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PURPOSE: Gastrointestinal hemorrhage is a common clini-
cal problem, which accounts for approximately 1 to 2 per-
cent of acute hospital admissions. The colon is responsible
for approximately 87 to 95 percent of all cases of lower
gastrointestinal bleeding, with the remaining cases arising
in the small bowel. The etiology, diagnostic evaluation,
management, and treatment options available for lower gas-
trointestinal hemorrhage were reviewed. METHODS: A re-
view of lower gastrointestinal bleeding was performed,
which discussed the most common etiologies with a few
rare and unusual causes. The current literature about differ-
ent diagnostic techniques, management problems, and
therapeutic options was reviewed. Current management
strategies and treatment options for the many causes of
lower gastrointestinal bleeding will be reviewed. RESULTS:
A review of the different causes of lower gastrointestinal
hemorrhage and available diagnostic studies was per-
formed. Management strategies based on the etiology of the
bleeding and results of the diagnostic studies were dis-
cussed. An algorithm was provided to develop a diagnostic
and therapeutic treatment strategy for lower gastrointesti-
nal hemorrhage. CONCLUSIONS: Lower gastrointestinal
hemorrhage can be a difficult and frustrating problem to
both the clinician and the patient. Knowledge of the avail-
able diagnostic tests to help identify the source of bleeding
is essential to the practicing clinician. Once the source is
identified, management strategies and available treatment
options need to be specific for each individual case. This
review will aid the practicing physician in developing an
algorithm for lower gastrointestinal hemorrhage. [Key
words: Colon; Rectum; Angiography; Lower GI bleed; Hem-
orrhage; Tagged red blood cell scan; Surgery; CT scans;
Capsule endoscopy]

G astrointestinal tract hemorrhage is a common
clinical problem requiring a systematic evalua-

tion and treatment algorithm. Gastrointestinal (GI)

hemorrhage accounts for approximately 1 percent of
acute hospital admissions with a majority of these pa-
tients requiring ICU care. The overall mortality rate
ranges from 5 to 12 percent and can approach 40
percent for persistent or recurring bleeding. Approxi-
mately 85 percent of GI bleeding episodes cease
spontaneously, whereas the other 15 percent require
aggressive resuscitation, multiple diagnostic modali-
ties, and intense medical and/or surgical manage-
ment.

Lower GI hemorrhage is defined as any bleeding
arising from the bowel distal to the ligament of Treitz.
Massive bleeding, which is fortunately an uncommon
event that rarely requires surgical treatment, is de-
fined as any bleeding requiring 3 to 5 units of blood
during 24 hours to maintain stability. Despite ad-
vances that have been made in the evaluation, man-
agement, and treatment of lower GI hemorrhage,
there are still many areas of controversy. This article
reviews the etiology, available diagnostic studies,
management, and different treatment options for GI
hemorrhage.

ETIOLOGY AND PATHOPHYSIOLOGY

Although the great majority of lower GI hemor-
rhage is from the colon and rectum, 10 to 25 percent
originates in the small bowel and can pose a diagnos-
tic dilemma for the clinician.1–3 GI hemorrhage most
commonly occurs in the elderly with multiple comor-
bid conditions, but can occur at any age. The most
common etiologies vary according to the different age
groups. In young adults and adolescents, the most
common causes of bleeding are Meckel’s diverticu-
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lum, inflammatory bowel disease, and polyps. In
adults aged 60 years and younger, the most frequent
sources include diverticula, inflammatory bowel dis-
ease, and neoplasms, whereas angiodysplasia, diver-
ticula, and neoplasms account for the most common
etiologies in adults older than aged 60 years.4

Diverticular Disease

Diverticulosis is recognized as the most common
etiology of massive lower GI bleeding. It is thought to
be the result of erosion of the wall of a diverticulum
by a nearby adjacent vessel. Although diverticular dis-
ease affects mainly the left colon, bleeding from a
right-sided diverticulum is more common. It is esti-
mated that approximately one-third of major lower GI
bleeding in the elderly is caused by diverticular dis-
ease.2,5,6 Diverticular hemorrhage is reported to re-
solve spontaneously in 70 to 80 percent of cases, but
rebleeding can occur in up to 25 to 30 percent of
these patients. Once bleeding has recurred and again
ceased spontaneously, the rebleeding rate increases
and is close to 50 percent.7

Angiodysplasia

Angiodysplasia, which includes arteriovenous mal-
formations (AVMs), vascular ectasias, or angiomas,
are lesions of the elderly. In some series of lower GI
hemorrhage, angiodysplasia is thought to be the most
common source of bleeding in elderly patients. Al-
though massive bleeding from angiodysplasia can oc-
cur in approximately 15 percent of patients, the most
common scenario is intermittent, subacute bleeding,
which stops spontaneously in up to 90 percent. There
is, however, a high recurrence rate of bleeding, re-
ported to be at least 25 percent in most series.7

Angiodysplasias are an acquired abnormality; the
most widely accepted explanation is from chronic in-
termittent partial obstruction of the submucosal veins
from colonic muscle wall contraction.8 Eventually
these submucosal veins become dilated and ectatic
causing incompetence of the precapillary sphincters
and leading to the formation of angiodysplasia. The
resulting angiodysplasias are frequently multiple and
are found most commonly in the ascending colon.

