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Abstract

BACKGROUND

Liver cirrhosis is the main cause of portal hypertension. The leading cause of
death in patients with liver cirrhosis is its most common complication, esophageal
variceal bleeding (EVB). Endoscopic variceal ligation (EVL) is recommended by
many guidelines to treat EVB and prevent rebleeding; however, esophageal ulcers
occur after treatment. Delayed healing of ulcers and unhealed ulcers lead to high
rebleeding and mortality rates. Thus, the prevention of early postoperative
rebleeding is of great significance in improving the quality of life and prognosis of
patients.

AIM
To evaluate the efficacy of aluminum phosphate gel (APG) plus a proton pump

inhibitor (PPI) in the prevention of early rebleeding after EVL in patients with
EVB.

METHODS

The medical records of 792 patients who were diagnosed with EVB and in whom
bleeding was successfully stopped by EVL at Shenzhen People’s Hospital,
Guangdong Province, China from January 2015 to December 2020 were collected.
According to the study inclusion and exclusion criteria, 401 cases were included
in a PPI-monotherapy group (PPI group), and 377 cases were included in a PPI
and APG combination therapy (PPI + APG) group. We compared the incidence
rates of early rebleeding and other complications within 6 wk after treatment

1651 December 27,2021 | Volume13 | Issue12 |
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between the two groups. The two-sample t-test, Wilcoxon rank-sum test, and chi-
squared test were adopted for statistical analyses.

RESULTS

No significant differences in age, sex, model for end-stage liver disease score,
coagulation function, serum albumin level, or hemoglobin level were found
between the two groups. The incidence of early rebleeding in the PPI + APG
group (9/337; 2.39%) was significantly lower than that in the PPI group (30/401;
7.48%) (P = 0.001). Causes of early rebleeding in the PPI group were esophageal
ulcer (3.99%, 16/401) and esophageal varices (3.49%, 14/401), while those in the
PPI + APG group were also esophageal ulcers (5/377; 1.33%) and esophageal
varices (4/377; 1.06%); such causes were significantly less frequent in the PPI +
APG group than in the PPI group (P = 0.022 and 0.024, respectively). The early
mortality rate within 6 wk in both groups was 0%, which was correlated with the
timely rehospitalization of all patients with rebleeding and the conduct of
emergency endoscopic therapy. The incidence of adverse events other than early
bleeding in the PPI + APG group (28/377; 7.43%) was significantly lower than
that in the PPI group (63/401; 15.71%) (P < 0.001). The incidence of chest pain in
the PPI + APG group (9/377; 2.39%) was significantly lower than that in the PPI
group (56/401; 13.97%) (P < 0.001). The incidence of constipation in the PPI +
APG group (16/377; 4.24%) was significantly higher than that in the PPI group
(3/401; 0.75%) (P = 0.002) but constipation was relieved after patients drank more
water or took lactulose. In the PPI and PPI + APG groups, the incidence rates of
spontaneous peritonitis within 6 wk after discharge were 0.50% (2/401) and 0.53%
(2/377), respectively, and those of hepatic encephalopathy were 0.50% (2/401)
and 0.27% (1/377), respectively, presenting no significant difference (P > 0.999).

CONCLUSION
PPI + APG combination therapy significantly reduces the incidence of early
rebleeding and chest pain in patients with EVB after EVL.

Key Words: Esophageal variceal bleeding; Esophageal variceal ligation; Proton pump
inhibitor; Endoscopic variceal ligation; Aluminum phosphate gel

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Esophageal variceal bleeding (EVB) is a common disease with a high
mortality rate. Esophageal variceal ligation (EVL) is an effective means of hemostasis;
however, ulcer foci of the esophagus can form after treatment. Patients with delayed
healing of ulcers and unhealed ulcers are prone to experiencing early rebleeding. No
studies have reported on the promotion of ulcer healing or prevention of rebleeding in
EVB patients after EVL. This study showed that the application of aluminum
phosphate gel in combination with a proton pump inhibitor after EVL significantly
reduced the incidence of early rebleeding following endoscopic surgery in EVB
patients.

