan, acquired as a part of 8

imited by lack of contrast administration and is nol  dedicated disgnostic | attenustion coraction and anatomic localization purposes imitad by lack of contrast administration and ls not a dedicated ﬂ-nqnnﬂw(

study. The CT scan is not breath held. This CT scan is acquired for study. The CT scan is not breath held. This € s acquired for

attenuation cormection and anatomic localization purposes attenuation cormection and anatomic localization purposes.

Radiopharmace

Radopharmaceuticais 16£0G 100 mC| 03042013 INTRAVENOUS

Radiopharmaceutical Radiopharmaceutical

Radiopharmaceuticals 18-FDG 10.9 mGi 03/04/2013 INTRAVENOL Radiopharmacauticals G 10.9 MCI 0X/04/2013 INTRAVENGUS

Findings

Findings: Neck: No hypermetabolic FDG radiotracer uptake is detected in the neck
Accentuated radiotracer uptake is seen within the vocal cords, symmetric
Nock: No hyparmetabolic FDG radiotracer uptake s dotocted in the neck.  [and bilateral without CT abnormality Nock: No hypermetabolic FDG radiotracer uptake is detected in the neck
Radiotracer Uptake, physiological, s sean within tha vocal cords, ar . s 5
symmetric and bilateral Chest: There are miidly hypermetabolic axiliary lymph nodas, example a left| cords, symmetric and bilateral without CT abnormality
axillary lymph node with maximum SUV of 2.1. Sample fight axillary lymph
Chest: There are mildly hypermetabolic axillary lymph nodes, example a left | node has radiotracer uptake with maximum SUV value of 1.9, Photopenic | Chest: There are mildly hypermetaboiic axillary lymph nodes, example a left
axillary lymph nodo with maximum SUV of 2.1 9 / ml. Sample right axillary | areas in the bilateral hemithoraces comesponding on attenuation comection iymph node with maximum SUV of 2.1igml. Sample right axillary
ymph nde hes mdiotracer ptake with maxinn 8LV valueof 1.9 iml.|CT 1o lae fighl and modersle e pleurslefusins. Specificaly,thess de has radiotracer uptake with maximu
c areas n the bilateral hemithoraces correspanding on altenuation | pleural effusions are wihout increased radiotrace u sugge Frckopeni aoes i the niaters hemithorscss oeres por
farta 1ftpiouri afuaions. Spoctically, nyparmelabaic malignant siology. Thers i phya n)l)uknf adiotracer Uptake | corroction CT 10 larg ant ural effusions. Specifically,
L incraased radiotracer UDLAKS to sUGQES! | 8een in the myocardium and e biood pool. No focal Fadiciracer uptake is o croased to suggest
hypermetabolic malignant or infectious etiology. There is physiological seen in the lungs b oiogy
uptake seen in the myocardium and th blood pool. No focal nyocardium and the biood pool. No focal
take is seen in the lungs. Avdomen ard peb: Thers s ineer sppming rcioiracer uptake edjscent tracer uptake is seen In the lung:
10 the suprior portion of 1 On attenuation corroction
Adomen and petis; Thars n near appearing acotronr uptake acjsoer | comespond to 8 iickened sppears o the ight dlaghagmatc crve bdoman and pelvis: Thers is linear appsaring radiotracer uptaks adjacent
the superior portion of the llver. On attenuation cormection images these | Maximum SUV uptake is 2.6 in this region 10 tha suparior portion of the liver. On attenuation comection images these
appearance of the right diaphragmatic crus. Thare s midy incroased radolracer uptake. sighily Nghar than bl ook pond to & thickened appaarance of the fight agmatic crus
s 2.6 g/mL in this region een just superior 1o th ey cormesponding on CT images to uptake 2 is 2.6 ke this region
Sty highae than blood pod, | wiin the lft adrenal gland. No faditrsonr uptake s seen i he L a iptake, sightly higher than blood pool,
1 suparior Lo he laftkidney comesponding on CT images 1o uplaxh modarete 1 large volume. o abd tes, Very minimal uptake is  |s s ey corresponding on CT images to upiake
i tha left adronal gland. No raitracer uptake is thin the Saen w8 fow, lass then { om a.vhneenm axin, lymph nodes in the | witin the loft adrenal giand No radiciracer uptake is seen wihin th

Results

Total reports 39069
Experimental Group 19120 (49%
Control Group 19949 (51%

Amended reports 13413 (34%
NLD > 10% 6426 (16%
NLD > 20% 3443 (8.8%




Results: Baseline Survey
|

Experimental Control R3 R4

(N=11) (N=10)  P-value* (N=10) (N=11) P-value*
Confidence in 55+ 1.0 5.4=+0.7 0.76 55+ 1.1 54+0.7 0.51
dictation skills
Confidence in 4.8 = 0.9 5.1 £ 0.7 0.51 48 =09 5.1 x£0.7 0.51
Radiology
knowledge/skills

Satisfied with
feedback on
reports

The feedback
helps improve
dictation skills
The feedback
helps improve
Radiology
knowledge/skills

No significant differences between groups at baseline

* Mann-Whitney Test

Results: Change in Survey Responses

Baseline Final P-value*
Confidence in 54+0.9 56 £0.7 0.39
dictation skills
Confidence in 5.0 = 0.8 5.0 = 0.8 0.74
Radiology
knowledge/skills

