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Fifty patients with massive lower gastrointestinal bleeding were
initially m ed with emergency angiography. The average age
was 67.2; mean hematocrit, 23.7; and average transfusion, 7.6
units. Thirty-six patients (72%) had bleeding site located; bleed-
ing sites were distributed throughout the colon. Etiologies of
bleeding included diverticular disease (19 patients) and arterio-
venous malformations (15 patients). Twenty of 22 (91%) patients
receiving selective intra-arterial vasopressin stopped bleeding;
however, 50% rebled on cessation of vasopressin. Thirty-five of
50 (70%) patients underwent surgery, with 57% operated on
electively after vasopressin therapy. Seventeen patients had seg-
mental colectomy, with no rebleeding. Nine of the 17 patients
had diverticular disease in the remaning colon. Operative mor-
bidity in these 35 patients was significantly improved when com-
pared to previously reported patients undergoing emergency
subtotal colectomy without angiography (8.6% vs. 37%) (p
< 0.02). Emergency angiography successfully locates the bleed-
ing site, allowing for segmental colectomy. Vasopressin infusion
transiently halts bleeding, permitting elective surgery in many
instances.

Wx rHILE THE MAJORITY of patients with com-

plaints of lower gastrointestinal bleeding
spontaneously cease hemorrhaging, continu-

ing massive rectal bleeding poses both diagnostic and
therapeutic problems. When the source of such bleeding
is obscure and exploratory laparotomy is performed, in-
traoperative efforts to locate and resect the source of
bleeding are often unsuccessful. Because the results ofthis
approach have been so discouraging, some have advocated
routine emergency subtotal colectomy in those with mas-
sive rectal bleeding.'

Selective arterial catheterization to identify bleeding
sites in the gastrointestinal tract was first described in the
1960s.2 Since that time, numerous studies have docu-
mented the diagnostic and therapeutic benefit of angiog-
raphy and vasopressin infusion in the lower gastrointes-
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tinal bleeder.3"9 Widespread use of angiography in such
patients has led to the realization that the arteriovenous
(AV) malformation, heretofore an unknown source of
bleeding, is an important clinical entity. The character-
istics of this gastrointestinal lesion have now been well
documented.6'9-'2
The use ofrecently developed colonoscopic instruments

and nuclear scanning techniques has created confusion
about the role ofangiography in the management ofthese
patients. This present study was designed to assess the
contribution of emergency angiography and vasopressin
infusion in the management ofpatients with massive lower
gastrointestinal bleeding.

Methods and Materials

Fifty patients admitted since 1980 to the Tulane Sur-
gical Service with massive lower gastrointestinal bleeding,
as defined by one ofthe following two criteria, were stud-
ied: (1) requirement of4 units ofblood transfusion during
the initial 2 hours in the hospital, (2) systolic blood pres-
sure below 100 mmHg while actively bleeding. Following
the institution of intravenous fluids and blood sampling
for routine chemistries, screening for etiology of the
bleeding was accomplished using the diagnostic scheme
described by Boley et al.'3

This protocol included insertion of a nasogastric tube
and examination of the aspirate to rule out upper gas-
trointestinal bleeding. Proctoscopy was performed to rule
out anorectal pathology as a source of the bleeding. A
coagulation profile including prothrombin time, partial
thromboplastin time, and platelet count was used to detect
any coagulopathy.

After completion of these initial studies, selective an-
giography was performed in all 50 patients. Both the su-
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perior and inferior mesenteric arteries were catheterized
in an effort to locate the bleeding site in the colon. If no
bleeding site was identified and active bleeding continued,
an emergency subtotal colectomy was performed. If no
site was identified but active bleeding stopped, barium
enema and colonoscopy were accomplished and elective
colon resection performed, if indicated. If a source of ac-
tive bleeding was localized by the emergency angiography,
selective vasopressin infusion was performed when pos-
sible (Fig. 1).