There has been a reported association with cardiac
disease, in particular, aortic stenosis. Although vari-
ous hypotheses have been proposed, it is not clear
whether this association is causative or simply a co-
existence.9–11

Inflammatory Bowel Disease

Massive hemorrhage is unusual in inflammatory
bowel disease and the more common conditions
should be sought and excluded. When massive hem-
orrhage does occur in Crohn’s disease, it can arise
from the small bowel or the colon. The incidence is
reported to range from 0.9 to 6 percent.12 Some au-
thors report a slightly higher incidence of massive
hemorrhage in patients with Crohn’s disease com-
pared with patients with ulcerative colitis because of
the characteristic deep ulcers and transmural inflam-
mation. There is a 35 percent incidence of rebleeding
after spontaneous cessation of the initial bleeding epi-
sode, which has lead to the recommendation by some
authors to perform elective resection after spontane-
ous resolution of massive hemorrhage in these pa-
tients.12,13

Neoplasms

Bleeding associated with colorectal neoplasms
tends to be occult in most cases. The patient usually
presents with symptoms of anemia, namely fatigue,
and laboratory values usually show a hypochromic,
microcytic anemia caused by iron deficiency. Despite
bleeding being a common complaint in patients
found to have a colorectal neoplasm, massive hem-
orrhage is uncommon. Colorectal neoplasms may ac-
count for 10 to 15 percent of severe lower GI hemor-
rhage seen in the elderly population.7

Anorectal Disease

Patients with hemorrhoidal disease or anal fissures
tend to complain about anorectal bleeding as part of
their symptomatology. In the majority of cases, the
bleeding is minor, intermittent, and associated with
bowel movements. It is uncommon for anorectal dis-
ease to present as significant lower GI bleeding; how-
ever, it has been reported in the literature and cer-
tainly provides a strong argument to perform
anoscopy as part of the initial evaluation in all of these
patients.

Ischemic Colitis

Ischemic colitis generally presents with symptoms
of bloody diarrhea but it is most unusual to lead to
significant blood loss requiring transfusions. If ische-
mic colitis or enteritis is found to be the primary
source of bleeding, it is usually associated with other
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clinical abnormalities, such as significant abdominal
pain and leukocytosis, and this can help narrow the
diagnosis from the other more common causes of
lower GI hemorrhage.

There are other rare causes of lower GI hemor-
rhage, including anorectal varices and Dieulafoy le-
sions.14,15 Anorectal varices can develop in patients
with portal hypertension. It is unusual for significant
bleeding to occur in this patient population, but when
it does occur, it is usually massive requiring aggres-
sive resuscitation, intense medical therapy, blood
transfusions, and transfer to the ICU. The mainstay of
treatment includes medical and/or surgical treatment
of the portal hypertension. Similarly, Dieulafoy le-
sions are uncommon and are generally found in the
upper GI tract, i.e., the stomach. Although an uncom-
mon source of lower GI bleeding, they have been
described in the colon and rectum and also can be a
source of massive GI bleeding.16

RESUSCITATION AND STABILIZATION

Before beginning any diagnostic studies, the clini-
cian needs to examine the patient and start any ap-
propriate resuscitation and stabilization measures. A
directed history and physical examination is per-
formed and should include anoscopy and rigid proc-
tosigmoidoscopy. During continued evaluation, the
patient should be connected to a cardiac monitor and
larger bore IVs should be placed as well as a Foley
catheter. Laboratory evaluations should include a
complete blood count, electrolyte values, coagulation
profile, and blood gases. Once these studies are or-
dered and resuscitation is continuing, the initial diag-
nostic step in the evaluation process must be made.

To help delineate the location of the GI bleed be-
fore embarking on evaluation of the colon, a naso-
gastric tube should be passed and the aspirate
checked for bile and/or blood because massive upper
GI bleeding can occasionally masquerade as lower GI
bleeding. Many physicians, however, are opting to
delineate the location of a GI bleed with an initial
esophagogastroduodenoscopy instead of the naso-
gastric tube. In this circumstance, the esophagogas-
troduodenoscopy provides a diagnostic tool for the
physician but also a possible therapeutic tool for
those patients who suffer from an upper GI source.

Evaluation of GI Bleeding

The three primary diagnostic tools for lower GI
bleeding are: colonoscopy, radionuclide scintigraphy,

and mesenteric arteriography. For the problematic pa-
tient whose source of bleeding cannot be identified,
wireless capsule endoscopy is a relatively new tool
that can provide useful information. Although not a
part of most diagnostic algorithms, there are some
early reports on the use of helical CT scans to help
identify the source of GI bleeding.

Colonoscopy

Colonoscopy in patients with lower GI hemorrhage
was reported as early as 1974 when Peter et al.17

determined the cause of bleeding in 15 of 18 patients
by using colonoscopy after preparing the patients
with enemas and 20 mg of bisacodyl. Since that time,
numerous authors have reported on the usefulness of
colonoscopy in lower GI hemorrhage in which it has
a dual role in diagnosis and therapy. In general, colo-
noscopy is best used in patients who have stopped
bleeding or have slowed down. In patients with mas-
sive active bleeding, colonoscopy is many times frus-
trating, not beneficial, and at times dangerous. How-
ever, there are a few authors who still consider it the
first diagnostic maneuver even in the patient with se-
vere ongoing bleeding.6,18

The use of bowel preparation for colonoscopy is
variable in the literature and controversy exists about
whether colonoscopy is indicated in patients with an
active GI bleed. Some authors have argued that be-
cause blood acts as a cathartic, the only preparation
necessary is enemas to clean out the rectal area.19

Other authors have reported good results using a
polyethylene glycol bowel preparation.6 This particu-
lar preparation can be given by mouth or through a
nasogastric tube placed specifically for the purpose of
the preparation.

