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Abstract

Acute gastrointestinal bleeding is a common medical
emergency, which carries a significant mortality. CT
Angiography is an important non-invasive diagnostic
tool, which can be used to plan subsequent endovascular
or surgical management. The cases presented demon-
strate that a meticulous and systematic approach to im-
age interpretation is necessary, in particular, to detect
focal sites of contrast extravasation and small pseud-
oaneurysms.
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Acute gastrointestinal bleeding is a common medical
emergency with an incidence of 47.7/100,000 population
in the U.S. and accounts for 300,000 hospital admissions
a year [1, 2]. It carries a significant mortality of between
5% and 12% [2]. Although many cases are not life
threatening and resolve with conservative treatment, a
significant proportion of patients require further inter-
vention. CT angiography (CTA) is an important non-
invasive diagnostic tool, which can be used to plan fur-
ther management. With reduced scan times, higher res-
olution images, and the use of multi-planar reformatting
(MPR), CTA is becoming increasingly accurate at
detecting the source of active bleeding. The sensitivity of
CTA in acute gastrointestinal bleeding is cited as 85% in
one review with a specificity of 95%, as compared with
digital subtraction angiography (DSA), which has a
sensitivity of 47% to 86% [3–5]. When looking at bleed-
ing rates the figures are also comparable. CTA is re-
ported as demonstrating bleeding up to 0.3 mL/min and

DSA up to 0.5 mL/min [3]. The aim of this essay is to
improve the radiologist’s diagnostic accuracy in image
interpretation of CTA.

Upper gastro-intestinal hemorrhage

Upper gastrointestinal hemorrhage is defined as bleed-
ing from a source above the ligament of Treitz/sus-
pensory ligament of the duodenum, i.e., proximal to
the duodenojejunal flexure. Upper gastro-intestinal
bleeding accounts for approximately 75% of all hospi-
tal admissions with gastro-intestinal hemorrhage within
the U.K. Mortality is estimated at 14% but rises to
25% when bleeding commences during a hospital
admission [6]. Upper GI endoscopy should be per-
formed at presentation in severe life threatening hem-
orrhage. In a small percentage of cases, the endoscopist
will not able to identify or treat a bleeding point,
especially if the view is obscured by a stomach full
of blood. CTA can then be used to identify the site of
hemorrhage and guide subsequent endovascular or
surgical management.

Peptic ulcer disease is the commonest cause of
upper gastro-intestinal bleeding accounting for be-
tween 20% and 39% of cases [6, 7]. Primarily it is
managed by the endoscopist, but where endoscopic
treatment is not possible or fails to control bleeding
CTA should be performed to identify a bleeding
source (Figs. 1, 2).

Pancreatitis may be complicated by pseudoaneurysm
formation and in the case of acute necrotizing pancre-
atitis by vessel rupture. Hemorrhage from either of
these sources can enter the pancreatic duct and subse-
quently the gastro-intestinal tract via the ampulla of
vater, this process is known as hemosuccus pancreaticus
and is a well recognized but rare cause of gastrointes-
tinal bleeding (Figs. 3, 4) [8–10]. Pseudoaneurysms may
be only 1–2 mm in size, and review of coronal and
sagittal MPRs and maximum intensity projections
(MIPs) over a region of interest may be necessary inCorrespondence to: Kate Steiner; email: kate.steiner@virgin.net
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order not to miss small pseudoaneurysms amenable to
endovascular treatment (Fig. 5). Pseudoaneurysms are
also a rare but well recognized post surgical complica-
tion which may be treated by stent-graft insertion or
coil embolization (Fig. 6). [11].

Variceal hemorrhage is an important cause of upper
gastro-intestinal bleeding and has a mortality rate of
14.5% to 25% [12, 13]. The most important diagnostic
and therapeutic tool is upper GI endoscopy. In patients
with cirrhotic portal hypertension and upper gastro-
intestinal hemorrhage studies have shown that a high
proportion (84%) are due to variceal hemorrhage and the
remainder are due to non-variceal causes [14]. CTA is
useful when a bleeding point cannot be identified at
endoscopy, and there is a suspicion of non-variceal
hemorrhage or variceal bleeding involving the small bo-
wel or lower GI tract. It is important to include a delayed
portal venous phase study as part of any examination for
gastro-intestinal bleeding to obtain good opacification of
the portal vein, hepatic veins and any varices (Fig. 7).

Variceal bleeding may also present as lower gastro-
intestinal hemorrhage [15].

