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Abstract

The impact of adjuvant acid suppression via proton pump inhibitors or histamine-2 receptor

antagonists after endoscopic variceal ligation remains uncertain. We therefore aimed to

evaluate the effect of adjuvant acid suppression on the rebleeding and mortality rates in

patients who received endoscopic variceal ligation and vasoconstrictor therapy for bleeding

esophageal varices. Data from 1997 to 2011 were extracted from the National Health Insur-

ance Research Database in Taiwan. A total of 1576 cirrhotic patients aged > 18 years with a

primary diagnosis of acute esophageal variceal bleeding who received endoscopic variceal

ligation therapy were screened. After strict exclusion, 637 patients were recruited. The

exclusion criteria included patients with gastric variceal bleeding, failure in the control of

bleeding, mortality within 12 hours, and history of hepatocellular carcinoma or gastric can-

cer. Patients were divided into two groups: the vasoconstrictors group (n = 126) and vaso-

constrictors plus acid suppression group (n = 511). We observed that the rebleeding and

mortality rates were not significantly different between 2 groups during hospitalization and

the 15-year follow-up period after discharge. A Charlson score�3 (odds ratio: 2.42, 95%

confidence interval: 1.55 ~3.79, P = 0.0001), presence of hepatitis C virus (odds ratio: 1.70,

95% confidence interval: 1.15 ~2.52, P = 0.0085), and cirrhosis (odds ratio: 1.69, 95% confi-

dence interval: 1.08 ~2.66, P = 0.0229) were the independent risk factors of mortality after

discharge. In conclusion, the results of the current study suggest that adjuvant acid suppres-

sion prescription to patients who received endoscopic variceal ligation and vasoconstrictor

therapy for bleeding esophageal varices may not change the rebleeding and mortality
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outcomes compared to that for those who received endoscopic variceal ligation and vaso-

constrictor agents without acid suppression.

Introduction

Esophageal varices (EV) are one of the most common complications occurring in patients

with cirrhosis. About one-third of patients with cirrhosis can experience their first episode of

acute EV bleeding during follow-up, with a 70% recurrent bleeding rate and 20~50% mortality

rate [1–3]. Fortunately, with recent advances in medicine and endoscopic hemostatic devices,

a decrease in mortality rate has been observed over the past two decades [4–9].

Treatment for acute EV bleeding is now standardized, and includes endoscopic variceal

ligation (EVL) combined with vasoconstrictor treatment and prophylactic antibiotics [2–4,

10–12]. However, the research regarding the role of an adjuvant proton pump inhibitor (PPI)

in EV bleeding after EVL remains limited and unconvincing. Generally, for patients in the

acute phase of cirrhosis with symptoms and signs of upper gastrointestinal bleeding, the use of

PPIs before the diagnosis of EV bleeding is confirmed by endoscopy on arrival at the emer-

gency room is common. Alaniz reported that 67~96.1% of patients with acute variceal bleeding

received parenteral PPI therapy [13–14]. Moreover, esophageal ulcers are one of the medical

events evoking caution after EVL. Patients with post-EVL esophageal ulcers may experience

chest pain, odynophagia, and even bleeding from the ulcer itself [15]. Several studies have

reported that PPI reduces post-EVL ulcer size through acid suppression [16–18]. Although

Hidaka et al. reported that nearly half of arly half patients udy, Is on the outcomes of rebleed-

ing and mortality is limited. ents might patients received long term PPI therapy with reduced

treatment failures after EVL, a relationship between the use of PPI and the risk of postproce-

dural bleeding after prophylactic EVL was not demonstrated. Therefore, the impact of adju-

vant PPI use on the outcomes for EVL in patients with EV bleeding, in terms of rebleeding

and bleeding-related mortality, remains uncertain. Importantly, one may argue that the clini-

cal importance of such findings is not known given the self-limiting nature of esophageal

ulcers. In addition, accumulating data suggest that PPIs have other important negative effects

on events in cirrhosis, such as spontaneous bacterial peritonitis and encephalopathy [19–21].

Thus, the use of PPI in acute EV bleeding and post-EVL care in Taiwan has been restricted by

the National Health Insurance. Therefore, clinical physicians may sometimes prescribe hista-

mine-2 receptor antagonists (H2RA) instead of PPI for acid suppression. Moreover, given that

most experts and guidelines do not recommend the routine use of acid suppressive agents in

acute variceal bleeding, further studies are needed to examine why this traditional and non-

evidence-based orthodoxy, which appears to be prevalent in Taiwan and in many parts of the

world, might be incorrect. Therefore, we conducted a 15-Year nationwide cohort study aimed

to evaluate the effect of adjuvant acid suppression (PPI and H2RA) in patients who received

EVL and vasoconstrictor therapy for EV bleeding on rebleeding and mortality, compared to

those who received the standard treatment for EVL and vasoconstrictor therapy without acid

suppression.

Materials and Methods

Ethical approval and informed consent statement

The study protocol was approved by the institutional review board and the Ethics Committee

of Chang Gung Memorial Hospital and Kaohsiung Medical University Hospital, Kaohsiung,
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Taiwan (IRB104-5851B). The Ethics Committee waived the requirement for informed consent

for this study, and all the data were analyzed anonymously. The methods were carried out in

accordance with the relevant guidelines and regulations

Data source

Taiwan’s National Health Insurance program was initiated in 1995 and covers 99% of Taiwan’s

23 million individuals. In 1999, the Bureau of National Health Insurance began to release all

claims data in electronic format to the public under the National Health Insurance Research

Database (NHIRD) project [22]. As yet, the NHIRD has been extensively used in numerous

epidemiological studies. In the present study, a total of 1,000,000 individuals (approximately

5% of Taiwan’s population) were randomly selected from Taiwan’s NHIRD for analysis.

