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ABSTRACT

Urgent treatment of gastrointestinal bleeding is multidisciplinary and often
variable by institution. In general, medical management is the first-line therapy for both
upper and lower gastrointestinal hemorrhage. In severe upper gastrointestinal hemorrhage,
endoscopy is performed prior to other interventions as it is often both diagnostic and
therapeutic. Embolization is performed for refractory arterial bleeding. Transjugular
portosystemic shunt insertion may be performed to treat refractory variceal bleeding
although its use at night is controversial. The treatment algorithm for lower gastro-
intestinal bleeding is less clear but in general, severe bleeding is handled in the interven-
tional suite by superselective embolization and less severe bleeding is initially treated by
endoscopy after an 8- to 12-hour bowel prep. This article will summarize the current
approach in my hospital for treating patients with acute gastrointestinal hemorrhage.
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Objectives: Upon completion of this article, the reader should be able to review the current diagnostic and treatment algorithms for

acute gastrointestinal hemorrhage.
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In an ideal world, all gastrointestinal bleeding
would be approached similarly, irrespective of time
or day. In reality, this approach is impossible to imple-
ment given obvious after-hours limitations on staffing
and facilities. Thus, each hospital needs a diagnostic
and therapeutic algorithm for the patient with gastro-
intestinal bleeding during the day and at night. Opti-
mal treatment is multidisciplinary and variable by
institution. Endoscopic and endovascular procedures
have supplanted surgery as the preferred initial thera-
pies for patients with bleeding refractory to medical
management.

In upper gastrointestinal hemorrhage, endoscopic
diagnosis and therapy is the initial treatment of choice
followed by embolization or transjugular portosystemic
shunt (TIPS) insertion depending on whether bleeding
is arterial or variceal. The treatment algorithm for lower
gastrointestinal bleeding is less clear but in general,
severe bleeding is handled in the interventional suite
by superselective embolization with less severe bleeding
initially treated by endoscopists after a 8- to 12-hour
bowel prep. This article will summarize the current
approach in my hospital for treating patients with acute
gastrointestinal hemorrhage.
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UPPER GASTROINTESTINAL
HEMORRHAGE
Upper gastrointestinal hemorrhage is initially treated
with medical management and endoscopy. Medical
therapy includes volume restoration, hemodynamic sta-
bilization, and correction of coagulopathy. Therapeutic
endoscopy and omeprazole have decreased the need for
emergent surgery for patients with upper gastrointestinal
bleeding.1–5 In the vast majority of patients, endoscopy
should be performed prior to other invasive maneuvers as
it is imperative to determine whether bleeding is variceal
or arterial. Moreover, in the majority of patients, endo-
scopic treatments such as epinephrine injection, variceal
banding, or thermocoagulation will control bleeding. In
refractory cases, patients are often referred to interven-
tional radiologists for further care.

Arterial Hemorrhage

The most common etiologies of arterial upper gastro-
intestinal hemorrhage are peptic ulcer disease, variceal
bleeding, hemorrhagic gastritis, trauma, and Mallory-
Weiss tears. Our treatment algorithm for upper gastro-
intestinal arterial hemorrhage is the same at day and
night. In most cases, the endovascular treatment is
similar regardless of bleeding etiology. The basic prin-
ciples of angiographic diagnosis and management of
arterial upper gastrointestinal hemorrhage have not
changed significantly in the past 20 years. However,
the equipment available to interventional radiologists
has evolved considerably, simplifying the technical as-
pects of the procedure.

Prior to angiography, renal and coagulation status
should be assessed. Intravenous hydration should be
performed if necessary and any coagulopathy (prothrom-
bin time greater than 17 seconds or platelets less than
50,000/mm3) should be corrected with packed erythro-
cyte, platelet, or fresh frozen plasma transfusions. In
short, medical management must be optimized as much
as reasonably possible. If necessary, blood products may
be given during angiographic procedures. It is important
for patients and referring physicians to understand that
embolization is unlikely to succeed if an underlying
coagulopathy cannot be corrected. Patients must be
able to lie supine for the procedure and it is helpful if
they are able to cooperate with simple breathing in-
structions.

