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The association between red blood cell
transfusion and outcomes in patients with
upper gastrointestinal bleeding
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Abstract

Background: The benefits of transfusion for acute upper gastrointestinal bleeding (UGIB) have not been well
established; however, previous studies suggest that transfusion is associated with adverse outcomes. We performed an
observational study using a 10-year database to analyze the association between red blood cell (RBC) transfusion and
outcomes in patients with UGIB in the emergency department (ED).

Method and findings: All adult patients with UGIB were identified through diagnostic codes. Hospital mortality was
the primary outcome; further bleeding was the secondary outcome. Logistic regression, propensity analyses, and
conditional logistic regression were performed to determine factors associated with outcomes. Of 59,188 enrolled
patients, 31.6% (n = 18,705) received RBC transfusions within 24 h following presentation to the ED. Hospital mortality
was noted in 3.9 and 10.6% of the patients in the non-RBC transfusion and RBC transfusion groups, respectively (P <
0.001). RBC transfusion was associated with increased mortality risk (unadjusted odds ratio (OR) 2.95, 95% confidence
interval (Cl) 2.75-3.16; P < 0.001) among all patients and in the propensity-matched cohort (unadjusted OR 1.55, 95% Cl
1.39-1.72; P < 0.001). Further bleeding was noted in 5.6 and 33.8% of the patients in the non-RBC transfusion and RBC
transfusion groups, respectively (P < 0.001). RBC transfusion was associated with increased risk of further bleeding
(unadjusted OR 860, 95% Cl 8.16-9.06; P < 0.001) among all patients and in the propensity-matched cohort
(unadjusted OR 2.58, 95% Cl 2.37-2.79; P < 0.001).

Conclusion: RBC transfusion was significantly associated with increased rates of hospital mortality and further
bleeding in patients with UGIB. Although our findings have strengths, these results are not generalizable to all patients
presenting with UGIB, especially patients presenting with exsanguinating bleeding. Additional prospective trials to
guide optimal transfusion strategies in UGIB patients are needed.

Introduction

Acute upper gastrointestinal bleeding (UGIB) is a
common emergency medical condition with an annual
incidence of 50 to 200 cases per 100,000 individuals, and a
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mortality rate ranging from 3 to 14%'~>. UGIB is a typical
indication of red blood cell (RBC) transfusion, and
accounts for ~11-14% of all RBC transfusions in Eng-
land®”. Acute blood loss results in decreased tissue per-
fusion and oxygen delivery; thus, blood transfusion, which
improves hemostasis and restores oxygen delivery in
massive exsanguinating hemorrhage, is considered life-
saving®’. However, most patients with UGIB experience
mild to moderate hemorrhage without evidence of
hemodynamic instability. According to one survey
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conducted in the United Kingdom in 2007, 62% of
admitted patients with UGIB were hemodynamically
stable; hence, the patients did not have a heart rate > 100
bpm nor had a systolic blood pressure <100 mmHg®.
Another investigation from Canada reported that 68.4% of
nonvariceal patients with UGIB had no features of
hemodynamic compromise’. In such circumstances, the
benefit and effectiveness of transfusion remain unclear.

Randomized trials involving patients who had hip sur-
gery'?, cardiac surgery'!, or were critically ill'> have
demonstrated that a lower threshold for transfusion is
safe, without adversely influencing outcomes. Whether
this finding applies to patients with UGIB is uncertain.
Observational cohort studies have suggested that trans-
fusion is associated with an increased risk of further
bleeding, but not death, in patients with UGIB>!3,
Recently, a large single-center, randomized controlled
trial conducted in Spain revealed significantly reduced
rates of mortality and further bleeding with a lower
threshold for transfusion in patients with acute UGIB'.
However, a multi-center, cluster-randomized trial con-
ducted in the United Kingdom showed no significant
difference in clinical outcomes between restrictive
(transfusion when hemoglobin level is <8 g/dL) and lib-
eral (transfusion when hemoglobin level is <10 g/dL)
transfusion strategies'”. With these inconsistent results,
the benefit or harm of RBC transfusion in patients with
UGIB remains inconclusive. Thus, we report the findings
of a propensity analysis, which aimed to determine the
association between RBC transfusion and clinical out-
comes, including hospital mortality and further bleeding,
from a large sample of patients with UGIB.