Claims data were collected from Taiwan’s NHIRD at the National Health Research Institutes.

The data analysts were staff members of the Kaohsiung Medical Center, a site of the Collabora-

tion Center of Health Information Application, Ministry of Health and Welfare. For research

purposes, the institute released a cohort dataset of one million randomly selected individuals

and a dataset of patients with a catastrophic illness who were alive in 2011. The institute col-

lected all records for these individuals from 1997 to 2011. Comprehensive health care data

included the enrolment files, claims data, catastrophic illness files, and a registry for drug pre-

scriptions. The 9th Revision codes were used to define diseases. In the cohort dataset, each

patient’s original identification number was encrypted for privacy.

Study groups, inclusion and exclusion criteria

Fig 1 shows a schematic flowchart of the study design. The inclusion criteria consisted of

patients with cirrhosis aged� 18 years at admission and a primary discharge diagnosis code of

EV bleeding as according to the International Classification of Diseases 9th revision [Interna-

tional Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes:

456.0, 456.1, 456.2 and 530.82]. The code 456.1 was only included when the patients had con-

comitant EVL during the index hospitalization. The ICD-9-CM code for cirrhosis is 571,

which was defined as 1 year prior to the index bleeding. We recruited patients who received

EVL with ICD-9-CM codes of 42.91 but excluded those with ICD-9-CM codes of 444.3

Fig 1. Schematic flowchart of the study design.

doi:10.1371/journal.pone.0169884.g001
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(endoscopic control of gastric or duodenal bleeding). A total of 1576 patients with cirrhosis

and EV bleeding were identified. The following patients were excluded: patients with gastric

variceal bleeding (ICD-9-CM code: 456.8), patients with a failure to control the bleeding via

emergent endoscopic treatments, patients with a history of endoscopy therapy (including

sclerotherapy or ligation) less than one month prior to the index bleeding, moribund patients

who died within 12 hours of enrollment (death event occurring in patients with a length of

hospital stay less than 1 day), patients with a history of hepatocellular carcinoma or portal vein

thrombosis (ICD-9-CM code: 155, 452) found at any time before the index date, and patients

with a history of gastric cancer (ICD-9-CM code: 151) any time before index date. In addition,

some esophageal varices might have originated from pre-hepatic portal hypertension caused

by cholangiocarcinoma and pancreas cancer. In the current study, we have focused only on

patients with acute esophageal variceal bleeding caused by liver cirrhosis.

Importantly, the aim of this study was to assess the impact of adjuvant acid suppression pre-

scription on the outcome in patients who received EVL and vasoconstrictor therapy for bleed-

ing EVs compared to those who did not received adjuvant acid suppression. Therefore, we

strictly enrolled only patients with a concomitant ICD code of EVL (ICD-9-CM code: 42.91)

and the prescription of consecutive doses of vasoconstrictor-based therapy such as terlipressin

(Anatomical Therapeutic Chemical and Defined Daily Dose (ATC-DDD) Index: H01BA04),

somatostatin (ATC-DDD Index: H01CB01), octreotide (ATC-DDD Index: H01CB02), and

prophylactic antibiotics with or without acid suppression (ATC-DDD Index: PPI, A02BC;

H2RA, A02BA). In addition, we enrolled only patients who received consecutive doses of acid

suppression before the index endoscopy or during the index hospitalization. Patients receiving

only a single dose were not included.

Finally, a total of 637 patients with cirrhosis and EV bleeding who received EVL and vasocon-

strictor-based therapy during hospitalization were recruited for analysis. These patients were

divided into two groups: those who received EVL and vasoconstrictor treatment only (N = 126),

and those who received an adjuvant acid suppression prescription prior to EVL and vasoconstric-

tor treatment (N = 511). A total of 457 patients received vasopressor and PPI treatment, while 54

patients received vasopressor and H2RA treatment. We initially performed an analysis using 3

groups (vasopressor only, vasopressor plus PPI, vasopressor plus H2RA), but did not find any sig-

nificant differences in rebleeding and mortality among the 3 groups. However, these data were

somewhat biased by the relatively few numbers of patients receiving H2RA. Therefore, we decided

to combine patients receiving PPI and H2RA into an “acid suppression” group.

Definition of variables

Demographic information including age and sex was obtained. Comorbid conditions were

recorded if listed among the diagnoses for the hospitalization. The burden of comorbid illness

was assessed based on the Deyo modification of the Charlson comorbidity index (CCI). The

CCI ranges from 0 to 17, with higher numbers representing a greater comorbidity burden.

The CCI incorporates 17 comorbid conditions and has been shown to be a well-validated mea-

sure of comorbidity adjusting for disease burden in administrative data [23]. Comorbidities,

including previous congestive heart failure, cerebral vascular disease, diabetes, hypertension,

chronic obstructive pulmonary disease, and chronic kidney disease were defined as diseases

diagnosed on admissions before the index hospitalization and during the follow-up period.

Patients with a diagnosis of hepatorenal syndrome (ICD-9-CM code: 572.4), ascites (ICD-

9-CM code: 789.5), variceal hemorrhage (ICD-9-CM code: 456.0, 456.20), hepatic encephalop-

athy (ICD-9-CM code: 572.2), or jaundice (ICD-9-CM code: 782.4) were defined as having

decompensated cirrhosis. Accordingly, patients with cirrhosis without any of the above ICD-
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9-CM codes were considered to have compensated liver cirrhosis. Rebleeding was defined as

repeated endoscopic therapy (ICD-9-CM code: 43043B), use of a Sengstaken–Blakemore tube

(ICD-9-CM code: 96.06), or surgery within the same admission.

Outcomes

The primary outcomes included rebleeding and death events during the index hospitalization

and after discharge from the index hospitalization. The secondary outcome consisted of the

length of hospital stay for the index hospitalization.