The advantage of the rectal washout method is that
it allows essentially an immediate examination. For
example, if there has been a recent left-sided bleed,
even if the bleeding has stopped, this will allow one
to visualize the unprepared right colon. If there is no
blood seen within the right colon, then this is a strong
indicator that the left side of the bowel was the source
of the bleed, thus providing localization. The disad-
vantage of the rectal washout method is that if an
AVM is the source of the bleed, it can be difficult to
see and localize because of the relatively localized
preparation and the remaining large amounts of
blood that obscure the mucosa. If, on the other hand,
a good mechanical bowel preparation is performed
with a polyethylene glycol solution, all signs of bleed-
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ing may be removed and any abnormality that is iden-
tified may not necessarily be the source of the recent
bleeding episode.

The diagnostic yield of colonoscopy in this setting
is reasonably good. Rossini et al.20 performed one of
the largest series using colonoscopy in GI bleeding in
1989. They found a definitive site of bleeding in 76
percent of the 409 patients in the study population.
The left colon was the source of bleeding in 85 per-
cent, which is somewhat unusual and is certainly a
higher percentage than most recent series. The re-
maining 15 percent were located in the transverse
colon (4 percent) or right colon (11 percent). Also,
another unusual finding in this report was that diver-
ticula and AVMs accounted for only 23 percent
whereas 60 percent of the bleeding lesions were pol-
yps, cancer, or colitis.

Jensen and Machicado6 reported on a series of 80
patients who had colonoscopy within 24 hours of ad-
mission. These patients all had an oral preparation
and 74 percent were found to have a colonic source
of bleeding. Of these, 63 percent were diverticula or
AVMs. Caos et al.5 had a similar experience with a 62
percent diagnostic yield for colonoscopy in patients
with severe bleeding (Table 1).

Radionuclide Scintigraphy

Radionuclide scintigraphy can be performed by
two different methods. Most commonly it is used as a
technetium-labeled red blood cell scan, but it also can
be performed with technetium-99 sulfur colloid injec-
tion. The technetium-99 sulfur colloid method re-

quires no preparation and can be injected immedi-
ately but is rapidly cleared by the reticuloendothelial
system and has a half-life of only two to three min-
utes. Therefore, if there is no active bleeding at the
moment it is given, the agent is quickly cleared and
the test is nondiagnostic.

In most centers, the technetium-labeled red blood
cell scan is the preferred technique. Although it can
sometimes localize a bleeding site within five min-
utes, it has a longer half-life and can be detected on
images up to 12 to 24 hours after injection. Thus, even
if the rate of bleeding is insufficient to give an imme-
diate positive test or if the bleeding is intermittent, the
labeled red blood cells can sometimes accumulate to
detect a site of bleeding up to 24 hours after injection.
It is thought to be a sensitive diagnostic tool, detecting
bleeding as low as 0.1 ml per minute.34

There is still considerable controversy regarding the
use of nuclear scintigraphy in the evaluation of the
patient with lower GI bleeding primarily because of
widely divergent results that have been reported in
the literature.35–41 Many surgeons are reluctant to pro-
ceed with a colectomy based solely on the results of
a radionuclide scan but would instead use the scan to
help make decisions about further diagnostic maneu-
vers, such as colonoscopy or selective mesenteric an-
giography. Therefore, it is normally not used as a de-
finitive study before surgical therapy, but rather a tool
to guide further diagnostic studies or therapeutic in-
terventions.

The bleeding rate required for a positive nuclear
scintigraphy scan is approximately 0.1 ml per minute,
but has been reported to detect bleeding rates as low

Table 1.
Review of Literature on Patients Treated With Endoscopic Therapy for Diverticular Hemorrhage

Authors Year Patients Endoscopic Therapy Follow-Up (mo) Early Rebleeding

Johnston et al.21 1986 4 CC 0
Pardoll and Neubrand22 1989 1 EI 0
Bertoni et al.23 1990 1 EI 2 0
Kim and Marcon24 1993 1 EI 6 0
Andress et al.25 1993 1 Fibrin sealant 6 1
Savides and Jensen26 1994 3 CC 9 0
Ramirez et al.27 1996 4 EI 0
Foutch and Zimmerman28 1996 4 CC 13 1
Hokama et al.29 1997 3 Hemoclip 0
Prakash et al.30 1999 3 CC 5 0
Jensen et al.31 2000 10 EI and/or CC 30 0
Bloomfeld et al.32 2000 13 EI and/or CC 35 5
Total 48 7

CC = contact coagulation; EI = epinephrine injection.
Reprinted with permission from Bloomfield RS, Rockey DC, Shetzline MA, Endoscopic therapy of acute diverticular

hemorrhage, Am J Gastroenterol 2001;96:2367–72.
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as 0.02 ml per minute.42 Because this rate is much
lower than that required by angiography, which is
reported to need a bleeding rate of at least 0.5 ml per
minute, it is recommended that scintigraphy serve as
a screening test for patients before the angiography.36