Lower gastro-intestinal hemorrhage

Lower gastrointestinal hemorrhage is defined as bleeding
from a source below the ligament of Treitz. The com-
monest cause is colonic diverticulosis [16, 17]. The mean
patient age at presentation is higher than that in patients
with upper gastrointestinal hemorrhage and a high pro-
portion of cases will cease spontaneously [17]. In acute
life threatening hemorrhage, after resuscitation com-
mences, a proctoscopy and later sigmoidoscopy should
be performed to try to identify the bleeding source. A
small proportion of apparent lower gastrointestinal
hemorrhage will actually be due to a bleeding source
above the ligament of Treitz and an upper GI endoscopy
should always be considered. Colonoscopic hemostasis
may be considered in diverticular and post-polypectomy
bleeding in experienced and skilled hands [18]. CTA is an

Fig. 1. This patient presented
with continued bleeding from
duodenal ulceration despite over
sewing of the ulcer and coil
embolization. A Axial CTA image
demonstrating active
extravasation of contrast into the
duodenum (arrow) and high
attenuation fluid within the bowel
lumen in keeping with blood.
B Sagittal MIP demonstrating
multiple coils within the gastro-
duodenal artery (GDA). A
mesenteric angiogram was
performed, C selective GDA
injection which demonstrates
active extravasation of contrast
(arrow). The patient was
successfully treated by further
coil embolization.
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Fig. 2. This patient presented
with upper gastro-intestinal
bleeding secondary to gastric
ulceration, which could not be
controlled at endoscopy. A Axial
and B coronal MIPs
demonstrating active
extravasation of contrast into the
stomach (arrows), and C DSA
demonstrating active
extravasation of contrast from
branches of the left gastric artery
(arrow). Note the multiple small
gastric arterial braches which are
well demonstrated on the MIP
images. The patient was
successfully treated by coil
embolization.

Fig. 3. A Axial CTA image and B coronal MIP demonstrating
active contrast extravasation from a ruptured splenic artery
aneurysm (arrows), which occurred as a complication of acute
pancreatitis. The patient was treated successfully by coil embo-

lization of the splenic artery. Note also the high attenuation free
fluid in keeping with blood, large hematomas and a surgical
drain is in situ. The vessels on the coronal MIP are slender irreg-
ular and tapering in keeping with hemodynamic compromise.
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important non-invasive diagnostic tool in this older and
higher risk population.

There are a multitude of causes of lower gastroin-
testinal hemorrhage and accurate localization of the
bleeding point is of fundamental importance in guiding
subsequent endovascular or surgical management. With
the average small intestine estimated at measuring 7-m
long and large intestine 1.5-m long, a meticulous review
of the imaging with MPRs is essential to ensure a small
bleeding point is not missed. Gastrointestinal hemor-
rhage where the bleeding point arises from the small
bowel is relatively uncommon but CTA plays a very

important role in these cases where endoscopy will be
non-diagnostic (Fig. 8). Post-operative lower gastroin-
testinal bleeding may occur at the level of the anasto-
mosis or at a second site distant from the recent surgery
(Figs. 9, 10). Careful simultaneous review of the pre- and
post-contrast imaging is important in order to not mis-
take high density suture material at the anastomosis for
contrast extravasation [19]. Most cases of lower gastro-
intestinal bleeding are of colonic origin (Fig. 11) [17].
One of the advantages of CTA compared with DSA is
that not only does it demonstrate the bleeding point but
it may demonstrate the underlying cause, for example, in

Fig. 5. A Axial CTA image, B
Coronal MIP, and C DSA
demonstrating a gastroduodenal
artery pseudoaneurysm (arrows)
which is best appreciated on the
coronal MIP. This patient was
known to have metastatic
neuroendocrine tumor, hence the
liver lesions and biliary stents.
The pseudoaneurysm occurred
as a complication of a duodenal
lesion which was bleeding at the
time of presentation.

Fig. 4. A and B Axial CTA
images. The arrow in (A) is
demonstrating the GDA. On the
slice below (B), the vessel is no
longer seen and there is
extravasation of contrast (arrow).
Angiography confirmed rupture of
the superior pancreatoduodenal
artery, which was successfully
treated by coil embolization.

118 K. Steiner et al.: Acute gastrointestinal bleeding



the case of a large neoplastic lesion. It may also dem-
onstrate unexpected relevant findings (Fig. 12).

