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Introduction

Acute nonvariceal gastrointestinal bleeding (GIB) is a com-
mon life-threatening clinical condition in 1 to 2% of hospi-
talized patients, which carries a high degree of mortality
(25%) and requires timely intervention.1,2

Prompt identification and management of bleeding sour-
ces may significantly reduce morbidity and mortality.1 The
severity of bleeding and location of the potential source in

the GI determine the variable diagnostic and therapeutic
strategies for further management.1

Initial endoscopic evaluation is an essential diagnostic
tool in upper GIB (UGIB) with high sensitivity (92–98%) and
variable specificity (3–100%) and helps in the effective
management of GIB in a majority of cases.3 Lower GIB
(LGIB) resolves spontaneously in 80 to 85% of patients and
remains challenging for endoscopic evaluation due to poor
bowel preparation4,5
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Abstract Gastrointestinal bleeding (GIB) is one of the most common leading life-threatening
conditions requiring prompt diagnosis and rapid endoscopic and interventional
radiology (IR) management. Endoscopy is the first line of management for upper
GIB, while it has a limited role in lower GIB, especially in acute clinical settings, due to
poor bowel preparation. Patients with failed and refractory endoscopic management
necessitate emergent computed tomography angiography (CTA) evaluation. CTA is
crucial in assessing underlying causes and planning transarterial embolization (TAE). It
has been almost three decades since IR gained popularity by virtue of increased
technical experience, availability of sophisticated hardware, and evolving techniques.
Newer embolization agents and catheters, as well as the established role of CTA, have
expanded and enhanced the role of IR in the management of GIB. TAE has been proven
to be a safe, rapid, effective, and minimally invasive procedure alternative to surgery
when endoscopic management fails to control GIB. We present a comprehensive
approach for managing nonvariceal GIB, including CTA protocol, anatomical variants,
visceral to visceral collateral pathways, and specific embolization techniques. This
article will help readers get an insight into TAE that will help better management of
patients with GIB.
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Further, surgery and transarterial angioembolization (TAE)
are the essential options in refractory acute nonvariceal GIB
patients who do not respond to initial resuscitation and endo-
scopic intervention. Surgery is typically reserved for the hemo-
dynamically unstable patient. However, TAE has gained
popularity and has almost replaced surgery due to significantly
low procedure-related morbidity compared to surgery.6,7

Diagnostic computed tomographyangiography (CTA) study
is essential in planning and executing TAE. CTA is an accurate
examination for identifying the source of acute GIB. A meta-
analysis of data from 672 patients with moderate-to-severe
UGIB and/or LGIB revealed an overall sensitivity of 85% and a
specificity of 92% for the detection of the bleeding site.5

In addition, knowledge of various anatomical variants,
arterial collateral pathways, embolization techniques, and
appropriate selection of embolic agents in a proper clinical
setting is vital for a successful TAE.5,7

Various forms of embolization techniques have not been
described in detail in the available literature. This article
aims to highlight the role of TAE in non-variceal GIB, includ-
ing initial clinical presentation, and management algorithm;
planning of TAE; diagnostic evaluation, including CTA proto-
col and anatomical considerations; embolization techniques
and selection of embolizing material and their classification

Clinical Presentation and Management
Algorithm

Management of acute GIB varies widely and depends on the
patient’s clinical severity and hemodynamic status. Patients
with overt or acute GIB with signs of hemodynamic instabil-
ity, massive blood loss, and ongoing resuscitation require
urgent surgical intervention.8–10

Hemodynamically stable patients with nonvariceal UGIB
with limited blood loss usually undergo UGI endoscopy,
which is considered the diagnostic and therapeutic modality
of choice. Endoscopic hemostasis can be achieved by epi-
nephrine injection, sclerotherapy, clipping, hemostatic pow-
der, thermal therapy, or ligation. Studies have shown
excellent clinical success in achieving primary hemostasis
in up to 90% of patients undergoing this procedure.11,12

Endoscopy in an acute lower GIB setting becomes challeng-
ing. It has poor outcomes in identifying active bleeding
sources due to poorly prepared bowel, hemodynamic insta-
bility, old age, and ongoing bleeding13,14 (►Fig. 1).

TAE Planning and Diagnostic Evaluation

Robust planning is of utmost importance as these patients
may become unstable if not attended timely. Intensive care
and anesthetist support should be sought wherever re-
quired. CTA and endoscopic findings must be discussed
with clinical colleagues for risk stratification of rebleeding
and bowel ischemia.

Protocol of CTA
There is no consensus for a single CTA protocol for acute
nonvariceal GIB; however, arterial and venous phase imaging

of the abdomen is an integral part of CTA. CTA is typically
performed as a part of TAE procedure planning, especially
during active GIB or acute clinical presentation. It helps in
anatomical localization of the source of bleeding, defines the
underlying disease process, and gives us a road map for TAE
by depicting various anatomical arterial variants and collat-
eral pathways.5

Our institution typically performs three-phase abdominal
CT scans without oral contrast. It includes a noncontrast
scan, followed by an arterial angiographic phase after 20 to
25 sec of intravenous contrast injection, and a venous phase
follows after 70 to 80 seconds of contrast injection covering
the entire abdomen, extending from the dome of the dia-
phragm to the lesser trochanter of femur. CTA with all
possible reconstructions is vital to identify the source of
bleeding.

