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Lower gastrointestinal bleeding (LGIB) is a common cause of
presentation to the emergency department and hospital
admissions. The incidence of LGIB increases with age and the
most common etiologies are diverticulosis, angiodysplasia,
malignancy and anorectal diseases. Foremost modality for
evaluation and treatment of LGIB is colonosopy. Other diagnostic
tools such as nuclear scintigraphy, computed tomography,
angiography and capsule endoscopy are also frequently used
in theworkup of LGIB. Choice of treatment modality depends on
the hemodynamic status of the patient, rate of bleeding,
expertise and available resources. We present a comprehensive
review of the evaluation and management of LGIB.

& 2018 Elsevier Inc. All rights reserved.
Introduction

Lower gastrointestinal bleeding (LGIB) has been historically differentiated from upper gastro-
intestinal bleeding (UGIB) as any bleed originating distal to the ligament of Treitz. Clinical
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presentations can vary from minor hematochezia to massive hemorrhage with fatal outcomes. LGIB
continues to be a common cause of morbidity and mortality in hospitalized patients, especially
amongst the elderly.1,2 Incidence of LGIB ranges from 20 to 30 per 100,000, surmounting to almost
30% of all episodes of gastrointestinal hemorrhage.1–3 This incidence continues to rise and is
postulated to be even higher than reported as a large proportion of patients do not seek medical
attention.3,4

Endoscopy, radionuclide scintigraphy, and angiography are the mainstays for evaluation of LGIB.
However numerous advancements have been made in recent times to improve diagnostic
capabilities including capsule endoscopy, double-balloon enteroscopy, and computed tomographic
angiography (CTA). On the other hand, endoscopic interventions, endovascular embolization, and
surgery continue to be the cornerstone for treatment. Advancements in endoscopic techniques,
interventional angiography and minimally invasive procedures have reduced the need for surgery.5,6

The development of these modalities has also resulted in less healthcare expenditures as well as
improved patient outcomes.4,7,8

Mortality rates for LGIB vary.9 Patients requiring transfusion of greater than 5 units of packed
cells or surgery or those with multiple co-morbid conditions or multi-organ system disease are at
higher risk for increased morbidity and mortality. Age 460 years, hemodynamic instability, low
hematocrit (o35%) and elevated serum creatinine levels have been identified as risk factors for
increased morbidity and mortality.9 However, with aggressive supportive care 75–85% of LGIB will
resolve without any complications.6,10
Pathophysiology

LGIB can occur due to a wide variety of causes. The most common causes of LGIB include
diverticular bleeding, anorectal disorders including hemorrhoids, colorectal malignancies, inflam-
matory bowel disease, arteriovenous malformations, colitis (ischemic, radiation, and infectious) and
iatrogenic (Table).11

Retrospective reviews of hospital admission data have consistently showed diverticulosis to be
the most common cause of LGIB in adults, followed by anorectal disease, colitis, carcinoma and
arteriovenous malformations.12,13 Gayer et al. evaluated the etiologies of 1112 patients hospitalized
with LGIB, and found diverticulosis (33.5%) as the most common cause hospitalizations due to LGIB,
followed by hemorrhoids (22.5%), and malignancy (12.7%). They also determined that most common
presenting symptom was hematochezia (55.5%) in contrast to melena which was the presenting
symptom in only 11% of patients.14 Studies done by Vernava et al. and Longstreth also yielded similar
results.15,16

Other less common causes include post-polypectomy bleeding, nonsteroidal anti-inflammatory
drug (NSAID) related ulcers, diversion colitis, history of radiation therapy, solitary rectal ulcer,
stercoral ulcers, and genetic/iatrogenic bleeding diatheses.11
Table
Etiology of lower gastrointestinal bleeding.

