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PURPOSE

We aimed to investigate patients with lower gastrointestinal bleeding who presented to the
emergency department requiring initial conventional angiography. We report risk-stratified and
mesenteric conventional angiography outcomes.

METHODS

We retrospectively reviewed patients with lower gastrointestinal bleeding between 2001 and
2012. We included all consecutive patients with clinical lower gastrointestinal bleeding with a
requirement of further angiography and possible embolization. Patients who had prior interven-
tions or surgery were excluded.

RESULTS

A total of 88 patients (35 women, 53 men) with a median age of 71 years (range, 23-99 years)
were included in the analysis. Conventional angiography was positive and endovascular treat-
ment was intended in 35 patients. Once the source of bleeding was found angiographically, en-
dovascular treatment had a technical success rate of 90.3% and clinical success rate of 71.4%.
Overall early rebleeding rate (<30 days) was 14.8% and late rebleeding rate (>30 days) was 13.6%.

CONCLUSION

Identifying the source of lower gastrointestinal bleeding remains to be a clinical and angiograph-
ic challenge. Although we did not observe an association between mortality and clinical success,
increased early rebleeding rates were associated with higher mortality rates.

ost acute lower gastrointestinal (Gl) bleeding stop spontaneously; therefore, no

intervention or invasive diagnostic test such as conventional angiography is nec-

essary (1). Prior to mesenteric arteriogram, colonoscopy, flexible sigmoidoscopy,
and radionuclide imaging are usually performed. Recently computed tomography (CT)
angiography has demonstrated promising results (1, 2). If the diagnostic tests locate the
bleeding, or if intractable bleeding occurs, more invasive test warrants arteriogram and
possible intervention. While other authors have performed similar analyses of patients with
lower Gl bleeding who required conventional angiography, they differed from our study in
that some analyzed upper and lower Gl bleeds together (3, 4), or patients with negative an-
giograms were not factored into the analysis (5), or more importantly, the patients were not
separated in terms of first-time versus multiple bleeders (3-8). We aimed to analyze patients
with acute lower Gl bleeding who presented to the emergency department for the first time
and required conventional angiography for localization of the bleed and potential endovas-
cular treatment. We also wanted to identify a subgroup of procedural factors, comorbidities
associated with rebleeding, technical success, clinical success and mortality in association
with lower gastrointestinal bleeds.

Methods

Patients
Institutional review board approved this retrospective study. Consecutive cases of acute
lower Gl bleeding between 2001 and 2012 were reviewed retrospectively. We included all
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patients who presented to the emergency
department with acute lower Gl bleeding
with a clinical need for further convention-
al angiography and possible endovascular
intervention if the source was found. Ex-
clusion criteria were prior interventional
procedures, iatrogenic, surgical or trau-
matic causes of lower Gl bleeding, as well
as successful treatment with colonoscopy
or medical management without need for
conventional angiography.

Procedures and techniques

After obtaining the informed consent,
angiographic procedures were performed
via common femoral artery access in all
patients. Typically, using microcatheters
and microguidewires, superselective cath-
eterization and embolization of the mes-
enteric arteries were performed. Typical
embolization materials were commercially
available microcoils, gelfoam (Pharmacia
& Upjohn), polyvinyl alcohol (Unipoint)
and combinations. In one patient, colo-
noscopy demonstrated ischemic findings
and bleeding; conventional angiography
demonstrated no active bleeding, but colo-
noscopy showed ischemic, friable mucosa
and severe inferior mesenteric artery steno-
sis, which was subsequently treated with a
Palmaz stent (Cordis). No empiric emboliza-
tion/treatment was performed in any of the
patients.

Definitions and criteria

Lower Gl bleeding is defined as bleeding
into bowel distal to the ligament of Treitz.
The cause of lower Gl bleeding was diag-
nosed either with tagged red blood cell
scan, contrast-enhanced CT, or convention-
al arteriography. Data collection included

* Positive initial conventional angiography was
highly predictive of rebleeding.

* Early rebleed (within the first 30 days) was
associated with higher mortality.

* Late rebleed (after 30 days) was associated
with multiple angiograms and positive initial
angiograms.