Methods
Data source

This study used the electronic medical records of the
Chang Gung Research Database (CGRD), which consists
of de-identified data designed for research purposes that
are stored in a secure server for data analysis. The CGRD
currently contains data from six different branches of
Chang Gung Memorial Hospital, with two medical cen-
ters, three regional hospitals, and one local hospital, dis-
tributed in northern, central, and southern Taiwan. The
CGRD uses a computerized system to record all key
clinical information, including treatment, diagnoses, pre-
scriptions, laboratory results, procedure information,
demographics, vital signs, date of consultation, date of
hospital admission, and date of discharge. All patient
records in the CGRD are anonymized to protect patient
confidentiality. A unique reference number is allocated to
each individual patient, facilitating data retrieval and
further analysis. This study protocol was approved by the
Institutional Review Board of the Chang Gung Medical
Foundation Institutional Review Board (IRB No:
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201600990B0). Informed consent was waived, as the data
used in this study were anonymized.

Study design

We performed a retrospective cohort study. All adult
patients (>18 years old) admitted to the emergency
department (ED) between January 2006 and December
2015 with evidence of UGIB were reviewed. UGIB was
identified in the CGRD using the physician-assigned
International Classification of Diseases 9th revision (ICD-
9) codes. We included possible diagnoses of UGIB, such
as peptic ulcer hemorrhage (531.0, 531.2, 5314, 531.6,
532.0, 532.2, 532.4, 532.6, 533.0, 533.2, 533.4, 533.6, 534.0,
534.2, 534.4, and 534.6), bleeding gastritis and/or duo-
denitis (535.01, 535.11, 535.21, 535.31, 535.41,535.51,
535.61, and 535.71), and gastrointestinal hemorrhage
(578) (Supplementary Table 1). Only ED ICD-9 coding
was used as the defining index diagnosis in the present
study. We also included possible diagnoses of liver cir-
rhosis, such as alcoholic cirrhosis of liver (571.2), cirrhosis
of liver without mention of alcohol (571.5), biliary cir-
rhosis (571.6), esophageal varices with bleeding (456.0),
esophageal varices without mention of bleeding (456.1),
esophageal varices in diseases classified elsewhere (456.2),
hepatic coma (572.2), portal hypertension (572.3), hepa-
torenal syndrome (572.4), and other sequelae of chronic
liver disease (572.8) (Supplementary Table 1). The index
date was defined as the date of ED admission with the
presentation of UGIB. Patients with incomplete data and
those who developed UGIB during hospital stay, but were
admitted because of other diseases, were excluded.

Definition for RBC transfusion

The RBC transfusion group consisted of patients who
received RBC transfusions within 24h following pre-
sentation to ED. The non-RBC transfusion group con-
sisted of patients who were not classified into the RBC
transfusion group.

Definition of shock
Shock was defined as systolic blood pressure <90
mmHg at the ED triage.

Definition of variceal bleeding

Acute variceal bleeding was defined via endoscopy in
accordance with Baveno II-III criteria when endoscopy
showed active hemorrhage (spurting or oozing) from any
varices, the presence of a white nipple or a clot over any
varices, or the presence of blood in the stomach with
varices as the only potential source of bleeding®®.

Outcomes
The primary outcome was hospital mortality; the sec-
ondary outcome was further bleeding. Further bleeding
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was defined as that which required repeated esophago-
gastroduodenoscopy (EGD) after the initial resuscitation
or initial endoscopic therapy, angiographic embolization,
or operation to stop the bleeding. These patients were
followed throughout the hospital course until in-hospital
death or rebleeding episode. Admitted patients were fol-
lowed for 30 days after discharge to determine if death
occurred.