The results of endoscopy should be discussed
prior to angiography. If the bleeding site is identified
(which should be the case in nearly all patients),
angiography is performed with the intention to treat.
When necessary, intravenous midazolam hydrochloride
(Versed; Roche Pharmaceuticals, Nutley, NJ) and fen-
tanyl citrate (Sublimaze; Abbott Laboratories, North
Chicago, IL) are used for sedation and analgesia. Intra-
venous glucagon (1 mg, Eli Lilly and Company, In-

dianapolis, IN) may be administered to decrease bowel
peristalsis. Oxygen saturation, blood pressure, and
heart rate and rhythm are monitored noninvasively in
all patients. In our practice, a member of the referring
medical service is usually immediately available to help
manage patient care.

Diagnostic angiography is performed by catheter-
izing one of the common femoral arteries using the
Seldinger technique and inserting a 5F sheath. A 5F
catheter is then advanced through the sheath and used to
selectively engage the celiac or superior mesenteric
artery. I prefer the RC-1 catheter (Boston Scientific,
Natick, MA) for celiac and superior mesenteric artery
catheterization but each interventional radiologist has
his or her own favorite. Digital angiography is performed
and active bleeding is typically characterized by persis-
tent pooling of contrast throughout the venous phase of
injection on unsubtracted images. Often, contrast ex-
travasation is directly visualized when digital subtraction
angiographic runs are displayed in a cine-loop fashion.

Endovascular Therapy

If either arteriography or endoscopy discloses the site
of bleeding, two catheter-based treatment options
exist: local vasoconstrictive therapy and embolization.
Although local vasoconstrictive therapy is reported to
be successful in�50 to 90% of patients,6–8 in my practice,
it is only used as a last resort option if subselection of
either the gastroduodenal artery or left gastric artery is
not possible. Parenthetically given the wide availability of
microcatheters that facilitate embolization in even the
most difficult catheterizations, I have not used vaso-
pressin for gastrointestinal bleeding in the past 5 years.
Typically, vasopressin is infused into a proximal visceral
artery at 0.2 U per minute and may be increased to
0.4 U per minute in refractory bleeding. If successful,
the infusion is slowly tapered over 12 to 24 hours. There
are several disadvantages of vasopressin: an intensive care
unit bed is required to manage a femoral artery catheter, a
protracted infusion fails to control bleeding in 20 to 40%
of patients, and bleeding recurs after successful therapy in
up to 20% of patients. Moreover, vasopressin infusion is
relatively contraindicated in patients with coronary artery
disease. Side effects are encountered in 20% of patients
and include abdominal cramps, bowel infarction, con-
gestive heart failure, and ischemia of other organs such as
the brain and kidneys.6–8

The prevailing endovascular therapy for arterial
hemorrhage is embolization, which can be performed
with a variety of materials. Gelfoam pledgets, coils, and
polyvinyl alcohol particles are used most frequently for
upper gastrointestinal hemorrhage. In some patients,
combining coils and gelfoam pledgets (‘‘gelfoam-coil
sandwiches’’) helps to achieve optimal hemostasis. I
typically use coils primarily. I add gelfoam to ‘‘plug the
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holes’’ if bleeding persists through coils. Due to the rich
collateral supply of the stomach and duodenum, the risk
of bowel ischemia is minimal when embolization is
performed with these agents, although caution should
be exercised if prior bowel surgery has been performed
because collateral vessels may have been sacrificed. Most
often, upper gastrointestinal embolization can be per-
formed with conventional 5F catheters. Microcatheters
are helpful in select cases (e.g., marked vasospasm of
target artery).