* Factorsassociated with longer hospitalization
included older age, hematocrit drop, high
creatinine, and comorbid conditions such as
cardiomyopathy and cirrhosis.

* Provocative arteriography resulted in
visualization of active clinical bleeding in 33%
of the patients.

lab results (lactate, serum creatinine, white
blood cell count), coagulopathy, transfu-
sion history, comorbid conditions, angiog-
raphy findings, treatment history such as
embolization, provocation (if any), tech-
nical success, clinical success, rebleeding,
and complications. We evaluated blood
pressure at historic baseline and initial pre-
sentation per report of the Joint National
Committee (9). Since normotension may
indicate a false result in patients with hy-
pertension who lost substantial amount of
blood due to bleeding, we determined the
blood pressure difference (hypotension ver-
sus normotension or fall of blood pressure
at presentation compared with patient’s
history). Technical success was described
as the immediate termination of Gl bleed-
ing following angiography. Clinical success
was described as no rebleed within 30 days
of treatment. Rebleeding was described as
relapse of clinical signs of lower gastroin-
testinal bleeding necessitating immediate
attention. Early rebleeding was described
as relapse of bleeding within 30 days of an-
giography. Hemodynamic instability was
defined as transfusion of more than 4 units
of blood during a single admission. We used
all aforementioned definitions from the
standard of practice per American College
of Radiology and Society of Intervention-
al Radiology (10, 11). We are reporting the
outcomes of not only the patients who un-
derwent endovascular treatment but also
patients who had angiography negative for
Gl bleeding.

Statistical analysis

SPSS 20 (IBM Corp.) software was used.
Kaplan-Meier method was used to demon-
strate clinical success, rebleeding, and mor-
tality; log-rank analysis was used to show
statistical significance. A P value of <0.05
was considered statistically significant.

Results

We performed 120 consecutive mesen-
teric angiograms in 88 patients (35 wom-
en and 53 men; median age, 71 years; age
range, 23-99 years) with “intent-to-treat”
using endovascular approach in 11 years.
The reasons for Gl bleeding included di-
verticulosis (n=19, 20.5%), unknown (n=14,
15.9%), diverticulitis (n=12, 13.6%), ulcer
(n=10, 11.4%), tumor (n=9, 10.2%), arterio-
venous malformation (n=6, 6.8%), colitis
(n=6, 6.8%), anticoagulation (n=3, 3.4%),
ischemia (n=3, 3.4%), inflammatory bowel
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disease (n=3, 3.4%), vasculitis (n=2, 2.3%),
Meckel’s diverticulum (n=1, 1.1%), and je-
junal Dieulafoy lesion (n=1, 1.1%). Demo-
graphics, clinical presentation, laboratory
findings, and comorbid conditions were
summarized in the Table.

Before conventional angiography, CT
angiography was performed in 15 patients
(17%) and active bleeding was detected in
one patient (6.7%). Colonoscopy was done
in 71 patients (80.7%), 12 of whom had ac-
tive bleeding (16.9%); but endoscopic treat-
ment was unsuccessful. Tagged red blood
cell bleeding scan was performed in 45
patients (51.1%), with positive finding in 34
patients (75.6%), questionable in 3 patients
(6.7%), and negative in 8 patients (17.8%).