Satisfied with
feedback on
reports

Feedback helps
improve dictation
skills

Feedback helps
improve Radiology
knowledge/skills

* Wilcoxon signed-rank

No significant changes in survey responses over study period
W



Results: Change in Survey Responses
|

Baseline Final P-value* | Baseline Final Baseline Final P-valuet
Confidence in 54+09 5607 039 |55=*10 55=*=0.7 54+0.7 57+0.7 0.72
dictation skills
Confidence in 5.0+ 0.8 5.0+0.8 074 |48 =09 51 =*=0.8 51=*=0.7 50=*=0.8
Radiology
knowledge/skills

Satisfied with
feedback on
reports

Feedback helps
improve dictation
skills

Feedback helps
improve Radiology
knowledge/skills

No significant differences in survey responses between groups

* Wilcoxon signed-rank T Mann-Whitney

Results: Selected Survey Comments

0 | love the idea of the report comparator. In its
current form, | do not think it is very useful, because
accessing the reports requires many steps that | find
a deterrent...

O | think its a great idea and | would use it if it were
easier to get to.

O | would have used it more if it had been more
accessible.




Results: Trends in Correction Rate

Percent of Reports with NLD>20%

Mean NLD, %

[+ — Experimental
@ --- Control

Time Period (28 days per period)

[+ — Experimental
& --- Control

Time Period (28 days per period)




Results: Trends in NLD
| —

Variable Exp. Ctrl. Exp. Ctrl.

Mean NLD, % 5.7 4.5 3.6 3.9
+10.8 *£9.8 £8.4 =*9.1
Percent NLD>0% 39.7 323 313  31.0

Percent NLD>10% 21.9 16.3 13.3  13.8
Percent NLD>20% 11.6 9.1 6.0 7.0

Results: Trends in NLD

Variable Exp. Ctrl. Exp. Ctrl.

Mean NLD, % 5.7 4.5 3.6 3.9
+10.8 +9.8 +8.4 =£9.1
Percent NLD>0% 39.7 323 313 31.0

Percent NLD>10%  21.9 16.3 133 13.8
Percent NLD>20% 11.6 9.1 6.0 7.0

Significant downward trends detected when groups were combined
Implies decreasing correction rate, presumably learning

*Based on linear regression; represents change in dependent variable per 28 day period;
1Test of non-zero slope (assumed periods were independent);




Results: Trends in NLD

Variable Exp. Ctrl. Exp. Ctrl. | Slope* P- Slope*  P- Slope*  P- P-

valuet valuet valuet valuet
Mean NLD, % 5.7 4.5 3.6 3.9 -0.25 0.029 | -0.28 0.18 -0.20 0.1 0.71

+10.8 +9.8 +8.4 =*9.1
Percent NLD>0% 39.7 323 313 31.0 | -1.00 0.024| -1.13 0.14 -0.83 0.17 0.71

Percent NLD>10% 21.9 16.3 13.3 13.8 | -0.96 0.005| -1.14 0.13 -0.74 0.031 0.55

Percent NLD>20% 11.6 9.1 6.0 7.0 0.007 0.11  -0.61 0.69

7

But experimental group had somewhat steeper slope (faster correction reduction)

Did not detect significant difference in improvement in correction rate,

*Based on linear regression; represents change in dependent variable per 28 day period;

TTest of non-zero slope (assumed periods were independent); =
ITest of difference between slopes (assumed periods and groups were independent within periods, which W

is likely conservative in this case).

Discussion

0 This comparator is closely modeled after that of
Sharpe, et al (3)

O Their comparator was eventually incorporated into
a results reporting dashboard (5)

O Our effort studies residents longitudinally to
measure change in performance over time.
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Discussion
[

0 Our data showed statistically significant
improvement in overall resident performance over
the study interval. This finding conforms with the
expectation of the educational process in general.

0 The experimental group showed a trend towards a
greater degree of improvement than the control

group.

Discussion: Limitations

0 While the individual comparator reports are quite
useful for didactic purposes, the NLD results should
only be viewed using time-averaged data, as
report-to-report or day-to-day variation in NLD is
quite high.

0 Variability between faculty members’ approaches
to editing resident reports can skew NLD data.

11



Discussion: Limitations
[

O We were able to access data from two of our four
teaching hospitals, so residents entered and left the
study as they rotated into and out of the two
hospitals in the study.

0 Residents’ use of the comparator reports was
hampered by difficulty accessing the report folders,
potentially reducing the impact of the reports on
resident learning.

Discussion: Next Steps

O Evolution of our enterprise RIS and PACS
infrastructure will ease access to report dataq,
simplifying data capture, network security and
maintenance of the comparator application.

O Redesign of the resident user interface is expected
to ease access to the comparator reports, increasing
their utilization.

0 No plans to incorporate NLD data into resident
evaluations at this time.
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Conclusion

O The report comparator can document changes in
resident dictation performance over time.

0 A six month pilot confirmed the expected overall
improvement in resident performance, with trending
data supporting greater improvement by residents
who had access to the comparator reports.

0O Resident use of the comparator reports was
hampered by a difficult user interface.
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