Vasopressin infusion was performed as described by
Baum et al.3"4 Following localization of the bleeding site
and proper placement of the catheter, infusion of vaso-
pressin was begun at 0.2 units/min, increasing to 0.4 units/
min, if needed. A follow-up arteriogram was done 20-30
minutes later to demonstrate vasospasm and cessation of
bleeding. If successful, vasopressin infusion was tapered
over the ensuing 24-48 hours. All patients who stopped
bleeding as a result of the vasopressin infusion were fol-
lowed closely for recurrent bleeding. Those who had a
second bleeding episode in the hospital were immediately
operated on. The remainder underwent further diagnostic
work-up, and an elective operative procedure was per-
formed when indicated. All patients were monitored fol-
lowing discharge for recurrent bleeding. Follow-up periods
ranged from 10 months to 4 years.

In those patients who were operated on, morbidity and
mortality statistics were collected and tabulated. These
results were then compared to those in a previous report
from our institution by Drapanas et al. in 1973, in which
massive lower gastrointestinal bleeders underwent emer-
gency subtotal colectomy without the benefit of prior an-
giography.' Statistical analysis of difference between the
two groups of patients was based on Yates correction of
X2 with one degree of freedom. A x2 value representing a
95% confidence level was considered significant.

Results

Average age of these 50 patients was 67.2 years (range:
between 39 and 93 years). There were 29 women and 21
men. Thirty-one patients were hypertensive, and 21 pa-
tients had congestive heart failure and/or ischemic heart
disease. Diabetes mellitus was noted in ten patients. Av-
erage systolic blood pressure for the 50 patients was 111
mmHg (range: 60-180 mmHg). Mean pulse rate was 99
(60-130). Average hematocrit for these patients was 23.7%
(range: 7-34%). Average amount ofblood transfused was
7.6 units (range: 2-40 units).

Emergency Angiography

All 50 patients who underwent emergency angiography
were actively bleeding. In 36 patients (72%), extravasation
ofcontrast material was noted, and a bleeding site located.

Nasogastric Proctosopy Coagulation
suction a /st studies

Emergency Angiography

No bleeding site Bleeding site
identified identified

Bleeding stops Bleeding continues Selective Vasopressin

Barium enema Emergency
Colonoscopy subtotal colectomy

Elective resection if indicated

FIG. 1. Diagnostic protocol utilized in 50 patients with massive lower
gastrointestinal bleeding.

Negative angiographic findings in 14 patients (28%) ap-
peared to be related to delay in performing the angiog-
raphy. In this latter group of patients, the delay ranged
from 2 to 18 hours (average: 6 hours). Sites of active
bleeding were located primarily in the right colon (Fig.
2). Nineteen patients bled from diverticular disease; in 15
patients AV malformations were demonstrated as the
source ofbleeding, and one patient bled from a left colon
ulcer.

Selective Vasopressin Infusion

Twenty-two ofthe 36 patients with identifiable bleeding
sites underwent selective vasopressin infusion. Failure to
utilize vasopressin in 14 patients was related to inability
to maintain selective catheterization ofthe vessel, presence
of severe ischemic heart disease, or cessation of bleeding

18 8

FIG. 2. Site ofbleeding in the 36 patients who had contrast extravasation
at angiography. One patient had active bleeding from two AV malfor-
mations located in the left and right colon.
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TABLE 1. Operative Procedures in Massive Colon Bleeding

N

Subtotal colectomy 18
Right colectomy 11
Left colectomy 4
Transverse colectomy I
Sigmoid colectomy I

during the angiography. Vasopressin infusion stopped the
bleeding in 20 of the 22 patients (91%); however, ten of
these 20 patients (50%) rebled after the vasopressin was

discontinued. Five ofthe patients who rebled did so within
the first 6 hours following cessation of vasopressin infu-
sion. The remainder rebled within 3 days after the drug
was discontinued.

Gastrointestinal Work-up
Forty-four of the 50 patients underwent proctoscopy

on admission to the hospital. In 40 ofthese patients, proc-
toscopy revealed active bleeding from beyond the extent
ofthe proctoscope. In four patients, proctoscopy revealed
no active bleeding in the area ofthe rectosigmoid. In those
patients who stopped bleeding either spontaneously or

following vasopressin administration, elective diagnostic
work-up of the colon was accomplished. Thirty-five pa-

tients underwent barium enema. Diverticular disease was
noted to be confined to the left colon in 14 patients and
was diffuse in 12 patients. Nine patients had a normal
barium enema. Because of the short time that elapsed
before angiography, colonoscopy was performed in only
15 patients. In 11 of the 15 patients who were colono-
scoped, blood was noted throughout the entire colon. No
obvious site of active bleeding was located during any of
the colonoscopic examinations.