All angiograms were performed during
the course of a single admission. During
the same hospitalization, only one angio-
gram was needed in 61 patients (69.3%)
while two angiograms were needed in
22 patients (25%), and three angiograms
were needed in 5 patients (5.7%). As a re-
sult, 34 patients (38.6%) demonstrated ac-
tive lower Gl bleeding, and endovascular
embolization was attempted. One patient
(1.1%) had mild celiac artery, mild supe-
rior mesenteric artery, and severe inferior
mesenteric artery stenoses, and colonos-
copy showed ischemic findings in inferior
mesenteric artery territory and without
the angiographic bleeding site. No angio-
graphic culprit lesion was identified in 53
patients (60.2%). In order to find a culprit
lesion, pharmacologic provocation (Proto-
col: 4-8 mg of tissue plasminogen activator
followed by angiography at 5, 10, 15, and
30 min) was performed in 6 patients (6.8%).
Following pharmacologic provocation, two
patients (33.3%) developed active Gl bleed-
ing and were successfully treated with an-
gioembolization, while 4 patients (66.7%)
did not have active Gl bleeding. Following
conventional angiography, active bleeding
arteries were detected as right colic artery
(n=8), jejunal artery (n=6), ileocolic artery
(n=4), superior rectal artery (n=4), middle
colic artery (n=3), sigmoidal artery (n=3),
left colic artery (n=2), ileal artery (n=2), ileal
and ileocolic artery (n=1), and left colic and
sigmoidal artery (n=1). Thus, of 34 patients,
21 (61.8%) had active large bowel bleeding,
8 (23.5%) had active small bowel bleeding,
and 5 (14.7%) had active bleeding in both
small and large bowels. Four patients with
angiographic active bleeding (11.8%) were
considered to be at high risk for bowel in-
farction by the interventional radiologist
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Table. Risk stratified outcomes; mortality vs. factors related to overall mortality and 30-day mortality

Risk factors n (%)

Demographics

Age <49 years 10(11.4)
50-59 years 12(13.6)
60-69 years 18(20.5)
70-79 years 26 (29.5)
>80 years 22 (25)

Men/women 53(60.2)/35 (39.8)

Symptoms at presentation

Fainting 2(2.3)
Weakness 10(11.4)
Dizziness 16 (18.2)
Abdominal pain 11(12.5)
Melena 14 (15.9)
Hematochezia 66 (75)
Bloody diarrhea 3(3.4)
Vomiting 9(10.2)
Nausea 9(10.2)
Tachycardia 6 (6.8)
Coagulopathy 15 (17)
Laboratory

Lactic acid (increased) 7/27 (25.9)
WBC (increased) 31(35.2)
Creatinine (increased) 22 (25)
Blood pressure drop 58 (65.9)
Hemodynamic instability 49 (55.7)
Comorbid conditions

Hyperlipidemia 31(35.2)

Renal failure Acute; 9 (10.2),
Chronic; 19 (21.6)
Hypertension 59 (67)
Hemorrhoids 8(9)
Diabetes mellitus 23 (26.1)
COPD 14(15.9)
MI history 7 (7.95)
CAD 23(26.1)
Atrial fibrillation 16 (24.2)
CHF 13(14.77)
Cardiomyopathy 3(34)
Cirrhosis 3(3.4)
Procedural parameters
Multiple diagnostic angiograms 27 (30.7)
Positive angiogram 34 (39.77)

Small versus large bowel®

Technical success

Clinical success (early) 20/28 (71.4)
Clinical success (long-term) 14/28 (50)
Rebleed (early) 13(14.8)
Rebleed (late) 12(26.1)

8(23.5) vs. 21 (61.8)
28/31(90.3)

30-day mortality
P

0.585
0.937
0.932
0.581
0.748
0.397

0.179
0.715
0.243
0.507
0.340
0.725
0.447
0.127
0.133
0.017°
0.635

0.117
0.510
0.019°
0.642
0.488

0.576
0.390

0.818
0.206
0.818
0.157
0.322
0.679
0.058
0.947
0.403
0.381

0.656
0.155
0.116
0.151
0.494
1.0
0.115
N/A

Overall mortality
P

0.772
0.951
0.362
0.345
0.920
0.302

0.285
0.458
0.027°
0.303
0.215
0.998
0.218
0.944
0.980
0.011°
0.949

0.323
0.327
0.0001°
0.698
0.479

0.551
0.035°

0.767
0.800
0.490
0.041°
0.468
0.808
0.316
0.030°
0.003*
0.012°

0.170
0.675
0.065
0.558
0.118
0.689
0.004*
0.331

WBC, white blood cells; COPD, chronic obstructive pulmonary disease; Ml, myocardial infarction; CAD, coronary
artery disease; CHF, congestive heart failure; N/A, not applicable.

