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Abstract

Background: Gastrointestinal (GI) hemorrhage is a potentially serious complication of acute
stroke, but its incidence appears to be decreasing. The aim of this study was to elucidate the
etiology of GI bleeding and its impact on clinical outcomes in patients with acute ischemic
stroke in recent years. Methods: Using the database of the Fukuoka Stroke Registry, 6,529
patients with acute ischemic stroke registered between June 2007 and December 2012 were
included in this study. We recorded clinical data including any previous history of peptic ulcer,
prestroke drug history including the use of antiplatelets, anticoagulants, steroids and nonste-
roidal anti-inflammatory drugs (NSAIDs), and poststroke treatment with suppressing gastric
acidity. GI bleeding was defined as any episode of hematemesis or melena on admission or
during hospitalization. The cause and origin of bleeding were diagnosed endoscopically. Lo-
gistic regression analysis was used to identify risk factors for GI bleeding and its influence on
deteriorating neurologic function, death, and poor outcome. Results: GI bleeding occurred
in 89 patients (1.4%) under the condition that 66% of the total patients received acid-sup-
pressing agents after admission. Multivariate analysis revealed that GI bleeding was associ-
ated with the absence of dyslipidemia (p = 0.03), a previous history of peptic ulcer (p < 0.001),
and the severity of baseline neurologic deficit (p = 0.002) but not with antiplatelet drugs, an-
ticoagulants, and NSAIDs. The source was the upper GI tract in 51% of the cases; causes in-
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cluded peptic ulceration (28%) and malignancies (12%), and other or unidentified causes ac-
counted for 60%. GI bleeding mostly occurred within 1 week after stroke onset. Hemoglobin
concentration fell by a median value of 2.5 g/dl in patients with GI bleeding. Among them, 28
patients underwent blood transfusion (31.5%). After adjustment for confounding factors, GI
bleeding was independently associated with neurologic deterioration (OR 3.9, 95% CI 2.3-6.6,
p < 0.001), in-hospital death (OR 6.1, 95% CI 3.1-12.1, p < 0.001), and poor outcome at 3
months (OR 6.8, 95% CI 3.7-12.7, p < 0.001). These associations were significant irrespective
of whether patients underwent red blood cell transfusion. Conclusions: GI bleeding infre-
quently occurred in patients with acute ischemic stroke, which was mostly due to etiologies
other than peptic ulcer. GI bleeding was associated with poor clinical outcomes including neu-
rologic deterioration, in-hospital mortality, and poor functional outcome.

© 2014 S. Karger AG, Basel

Introduction

Gastrointestinal (GI) bleeding is a well-known complication that may occur during the
acute phase of stroke [1-6] with an incidence of 0.1-8.0%, depending on the population
studied. Previous studies have identified various factors associated with GI bleeding after
acute ischemic stroke [1, 3, 4, 6]. One of the most common factors is a previous history of
peptic ulcer [3]. However, suppressing gastric acidity by means of histamine-2 receptor
antagonist (H2RA) or proton pump inhibitor (PPI) is an efficient means of preventing peptic
ulcer. Moreover, the incidence of Helicobacter pyloriinfection has decreased owing to sanitary
improvements and eradication therapy [7-9], and the prevalence of peptic ulcer has fallen in
developed countries [10, 11]. Accordingly, the incidence of upper GI bleeding has decreased
in the general population [12].

Previous studies have reported the risk of GI bleeding during the acute phase of stroke
in those who received little or no peptic ulcer prophylaxis. Recently, the use of prophylactic
H2RAs or PPIs has become commonplace in the acute management of stroke in Japan, because
it was recommended for elderly patients or those with severe stroke in the Japanese Guide-
lines for Management of Stroke published in 2004 or 2009 [13]. As these drugs reduce the
risk of GI bleeding in patients on antithrombotic therapy [14, 15], the incidence, etiology, and
clinical significance of GI bleeding as a complication of stroke may have changed. However,
the current data concerning GI bleeding in acute stroke are limited.

The purpose of this study was to clarify the current incidence of GI bleeding and its
clinical significance in patients with acute ischemic stroke. For this purpose, we investigated
the incidence and endoscopic diagnosis of Gl bleeding, the factors associated with GI bleeding,
and the association of GI bleeding with clinical outcomes in a large cohort of patients with
acute ischemic stroke.