Statistics

Continuous data are presented as means ± standard deviation (SD) and categorical data are

presented as frequencies and percentages. Pearson’s chi-square or Fisher’s exact 2-tailed tests

were used for the analysis of categorical data, while continuous variables were analyzed using

the t-test, where appropriate. A multiple logistic regression analysis was performed to examine

the factors associated with treatment allocation. Kaplan-Meier survival curves and Cox regres-

sion were used to compare the outcomes of interest between groups. Adjustments were made

in the regression analysis for patient demographics, clinical conditions, and medication usage.

Two-tailed p-values < 0.05 were considered statistically significant. All statistical analyses

were conducted using SAS version 9.3 (SAS Institutes Inc., Cary, NC, USA, 2013).

Results

Demographic data and outcomes

Demographic data for the two groups are shown in Table 1. The two groups had a similar age

distribution (age [mean ± SD]: vasoconstrictors only, 58.94±16.57 years; vasoconstrictors plus

acid suppression, 58.84±16.97 years; P = 0.9540). A non-significant group difference was also

observed when age intervals were established for further comparison. In addition, the groups

did not significantly differ in CCI (1.46±1.90 vs. 2.50±1.18±1.71, respectively; p = 0.1077).

There were 34 cancer patients; these patients had tongue cancer, nasopharyngeal cancer, hypo-

pharyngeal cancer, cervical cancer, breast cancer, vaginal cancer, or lung cancer. None of these

patients died after a bleeding event during the 15 years of follow-up.

The outcome data are shown in Table 2. During hospitalization, the rebleeding rate did not

significantly differ between the 2 groups (15.08% vs. 12.13%, respectively; P = 0.3739) regard-

less of repeat endoscopy, surgery, or the use of a Sengstaken–Blakemore tube. In addition, the

groups did not differ in the length of hospital stay (9.27±10.51 days versus 9.04±9.02 days,

P = 0.8072). No death events occurred during hospitalization in either group.

After discharge, the two groups had a similar rebleeding rate (3.97% versus 3.33%, P = 0.7240)

and mortality rate (42.06% versus 40.31%, P = 0.7201). The median/mean follow-up duration was

9.126/8.5265 years. In the log-rank test and Kaplan–Meier survival analysis, no significant group

differences in the 1-year rebleeding rate (log-rank P = 0.1736) (Fig 2) or the 15-year rebleeding

rate (log-rank P = 0.9202) (Fig 3) were found. Similarly, no significant group differences in 1-year

mortality (log-rank P = 0.7358) (Fig 4) or 15-year mortality (log-rank P = 0.4142) (Fig 5) were

found.

Independent risk factors for rebleeding in all study populations during

index hospitalization

No significant independent risk factors for rebleeding were identified with respect to age, sex,

CCI, cirrhosis, and etiology (including hepatitis B virus, hepatitis C virus, and alcoholism)

Adjuvant Antacid Suppression after Endoscopic Esophageal Variceal Ligation
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Table 1. Baseline Characteristics.

Characteristics Vasoconstrictors only

(n = 126)

Vasoconstrictors plus

PPI/H2RA (n = 511)

p-value

N % N %

Age, years (mean ± SD) 58.94±16.57 58.84±16.97 0.9540

18–29 2 1.59% 16 3.13% 0.8462

30–39 14 11.11% 43 8.41%

40–49 29 23.02% 120 23.48%

50–59 23 18.25% 91 17.81%

60–69 18 14.29% 84 16.44%

� 70 40 31.75% 157 30.72%

Sex

Female 20 15.87% 146 28.57% 0.0036

Male 106 84.13% 365 71.43%

Etiology

HBV 40 31.75% 104 20.35% 0.0062

HCV 30 23.81% 83 16.24% 0.0464

Other viral hepatitis 0 0.00% 0 0.00% —

Alcoholism 49 38.89% 162 31.70% 0.1248

Charlson score

0 60 47.62% 273 53.42% 0.3483

1 16 12.70% 77 15.07%

2 20 15.87% 70 13.70%

� 3 30 23.81% 91 17.81%

Charlson score (mean ± SD) 1.46±1.90 1.18±1.71 0.1077

Charlson Comorbidity

Acute myocardial infarction 0 0.00% 2 0.39% 0.4818

Congestive heart failure 2 1.59% 7 1.37% 0.8531

Peripheral vascular disease 0 0.00% 4 0.78% 0.3191

Cerebral vascular accident 2 1.59% 20 3.91% 0.2002

Dementia 1 0.79% 2 0.39% 0.5547

Pulmonary disease 6 4.76% 32 6.26% 0.5242

Connective tissue disorder 0 0.00% 1 0.20% 0.6192

Peptic ulcer 29 23.02% 115 22.50% 0.9023

Liver disease 59 46.83% 186 36.40% 0.0312

Diabetes 18 14.29% 74 14.48% 0.9554

Diabetes complications 5 3.97% 21 4.11% 0.9428

Paraplegia 0 0.00% 1 0.20% 0.6100

Renal disease 3 2.38% 12 2.35% 0.9827

Cancer 12 9.52% 22 4.31% 0.0196

Severe liver disease 9 7.14% 15 2.94% 0.0263

HIV 0 0.00% 0 0.00% —

Cirrhosis 104 82.54% 371 72.60% 0.0218

Compensated cirrhosis 104 82.54% 370 72.41% 0.0196

Decompensated cirrhosis 52 41.27% 174 34.05% 0.1293

Abbreviations: PPI: proton pump inhibitors; H2RA: histamine-2 receptor antagonists; SD: standard deviation;

HBV: hepatitis B virus; HCV: hepatitis C virus; HIV, human immunodeficiency virus;EVB: esophageal

variceal bleeding; NHRID: National Health Research Institute database

doi:10.1371/journal.pone.0169884.t001
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Table 2. Outcomes of the study population.