P < 0.05 (Kaplan-Meier, Log-rank test); ®Patients with both small and large bowel sources excluded.

because of the location of the bleeding
and mesenteric arterial anatomy, and no
endovascular treatment was attempted.
Therefore, embolization was attempted in
only 30 of 34 patients with active bleed-
ing (88.2%). Successful embolization was
performed with coils in 15 of 27 patients
(55.6%), gelfoam slurry and 700-900 um
PVA only in one patient (3.7%), 300 U of
thrombin in one patient (3.7%), and coils
plus gelfoam slurry in 10 patients (37%). Of
27 patients, 25 (92.6%) had microcoils with
a mean of 6.28+4.6 coils per patient. Overall
mean fluoroscopy time was 22.7+14.8 min
including both diagnostic and/or inter-
ventional portions of the procedure. There
were no major complications. There were
3 minor complications: groin hematoma,
which resolved without the need for fur-
ther treatment; dissection of the left colic
artery, which was not flow limiting; and coil
misplacement to the parent jejunal artery,
which was successfully retrieved during the
same procedure. The median inpatient stay
was 8 days (range, 1-90 days).

Endovascular treatment was technically
successful in 28 of 31 patients (90.3%). The
patient, who had colonoscopy proven isch-
emia and received balloon angioplasty and
stenting, was also among the technically
successful cases. Among the 28 technical
successes, 11 patients had a single angio-
gram and 17 patients had multiple angio-
grams. None of the 3 technical failures had
multiple angiograms.

The early clinical success rate was 71.4%
(20/28), while long-term clinical success
rate was 50% (14/28). Among the 20 clini-
cal successes, 10 had a single angiogram
and 10 had multiple angiograms. Of the 8
clinical failures, 7 had multiple angiograms.
There was no statistically significant associ-
ation between clinical success and survival
(Log-rank Mantel-Cox, P = 0.118, x*= 2.437)
(Fig. 1).

In all patients, early rebleeding rate was
14.8% (13/88) at a median of 4 days (range,
1-29 days), while late rebleeding rate was
13.6% (12/88) at a median of 14 months
(range, 2-61 months). Two patients had
both early and late rebleed, making the
total rebleeding rate 26.1% (23/88). Early
rebleeding was found to be a strong predic-
tor of overall survival (Fig. 2). Of 13 patients
with early rebleed, 8 died within the study
period, while 18 of 75 patients without ear-
ly rebleed died. Early rebleeding showed
no significant association with laboratory
values, transfusion requirements, or co-
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Clinical success vs. Survival
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Figure 1. Clinical success vs. survival. Clinical success was not statistically significant in predicting

survival (P=0.118).

Early rebleeding vs. Survival
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Figure 2. Early rebleeding vs. survival. Early rebleeding was associated with poor survival (P = 0.004).

morbidities. Positive initial angiogram was
foundin 11 of 13 patients with early rebleed
versus 23 of 75 patients without rebleed.
Late rebleeding was not associated with
survival (Table and Fig. 3).

The median follow-up was 7.5 months
(range, 1-132 months). Of 88 patients,
32 (36.4%) were alive and under current
clinical follow-up at the conclusion of the
data review period which was a median
of 19 months (range, 1-132 months). Pa-

tients were lost to follow-up at a median
of 8 months (range, 1-85 months), and 26
patients (29.5%) expired after a median of
1 month (range, 1-70 months). During fol-
low-up, 11 patients had tumors, including
colon cancer (n=7), bowel metastasis (n=2),
intestinal lymphoma (n=1), or pancreatic
cancer (n=1), which may or may not have
been related to lower Gl bleeding.

On follow-up, 67 patients (76.1%) re-
quired no further treatment after diagnos-
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tic angiography with or without endovas-
cular intervention, 13 patients (14.8%) had
surgical treatment, 5 patients (5.7%) had
endoscopic treatment and 3 patients (3.4%)
had another angioembolization. Of 28 pa-
tients who had technically successful endo-
vascular treatment, 23 (82.1%) did not need
supplementary treatment, 3 (10.7%) had
another angioembolization, 2 (7.1%) need-
ed further surgical treatment; no patients
needed further colonoscopic treatment.

