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ABSTRACT

Objective: To determine the incidence of gastrointestinal (GI) bleeding in pa-
tients after cardiac surgery, assess the perioperative risk factors, and determine
the type of GI tract pathology associated with bleeding events.

Methods:At a tertiary referral hospital, all cardiac surgery patients having a post-
operative GI bleed from April 2002 to March 2012 were identified. To determine
bleeding etiology, only patients requiring endoscopy were included in the anal-
ysis. By retrospective review of 3 prospectively maintained databases, the inci-
dence and independent predictors of GI bleeding, as well as endoscopic
findings, were determined.

Results: Ninety-one GI bleeding events that required endoscopy were identified
in 9017 patients. Those that bled were aged 71 � 12 years, and 76% were men.
Sixty-three percent of these patients had valve surgery and 37% had an isolated
coronary artery bypass grafting. The overall incidence of GI bleeding was 1.01%,
with an upper GI source accounting for 78%. Endoscopy data found a duodenal
ulcer as the bleeding source in 71%, whereas stress gastritis accounted for 8%.
Preoperative risk factors for bleeding included age �70 years, ejection fraction
<35%, congestive heart failure, cerebrovascular disease, chronic kidney disease,
and gastrointestinal disease. A preoperative history of atrial fibrillation and anti-
coagulation with Coumadin also was associated with bleeding. Patients that bled
had a 30-day mortality rate of 8.8%, which was significantly greater than patients
who did not bleed (4.3%; P ¼ .03).

Conclusions: Clinical variables can be used to identify patients at high risk for GI
bleeding after cardiac surgery. When GI bleeding occurs, the most common cause
is duodenal ulceration, which has an association with Helicobacter pylori infec-
tion. These findings may provide an opportunity to initiate preoperative preventa-
tive strategies. (J Thorac Cardiovasc Surg 2017;-:1-8)
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Central Message

Endoscopic assessment of patients with gastro-

intestinal bleeding after cardiac surgery sug-

gests the most common cause is peptic ulcer

disease, commonly related to Helicobacter py-

lori infection.
Perspective

These data suggest the incidence of gastrointes-

tinal bleeding after cardiac surgery is

increasing. Preoperative identification of

patient-related risk factors, together with

testing and eradication of Helicobacter pylori,

could have a significant mitigating effect on

this high-risk complication.
Gastrointestinal (GI) bleeding is a complication of cardiac
surgery that is associated with a high risk of mortality.1-3

Multiple reviews suggest that it may occur with
an incidence of 0.2% to 2% in the postoperative
period.1,2,4-12 Although this rate is lower than many
postoperative complications, the associated mortality is
not. In a comprehensive review of more than 150,000
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Abbreviations and Acronyms
GI ¼ gastrointestinal
NSAID ¼ nonsteroidal anti-inflammatory drug
PUD ¼ peptic ulcer disease
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patients, the incidence of postoperative GI bleeding was
found to be 0.39%, and the 30-day mortality was 19%.13

Bleeding has been most commonly attributed to an upper
GI source; however, specifics of the anatomic location
and the characteristics of the bleeding lesion have not
been well defined.2,8,10 Because of the physiologic stress
of cardiac surgery, including full anticoagulation and
cardiopulmonary bypass, it has been speculated that the
most likely pathophysiologic mechanism is surgical
stress-related mucosal breakdown, causing gastritis and
gastric erosions.14 Alternatively, duodenal ulceration,
commonly associated with peptic ulcer disease (PUD),
has been found to be a common cause in some se-
ries.4,5,12,15,16 In the general population, upper GI
bleeding is caused most commonly by PUD and is
manifested by bleeding duodenal ulcers. It is well
recognized that PUD is highly associated with
Helicobacter pylori infection, and it is not surprising that
H pylori infection has been identified as a preoperative
risk factor for bleeding after cardiac surgery.17-20

The endoscopic findings of patients with GI bleeding af-
ter cardiac surgery are the best way to determine whether
FIGURE 1. Diagram of patients included in study group and those who did not

Diseases, 10th Revision; UGI, upper gastrointestinal.

2 The Journal of Thoracic and Cardiovascular Surger
PUD or stress-related mucosal breakdown is the more com-
mon pathology. This method could then facilitate preopera-
tive identification of those at risk. For bleeding related to
stress-related mucosal breakdown, prophylactic gastric
acid suppression with proton pump inhibitors may be effec-
tive at reducing the risk. If PUD is a more common cause,
however, preoperative testing and eradication of the H py-
lori organism may have a significant mitigating effect.