Surgical Intervention

Thirty-five of the 50 patients (70%) underwent colon
resections. Twenty ofthese patients (57%) had an elective
operation. Ofthese 20 elective resections, ten patients had
rebled while in the hospital after vasopressin infusion had
been discontinued. Fifteen of the 35 patients (43%) had

TABLE 2. Etiology ofMassive Lower Gastrointestinal Bleeding

AV
Malformation Diverticulum

Age 67.6 68.6
Admitting systolic pressure 124* 99*
Admission hematocrit 23 23.9
Amount transfused (units) 7.3 6.4
Success with vasopressin 9/9 (100%) 12/13 (92%)
Rebleeding with

vasopressin 3/9 (33%) 7/12 (58%)

* p <0.02.

emergency surgery. Seven of these 15 patients had had
negative angiography, but, because active bleeding con-
tinued, emergency surgery was necessary. The remaining
eight patients did not have vasopressin infusion attempted
and either continued bleeding or rebled shortly after an-
giography; in these latter patients, emergency surgery was
also necessary.
The 15 patients who did not have an operation either

refused surgery or were such poor operative risks that
operation was contraindicated. Eight of these patients
have been followed for over 1 year with no episode of
rebleeding.

Various operative procedures were performed in the
35 patients (Table 1). Subtotal colectomy was performed
when there was diverticular disease throughout the colon
(10 patients). Four patients underwent subtotal colectomy
for continued bleeding from an unknown site. An addi-
tional four patients had subtotal colectomy for multiple
bleeding sites or other associated colon pathology, such
as carcinoma.

Three ofthe 35 patients undergoing surgery developed
complications after operation. Two patients developed
subphrenic abscesses, and one developed a superficial
wound infection. Overall operative morbidity of 8.6% was
significantly lower than the 37% morbidity reported by
Drapanas et al. in a series of patients who underwent
emergency subtotal colectomy for lower gastrointestinal
bleeding at our institution' (p < 0.02). One of the 50
patients undergoing angiography developed femoral artery
thrombosis following completion ofthe study. This patient
underwent arterial thrombectomy at the time of colec-
tomy and recovered with no sequelae.

Operative mortality in this current group of patients
was 11.4%. Causes of death included myocardial infarc-
tion, abdominal bleeding secondary to myelofibrosis, renal
failure, and subphrenic abscess. This mortality rate was
essentially the same as the 11% following emergency sub-
total colectomy as reported by Drapanas et al. in 1973.'

Seventeen of the 35 operations (48.6%) consisted of
segmental resection of the bleeding site. Nine of the 17
patients undergoing segmental colectomy had diverticular
disease present in the remaining colon that was not re-
sected. Mean follow-up of 18 months has revealed no
rebleeding in any of the 17 patients. The only episode of
rebleeding following surgery has been in a patient who
underwent subtotal colectomy for multiple colonic AV
malformations and 7 months later developed lower gas-
trointestinal bleeding from an AV malformation in the
jejunum. Further work-up revealed multiple AV malfor-
mations throughout the small bowel.

A V Malformation Versus Diverticular Disease
Since AV malformations and diverticular disease were

the most common etiologies in this group of patients,
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these two entities were analyzed separately and then com-
pared for any major differences in clinical presentation
(Table 2). Mean systolic blood pressure was significantly
lower in the patients who were bleeding from diverticular
disease; however, average admission hematocrit and
amount ofblood transfused were not significantly different
between the two groups. While both groups responded
equally to vasopressin infusion, diverticular bleeding was
somewhat more likely to recur. In 12 of the 15 patients
with AV malformations, the bleeding site was located in
the right colon. However, in those patients with diverti-
cular disease, the bleeding sites were equally distributed
throughout the colon.