Covariates

Baseline medical conditions, including heart failure,
renal disease, malignancy, ulcer disease, liver cirrhosis,
ischemic cardiac disease, previous stroke, peripheral
arterial disease, and previous gastrointestinal bleeding,
were included as dichotomous covariates in the analysis.
For each patient, all diagnosis records dated before the
individual index date were retrieved using ICD-9 codes
(Supplementary Table 1) from the CGRD for the identi-
fication of baseline medical conditions. The medical
condition of each patient was determined based on out-
patient department ICD-9 codes or discharge ICD-9
codes (if the patient had been admitted to the hospital).
The Child—Pugh classification system was used to classify
the severity of cirrhosis'’. Proton pump inhibitor (PPI)
use was defined as the use of any intravenous PPI
(including omeprazole, esomeprazole, and pantoprazole)
for at least 72 h. Terlipressin use was defined as the use of
intravenous terlipressin for at least 72 h. Patients were
considered to be using aspirin use and undergoing novel
oral anticoagulant (NOAC) therapy if these were pre-
scribed for >30 days. Patients were considered to be using
non-steroid anti-inflammatory drug (NSAIDs) if these
were prescribed for >7 days.

Rockall score

The Rockall score was calculated for all patients. The
Rockall score (range, 0-11) is a risk-stratification system
for assessing the risk of further bleeding or mortality in
patients with UGIB; a score =2 suggests a low risk of
death, while a score>5 suggests a high risk of further
bleeding'®".

Statistical analysis

RBC transfusion was not randomly allocated in the
patient population; thus, we created a propensity score for
RBC transfusion and controlled for potential confounding
and selection biases®®. Using multivariable logistic
regression analysis, wherein patient outcome was not
taken into account, a propensity score for RBC transfu-
sion was determined. A full logistic regression model was
fit with RBC transfusion as a dependent variable and every
variable in Table 1 as independent variables. A propensity
score for RBC transfusion for each patient was calculated
using the logistic regression equation. The propensity
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score represented the probability that a patient with UGIB
would receive a RBC transfusion. The scores were gen-
erated from the model for caliper matching, using a
caliper distance of 0.01 without replacement*"**. Based
on the propensity score, we matched the patients with
UGIB who received RBC transfusion to those who did not
receive RBC transfusion at a ratio of 1:1.

Balance between the RBC transfusion and non-RBC
transfusion groups in the propensity-matched population
was assessed using standardized differences for each
covariate included in the model. A standardized difference
of less than 0.1 was considered to indicate negligible
correlation between the matched-control group and the
binary variable®®.

Group differences were evaluated with Mann—Whitney
U-tests, Student’s ¢ tests, and ;(2 or Fisher’s exact tests.
Using the data for all UGIB cases, three logistic regression
models were fitted using hospital mortality and further
bleeding as dependent variables. Using the data for the
propensity-matched patients, four types of conditional
logistic regression models were fitted with hospital mor-
tality and further bleeding as dependent variables. A two-
tailed, P value <0.05 was considered statistically sig-
nificant. All analyses were conducted using the SAS
Enterprise Guide (version 5.1; SAS Institute, Cary, NC).

Sensitivity analysis

To test the robustness of the main results, several
additional analyses were conducted. First, multiple
imputation using multivariate normal distribution (Mar-
kov Chain Monte Carlo) was performed to evaluate the
potential influence of missing data**. Second, a subgroup
analysis with complete data set was also conducted by
stratifying pre-existing heart disease into myocardial
infarction, ischemic heart disease and heart failure, and
stratifying liver cirrhosis into Child-Pugh classification A,
B, C.

Survival analyses

We used the Kaplan—Meier (KM) method to analyze the
30-day survival of admitted patients with and without
RBC transfusion, and the log-rank test was performed to
examine the differences in survival. Cox proportional
hazard models were used to compute the hazard ratios
(HRs) of admitted patients and subgroup patients for
death by 30 days.

