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Introduction 

Gastrointestinal (GI) bleed accounts for approximately 
20% of emergency visits and 2% of hospital admissions (1) 
and its incidence has been increasing (2,3). In a majority of 
patients, bleeding may stop spontaneously and intervention 
may not be required, but approximately 25% of patients 
develop massive or recurrent bleeding predisposing to 
increased morbidity and mortality, requiring intervention to 
identify the source and stop the hemorrhage (4). Identifying 
the source of the bleed can be challenging due to the wide 
range of potential causes, long length of the GI tract, 
and the intermittent nature of the bleed itself. Work-up 
of these patients is driven by the nature of the bleed and 

hemodynamic status of the patient. Work-up therefore 
involves a multidisciplinary approach including emergency 
physicians; internists; surgeons; gastroenterologists; 
diagnostic and interventional radiologists. Although many 
patients with GI bleeding can be identified and treated 
without imaging, radiology plays an important role in 
patients where endoscopy and/or medical management fails. 

GI bleeding can be described in various ways depending 
upon the site or rate of bleeding. Based on anatomic location, 
it has traditionally been classified into two main categories: 
upper and lower GI bleed. Upper GI bleed (UGIB), refers 
to bleeding originating anywhere from the mouth to the 
ligament of Treitz, is the most common, accounting for 
approximately 75% of cases (5,6). Lower GI bleed (LGIB) 

Review Article

The role of imaging in gastrointestinal bleed 

Benjamin W. Carney1, Garvit Khatri2, Anuradha S. Shenoy-Bhangle2

1Department of Radiology, University of Michigan, Ann Arbor, MI, USA; 2Department of Radiology, Beth Israel Deaconess Medical Center, Boston, 

MA, USA

Contributions: (I) Conception and design: G Khatri, AS Shenoy-Bhangle; (II) Administrative support: None; (III) Provision of study materials or 

patients: All authors; (IV) Collection and assembly of data: G Khatri, AS Shenoy-Bhangle; (V) Data analysis and interpretation: All authors; (VI) 

Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Anuradha S. Shenoy-Bhangle, MD. Staff Radiologist, Abdominal Imaging and Intervention, Department of Radiology, Beth Israel 

Deaconess Medical Center, Boston, MA, USA. Email: abhangle@bidmc.harvard.edu.

Abstract: Gastrointestinal (GI) bleed accounts for approximately 20% of emergency visits; 2% of hospital 
admissions and its incidence has been increasing. In patients where the GI bleed does not stop spontaneously, 
intervention is required to identify the source of bleeding and stop the hemorrhage. Although identifying 
the source of bleeding can be challenging due to the vast number of underlying etiologies, radiology plays a 
vital role in patients where endoscopy and/or medical management fail. Radiology offers both non-invasive 
and invasive options for the diagnosis as well as management of GI bleeds. Scintigraphy and computed 
tomography angiography (CTA) are the most important non-invasive imaging tests that can identify 
presence of and help locate the site of bleeding and are used when the patient is hemodynamically stable. If 
the patient is hemodynamically unstable, conventional angiography (CA) allows diagnosis of the presence, 
site of bleeding as well as the means of treating the bleed by embolization. Our review article focuses on the 
various etiologies of GI bleed, the role of imaging in diagnosis as well as treatment of these patients based on 
the underlying etiologies, the merits and disadvantages of each of these modalities with emphasis on triaging 
patients for the most appropriate imaging test to guide the most suitable management. 

Keywords: Gastrointestinal bleeding; computed tomography angiography (CTA); scintigraphy; conventional 

angiography (CA)

Submitted Nov 23, 2018. Accepted for publication Dec 21, 2018.

doi: 10.21037/cdt.2018.12.07

View this article at: http://dx.doi.org/10.21037/cdt.2018.12.07

96

https://crossmark.crossref.org/dialog/?doi=10.21037/cdt.2018.12.07


S89Cardiovascular Diagnosis and Therapy, Vol 9, Suppl 1 August 2019

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2019;9(Suppl 1):S88-S96 | http://dx.doi.org/10.21037/cdt.2018.12.07

refers to bleeding originating below the ligament of Treitz 
to the anus. The vast number of etiologies contributing 
to GI Bleeding have been described in Table 1. A second 
approach of classification takes into account the presentation 
as overt or “obscure/occult”. The latter was historically 
used to designate bleeding that could not be identified by 
either esophagogastroduodenoscopy (EGD) or colonoscopy. 
In 2015, the American College of Gastroenterology 
recommended that the term “obscure” GI bleeding be 
replaced by small bowel bleeding as the majority of cases of 
“obscure” GI bleeds are due to bleeding in the small bowel (7).  
The continued advancement of imaging tools, including 
video capsule endoscopy, deep enteroscopy, and radiologic 

imaging, has made this shift possible. 