Discussion
This series of patients with massive lower gastrointes-

tinal bleeding, as defined by continued rectal bleeding with
hypotension or transfusion ofmore than 4 units ofblood,
was composed primarily of elderly patients (mean age:
67). Drapanas et al., reporting on patients with massive
rectal bleeding between 1968 and 1972, also noted a pre-
ponderance ofthe aged (mean age: 65).' Others have also
documented that this disease remains one of the elderly
population.8 This group of patients also required large
amounts of blood transfusion to stabilize the hematocrit
(average: 7.6 units). Boley et al. likewise noted that, when
the elderly patients with lower gastrointestinal bleeding
were bleeding rapidly enough to result in positive angiog-
raphy, they also required extensive transfusion (7.6 units).6
Those with negative angiography who presumably had
stopped bleeding required less transfusion (4 units).6

Widespread use ofangiography has identified AV mal-
formation as a frequent cause ofgastrointestinal bleeding.
In the present series, 15 ofthe 36 patients who were iden-
tified by angiography to be actively bleeding had AV mal-
formations. Based on characteristic radiographic findings
and their high frequency of occurrence in the elderly,
Boley et al. have hypothesized that they are degenerative
lesions associated with repeated partial and intermittent
low grade obstruction ofthe submucosal veins ofthe right
colon.6"5"6 Since bleeding from these AV malformations
is venous in origin, one could reasonably expect them to
be self-limiting and frequently to stop hemorrhaging
spontaneously. Several reports have confirmed this ob-
servation.4"0 In one series, 30 of 32 AV malformations
stopped bleeding spontaneously.'0 Not surprisingly, an-
giography under such "elective situations" often results
in failure to demonstrate extravasation of the contrast
material. Several reports of large numbers of patients
managed in this fashion have described only a 10-20%
incidence of extravasation at angiography.4'6'9"3 For this
reason, AV malformation has not been emphasized as an
etiology ofmassive lower gastrointestinal bleeding. In this
experience, all patients were excluded who spontaneously

stopped bleeding or were bleeding at slow rates; only those
with severe, active rectal bleeding were studied. Fifteen
ofthese patients hadAV malformations confirmed as their
source of bleeding by pathologic examination and/or ra-
diographic findings at the time of angiography. All 15 of
these patients demonstrated extravasation of contrast
material at the time of angiography. Based on this expe-
rience, it is apparent that a patient with an AV malfor-
mation may have bleeding as severe as that from diver-
ticular disease.

Because bleeding from diverticular disease is usually
arterial in nature, it has long been reported that massive
bleeding from diverticular disease is more severe than that
seen from AV malformations. The present study includes
19 patients with massive lower gastrointestinal bleeding
from diverticular disease. However, when those patients
were compared to the 15 patients with AV malformations,
there was very little difference between the two groups.
While the mean admitting systolic blood pressure was
significantly lower in the patients bleeding from diverti-
cular disease, both the mean hematocrit and average
amount of blood transfused were no different in the two
groups ofpatients. Both groups ofpatients also responded
similarly to vasopressin infusion during angiography.

Several reports have noted almost exclusive location of
the AV malformation in the right colon.5'6 However, there
have been reports ofAV malformations bleeding signif-
icantly from the left and transverse colons.9 In this report,
12 of the 15 AV malformations were located in the right
colon, and only three were in the left colon. Because of
the occasional left-sided location of AV malformations
and the frequent coexistence of AV malformations and
diverticular disease, prompt angiography is ofparamount
importance in obtaining an accurate etiology and location
of the gastrointestinal bleeding.

Seventy-two per cent ofour patients had a bleeding site
demonstrated by extravasation ofcontrast material at an-
giography. This result compares favorably with results re-
ported in other series ofpatients with lower gastrointestinal
bleeding studied by angiography (Table 3). The collected
series totaled 247 patients, with angiography being suc-
cessful in demonstrating the bleeding site in 69% of the
cases. In many of these collected reports, the degree of
bleeding at the time of angiography and the timing of
angiography following detection ofthe rectal bleeding were
not specified. These two factors have great bearing on the
success rate of angiography. In our experience with this
group of actively bleeding patients, average time to an-
giography in the unsuccessful cases was 6 hours. This fur-
ther emphasizes the importance of avoiding delay in the
initial work-up.