For the present study, we hypothesized that the principle
etiology of GI bleeding after cardiac surgery would be
stress-related mucosal breakdown, causing gastritis and
gastric erosions. We also anticipated that the overall inci-
dence of GI bleeding has been increasing over time due to
a greater risk profile of patients as well as an increasing
use of oral anticoagulants and antiplatelet therapies.

MATERIALS AND METHODS
Study Population

As shown in Figure 1, there were 9017 patients who underwent cardiac

surgery at theFoothillsMedicalCentre inCalgary,Alberta,Canada, between

April 1, 2002, and March 1, 2012. The inclusion criteria for postoperative

GI bleedingwere defined as clinical evidence ofGI bleeding,which required

an endoscopic procedure. Because these criteria required the patient to have

had endoscopic intervention, only major GI bleeds were captured. This was

done to avoid the inclusion of small clinically insignificant bleeds, or

bleeds that were misdiagnosed, such as patients with bloody nasogastric

tube aspirate due to nasal trauma during nasogastric tube insertion.

Data from all patients undergoing cardiac surgery were reviewed, and

those patients who met these criteria within 30 days of cardiac surgery

were included in the analysis. Patients were excluded if the bleeding

episode occurred preoperatively or if it presented more than 30 days
bleed or did not meet study criteria. ICD-10, International Classification of
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postoperatively. Patients who had a ventricular assist device also were

excluded. At FoothillsMedical Centre, patients are not administered preop-

erative GI prophylaxis routinely, although some were prescribed a

proton pump inhibitor before surgery, at the discretion of the cardiac anes-

thesiologist performing the preoperative assessment. Postoperatively, GI

prophylaxis was not part of routine postoperative management in the car-

diovascular intensive care unit. Instead, practice focused on enhancing

gut mucosal protection with the initiation of enteral feeds in those venti-

lated more than 24 hours postoperatively.

Data were collected from the administrative hospital discharge abstract

database, which is a prospectively collected database at the Foothills Med-

ical Centre that captures data from surgical records and discharge reports. It

includes 25 fields with International Classification of Diseases, 10th Revi-

sion diagnosis codes, as well as diagnosis type indicators (main diagnosis,

preexisting conditions, conditions acquired during hospitalization), admis-

sion and discharge dates, and demographic information. The patients who

had postoperative GI bleeds were identified with International Classifica-

tion of Diseases, 10th Revision codes. Also, the Alberta Provincial Project

for Outcomes Assessment in Coronary Heart Disease database was used,

which has been collecting detailed information on all patients undergoing

coronary catheterization in Alberta since 1995. It includes patient demo-

graphics, clinical characteristics, and procedural details, which are then

linked to data on clinical outcomes (revascularization procedures, myocar-

dial infarction, length of stay, etc). The extracted data include demo-

graphics, preoperative comorbid conditions, perioperative variables, type

of surgery, duration of cardiopulmonary bypass, crossclamp times, and

postoperative complications. With the exception of ejection fraction, the

Alberta Provincial Project for Outcomes Assessment in Coronary Heart

Disease research database employs a validated method of using administra-

tive data sources to fill in missing data.

Procedural data from endoscopy procedures were obtained from the en-

doPRO (Pentax Medical, Montvale, NJ) database, an electronic reporting

software program that captures pathologic findings and procedural details

from all endoscopies performed at the Foothills Medical Centre and sur-

rounding hospitals in which endoscopy is performed. This information

was used to confirm the diagnosis of GI bleeding, together with the charac-

teristics and etiology of the bleeding lesion. In cases in which an endo-

scopic intervention was performed, details of the type of endoscopic

procedure were recorded (ie, vessel clipping or epinephrine injection).

Approval of the data analysis plan was obtained by submission to the insti-

tutional review board at the University of Calgary (project # REB13-0365).

Linkages between the databases were performed with the use of the pa-

tients’ anonymous unique patient identification numbers.