Methods

Subject Recruitment

The Fukuoka Stroke Registry (FSR) is a multicenter, hospital-based registry in which
acute stroke patients are enrolled [16-18]. The Kyushu University Hospital and six other
stroke centers in Fukuoka, Japan, participate in this registry (see Appendix). The institutional
review board approved the study protocols. We received written informed consent from all
patients or their proxies. All patients who had a stroke and who were hospitalized within 7
days of symptom onset in participating hospitals were prospectively registered in the FSR.
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Stroke was defined as a sudden onset of nonconvulsive and focal neurologic deficit. Ischemic
stroke was confirmed by means of brain imaging, including computed tomography and/or
magnetic resonance imaging. We included all patients with ischemic stroke or transient
ischemic attack hospitalized within 7 days of onset between June 2007 and December 2012
and excluded those with hemorrhagic stroke. We retrospectively reviewed this dataset.
Through the use of TOAST criteria [19], we further subclassified ischemic stroke into cardio-
embolic and noncardioembolic subtypes (i.e. small vessel, large vessel, and unclassified). Of
the 7,127 patients consecutively registered, 598 patients with hemorrhagic stroke were
excluded. The data of 6,529 patients were examined.

Clinical Data

We recorded age, gender, prestroke modified Rankin Scale, body mass index, and risk
factors. Hypertension was defined as systolic blood pressure >140 mm Hg or diastolic blood
pressure >90 mm Hg in the chronic stage or a history of treatment with antihypertensive
drugs. Dyslipidemia was defined as a serum low-density lipoprotein level >3.62 mmol/], a
high-density lipoprotein level <1.03 mmol/], triglycerides >1.69 mmol/], or a history of
treatment with a cholesterol-lowering drug. Atrial fibrillation was diagnosed based on the
electrocardiographic findings on admission and during hospitalization or a previous history
of atrial fibrillation. Smoking was defined as a current or a former habit of cigarette smoking,
and alcohol intake as habitual consumption of alcohol beverages before onset of stroke.

We also recorded any previous history of stroke or peptic ulcer, prestroke drug history
including the use of antiplatelets, anticoagulants, steroids, and nonsteroidal anti-inflam-
matory drugs (NSAIDs), and poststroke treatment with H2RAs or PPIs, thrombolytic therapy,
antiplatelets, anticoagulants, and statins. Thrombolytic treatment was defined as intravenous
or intra-arterial administration of thrombolytic agents such as recombinant tissue-type plas-
minogen activator and urokinase in the acute phase of stroke.

Definition of GI Bleeding
GI bleeding was defined as any episode of hematemesis or melena during hospitalization
[4, 6]. The cause and origin of the bleeding were investigated using endoscopy in all cases.

Clinical Outcomes

Neurological severity was assessed by the National Institute of Health Stroke Scale
(NIHSS). Neurological deterioration was defined as an increase in the NIHSS score of 4 points
or more during hospitalization. In-hospital mortality was defined as all causes of death during
hospitalization. Functional outcome was evaluated with a telephone interview 3 months after
symptom onset, and a modified Rankin Scale >3 was defined as poor functional outcome. As
the Rankin Scale data were not available for 47 patients, these patients were excluded from
the functional outcome analysis.

Statistical Analyses

Univariate analysis was undertaken using the unpaired t test, Mann-Whitney U test, and
x? test after the distribution of the data had been examined using the Shapiro-Wilk test. The
factors associated with GI bleeding were investigated using univariate and multivariate
analyses. The multivariate model included the variables found to have a p value <0.05. To
examine whether GI bleeding was associated with deteriorating neurologic function, death,
and poor outcome, we adjusted for multiple confounding factors including age, gender, stroke
subtype, systolic blood pressure on admission, hypertension, atrial fibrillation, smoking
history, serum glucose, NIHSS on admission, and thrombolytic treatment. Data were analyzed
using SPSS version 21.0 (IBM SPSS, Somers, N.Y., USA).
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Table 1. Background characteristics of patients with and without GI bleeding

Gl bleeding No GI bleeding p
(n=389) (n=6,440)

Age, years 76 (70-83) 73 (64-81) 0.01
Male 53 (59.6) 3,845 (59.7) 1.00
Prestroke mRS score 0(0-2) 0(0-1) 0.046
Body mass index 21.9 (19.2-24.8) 22.7 (20.4-25.1) 0.07
Risk factors

Hypertension 68 (76.4) 5,059 (78.6) 0.60

Dyslipidemia 26(29.2) 3,197 (49.6) <0.001

Diabetes mellitus 31(34.8) 1,975 (30.7) 0.42

Atrial fibrillation 32 (36.0) 1,613 (25.0) 0.03

Current smoker 45 (50.6) 3,264 (50.7) 1.00

Current alcohol drinker 33(37.1) 2,234 (34.7) 0.66
Previous history

Stroke 21 (23.6) 1,397 (21.7) 0.70

Peptic ulcer 27 (30.3) 379 (5.9) <0.001
Stroke subtypes

Cardioembolic 30 (33.7) 1,435 (22.3) 0.01
Baseline NIHSS score 6 (3-13) 3(1-6) <0.001
Prestroke treatment