The radionuclide scan reportedly is sensitive (91–97
percent)36,42 and specific (76–95 percent)40,41; how-
ever, there are several reports with less enthusiastic
results for nuclear scintigraphy. For example, in a ret-
rospective review of 103 consecutive patients receiv-
ing nuclear scintigraphy, the sensitivity rate for pa-
tients with upper GI hemorrhage was only 8 and 23
percent for patients with lower GI bleeds.43 There-
fore, because the accuracy of nuclear scintigraphy is
variable in the literature (41–94 percent), most au-
thors recommend nuclear scintigraphy as a guide to
further diagnostic studies rather than a guide for sur-
gical intervention (Table 2).44

Of the studies that have been the most supportive
for radionuclide imaging, the most optimistic are
those by Nicholson et al.48 and Suzman et al.49 In
Nicholson’s study, 30 patients had confirmed bleed-
ing sites and 29 of these patients had the site correctly
localized by a technetium-labeled red blood cell scan.
Suzman found that 36 of 37 patients (97 percent) had
correct preoperative localization of their bleeding
sites by red blood cell scans. It should be mentioned
that the red blood cell scan was positive in only 74
percent of those patients who required an operation
with 16 percent having a negative scan and 10 percent
having a nonlocalizing study.

Other investigators have had greatly different re-
sults. In the review by Hunter and Pezim, bleeding
scans were found to be positive in 52 of 203 patients
(26 percent) with acute or chronically recurrent GI
bleeding. During the evaluation of the 19 patients
who required surgery and comparisons to other diag-

nostic studies and operative findings, the authors es-
timated their rate for localization with the red blood
cell scan was 25 to 75 percent.46 Many authors report
varied results regarding accuracy for nuclear medicine
scans in patients with gastrointestinal hemorrhage,
which may be attributed to timing of the study in
relation to start of initial bleed, lack of radioactivity
retention at site of bleed, and variable radiology in-
terpretations.

It is clear that red blood cell scanning offers the
advantages of being relatively easy to use, quick to
implement, has a minimal morbidity rate, and is sen-
sitive for active bleeding. It also can be helpful in
patients who are having intermittent bleeding. The
primary disadvantages of red blood cell scans are the
relative lack of reliability of locating the exact site of
bleeding and the lack of therapeutic efficacy of the
test (Table 3).

Selective Mesenteric Angiography

Selective mesenteric angiography is more invasive
than technetium-labeled red blood cell scanning and
requires a bleeding rate of at least 0.5 ml per minute
to detect hemorrhage.44 However, when a bleeding
site is identified it can provide accurate localization,
occasionally specific diagnosis, and an opportunity
for nonsurgical therapy with vasopressin infusion or
embolization.

Angiography will localize the site of bleeding in 40
to 86 percent2,8,52–58 of patients with lower GI hem-
orrhage. Some investigators have used vasodilators,
heparin, or thrombolytic agents in an attempt to in-
crease the sensitivity and results of angiography.
Koval et al.59 found that by use of these provocative
measures the percentage of studies that show an ex-
travasation increased from 32 to 65 percent. The in-

Table 2.
Reported Red Blood Cell Scan Localization Results

Source Positive Diagnosis Confirmed Correct Localization Incorrect Localization

Bearne et al.45 18 (78) 11 9 (82) 2 (18)
Bentley and Richardson38 98 46 (47) 24 (52) 22 (48)
Hunter and Pezim46 52 (26) 22 9 (41) 13 (59)
McKusick et al.36 51 47 (92) 39 (83) 8 (17)
Miller and Borten47 46 24 (52) 22 (48)
Nicholson et al.48 31 30 29 (94) 2 (6)
Suzman et al.49 19 22 (45) 16 (84) 3 (16)
Ryan et al.50 −41
Voeller et al.43 22 85 14 (64) 8 (36)
Whitaker et al.51 5 12 4 (80) 1 (20)
Winzelberg et al.39 62 58 48 (83) 10 (17)

Data are number of scans with percentages in parentheses.
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cidence of bleeding complications is obviously in-
creased by use of these maneuvers.

Diverticular hemorrhage is most likely to produce
extravasation on angiography. The extravasation of
contrast is seen early in the arterial phase of the an-
giogram as the contrast collects and becomes more
dense and will persist through the venous phase. This
contrast can sometimes pool in a round or oval col-
lection that corresponds to a diverticulum or it may
have a less circumscribed appearance as it spreads
throughout the lumen of the colon.52

The bleeding associated with angiodysplasia is
typically less massive and more likely to be intermit-
tent than diverticular hemorrhage. It also is less likely
that extravasation will be seen with angiography. The
angiodysplasia is characterized by small clusters of
tortuous vessels along the antimesenteric border of
the bowel because of early filling in the arterial phase,
dense opacification, and delayed emptying of the
vein draining the region, most commonly the ileocolic
vein.49,60 Unfortunately, if extravasation is not visual-
ized, it is impossible to prove that the angiodysplastic
lesion identified is actually the source of the bleeding
(Table 4).