Bleeding in the fundus of the stomach is treated
by left gastric artery embolization (Fig. 1), and bleeding
in the gastric antrum or proximal duodenum is treated by
gastroduodenal artery embolization (Fig. 2). When em-
bolizing the gastroduodenal artery, it is imperative to
isolate the source of bleeding. If only the proximal
portion of the gastroduodenal artery is occluded, bleed-
ing may persist via the pancreaticoduodenal arcade
supplied by the superior mesenteric artery (i.e., collateral
bleeding via the ‘‘back door’’). Occasionally, it may be

necessary to embolize these arteries in superselective
fashion via the superior mesenteric artery using coaxial
microcatheters. Usually, a catheter can be advanced
across the bleeding site and coils deposited on both
sides. Left gastric artery catheterization can be challeng-
ing, especially as this artery arises on the cephalad aspect
of the celiac axis. A few options are available including
forming a Waltman’s loop or using a catheter with a
preformed upward pointing tip and a microcatheter. A
replaced left gastric artery is larger in caliber and there-
fore easier to catheterize but if encountered, it is gen-
erally advisable to perform embolization distal to the
origins of the segment 3 and 4 left hepatic arteries.

In 1986, Gomes et al9 compared vasoconstrictive
therapy with embolotherapy and reported an 88% suc-
cess rate with embolization compared with a 52% success
rate with vasopressin. Since that time, most interven-
tional radiologists have adopted embolization as their
initial endovascular therapy of choice. Empiric emboli-
zation has proven to be effective in numerous studies10,11

Figure 1 A 64-year-old man with gastric fundal bleeding diag-
nosed on endoscopy. (A) Fluoroscopic image showing microcath-
eter in left gastric artery (white arrow). (B) Selective left gastric
angiogram showing extravasation of contrast (black arrow). (C)
Fluoroscopic image showing coil embolization of left gastric artery.
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and is used routinely in my hospital. Lang et al10

reported the value of prophylactic embolization of the
left gastric artery in patients with massive upper gastro-
intestinal hemorrhage with normal findings on arteriog-
raphy. Iatrogenic bleeding from gastrostomy, endoscopic
sphincterotomy, or percutaneous transhepatic interven-
tions is particularly well suited for embolotherapy.
Other uncommon causes of bleeding that respond well
to embolotherapy include aneurysms associated with
visceral artery stenosis and pseudoaneurysms caused by
pancreatitis.

Schenker et al11 studied the role of clinical and
technical factors on the success and survival of patients
undergoing upper gastrointestinal embolotherapy. Us-
ing logistic regression, these researchers found that
patients who underwent clinically successful emboliza-
tion were 13.3 times more likely to survive compared
with those who had an unsuccessful procedure. Patients

with multiorgan system failure were 17.5 times more
likely to die, independent of the outcome of emboliza-
tion. Because ongoing bleeding typically coincides with
clinical deterioration of the patient, embolization
should be pursued early in the hospitalization of any
patient with upper gastrointestinal bleeding that fails
therapeutic endoscopy.

Variceal Bleeding

After-hours treatment of variceal hemorrhage is diffi-
cult and highly controversial. In my hospital, we gen-
erally have stopped performing TIPS at night (i.e., in
patients who cannot be stabilized with medical man-
agement until morning) but do perform this procedure
on weekends during the day. At night, medical and
endoscopic management is maximized. The goal is to
stabilize the patient, correct any coagulopathies that

Figure 2 A 45-year-old woman with duodenal hemorrhage. (A) Celiac arteriogram showing left gastric, splenic, common hepatic,
gastroduodenal, and proper hepatic arteries. The left gastric is enlarged and supplying a replaced left hepatic artery. There is no evidence
of active bleeding on this image. (B) Selective gastroduodenal arteriogram showing active extravasation (white circle). (C) Fluoroscopic
image showingmicrocatheter advanced beyond the bleeding site in gastroduodenal artery. (D) Follow-up arteriogram after embolization
showing occlusion of gastroduodenal artery on both sides of bleeding vessel.
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may be present, and optimize medical management
prior to TIPS (which is performed with sedation
provided by the Department of Anesthesia). The pa-
tient should be resuscitated with blood products, clot-
ting factors, and intravenous fluids. Prophylactic
antibiotics are administered. Pharmacological therapy
with vasopressin and somatostatin or their analogs may
provide excellent short-term control of bleeding. Scle-
rotherapy and/or band ligation should be performed,
and if necessary, balloon tamponade may be pursued
with Sengstaken-Blakemore catheters.