The 30-day mortality rate was 15.9%
(14/88). Cause of death within 30 days
was gastrointestinal bleeding (n=10), end-
stage renal disease (n=1), respiratory failure
(n=1), cardiac causes after surgery (n=1),
and unknown (n=1). The overall mortality
rate was 29.5% (26/88). Cause of death was
gastrointestinal bleeding (n=11), end-stage
renal disease (n=4), unknown (n=4), tumor
(n=2), congestive heart failure (n=2), sepsis
(n=1), respiratory failure (n=1), and cardiac
causes after surgery (n=1).

Independent risk factors for overall mor-
tality included early rebleeding, dizziness
or tachycardia at presentation, increased
creatinine, and certain comorbidities such
as renal failure, chronic obstructive pulmo-
nary disease, chronic heart failure, cardio-
myopathy, and cirrhosis. Independent risk
factors for 30-day mortality were limited to
increased creatinine and tachycardia. The
location of the bleeding source was not re-
lated to increased mortality (Table).

Discussion

Technical and clinical success rates in our
study were 90.3% and 71.4%, respectively.
The early rebleeding rate was 14.7%, and
early rebleeding was a strong predictor of
overall mortality. A positive initial angio-
gram was strongly associated with early
rebleeding. Tachycardia and high creati-
nine at first presentation were predictors
of higher 30-day and overall mortality. Our
findings also suggest that patients with
negative arteriography may require more
aggressive follow-up within 30 days. Al-
though it seemed that patients with posi-
tive angiograms were benefiting from the
endovascular treatment, risk of mortality
was not significantly different in patient
groups with and without angiographic lo-
calization. In our study, renal insufficiency
was one of the most ominous risk factors for
both mortality and longer hospitalization,
although preexisting chronic renal failure
was not associated with increased 30-day
mortality. It can, therefore, be surmised that
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Late rebleeding vs. Survival
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Figure 3. Late rebleeding vs. survival. Late rebleeding was not statistically significant in predicting

survival (P =0.331).

acute renal failure is a stronger predictor of
poor outcome than chronic renal failure.

Patients with renal failure, chronic ob-
structive pulmonary disease, chronic heart
failure, cardiomyopathy, and cirrhosis
showed increased mortality rates, although
30-day mortality was not associated. Other
authors found that presence of more than
one comorbid condition was associated with
increased overall mortality (12, 13). Our tech-
nical success, clinical success, and rebleeding
rates in patients with positive angiograms
are similar to those published in other stud-
ies (3, 6-8). Tachycardia at first presentation
was a predictor of both 30-day and overall
mortality. This finding is in line with other
studies that determined the most important
component of the physical exam in a patient
with bleeding to be the vital signs, which
can be used to assess the severity of the
hemorrhage. A pulse greater than 100/min
was shown to be a clinical factor predictive
of severe colonic bleed in another study of
252 patients, as was a systolic blood pressure
of <115 mmHg and syncope (12).

It is a clinical challenge when patients
have active clinical Gl bleeding, but there
is no active bleeding on subsequent con-
ventional angiography. A provocative an-
giogram is controversial secondary to fear
of causing uncontrollable bleeding which
may overshadow the benefit of an angio-

graphic location of the bleed. In our study,
we used provocative arteriography on only
6 patients, which demonstrated the visual-
ization of active clinical bleeding in 2 of 6
patients (33%). Some studies show safety
and success rates similar to ours, with active
bleeding achieved in 33% of patients (14).

Surgery for lower Gl bleeding is usually
reserved for patients with uncontrollable
bleeding and failed angiographic emboli-
zation, or postembolization ischemic bowel
complications (6, 15). We did not encounter
major complications in the 120 procedures
in our study. There were 3 minor complica-
tions, which resolved without the need for
further treatment.

The main limitation of our study, similar
to other studies that have analyzed lower
Gl bleeding, is its retrospective nature. The
technical aspects of the procedure varied
between interventional radiologists and
over the study period. Not all patients could
be followed for the same period of time and
some patients were lost to follow-up.

In conclusion, identifying the source of
lower Gl bleeding continues to be a clinical
and angiographic challenge as reported in
the literature. Interestingly, clinical success
of endovascular treatment did not influ-
ence the mortality rate, whereas higher
early rebleeding rates were associated with
higher mortality rates.
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