Statistical Analysis
Data were summarized as counts with percentage, means� standard de-

viation, or median� interquartile range as appropriate. Univariate analyses

for categorical variables were conductedwith either the c2 test or the Fisher

exact test. The Student t test or nonparametric Wilcoxon-MannWhitney U

test was performed for continuous variables.Multivariate analysis was con-

ducted with logistic regression. All variables deemed clinically relevant

and statistically significant on univariate analyses stayed in the model,

and no selection procedures were used. Multiple imputations were applied

to ejection fraction, which had 14%missing values. We used the SAS fully

conditional specification in proc mi to construct 10 imputed data sets that

were used to obtain point and variance estimates in our logistic regression

model. The odds ratio, corresponding to a 95% confidence interval, and the

P values are reported for each independent factor. Analyses were per-

formed with SAS 9.4 (SAS Institute Inc, Cary, NC).
RESULTS
As is shown in Figure 1, a total cohort of 9017 patients

underwent cardiac surgery during the 10-year study period.
The Journal of Thoracic and C
One hundred thirty-eight patients were identified with post-
operative GI bleeding. Of those, 91 met the study inclusion
criteria of GI bleeding that required an endoscopy proced-
ure for management. Of the 47 patients with GI bleeding
who were excluded for not meeting inclusion criteria, 34
had preoperative bleeding, bleeding later than 30 days post-
operative, or an endoscopy for reasons other than bleeding.
An additional 13 patients were identified in the discharge
abstract database as having GI bleeding but were excluded
because they did not have an endoscopy. In most of these
cases, the clinical evidence of bleeding was weak, or the
bleeding was mild and the consulting gastroenterologist
decided not to proceed with endoscopy. In 3 cases, the pa-
tient died of multiorgan failure before the endoscopy pro-
cedure could be performed. In one case, the patient’s
substitute decision maker refused consent for endoscopy.
Demographic and clinical characteristics of the study

group (those that bled postoperatively) relative to the con-
trol group (those that did not bleed or were excluded) are
shown in Table 1. The mean age of the 91 patients in the
study group was 71 � 12.0 years, which was older that
the control group, at 66 � 11.5 years. The study group
was composed of mostly men (76%) and only 22 were
women (24%). Valve surgery was more common, with
63% having a valve procedure and 37% having isolated
coronary artery bypass grafting surgery (P<.001). Conges-
tive heart failure was more common in patients who bled
(34% vs 16%; P< .001), and the time period of surgery
was found to be significant.
In the study group, most GI bleeding occurred in the

latter half of the 10-year study period, in years 2007 to
2012 (P<.001). The variables of body mass index, sex, dia-
betes, hypertension, pulmonary disease, peripheral vascular
disease, and crossclamp time were not found to be different
between the 2 groups. When outcome variables were exam-
ined, length of hospital stay was found to be longer in the
study group (23.5� 7.6 vs 10.5� 7.1 days; P<.001). Eight
of the patients who had postoperative GI bleeding died, re-
sulting in a 30-day mortality rate of 8.8% in the study
group, compared with a mortality rate of 4.2% in the con-
trol group (P ¼ .03).
Analyses of the preoperative risk factors for GI bleeding

are presented in Table 2. The univariate analyses found that
age older than 70 years was associated with postoperative
GI bleeding. Also, a history of congestive heart failure,
GI disease, cerebrovascular disease, chronic kidney disease,
dialysis-dependent renal failure, or an ejection fraction
<35% was associated with bleeding (P< .005). Patients
taking Coumadin (Bristol Myers Squibb, New York, NY)
before their operation were more likely to have GI bleeding
postoperatively (P¼ .01). A history of atrial fibrillation pre-
operatively also was found to be more prevalent in those
who bled (52%), relative to those who did not (27%;
P<.001).
ardiovascular Surgery c Volume -, Number - 3



TABLE 1. Description of patient characteristics and outcome variables

Characteristics

No postoperative bleeding, n ¼ 8926 Postoperative bleeding, n ¼ 91

P valuen* No. (%) or mean ± SD n* No. (%) or mean ± SD

Demographics

Age, y 8926 66 � 11.5 91 71 � 12.0 <.001

Female sex 8926 2117 (23.72) 91 22 (24.18) .92

BMI, kg/m2 8801 28.29 � 5.14 88 28.29 � 6.02 .99

Diabetes 8926 2311 (25.89) 91 28 (30.77) .29

Hypertension 8926 5753 (64.45) 91 64 (70.33) .24

Congestive heart failure 8926 1415 (15.85) 91 31 (34.07) <.001

Pulmonary disease 8926 1677 (18.79) 91 19 (20.88) .61

Peripheral vascular disease 8926 855 (9.58) 91 11 (12.09) .42

Surgery type 8926 91 <.001

Isolated CABG 5448 (61.04) 34 (37.36)

Valve procedure 3478 (38.96) 57 (62.64)

Surgery period 8926 91 <.001

4/2002–3/2007 4694 (52.59) 31 (34.07)