Etiology Frequency (%)

Diverticulosis 23.3
Others 18.9
Ischemic colitis 16.0
IBD 11.7
Hemorrhoids 10.4
Unknown 9.2
Colorectal cancer 7.4
AVMs 3.1

IBD: inflammatory bowel disease; AVMs; arteriovenous malformations.
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It should be noted that though LGIB may occur at any age, diseases and presentations are specific
for different age groups, requiring diagnostic evaluation to be tailored accordingly. Lower GI
hemorrhage in younger population is most commonly caused by Meckel’s diverticulum, IBD or
bleeding polyps.17 Whilst with increasing age, diverticulosis and malignancy are the leading
causes.12

Diverticulosis

In adults diverticular bleed is the leading etiology of clinically significant LGIB, occurring in up to
3–5% of patients with diverticulosis.12,13,18 It is a widely prevalent condition in western populations
where up to 50% of those aged 60 years or more have radiologic evidence of diverticulosis.12,19,20

A diverticulum is a mucosal protrusion through the wall of the colon at points of weakness where
the penetrating vessel perforate through the muscular layer (propagated by increased intraluminal
pressure). The perforating vessels become exposed and scantily protected, making them susceptible
to chronic trauma which leads to erosion and bleeding. Bleeding risk increases with advancing age,
constipation, low fiber diet and NSAID use.

Although diverticula can be located throughout the colon, about 75% of the diverticula occur in
sigmoid and descending colon which are common places for increased pressure.18 Although
diverticula are less common on the right side, proximal colon diverticulosis is responsible for more
than 50% of diverticular bleeding.18,20 Fortunately, 80% of diverticular bleeds resolve sponta-
neously.6,12

Arteriovenous malformations (AVM)

Colonic angiodysplasias are one of the more common vascular malformations found in the gut.21

These are acquired lesions that become increasingly prevalent beyond the sixth decade of life. Most
colonic angiodysplasias develop from chronic, intermittent, low-grade colonic contraction which
results in chronic venous congestion and capillary dilation with subsequent formation of AVM.22

Although angiodysplasias can be found throughout the gastrointestinal tract, the most frequent
location is the proximal colon.1 Massive LGIB is much less common than diverticular bleeding as
hemorrhage in angiodysplasia is of venous origin.

Numerous conditions including Von Willebrand disease, aortic stenosis and chronic kidney
disease have been linked to colonic angiodysplasias, however causal evidence is lacking. Age-related
systemic vascular changes result in an increased incidence of arteriovenous malformations (AVM)
with age.23,24

Approximately 90% of AVM related bleeding resolve spontaneously; however, re-bleeding is
common.22

Inflammatory bowel disease

LGIB from inflammatory bowel disease (IBD) is usually small volume does not require hospital
admission. It is more common in ulcerative colitis (UC) than Crohn’s disease (CD). When it does
occur in CD, it tends to be much more common with colonic involvement than with small bowel
involvement alone.25,26

The histological findings are comparable to those in patients with infectious and ischemic colitis;
appearing as friable, erythematous, edematous, and ulcerated mucosa. In severe colitis,
inflammation may extend beyond the bowel wall leading to colonic perforation.27

Non-IBD colitis

Of all the gastrointestinal tract, the colon is most frequently affected by ischemic insult. Ischemic
colitis is a disease seen in the elderly and patients with multiple comorbidities, such as heart failure
and arrhythmia increase the risk of ischemic events. Ischemia most commonly involves the
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watershed areas, which include the splenic flexure and the rectosigmoid junction. Abdominal pain
and bloody diarrhea are the usual presenting complaints but bleeding is rarely large or uncontrolled.
Hypotension and vasoconstriction leads to mucosal friability, wall sloughing, edema, and bleeding.28

Radiation therapy can cause LGIB by several mechanisms including formation of mucosal
telangiectasias, inflammatory changes, colitis and ulceration. Radiation colitis can occur at any time
during the treatment or after, however the median reported time is 6 months to 5 years.29

Atherosclerosis and ongoing chemotherapy increases the risk of bleeding.
Infectious colitis is characterized by fever, dysentery, lower quadrant cramps, and tenesmus. Two

mechanisms of bleeding are gut wall invasion or toxin-mediated damage, depending on the
organism. Salmonella, Shigella, Campylobacter jejuni, E. coli, and Yersinia species are the most
common culprits causing dysentery worldwide.30

Systemic diseases

Vasculitides like polyarteritis nodosa and polyangiitis with granulomatosis can cause LGIB from
mucosal injury and vasculitic necrosis.