Citation: Zhang ZL, Peng MS, Chen ZM, Long T, Wang LS, Xu ZL. Effect of aluminum
phosphate gel on prevention of early rebleeding after ligation of esophageal variceal
hemorrhage. World J Gastrointest Surg 2021; 13(12): 1651-1659

URL: https://www.wjgnet.com/1948-9366/full/v13/i12/1651.htm

DOI: https://dx.doi.org/10.4240/wjgs.v13.i12.1651

INTRODUCTION

Rupture and bleeding of esophageal gastric varices is a common complication in
patients with liver cirrhosis, with an annual incidence of approximately 10% to 15%
[1]. Some research has found that the mortality of esophageal gastric variceal bleeding
within 6 wk after treatment is 15% to 25%[2-4]. Esophageal variceal bleeding (EVB) is
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more common than gastric variceal bleeding, and taking steps to prevent early
rebleeding after treating EVB is of significant importance.

Many guidelines suggest endoscopic variceal ligation (EVL) as an effective means to
treat EVB and prevent rebleeding[5-8]. EVL ligates varicose veins to form fibrosis after
venous ischemia, stenosis, and vascular occlusion at the ligation site to achieve a
hemostatic effect. The ulcer surface left by the ligation usually takes 2 to 3 wk to fully
heal[9]. Necrosis of the mucosa and submucosa occurs 24 h after EVL, while the onset
of acute inflammation usually happens 3 to 7 d after the operation. On postoperative
day 7, the local tissues that have been ligated evolve from a necrotic state to one of
crusting and shedding to form ulcers. This process is the main period in which
postoperative bleeding may occur and a key window during which to prevent early
bleeding. Early rebleeding after EVL often occurs within 3-14 d after endoscopic
surgery[10]. During the healing window, high-risk factors, such as consumption of an
improper diet by the patient, may cause early rebleeding of varicose veins, with an
incidence rate of 4.6% to 5.1% and a mortality rate as high as 22% to 23.8%[11,12]. The
possible causes of rebleeding after EVL include the presence of varicose veins that
have not completely disappeared during the operation; ulcers caused by ischemia after
EVL; the presence of portal hypertension, rupturing the fragile ulcers; the ferrule
falling off prematurely; and the existence of tissue fibrosis that is not firm enough[13].

Proton pump inhibitors (PPIs) inhibit gastric acid secretion, increase the gastric pH
value, mitigate damage to the mucosa from gastric acid, and promote postoperative
ulcer healing. A randomized controlled clinical trial has shown that PPIs reduce the
size of esophageal ulcers after EVL and the incidence of rebleeding[14]. Studies have
also found that treatment with PPIs for 10 d to 30 d after EVL is safe and reduces the
incidence of early postoperative bleeding[15,16]. Aluminum phosphate gel (APG) is
usually used as a protective agent for the mucous membrane of the digestive tract. It
has a specific viscosity, forming a large contact area with the ulcer[17]; thus, it is
closely integrated with the ulcer surface formed after EVL, exhibiting a protective
effect at the wound’s surface. This study retrospectively analyzed the efficacy of APG
combined with PPI to prevent early rebleeding after EVL in patients with EVB.

MATERIALS AND METHODS

Data collection

This retrospective analysis selected a total of 792 patients who were diagnosed with
EVB at Shenzhen People’s Hospital, Guangdong Province, China from January 2015 to
December 2020 and included 778 patients for final analysis according to the screening
criteria. These 778 patients were stratified into a PPI-monotherapy group (PPI group)
and a PPI and APG combination therapy (PPI + APG) group according to their
treatment plans, and their medical records were collected for the analysis. This study
was reviewed and approved by the ethics committee of Shenzhen People’s Hospital.
All study participants provided informed consent.

Inclusion criteria
Male or female patients aged 18 to 75 years old, diagnosed with EVB by gastroscopy
and treated with EVL, were eligible for inclusion in this study.

Exclusion criteria

Patients with the following were excluded from this study: (1) Incomplete clinical data
or (2) other serious diseases, such as coronary heart disease, chronic renal insuffi-
ciency, or advanced liver cancers, at the time of hospital admission that may affect the
patient’s prognosis.

Endoscopic surgery and postoperative follow-up

In the PPI group, patients after endoscopic therapy were treated with a conventional
dose of PPI (20 mg rabeprazole, 40 mg pantoprazole, or 40 mg esomeprazole daily) for
4 consecutive weeks. In the PPI + APG group, in addition to the same PPI treatment,
patients were given 20 g of APG administered orally three times daily (Boryung
Pharmaceutical Co., Ltd., Seoul, South Korea) for 2 consecutive weeks, starting on the
same day after endoscopic therapy. All patients were evaluated, and those with no
contraindications were given nonselective beta-blocker therapy (propranolol) to
prevent rebleeding[5-8]. All patients were closely followed, and those with suspected
rebleeding were rehospitalized and immediately underwent endoscopy and treatment.
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Outcome indicators

Early postoperative rebleeding in the EVB patients was identified based on the
occurrence[8] of active bleeding events (i.e., hematemesis, melena, or hematochezia;
reduction in systolic blood pressure > 20 mmHg or increase in the heart rate > 20
beats/min; or > 30 g/L of hemoglobin in the absence of blood transfusion) at 72 h to 6
wk after the first bleeding was under control. Rebleeding was the main outcome
indicator of this study; secondary outcome indicators included deaths, infection, and
other adverse events.