Results
Study population

Figure 1 illustrates the patient selection process. A total
63,740 patients with UGIB who presented to the ED
during the study period were identified, of which 61,240
were >18 years old. The vital signs and laboratory data of
2052 (3.3%) adult patients were incomplete; thus, they
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All adult patients with acute upper gastrointestinal bleeding presenting at the
emergency department (ICD-9: 531.0, 531.2, 531.4, 531.6, 532.0, 532.2, 532.4,
532.6, 533.0, 533.2, 533.4, 533.6, 534.0, 534.2, 534.4, 534.6. 535.01, 535.11,
535.21, 535.31, 535.41,535.51, 535.61, 535.71, and 578) between January 1, 2006
and December 31, 2015 (n=61,240)

Individuals with no vital sign or laboratory data
were excluded (n=2,052)

All adult patients with acute upper gastrointestinal bleeding presenting at
emergency department between January 1, 2006 and December 31, 2015 with
complete data (n=59,188)

Red blood transfusion group
(n=18,705)

\

Non-red blood cell transfusion group
(n=40,483)

Fig. 1 Flow chart of identification of study sample. ICD-9 International Classification of Diseases, ninth revision

were excluded. A total of 59,188 patients constituted the
study cohort. Of the 59,188 patients, 6.0% (n = 3535) died,
7.4% (n = 4387) were admitted to the ICU, and 14.5% (n
= 8602) experienced further bleeding. In addition, 31.6%
(n=18,705) received RBC transfusions within 24 h fol-
lowing presentation to the ED. The median units of RBC
transfused within 24 h in the RBC transfusion group was 3
(interquartile range; IQR: 2-5). In our current study,
upper endoscopy (EGD) was performed on all (59,188)
patients but only 52,185 (88.2%) patients underwent EGD
within 24h of admission and 7003 (11.8%) did not
undergo EGD within 24 h. A total of 7962 (13.5%) patients
received endoscopic therapy. A total of 784 patients
(1.3%) used aspirin, 2394 patients (4.0%) used NSAIDs,
and 50 patients (0.08%) used NOAC. Table 1 provides the
demographic characteristics and comorbidities of the
RBC transfusion and non-RBC transfusion groups. Sig-
nificant differences between the groups were noted in
most variables. Patients who received no RBC transfusion
had a lower rate of hospital mortality and further bleeding
than those with RBC transfusion (3.9 vs. 10.6, P < 0.001;
5.6 vs. 33.8, P < 0.001, respectively).

After matching, the standardized differences for patient
and hospital baseline characteristics between RBC
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transfusion and non-RBC transfusion groups were all
<0.1 (Table 2), indicating a small magnitude of difference.
In the matched cohort, 6.8% of the patients in the non-
RBC transfusion group and 7.8% of patients in the RBC
transfusion group received intravenous terlipressin for at
least 72 h. In the matched cohort, the groups did not differ
in the proportion of variceal bleeding (7.3% non-RBC
transfusion group vs. 7.8% RBC transfusion group). The
proportions of patients from hospital 1, hospital 2, hos-
pital 3, hospital 4, hospital 5, and hospital 6, were not
significantly different between the matched groups
(standardized difference = 0.0369, —0.0428, 0.0116,
—0.0036, 0.0204, and —0.0008, respectively). Similarly, the
proportions of visits in the year 2006, year 2009, and year
2015 were not significantly different between the matched
groups (standardized difference =0.0352, 0.0296, and
—0.0335, respectively).

Table 3 summarizes the outcomes according to RBC
transfusion or non-RBC transfusion among all patients
with UGIB. In the initial unadjusted model, there were
significant group differences in hospital mortality and
further bleeding (all P < 0.001) (Table 3). RBC transfusion
was associated with higher rates of hospital mortality and
further bleeding in all the three models.
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Child A, B, C Child-Pugh classification A, B, C (Child A denotes good hepatic function, Child B denotes intermediate hepatic function, and Child C poor function)

* indicates a p value < 0.05, which is statistically significant.
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Table 4 summarizes the outcomes according to RBC
transfusion or non-RBC transfusion among propensity-
matched patients. In the initial unadjusted model, there
were significant differences in hospital mortality and
further bleeding (all P < 0.001) (Table 4). RBC transfu-
sion was associated with higher rates of hospital mor-
tality and further bleeding in all four conditional
regression models.

Supplementary Table 2 summarizes the outcomes of
transfusions according to different hemoglobin levels.

Supplementary Table 3 summarizes the characteristics
and outcomes of the nonvariceal UGIB group and variceal
UGIB group.