Role of imaging

Clinical differentiation of GI bleed as UGIB versus LGIB is 
the first step in diagnostic workup. Workup of overt UGIB 
starts with an upper endoscopy. Although upper endoscopy 
has a 92–98% sensitivity and a 3–100% specificity with the 
ability to treat patients effectively (1,2); various factors such 
as presence of a large amount of clot obscuring visibility 
of the site of bleeding or presence of co-morbidities and 
challenging anatomic locations can contribute to failure of 
upper endoscopic management. Workup of LGIB starts 
with colonoscopy. Colonoscopy however is not effective 
without adequate colon preparation which is a major 
limiting factor in the emergent setting. The diagnostic and 
therapeutic yield of colonoscopy in managing patients with 
LGIB also has wide variability in the range of 8–100% (4). 
Capsule endoscopy is widely popular in patients suspected 
of small bowel bleeds. However, the inability to use this 
modality in patients with presence of known small bowel 
strictures from any cause; the long duration of this test and 
a failure rate of 8.5% make radiologic imaging options also 
viable in the search for small bowel sites of bleed (5).

Imaging therefore plays a key role in all these patients with 
both overt and occult GI bleeding that are hemodynamically 
stable. Radiologic imaging modalities that are most frequently 
used in this setting include technetium 99m scintigraphy, 
computed tomography angiography (CTA), multiphase 
computed tomography enterography (CTE) and catheter 
angiography (CA). Each of these modalities has its own unique 
characteristic which we shall elaborate upon in this article. 

The American college of Radiology has laid down 
appropriateness criteria for radiologic management of GI 
bleed (8). 

According to the ACR appropriateness criteria for 
UGIB, upper endoscopy is the best initial modality and 
radiology does not play as significant a role as it does for 
LGIB, as an initial diagnostic modality. However, there are 
four situations/variants, according to ACR appropriateness 
criteria, where radiologic management is useful:

(I) Endoscopy reveals non-variceal arterial bleeding 
source: catheter angiography and CTA are almost 
equally useful. If the patient is hemodynamically 
unstable, catheter angiography is better. CTA may 
not be helpful if the bleed is intermittent;

(II) Endoscopy reveals non-variceal bleeding but does 
not identify a clear source: catheter angiography 

Table 1 Common causes of GI bleeding

Upper gastrointestinal bleeding (Zurkiya and Walker)

Esophageal, gastric and duodenal ulcers

Mallory Weiss tears

Esophagitis, gastritis, duodenitis, pancreatitis

Neoplasms

Vascular malformations

Varices

Lower gastrointestinal bleeding (Strate and Gralnek-2016)

Diverticulosis

Angioectasia

Post-polypectomy bleeding

Ischemic colitis

Colorectal polyps/neoplasms

Dieulafoy’s lesion

Inflammatory bowel disease

Anorectal conditions, i.e., solitary rectal ulcer, radiation 
proctitis and rectal varices

Small bowel bleeding (ACG guidelines 2015)

Inflammatory bowel disease

Angioectasia

Dieulafoy’s lesion

Neoplasia

Meckel’s diverticulum

NSAID ulcers

Polyposis syndromes

GI, gastrointestinal; ACG, American College of Gastroenterology.
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and CTA are equally useful;
(III) Endoscopy is negative: includes obscure UGIB. 

Catheter angiography, CTA, and multiphase CTE 
are comparable but can have false negatives. CTE 
has the highest radiation out of the three. Catheter 
angiography has the highest diagnostic yield but is a 
poor modality if variant arterial anatomy is present;

(IV) Endoscopy is contraindicated: in these patients 
catheter angiography, CTA and CT abdomen with 
IV contrast are equally comparable.

