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Dual-Energy CTA for GI Bleeding: Reducing Patient Radiation Dose and Table Time

Purpose:
• Gastrointestinal (GI) bleeding is common in the United States, requiring 

hospitalization in 223 per 100,000 people each year (Laine 2012).

• In hemodynamically stable patients, our diagnostic workflow in the 

Emergency Department typically begins with CTA abdomen/pelvis after 

physical exam. Previously, our CTA protocol for GI bleeding (GIB CTA) 

included 3 separate acquisitions performed at single-energy: Non-

contrast, Arterial, and Delayed Venous images.

• Dual-energy CTA (DE CTA) has been increasingly used in this setting 

to reduce radiation dose and patient table time because of the ability to 

create virtual non-contrast (VNC) images and forego the true non-

contrast (TNC) acquisition.

• DE CTA also provides potentially clinically useful reconstructions such 

as iodine maps and virtual monoenergetic images. 

• Statistical analysis demonstrated a significant decrease in both 

patient effective dose (P < 0.001) and table time (P < 0.001).

Conclusion:
• Dual-energy CT allows significant decreases in patient radiation 

dose and examination time in the evaluation of GI bleeding. 

• After implementation of the dual-energy GIB CTA protocol into the 

clinical workflow at our institution, we were able to improve the 

quality of patient care by maintaining the diagnostic capabilities of a 

three-phase GIB CTA protocol using a dual-energy GIB CTA protocol.

Methods:
• We analyzed the literature to find previously described parameters for 

performing dual-energy CTA for GI bleeding (Wells 2018). The protocols were 

modified after phantom testing and approved by our departmental medical 

physicists for clinical use. The DE CTA protocol included only arterial and venous 

acquisitions with VNC reconstructions and iodine maps. All scans were performed 

on second or third generation dual source CT scanners (Siemens Healthineers, 

Erlangen, Germany).

• Single-energy GIB CTA’s from the previous 6 months were analyzed to determine 

effective dose and table time. A total of 68 single-energy GIB CTA’s spanning from 

October 2018 through March 2019 were included in this group. 

• Clinical use of the dual-energy GI Bleed CTA protocol began in March 2019. 

Effective dose and table time were recorded for these studies. As of July 2019, a 

total of 30 dual-energy GIB CTA’s were included in this group. 

• Patient table time was determined by calculating the time interval from scout 

image to final venous image. Monte-Carlo simulation based software (Radimetrics, 

Bayer Healthcare) was utilized to calculate effective radiation dose. Statistical 

analysis was performed using log-rank test and Wilcoxon Rank Sum test.

Results:

• For scans utilizing single-energy GIB CTA with three separate 

acquisitions, the mean effective dose was 38.8 mSv and the mean 

table time was 4 minutes, 55 seconds.

• Upon implementation of the dual-energy GIB CTA protocol with two 

acquisitions, the mean effective dose decreased to 27.4 mSv and the 

mean table time decreased to 3 minutes, 45 seconds
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Exam 

Protocol

Mean 

Effective Dose

Mean Table 

Time

Single-energy 

GI Bleed CTA 

(n=68)

38.8 mSv 4:55 minutes

Dual-energy

GI Bleed CTA 

(n=30)

27.4 mSv 3:45 minutes

Table 2.  Summary statistics 

for “Table Time (min)“ 

stratified by energy protocol.

Table 1.  Summary 

statistics for “Total 

Radiation Dosage 

(mSv)” stratified by 

energy protocol
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Figure 6. Empirical “Table Time (min)” cumulative distribution functions 

for the “Single Energy” and “Dual Energy” procedures. Note that the y-

axis represents the cumulative probability that the “Table Time” was 

greater than the “Table Time” denoted on the x-axis. The p-value (P) 

was derived by way of a log-rank test, in which under the null 

hypothesis it is assume that the two underlying cumulative distribution 

function are equal.

Figure 5. Empirical distributions for “Total Radiation Dose 

(mSv)” for the “Single Energy” and “Dual Energy” 

procedures. The p-value (P) was derived via the Wilcoxon 

Rank Sum test, in which under the null hypothesis it is 

assumed that the underlying median Total Radiation Dose 

(mSv) is the same for both procedures.    

Single-energy GIB CTA demonstrating the development of intraluminal contrast  

material (red arrows) in the sigmoid colon on the arterial and subsequent venous 

phase images. This is consistent with active extravasation of contrast representing 

lower gastrointestinal bleeding.

Effective Dose: 48.6 mSv

Table Time: 4:34 min

Effective Dose: 27.5 mSv

Table Time: 4:38 min

Figure 1. Dual-energy GIB CTA demonstrates how the iodine in oral 

contrast material (red arrows) is subtracted on the VNC images. 

However, the linear hyperdensity seen in the sigmoid colon (yellow 

arrows) remains on the VNC images, consistent with intraluminal 

calcific material, and NOT intraluminal hemorrhage.

Figure 2. The same exam also demonstrated a hyperdense cyst 

within the right kidney. The VNC images demonstrate absence of 

enhancement / iodine in the cyst given the unchanged HU density 

(yellow circles) on enhanced and VNC images.

Figure 1

Figure 2

Figure 3

Figure 4

Effective Dose: 21.5 mSv

Table Time: 3:12 min

Effective Dose: 21.8 mSv

Table Time: 3:34 min

1) Arterial Phase

2) Arterial Iodine Map

3) Arterial Phase VNC

1) Venous Phase

2) Venous Iodine Map

3) Venous Phase VNC

Dual-energy GIB CTA 

demonstrates active GI 

bleeding in the jejunum (red 

arrows), as well as an 

incidentally noted enhancing 

left renal mass (yellow arrows) 

concerning for renal cell 

carcinoma. The iodine map 

and subtraction of iodine on 

the VNC images demonstrate 

that this is true active 

extravasation into the bowel 

and true contrast enhancement 

of the left renal mass.

Effective Dose: 27.9 mSv

Table Time: 4:16 min

Figure 3. Dual-energy GIB CTA where the patient was given 

oral contrast prior to the exam. Iodine map demonstrates the 

intraluminal iodinated contrast material, which is subtracted 

on the VNC images. Evaluation for GI bleeding is 

compromised by the presence of oral contrast material.

Figure 4. Dual-energy GIB CTA demonstrates hyperdense

material within the stomach (red arrows) that does not 

change between the arterial and venous phases, and does 

not subtract on the VNC images. This therefore represents 

ingested material and NOT intraluminal hemorrhage.

Dual-energy GIB CTA demonstrates active GI bleeding in the descending 

colon (red arrows). The aortic calcifications (yellow arrows) persist on the 

VNC images, demonstrating that only iodine is subtracted from the 

reconstructed non-contrast images.

Effective Dose: 22.2 mSv

Table Time: 3:54 min


