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Objectives:Upon completion of this article, the reader should
have a clear understanding of the evaluation and manage-
ment of patientswith lower gastrointestinal hemorrhage. The
reader should understand the radiologic, endoscopic, and
surgical options for the treatment of lower gastrointestinal
hemorrhage.

Lower gastrointestinal bleeding (LGIB) is defined as bleed-
ing originating distal to the ligament of Treitz. Although rare,
massive bleeding typically is thought to require more than 3
to 5 units of blood transfused in 24 hours. The annual
incidence of LGIB is estimated at 20 to 30 cases per 100,000
in Westernized countries.1 The mean cost per admission
ranges from $9,700 to $11,800.2,3 Comfort with managing
the presentation of LGIB is important as the number of
hospitalizations with this initial presentation is on the rise,
increasing nationally by 8% between 1998 and 2006.4

Although there is no standardized path for the investigation
and treatment of LGIB, for many years the diagnostic arma-
mentarium largely involved endoscopy, radionuclide scintig-
raphy, and mesenteric angiography. In the past decade, there
has been increased use of capsule endoscopy, double-balloon
enteroscopy, and computed tomography angiography (CTA) to
localize the site of bleeding. Therapeutic options have re-
mained largely unchanged and include endoscopic techniques,
endovascular embolization, and surgical resection. Fortunate-
ly, 75 to 85% of LGIB will resolve with supportive care only.5–7

Although lower GI hemorrhage can occur at any age,
specific disease processes are distinctive for different age
groups and familiarity with this can help tailor the diagnostic
workup (►Table 1).

Children and adolescents present most commonly with
bleeding from a Meckel’s diverticulum, inflammatory bowel
disease (IBD), and polyps (usually juvenile polyps).8 The
incidence of Meckel’s diverticula in the general population
is in the range of 1 to 3%.9–11 Approximately 20% of patients
with Meckel’s diverticula are symptomatic, most commonly
presenting with obstruction or bleeding.10,11 Meckel’s diver-
ticula can harbor gastric mucosa that produces acid. The
surrounding normal ileal mucosa, bathed in this ectopic,
high-acid environment, ulcerates and then bleeds.12 Bleeding
episodes are usually self-limited, but may be recurrent as the
mucosa heals and then ulcerates again.

Juvenile polyps are benign hamartomas that can grow to a
large size and bleed spontaneously. The polyps are usually
solitary and self-limiting, auto-amputating when they out-
grow their blood supply. Bleeding is the most common
presenting symptom of the syndrome, present in essentially
all patients.13

Inflammatory bowel disease has a bimodal distribution,
with most diagnoses occurring either in young adulthood or
later in approximately the sixth decade of life. Bleeding is
usually the initial symptom, withmassive hemorrhage occur-
ring in only �1% of patients.14,15 Distinguishing Crohn’s
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colitis from ulcerative colitis is important for guiding subse-
quent surgical intervention; however, massive hemorrhage
may require an emergent colectomy before a definitive
diagnosis can be obtained.

Adultsmost commonly present with diverticular bleeding,
which occurs in up to 3 to 5% of patients with diverticulo-
sis.16–18 Diverticula can be located throughout the colon, and
in patients determined to have diverticular bleeds, the bleed-
ing diverticulum has been found to be in the right colon
nearly 50% of the time.19–21 The etiology of diverticular
bleeding is not clearly understood; however, various theories
have evolved over time. Chronic injury to the penetrating
vasa recta through muscular contraction is one favored
explanation.22 Nearly 70 to 80% of diverticular bleeds will
resolve spontaneously, with rebleeding in up to 38% of
patients.16,18,20

With advancing age, neoplasm increases in likelihood. A
personal or family history of polyps or cancer increases one’s
risk. Bleeding, in this situation, is typically slow and insidious
and most will present with chronic anemia.