According to the ACR appropriateness criteria for LGIB, 
there are four variant scenarios:

(I) Patients with active bleed and are hemodynamically 
stable: colonoscopy is the most appropriate initial 
modality of choice. In terms of radiological 
modalities, CTA and scintigraphy are equally useful 
but CTA has many added advantages to scintigraphy;

(II) Patients with active bleed and are hemodynamically 
unstable: catheter angiography is the most 
appropriate initial modality of choice;

(III) Rebleeding/ongoing bleeding post colonoscopic 
treatment for LGIB: catheter angiography is most 
appropriate;

(IV) Intermittent or obscure bleed: multiphase CTE is 
comparable to capsule endoscopy and better than 
scintigraphy.

In this paper, we review the four main radiologic imaging 
tools, specifically, scintigraphy, CTA, multiphase CTE 
and CA. While acknowledging that variceal hemorrhage 
is an important cause of GI bleeding, we do not discuss it 
in detail in this review due to its complex physiology and 
management.

Scintigraphy

In 1979, Winzelberg et al. first described the use of 
technetium 99m (Tc-99m) labeled red blood cells (RBCs) 
to identify GI bleeds (9). Although additional methods of 
labeling the RBCs have been discovered and refined since 
that time, the initial concept has remained the same: after 
labeling the RBCs, intravascular injection is made followed 
by a dynamic acquisition, this allows for the visualization 
of extra-vascular deposition of the radiotracer into the 
bowel. Diagnostic criteria utilized when diagnosing a GI 
bleed with scintigraphy include: a focus of activity identified 
where none was seen initially, an increase in size over time, 
movement of tracer activity either retrograde or antegrade, 
and general conformity to the shape and location of the 
bowel (Figure 1).

The benefits of this exam include the non-invasive 
nature, the lack of need for bowel preparation and the 
ability to identify both arterial and venous bleeds. It does 
not require iodinated contrast so it can be used without 
delay in patients with contrast allergies and those with 
limited renal function (10). Of the imaging methods, 
scintigraphy can identify the slowest active bleed: at a rate 
of approximately 0.05–0.10 mL/min (9-13). Finally, due 
to the stability of the radiolabel and physical half-life of  
Tc-99m, images can be acquired for up to 24 hours, which 
can be helpful in cases of intermittent bleeding (14).

Unfortunately, scintigraphy has a few drawbacks that 
limit its use in most centers. The exam itself is time-
consuming and may not be available in an emergency 
setting for acute bleeds (15). The exam, even when positive, 
does not provide any information as to the cause of the 

Figure 1 A 70-year-old male presenting with bleeding per rectum and drop in hematocrit. Colonoscopy was negative; underwent tagged RBC 
scan that demonstrated site of active bleeding in the hepatic flexure of the colon (A, arrow) which was subsequently embolized via conventional 
angiography (B, C: arrowheads).

A CB
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bleed (16). There are a few imaging pitfalls, which the 
interpreting radiologist should be aware of. Tagged RBCs 
can localize at sites distinct from bleeds, such as sites of 
splenosis, pancreatic pseudocysts and non-enteric bleeding 
(i.e., hematomas). Post-operative hyperemia, active Crohn 
disease, and hypervascular neoplasms can also appear as 
foci of uptake. These can give false positive results. A 
longstanding critique of scintigraphy was its inability to 
precisely identify the location of the bleed, thereby limiting 
its utility in guiding subsequent intervention. However, 
the addition of SPECT or SPECT-CT aids in localization 
(16-18) and should be considered when necessary. Table 2 

summarizes the role of scintigraphy in GI Bleeds. 

CTA

The most recent ACR appropriateness criteria guidelines 
for stable patients with lower GI bleeds give equal weight 
to Tc-99m RBC scan and CTA (8). Nevertheless, at most 
institutions, CTA has become the default first radiologic 
imaging option for most stable patients presenting with GI 
bleeding (19,20). 