Human immunodeficiency virus (HIV)-associated pathologies are also an infrequent cause of
LGIB. Cytomegalovirus (CMV) colitis and Kaposi sarcoma are amongst the important HIV-associated
etiologies.31

Colorectal cancer

Colorectal adenocarcinoma is the third most common cancer in the United States and is the
predominant cause of neoplastic bleeding. Almost 10% cases of hematochezia in those past the fifth
decade are due to colon cancer. Most common presentation is occult bleeding with anemia or low
volume recurrent hematochezia.32,33

Iatrogenic

Oral anticoagulants, antiplatelet agents, and non-steroidal anti-inflammatory drugs (NSAIDs) can
potentiate LGIB and should be used with caution. NSAIDs and Aspirin are the most common culprits
of drug-induced bleeding and the risk of hemorrhage increases with increasing doses. These agents
can potentiate or exacerbate bleeding from preexisting lesions.34

Post-polypectomy bleeding is a potential source of massive hemorrhage and more often arterial.
It is reported in almost 1–6% cases of polypectomies and can occur even up to a month after the
resection.35,36

Other rare but note-worthy etiologies include, drug-induced thrombocytopenias, anticoagulation
or post-surgical aorto-colonic fistulas.

Anorectal disease

Benign anorectal diseases such as hemorrhoids, anal fissures, anorectal fistulas are quite common
in the general population and can potentially be the underlying pathology of LGIB. Significant
hemorrhage is rare however.28

Small bowel pathology and miscellaneous

Adenocarcinomas, hemangiomas, polyps, leiomyomas, IBD and Peutz-Jeghers syndrome are
some of the small intestine pathologies that may present as LGIB. However more often than not
these episodes are concealed bleeds.

LGIB in younger patients is most commonly from a Meckel’s diverticulum, inflammatory bowel
disease or juvenile polyps.17 One in five patients with Meckel’s diverticula are symptomatic, with the
most frequent presentation being hemorrhage or obstruction.37 Hemorrhagic episodes are usually
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self-limited, but may recur from mucosal ulceration.38 Juvenile polyps are benign hamartomas that
can bleed if large enough. These are solitary lesions that can auto-amputate if they outgrow their
blood supply. Most common presenting symptom is hemorrhage.
Evaluation

The main modalities employed to evaluate lower gastrointestinal bleeding (LGIB) are
colonoscopy, radionuclide scans, and angiography. Other newer techniques such as CTA, video
capsule endoscopy (VCE), retrograde enteroscopy, and double-balloon enteroscopy, are useful in the
setting of obscure bleeding, depending on the clinical circumstance. The systemic approach to
employing these modalities depends on factors such as clinical presentation, hemodynamic status of
the patient, rate of bleeding and ease of localization of source of hemorrhage (Fig.).39

Colonoscopy is the initial test of choice for most patients with LGIB.39,40 It can serve to identify
the cause and site of bleeding as well as provide an opportunity to intervene and achieve endoscopic
hemostasis. Computed tomography (CT) angiography or tagged red blood cell (RBC) scans are useful
modalities for unstable patients with ongoing bleeding who are not expected to tolerate
colonoscopy.41

Evaluation of the whole gastrointestinal tract may be needed to detect uncommon or
undiagnosed lesions. Such cases can be investigated further with mesenteric angiography, upper
and lower gastrointestinal endoscopy, Meckel scanning, small bowel examination, and enter-
oclysis.9,41

Initial assessment

Initial assessment begins with determination of the hemodynamic status of the patient and the
need for urgent resuscitation. All patients presenting to the hospital with presumed LGIB should
have 2 large bore intra-venous lines (18 gauge or larger) and/or a central venous catheter placed.
Fig. Management of lower gastrointestinal bleeding. NGT: nasogastric tube; EGD: esophagogastroduodenoscopy; UGIB:
upper gastrointestinal bleeding; TRBC: tagged red blood cell; VCE: video capsule endoscopy; DBE: double balloon
enteroscopy.
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Depending on the clinical severity, intravenous fluids and blood products may be required with
consideration of intensive care unit (ICU) admission. In clinically stable patients, a thorough history
and pertinent examination must take priority to try and determine the etiology of hemorrhage; as
well as formulate a comprehensive management plan based on the clinical findings.9

In actively bleeding patients, efforts should be directed at localizing the source of hemorrhage. It
is important to note that up to 15% of patient presenting with hematochezia may have an underlying
UGIB.42,43 At the same time digital rectal examination is required to look for anorectal pathologies.
Proctoscopy or sigmoidoscopy may be pursued, depending on clinical situation.