After matching all variables in Table 1 and an additional
five variables, that underwent endoscopy within 24 h;
endoscopic therapy; aspirin use; NSAID use; and NOAC
use, a new matched cohort composed of 20,716 patients
was developed. Supplementary Table 4 summarizes the
outcomes according to RBC transfusion or non-RBC
transfusion among newly matched patients. RBC trans-
fusion was still associated with higher rates of hospital
mortality and further bleeding in all the four models (all P
<0.001).

Supplementary Table 5 summarizes the outcomes
according to RBC transfusion or non-RBC transfusion
among all patients with UGIB. After including all vari-
ables in Table 1 and an additional five variables, that
underwent endoscopy within 24 h; endoscopic therapy;
aspirin use; NSAID use; and NOAC use, in the logistic
regression model, similar results were obtained. RBC
transfusion within 24 h following presentation to ED was
still associated with increased rate of mortality and further
bleeding (OR: 1.80, 95% CI: 1.64—1.97, P < .001; OR: 11.25,
95% CI: 8.83—-14.35, P < .001, respectively).

Sensitivity analysis

The results of multiple imputation presented a similar
positive association of RBC transfusion with increased
rate of hospital mortality and further bleeding (Table 3).

In subgroup analysis among all patients with UGIB, a
positive association of RBC transfusion was still noted
with increased rate of hospital mortality and further
bleeding in patients with myocardial infarction, ischemic
heart disease and heart failure, in cirrhotic patients with
Child-Pugh classification A and B (Table 5).

Survival analysis

In our cohort, a total of 35,801 (60.5%) patients were
admitted to the hospital for further management of UGIB
and of those admitted patients, a total of 30,342 (84.8%)
patients had complete follow-up records. Figure 2
demonstrates a KM curve for 30-day survival for admitted
patients. The probability of survival was higher in the
non-RBC transfusion group than in the RBC transfusion
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Fig. 2 Kaplan—-Meier (KM) curve for 30-day survival for admitted
patients

group (P <0.001 by log-rank test). Figure 3 shows the
HRs, with 95% confidence intervals for death by 30 days
according to subgroups.

Discussion

To our knowledge, this is the first multi-center observa-
tional study with a large-sample size that focuses on RBC
transfusion in patients with UGIB using a propensity-
matched approach. The present results demonstrate that
RBC transfusion is significantly associated with higher rates
of hospital mortality and further bleeding among patients
with UGIB. Our findings are consistent with those in pre-
vious observational or randomized studies in other settings,
suggesting that RBC transfusion does increase mortality and
could worsen outcomes'®'?%>, Moreover, cumulating evi-
dence supports that a liberal RBC transfusion strategy in
critically ill patients is associated with increased mortality;
thus, the transfusion threshold should be lower'>*>*°,

