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Anastomotic leakage is a feared complication of many different types of gastrointestinal
surgery. It is important to identify patients with leaks early because sepsis may develop
quickly. Suspected leaks are typically confirmed by either fluoroscopy or computed tomog-

raphy with oral contrast. This article presents a novel method to confirm the presence of
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a gastrointestinal anastomotic leak when standard imaging and clinical presentation are
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Introduction

Gastrointestinal (GI) anastomotic leakage refers to the escape
of luminal contents due to a defect in the bowel wall at the site
of anastomosis. The incidence of leaks varies by the type of
procedure being performed, but for bariatric surgeries that in-
volve the small intestine, post-operative leaks occur between
0.5% and 2.5% [1]. The prognosis of a patient with a GI anasto-
motic leak worsens considerably. The 30-day mortality rate is
over 3-fold greater for post-operative patients with leaks com-
pared to those without [2]. For patients that remain hemody-
namically stable, GI anastomotic leaks are often confirmed ra-
diographically prior to determining treatment, either by fluo-

roscopy or CT with oral contrast [3,4]. Occasionally, conven-
tional imaging and patient presentation may remain incon-
clusive. Here we present a case of a duodenal anastomotic
leak with ambiguous imaging that was confirmed with ex-vivo
dual energy CT imaging of the contents of the patient’s surgi-
cal drain.

Case report

A 61-year-old female patient with a recent history of a chole-
cystectomy presented to an outside hospital with 2 weeks of
abdominal pain, distention, and bilious emesis concerning for
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Fig. 1 - Fluoroscopic image from an upper gastrointestinal
series demonstrating a small focus of possible
extraluminal contrast adjacent to the duodenojejunostomy
site (white arrows), potentially representing a leak.

small bowel obstruction. Upon admission, a CT scan of her ab-
domen demonstrated a dilated stomach and proximal duode-
num, increasing suspicion of duodenal obstruction. Magnetic
resonance cholangiopancreatography confirmed focal nar-
rowing of the second duodenal segment, and esophagogas-
troduodenoscopy revealed an acquired, benign-appearing, in-
trinsic severe stenosis.

The patient was subsequently transferred to our hospital
for further work-up and management. An upper endoscopic
ultrasound was performed revealing a circumferential plaque
in the duodenal wall in the area of stenosis, and a biopsy
demonstrated duodenal adenocarcinoma. The patient opted
for surgical resection of the lesion, and duodenectomy with
anastomosis was performed without any immediate compli-
cations. A percutaneous drainage catheter was placed with a
negative pressure bulb was placed to facilitate healing.

On post-operative day 3, the patient reported worsening
abdominal pain despite multimodal pain management and
stable vitals, and there was continued serosanguinous out-
put from the surgical drain. An upper gastrointestinal fluo-
roscopy series with iodinated oral contrast was ordered (Fig. 1).
Contrast was noted adjacent to the anastomosis. It was un-
clear whether the contrast represented a leak or post-surgical
changes, so a dual energy CT abdomen/pelvis without IV con-
trast was performed 90 minutes after the fluoroscopy to fur-
ther evaluate.

An initial interpretation of the conventional CT found no
obvious contrast leak, but the contents of the tubing appeared
hyper-attenuating (Figs. 2A and 3A). The differential diagno-
sis of the finding was either: a) a combination of the CT at-
tenuation from the tube material and beam hardening arti-
fact from the barium impregnated strip present on the tube

or b) iodinated contrast within the tube which would indi-
cate a leak. However, using the iodine overlay reconstruction
from the dual energy CT, it was apparent that the tube con-
tained iodine and was not simply associated with the barium
strip, suggesting an anastomotic leak (Figs. 2B and 3B). In or-
der further confirm the presence of an anastomotic leak, the
contents of the surgical drain were placed in a syringe and
rescanned in the CT (next to a syringe of normal saline as a
control) (Fig. 4). This image reveals the drain contents mea-
suring 68 Hounsfield units (HU) compared to the saline (29
HU), confirming the fluid is in fact hyper-attenuating and not
simply a result of beam-hardening artifact from the barium
impregnated tubing. Due to the small volume of the leak and
the patient’s hemodynamically stable vital signs, the surgery
team opted to watch the patient closely and continue total
parenteral nutrition to allow the leak to heal itself rather than
operate. A follow-up CT abdomen/pelvis on post-operative day
5 confirmed the resolution of the leak and the patient’s pain
subsided. The patient was discharged several days later.

Discussion

This case demonstrates the utility of dual energy CT for the
detection of an anastomotic leak after small bowel resection
in patients with ambiguous clinical and fluoroscopic presen-
tation. It is useful to view the contents of surgical drainage
tubes using an iodine overlay, which eliminates artifact from
the barium strip present within most surgical drainage tubes.
The visualization of the syringe with the drainage contents
compared to the syringe with the saline was further proof that
the contents of the drainage contained contrast and that the
density of the tube on routine CT was not due to the tube it-
self or artifact from the barium strip. This confirmatory step
would not need to be performed in future imaging studies.