Elderly patients beyond the sixth decade of life have risks
of diverticular hemorrhage and neoplasm; however, with
advancing age, bleeding from arteriovenous malformations
(AVMs) becomes increasingly prevalent. These lesions can be
found throughout the GI tract, but are usually found in the
right colon and are thought to develop from a lifetime of
peristaltic contraction of the muscular wall, which results in
chronic venous congestion, capillary dilation, and ultimately
ectatic vessels.23 An association of colonic AVMs and aortic
stenosis has been reported in several series; however, the
pathophysiology has not been elucidated beyond simply
increasing prevalence of both diagnoses with advanced
age.24–27Up to 90% of bleedingAVMswill stop spontaneously;
however, rebleeding can occur in up to 25% of patients. Most
patients will have multiple episodes before a definitive
diagnosis is made because these lesions are difficult to detect
when not bleeding.28

Less common causes of massive lower GI bleeding include
ischemic colitis, postpolypectomy bleeding, hemorrhoids,
nonsteroidal antiinflammatory drug (NSAID) ulcers, diver-
sion colitis, radiation colitis, infectious colitis, solitary rectal
ulcer, stercoral ulcers, and small bowel tumors. Coagulopa-
thies from supertherapeutic levels of Warfarin or from
genetic bleeding diatheses are also important to recognize.

These etiologies at times are overlooked as causes of massive
lower GI hemorrhage, but should be kept in mind when
dealing with the patient with obscure bleeding.29,30

Initial Workup and Diagnosis

Prior to anyworkup, a patient with a suspectedmassive bleed
and hemodynamic instability should be resuscitated with
crystalloid and blood products as necessary. (A type and
crossmatch should be a part of the initial laboratories drawn.)
Depending on the patient’s age and severity of the bleeding,
an intensive care unit (ICU) admission may be required. Once
stabilized, a thorough history should be takenwith particular
attention paid to the patient’s medications (NSAIDs, anti-
coagulants) and past medical history (diverticulosis, inflam-
matory bowel disease, prior episodes of bleeding, etc.).

Once the resuscitation has begun, attention should be
focused on localizing the source of the bleeding. A carefully
placed nasogastric tube (NGT) with irrigation and aspiration
of bile is necessary to ensure sampling of duodenal contents.
Should there be bloody NGT aspirate then an esophagogas-
troduodenoscopy (EGD) is warranted. It should be under-
stood that 11 to 15% of patientswill have an upper GI bleeding
site despite “negative” NGT aspirates, leading some to recom-
mend EGD in all patients with hematochezia.31,32

Additionally, a digital rectal examination (to check for
palpable causes of bleeding, such as a tumor) should be
performed, followed by anoscopy and rigid sigmoidoscopy.
As visibility can be limited, asking the patient to evacuate (or
administering an enema) just prior to examination may
improve the yield. Although a rare cause of significant hem-
atochezia, hemorrhoidal bleeding, especially in the antico-
agulated patient, can be the source and may require ligation
or formal hemorrhoidectomy.33

Localizing the Continuing Massive
Hemorrhage

Should the initial tests indicate a lower GI source outside of
the anorectum, the common diagnostic tests for localizing the
bleeding include colonoscopy, nuclear scintigraphy, and an-
giography. The use of other, newer techniques such as CTA,
double-balloon enteroscopy, and wireless capsule endoscopy
are especially useful in the setting of obscure bleeding and
will be discussed at the end of this section. The advantages
and disadvantages of these modalities will be discussed
further.