Characteristics Vasoconstrictors only

(n = 126)

Vasoconstrictors plus PPI/H2RA

(n = 511)

p-value

N % N %

Adverse outcome (During index History)

Rebleeding 19 15.08% 62 12.13% 0.3739

Repeat endoscopy 1 0.79% 1 0.20% 0.2826

Surgery 3 2.38% 14 2.74% 0.8229

SB tube 16 12.70% 49 9.59% 0.3017

Death 0 0.00% 0 0.00% —

Length of Stay (d)

Mean±SD 9.27±10.51 9.04±9.02 0.8072

Median (range) 6 (1–63) 6 (1–86) 0.1101

Adverse outcome (Discharge after index History) Vasoconstrictors only

(n = 126)

Vasoconstrictors plus PPI/

H2RA (n = 511)

Rebleeding 5 3.97% 17 3.33% 0.7240

Death 53 42.06% 206 40.31% 0.7201

Abbreviations: PPI: proton pump inhibitors; H2RA: histamine-2 receptor antagonists; SB: Sengstaken–Blakemore

doi:10.1371/journal.pone.0169884.t002

Fig 2. Kaplan–Meier estimates for the absence of re-bleeding in patients with cirrhosis and esophageal variceal

bleeding (1 year follow-up).

doi:10.1371/journal.pone.0169884.g002
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(Table 3). In addition, there was no significant difference in rebleeding when patients with

vasoconstrictors plus acid suppression medications were compared to those with vasoconstric-

tors only after EVL (odds ratio: 0.78, 95% CI: 0.44~1.39, P = 0.4052).

Independent risk factors for rebleeding and death in all study populations

during the 15-year follow-up period

In the multivariate analysis, no significant independent risk factors for rebleeding after dis-

charge were identified with respect to age, sex, CCI, cirrhosis, and etiology (including hepatitis

B virus, hepatitis C virus, and alcoholism). In addition, there was no significant difference in

rebleeding after discharge when patients with vasoconstrictors plus acid suppression medica-

tions after EVL were compared to those with vasoconstrictors only after EVL (odds ratio: 0.77,

95% CI: 0.28~2.14, P = 0.6145) (Table 4).

Significant independent risk factors of mortality after discharge identified in the multivari-

ate analysis included a high CCI score (�3; odds ratio: 2.42, 95% CI: 1.55 ~3.79, P = 0.0001),

presence of hepatitis C virus (odds ratio: 1.70, 95% CI: 1.15 ~2.52, P = 0.0085), and cirrhosis

(odds ratio: 1.69, 95% CI: 1.08 ~2.66, P = 0.0229) (Table 5). However, there was no significant

Fig 3. Kaplan–Meier estimates for the absence of re-bleeding in patients with cirrhosis and esophageal variceal bleeding (15 years follow-

up).

doi:10.1371/journal.pone.0169884.g003
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difference in mortality after discharge when patients with vasoconstrictors plus acid suppres-

sion medications after EVL were compared to those with vasoconstrictors alone after EVL

(odds ratio: 0.99, 95% CI: 0.70~1.40, P = 0.9446).

Discussion

Although the effective impact of PPI as a strong antacid in the treatment of peptic ulcer dis-

eases via inhibition of the final step in gastric acid production is well established, the impact of

PPI or H2RA on the outcomes in gastroesophageal varices bleeding remains inconclusive [24].

Post-procedure esophageal ulcer bleeding is a rare, but severe complication [25]. As men-

tioned earlier, the use of PPIs has been restricted by the National Health Insurance in Taiwan;

as a result, many clinical physicians may prescribe H2RA instead of PPI for the treatment of

bleeding EVs after EVL as an adjuvant to vasoactive agents. In the current study, the use of

acid suppression was quite prevalent (80.2%, 511/637) in patients with cirrhosis and EV bleed-

ing. The results of the current 15-year nationwide cohort study demonstrated that the out-

comes, in terms of rebleeding and mortality, among cirrhotic patients who received EVL for

bleeding varices were similar between those who received adjuvant prescriptions of acid sup-

pression in addition to vasoactive agents, and those who received the standard treatment for

EVL, which consists of vasoconstrictor therapy without acid suppression.

Fig 4. Kaplan–Meier estimates for survival in patients with cirrhosis and esophageal variceal bleeding (1 year

follow-up).

doi:10.1371/journal.pone.0169884.g004
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Among studies evaluating post-EVL complications, Shaheen et al. reported that endoscopy

10–14 days post-banding revealed significantly smaller ulcers for patients who were prescribed

with PPI in a double-blind randomized controlled trial [16]. Similarly, Young et al. showed

that post-EVL ulcers were shallower and healed more quickly compared to ulcers caused by

endoscopic injection therapy [25]. Nijhawan et al. observed that 60% of post-EVL ulcers were

healed within 2 weeks and 100% were healed within 3 weeks [26]. Although numerous studies

demonstrate that PPIs effectively reduce post-procedure ulcer size and accelerate ulcer healing,

none have demonstrated altered rebleeding or mortality rates in patients with post-treatment

EV bleeding [15–17, 27]. The explanation provided was that most rebleeding events arise from

varices rather than ulcers, and therefore the value of PPI use was questioned.