Antiplatelet 28 (31.5) 1,917 (29.8) 0.73

Anticoagulant 12 (13.5) 618 (9.6) 0.21

Steroid 5(5.6) 141 (2.2) 0.049

NSAIDs 4 (4.5) 266 (4.1) 0.79

Statin 23 (25.8) 2,483 (38.6) 0.02
Poststroke treatment

Thrombolytic agent 9(10.1) 454 (7.0) 0.29

Antiplatelet 59 (66.1) 5,039 (78.2) 0.01

Anticoagulant 74 (83.1) 4,752 (73.8) 0.051

H2RA or PPI 60 (67.4) 4,226 (65.6) 0.82

Values are median (interquartile range) or n (%). mRS = Modified Rankin Scale.

Results

Baseline Characteristics and GI Bleeding

GI bleeding occurred in 89 patients during hospitalization (1.4%). Baseline character-
istics of the patients with and without GI bleeding are shown in table 1. An H2RA or PPI was
administered to 4,286 patients (65.6%) after admission. Those who experienced GI bleeding
were older, and their activities of daily living were more impaired before onset. Dyslipidemia
was less frequent, but atrial fibrillation, a history of peptic ulcer, and cardioembolic stroke
were more prevalent in patients with GI bleeding compared with those without. The NIHSS
score on admission was significantly higher in those with GI bleeding. Both groups had a
comparable frequency of prestroke treatment with antiplatelet drugs, anticoagulants, and
NSAIDs, although steroid use before stroke onset was more frequent in patients with GI
bleeding. Regarding poststroke treatment, antiplatelets and statins were less frequently
administered in patients with GI bleeding.

After adjusting for potential confounding factors, the absence of dyslipidemia, a history
of pepticulcer, and an NIHSS score on admission were identified to be significant factors asso-
ciated with the occurrence of GI bleeding (table 2). Prestroke use of steroid was marginally
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OR 95% CI p
Dyslipidemia 0.50 0.27-0.93 0.03
Previous peptic ulcer 6.59 411-10.57 <0.001
Baseline NIHSS score (per 1 score) 1.05 1.02-1.08 0.002
Prestroke treatment with steroid 2.49 0.96-6.44 0.06

The multivariate model included age, prestroke modified Rankin
Scale score, dyslipidemia, atrial fibrillation, previous peptic ulcer,
cardioembolic stroke, baseline NIHSS score, prestroke steroid,
prestroke statin, and poststroke antiplatelet. Baseline NIHSS was

assessed on admission.

Origin of bleeding

Esophagus 12 (13.4)
Stomach 22 (24.7)
Duodenum 11 (12.3)
Colon 14 (15.7)
Rectum 9(10.1)
Unknown 21 (23.6)
Cause of bleeding
Ulcer
Peptic ulcer 25(28.1) S16,D9
Others 9(10.1) E3,C1,R5
Cancer 11(123) E1,S4,C5R1
Others
Erosion 5(.) E1S2,D1,R1
Polyp 5(.6) C3R2
Reflux esophagitis 4 (4.5)
Pseudomembranous enterocolitis 2 (2.2)
Mallory-Weiss syndrome 2(2.2)
Esophageal varix 1(1.1)
Ischemic colitis 1(1.1)
Colon diverticulum 1(1.1)
Angiodysplasia of the colon 1(1.1)
Bleeding at duodenum due to
invasion of pancreatic cancer 1(1.1)
Unidentified 21 (23.6)

Values are n (%). The localization of bleeding is shown as follows:
E = esophagus; S = stomach; D = duodenum; C = colon; R = rectum.

associated with GI bleeding, whereas no association was found between the other factors and
GI bleeding (p values 20.10, data not shown).