Delayed imaging is not routinely performed at our insti-
tute; however, in case with slow rates of bleeding contrast
leakmay be identified only in delayed images.15Noncontrast
scan delineates the pre-existing hyperdensities like ingested
food particles, tablets, or metallic clips placed by endoscopy.
These hyperdensities could be misinterpreted as active
arterial bleeding within the GI lumen.15

CTA Interpretation and Anatomical
Considerations

CTA signs of active arterial GIB vary according to underlying
etiologies, including active contrast material extravasation,
focal contrast outpouching (pseudoaneurysm), vasospasm,
vessel wall irregularities, abrupt vessel cutoff, expanding
hematomas, or early filling of draining vein (Arterio-venous
fistula).15

UGIB and LGIB confine to the celiac axis, superior and
inferior mesenteric arteries (SMA and IMA), and their
branches. Chronic occlusion of anymajor GI arterial branches
may open arterial collateral pathways, which serve as the
main arterial supply to the involved GI tract. Their impor-
tance further increases in cases of GIB as these pathways
prevent potential acute GI ischemia/infarction after
angioembolization but at the same time augments the
chances of rebleeding. Major collateral pathways are de-
scribed here:

1. Superior and inferior pancreaticoduodenal arteries are
branches of the celiac axis and SMA.16 Anterior and
posterior divisions of these arteries form rich arterial
collateral surrounding thepancreatichead, knownas the
“pancreaticoduodenalarcade.”Arterial collateral loopsof
this arcade become prominent and tortuous if the origin
of celiac or SMA is chronically occluded17 (►Fig. 2).

2. Dorsal pancreatic artery, a branch of the splenic artery,
also communicates with the pancreaticoduodenal ar-
teries and distal splenic artery through “the pancrea-
ticoduodenal arcade”17 (►Fig. 3).

3. Arc of Buhler is a standalone persistent embryological
anastomotic connection between celiac and SMA, fail-
ing to regress.18
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4.ArcofBarkowis anomental collateral connectionbetween
terminal branches of the right gastroepiploic artery
(branch of gastroduodenal) and the left gastroepiploic
artery (branches of the splenic artery)18 (►Fig. 4).

5. Right gastric artery is a small branch and usually arises
from the proper hepatic artery and finally anastomoses
with terminal branches of the left gastric artery19,20

(►Fig. 5).

TAE is challenging in lower GIB due to typical end arterial
anatomy as it may lead to bowel ischemia, although it
reduces the possibility of rebleeding. Some authors describe
small bowel bleeding as a separate entity as mid-GIB, and

bleeding distal to the ileocecal valve is considered lower
GIB.4 Major arteries involved in lower GIB are SMA and IMA.
The marginal artery of Drummond is a major collateral
pathway that runs along the mesenteric border of the colon.
It communicates between SMA’s middle colic branch and
IMA’s left colic branch17 (►Fig. 6).

The Arc of Riolan is an anastomotic channel that lies deep
to the mesentery and has a radial course. It provides collat-
eralflowbetween SMAand IMA in the presence of significant
chronic occlusion of either origin20 (►Fig. 6).

Superior and middle rectal arteries also form the arterial
collateral arcades between IMA and internal iliac
arteries.19–22

Fig. 1 Nonvariceal gastrointestinal bleeding patient management algorithm. CTA, computed tomography angiography; TAE, transarterial embolization.

Fig. 2 Pancreaticoduodenal arcade; Superior–inferior pancreaticoduodenal arterial collateral pathway in a 66-year-old patient with celiac axis
stenosis; (A) Sagittal computed tomography angiography shows severe stenosis of celiac axis origin (yellow arrow). (B) Selective angiography of
superior mesenteric artery shows tortuous dilated inferior pancreaticoduodenal artery forming pancreatic arcade with retrograde filling of
proper/common hepatic arteries via gastroduodenal artery (GDA) (blue arrow). (C) Selective catheterization and angiography of GDA shows
complete retrograde visualization of celiac axis (red arrow) and its branches.
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Fig. 3 Collateral pathways between dorsal pancreatic artery (branch of splenic artery) with anterior/posterior pancreaticoduodenal arteries
(branch of superior mesenteric artery) (A) Selective angiography of celiac axis shows normal angiographic arterial anatomy including splenic
artery (violet arrow) and gastroduodenal artery (GDA) (blue arrow). (B) Inadvertent catheterization of dorsal pancreatic artery (yellow arrow)
shows pancreatic parenchymal blush and pancreatic arcade with retrograde filling of GDA and splenic artery via collaterals.

Fig. 4 Arc of Barkow: Collateral pathway between right–left gastroepiploic arteries. (A) Selective angiography of celiac axis shows normal
angiographic arterial anatomy including hepatic artery (violet arrow) and gastroduodenal artery (blue arrow). Note anastomosis between right
and left gastroepiploic arteries (yellow arrows). (B) Maximum intensity projection coronal computed tomography angiography image of another
patient shows anastomosis between right and left gastroepiploic arteries along the greater curvature of stomach (yellow arrows).

Fig. 5 Collateral pathway between right–left gastric arteries: (A) Superselective angiography of left gastric artery (LGA) and (B) distally placed
microcatheter into LGA (yellow arrows) demonstrates communication with the right gastric artery (blue arrow) and opacification of hepatic
arteries (red arrow).
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Anatomical Variants

As a general rule, right-sided replaced and accessory hepatic
arteries have aberrant origin from SMA. In contrast, left-sided

arteries arise from the left gastric artery, and literature sug-
gests that these are equally common in frequencies of 20%
population.23–26

Important diagnostic clues may prompt the diagnosis on
CTA as the aberrant right hepatic artery courses posterior to
the main portal vein (►Fig. 7). In contrast, the left aberrant
hepatic artery can be easily identified in the fissure of
ligamentum venosum (►Fig. 8).

The replaced hepatic artery supplies the entire liver lobe,
while the accessory hepatic artery supplies partial liver
volume. These anatomical variants should be kept in mind
as these could be potential source of GIB.7,8Other anatomical
variants are infrequent and not relevant here.