Statistical analysis

The Statistical Package for the Social Sciences version 25.0 software (IBM Corporation,
Armonk, NY, United States) was used for statistical analyses in this study. Normally
distributed measurement data were presented as the mean + SD and were compared
between the two groups using a two-sample t-test. Skewed measurement data were
presented as the median (lower quartile, upper quartile) and were compared between
the two groups using the Wilcoxon rank-sum test. Count data are presented as the
number of cases and percentages and were compared between the two groups using
the chi-squared test. P values of less than 0.05 were considered statistically significant.

RESULTS

General data at discharge

Table 1T summarizes the statistical analysis of the general data of the two groups of
study participants recorded at the time of hospital discharge. No significant
differences in age, sex, model for end-stage liver disease score, prothrombin activity,
fibrinogen, platelet count, serum albumin level, or hemoglobin level were found
between the two groups.

Occurrence of early rebleeding

Table 2 summarizes the incidence of early rebleeding in the two groups. The incidence
of early rebleeding in the PPI + APG group (2.39%, 9/337) was significantly lower than
that in the PPI group (30/401; 7.48%) (P = 0.001). Considering the causes of early
rebleeding, the incidence rates of esophageal ulcers (6/377; 1.33%) and esophageal
varices (1.06%, 4/377) in the PPI + APG group were significantly lower than those in
the PPI group (16/401; 3.99%; P = 0.022 and 14/401; 3.49%; P = 0.024, respectively). PPI
+ APG combination therapy reduced the early incidence rates of esophageal ulcer and
bleeding as well as esophageal varices and bleeding after EVL. The early mortality rate
within 6 wk after surgery was 0% in both groups; this low rate of mortality was related
to the timely rehospitalization of all patients with rebleeding and the conduct of
emergency endoscopic therapy.

Occurrence of other complications and adverse events except for bleeding

Table 3 summarizes the statistical analysis of other complications and events except for
bleeding that occurred in the two groups of patients. In the PPI + APG group, the
incidence of other complications was 7.43% (28/377), which was significantly lower
than that in the PPI group (63/401; 15.71%; P < 0.001), while the incidence of chest
pain in the PPI + APG group was 2.39% (9/377), which was also significantly lower
than that in the PPI group (56/401; 13.97%; P < 0.001). In contrast, the incidence of
constipation in the PPI + APG group was 4.24% (16/377), which was significantly
higher than that in the PPI group (3/401; 0.75%; P = 0.002). Nevertheless, all cases of
constipation in the PPI + APG group were relieved after drinking water for hydration
and the oral administration of lactulose. The incidence rates of spontaneous peritonitis
within 6 wk after discharge were 0.50% (2/401) and 0.53% (2/377), respectively, and
those of hepatic encephalopathy were 0.50% (2/401) and 0.27% (1/377), respectively,
showing no significant difference between the two groups (P > 0.999).

DISCUSSION

Rebleeding frequently occurs in patients with EVB after EVL treatment. The cause of
early rebleeding is currently considered to primarily relate to postoperative ulcer
formation and varicose veins (Figure 1). However, no relevant clinical guidelines
offering a definition or treatment advice are currently available. One study reported
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Table 1 Baseline data of the two groups

Characteristic PPI group (n = 401) PPl + APG group (n = 377) P value
Age (yr) 53.55 +12.55 5273 +13.35 0376
Female/Male 83/318 73/304 0.642
MELD score 14.94 +3.05 15.19 +3.30 0.275
Prothrombin activity (%) 65.30 £15.26 65.70 £ 16.94 0.731
Fibrinogen (g/dL) 1.94£0.68 2.00£0.73 0.211
Platelet (10°/L) 104.43 + 69.88 97.67 +70.20 0.179
Albumin (g/dL) 3.3910.51 3.40£0.52 0.682
Hemoglobin (g/dL) 8.92+0.68 8.86 % 0.69 0.229

PPI: Proton pump inhibitor; APG: Aluminum phosphate gel; MELD: Model for end-stage liver disease.