Etiology of GI Bleeding

Endoscopic examination revealed that the bleeding originated in both the upper and
lower GI tracts (table 3). In 23.6% of the patients, the origin of GI bleeding could not be iden-
tified despite endoscopic investigation. Although peptic ulcer was a common cause of the
bleeding, others were also observed. In 25 patients in whom GI bleeding was caused by peptic
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Table 4. Association between GI bleeding with or without blood transfusion and clinical outcomes

Number of Age- and gender-adjusted Multivariate-adjusted
SRS (4 OR  95%Cl . OR 95% Cl .
Neurologic deterioration
Non-GI bleeding 391/6,440 (6.1) 1.00 reference 1.00 reference
GI bleeding
Overall 22/89 (24.7) 474  2.88-7.80 <0.001 3.87 2.27-6.61 <0.001
Without transfusion 13/61 (21.3) 3.90 2.08-7.32 0.001 3.17 1.63-6.17 0.001
With transfusion 9/28 (32.1) 6.85 3.06-15.35 <0.001 5.77 2.38-14.02  <0.001
In-hospital death
Non-GI bleeding 124/6,440 (1.9) 1.00 reference 1.00 reference
GI bleeding
Overall 14/89 (15.7) 8.69 4.71-16.05 <0.001 6.08 3.06-12.11 <0.001
Without transfusion 10/61 (16.4) 9.05 4.39-18.66  <0.001 5.89 2.68-12.97 <0.001
With transfusion 4/28 (14.3) 8.02 2.68-23.97 <0.001 6.72 1.77-25.54 0.005
Poor functional outcome
Non-GI bleeding 2,177/6,395 (34.0) 1.00 reference 1.00 reference
GI bleeding
Overall 68/87 (78.2) 7.95 4.58-13.80 <0.001 6.82 3.67-12.68 <0.001
Without transfusion 46/59 (78.0) 823  4.19-16.16 <0.001 6.87 3.13-15.07 <0.001
With transfusion 22/28(78.6) 7.42 2.87-19.22  <0.001 6.77 249-18.44  <0.001

The multivariate model included age, gender, stroke subtype, systolic blood pressure on admission, hypertension, atrial
fibrillation, smoking habit, serum glucose on admission, NIHSS score on admission, and thrombolytic treatment.

ulcer, 23 patients had a previous history of peptic ulcer. Among them, 18 patients (78.3%)
were treated with H2RA (4 patients) or PPI (14 patients), whereas 5 patients were treated
with neither of them.

Gl Bleeding and Clinical Outcomes

GI bleeding mostly occurred within 1 week after stroke onset (median 4 days, inter-
quartile range 1-16 days). Hemoglobin concentration fell by a median value of 2.5 g/dl
(interquartile range 1.8-4.0) in patients with GI bleeding. Among them, 28 patients
underwent blood transfusion (31.5%). The frequency of neurologic deterioration during
hospitalization and poor functional outcome at 3 months was higher in patients with GI
bleeding than in those without. All-cause mortality during hospitalization was also higher
in patients with GI bleeding. After adjustment for confounding factors, GI bleeding was inde-
pendently associated with poor clinical outcomes including neurologic deterioration,
in-hospital mortality, and poor functional outcome at 3 months (table 4). Additionally, these
associations were significant irrespective of whether patients underwent red blood cell
transfusion (table 4).

Discussion
We found that the incidence of GI bleeding during hospitalization was 1.4% in patients

with acute ischemic stroke in the past 5 years. A previous retrospective study conducted in
Asia (January 2001 to October 2005) using the same definition of GI bleeding reported a
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frequency of 7.8% [6]. In that study, only 5% of the patients received H2RA or PPI, and endo-
scopic examination showed that GI bleeding was caused by peptic ulcer in 74% of the patients
who underwent endoscopy [6]. Another study using the Registry of the Canadian Stroke
Network (July 2003 to June 2006) showed that GI bleeding was relatively uncommon after
acute ischemic stroke, with an incidence of 1.5% [1]. In that study, H2RA or PPI had been
administered to 21% ofthe patients before admission, but the frequency of the post-admission
treatment and the etiology of GI bleeding were not reported. In our study, approximately two
thirds of the patients were treated with H2RA or PPI, and 72% of the bleeding events were
due to pathologies other than peptic ulcer. The site of bleeding was almost equally distributed
between the lower and upper Gl tract. Therefore, during recent years, Gl bleeding occurs from
the lower as well as the upper GI tract and from other sources such as malignancies, erosions,
and polyps in Japanese patients with acute ischemic stroke.