TAE Technique

Catheterizing major mesenteric vessels of the aorta and
negotiating the catheter through smaller branches are
essential technical and skill based processes. Diagnostic
conventional aortograms for arterialmapping can be avoided
if prior CTA is available, reducing unnecessary time delay,
contrast use, and radiation dose. Accurate superselective
placement of a microcatheter within a distal artery and its

Fig. 6 Superior and inferior mesenteric arterial anastomotic collat-
erals: (A) Marginal artery of Drummond (yellow arrows). (B) Coronal
maximum intensity projection abdominal aortic magnetic resonance
angiography in an 18-year-old male patient with midaortic syndrome
demonstrates prominent arc of Riolan.

Fig. 7 Replaced right hepatic artery in a 44-year-old male patient; (A) Axial computed tomography angiography image at the level of superior
mesenteric artery (SMA) shows replaced right hepatic artery coursing behind the main portal vein. (B) Selective angiography of SMA
demonstrates replaced right hepatic artery arising directly from proximal SMA. (C) Selective celiac axis angiography in the same patient shows
proper hepatic artery continue as left hepatic artery (blue arrow).

Fig. 8 Replaced left hepatic artery in a 55-year-old male patient; (A) Axial maximum intensity projection computed tomography angiography
image at the level of gastrohepatic ligament shows replaced left hepatic artery coursing through the ligamentum venosum (yellow arrows). (B)
Selective angiography of celiac axis demonstrates replaced left hepatic artery arising directly from left gastric artery.
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parenchymal distributionmay be confirmed on a cone-beam
CT scan.27

CTA has a high sensitivity (85%) and specificity (92%) for
detecting bleeding sites. CTA can detect at least 0.1 to
0.5mL/min bleeding rate, whereas DSA is less sensitive
and detects a minimum of 0.5mL/min bleeding rates.28

Lessoften, arterialvasospasmbecomesachallenge toaccess
distal branches and can conceal the active bleeding sites;
however, this caveat may be overcome by a wait and watch
strategy or use of intra-arterial 200μg nitroglycerin into the
culprit vessel. This techniques of injecting intraarterial nitro-
glycerine are also effective in challenging cases todemonstrate
bleeding.29 Provocative mesenteric angiography techniques
has also shown promising role in detection of occult and
obscure bleeding sites. Kohanteb et al has used heparin
(5000 units), TPA (mean: 18.9mg), and nitroglycerin (mean:
263μg) for the localization and detection of GIB.29

Embolization Techniques

Achieving hemostasis at the bleeding vessel remains the
main objective for a successful embolization procedure.
Anatomical complexities and bleeding artery hemodynamics
greatly influence the embolization approach and embolic
material delivery.

1. Superselective/localized embolization

Meticulous planning with prior CTA, experience, and
efforts of interventional radiologist are of utmost impor-
tance to catheterize the bleeding point and embolic material
delivery. Superselective embolization helps significantly in
reducing rebleeding or ischemic events30 (►Fig. 9).

A recent study by Kodani M et al showed that super-
selective embolization of 1 vasa rectum in lower GIB reduces
ischemic events and shortens hospitalization. Surgical inter-
vention for ischemic complications is more frequently re-
quired if more than or equal to 2 vasa recta are embolized30

Long segment (3–4 cm) of marginal artery can be embolized
if superselective catheterization of the vasa recta cannot be
achieved. It reduces the perfusion to a bleeding point, but
rebleeding tendencies remain high due to collaterals.
Rebleeding secondary to extensive collaterals can also be
minimized by superselective catheterization in UGIB.31

2. Sandwich embolization

This technique is used for cases in which there is possibil-
ity of filling of the bleeding vessel in retrograde manner and
cases with pseudoaneurysm. To prevent the rupture of the
pseudoaneurysm and its refilling, it is imperative to embo-
lize the proximal and distal doors of the pseudoaneurysm
and any active bleeding site, also known as “front door/back
door packing.” (►Fig. 10). Check angiogram should be per-
formed to demonstrate any back door filling of pseudoa-
neurys or active site of bleeding.32,33

3. Segmental embolization

A segment of an artery can be embolized if there are
multiple tiny arterial bleeding points that cannot be cathe-

terized individually or in cases of profuse mucosal inflam-
matory bleeding. Segmental embolization results in
hypoperfusion and may induce clotting. However, rebleed-
ing may occur due to rich collateral supply or deranged
coagulation34 (►Fig. 11).

4. Proximal embolization

Proximal embolization with liquid/particulate agents is
also feasible in patients with complex arterial anatomy,
failed superselective catheterization, or arteriovenous mal-
formation. Liquid embolic material may percolate deep to
arteriolar or capillary levels depending on the concentration
of the embolic material34 (►Fig. 12).

Embolic Materials

Choice and selection of appropriate embolic agents is of
paramount importance since it depends on various factors
like need of permanent or temporary embolization, chances
of rebleeding, visceral ischemia, desired level of emboliza-
tion, etiology of GIB, radiologist’s experience, availability of
embolic materials, and site and size of the bleeding
artery.35–37

Awide range of embolic materials are available commer-
cially; however, the selection and choice of different embolic
materials do not have any consensus/guidelines and are still
debatable. The possible reason may be attributed to variable
safety profile and delivery techniques.35

(►Table 1)4

Factors Affecting Selections of Embolic
Materials

1. Anatomical level of embolization and GIB etiology

Underlying bleeding etiology (inflammatory, tumor, vascu-
lar) and level of vascular anatomy (artery, arterioles, capil-
lary) usually determine the selection of embolic agents.
Inflammatory or tumor bleeding usually requires coil embo-
lization if bleeding arteries can be easily accessed and
targeted, while in patients with profuse or multiple discrete
bleeding sites can be managed by a combination of coils,
particles, and liquid agents. Vascular etiologies like arterio-
venous malformation need closure of nidus by liquid
agents.35–37 Desired levels of arterial anatomical emboliza-
tion and their selective embolic agent of the first choice have
been shown in the illustration (►Fig. 13).