Diagnostic Colonoscopy
Colonoscopy has been used for localization of hematochezia
since the 1970s and remains one of the mainstays of both
diagnostic and therapeutic management.34 The ease with
which one can locate the site of bleeding will vary, with the
reported diagnostic yields in the range of 42 to 76%.32,35–37

The use of a mechanical bowel prep can improve visuali-
zation of the mucosa. However, if the bleeding has stopped, it
is difficult to knowwhich, if any, of the identified abnormali-
ties were responsible for the bleed as the vast majority of

Table 1 Common Causes of Hematochezia122

Age Group Source of Lower
Gastrointestinal Bleeding

Adolescents and young
adults

Meckel’s diverticulum
Inflammatory bowel disease
Polyps

Adults to 60 years of age Diverticula
Inflammatory bowel disease
Neoplasms

Adults older than 60 years Arteriovenous malformations
Diverticula
Neoplasms
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patients will have multiple nonbleeding lesions (such as
diverticula or AVMs).

In the setting of upper GI bleeding, urgent endoscopy has
been shown to be beneficial. However, the timing of colonos-
copy for lower GI bleeding has remained controversial. Some
studies suggest that performing urgent colonoscopy within
12 to 24 hours of presentation can improve the diagnostic
yield and therapeutic outcome.38–42 Recently, the results of a
prospective, randomized trial were published that sought to
compare urgent colonoscopy (within 12 hours of presenta-
tion) to elective colonoscopy (36 to 60 hours after presenta-
tion). Although the trial had to be closed prematurely due to
failure to recruit enough patients to be sufficiently statisti-
cally powered, the urgent colonoscopy group did not have
decreased subsequent diagnostic or therapeutic interven-
tions, amount of blood transfused, hospital length of stay,
or hospital charges.43 Only 15 to 18% of hospitalized patients
will have continued bleeding, so urgent colonoscopy may not
be justified, as the majority of patients will have stopped
bleeding whether colonoscopy is performed urgently or
electively.43,44

In some cases, immediate colonoscopy after the episode of
hematochezia, using an enema to clear the distal colon and
rectum, may be able to rapidly distinguish right- from left-
sided bleeds. Though the mucosa of the unprepped right
colonmaybe difficult to visualize, at the time of exam, if blood
is found only in the left colon, then further diagnostic and
therapeutic efforts can focus there.45

This theoretic advantage of colonoscopy as both a diag-
nostic and a therapeutic intervention often is belied by the
difficulty of the actual examination in the face of unprepped
bowel or a massive hemorrhage. Nevertheless, colonoscopy,
when deployed in the correct setting, is a very valuable tool.

Radionuclide Scintigraphy
Nuclear scintigraphy has been used for several decades to
help localize lower GI hemorrhage. The favored approach is to
use technetium-labeled red blood cell (Tc-RBC) scanning. This
is performed by ex vivo labeling of an aliquot of the patient’s
own RBCs, followed by injecting them back into the patient.
Localization is based on detection of where the tracer appears
to extravasate and pool. This process requires �30 minutes
prep time (to extract and then tag the RBCs), but benefits from
the slow washout of the tracer, which enables better locali-
zation for intermittent bleeding as the patient can be re-
scanned multiple times within 12 to 24 hours.46

The rate at which nuclear scintigraphy can detect bleeding
has been experimentally modeled, and detection rates as low
as 0.05 cc per minute are possible.47,48 In practice, the
accuracy of scintigraphy has been reported to be in the range
of 41 to 94%.49,50 The wide range may be due to the lack of
detail on nuclear scintigraphy scans and the resulting diffi-
culty in discriminating the colon from overlying small bowel.
Because of the variability in the accuracy, guiding surgical
intervention based solely on the results of the Tc-RBC scan is
not advocated.51 Rather, most authors recommend using Tc-
RBC scans as a screen prior to angiography or colonoscopy. In
a retrospective review of 271 angiograms, use of a screening

Tc-RBC scan improved the diagnostic yield of angiography by
over two-fold.52

Overall, Tc-RBC scanning is safe with minimal morbidity.
The ability to scan a patientmultiple times is especially useful
in the setting of intermittent bleeding, andwhen positive, can
help direct angiographic intervention.