In a small subset of patients, the source of bleeding
remains obscure after angiography, and some of these
patients experience recurrent GI hemorrhage of un-
known origin. This form of GI hemorrhage is uncom-
mon and represents a diagnostic challenge for the
clinician. Some authors have advocated provocation
of bleeding during angiography with vasodilators, an-
ticoagulants, and/or thrombolytics.32

A review of the radiology databases at Duke Uni-
versity revealed seven provocative bleeding studies
performed during a five-year study period.32 Each of
the seven individual patients presented with maroon
stool or melena, had experienced at least three pre-

vious episodes of acute GI hemorrhage requiring
transfusion, and had undergone multiple diagnostic
procedures without definitive localization. Bleeding
was identified in only two of seven individuals after
provocative angiography, reporting a diagnostic yield
of 29 percent. Another study reports the results of ten
provocative angiograms using heparin and urokinase
to help identify the obscure bleeding source.61 Four
of these studies (40 percent) were successful at iden-
tifying scintigraphic bleeding within four hours of in-
jection, but only two of these were then localized and
treated.

Potential concerns with provocative bleeding stud-
ies include uncontrollable GI hemorrhage and central
nervous system bleeding, although both of these stud-
ies had no complications and no demonstrable de-
crease in hematocrit.62 Results to date show that pro-
vocative angiographic testing can be performed safely
but the diagnostic yield is low. Additional study is
required to optimize patient selection, clarify protocol
modifications, and determine cost-effectiveness
(Tables 5 and 6).

Wireless Capsule Endoscopy

Obscure bleeding that defies multiple attempts at
localization can be a difficult and frustrating problem.
In many of these patients, the bleeding source is ac-
tually found in the small bowel. Wireless capsule en-
doscopy has proven to be a valuable addition to the
armamentarium of our diagnostic tools, especially
when other diagnostic modalities are negative and the
source of bleeding is the small bowel. The videocap-
sule is a self-contained 11-mm × 30-mm unit with a
miniaturized image-capturing system, battery, light
source, and transmitter.63 It has proven to be superior
to push enteroscopy and enteroclysis in identifying

Table 3.
Diagnostic Accuracy of Technetium 99m-Labeled Red
Blood Cell Scans for Lower Gastrointestinal Bleeding

Diagnosis Made

Authors No. of Studies Correct Incorrect

Gupta et al.35 45 (71) 78 22
McKusick et al.36 51 (92) 83 17
Kester et al.37 37 (30) 82 18
Bentley and

Richardson38
98 (47) 52 48

Winzelberg et al.39 62 (94) 83 17
Bunker et al.40 41 (98) 95 05
Szasz et al.41 46 (80) 81 1

Data are numbers with percentages in parentheses.

Table 4.
Diagnosis of Bleeding Site by Mesenteric Angiography

in Lower Gastrointestinal Bleeding

Authors
No. of

Patients
% Bleeding

Sites Localized

Boley et al.8 43 65
Leitman et al.2 68 40
Casarella et al.52 69 67
Nath et al.53 14 86
Uden et al.54 28 57
Welch et al.55 26 77
Colacchio et al.56 98 41
Britt et al.57 40 58
Browder et al.58 50 72
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the source of bleeding in this group of patients
(Tables 7 and 8).64–67

Helical CT Scans

Although CT scans have not usually been consid-
ered part of the diagnostic tools for lower GI bleed-
ing, there are a few recent reports that suggest helical
CT scans may be useful. Ernst et al.68 evaluated a total
of 24 patients with lower GI bleeding with three-
phase helical CT scanning. The scanning correctly
identified 4 of 5 small-bowel hemorrhages and 11 of
14 colon hemorrhages. Yamaguchi and Yoshikawa69

also identified pooling of the contrast media in four of
five patients who were studied with helical CT scan-
ning.

Ettorre et al.70 used helical CT angiography to
evaluate 18 consecutive patients who presented with
acute gastrointestinal bleeding of obscure origin. Di-
agnosis was made in 13 of 18 patients (72 percent). All

patients then underwent conventional angiography,
confirming the helical CT findings in only 11 cases.
Helical CT angiography proved to be more sensitive
than conventional angiography in two cases, there-
fore, the authors concluded that helical CT angiogra-
phy is an easier and faster technique for localizing GI
bleeding and can be a useful guide for subsequent
selective and possible therapeutic conventional angi-
ography. Although these early reports show promise
for the use of helical CT scans in identifying lower GI
hemorrhage, additional study needs to be performed
before incorporating it into mainstream practice
(Table 9).

TREATMENT MODALITIES

Once the bleeding site is identified, the next step is
to determine the most appropriate treatment for each
individual case with the least morbidity. Many times,

Table 5.
Clinical Course of Patients Undergoing Provocative Angiography

Patient Provocation
Angiographic

Result
Follow-Up

(mo) Clinical Outcome

1 U Normal 34 IE-normal, multiple recurrent bleeds
2 H,T,U Ascending colon E 27 RC, no further bleeding
3 H,T,U Ileal ectasia, no E 24 Ileal resection, no further bleeding
4 H,T,U Normal 7 IE-ileal ectasia, ileal resection, no further bleeding
5 H,T,U Normal 19 No further bleeding
6 H,T,U Normal 10 No further bleeding
7 H,T,U Hepatic flexure E RC, recurrent bleed, possible anastomotic ulcer, no further bleeding

U = urokinase; H = heparin; T = tolazoline; E = extravasation; IE = intraoperative enteroscopy; RC = right colectomy.
Reprinted with permission from Bloomfield RS, Smith TP, Schneider AM, Rockey DC, Provocative angiography in

patients with gastrointestinal hemorrhage of obscure origin, Am J Gastroenterol 2000;95:2807–12.