There are several prognostic algorithms to decide
whether a TIPS may be indicated emergently. In gen-
eral, a Child-Pugh score of > 12 or APACHE II score
> 18 portend early mortality and in most of these
patients, TIPS is not recommended. In my own anec-
dotal experience, I have found that patients who are so
critical as to require a TIPS urgently at night are unlikely
to survive long even with a successful procedure. For a
detailed discussion of the role of emergency TIPS, please
see the excellent article by Jorge E. Lopera in the
December 2005 issue of Seminars in Interventional
Radiology.12

LOWER GASTROINTESTINAL
HEMORRHAGE
Like the therapy for upper gastrointestinal bleeding, the
treatment of severe lower gastrointestinal hemorrhage
includes endoscopy, surgical resection, local vasocon-
strictive therapy, and embolotherapy. In general, in our
hospital, the following algorithm is used during the day
and at night. All patients with minor bleeding either
receive medical management only or undergo bowel
preparation and colonoscopy during working hours.
With severe, life-threatening intermittent bleeding
with hemodynamic stability in between episodes of
hemorrhage, patients are first screened with 64-slice
computed tomographic angiography (CTA) (arterial
and venous phase, no oral contrast—same protocol as
to detect aortic endoleaks) to determine whether active
bleeding is ongoing. If so, patients undergo immediate
angiography targeted to the site of bleeding. If CTA fails
to disclose bleeding, Tc-99M red blood cell scans may be
obtained to identify intermittent bleeding. Nuclear med-
icine scanning is advantageous for intermittent bleeding
because imaging is performed continuously during a 1-
to 2-hour period. Angiography should be performed as
quickly as reasonably possible after a positive study. In
our hospital, we strive to perform angiography within 1
hour of a positive study. By using this algorithm, the
yield of angiography increases substantially.13

Patients who have severe, ongoing bleeding will
occasionally forego noninvasive imaging and instead
receive urgent angiography. Most often, these patients
are hypotensive and tachycardic. It is important to

recognize the fact that brisk upper gastrointestinal
bleeding can sometimes present with bright red blood
per rectum. Therefore, a patient seen by an interven-
tional radiologist with purported lower gastrointestinal
hemorrhage should always receive complete mesenteric
angiography (celiac axis, superior mesenteric artery, in-
ferior mesenteric artery, and internal iliac arteries) to
exclude either both an upper or lower gastrointestinal
source.

Angiography

Mesenteric angiography is performed as described
above. When obtained, nuclear medicine studies or
CTA are used to guide catheterization. If bleeding
appears to originate in the distal colon, the inferior
mesenteric artery is catheterized initially (I use a Rosch
Inferior Mesenteric catheter) and if bleeding appears
to originate more proximally, the superior mesenteric
artery is interrogated first. In distal bleeding or in
an otherwise negative study, it is important to remem-
ber to interrogate the internal iliac arteries as both
the middle and inferior rectal arteries can be a source
of colonic hemorrhage. Active extravasation in the
lower gastrointestinal tract appears identical to bleed-
ing in the upper gastrointestinal tract. Contrast extrav-
asation persists throughout the venous phase and is
distinguished from bowel peristalsis on unsubtracted
images.

Endovascular Therapy

Similar to upper gastrointestinal bleeding, local vaso-
constrictive therapy with vasopressin infusion was
initially established as the first-line catheter-directed
treatment for lower gastrointestinal hemorrhage. The
procedural details and disadvantages have been de-
scribed above. As noted previously, in my hospital,
vasopressin is used only if embolotherapy cannot be
successfully performed.