Diagnostic Angiography
Diagnosticmesenteric angiography is an invasive test that has
also been used for several years for the localization of GI
bleeding. The first report of its use in the setting of hema-
tochezia is from1963.53One of the advantages of angiography
is the opportunity for therapeutic intervention at the time of
diagnosis and the ability to perform a provocative test to aid
with localization of an intermittent bleed. Patients must be
carefully selected, however, as there is a risk of contrast-
induced nephropathy.54,55

Angiography requires a higher minimum bleeding rate of
0.5 cc/min when measured using dog models.53 In practice,
the detectable bleeding rate may indeed need to be higher, in
the range of 1.0 to 1.5 cc/min.56 The reported diagnostic yield
is in the range of 40 to 86%.57,58

The use of provocative testing to improve the diagnostic
yield of angiographywas reported over 25 years ago.59,60 This
technique incorporates the use of heparin, thrombolytics,
vasodilators, or a combination thereof to “provoke” bleeding
and aid with localization of an intermittent bleed. Judicious
employment of provocative testing is advised as the poten-
tially improved yield must be balanced with the risk of
uncontrolled GI hemorrhage or intracranial hemorrhage.
Although the reported complication rate in the literature is
nearly zero, these are all small series. The improvement in
diagnostic yield ranges from 29 to 100%.59,61–63 Currently,
there are no high-powered studies to support its routine use.

In the properly selected patient, angiography can elucidate
the site of bleeding. The use of a screening Tc-RBC study and/
or provocative testing may aid with improving the diagnostic
yield, especially with an intermittent bleed.

Computed Tomography Angiography
As CT scanning has becomemore ubiquitously employed in the
timely diagnosis of a variety ofmedical conditions, so too has its
use increased in the management of the patient with hema-
tochezia. Multidetector CT scanners with special angiographic
protocols have been used to help localize GI bleeds. These scans
are performed without the use of oral contrast, and a positive
study is predicated on visualization of intraluminal extravasa-
tion of intravenous contrast. There is noway to perform the test
without intravenous contrast; as such, there may be limited
applicability in the patient with renal insufficiency owing to the
risk of contrast-induced nephropathy.

The studies that have looked at the use of CTA in the
localization of GI hemorrhage report sensitivity of 91 to 92%
when there is active bleeding, but are considerably lower
when the bleeding is intermittent in nature with rates
reported from 45 to 47%.64–67 In a recent prospective study
of 27 patientswith lower GI bleeding, CTAwas able to identify
the source of bleeding in 70% of patients.68
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Multidetector CTA is quick, relatively noninvasive and
effective at localization, especially in the patient with contin-
ued bleeding.

Localization of the Small Bowel Bleed
Negative examinations of the upper and lower GI tracts in the
face of continued bleeding should prompt an evaluation of the
small bowel. There are essentially three methods of evalua-
tion aside from the aforementioned angiography: wireless
capsule endoscopy, double-balloon enteroscopy, or in the
appropriate setting, a radionuclide Meckel’s scan.

Capsule endoscopy and double-balloon enteroscopy (DBE)
have similar diagnostic yields in the range of 55 to 65% of
patients with hematochezia.69–72 The disadvantage of cap-
sule endoscopy is that failure to pass the capsule can occur 5%
of the time and necessitates further intervention for retriev-
al.72 There are also several reports of lesions missed by
capsule endoscopy that were subsequently identified on
double-balloon enteroscopy.73–76

DBE should only be attempted by a skilled, experienced
endoscopist, but if available has the added benefit of imme-
diate therapeutic intervention. The average length of small
bowel examined was 310 cm past the pylorus in one series of
216 procedures.77 Total evaluation of the small bowel is
possible and in one of the largest prospective series of 2245
DBEs, there was a 23% rate of complete enteroscopy.