Vanbiervliet et al. reported that 21 of 605 patients (3.4%) with bleeding varices experienced

post-banding ulcer bleeding [28]. PPI was proposed to improve ulcer healing, and hence decrease

the rebleeding rate of EV bleeding. In an interesting randomized controlled study that directly

compared PPIs with vasoconstrictors in patients with cirrhosis and EV bleeding successfully

treated by EVL, Lo et al. observed that the effect of adjuvant therapy with PPI infusion was similar

to its combination with vasoconstrictor infusion in terms of the initial hemostasis and very early

rebleeding rate, and was associated with fewer adverse events [18]. The authors hypothesized that

the impact of the vasoconstrictor was diminished because the portal pressure was not elevated,

and therefore PPIs should be used to prevent ulcer bleeding. However, in the current study, there

was no difference in mortality between the two groups. Moreover, the long-term use of PPI raises

concerns regarding adverse effects such as Clostridium difficile infection, spontaneous bacterial

Fig 5. Kaplan–Meier estimates of survival in patients with cirrhosis and esophageal variceal bleeding (15 years

follow-up).

doi:10.1371/journal.pone.0169884.g005
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Table 3. Independent risk factors of rebleeding in all study populations during the index hospitalization.

Variable Multivariate analysis

OR 95% CI p-value

Group

Vasoconstrictors 1.00

Vasoconstrictors plus PPI/H2RA 0.78 0.44 1.39 0.4052

Age

18–29 1.00

30–39 0.36 0.07 1.80 0.2130

40–49 0.70 0.18 2.70 0.6092

50–59 0.69 0.18 2.72 0.5968

60–69 0.92 0.23 3.61 0.9041

� 70 0.80 0.21 3.01 0.7405

Sex (male is reference) 0.78 0.43 1.42 0.4208

Charlson score

0 1.00

1 1.16 0.59 2.31 0.6667

2 1.19 0.59 2.38 0.6310

� 3 0.64 0.30 1.34 0.2336

Cirrhosis 1.02 0.51 2.05 0.9523

HBV 1.26 0.71 2.22 0.4376

HCV 0.96 0.50 1.85 0.8976

Alcoholism 1.08 0.62 1.89 0.7788

Abbreviations: CI: confidence interval; PPI: proton pump inhibitors; H2RA: histamine-2 receptor antagonists; HBV: hepatitis B virus; HCV: hepatitis C virus

doi:10.1371/journal.pone.0169884.t003

Table 4. Independent risk factors of rebleeding in all study populations during the 15-year follow-up period.

Variable Multivariate analysis

HR 95% CI p-value

Group

Vasoconstrictors 1.00

Vasoconstrictors plus PPI/H2RA 0.77 0.28 2.14 0.6145

Age 1.02 0.99 1.05 0.1651

Sex (male is reference) 1.59 0.64 3.96 0.3179

Charlson score

0 1.00

1 1.19 0.29 4.83 0.8130

2 2.30 0.72 7.36 0.1599

� 3 1.48 0.42 5.21 0.5423

Cirrhosis 1.08 0.30 3.90 0.9012

HBV 0.54 0.15 1.90 0.3361

HCV 1.82 0.65 5.15 0.2563

Alcoholism 1.06 0.39 2.89 0.9116

Abbreviations: CI: confidence interval; PPI: proton pump inhibitors; H2RA: histamine-2 receptor antagonists; HBV: hepatitis B virus; HCV: hepatitis C virus

doi:10.1371/journal.pone.0169884.t004
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peritonitis, bone fractures, pneumonia, etc. [29–31]. In a systemic review conducted by Lo et al.

[21], the best evidence for PPIs was suggested to still be lacking, and the use of a short-course (10

days) of PPIs to reduce ulcer size whenever ulcer healing was a concern was supported. Lodato

et al. further suggested that the use of PPI with regard to the prevention and treatment of esoph-

ageal complications after banding or sclerotherapy of esophageal varices may be more of a tradi-

tion rather than an evidence-based practice, due to the lack of convincing evidence [32].

In the present study, no significant differences in rebleeding or mortality during index

hospitalization and 15-year follow-up were found between the two groups. A high CCI,

presence of hepatitis C virus, and cirrhosis were found to be significant independent risk

factors of mortality, consistent with a previous study [33]. This result appears rational as

comorbidities have always been important prognostic factors for patients with cirrhosis.

Importantly, the implication of the present results is that the adjuvant use of acid suppres-

sion does not alter the outcomes.

There are several limitations in this study. First, the study used a retrospective cohort design

with observations based on hospitalized patients with EV bleeding. The diagnosis of EV bleed-

ing and identification of comorbidities are dependent on the accuracy of the coding proce-

dures. Certain selection biases may exist, and caution must be taken in extrapolating the

results. A second limitation concerns the heterogeneous nature of the acid suppressive drug

group, which included PPI and H2RA. Although the use of ’adjuvant’ acid suppression might

influence early rebleeding or mortality, many other variables exist, including continued acid

suppressive therapy, which may bias the longer-term data. In addition, a wide variety of drugs

and regimens may have also contributed to the presented long-term outcome data. Thus, post-

discharge acid suppression and other confounding factors must be considered. Moreover,

information was not available regarding lifestyle factors (e.g., alcohol consumption, smoking,

and malnutrition), which are reported to be prognostic factors in patients with cirrhosis [34,

35]. These factors could have confounded our results if they were more prevalent in one group

of patients. Third, data regarding the use of beta-blockers and antibiotic prophylaxis was lack-

ing. Although it has not yet been standardized, such use could affect the final results of

Table 5. Independent risk factors of death in all study populations during 15-year follow-up period.

Variable Multivariate analysis

HR 95% CI p-value

Group

Vasoconstrictors 1.00

Vasoconstrictors plus PPI/H2RA 0.99 0.70 1.40 0.9446

Age 1.01 1.00 1.01 0.3134

Sex (male is reference) 1.17 0.84 1.64 0.3490

Charlson score

0 1.00

1 1.17 0.73 1.89 0.5197

2 1.18 0.71 1.96 0.5353

� 3 2.42 1.55 3.79 0.0001

Cirrhosis 1.69 1.08 2.66 0.0229

HBV 1.05 0.70 1.57 0.8101

HCV 1.70 1.15 2.52 0.0085*

Alcoholism 1.04 0.72 1.51 0.8203

Abbreviations: CI: confidence interval; PPI: proton pump inhibitors; H2RA: histamine-2 receptor antagonists; HBV: hepatitis B virus; HCV: hepatitis C virus

doi:10.1371/journal.pone.0169884.t005
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survival. Lastly, although a previous Taiwanese report has suggested that the long-term use of

PPIs is associated with important negative effects on events in cirrhosis, such as encephalopa-

thy, no data were available in current study to clarify such effects for short-term PPI use [19].