If a bleeding source is seen angiographically, a 3F
microcatheter (Target 18, 325 or HiFlow, Boston Sci-
entific) is advanced coaxially to the site through the
indwelling 5F catheter. The catheter is positioned as
close to the bleeding site as possible. In the inferior
mesenteric artery distribution, the catheter is advanced
to the marginal artery or terminal artery if possible, and
in the superior mesenteric artery, the catheter is ad-
vanced to the vasa rectum (Fig. 3). If vasospasm impedes
the catheter, intra-arterial papaverine (25 mg, American
Regent Laboratories, Inc., Shirley, NY) or simply wait-
ing for several minutes may relieve the obstruction.
Except in rare circumstances, embolization should be
performed only when the catheter has been advanced to
or distal to the mesenteric border of the colon (i.e., to the
marginal artery or vasa rectae).
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Unlike the stomach and duodenum, the bowel
distal to the ligament of Treitz (with the exception
of the rectum) does not have a dual blood supply.
Therefore, caution must be exercised when performing
embolization. Therapy is a compromise between selec-
tive arterial inflow reduction and maintenance of
collateral arterial blood flow. Arterial inflow must be
decreased enough to allow hemostasis but not to
the degree to cause total devascularization. The pre-
ferred level of embolization remains controversial.
In general, any embolic agent should be deployed
as distally as possible to limit possible ischemia to as
small an area as possible. The risk of infarction is
related to both the embolic agent as well as the

proximity of embolization. Ischemia and infarction
may result from embolization of proximal colonic
branches supplying a large area of bowel or emboliza-
tion of multiple distal arteries that are devoid of
collateral flow.14,15 Numerous reports indicate that
superselective embolization for lower gastrointestinal
tract hemorrhage rapidly arrests bleeding while mini-
mizing the risk of ischemia.15–28

The embolic agent is generally selected based on
the suspected etiology of bleeding. In the vast majority
of patients, I use microcoils as they are easily visualized
fluoroscopically, allowing precise deployment and in
most cases fulfilling the objective of decreasing the
perfusion pressure while allowing enough collateral

Figure 3 A 68-year-old woman with colonic bleeding. (A) Sub-
selective superior mesenteric artery injection via microcatheter
shows bleeding in right colon (white circle). (B) Superselective
angiogram shows bleeding artery. (C) Superselective angiogram
after embolization of bleeding artery shows no further extravasa-
tion. Note multiple coils (arrows).
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flow to prevent infarction. Microcoils are ideal for
diverticular bleeding. Others materials such as poly-
vinyl alcohol have also been used successfully; however,
polyvinyl alcohol is more difficult to control than
microcoils because it cannot be directly visualized by
fluoroscopy. An additional disadvantage of polyvinyl
alcohol particles is that small particles as well as larger
particles (if they fragment) may reach intramural
circulation beyond the level of collateralization23 or
reflux into nontarget arteries. Finally, embolization
with polyvinyl alcohol is not advised if the terminal
artery cannot be catheterized. Nonetheless, polyvinyl
alcohol particles may have advantages in some instan-
ces, such as in patients with bleeding tumor masses or
angiodysplasia.

As discussed, the etiology of hemorrhage has
important implications on both the short- and long-
term success of the procedure. Because embolization
treats a symptom of the underlying disorder rather
than the disease itself, bleeding may recur in some
patients, particularly those with multifocal disease (e.g.,
extensive diverticulosis, bowel metastases). Nonetheless,
like many percutaneous procedures, successful emboli-
zation does not preclude repeat attempts and when
successful, embolization often averts bowel resection
and associated colostomy.

CONCLUSION
The treatment of arterial gastrointestinal hemorrhage
continues to evolve. Currently, most interventional radi-
ologists approach bleeding both in the upper and lower
gastrointestinal tract with intention to treat. Emboliza-
tion has replaced local vasoconstrictive therapy as the
catheter-based treatment of choice. Coaxial microcath-
eters have simplified embolotherapy and enabled safe
and effective treatment of lower gastrointestinal bleed-
ing. TIPS remains the second-line treatment of choice
for refractory variceal bleeding, although its use at night
remains controversial.
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