The uptake of technetium-pertechnetate in ectopic gastric
mucosa has been used since the 1970s to identify the site of a
Meckel’s diverticulum, especially in the young patient with
hematochezia. The scan has minimal morbidity and a speci-
ficity approaching 100% in multiple studies, though the
sensitivity is much lower at 62%.78,79 In the setting of a
suspected bleeding Meckel’s diverticulum, this can be a
valuable confirmatory test.

Therapeutic Interventions

Therapeutic Colonoscopy
Endoscopy can be used to treat moderate and even massive
bleeding in the appropriate settings. Ideally, a mechanical
bowel prep can be performed prior to the procedure.80

AVMs are particularly amenable to endoscopic treatment
with contact cautery, argon plasma, or laser coagulation.
Success rates vary with reported long-term recurrence of
bleeding in the range of 10 to 39%.81,82Many patients require
multiple sessions to completely treat all the areas. There are
often multiple AVMs throughout the GI tract and of those
patients with AVMs and recurrent bleeding, small bowel
angiodysplasia were found to be the source in 15%.83,84 The
riskof complications (including perforations) in various series
ranges from 2 to 7% and is related to the fact that these lesions
are often found in the thinner-walled right colon.81,85,86

The mainstays of management of diverticular bleeding are
epinephrine injection, thermal or electrical coagulation, and
more recently, endoscopic clips. Diverticulawithactivebleeding
can be injected with epinephrine around the mouth of the
diverticulum. Electrical and thermal coagulation can be used as
monotherapy or in conjunction with epinephrine injection.

Early rebleeding rates range from 0 to 35% without any major
procedure-related complications.35,87,88 In the past 15 years, a
few small series have described the use of endoscopic clips to
control diverticular hemorrhage. These studies showequivalent
success (and complication rates) compared with epinephrine
injection and electrical and thermal coagulation.89–91

Overall, endoscopic therapy is safe and effective with low
recurrence rates. The choice of technique will depend on the
source of the bleeding, availability of resources, and the
experience of the endoscopist.

Therapeutic Angiography
Angiography, like colonoscopy, offers the potential for imme-
diate therapeutic intervention after diagnosis. Once a suspi-
cious area of contrast blush has been identified, treatment
can be undertaken with either vasopressin infusion or selec-
tive embolization.

Vasopressin infusion has been used since the 1970s and
causes arterial vasoconstriction and decreased blood flow to
the area of the bleedwhen appliedwith a targeted catheter.92

Cessation of bleeding occurs in 59 to 90% of patients; howev-
er, once the vasopressin is stopped the rate of rebleeding is as
high as 50%.93–95 This has led some to recommend vasopres-
sin only as second-line therapy when superselective emboli-
zation is not feasible.93

Angiographic embolization historically has been eschewed
due to colonic infarction rates approaching 20%.96,97 Trans-
catheter superselective embolization, a procedure that has
been in use for several years, has a much better safety profile
and is quite efficacious. Using microcatheters to target the
embolization of the subsegmental peripheral arterial
branches, recent studies have shown initial success rates in
the range of 80 to 100%with a 14 to 29% recurrence rate.98–100

There were no large territory infarctions or procedure related
mortality. Adverse outcomes such as mucosal ischemia (diag-
nosed on endoscopy) or stricture formation did occur in up to
23% of patients; however, all of these patients were asymp-
tomatic.99,101,102 Due to its safety profile and efficacy, most
authors advocate superselective embolization as first-line
angiographic therapy for lower GI bleeding.93,98,100–102

Surgery
Emergent or urgent operative interventions are generally
reserved for patients with hemodynamic instability, massive
transfusion requirements, and persistent hemorrhage despite
other interventional methods of cessation.103 Although most
patients will not require surgical intervention, �18 to 25% of
patients will.20,104

Specific situations such as bleeding in the setting of cancer
or inflammatory bowel disease may change the typical deci-
sion-making process. Massive hemorrhage may force an
emergent operation in a patient that would otherwise un-
dergo neoadjuvant therapy for a rectal cancer. Likewise,
active bleeding and hemodynamic instability may create a
situationwhere a planned two-stage procedure for ulcerative
colitis may need to be adjusted to a three-stage procedure.