Since it detects rates of bleeding as low as 0.1 ml/min,
some have advocated routine use of the technitium scan
prior to angiography so as to insure that bleeding is suf-
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TABLE 3. Detection ofBleeding Site by Angiography

No.
No. Detected Per Cent

Present series 50 36 72
Welch, 19784 26* 20 77
Britt, 1983' 40 23 58
Nath, 19811 14 12 86
Wright, 19798 14 12 86
Boley, 19796 43 28 65
Casarella, 19747 60 40 67

Total 247 171 69

* Diverticular diseas only.

ficiently active to warrant angiography.'3 Our approach
in this group ofactively bleeding patients was immediately
to perform emergency angiography and to forego the delay
that would occur with attempts at nuclear scanning. Oth-
ers have also advocated immediate angiography in patients
who are unstable and actively bleeding.'7
Baum et al. were the first to popularize intra-arterial

vasopressin as a means of halting gastrointestinal bleed-
ing.'4" 8 In our experience, 91% of those who underwent
intra-arterial vasopressin had cessation of bleeding.
However, 50% of these patients rebled at varying time
intervals after the termination of vasopressin infusion. A
review of 83 collected cases of colon hemorrhage treated
by vasopressin reveals similar results (Table 4). Eighty-
two per cent of these patients had success with the vaso-

pressin. However, subsequently 41% ofthe initial successes
had recurrent bleeding following discontinuation of the
vasopressin. Athanasoulis et al. have detailed some ofthe
clinical problems that arise with the use of vasopressin in

colon bleeding.'9 They reported 17 patients who stopped
bleeding with vasopressin and did not undergo elective
colectomy. Ofthe 17, eight subsequently rebled. It is quite
apparent that frequently vasopressin infusion is only a

temporizing measure in the active lower gastrointestinal
bleeder.
A critical question regarding vasopressin infusion is

whether its use allows stabilization ofcritically ill patients
so that later elective colon resection can be performed.

TABLE 4. Control ofHemorrhage by Vasopressin Infiusion

Successful Rebleeding
No. (%) (%)

Present series 22 20 (91) 10 (50)
Welch, 19784 22 18 (82) 4 (22)
Wright, 1980' 20 14(70) 10(71)
Britt, 19839 7 6 (86) 4(67)
Clark, 198120 12 10 (83)
Total 83 68 (82) 28 (41)

TABLE 5. Segmental Colectomyfor Lower Gastrointestinal Bleeding

No. Resected Rebled

Present series 17 0
Nath, 19815 16 0
Britt, 19839 14 1
Casarella, 19747 30 0
Boley, 197910 27 4
Welch, 19784 42 4
Wright, 1980' 21 1

Total 167 10 (6%)

Avoidance ofemergency subtotal colectomy should then
result in improved operative morbidity and mortality. In
an effort to clarify this issue, comparison was made be-
tween this recent experience and the emergency subtotal
colectomy patients reported by Drapanas et aL'. This latter
group of 30 patients had massive colon bleeding and un-
derwent emergency subtotal colectomy. Because angiog-
raphy was not readily available at that time, none ofthem
had preoperative angiography. Using this emergency ap-
proach, operative morbidity was 37%.1 In contrast, in our
series, management with angiography and vasopressin in-
fusion allowed 57% of our patients to undergo elective
operations; this resulted in a significant improvement in
operative morbidity (8.6%).

Operative mortality in our patients managed with an-
giography was similar to that in the emergency subtotal
colectomy group. However, close analysis ofthe mortality
in patients undergoing angiography reveals that all four
deaths occurred after emergency subtotal colectomy for
continued bleeding when vasopressin therapy was not used
or failed. There was no operative mortality in patients
who had successful vasopressin therapy and subsequent
elective colectomy. These results indicate that emergency
angiography and vasopressin therapy can have a beneficial
impact on the management ofthese very difficult patients.

In the present experience, both subtotal colectomy and
segmental resection were utilized. Subtotal colectomy was
used most frequently in patients who had diffuse diver-
ticular disease, an unknown bleeding site in the colon, or
other colonic pathology in addition to the primary bleed-
ing site. The success of angiography in identifying a dis-
crete bleeding site in the colon has prompted some to
advocate segmental resection in the management ofthese
patients.5 3"9 In our series, 17 patients underwent seg-
mental colectomy (8 for AV malformation, 9 for diver-
ticular disease). In all of these, patients, the bleeding sites
were located by extravasation of contrast, and none have
rebled following surgery. In a collective review of 167 pa-