2. Permanent vs. temporary agents

Gelfoam (Pfizer, New York, United States) is a cheap,
temporary, compressed form of bio-absorbable embolic ma-
terial that canbeused in the formofparticles, scrapings, slurry,
and mixedwith saline and contrast for its delivery. Gelfoam is
not used alone in GIB. Few studies suggest that it may be used
in combination with coils as “A Gelfoam sandwich” technique
to expedite the clottingwithin thefibrin scaffolding of the coil.
A major drawback of gelfoam embolization is its uncontrolled
distal migration/regurgitation into nontargeted vessels. This
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may occlude submucosal arteriolar plexus beyond vasa recta
level and ultimately lead to increased bowel ischemia.38–41

However, recanalizationof a vessel after gelfoamembolization
may happen within days to weeks, which also remains a
concern for rebleeding.36,42–44GI tumorswith profuse surface
bleeding may be appropriate candidates for gelfoam emboli-
zation if surgery is contemplated within 24 to 48hours of the
procedure.45–48

Metallic coils and polyvinyl alcohol particles (PVA) are
the most commonly used permanent embolic agents of
choice in GIB. Metallic coils are available in various config-
urations and morphology. The fibrin component of coils
triggers the thrombotic process within the lumen. Coils
should be deployed as much as possible to reduce recurrent
bleeding. It preserves themicrocirculation of the GI tract and
thus reduces the risk of ischemia. Certain clinical situations

Fig. 9 Superselective/localized embolization (illustration A) and its importance; (B) noncontrast, (C) arterial and (D) venous phase axial
computed tomographic images in a 58-year-old female at the level of cecum reveal active arterial contrast extravasation (yellow arrows) and
pooling of contrast within cecum (blue arrow). Ileocolic artery superselective angiography; (E) ileocolic artery proximal to marginal artery (blue
arrows) (F) distal to the marginal artery (yellow arrows). Note that embolization proximal to the marginal artery may cause rebleeding; however,
nonsuperselective embolization beyond the marginal artery may lead to ischemia; (G) and (H) pre- and post-superselective successful
embolization at vasa recta level (red arrows) without ischemia.

Fig. 10 Sandwich embolization: an illustration shows a pseudoa-
neurysm with superselective coil embolization of feeding artery
proximal and distal to pseudoaneurysm.

Fig. 11 Segmental embolization: (A) Illustration depicts the segmental embolization of an artery. (B) Superselective catheterization of
gastroduodenal artery (GDA) in a 67-year-old female patient with a history of peptic ulcer disease shows abnormal active contrast extravasation
(red arrow) without any obvious feeding artery (C) Postsegmental GDA embolization by multiple metallic coils.
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like old age, massive blood loss, cirrhosis, and coagulopathy
have been associated with recurrent bleeding after metallic
coils embolization. In such clinical situations, gelfoam/PVA
particles can also be used with metallic coils to expedite
clotting.42,43

N-butyl 2-cyanoacrylate (NBCA) glue has shown its
significance and desirable results for GIB in many recent
studies.37,48–52 It has several advantages like low cost, ability
to occlude distal vasculature up to arteriole or capillary level
beyond the reach ofmicrocatheter, can be delivered by ultra-

microcatheter that is unsuitable for microcoils, excellent
obliteration of bleeding points in complex anatomy and
obliteration of vascular malformations.35

NBCA should be used cautiously as it has a low safety
profile and steep learning curve. It maypolymerize quickly at
the catheter tip and may adhere to the vessel wall. Prompt
removal of catheter and immediate aspiration after the NBCA
delivery is advisable for the same reason. Moreover, its distal
uncontrolled nontargeted embolization and reflux may lead
to bowel ischemia.48 The rate of rebleeding after NBCA is

Fig. 12 Proximal embolization shown in illustration (A); proximal embolization of vascular malformation (“Dieulafoy’s lesion”) in a 71-year-old
male patient with a history of recurrent upper gastrointestinal bleed; (B) arterial and (C) venous phase axial computed tomography angiography
(CTA) at gastric fundus level shows multiple intramural tortuous abnormal arterial vascular channels without active arterial extravasation
(arrows). (D) Superselective catheterization of left gastric artery confirms the CT findings. (E) Complete occlusion of vascular malformation after
proximal embolization of left gastric artery by liquid embolic agents.

Table 1 Various embolic agents and their mechanism of action

Duration of
embolization

Category Agents Mechanism of action

Temporary Gelfoam (pledgets/particles),
autologous clot, oxidized cellulose,
microfibrillar collagen.