The procedure of choice when continued bleeding cannot
be localized despite multiple different tests begins with an
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exploratory laparotomy. At the time of the operation, the
entire small bowel should be examined to ensure lack of a
palpable lesion that may be responsible for the bleed.105

Additionally, during exploration, a colonoscopy and/or en-
teroscopy can be performed, and if a bleeding lesion is found,
may allow for a targeted resection.106–109 If the source of
bleeding is not identified despite these measures and is
suspected to be colonic in origin, then a “blind” subtotal
colectomy with ileostomy or ileoproctostomy should be
performed. In most series, the rebleeding rate after blind
subtotal colectomy is less than 4%.57,110–112 Historically,
subtotal colectomy has been associated with mortality rates
in the range of 20 to 50%.57,111,113,114 Over time, this has
improved and in more recent series the reported mortality is
in the range of 2 to 6%.110,115 The reason for this decrease is
likely multifactorial andmay be related, in part, to the overall

improvement in ICU care. Additionally, as demonstrated in
one study in which the mortality from subtotal colectomy
dropped from 27% to 7% when performed in patients requir-
ing less than 10 units of blood, timely operative intervention
likely also plays a major role in reducing this mortality.116

The decision to perform a blind segmental resection of the
left or sigmoid colon is only discussed to admonish against its
use. Before the recognition of the prevalence of right-sided
sources of bleeding, it was thought that the vast majority of
the sources of bleeding were left-sided. In this setting, blind
segmental resections have mortality rates in the range of 30
to 57% with unacceptably high rebleeding rates from 33 to
75%.112,117–119

When the site of bleeding has been localized (in the colon),
but is unable to be managedwith endoscopic or angiographic
methods, most authors suggest a “targeted” segmental
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colectomy.45,120,121 This recommendation is based on the
relatively low rebleeding rates of 4 to 14% (in targeted
segmental colectomy) in conjunction with the historically
high mortality rates for subtotal colectomy.57,111–113 More
recent studies demonstrating much lower mortality rates for
subtotal colectomy have prompted some to recommend
subtotal colectomy as the procedure of choice, once colonic
bleeding has been localized. In these studies, there were no
significant differences in the number of units transfused,
frequency of bowelmovements postoperatively, or mortality,
with a lower rebleeding rate for subtotal colectomy versus
targeted segmental colectomy.110,117

The importance of preoperative anoscopy and rigid proc-
toscopy cannot be overemphasized as demonstrated by a
series of six patients who underwent subtotal colectomy for
presumed diverticular hemorrhage and were found (after
continued bleeding) to have a source in the anorectum: one
from bleeding hemorrhoids and one from a solitary rectal
ulcer.114

Algorithm

The choice of which diagnostic and/or therapeutic tests to
perform on the patient presenting with hematochezia will
depend primarily on the (emergent) availability of these
resources. There has been only one prospective, randomized
controlled trial comparing urgent colonoscopy to a “stan-
dard-care” pathway that included tagged-RBC scan followed
by angiography. This trial had to be terminated early due to
failure to recruit enough patients. Though it was statistically
underpowered, there was no significant difference in re-
bleeding rate, hospital length of stay, or requirement of
surgery between the two groups.38 A proposed algorithm
for the workup and management of hematochezia, used at
our institution is included (►Fig. 1).

Conclusion

Massive lower GI bleeding is an emergency, but should be
evaluated in a methodical, step-wise manner. The age of the
patient can help focus the diagnostic workup. Accurate
localization of the bleeding source is critically important.
The choice of diagnostic and therapeutic methods will de-
pend on the clinical situation, bleeding rate, and availability of
resources. In the rare situation of colonic bleeding that cannot
be more specifically localized, subtotal colectomy is a safe
choice and should be performed promptly.
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