We investigated whether factors associated with Gl bleeding in this cohort were the same
as those reported previously. In this study, the severity of neurologic impairment was signif-
icantly associated with GI bleeding, which concurs with the findings of other studies [1, 4].
Furthermore, a history of peptic ulcer is still associated with an increased risk of GI bleeding.
The multivariate-adjusted OR for Gl bleeding was 6.6 in patients with a history of peptic ulcer,
suggesting that GI bleeding can develop in those with previous peptic ulcer despite acid-
suppressing drugs. In contrast, the use of antithrombotic agents or NSAIDs was not asso-
ciated with GI bleeding, which contradicts previous findings [3]. Additionally, the association
of prestroke steroid use with GI bleeding was statistically marginal after adjustment for
confounders in our study. The adverse effects of these drugs on GI bleeding may have been
attenuated compared with the past. In this study, dyslipidemia was found to be associated
with a reduced risk of GI bleeding. However, we are unable to suggest an underlying mech-
anism, and there may be an unidentified confounding factor. Previous studies showed that
the eradication of H. pyloriis associated with the future elevation of the serum levels of choles-
terol or triglyceride and hence dyslipidemia [20-22]. Such an association may underlie a
reduced risk for GI bleeding in patients with dyslipidemia. Further studies are needed to
confirm this potential association in more detail.

This study showed that GI bleeding was associated with poor clinical outcomes including
neurologic deterioration, in-hospital mortality, and poor functional outcome. GI bleeding
remains a substantial and significant influence on the clinical outcomes of patients who
suffered an acute ischemic stroke. Previous studies have shown that GI bleeding was asso-
ciated with death or functional dependency [1, 4], but its relationship with the neurological
course is less clear. In this study, GI bleeding was also associated with neurologic deterio-
ration. There are some possibilities regarding the mechanisms for the association between GI
bleeding and poor clinical outcomes. Bleeding does not only result in hemodynamic insuffi-
ciency but also, importantly, in the discontinuation of antithrombotic treatment that leads to
aprothrombotic state [23]. In this study, the risks of poor clinical outcomes were significantly
higher in patients with GI bleeding irrespective of whether they required transfusion of red
blood cells for anemia. Although the causation between Gl bleeding and poor clinical outcomes
cannot be proven from this study design, cessation of antithrombotic therapy rather than
hemodynamic instability may lead to the deterioration of neurological symptoms and poor
functional outcome. Further study is required to elucidate the mechanisms for their associ-
ation.

Our study has some limitations. We could not detect all patients with GI bleeding because
those who showed a gradual decrease in hemoglobin without hematemesis or melena were
not included. In addition, the cause of GI bleeding was not identified in 23.6% of the patients
despite endoscopic examination. Endoscopic examination may not have detected the origin
of Gl bleeding because the GI tract could not be thoroughly examined in an emergency. Treat-
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ments performed before and after stroke onset were not controlled but determined by each
attending doctor, which led to confounding by indication. The onset of GI bleeding was
ambiguous because we defined it with episodes of hematemesis or melena, leading to an
uncertain relationship between GI bleeding and the administration of antithrombotics or
acid-suppressing agents. Validation of our findings is required in other cohorts of different
ethnic groups to further elucidate the incidence and clinical significance of GI bleeding in
patients with acute ischemic stroke.

Appendix

FSR Investigators

The participating hospitals in the FSR included the Kyushu University Hospital, National
Hospital Organization Kyushu Medical Center, National Hospital Organization Fukuoka
Higashi Medical Center, Fukuoka Red Cross Hospital, St. Mary’s Hospital, Steel Memorial
Yawata Hospital, and Japan Labour Health and Welfare Organization Kyushu Rosai Hospital.

The Steering Committee included Takao Ishitsuka, MD (Steel Memorial Yawata Hospital);
Shigeru Fujimoto, MD (Steel Memorial Yawata Hospital); Setsuro Ibayashi, MD (Seiai Reha-
bilitation Hospital); Kenji Kusuda, MD (Seiai Rehabilitation Hospital); Shuji Arakawa, MD
(Japan Labour Health and Welfare Organization Kyushu Rosai Hospital); Katsumi Irie, MD
(Hakujyuji Hospital); Kenichiro Fujii, MD (Fukuoka Red Cross Hospital); Yasushi Okada, MD
(National Hospital Organization Kyushu Medical Center); Masahiro Yasaka, (National
Hospital Organization Kyushu Medical Center); Tetsuhiko Nagao, MD (Midrino Clinic);
Hiroaki Ooboshi, MD (Fukuoka Dental Collage Medical and Dental Hospital); Tsuyoshi Omae,
MD (Imazu Red Cross Hospital); Kazunori Toyoda, MD (National Cerebral and Cardiovas-
cular Center); Hiroshi Nakane, MD (National Hospital Organization Fukuoka-Higashi Medical
Center); Kenji Fukuda, MD (St. Mary’s Hospital); Yoshihisa Fukushima, MD (St. Mary’s
Hospital); Kinya Tamaki, MD (Shinyoshizuka Hospital); Seizo Sadoshima, MD (Shinyoshizuka
Hospital).
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