Mechanical occlusion

Permanent Mechanical devices Coils (pushable, detachable),
Detachable balloon and plugs

Mechanical occlusionþ fibrin
induced thrombotic reaction

Particles Polyvinyl alcohol particles (PVA).
embospheres

Mechanical occlusionþ endothelial
damage-coagulative necrosis-in-
flammation and fibrosis of the
vessel wall

Liquid polymers N-Butyl cynanoacrylates (glue),
ethylene vinyl alcohol copolymer
(Onynx)

Polymerization and cast formation

Liquid sclerosants Absolute alcohol, sodium
tetra-decyl sulphate (STS)

Endothelial damage-coagulative
necrosis-inflammation of the vessel
wall
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relatively lower (4–15%) as compared to that of coils or
particles (0–26%).48–51

Another relatively costly newer liquid agent is Onyx
(Micro Therapeutics, Inc., Irvine, California, United
States), prepared with a mixture of ethylene-vinyl alcohol
copolymer and dimethyl sulphoxide (DMSO) as solvent. It
has a high degree of safety profile compared to NBCA as it
does not adhere to vessel walls and takes longer time for
solidification, resulting in a more predictable range of em-
bolization. DMSO has certain disadvantages, including a
requirement of DMSO-compatible catheters and excretion
through sweat/respiration, which leaves diabetic ketoacido-
sis-like body odor for a few days.35 The data on rebleeding
rate after onyx embolization is limited and the available
published meta-analysis has reported approximately 7.6%
rebleeding rate.36

Liquid sclerosant is not widedly used in GIB. These agents
are commonly used for variceal bleeding with endospoic
sclerotherapy.53,54 Glubran 2 is a synthetic surgical biode-
gradable cyanoacrylate-based glue, modified by the addition
of a monomer into NBCA {Glubran has two components,
NBCAþMetacrilosisolfolane (MS)}; it is an another potential
liquid agent similar to NBCA that is equally safe and fast
embolic material with high clinical success rates, ranging
from 96 to 100% and rebleeding rate of 7.7%.55

Outcome and Rebleeding

A summary of publications on GIB embolization shows that
there is continuous improvement in technical success rates,
which may attribute to preprocedure CTA planning, newer

microcatheters, and increased use of NBCA due to high
clinical success rates (70-88%) and low rebleeding rates
(4- 15%) in comparison to other embolic agents.48–51,55

However, clinical success rates remain variable in literature
due to variable underlying etiology and disease severity; for
example, patients with malignant tumor bleed have shown
low clinical success.37

Therewas no significant differencebetweenUGIB or LGIB-
related success rates and mortality rates. One study has
shown that21 clinical success rates were higher with diver-
ticular disease-related bleeding than other etiologies.

Rebleeding rates 0 to 47% andmortality rates are reported
in 3 to 29% of patients, while surgery surgery rates due to
rebleeding (5–16%) are only reported in a few studies. The
most common factor influencing rebleeding was coagulop-
athy; others include multisystem organ failure, massive
blood transfusion, delayed embolization, and malignant
tumor bleeding.1,7,15 Jeong et al18 have shown a significant
reduction in rebleeding after using NBCA compared with
other embolic agents since NBCA does not depend on coa-
gulopathy15 (►Table 2).

Factors affecting mortality rates were multifactorial like
massive blood transfusion, associated comorbidities, ad-
vanced age, rescue surgeries, cirrhosis, multiorgan failure,
and malignancy patients. Overall survival rates were well
correlated with clinical/technical failure, rebleeding, and
major complications1

Most studies have minor complications like access site
hematoma, pseudoaneurysms, arterial dissection, or coil
migration.9,11,15 Major complications include ischemia re-
quiring surgeries. Few major anecdotal complications like

Fig. 13 Desired level of embolization and choice of embolic agent.
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septic shock, myocardial infarction, and death due to ische-
mia have also been reported.15,19

Conclusion

CTAhasbeennowacceptedasquick,accurate,androbust imaging
not only for diagnosing, but also helps in treatment planning and
in most cases defines the etiology of GIB. The constant evolving
advancement in the field of interventional radiology hardware
and techniques has further improved success rate with minimal
complication and better clinical outcome.

Ethical Approval Statement
Institutional review board (Medical ethical committee)
approval was exempted.

Conflict of Interest
None declared.

References
1 Lu Y, Loffroy R, Lau JY, Barkun A. Multidisciplinary management

strategies for acute non-variceal upper gastrointestinal bleeding.
Br J Surg 2014;101(01):e34–e50

2 Loffroy R, Rao P, Ota S, De Lin M, Kwak BK, Geschwind JF.
Embolization of acute nonvariceal upper gastrointestinal hemor-
rhage resistant to endoscopic treatment: results and predictors of
recurrent bleeding. Cardiovasc Intervent Radiol 2010;33(06):
1088–1100

3 van Leerdam ME. Epidemiology of acute upper gastrointestinal
bleeding. Best Pract Res Clin Gastroenterol 2008;22(02):209–224

4 Zuccaro G. Epidemiology of lower gastrointestinal bleeding. Best
Pract Res Clin Gastroenterol 2008;22(02):225–232

5 Wells ML, Hansel SL, Bruining DH, et al. CT for evaluation of acute
gastrointestinal bleeding. Radiographics 2018;38(04):1089–1107

6 Shi ZX, Yang J, Liang HW, Cai ZH, Bai B. Emergency transcatheter
arterial embolization for massive gastrointestinal arterial hem-
orrhage. Medicine (Baltimore) 2017;96(52):e9437

7 Koh DC, Luchtefeld MA, Kim DG, et al. Efficacy of transarterial
embolization as definitive treatment in lower gastrointestinal
bleeding. Colorectal Dis 2009;11(01):53–59

Table 2 Summary of recent publications on upper and lower GI embolization technical success, rebleeding, and mortality rates