Table 6.
Imaging Results and Overall Findings From Ten Studies Performed in Nine Patients

Study
Age
(yr) PRBCs

Scintigraphy 0
to 4 hours

Scintigraphy
24 hours Angiography Findings

1 75 16 Positive Not performed Positive Splenic artery aneurysm
2 78 44 Positive Not performed Not performed TI bleeding-R colectomy
3 69 51 Positive Not performed Negative Possible jejunal bleeding
4a 45 10 Negative Negative Not performed Mesenteric varices
5a 45 10 Positive Not performed Not performed Slow bleeding, no angiography
6 78 8 Negative Positive Not performed Bleeding throughout colon at 24 hours
7 53 9 Negative Positive Not performed Bleeding in R/transverse colon at 24 hours
8 38 6 Negative Positive Not performed Bleeding in cecum at 24 hours
9 69 4 Negative Negative Not performed Bleeding in cecum at 24 hours

10 75 10 Negative Not performed Not performed Bleeding in cecum at 24 hours

PRBCs = packed red blood cells.
aStudies 4 and 5 were performed on the same patient.
Reprinted with permission from Malden ES, Hicks ME, Royal HD, Aliperti G, Allen BT, Picus D, Recurrent gastroin-

testinal bleeding: use of thrombolysis with anticoagulation in diagnosis, Radiology 1998;207:147–51.

2016 HOEDEMA ET AL Dis Colon Rectum, November 2005



the treatment of lower GI hemorrhage can be simul-
taneously performed with the diagnostic methods
used to localize the bleeding source. There are several
therapeutic alternatives that can be pursued during
the course of the evaluation with both colonoscopy
and angiography. If these therapeutic options fail or
are inadvisable and the hemorrhage continues, sur-
gery may be necessary.

Endoscopic Treatment

The lesions most amenable to colonoscopic treat-
ment of lower GI bleeding are usually angiodysplasia
or diverticulosis. Once identified as the source of
bleeding, angiodysplasias are usually coagulated by
some method, including heater probe, bipolar coagu-
lation, or Nd:YAG laser. Significant complications, in-
cluding perforation or postcoagulation syndrome, are
unusual. Some studies have reported rebleeding rates
of 13 to 53 percent, and many patients may require
more than one treatment.71,72

At one time, the colonoscopic treatment of diver-

ticular hemorrhage was thought not to be feasible in
the vast majority of cases. Several recent series have
been more optimistic. Jensen and coworkers31 re-
ported on a series of 48 patients undergoing colonos-
copy for acute lower GI bleeding. They found that ten
patients had definite signs of diverticular bleeding. All
ten patients were treated endoscopically with a com-
bination of epinephrine injections and bipolar coagu-
lation. None of the patients had any recurrent bleed-
ing. Bloomfeld and collegues33 had similar success in
their series of 13 patients. There were no therapeutic
complications with the procedure; however, they re-
ported early rebleeding in five patients (38 percent)
and late rebleeding in another three (23 percent).

Angiographic Treatment

Angiographic treatment of lower GI bleeding can
involve the intra-arterial infusion of vasopressin or
transarterial embolization. If vasopressin infusion is
chosen, the infusion can begin immediately after the
bleeding site is localized by arteriography. Vasopres-

Table 7.
Findings Identified by Capsule Endoscopy

Sources Identified in Stomach Sources Identified in Small Bowel Sources Identified in Colon

Cameron erosions Angiodysplasia Cecal polyp
Gastric angiodysplasia Focal active bleeding Cecal angiodysplasia
Gastric ulcer Small bowel tumor

Apthous ulceration
Skip lesions
Meckel’s diverticulum
Ulcerating proximal jejunitis
Ileal ulcer
Ulcer secondary to intussusception

Reprinted with permission from Mylonaki M, Fritscher-Ravens A, Swain P, Wireless capsule endoscopy: a comparison
with push enteroscopy in patients with gastroscopy and colonoscopy negative gastrointestinal bleeding, Gut
2003;52:1122–6.

Table 8.
Wireless Capsule Endoscopy (WCE) Findings and Results

Patient Presenting Complaint WCE Findings Post-WCE Enteroclysis Results

1 Chronic anemia SB ulceration Negative Improvement with CD medications
2 Chronic anemia SB ulceration Negative Improvement with CD medications
3 Chronic anemia Small erosions —
4 Chronic anemia Small erosions —
5 Chronic anemia Small erosions —
6 Chronic anemia Small erosions —
7 Chronic anemia Small erosions —
8 Abdominal pain Multiple ileal ulcers Negative Improvement with CD medications

SB = small bowel; CD = Crohn’s disease.
Reprinted with permission from Liangpunsakul S, Chadalawada V, Rex DK, Maglinte D, Lappas J, Wireless capsule

endoscopy detects small bowel ulcers in patients with normal results from state of the art enteroclysis, Am J Gastro-
enterol 2003;98:1295–8.
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sin leads to arterial vasoconstriction and bowel wall
contraction that results in lower blood flow. The cath-
eter is positioned in the artery supplying the site of
bleeding and infusion is started at a rate of 0.2 units
per minute. If the bleeding continues, the rate of in-
fusion can be increased up to 0.4 units per minute. A
repeat angiogram can be performed after 20 to 30
minutes to assess whether the bleeding is continuing
or slowing down. If it seems that the bleeding has
stopped, infusion continues at the same rate for 6 to
12 hours and then decreased by 50 percent. During
the ensuing 12 to 24 hours, the infusion can be ta-
pered down and the catheter eventually removed.72