4/2007–3/2012 4232 (47.41) 60 (65.93)

Crossclamp time, min 8380 65.7 � 35.3 84 76.6 � 54.6 .07

Hospital stay, dy 8925 10.5 � 7.1 91 23.5 � 7.6 <.001

30-d mortality, d 8926 379 � 4.25 91 8 � 8.79 .03

SD, Standard deviation; BMI, body mass index; CABG, coronary artery bypass grafting. *Patients with data available. yMedian � interquartile range.
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 Table 3 presents the results of the multivariate analysis of

preoperative variables. It shows that age greater than
70 years and a history of GI disease or atrial fibrillation
were markers of postoperative GI bleeding. More recent
surgery, during the period 2007 to 2012, also was found
to be associated with bleeding. Those having isolated coro-
nary artery bypass grafting surgery were less likely to bleed.

An additional comparison was done between the study
group with the patients who did not meet the study criteria.
Table 4 shows the results of that analysis. There was no dif-
ference in age, sex, body mass index, type of surgery,
TABLE 2. Univariate analyses of preoperative variables associated with p

Factors

No postoperative bleed, n ¼ 89

n* No. (%

Ejection fraction 7836

�35% 5933 (75.

<35% 441 (5.6

Not reported on echo 1462 (18.

Coumadin 8926 511 (5.7

Cerebrovascular disease 8926 712 (7.9

Chronic kidney disease 8926 419 (4.6

Congestive heart failure 8926 1415 (15.

Dialysis dependent renal failure 8926 129 (1.4

GI diseasey 8926 754 (8.4

Atrial fibrillation 8926 2452 (27.

Age �70 y 8926 3524 (39.

Diabetics 8926 2311 (25.

Hypertension 8926 5753 (64.

Pulmonary disease 8926 1677 (18.

Peripheral vascular disease 8926 855 (9.5

GI, Gastrointestinal. *Patients with data available. yDefined as a history of esophageal va

4 The Journal of Thoracic and Cardiovascular Surger
crossclamp time, or 30-day mortality. Unlike the study
group that had more bleeds later in study period, there
was no difference in bleeding rates between the 2002 to
2007 period and the 2007 to 2012 period. Mean hospital
stay was longer in the study group relative to the patients
who did not meet the study criteria (23.5 vs 19.23;
P<.001).

Analysis of endoscopy data was complete with reports on
all study patients from the endoPro database with additional
clinical details obtained by chart review. As is shown in
Figure 2, it was found that 78% of all bleeds originated
ostoperative GI bleeding

26 Postoperative bleed, n ¼ 91

P value) n* No. (%)

79 <.001

71) 45 (56.96)

3) 9 (11.9)

66) 25 (31.65)

2) 91 11 (12.09) .01

8) 91 15 (16.48) .003

9) 91 11 (12.09) .001

85) 91 31 (34.07) <.001

2) 91 5 (5.49) .002

5) 91 15 (16.48) .006

47) 91 47 (51.65) <.001

48) 91 59 (64.84) <.001

89) 91 28 (30.77) .29

45) 91 64 (70.33) .24

79) 91 19 (20.88) .61

8) 91 11 (12.09) .42

rices, gastric or duodenal ulcer, or peptic ulcer disease.

y c - 2017



TABLE 3. Multivariate analysis of predictors of GI bleeds

Characteristic Odds ratio 95% CI

Age �70 y 2.22 1.42-3.46

Surgery type CABG 0.59 0.36-0.95

Surgery period 4/2007�3/2012 2.13 1.36-3.32

Coumadin 1.09 0.55-2.16

Cerebrovascular disease 1.63 0.91-2.90

Chronic kidney disease 1.24 0.55-2.79

Congestive heart failure 1.53 0.94-2.48

Dialysis dependent renal failure 2.68 0.87-8.24

GI disease 1.83 1.03-3.24

Atrial fibrillation 1.96 1.24-3.11

Ejection fraction*

�35% 0.46 0.21-1.00

Not reported on echo 0.56 0.24-1.31

CI, Confidence interval; CABG, coronary artery bypass grafting; GI, gastrointestinal.