Year Author Upper or
lower GI
etiology

Clinical
success
rate

Technical
success
rate

Rebleeding Complication
rates

Surgery
rate

Mortality
follow-up

Embolic
material
used

2004 Ripoll et al53 Upper GI 29 16.1 25.8

2005 Khanna et al56 Lower GI 85 40

2008 Larssen et al57 Upper GI 72 92 9 19

2008 Eriksson et al58 Upper GI 3

2010 Venclauskas
et al59

Upper GI 20.8

2011 Wong et al60 Upper GI 88.5 34.4 25

2012 Jairath et al54 Upper GI 9 9 10

2012 Ang et al61 Various 80 46.7

2012 Katano et al62 Both 80 0

2013 Yap et al63 Both 98 23 4 ischemia, 3%
coil migration

18 coils

2013 Teng et al64 Lower 84.6 7.7 7.7 19.2

2015 Lee et al65 Upper GI 96.8 47 Hepatic
artery dissection

16.7

2015 Tanveer-Ul-
Haq et al66

All 92 100 3 3 ischemia

2017 Nykänen
et al67

Upper 100 25 37.5 12.5

2018 Lee et al68 Lower 100 27 29

2018 Kwon and
Han69

Both 72.2 100 16.7 16.7 16.7 NBCA

2018 Kwon and
Han69

Both 68.2 100 22.7 16.7 32 Coils,
particle,
gelfoam

2018 Nykänen
et al70

Lower 96 14 36 6

2018 Senadeera
et al71

Lower 81 97 19 5.2 bowel
ischemia

5.2 6.3 Ccoils
þvariable

2019 Muhammad
et al72

Both 71.9 96.9 3 10 coil migration
3 access site
hematoma

21.9 Coils¼
gelfoam

Abbreviation: GI, gastrointestinal.

The Arab Journal of Interventional Radiology Vol. 7 No. 2/2023 © 2023. The Author(s).

Acute Nonvariceal Gastrointestinal Bleeding Mittal et al. 85



8 Kim J, Lee I. Role of surgery in gastrointestinal bleeding. Int J
Gastrointest Interv 2018;7:136–141

9 Darcy M. Acute gastrointestinal arterial bleeding. In: Kandarpa K,
Machan L, eds. PA: LippincottWilliams &Wilkins; 2011:233–239

10 Sung JJ, Tsoi KK, Lai LH, Wu JC, Lau JY. Endoscopic clipping versus
injection and thermo-coagulation in the treatment of non-vari-
ceal upper gastrointestinal bleeding: a meta-analysis. Gut 2007;
56(10):1364–1373

11 Marmo R, Rotondano G, Piscopo R, Bianco MA, D'Angella R,
Cipolletta L. Dual therapy versus monotherapy in the endoscopic
treatment of high-risk bleeding ulcers: a meta-analysis of con-
trolled trials. Am J Gastroenterol 2007;102(02):279–289, quiz
469

12 GweonT, Kim J. Comprehensive reviewof outcomes of endoscopic
treatment of gastrointestinal bleeding. Int J Gastrointest Interv
2018;7:123–130

13 Brullet E, Calvet X, Campo R, Rue M, Catot L, Donoso L.
Factors predicting failure of endoscopic injection therapy in
bleeding duodenal ulcer. Gastrointest Endosc 1996;43(2 Pt 1):
111–116

14 Valek V, Husty J. Quality improvement guidelines for transcath-
eter embolization for acute gastrointestinal nonvariceal hemor-
rhage. Cardiovasc Intervent Radiol 2013;36(03):608–612

15 Raniga SB, Mittal AK, Bernstein M, Skalski MR, Al-Hadidi AM.
Multidetector CT in vascular injuries resulting from pelvic frac-
tures: a primer for diagnostic radiologists. Radiographics 2019;39
(07):2111–2129

16 Song SY, Chung JW, Kwon JW, et al. Collateral pathways in patients
with celiac axis stenosis: angiographic-spiral CT correlation.
Radiographics 2002;22(04):881–893

17 Kallamadi R, Demoya MA, Kalva SP. Inferior pancreaticoduodenal
artery aneurysms in association with celiac stenosis/occlusion.
Semin Intervent Radiol 2009;26(03):215–223

18 Jeong S-J, Lim NY, Jang N-K, et al. Transcatheter coil embolization
of an Arc of Buhler aneurysm. Korean J Radiol 2008;9(Suppl)
S77–S80

19 Lin PH, Chaikof EL. Embryology, anatomy, and surgical exposure
of the great abdominal vessels. Surg Clin North Am 2000;80(01):
417–433, xiv

20 Walker TG. Mesenteric vasculature and collateral pathways.
Semin Intervent Radiol 2009;26(03):167–174

21 Gourley EJ, Gering SA. The meandering mesenteric artery: a
historic review and surgical implications. Dis Colon Rectum
2005;48(05):996–1000

22 Rosenblum JD, Boyle CM, Schwartz LB. Themesenteric circulation.
Anatomy and physiology. Surg Clin North Am 1997;77(02):
289–306

23 Reuter SR, Redman HC, Cho KJ. Gastrointestinal Angiography. 3rd
ed. Philadelphia, PA: WB Saunders; 1986

24 Winston CB, Lee NA, Jarnagin WR, et al. CT angiography for
delineation of celiac and superior mesenteric artery variants in
patients undergoing hepatobiliary and pancreatic surgery. AJR
Am J Roentgenol 2007;189(01):W13-9

25 Koops A,Wojciechowski B, Broering DC, AdamG, Krupski-Berdien
G. Anatomic variations of the hepatic arteries in 604 selective
celiac and superior mesenteric angiographies. Surg Radiol Anat
2004;26(03):239–244 9

26 Covey AM, Brody LA, Maluccio MA, Getrajdman GI, Brown KT.
Variant hepatic arterial anatomy revisited: digital subtraction
angiography performed in 600 patients. Radiology 2002;224(02):
542–547

27 Grosse U, Syha R, Ketelsen D, et al. Cone beam computed tomog-
raphy improves the detection of injured vessels and involved
vascular territories in patients with bleeding of uncertain origin.
Br J Radiol 2018;91(1088):20170562