CTA is usually performed in three parts with an initial 
non-contrast phase, followed by arterial and portal venous 
phases without administration of oral contrast. The non-
contrast phase is performed using a low-dose technique 
and its main utility is to identify pre-existing hyperdensities 
in the bowel such as a clot, pills, surgical clips or residual 
barium from the previous study, which may be confused 
for active bleeding. After reviewing the non-contrast 
images, the arterial phase images are carefully examined 
for a hyperattenuating focus that should increase in size 
on the subsequently acquired portal venous phase. The 
highest sensitivity is achieved by examining the arterial 
and portal venous phase images together (15). Slow or 
delayed bleeds may only be apparent on portal venous 
phase images. In some cases, while there is no evidence of 
active extravasation, a sentinel clot (seen as an unchanging 
hyperdensity) can be used to localize the site of recent 
bleeding. Even in situations in which no acute bleeding is 
identified, CTA can diagnose abnormalities that may be 
responsible for the bleeding, such as ischemia, inflammatory 
bowel disease, neoplasms (Figure 2) and arteriovenous 

Table 2 Scintigraphy

Advantage

Non-invasive

Detect slowest bleed

No bowel preparation required

Can detect intermittent bleed

Disadvantages

Ionizing radiation and radiation dose

Non-therapeutic

Not good for UGIB

Recommendation

Choice of modality for all hemodynamically stable actively 
bleeding LGIB

UGIB, upper gastrointestinal bleed; LGIB, lower gastrointestinal 
bleed.

Figure 2 A 56-year-old male presenting with upper GI bleeding was found to have a friable mass in the gastric fundus on upper endoscopy (A, 
arrow). He presented with re-bleed a few months later when CT angiogram demonstrated ongoing active bleed from the mass (B, C: coronal CTA 
images—arrowheads). The mass was then surgically removed, proven to be a gastrointestinal stromal tumor.

CA B
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malformations (AVMs) (16). CTA therefore provides an 
excellent road map guiding the next step in triaging patients 
to either endoscopic, surgical or angiographic management.

The advantages and disadvantages of CTA are elaborated 
in Table 3. CTA requires a significant amount of radiation, 
although efforts to reduce doses have become popular, 
including using very low dose for the non-contrast phase (19),  
eliminating the arterial or portal venous phase (21,22), 
and using dual-energy CT (23). CTA requires the rate of 
bleeding to be at least 0.3 mL/min, slightly higher than the 
rate of scintigraphy, but less than CA (24). Like scintigraphy, 
CTA requires active bleeding in order to see active 
extravasation, but a negative CTA may hold additional value 
beyond identifying structural lesions that likely account for 
the bleed. In 2015, Chan et al. demonstrated that patients 
with lower GI bleeding with negative CTAs were unlikely 
to bleed again, with only 22.6% requiring further radiologic 
or surgical intervention (25). All patients that did bleed 
again demonstrated hemodynamic instability, suggesting 
that this subset of patients with negative CTA can be 
managed conservatively with careful monitoring and further 

intervention should be considered when or if hemodynamic 
instability develops (25).

Multiphase CTE

M u l t i p h a s e  C T E  i s  m o s t  u s e f u l  i n  e v a l u a t i n g 
hemodynamically stable patients with intermittent and 
occult GI Bleeds, which commonly have an underlying 
small bowel source. The main difference between a 
multiphase CTE and routine CT or CTA is that in a CTE 
study, the small bowel lumen is distended with a bolus 
(about 1.5–2.0 litres) of a neutral oral contrast agent. 
This luminal distention allows optimal visualization of 
enhancement of the small bowel mucosa and wall following 
intravenous contrast administration, thereby increasing 
the sensitivity of detection of bleeding and non -bleeding 
abnormalities. At our institution we use very low (0.1%w/v)  
concentration of barium sulfate suspension (Volumen; 
Westbury, NY) that uses additives to make the fluid non-
absorbable and palatable. Although exact multiphase CTE 
protocols vary among institutions, the general principles 
of intravenous contrast administration remain the same. 
These include imaging in the arterial phase (approximately  
30 seconds) from the start of injection; followed by the 
enteric phase (approximately 50 seconds) and then the 
delayed phase (90–100 seconds) (Figure 3). For scanners 
with a dual-energy capability, scans can be acquired with 
lesser radiation and smaller volumes of intravenous contrast. 
Utilization of virtual unenhanced imaging capability on 
the dual energy scanners can also eliminate the need for 
multiphase scanning. The advantages and disadvantages of 
CTE are summarized in Table 4. 