In spite of these limitations, our study has strengths and clinical implications. Use of data from

a nationwide database minimizes the potential for biases that may be seen in single-center

studies. This database serves as a powerful tool to study the impact of acid suppression on the

outcomes of patients with cirrhosis and EV bleeding, especially after EVL.

In conclusion, the results of the current study suggest that adjuvant acid suppression pre-

scription to patients who received EVL and vasoconstrictor therapy for bleeding EVs may not

change the rebleeding and mortality outcomes compared to those for patients who received

EVL and vasoconstrictor agents without acid suppression.

Supporting Information

S1 Dataset. This file provides the data of yearly death (years 1–15) & rebleed p-values.

(XLS)

Acknowledgments

The authors thank Professor Yi-Hsin Yang and the Center for Medical Informatics and Statis-

tics, Kaohsiung Medical University for their suggestions and help in the data analysis.

Author Contributions

Conceptualization: WCT.

Data curation: THH LTY SHN JWW KLT MKK SCY CML CWS PIH DCW SKC.

Formal analysis: THH LTY SHN JWW KLT MKK SCY CML CWS PIH DCW SKC.

Funding acquisition: WCT.

Investigation: THH LTY SHN JWW KLT MKK SCY CML CWS PIH DCW SKC.

Methodology: WCT.

Project administration: WCT.

Resources: THH LTY SHN JWW KLT MKK SCY CML CWS PIH DCW.

Software: CNH.

Supervision: WCT.

Validation: WCT SKC CKW THH LTY SHN JWW KLT MKK SCY CML CWS PIH DCW

SKC.

Visualization: CKW.

Writing – original draft: CKW.

Writing – review & editing: CKW.

References
1. The North Italian Endoscopic Club for the Study and Treatment of Esophageal Varices. Prediction of

the first variceal hemorrhage in patients with cirrhosis of the liver and esophageal varices. A prospective

Adjuvant Antacid Suppression after Endoscopic Esophageal Variceal Ligation

PLOS ONE | DOI:10.1371/journal.pone.0169884 January 24, 2017 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0169884.s001


multicenter study. N Engl J Med. 1988; 319: 983–989. doi: 10.1056/NEJM198810133191505 PMID:

3262200

2. Wu CK, Wang JH, Lee CH, Wu KL, Tai WC, Lu SN, et al. The Outcome of Prophylactic Intravenous

Cefazolin and Ceftriaxone in Different Clinical Stages of Cirrhotic Patients after Endoscopic Interven-

tions for Acute Variceal Hemorrhage. PLoS One. 2013; 8: e61666. doi: 10.1371/journal.pone.0061666

PMID: 23630607

3. Xu HW, Wang JH, Tsai MS, Wu KL, Chiou SS, Changchien CS, et al. The effects of cefazolin on cir-

rhotic patients with acute variceal hemorrhage after endoscopic interventions. Surg Endosc. 2011; 25:

2911–2918. doi: 10.1007/s00464-011-1642-0 PMID: 21424196

4. Hwang JH, Shergill AK, Acosta RD, Chandrasekhara V, Chathadi KV, Decker GA, et al. The role of

endoscopy in the management of variceal hemorrhage. Gastrointest Endosc. 2014; 80: 221–227. doi:

10.1016/j.gie.2013.07.023 PMID: 25034836

5. de Franchis R, Baveno VI Faculty. Expanding consensus in portal hypertension: Report of the Baveno

VI Consensus Workshop: Stratifying riskand individualizing care for portal hypertension. J Hepatol.

2015; 63: 743–752. doi: 10.1016/j.jhep.2015.05.022 PMID: 26047908

6. Tripathi D, Stanley AJ, Hayes PC, Patch D, Millson C, Mehrzad H, et al. U.K. guidelines on the manage-

ment of variceal haemorrhage in cirrhotic patients. Gut. 2015; 64: 1680–1704. doi: 10.1136/gutjnl-2015-

309262 PMID: 25887380

7. Chalasani N, Kahi C, Francois F, Pinto A, Marathe A, Bini EJ, et al. Improved patient survival after acute

variceal bleeding: a multicenter, cohort study. Am J Gastroenterol. 2003; 98: 653–659. PMID:

12650802

8. Stokkeland K, Brandt L, Ekbom A, Hultcrantz R. Improved prognosis for patients hospitalized with

esophageal varices in Sweden 1969–2002. Hepatology. 2006; 43: 500–505. doi: 10.1002/hep.21089

PMID: 16496319

9. Jamal MM, Samarasena JB, Hashemzadeh M. Decreasing in-hospital mortality for oesophageal vari-

ceal hemorrhage in the USA. Eur J Gastroenterol Hepatol. 2008; 20: 947–955. doi: 10.1097/MEG.

0b013e32830280c7 PMID: 18787459

10. D’Amico M, Berzigotti A, Garcia-Pagan JC. Refractory acute variceal bleeding: what to do next? Clin

Liver Dis. 2010; 14: 297–305. doi: 10.1016/j.cld.2010.03.012 PMID: 20682236

11. Laine L, Abid S, Albillos A, Kamath PS, Vinel JP, Garcıa-Pagan JC. Treatment of acute bleeding. In: De

Franchis R, ed. Portal Hypertension V, 5th ed. New Delhi: Blackwell; 2011. pp. 103–120.