28 Wortman JR, Landman W, Fulwadhva UP, Viscomi SG, Sodickson
AD. CT angiography for acute gastrointestinal bleeding: what the
radiologist needs to know. Br J Radiol 2017;90(1075):20170076

29 Kohanteb PA, Lipshutz HG, Okonkwo B, et al. provocative mesen-
teric angiography for localizing ambiguous gastrointestinal hem-
orrhage. Am J Interv Radiol 2021;5:18

30 Kodani M, Yata S, Ohuchi Y, Ihaya T, Kaminou T, Ogawa T. Safety
and risk of superselective transcatheter arterial embolization for
acute lower gastrointestinal hemorrhage with N-butyl cyanoac-
rylate: angiographic and colonoscopic evaluation. J Vasc Interv
Radiol 2016;27(06):824–830

31 Funaki B. Superselective embolization of colonic bleeding. Semin
Intervent Radiol 2005;22(02):139–140

32 Gwon DI, Ko GY, Sung KB, Shin JH, Kim JH, Yoon HK. Endovascular
management of extrahepatic artery hemorrhage after pancrea-
tobiliary surgery: clinical features and outcomes of transcatheter
arterial embolization and stent-graft placement. AJR Am J Roent-
genol 2011;196(05):W627-34 17

33 Song HH, Won YD, Kim YJ. Transcatheter N-butyl cyanoacrylate
embolization of pseudoaneurysms. J Vasc Interv Radiol 2010;21
(10):1508–1511

34 Shin JH. Recent update of embolization of upper gastrointestinal
tract bleeding. Korean J Radiol 2012;13(Suppl 1, Suppl 1):
S31–S39

35 Loffroy R, Favelier S, Pottecher P, et al. Transcatheter arterial
embolization for acute nonvariceal upper gastrointestinal bleed-
ing: indications, techniques and outcomes. Diagn Interv Imaging
2015;96(7-8):731–744

36 Rabuffi P, Bruni A, Antonuccio EMG, Saraceni A, Vagnarelli S.
Transarterial embolization of acute non-neurologic bleeding
using ethylene vinyl alcohol copolymer: a single-centre retro-
spective study. CVIR Endovasc 2023;6(01):2

37 Kim PH, Tsauo J, Shin JH, Yun SC. Transcatheter arterial emboliza-
tion of gastrointestinal bleeding with N-butyl cyanoacrylate: a
systematic review and meta-analysis of safety and efficacy. J Vasc
Interv Radiol 2017;28(04):522–531.e5

38 Vaidya S, Tozer KR, Chen J. An overview of embolic agents. Semin
Intervent Radiol 2008;25(03):204–215

39 Loffroy R, Guiu B, D'Athis P, et al. Arterial embolotherapy for
endoscopically unmanageable acute gastroduodenal hemor-
rhage: predictors of early rebleeding. Clin Gastroenterol Hepatol
2009;7(05):515–523

40 Aina R, Oliva VL, Therasse É, et al. Arterial embolotherapy for
upper gastrointestinal hemorrhage: outcome assessment. J Vasc
Interv Radiol 2001;12(02):195–200

41 Walker TG, Salazar GM, Waltman AC. Angiographic evaluation
and management of acute gastrointestinal hemorrhage. World J
Gastroenterol 2012;18(11):1191–1201

42 Lang EV, Picus D, Marx MV, Hicks ME. Massive arterial hemor-
rhage from the stomach and lower esophagus: impact of
embolotherapy on survival. Radiology 1990;177(01):249–252

43 Encarnacion CE, Kadir S, Beam CA, Payne CS. Gastrointestinal
bleeding: treatment with gastrointestinal arterial embolization.
Radiology 1992;183(02):505–508

44 Abdel-Aal AK, Bag AK, Saddekni S, Hamed MF, Ahmed FY.
Endovascular management of nonvariceal upper gastrointestinal
hemorrhage. Eur J Gastroenterol Hepatol 2013;25(07):755–
763

45 Lee EW, Laberge JM. Differential diagnosis of gastrointestinal
bleeding. Tech Vasc Interv Radiol 2004;7(03):112–122

46 Lee HJ, Shin JH, YoonHK, et al. Transcatheter arterial embolization
in gastric cancer patients with acute bleeding. Eur Radiol 2009;19
(04):960–965

47 Seya T, TanakaN, Yokoi K, Shinji S, Oaki Y, Tajiri T. Life-threatening
bleeding from gastrointestinal stromal tumor of the stomach. J
Nippon Med Sch 2008;75(05):306–311

48 Lang EK. Transcatheter embolization in management of hemor-
rhage from duodenal ulcer: long-term results and complications.
Radiology 1992;182(03):703–707

49 Hur S, Jae HJ, Lee M, Kim HC, Chung JW. Safety and efficacy of
transcatheter arterial embolization for lower gastrointestinal

The Arab Journal of Interventional Radiology Vol. 7 No. 2/2023 © 2023. The Author(s).