During the vasopressin infusion, the patient needs
to be in an ICU setting in which they can be moni-
tored for myocardial ischemia, peripheral ischemia,
hypertension, arrhythmias, and hyponatremia. Vaso-
pressin has potent vasoconstrictive properties and,
therefore, should not be used in patients with signifi-
cant coronary artery disease or peripheral vascular
disease. Because of its systemic effects, some patients
are administered simultaneous nitroglycerin. The
complications of mesenteric thrombosis, intestinal in-
farction, and death have been reported.2

Vasopressin infusion is successful in stopping the
bleeding in approximately 80 percent of the patients
in most series73; however, success rates are variable
with some reports as low as 36 percent2 and others as
high as 100 percent.74 The overall success rate is ap-
proximately 50 percent when you account for the re-
bleeding rate, which is approximately 30 percent.

There has been no increase in operative mortality for
those patients who undergo an emergent segmental
colectomy for recurrent bleeding after failed vaso-
pressin infusion compared with elective sigmoid re-
sections after successful vasopressin therapy.58,75

Transcatheter arterial embolization (TAE) is the
other angiographic therapeutic alternative available.
Initial reports of TAE consisted of case reports in small
series with excellent outcomes in the mid-to-late
1970s.76–78 Shortly thereafter, the complication of co-
lonic infarction was recognized and reported to occur
between 0 to 20 percent.76,79,80 In 1982, the largest
series published of 23 patients who underwent TAE
for lower GI bleeding reported that the colonic ne-
crosis rate was up to 13 percent.81 It is the relative lack
of collateral blood supply and the recognition that
colonic arteries are end vessels that contribute to the
concern about infarction after embolization.

Different materials of nonabsorbable particles have
been used for transcatheter embolization. Particle em-
bolization refers to mechanical blockage of a specific
vascular territory by particle occlusion, which is re-
lated to size, shape, and friction coefficient.82 Polyvi-
nyl alcohol foam (PVA) is a commonly used agent,
which expands to occlude vessels and produces a
local inflammatory reaction.83 Dextran microspheres
were later found to be superior to PVA because they
remained in suspension longer and produced a more
homogenous and peripheral embolization.84 Today,
many facilities are using microcoils, PVA particles, or
gelfoam alone or in combination.85

Table 9.
Localization and Diagnosis of Hemorrhage in 16 of 18 Patients: Comparison of Helical CT Angiography and

Conventional Angiography

Study Site Helical CT Angiography Conventional Angiography Diagnosis

1 Stomach + + Mallory-Weiss tear
2 Jejunum + + Leiomyoma
3 Ileum + + Crohn’s disease
4 Right colic flexure + + Diverticulitis
5 Jejunum + + Perianastomotic ulcer
6 Left colon + − Ulcerative colitis
7 Terminal ileum + − Meckel’s diverticulum
8 Left colon + + Diverticulitis
9 Left colon + + Diverticulitis

10 Jejunum + + Leiomyoma
11 Jejunum + + Angiodysplasia
12 Jejunum − − Leiomyoma
13 Right colon + + Angiodysplasia
14 Ileum + + Angiodysplasia
15 Right colon − + Angiodysplasia
16 Jejunum − + Angiodysplasia

Reprinted with permission from Ettorre GC Francioso G, Garribba AP, Fracella MR, Greco A, Farchi G, Helical CT
angiography in gastrointestinal bleeding of obscure origin, AJR Am J Roentgenol 1997;168:727–31.
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In more recent years, there have been significant
improvements in angiographic technology, which al-
lows superselective TAE with more encouraging re-
sults. In the mid 1990s, there were several series that
reported good results using these improved tech-
niques in which bleeding was controlled in most pa-
tients and there was a low incidence of ischemia and
rebleeding.86–88 A cautionary note was provided by
Gorich et al.,89 who had 4 of 13 patients die from
bowel infarction after TAE with Ethibloc for GI hem-
orrhage. They believed that this particular material
(which is not available in the United States) should
not be used for GI bleeding.

At one time, most authors recommended reserving
superselective TAE for the patient who is a poor sur-
gical candidate or for someone who has failed vaso-
pressin infusional therapy. However, current litera-
ture is now suggesting that the paradigm has shifted
and that TAE is now the primary method for the con-
trol of lower GI bleeding.85,90 Kuo and colleagues85

reported on 22 patients treated with superselective
TAE for lower GI bleeding with initial control in all
patients, rebleeding in three patients (14 percent),
and no major complications. They reviewed another
122 patients in the literature and discovered a minor
complication rate of 9 percent and major complica-
tion rate of 0 percent.