Complete blood cell (CBC) count, coagulation profile, basic metabolic profile and liver function
tests are essential blood tests in the initial assessment of LGIB.
Colonoscopy

Colonoscopy is the initial test of choice for most patients with LGIB. It can successfully detect the
site of LGIB in almost 80% of cases.15 Colonoscopy also offers the possibility of therapeutic
intervention in addition to diagnostic evaluation. Actively bleeding lesions once identified, can be
treated with resection, adrenaline injection, laser coagulation, clipping or thermoregulation.44

Ideally, colonoscopy is performed after bowel preparation with use of cathartic agents. In cases of
active severe bleeding, urgent unprepared hydroflush colonoscopy may be done alternatively.45 This
technique uses a system of high flow endoscopic irrigation combined with suction. This is however,
not widely available. Concurrently, a large volume of blood in the gut itself provides powerful
cathartic action. It is important to note that bowel preparation does not increase the rate of
hemorrhage.

Urgent colonoscopy is the test of choice for patients who are hemodynamically stable. In patients
with moderate bleeding, urgent colonoscopy results in better outcomes as compared to CTA with
higher diagnostic yield and less complications.43,44 It is note-worthy however that although urgent
colonoscopy possibly gives better diagnostic and therapeutic yield, no evidence has been found that
there is a reduction in rates of re-bleeding or surgery.42 A randomized controlled trial by Green et. al
comparing urgent versus elective colonoscopy showed no improvement in the clinical outcome or
cost of care with urgent colonoscopy as compared to elective colonoscopy.44

The disadvantages of colonoscopy include (1) requirement for bowel preparation which can
delay management (2) alternatively unprepared hydroflush colonoscopy requires several liters of
water enemas. (3) Need for skilled endoscopist to perform procedure (4) risk for bowel perforation
(5) need for sedation.

Plain abdominal X-rays should be obtained prior to colonoscopy if there is any suspicion of
perforation or obstruction.
Radiology

Some of the radiological modalities used to evaluate LGIB include spiral CT scanning,
multidetector row CT (MDCT) scanning, and computed tomographic angiography (CTA). Spiral CT
scanning of the abdomen and pelvis is used when a routine evaluation does not yield the source of
active gastrointestinal (GI) bleeding. Three-phase spiral CT using intravenous and oral should be
performed. Spiral CT scan as a diagnostic modality for LGIB is safe, convenient, and accurate.46

Multidetector row CT (MDCT) scanning is occasionally used in the workup of LGIB. It has a
sensitivity of 100% and 88.2% for site and etiology identification as compared to 52.9% with
endoscopy for both site and etiology.47

Computed tomographic angiography (CTA) is often employed as a modality for evaluation of LGIB
being cost-effective, easily available and accurate.48 Studies report sensitivities ranging from 85.2%
to 89% and specificities of 74–96.9%.48–52 As compared to tagged red blood cell (RBC) scanning, a
retrospective study found no significant difference in length of hospital stays, in-hospital mortality,
requirement for transfusion or incidence of acute kidney injury. However, CT angiography localized
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site of bleeding more accurately than tagged RBC scanning (53% vs 30%).53 When compared with
digital subtraction angiography (DSA), CTA is more accurate and less invasive.54
Nuclear scintigraphy

Nuclear scintigraphic imaging or radionuclide scanning include technetium-99 (99 Tc) sulfur
colloid, Indium labeled RBC and 99 Tc pertechnetate-labeled red blood cell (TRBC) scans. There is an
ongoing debate on the role of nuclear scintigraphy in the evaluation and management of LGIB.9,55

Radionuclide scans are a non-invasive and highly sensitive modality (75%) often performed prior
to angiography, as scintigraphy can detect bleeding at rates as low as 0.1 mL/min as compared to 1–
1.5 mL/min for angiography.56,57 However, radionuclide scans suffer from low specificity and are
thus recommended as primarily screening tools. Furthermore, scintigraphy is only useful if
performed during active bleeding.55