Acute Nonvariceal Gastrointestinal Bleeding Mittal et al.86



bleeding: a single-center experience with 112 patients. J Vasc
Interv Radiol 2014;25(01):10–19

50 Yata S, Ihaya T, Kaminou T, et al. Transcatheter arterial emboliza-
tion of acute arterial bleeding in the upper and lower gastroin-
testinal tract with N-butyl-2-cyanoacrylate. J Vasc Interv Radiol
2013;24(03):422–431

51 Huang CC, Lee CW, Hsiao JK, et al. N-butyl cyanoacrylate emboli-
zation as the primary treatment of acute hemodynamically
unstable lower gastrointestinal hemorrhage. J Vasc Interv Radiol
2011;22(11):1594–1599

52 Frodsham A, Berkmen T, Ananian C, Fung A. Initial experience
using N-butyl cyanoacrylate for embolization of lower gastroin-
testinal hemorrhage. J Vasc Interv Radiol 2009;20(10):
1312–1319

53 Ripoll C, Bañares R, Beceiro I, et al. Comparison of transcatheter
arterial embolization and surgery for treatment of bleeding
peptic ulcer after endoscopic treatment failure. J Vasc Interv
Radiol 2004;15(05):447–450

54 Jairath V, Kahan BC, Logan RF, et al. National audit of the use of
surgery and radiological embolization after failed endoscopic
haemostasis for non-variceal upper gastrointestinal bleeding.
Br J Surg 2012;99(12):1672–1680

55 Abdulmalak G, Chevallier O, Falvo N, et al. Safety and efficacy of
transcatheter embolization with Glubran®2 cyanoacrylate glue
for acute arterial bleeding: a single-center experience with 104
patients. Abdom Radiol (NY) 2018;43(03):723–733

56 Khanna A, Ognibene SJ, Koniaris LG. Embolization as first-line
therapy for diverticulosis-related massive lower gastrointestinal
bleeding: evidence from a meta-analysis. J Gastrointest Surg
2005;9(03):343–352

57 Larssen L,Moger T, Bjørnbeth BA, Lygren I, KløwNE. Transcatheter
arterial embolization in the management of bleeding duodenal
ulcers: a 5.5-year retrospective study of treatment and outcome.
Scand J Gastroenterol 2008;43(02):217–222

58 Eriksson LG, Ljungdahl M, Sundbom M, Nyman R. Transcatheter
arterial embolization versus surgery in the treatment of upper
gastrointestinal bleeding after therapeutic endoscopy failure. J
Vasc Interv Radiol 2008;19(10):1413–1418

59 Venclauskas L, Bratlie SO, Zachrisson K, Maleckas A, Pundzius J,
Jönson C. Is transcatheter arterial embolization a safer alternative
than surgery when endoscopic therapy fails in bleeding duodenal
ulcer? Scand J Gastroenterol 2010;45(03):299–304

60 Wong TC, Wong KT, Chiu PW, et al. A comparison of angiographic
embolization with surgery after failed endoscopic hemostasis to
bleeding peptic ulcers. Gastrointest Endosc 2011;73(05):900–908

61 Ang D, Teo EK, Tan A, et al. A comparison of surgery versus
transcatheter angiographic embolization in the treatment of
nonvariceal upper gastrointestinal bleeding uncontrolled by en-
doscopy. Eur J Gastroenterol Hepatol 2012;24(08):929–938

62 KatanoT, Mizoshita T, Senoo K, et al. The efficacy of transcatheter
arterial embolization as the first-choice treatment after failure of
endoscopic hemostasis and endoscopic treatment resistance
factors. Dig Endosc 2012;24(05):364–369

63 Yap FY, Omene BO, Patel MN, et al. Transcatheter embolotherapy
for gastrointestinal bleeding: a single center review of safety,
efficacy, and clinical outcomes. Dig Dis Sci 2013;58(07):
1976–1984

64 Teng HC, Liang HL, Lin YH, et al. The efficacy and long-term
outcome of microcoil embolotherapy for acute lower gastrointes-
tinal bleeding. Korean J Radiol 2013;14(02):259–268

65 Lee HH, Park JM, Chun HJ, Oh JS, Ahn HJ, Choi MG. Transcatheter
arterial embolization for endoscopically unmanageable non-var-
iceal upper gastrointestinal bleeding. Scand J Gastroenterol 2015;
50(07):809–815

66 Tanveer-Ul-Haq,Idris M, Salam B, Akhtar W, Jamil Y. Comparison
of microcoils and polyvinyl alcohol particles in selective micro-
catheter angioembolization of non variceal acute gastrointestinal
hemorrhage. Pak J Med Sci 2015;31(04):751–756

67 Nykänen T, Peltola E, Kylänpää L, Udd M. Bleeding gastric and
duodenal ulcers: case-control study comparing angioemboliza-
tion and surgery. Scand J Gastroenterol 2017;52(05):523–530

68 Lee HH, Oh JS, Park JM, et al. Transcatheter embolization effec-
tively controls acute lower gastrointestinal bleeding without
localizing bleeding site prior to angiography. Scand J Gastro-
enterol 2018;53(09):1089–1096

69 Kwon JH, Han YH. Efficacy and safety of superselective trans-
catheter arterial embolization of upper and lower gastrointestinal
bleeding using N-butyl-2-cyanoacrylate. Emerg Radiol 2018;25
(02):111–120

70 Nykänen T, Peltola E, Kylänpää L, Udd M. Transcatheter arterial
embolization in lower gastrointestinal bleeding: ischemia
remains a concern even with a superselective approach. J Gastro-
intest Surg 2018;22(08):1394–1403

71 Senadeera SC, Vun SV, Butterfield N, Eglinton TW, Frizelle FA. Role
of super-selective embolization in lower gastrointestinal bleed-
ing. ANZ J Surg 2018;88(09):E644–E648

72 Muhammad A, Awais M, Sayani R, et al. Empiric transcatheter
arterial embolization for massive or recurrent gastrointestinal
bleeding: ten-year experience from a single tertiary care center.
Cureus 2019;11(03):e4228

The Arab Journal of Interventional Radiology Vol. 7 No. 2/2023 © 2023. The Author(s).

Acute Nonvariceal Gastrointestinal Bleeding Mittal et al. 87