tients undergoing segmental resection for lower gastroin-
testinal bleeding, the overall rebleeding incidence was 6%
(Table 5).
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Several authors have looked specifically at segmental
colectomy for AV malformations. Welch et al. reported
31 right colectomies for AV malformations and four in-
stances of rebleeding.4 Similarly, Boley et al. reported 27
right colectomies for AV malformations with rebleeding
in three patients.'0 However, both ofthese studies included
patients who did not have the bleeding site identified by
extravasation of contrast material. Rather, the AV mal-
formation was identified by angiographic characteristics
following cessation of the active colon bleeding.
A difficult decision must be made when segmental co-

lectomy is performed for bleeding from a site identified
by angiography and the remaining colon contains diver-
ticular disease. In our series, nine patients had segmental
colectomy and no rebleeding from the remaining colon
that contained diverticular disease. Boley et al. reported
11 patients with segmental colectomy for bleeding AV
malformation and diverticular disease in the remaining
colon segment. Of these, only one rebled after surgery.6
In the 27 right colectomies forAV malformations reported
by Boley et al., the three patients who rebled did so from
diverticular disease in the remaining left colon.'0 Based
on our experience and that summarized above, it can be
concluded that segmental colectomy can be performed
with a low incidence of rebleeding, provided the bleeding
site is clearly identified by angiography.

Controversy still exists concerning the advantage of
segmental colectomy.'3'2' The obvious advantage of sub-
total colectomy over segmental colectomy is that any pos-
sible area of future bleeding in the remaining colon will
be removed. However, our data support the concept that,
with prompt identification of a bleeding site by the judi-
cious use of angiography, segmental colectomy can be
performed with rates of rebleeding comparable to that of
subtotal colectomy.
The role of subtotal colectomy in the management of

colon bleeding also remains controversial. Welch et al.
recommended subtotal colectomy for patients with diffuse
disease and for those with both right-sided AV malfor-
mations and left-sided diverticular disease.4 In contrast,
Boley et al. recommended subtotal colectomy in such pa-
tients only as a last resort. Rather, segmental colectomy
should be performed when any bleeding site is identified
by angiography. Additionally, when an angiogram dem-
onstrates an AV malformation, even when there is no
extravasation of contrast material, right hemicolectomy
should be performed even when there is diverticular dis-
ease in the remaining colon. Subtotal colectomy should
be performed only when the angiogram is normal and
the patient continues to bleed actively.'3 We support the
more aggressive use of segmental colectomy. However,
we must again stress the importance of early angiography
to document by extravasation ofcontrast the exact bleed-

ing point in these patients. In the absence ofdemonstrated
extravasation by angiography, we would not recommend
segmental resection ofan AV malformation ifdiverticular
disease is present in the remaining colon. The incidence
of rebleeding in such patients is significant.

Summary and Conclusions

In this experience with 50 patients with massive lower
gastrointestinal bleeding, early angiography in the actively
bleeding patient resulted in localization of the bleeding
site in 72% of the patients. The bleeding sites occurred
more often in the right colon, but 36% ofthe patients had
bleeding from the left colon or sigmoid colon. AV mal-
formation was the etiology ofthe massive bleeding in ap-
proximately one half ofthe patients diagnosed. Treatment
by vasopressin infusion was successful in 91% of the pa-
tients so treated, but in half of these patients there was
only transient hemostasis with rebleeding following ces-
sation of vasopressin. Of the 35 patients who underwent
surgery, 57% had initial stabilization with vasopressin
therapy and underwent subsequent elective colectomy.
Based on this experience, we feel that early angiography
on an emergent basis is essential if one is to identify a
bleeding point in the colon. Additionally, vasopressin in-
fusion can temporarily halt active colon bleeding so that
the patient may be stabilized and later undergo elective
surgery. Improved operative morbidity and mortality will
then result.

In this group of patients, operative approach included
subtotal colectomy and segmental resection. Operative
morbidity was improved when compared to a previous
report ofpatients from this institution who had emergency
subtotal colectomy without angiography. While operative
mortality was unchanged between the two groups, all
deaths in the angiography group followed subtotal colec-
tomy for continued bleeding. That there has been no in-
cidence ofrebleeding following segmental resection clearly
illustrates the value of angiographically demonstrating the
bleeding site in the preoperative work-up. Emergency an-
giography and vasopressin infusion have thus contributed
to improvements in the management of the patient with
massive lower gastrointestinal bleeding by not only allow-
ing for the avoidance of emergency surgery but also by
permitting segmental colectomy of the bleeding site.
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