12. Garcıa-Pagan JC, Reverter E, Abraldes JG, Bosch J. Acute variceal bleeding. Semin Respir Crit Care

Med. 2012; 33: 46–54. doi: 10.1055/s-0032-1301734 PMID: 22447260

13. Alaniz C, Mohammad RA, Welage LS. Continuous infusion of pantoprazole with octreotide does not

improve management of variceal hemorrhage. Pharmacotherapy. 2009; 29: 248–254. doi: 10.1592/

phco.29.3.248 PMID: 19249944

14. Moon AM, Dominitz JA, Ioannou GN, Lowy E, Beste LA. Use of Antibiotics Among Patients With Cirrho-

sis and Upper Gastrointestinal Bleeding Is Associated With Reduced Mortality. Clin Gastroenterol

Hepatol. 2016; 14: 1629–1637. doi: 10.1016/j.cgh.2016.05.040 PMID: 27311621

15. Truesdale RA Jr, Wong RK. Complications of esophageal variceal sclerotherapy. Gastroenterol Clin

North Am. 1991; 20: 859–870. PMID: 1787018

16. Shaheen NJ, Stuart E, Schmitz SM, Mitchell KL, Fried MW, Zacks S, et al. Pantoprazole reduces the

size of postbanding ulcers after variceal band ligation: a randomized, controlled trial. Hepatology. 2005;

41: 588–594. doi: 10.1002/hep.20593 PMID: 15726658

17. Hidaka H, Nakazawa T, Wang G, Kokubu S, Minamino T, Takada J, et al. Long-term administration of

PPI reduces treatment failures after esophageal variceal band ligation: a randomized, controlled trial. J

Gastroenterol. 2012; 47: 118–126. doi: 10.1007/s00535-011-0472-0 PMID: 21947706

18. Lo GH, Perng DS, Chang CY, Tai CM, Wang HM, Lin HC. Controlled trial of ligation plus vasoconstrictor

versus proton pump inhibitor in the control of acute esophageal variceal bleeding. J Gastroenterol

Hepatol. 2013; 28: 684–689. doi: 10.1111/jgh.12107 PMID: 23278466

19. Tsai CF, Chen MH, Wang YP, Chu CJ, Huang YH, Lin HC et al. Proton pump inhibitors increase risk for

hepatic encephalopathy in patients with cirrhosis in population study. Gastroenterology. 2016; 152:

134–141. doi: 10.1053/j.gastro.2016.09.007 PMID: 27639806

20. Chang SS, Lai CC, Lee MT, Lee YC, Tsai YW, Hsu WT, et al. Risk of spontaneous bacterial peritonitis

associated with gastric Acid suppression. Medicine (Baltimore). 2015; 94: e944.

21. Lo EA, Wilby KJ, Ensom MH. Use of proton pump inhibitors in the management of gastroesophageal

varices: a systematic review. Ann Pharmacother. 2015; 49: 207–219. doi: 10.1177/1060028014559244

PMID: 25583938

Adjuvant Antacid Suppression after Endoscopic Esophageal Variceal Ligation

PLOS ONE | DOI:10.1371/journal.pone.0169884 January 24, 2017 14 / 15

http://dx.doi.org/10.1056/NEJM198810133191505
http://www.ncbi.nlm.nih.gov/pubmed/3262200
http://dx.doi.org/10.1371/journal.pone.0061666
http://www.ncbi.nlm.nih.gov/pubmed/23630607
http://dx.doi.org/10.1007/s00464-011-1642-0
http://www.ncbi.nlm.nih.gov/pubmed/21424196
http://dx.doi.org/10.1016/j.gie.2013.07.023
http://www.ncbi.nlm.nih.gov/pubmed/25034836
http://dx.doi.org/10.1016/j.jhep.2015.05.022
http://www.ncbi.nlm.nih.gov/pubmed/26047908
http://dx.doi.org/10.1136/gutjnl-2015-309262
http://dx.doi.org/10.1136/gutjnl-2015-309262
http://www.ncbi.nlm.nih.gov/pubmed/25887380
http://www.ncbi.nlm.nih.gov/pubmed/12650802
http://dx.doi.org/10.1002/hep.21089
http://www.ncbi.nlm.nih.gov/pubmed/16496319
http://dx.doi.org/10.1097/MEG.0b013e32830280c7
http://dx.doi.org/10.1097/MEG.0b013e32830280c7
http://www.ncbi.nlm.nih.gov/pubmed/18787459
http://dx.doi.org/10.1016/j.cld.2010.03.012
http://www.ncbi.nlm.nih.gov/pubmed/20682236
http://dx.doi.org/10.1055/s-0032-1301734
http://www.ncbi.nlm.nih.gov/pubmed/22447260
http://dx.doi.org/10.1592/phco.29.3.248
http://dx.doi.org/10.1592/phco.29.3.248
http://www.ncbi.nlm.nih.gov/pubmed/19249944
http://dx.doi.org/10.1016/j.cgh.2016.05.040
http://www.ncbi.nlm.nih.gov/pubmed/27311621
http://www.ncbi.nlm.nih.gov/pubmed/1787018
http://dx.doi.org/10.1002/hep.20593
http://www.ncbi.nlm.nih.gov/pubmed/15726658
http://dx.doi.org/10.1007/s00535-011-0472-0
http://www.ncbi.nlm.nih.gov/pubmed/21947706
http://dx.doi.org/10.1111/jgh.12107
http://www.ncbi.nlm.nih.gov/pubmed/23278466
http://dx.doi.org/10.1053/j.gastro.2016.09.007
http://www.ncbi.nlm.nih.gov/pubmed/27639806
http://dx.doi.org/10.1177/1060028014559244
http://www.ncbi.nlm.nih.gov/pubmed/25583938


22. Health and National Health Insurance Annual Statistics Information Services. National Health Insurance

Research Database, Taiwan. Available from: http://www.nhri.org.tw/nhird/en/index.htm, accessed on

30 July, 2015.

23. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9-CM administra-

tive databases. J Clin Epidemiol. 1992; 45: 613–619. PMID: 1607900

24. Leontiadis GI, Sharma VK, Howden CW. Proton pump inhibitors in acute non-variceal upper gastroin-

testinal bleeding. J Gastroenterol Hepatol. 2006; 21: 1763–1765. doi: 10.1111/j.1440-1746.2006.