The current international consensus on the manage-
ment of UGIB recommends a hemoglobin level <7 g/dL
as the threshold for the indication of blood transfusion?®’,
which is lower than the previously recommended
threshold of <10 g/dL?®%. In patients with variceal bleed-
ing, the threshold for blood transfusion is a hemoglobin
level <8g/dL**. However, these recommendations are
largely based on expert opinions® or international
guidelines for transfusion in critically ill patients without
UGIB'***?!, Two large randomized trials on UGIB have
been performed in recent years. One large randomized
trial of patients with UGIB (the Barcelona trial), as
reported in Villanueva et al.'*. showed a significant
decrease in mortality with a restrictive transfusion
strategy (RBC transfusion with hemoglobin <7 g/dL),
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especially in patients with a peptic ulcer or Child-Pugh
class A or B liver cirrhosis. However, another large ran-
domized cluster trial (the TRIGGER trial), as reported in
Jairath et al.'”. showed a non-significant reduction in RBC
transfusion and difference in clinical outcomes, despite
rapid recruitment and high protocol adherence. The dif-
ferences in the results of the Barcelona and TRIGGER
trials may be explained by several reasons, including dif-
ferences in the proportion of patients with peptic ulcer
and variceal bleeding (with a higher proportion of variceal
bleeding in the Barcelona trial), differences in the RBC
transfusion threshold in the restrictive group (hemoglobin
<7g/dL in the Barcelona trial versus <8g/dL in the
TRIGGER trial), greater protocol adherence in the
restrictive group of the Barcelona trial, the exclusion of
patients with major comorbidities (including ischemic
heart disease, vascular disease and stroke) in the Barce-
lona trail, and differences in the number of trial centers
(single center in the Barcelona trial and multi-center in
the TRIGGER trial). Despite these differences, both Bar-
celona and TRIGGER trials showed that the restrictive
transfusion strategy is at least safe and feasible in acute
UGIB. However, a large randomized trial to assess the
effectiveness of transfusion strategies for acute UGIB is
still essential. Nevertheless, the results of our large-sam-
ple, retrospective, multi-center study also revealed that
patients in the non-RBC transfusion group had a lower
rate of hospital mortality, as well as a lower rate of further
bleeding. In addition, after adjusting to selected important
clinical variables of acute UGIB, including sex, age > 65
years, ischemic heart disease, myocardial infarction, heart
failure, cerebrovascular accidents, peripheral vascular
disease, renal disease, malignancy, ulcer disease, liver
cirrhosis, an international normalized ratio (INR) > 1.5,
variceal bleeding, shock at ED presentation, Rockall score
> 2, and UGIB history, or adjusting to all variables listed
in Table 1, RBC transfusion remained an independent
unfavorable prognostic factor in patients with acute
UGIB. Thus, the present study provides additional evi-
dence that a restrictive transfusion strategy may sig-
nificantly improve outcomes in patients with acute UGIB.

Several possible mechanisms could explain the increased
mortality and unfavorable outcomes in the liberal trans-
fusion strategy, including coagulation abnormalities and
clot rupture due to the repletion of blood volume to
compensate for hypotension and immunomodulation®.
Moreover, in the present study, non-RBC transfusion was
also associated with a lower rate of further bleeding, which
is consistent with previous reports”'®. A recent rando-
mized control study revealed a significantly lower rate of
further bleeding in the conservative transfusion group
compared to that in the non-conservative transfusion
group’*, In addition, an observational study conducted in
Australia showed that RBC transfusion was associated
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Fig. 3 Results of Cox proportional hazard model for death by 30 days according to subgroups

with an increased rate of further bleeding in patients with
nonvariceal UGIB*. However, the exact underlying
mechanisms have not been well established. Furthermore,
a liberal transfusion strategy in cirrhotic patients with
variceal bleeding results in a higher rate of further bleed-
ing, which may be due to the deterioration of pre-existing
portal hypertension®*. Similarly, a small randomized trial
reported an increased rate of further bleeding in patients
with acute nonvariceal UGIB who received blood trans-
fusion following hemorrhage, which may be due to an
impaired hypercoagulable response®”.

The present study has several potential limitations.
First, this is a retrospective observational study; unmea-
sured confounders may exist and a causal inference of the
observed associations could not be explained. Second, our
study included only patients with UGIB admitted to the
ED; thus, our findings might not be applicable to all
patients with UGIB. UGIB in patients admitted to the
hospital wards could reflect a more complex condition, as
UGIB is typically not a major disease, but is more likely a
complication of other severe or critical illnesses. Thus,
further investigations including all patients with UGIB are
warranted.

Official journal of the American College of Gastroenterology

Conclusion

In this multi-center, observational study of patients with
UGIB, RBC transfusion was associated with higher rates
of hospital mortality and further bleeding. Although our
findings have strengths, these results are not generalizable
to all patients presenting with UGIB, especially patients
presenting with exsanguinating bleeding. Additional
prospective trials to guide optimal transfusion strategies
in UGIB patients are needed.

Study Highlights

What is current knowledge?

* RBC transfusion is controversial in upper
gastrointestinal bleeding (UGIB).

What is new here?

* This study demonstrates RBC transfusion is
associated with increased rate of hospital mortality
and further bleeding in overall UGIB patients,
patients with pre-existing heart disease and cirrhotic
patients with Child—Pugh classification A and B.
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