*Multiple imputations were used for missing values.
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from an upper GI source. Analysis of the etiology, illus-
trated in Figure 3, determined that the majority of upper
GI bleeds were related to a duodenal ulcer (71%), whereas
other bleeding lesions included gastric ulcer (17%), gastric
erosion (8%), duodenal erosion (3%), and Mallory-Weiss
tear (1%). The bleeding source was not identified in 8%
of patients. If an interventional procedure on the bleeding
lesion was deemed necessary, this most commonly was
accomplished with a combination of bipolar cautery, sub-
mucosal injection of dilute epinephrine, and/or hemostatic
clipping (Video 1). Because of the practice patterns of the
gastroenterologic endoscopists, gastric biopsies were per-
formed rarely, and the presence of H pylori was not deter-
mined at endoscopy. Instead, the gastroenterologists
administered empiric H pylori�eradication treatment as
standard practice, given the high association of gastric
and duodenal ulceration with H pylori infection.
TABLE 4. Description of patient characteristics comparing patients who b

not meet the study criteria

Characteristic

Postoperative bleed, n ¼ 91 E

n* No. (%) or mean ± SD

Demography

Age, y 91 71 � 12.0

Female sex 91 22 (24.18)

BMI, kg/m2 88 28.29 � 6.02

Surgery type 91

CABG 24 (37.36)

Valve procedure 57 (62.64)

Surgery period 91

4/2002–3/2007 31 (34.07)

4/2007–3/2012 60 (65.93)

Crossclamp time, min 84 76.6 � 54.6

Hospital LOS, d 91 23.5 � 7.6

30-d mortality, d 91 8 (8.79)

SD, Standard deviation; BMI, body mass index; CABG, coronary artery bypass grafting; L

The Journal of Thoracic and C
The overall incidence of bleeding that met the study
criteria was 1.01%. During the study period, the incidence
of bleeding was found to increase over time. As is shown in
Figure 4, incidence increased from 0.75% in 2002 to 1.95%
in 2011 (P ¼ .006). The median duration to the bleeding
episode was 10 days postoperatively (range 0-29), with
65% of GI bleeding episodes occurring between days 5
and 14.
DISCUSSION
The overall incidence of postoperative GI bleeding was

found to be 1.01%, which is lower than many previous re-
ports; however, it is consistent with our strict inclusion
criteria that required patients to have endoscopy. As a result,
our overall incidence of all bleeding is likely underesti-
mated. Smaller bleeds, treated with medical therapy alone,
were not included in the study group. Patients who did meet
the inclusion criteria had an upper GI bleeding source in
78%. The lesion causing the bleed was identified as
duodenal ulceration in 71%. This finding contradicts the
belief that most GI bleeding after cardiac surgery is
stress-related mucosal breakdown causing gastritis or
gastric erosions.14,21

This is a relevant finding because previous studies have
not had the benefit of a robust endoscopy database. A previ-
ous large retrospective analysis suggested 83% of patients
who bled had a duodenal ulcer; however, only 0.4% of
those patients had an endoscopy procedure to confirm the
source.4 GI bleeding from duodenal ulcers in the general
population most often is due to PUD, which is associated
with a different pathologic mechanism than bleeding due
to stress-related mucosal breakdown. It has been shown
in the gastroenterology literature that 90% to 100%
of patients with duodenal ulcers are infected with
H pylori.17 Furthermore, patients who are infected have a
led postoperatively with those who were identified as bleeders but did

xcluded patients not meeting study criteria, n ¼ 47

P valuen* No. (%) or mean ± SD

47 69 � 0.76 .47

47 8 (17.02) .70

47 27.66 � 4.86 .54

47 .23

23 (48.93)

24 (51.07)

47 .01

27 (57.45)

20 (42.55)

44 79.22 � 46.82 .78

46 19.23 � 9.74 <.001

47 8 (17.02) .14

OS, length of stay. *Patients with data available.

ardiovascular Surgery c Volume -, Number - 5



FIGURE 2. Endoscopic determination of bleeding location.

VIDEO 1. Endoscopic management of a bleeding duodenal ulcer after

cardiac surgery. Video available at: http://www.jtcvs.org.
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10% to 20% risk of developing PUD, which represents
a 3- to 4-fold greater risk.17,19,20 For this reason,
H pylori�eradication therapy forms the principle strategy
for medically managing PUD. Only 1 prospective study
has incorporated testing for H pylori in patients with GI
bleeding after cardiac surgery.22 Although this study did
not find an association between bleeding andH pylori infec-
tion, the small size of the series (26 patients) limits the
generalizability of these findings.