CA

The use of selective arterial catheterization to identify 
GI bleeding was first described in the early 1960s (26). 
Since that time, the role of CA has increasingly evolved as 
endoscopic and non-invasive radiologic techniques have 
been developed and refined (27). Indeed, even though the 
ACR appropriateness criteria guidelines give the highest 
rating to CA in unstable lower GI bleeding patients, at our 
institution and many others, whenever possible, patients 
are routed to CTA prior to entering the angiography 
suite (8,26,27). The time spent to acquire the CTA pales 
in comparison to the time saved by the interventional 

Table 3 CT angiography

Advantages

Non-invasive, fast and readily available

Identify cause even when not actively bleeding

Can risk stratify patients

Identify both arterial and venous bleeds and location

High sensitivity to detect active bleed

Disadvantages

Ionizing radiation and radiation dose

Contrast related side effects

Intermittent bleeding may go undetected

Non-therapeutic

Not good for UGIB

Recommendation

Choice of modality for all hemodynamically stable actively 
bleeding LGIB

UGIB with negative endoscopy, or endoscopy not able to 
identify source: comparable to catheter angiography

UGIB, upper gastrointestinal bleed; LGIB, lower gastrointestinal 
bleed.
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radiologist who has a specific target for embolization and an 
understanding of any potential surgically altered or variant 
anatomy (28,29).

The chief advantage of CA is its ability to directly 
visualize and embolize a site of bleeding (30). Additionally, 
no bowel preparation is required (Figures 4,5). An 
important drawback is a requirement of a higher rate of 

bleeding for visualization. Historically, the minimum 
rate of bleeding required was 0.5–1 mL/min, though 
digital subtraction angiography may be able to identify 
slower bleeds (31). It is an invasive modality and thus has 
complications. Fortunately, major adverse events are rare, 
occurring in approximately 2–5% of cases (32,33). Non-
targeted embolization and induction of bowel ischemia 
are two of the most feared complications, though the use 
of microcatheters and deploying the embolic agent as 
selectively as possible has decreased the incidence of these 
complications (34). Other complications include access 
site bleeding, hematoma or pseudoaneurysm and arterial 
dissection or spasm. Table 5 summarizes the utility of CA 
in GI bleeding. 

Conclusions

GI bleeding is a common cause of presentation to the 
hospital and often requires the collaboration of a multi-
specialty team, including gastroenterologists, surgeons and 
diagnostic and interventional radiologists. While many 
patients with GI bleed resolve spontaneously or can be 
treated with medical and endoscopic therapies, other cases 
require imaging tools beyond endoscopy. In this paper, 
we review the three radiologic imaging modalities in use 
today for GI bleeding: scintigraphy, CTA and catheter 
angiography.

Table 4 CT enterography

Advantages

Can detect source in obscure bleed

Can detect bowel pathologies even when not actively bleeding

Can help evaluate bowel wall and abdominal vessels 
simultaneously

Disadvantages

Not good for acutely bleeding unstable patients

Non-therapeutic

Ionizating radiation

Requires proper technique and good bowel distention

Recommendation

Initial diagnostic modality for LGI small bowel bleed with pre-
existing bowel pathology

In patients with negative capsule endoscopy to look for small 
or large bowel source

Figure 3 A 72-year-old male presenting with anemia and no active demonstrable source of bleeding on upper or lower endoscopy. CT enterography 
demonstrated multiple dilated vessels in the wall of the jejunum (A: axial CTE image; B: coronal CTE image; C: sagittal CTE image) on the enteric 
phase (arrows) which were also demonstrated on the subsequently performed capsule endoscopy compatible with jejunal vascular malformations, 
presumed to be the cause for occult GI bleed.

A B C
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Figure 4 A 69-year-old male presenting with hematemesis was found to have active bleeding from a posterior duodenal ulcer on upper endoscopy 
(A, arrow). It was then interrogated by conventional angiography and active bleeding was identified from branches of the gastroduodenal artery (B, 
arrowhead) that was then successfully coil embolized (C, arrowhead).

A B C

Figure 5 A 72-year-old female presenting with bright red blood per rectum was found to have an active bleed from sigmoid colonic diverticula (A, B: 
arrows). Catheter angiography with superselective interrogation of the left sided inferior mesenteric arterial branches (C, arrowhead) demonstrated 
the site of active bleed (arrowheads) with successful coil embolization (D, arrowhead) to stop the bleeding. 

A B

DC
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