Surgical Options

An emergency operation for lower GI hemorrhage
is ultimately required in 10 to 25 percent of patients.
The usual indications for an operation are hemody-
namic instability, clinical deterioration, transfusion re-
quirements >6 units, and persistent or recurrent hem-
orrhage. It is clear that morbidity and mortality in-
crease significantly when patients receive >10 units
of blood, therefore, most investigators have a much
lower threshold for surgical intervention.91

Left-sided diverticulosis was once thought to be the
source of most lower GI bleeding before right-sided
diverticula and right-sided angiodysplastic lesions
were recognized as additional significant sources. As
a result, blind segmental resections of the left colon
were considered to be the operation of choice. Re-
bleeding rates were reported to be extremely high (30
percent in a collected series),92 and mortality rates
also were found to be high (20–40 percent). These
poor results led to the use of total abdominal colec-
tomy in the 1970s to 1980s for lower GI hemorrhage.
In a collected series reviewed by Bender et al.91 in

1991, there was a cumulative mortality of 22.6 percent
from all series from 1972 to 1990.

Although a total abdominal colectomy is the opera-
tion of choice in nonlocalized GI hemorrhage, a di-
rected segmental colectomy can many times be per-
formed now with improvements in preoperative
localization modalities. Total abdominal colectomy
has a reported mortality of 27 percent compared with
approximately 10 percent for a directed segmental
colectomy.91 Although the mortality rate is signifi-
cantly higher in patients who undergo a total abdomi-
nal colectomy for a nonlocalized GI bleed, this pro-
cedure has a low rebleeding rate of <1 percent
compared with directed segmental colectomy, which
has been shown to have a rebleeding rate of 14 per-
cent with a positive angiogram and 42 percent with a
negative angiogram.92

SPECIAL SITUATIONS

Ongoing Bleeding Without Localization

Even with the advances that have been made in
localization studies, approximately 10 percent of pa-
tients require surgical intervention without having
their source of bleeding identified.93 The first maneu-
ver in the operating room is to perform a thorough
exploration. Occasionally, the source of the bleeding
will be found by performing this maneuver alone. If
there are no obvious sources of bleeding, an intraop-
erative colonoscopy may be performed.

In 1985 Campbell et al.94 described intraoperative
lavage through a cecal tube that allowed intraopera-
tive colonoscopy in four patients. Cussons and
Berry95 described a similar technique, which allowed
intraoperative visualization with colonoscopy of the
bleeding site in seven of eight patients that allowed
for directed resection. If colonoscopy fails to find
the source of bleeding, one can proceed to pass
a colonoscope orally, and with intraoperative ma-
nipulation of the scope, the colonoscope can pass
the entire length of the small bowel.96,97 Therefore,
intraoperative enteroscopy can help investigate
obscure sources of small-bowel hemorrhage. Intra-
operative clamping of the colon and small bowel
also has been reported in an attempt to isolate the
bleeding segment of bowel, but it has not proven
effective.

If the bleeding source can be isolated to the colon,
then a total abdominal colectomy with ileorectal anas-
tomosis or ileostomy is a reasonable alternative. Al-
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though the mortality rate from a subtotal colectomy is
relatively high in most collected series (approximately
20 percent),93 this may be secondary to the reluctance
of surgeons to perform a subtotal colectomy after
multiple transfusions and in desperate circumstances
as suggested by Milewski and Cholfield.98 In the re-
port by Bender et al.,91 the overall mortality was 27
percent for a subtotal colectomy but was reduced sig-
nificantly to 7 percent when the patients received <10
units of blood.

Postpolypectomy Hemorrhage

Postpolypectomy hemorrhage is the most common
complication after colonoscopic polypectomy but
only accounts for a small proportion of all lower GI
hemorrhage. In most cases, resnaring the bleeding
site or cauterization can control the bleeding. Rosen et
al.99 reported 20 patients with postpolypectomy
bleeding requiring hospital admission. He found that
most bleeding stopped spontaneously; however, six

patients (30 percent) required cauterization or resnar-
ing and one patient required a subtotal colectomy.

Small Intestinal Hemorrhage

Small bowel sources account for 3 to 5 percent of
all cases of lower GI hemorrhage. Diagnosis and treat-
ment of small intestinal bleeding sites is difficult be-
cause of the long length of the small bowel and its
relative inaccessibility. Even if a bleeding site is iden-
tified on angiography, localizing the site intraopera-
tively can be difficult. The most common cause of
small-bowel hemorrhage is angiodysplasia, which ac-
counts for 70 to 80 percent of all episodes.100 Other
causes include jejunoileal diverticula, Meckel’s diver-
ticula, neoplasia, Crohn’s disease, and aortoenteric
fistulas.

The small bowel has traditionally been a problem-
atic area to evaluate because of the limits of standard
videoendoscopy. Wireless capsule endoscopy, a rela-
tively new technique, has been more successful than

Figure 1. Algorithm for management of lower gastrointestinal hemorrhage.
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other modalities when evaluating small bowel
sources of hemorrhage. Hartmann et al. compared the
capsule endoscopy with push enteroscopy in 48 pa-
tients with occult gastrointestinal bleeding and found
both studies to be superior to conventional small-
bowel radiographs and enteroclysis.65,66 This new
technique may help with future diagnostic dilemmas
in patients who present with obscure GI hemorrhage
or in those patients with small bowel sources of
bleeding.

CONCLUSIONS

Massive lower GI hemorrhage remains a life-
threatening clinical problem with continued contro-
versy regarding the optimal diagnosis and treatment
plans. An algorithm that can help in decision-making
and management of the patient presenting with mas-
sive bleeding is proposed (Fig. 1).
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