Given the association of PUD and H pylori, a preopera-
tive test and treat strategy to eradicate the organism before
surgery could have a significant impact on postoperative
bleeding. There is experience with this strategy in the
setting of nonsteroidal anti-inflammatory drug (NSAID)
use, where a significantly reduced incidence of peptic ulcers
at endoscopy was demonstrated in a group of patients who
were tested and treated for H pylori before starting long-
term diclofenac.23 The background rate of H pylori infec-
tion varies considerably, but older age, ethnicity, and coun-
try of origin are known to be associated with the incidence
of infection. A Canadian study, relevant to our population,
estimated the seroprevalence to be 23% of the general
population.24
FIGURE 3. Endoscopic evidence of the etiology of the bleed.

6 The Journal of Thoracic and Cardiovascular Surger
Several previous studies have suggested there are other
preoperative risk factors that may predispose patients to
bleeding after cardiac surgery. Advanced age, chronic
aspirin or NSAID use, antiplatelet and anticoagulation
use, cardiovascular disease, and preoperative hospitaliza-
tion all have been identified.25-27 In the present study, age
>70 years, ejection fraction <35%, congestive heart
failure, cerebrovascular disease, chronic kidney disease,
preoperative atrial fibrillation, and those undergoing valve
procedures were found to be greater risk for bleeding.
Surprisingly, postoperative anticoagulation with
Coumadin was not found to be a risk factor for bleeding.
Although speculative, this may have been due to
conservative anticoagulation practices at our center,
where anticoagulation is introduced slowly and patients
tend to reach therapeutic levels of anticoagulation on or
after discharge, when they are followed by an
anticoagulation service. Also unexpected, prolonged
mechanical ventilation in the intensive care unit was not
found to be a risk factor for GI bleeding. That may be due
FIGURE 4. Incidence of postoperative GI bleeding over time.GI, Gastro-

intestinal.

y c - 2017
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to the standard practice of enteral feeding with its mucosal
protective effects, which is initiated within 24 hours in
patients who remain intubated.

It is possible that a synergistic effect may be responsible
for the majority of GI bleeds after cardiac surgery. Patients
with preexisting subclinical PUD due to chronic H pylori
infection may bleed when exposed to other risk factors
that lead to impairment of duodenal mucosal protective
functions. It is known that GI mucosal defects arise from he-
modynamic instability and are associated with splanchnic
territory ischemia, which can occur during cardiac sur-
gery.14 Perioperative hypotension, the use of vasoconstric-
tive agents, preexisting atherosclerotic vascular disease,
low left ventricular ejection fraction, as well as prolonged
cardiopulmonary bypass times have been identified previ-
ously as contributing factors.1,10,28 The probable
mechanism involves mucosal hypoxia, reperfusion injury,
and endotoxemia.14,29

In this study, postoperative GI hemorrhage was found to
have an increasing incidence in cardiac surgery patients
over time. The increasing incidence may be due to the
increasing use of antiplatelet agents and direct oral antico-
agulants. Other antithrombotic agents and gastrotoxic
agents, such as NSAIDs, also may be more prevalent in to-
day’s more complex cardiac surgery patient population.
Several trials have shown that the use of antithrombotic
and antiplatelet agents in combination can increase the
risk of GI bleeding.30,31 Combination agents, particularly
dual antiplatelet therapy, were not common at our center
before 2011 and therefore is unlikely, on its own, to
account for the increasing incidence over time.

Study Limitations
Patients with GI bleeds were included in the study by

identifying them retrospectively in a hospital administrative
database. This practice has inherent limitations, because pa-
tients were identified with GI bleeds only if the diagnosis
was attached to the chart when the patient was discharged
or deceased. Given the risk of reporting error, some GI
bleeding episodes may have been missed. Furthermore,
we only included bleeds that required endoscopic interven-
tion, and many smaller bleeds that resolved with medical
management alone were not included.

CONCLUSIONS
The present data support existing evidence for preopera-

tive risk factors that predispose patients undergoing cardiac
surgery to postoperative GI bleeding. As a result, risk factor
modification and initiation of prevention strategies, such as
prophylaxis with gut mucosal protective medications, may
be an important therapeutic intervention to reduce the inci-
dence of bleeding. Furthermore, the majority of GI bleeding
in our study was secondary to duodenal ulcers. Given the as-
sociation of H pylori infection with duodenal ulcers in the
The Journal of Thoracic and C
general population, a preoperative strategy to test and erad-
icate H pylori may prove beneficial. The authors are devel-
oping a prospective trial to investigate this possibility.
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Endoscopic assessment of patients with gastrointestinal bleeding after cardiac surgery suggests the

most common cause is peptic ulcer disease, commonly related to Helicobacter pylori infection.
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