04177.x PMID: 16984609

25. Young MF, Sanowski RA, Rasche R. Comparison and characterization of ulcerations induced by endo-

scopic ligation of esophageal varices versus endoscopic sclerotherapy. Gastrointest Endosc. 1993; 39:

119–122. PMID: 8495829

26. Nijhawan S, Rai RR, Nepalia S, Pokharana DS, Bharagava N. Natural history of postligation ulcers. Am

J Gastroenterol. 1994; 89: 2281–2282. PMID: 7977270

27. Vanbiervliet G, Giudicelli-Bornard S, Piche T, Berthier F, Gelsi E, Filippi J, et al. Predictive factors of

bleeding related to post-banding ulcer following endoscopic variceal ligation in cirrhotic patients: a case-

control study. Aliment Pharmacol Ther. 2010; 32: 225–232. doi: 10.1111/j.1365-2036.2010.04331.x

PMID: 20412065

28. Akahoshi T, Kawanaka H, Tomikawa M, Saeki H, Uchiyama H, Ikeda T, et al. Effect of proton pump

inhibitor (PPI: Rabeprazole) on reflux esophagitis after endoscopic injection sclerotherapy (EIS), a ran-

domized control study (24 hour-pH monitoring). Fukuoka Igaku Zasshi. 2013; 104: 483–489. PMID:

24693675

29. Bajaj JS, Ananthakrishnan AN, Hafeezullah M, Zadvornova Y, Dye A, McGinley EL, et al. Clostridium

difficile is associated with poor outcomes in patients with cirrhosis: A national and tertiary center per-

spective. Am J Gastroenterol. 2010; 105: 106–113. doi: 10.1038/ajg.2009.615 PMID: 19844204

30. Deshpande A, Pasupuleti V, Thota P, Pant C, Mapara S, Hassan S, et al. Acid-suppressive therapy is

associated with spontaneous bacterial peritonitis in cirrhotic patients: a meta-analysis. J Gastroenterol

Hepatol. 2013; 28: 235–242. doi: 10.1111/jgh.12065 PMID: 23190338

31. McCarthy DM. Adverse effects of proton pump inhibitor drugs: clues and conclusions. Curr Opin Gastro-

enterol. 2010; 26: 624–631. doi: 10.1097/MOG.0b013e32833ea9d9 PMID: 20802330

32. Lodato F, Azzaroli F, Di Girolamo M, Feletti V, Cecinato P, Lisotti A, et al. Proton pump inhibitors in cir-

rhosis: tradition or evidence based practice? World J Gastroenterol. 2008; 14: 2980–2985. doi: 10.

3748/wjg.14.2980 PMID: 18494046

33. Jepsen P, Vilstrup H, Andersen PK, Lash TL, Sørensen HT. Comorbidity and survival of Danish cirrho-

sis patients: a nationwide population-based cohort study. Hepatology. 2008; 48: 214–220. doi: 10.1002/

hep.22341 PMID: 18537190

34. Pessione F, Ramond MJ, Peters L, Pham BN, Batel P, Rueff B, et al. Five-year survival predictive fac-

tors in patients with excessive alcohol intake and cirrhosis. Effect of alcoholic hepatitis, smoking and

abstinence. Liver Int. 2003; 23: 45–53. PMID: 12640727

35. Alberino F, Gatta A, Amodio P, Merkel C, Di Pascoli L, Boffo G, et al. Nutrition and survival in patients

with liver cirrhosis. Nutrition. 2001; 17: 445–450. PMID: 11399401

Adjuvant Antacid Suppression after Endoscopic Esophageal Variceal Ligation

PLOS ONE | DOI:10.1371/journal.pone.0169884 January 24, 2017 15 / 15

http://www.nhri.org.tw/nhird/en/index.htm
http://www.ncbi.nlm.nih.gov/pubmed/1607900
http://dx.doi.org/10.1111/j.1440-1746.2006.04177.x
http://dx.doi.org/10.1111/j.1440-1746.2006.04177.x
http://www.ncbi.nlm.nih.gov/pubmed/16984609
http://www.ncbi.nlm.nih.gov/pubmed/8495829
http://www.ncbi.nlm.nih.gov/pubmed/7977270
http://dx.doi.org/10.1111/j.1365-2036.2010.04331.x
http://www.ncbi.nlm.nih.gov/pubmed/20412065
http://www.ncbi.nlm.nih.gov/pubmed/24693675
http://dx.doi.org/10.1038/ajg.2009.615
http://www.ncbi.nlm.nih.gov/pubmed/19844204
http://dx.doi.org/10.1111/jgh.12065
http://www.ncbi.nlm.nih.gov/pubmed/23190338
http://dx.doi.org/10.1097/MOG.0b013e32833ea9d9
http://www.ncbi.nlm.nih.gov/pubmed/20802330
http://dx.doi.org/10.3748/wjg.14.2980
http://dx.doi.org/10.3748/wjg.14.2980
http://www.ncbi.nlm.nih.gov/pubmed/18494046
http://dx.doi.org/10.1002/hep.22341
http://dx.doi.org/10.1002/hep.22341
http://www.ncbi.nlm.nih.gov/pubmed/18537190
http://www.ncbi.nlm.nih.gov/pubmed/12640727
http://www.ncbi.nlm.nih.gov/pubmed/11399401