The TRBC scan is highly sensitive (80%-98%) and is the preferred nuclear scan modality.58 The
advantage over other radionuclide scans is a longer half-life, allowing improved detection of
intermittent or slow hemorrhage. Technetium sulfur has a very short half-life and Indium labeled
RBCs have a very prolonged half-life, making them less desirable.59
Angiography

In patients with active ongoing LGIB, angiography can be performed by sequentially cannulating
the superior mesenteric artery followed by the inferior mesenteric artery and then the celiac artery.
Higher rates of bleeding (1–1.5 mL/min) are needed to visualize extravasation of contrast media.60

Angiography can also be used to detect AVMs, varices and diverticula based on opacification and
accumulation of contrast. The mean rates of localization of the bleeding site is 40% since many cases
of LGIB are intermittent.61

Interventional modalities employed with angiography include embolization and vasopressin
injection. In one study vasopressin infusion successfully achieved hemostasis in 91% patients but
50% of the patients had re-bleeding.62 Surgical intervention such as resection or watchful waiting
may be pursued after localization of hemorrhage on angiography.

Complications from angiography include arterial thrombosis, embolization or acute kidney
injury. Other disadvantages of angiography are low sensitivity and usefulness only if there is active
ongoing bleeding.63
Small bowel visualization

At times bleeding from the distal small bowel can mimic a LGIB with patients presenting with
hematochezia. Small bowel visualization is required in face of negative examinations of the upper
and lower gastrointestinal tract and continued hemorrhage. The methods of evaluating the small
bowel include video capsule endoscopy (VCE), push enteroscopy, enteroclysis and double-balloon
enteroscopy. VCE is the most frequently used test, however no consensus exists on the sequential
approach to small bowel visualization.
Video capsule endoscopy (VCE)
VCE permits visualization of almost the entirety of small bowel. However, disadvantages include

possible retention of capsule in patients with reduced gut motility or obstruction/strictures.64
Push enteroscopy
Push enteroscopy performed with perdiatric colonoscope or enteroscope is able to reach the

proximal jejunum. This gives the advantage of therapeutic intervention in addition to localization of
bleeding site.
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Enteroclysis
Enteroclysis is performed by injecting contrast via a small bowel catheter and thus producing

double contrast. However, this is best avoided in cases of acute hemorrhage.

Double-balloon enteroscopy (DBE)
Evaluation of the entire small bowel is possible in patients undergoing DBE with a diagnostic

yield of 58% reported in one multicenter study.65 Advantage over VCE is the ability to perform
therapeutic intervention.
Management

The mainstays of management of LGIB are resuscitation, localization of source of hemorrhage and
definitive treatment (Fig.).

Clinical outcomes have improved with advancements in available diagnostic and therapeutic
modalities. The sequential use of these modalities in management of LGIB depends on the
hemodynamic status and rate of hemorrhage. Surgical interventions are rarely required nowadays
with the timely application of such modalities.

Resuscitation and initial assessment

As previously discussed, initial assessment should be focused on determining the hemodynamic
status of the patient and rate of gastrointestinal bleeding. Initial resuscitation in unstable patients
includes insertion of two large-bore IV lines and/or placement of central venous catheters, and
infusion of crystalloids. This should be followed by focused history, pertinent physical examinations
and blood tests once patient is stabilized.

The American College of Gastroenterology guidelines on management of LGIB recommend the
following as part of initial assessment9: (i) evaluation and risk stratification, (ii) hemodynamic
resuscitation, (iii) management of anticoagulant medications (anticoagulation reversal if INR 4 2.5),
endoscopic hemostasis may be attempted without reversal of anticoagulation if INR 1.5–2.5, platelet
transfusion should be considered if platelet count below 50,000/ml, multidisciplinary approach to
balance risk of hemorrhage with risk of thrombotic events when deciding alteration of
anticoagulant/ antiplatelet medications).

Patients with ongoing bleeding, with multiple comorbidities or those requiring multiple
transfusions or in hemorrhagic shock need admission to intensive care unit and urgent assessment
by gastroenterologist/surgeon.