Normal saline was used as the control to the drainage con-
tents because normal saline has similar attenuation to un-
enhanced, un-clotted blood. Normal saline on our CT imag-
ing had a density of 29 HU, while uncoagulated, unenhanced
blood in a patient with a normal hematocrit has a density
around 40 HU [5]. However, it is important to note that the
exact density of flowing blood on CT varies linearly with
hemoglobin levels [6]. The density of the serosanguinous con-
tents of the surgical drain was 68 HU, increased by the iod-
inated contrast from the anastomotic leak. Coagulated blood
could have densities this high, depending on the age of the co-
agulation, but the drain contents as seen by the attending ra-
diologist and surgery team was mostly serous, making a den-
sity as high as 68 HU unlikely in the absence of contrast.

The typical presentation of a GI anastomotic leak includes
worsening abdominal pain, abdominal rigidity, tachycardia
and fever, similar to intestinal perforation [7]. Our patient’s vi-
tals remained stable throughout their post-operative recovery.
The concern for a leak was due to the worsening abdominal
pain on post-operative day 3. The relatively mild symptoms
of our patient further support that the leak was presumably
small and hence difficult to detect on imaging. Another possi-
ble explanation of the ambiguous imaging was the timing of
oral contrast dosing in our patient. Due to an unknown delay,
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Fig. 2 - (A) (left) Axial slice of a dual energy CT abdomen/pelvis without IV contrast but with oral iodinated contrast
demonstrating no clear presence of anastomotic leak. It was initially unclear whether the high-attenuation inside the
transverse slice of tubing (white arrows) represents beam-hardening artifact from the barium strip or if it was due to
iodinated contrast leakage. (B) (right) Iodine overlay reconstruction of Fig. 2A (where red is color coded to the multi-energy
spectrum of iodine) demonstrating material in the surgical drain tubing contents contain iodinated contrast (white arrows)
in the absence of a clear anastomotic leak source. Potentially this iodine source may have been remnant from the earlier

fluoroscopic study that had had time to collect in the drain.

Fig. 3 - (A): (left) Axial slice of a dual energy CT abdomen/pelvis without IV contrast but with oral iodinated contrast
demonstrating no clear presence of anastomotic leak. The white arrows point to a longitudinal slice of the tubing, again
demonstrating that the hyper-attenuation within the tube looks similar to artifact from the Barium strip. (B): (right) Iodine
overlay reconstruction of Fig. 3A demonstrating attenuation of the surgical drain tubing contents clearly eccentric from the

barium strip (white arrows).

the patient received the oral contrast over 2 hours prior to the
upper GI series, and the non-contrast CT abdomen/pelvis was
taken an hour later. The oral contrast seen in the CT was the
remnants of the oral dosing given 3 hours prior for the upper
GI series. This delay in timing may explain why the majority
of the leaked contrast appears to have been captured by the
surgical drain.

The first-line imaging for the detection of anastomotic
leaks is an upper GI series with barium or iodinated oral con-
trast [3]. In the past, many institutions performed upper GI se-
ries on all bariatric surgical patients with bariatric surgeries
involving small bowel anastomoses [3]. However, today many
institutions, including ours, only image with clinical suspi-
cion. CT with oral contrast is increasingly being used to iden-
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Fig. 4 - CT axial images of a syringe filled with saline (left) and a syringe filled with the serosanguinous output of surgical
drainage (68 HU), which is over twice as dense as the saline (29 HU).

tify leaks, and it has been shown to have a negative predica-
tive value of between 97 and 100% in patients with low clinical
suspicion [3]. Patients with high clinical suspicion for a leak,
are typically taken back to the OR for direct visualization of
the anastomosis, via either laparoscopy or open surgery. Intra-
operatively, methylene blue can be injected proximal to the
anastomotic site to for leak detection [8].

Treatment of a Gl anastomotic leak varies based on presen-
tation and imaging findings. For mild presentations with small
leaks, such as in our case, treatment may consist of careful
observation, a negative pressure drainage catheter, parenteral
nutrition, and antibiotics to allow a small leak to heal non-
surgically [9]. Other alternative approaches to surgery include
endoscopic placement of stents, clips, and fibrin glue depend-
ing on the anastomosis location [10]. If the patient becomes
hemodynamically unstable, emergent take back to the oper-
ating room to irrigate and control contamination and for sur-
gical repair.

Conclusion

This case demonstrates the use of dual energy CT with iodi-
nated oral contrast to diagnose a gastrointestinal anastomotic
leak in patients with an ambiguous clinical presentation and
imaging. By examining the contents of the percutaneous neg-
ative pressure drainage catheter with dual energy CT, an io-
dine overlay reconstruction can confirm the presence of a sus-
pected leak.

Patient consent

The authors received written permission from the patient al-
lowing them to publish anything about her case that could be
useful to others.
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