Diagnostic pitfalls

Several findings, some of which have already been dis-
cussed, can mimic active hemorrhage. It is important not
to misinterpret the images as this may lead to unneces-
sary angiography or surgery. It is essential that no oral
contrast is given. Iodinated oral contrast can mimic
hemorrhage within the gastrointestinal tract. Hemor-

rhage within the bowel lumen is a stigma of recent
bleeding and angiography should be considered even if
no active extravasation of contrast is seen on the CTA
(Fig. 13). Oral water will dilute active contrast extrava-
sation, and a bleeding point may be obscured [19]. High
attenuation changes within a hematoma can mimic active
bleeding and it is always important to perform a pre-
contrast study (Fig. 14). Lines, tubes, surgical sutures,
and calcification are also important to differentiate from
hemorrhage by reviewing the pre-contrast images, and
sites of contrast extravasation adjacent to them may be

Fig. 6. A Axial MIP and B
curved MPR demonstrating a
common hepatic artery aneurysm
(arrows). The patient presented
with upper gastro-intestinal
bleeding post Whipples
procedure. The aneurysm was
successfully excluded by
placement of a covered stent
within the common hepatic
artery. C DSA prior to
deployment of the stent.

Fig. 7. A Axial and B coronal portal venous phase MPRs
demonstrating active extravasation of contrast from an SMV
varix into the duodenum (arrows). Upper GI endoscopy in this
patient was non-diagnostic due to a large amount of blood.

Hemorrhage is also seen within the small bowel lumen, trans-
verse and descending colon, and there is a small amount of
peri-hepatic free fluid. The patient underwent a TIPS procedure
and coil embolization of an actively bleeding SMV varix.
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missed without careful review of the images including
MPRs (Fig. 15).

Conclusion

CT angiography is an important non-invasive diagnostic
tool in the management of gastrointestinal hemorrhage.
A systematic and meticulous approach to image inter-
pretation using multiplanar reformatting in conjunction
with maximum intensity projections should be used, in
particular to detect focal sites of extravasation of contrast
and small pseudoaneurysms. CTA is a valuable tool for
the interventional radiologist as, by demonstrating the
site of bleeding, it allows planning of possible endovas-
cular treatment options prior to angiography. Mesenteric
angiography remains the ‘‘Gold standard’’ and the role of
CTA is not yet proven. If the CTA does not demonstrate
a bleeding source but there are stigmata of recent or
active hemorrhage then mesenteric angiography should
always be considered.
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Fig. 10. Images from CTA and
DSA examinations on a patient
who presented with
gastrointestinal bleeding post
right hemi-colectomy. A Axial
CTA image at the level of the
anastomosis (arrow), B axial
CTA image just below the
anastomosis demonstrating
active extravasation of contrast
(arrow), C coronal MPR
demonstrating the bleeding point
(arrow). D DSA: selective SMA
injection demonstrating contrast
extravasation (arrow)
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Fig. 11. Images from a CTA
examination and DSA on a
patient who presented with a life
threatening lower gastrointestinal
hemorrhage. A Axial and B
coronal MIPs demonstrating
active extravasation of contrast
into the cecum (arrows) and
adjacent small ileocolic branch
vessels. C DSA: SMA injection
demonstrating active contrast
extravasation from a terminal
branch of the ileocolic artery
(arrow).
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Fig. 12. CTA images from a patient who presented with
rectal bleeding. A Axial curved MIP and B coronal MIP
demonstrating a large common and external iliac artery
aneurysm which contains several locules of gas in keeping
with infection. The patient was treated by insertion of a
bifurcated aortic stent-graft to prevent aneurysm rupture. Fig. 13. A Axial CTA image demonstrating high attenuation

fluid within the rectum in keeping with blood. B DSA from the
same patient performed shortly afterward: SMA injection
demonstrating active extravasation of contrast into the jeju-
num (arrow). Even in retrospect there is no contrast extrav-
asation on the CTA.
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Fig. 14. Axial CTA images from
a patient who presented with
gastrointestinal hemorrhage
while on anticoagulants. A Axial
pre-contrast image
demonstrating high attenuation
material within a large hematoma
(arrow). Pre-contrast (B) and
post-contrast CTA (C)
demonstrating the site of active
bleeding (arrow), which was
confirmed on DSA (D). Note the
replaced right hepatic artery
arising from the SMA. More
selective runs demonstrated
multiple bleeding points which
were treated by coil embolization.

Fig. 15. A Axial and B coronal
MIPs demonstrating active
extravasation of contrast (arrow),
which is adjacent to a nasogastric
tube. C DSA: celiac axis injection
showing active extravasation of
contrast (arrow) arising from the
left gastric artery which was
treated successfully by coil
embolization.
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