Endoscopic therapies

Colonoscopy with therapeutic intervention is a minimally invasive management option for
LGIB, and colonoscopy continues to be the primary diagnostic and therapeutic modality for
LGIB. Multiple modalities are available for endoscopic hemostasis which include Nd:YAG
laser therapy, argon plasma coagulation, topical formalin application, injection of sclerosing
agents, injections of vasoconstrictors, application of metallic clips, bipolar probe coagulation and
electrocoagulation.

The American College of Gastroenterology recommends that colonoscopy should be performed
within 24 hours in patients with high risk manifested by ongoing active bleeding, and hemodynamic
compromise.9 In routine clinical practice, the rate limiting step to colonoscopy after initial
resuscitation is bowel preparation. In patients without signs of active bleeding, non-urgent
colonoscopy can be performed after routine split dose bowel preparation with polyethylene glycol
(PEG) based solution or equivalent. However, in patients with high risk and signs of active ongoing
bleeding, a rapid bowel purge should be done using a nasogastric tube if needed. When colonoscopy
is performed, endoscopic hemostasis should be attempted on visible active bleeding sites, visible
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non-bleeding vessels or adherent clots. Experts also recommend that epinephrine injection may be
used initially in active bleeding site to gain better visualization and control of bleeding. For patients
with diverticular bleeding, endoscopic clipping is recommended. Other alternative endotherapeis
include band ligation and thermal contact therapy. for diverticular bleeding. Alternatives are band
ligation and contact thermal therapy.

Vasopressor therapy

Vasoconstrictive agents decrease blood flow and can enable platelet plug formation in the
bleeding vessel. However, these should be used with caution in patients with severe atherosclerotic
disease. Studies on intra-arterial infusion of vasopressors demonstrated significant reduction in
mesenteric blood flow, but cessation of infusion resulted in recurrent bleeding from rebound
increase in blood flow.62

Vasopressin is the primary agent used to decrease splanchnic blood flow by vasoconstriction.
Hence it is more valuable in arterial bleeding rather than venous/capillary hemorrhage. Other
disadvantages include high risk of recurrent bleeding (up to 50%), volume overload, arrhythmias and
coronary vasoconstriction.62

Embolization

Nowadays, embolization has replaced surgery as the treatment of choice for LGIB refractory to
endoscopic therapy or in patients whom colonoscopy cannot be performed or is contraindicated.
Once the bleeding vessel has been accurately identified by angiography, treatment options include
injection of vasopressors or intra-arterial embolization of vessel. Selective embolization can be used
in high risk patients who are poor surgical candidates or can be a bridging procedure to semi-urgent
segmental bowel resection once the patient is clinically stable. Microcoils, polyvinyl alcohol, gelatin
sponge and oxidized cellulose can be used during arterial catheterization to embolize culprit vessels.
Up to 98% success rate with achievement of immediate hemostasis has been reported. Yet
embolization is not free of risks.66–69

The most significant risk of embolization is bowel ischemia. Various studies have suggested
ischemic complication rates as high as 20%.70,71 However, the advent of super-selective catheter-
ization and use of microcoils has reduced rates of complications significantly. Appropriate use of
these techniques has been reported to yield ischemic complication rates as low as 4.5%.67

Surgery

Surgical intervention is rarely required for lower gastrointestinal bleeding (LGIB) with the
advanced in other less invasive management modalities.

Indications for surgery include ongoing hemorrhage in an unstable patient, recurrent, persistent
hemorrhage and massive transfusion requirement.

Unstable patients should be considered for urgent explorative laparotomy following aggressive
resuscitation. In patients who are stable, surgery may be an option as segmental bowel resection
once site of bleeding has been accurately localized. Intraoperative localization of bleeding site can be
facilitated by surgeon-guided enteroscopy or intra-operative colonoscopy. Ongoing, persistent
hemorrhage from unidentified source may warrant a subtotal colectomy, however it is much less
preferable to segmental colectomy.9
Conclusion

LGIB is a spectrum of presentation with high morbidity, mortality and healthcare costs. A
systematic, step-wise approach to management of LGIB can help improve patient outcomes and
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reduce costs. Fundamental principles of management are: resuscitation and stabilizing patient,
localizing source of bleeding, and selecting appropriate therapeutic modality

Hemodynamic status of patient, rate of bleeding, individual expertise and available resources
dictate the approach to diagnostic evaluation and selection of therapeutic modality.
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