Table 2 Main outcomes in the two groups, n (%)

Characteristic PPI group (n = 401) PPI + APG group (n = 377) P value
Early rebleeding 30 (7.48) 9(2.39) 0.001
Source of rebleeding

Esophageal ulcer 16 (3.99) 5(1.33) 0.022
Esophageal varices 14 (3.49) 4 (1.06) 0.024

6-wk mortality

0 1.000

PPI: Proton pump inhibitor; APG: Aluminum phosphate gel.

Table 3 Other adverse events of the two groups

Characteristic PPI group (n = 401) PPl + APG group (n = 377) P value
Total complications 63 (15.71) 28 (7.43) <0.001
Chest pain 56 (13.97) 9 (2.39) <0.001
Constipation 3(0.75) 16 (4.24) 0.002
Spontaneous peritonitis 2 2 1.000
Hepatic encephalopathy 2 1 1.000

PPI: Proton pump inhibitor; APG: Aluminum phosphate gel.

K WJGS | https://www.wjgnet.com 1655
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that the polyps formed by banding began to exhibit mucosal and submucosal necrosis
and dissolution of the bands 5 to 7 d after EVL, following which the necrotic tissues
were shed and ulcers were formed[18]. As compared with ordinary peptic ulcers,
patients with portal hypertension experience a poorer esophageal mucosal blood
supply and a lower mucosal regeneration rate and self-defense ability, and their ulcer
wounds are more susceptible to gastric acid damage, resulting in bleeding. In our
study, early esophageal ulcer bleeding was found in 16 cases in the PPI group and 5
cases in the PPl + APG group, accounting for 53.85% (21/39) of the early rebleeding
cases.

PPIs inactivate NA*-K*-ATPase, thereby inhibiting gastric acid secretion, reducing
the injury caused by gastric acid to the mucosa, and promoting postoperative ulcer
healing[19]. Although reports have suggested that long-term application of PPIs might
increase the occurrence of spontaneous peritonitis and hepatic encephalopathy in
patients with liver cirrhosis[20-22], a recent clinical study determined that routine
application of PPIs for 30 d after EVL was safe and could significantly reduce the
upper gastrointestinal rebleeding and mortality rates of patients within 30 d of hospit-
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Figure 1 Early rebleeding after endoscopic variceal ligation treatment in esophageal variceal bleeding patients. A: Esophageal varices
developed ulceration and bleeding on day 7 after treatment; B: Esophageal varices developed ulceration and bleeding on day 10 after treatment; C: Ulceration of the
esophageal variceal vein 14 d after treatment led to rebleeding of the variceal vein.

alization[16]. Meanwhile, a recent meta-analysis also showed that PPI reduced the
rebleeding rate of patients with liver cirrhosis and esophagogastric variceal bleeding
by nearly 50% after endoscopic therapy. This meta-analysis recommended treating
patients with bleeding from esophageal varices with PPIs for at least 4 wk after
endoscopic therapy. As a mucosal-protection agent, APG boasts the capabilities to
neutralize and buffer gastric acid; it increases the pH value in the upper
gastrointestinal tract, promotes the formation of blood clots, and forms a colloidal
protective film to closely combine with the ulcer formed after the operation. Thus,
APG blocks the invasion of stomach acid, stimulates mucosal epithelial cells to secrete
mucus, and promotes the self-repair of epithelial cells. The formed protective film also
provides good drug-attachment sites for orally administered PPIs to facilitate drug
absorption. Theoretically, therefore, APG has a complementary effect with PPI prepar-
ations. The viscous nature of APG facilitates its attachment to the surface of
esophageal ulcers. Recently, several studies on the treatment of postoperative
esophageal stenosis using APG as an adhesive for the esophagus demonstrated a good
therapeutic effect[17,23,24].

The present retrospective study revealed that the incidence of early rebleeding after
EVL in EVB patients in the PPI + APG group was 2.39% (9/377), which was
significantly lower than that in the PPI group (30/401; 7.48%; P = 0.001). In addition,
PPI + APG combination therapy decreased the early rebleeding rate of esophageal
ulcer and esophageal varices after EVL and significantly reduced the incidence of chest
pain after EVL (2.39% vs 13.97%; P < 0.001). Although APG triggered a significant
increase in the incidence of constipation (4.24% vs 0.75%; P = 0.002), the patients who
experienced this complication achieved relief after drinking more water or consuming
lactulose, without serious adverse consequences. Cases of spontaneous peritonitis and
hepatic encephalopathy within 6 wk after EVL occurred after early rebleeding in both
groups of patients. However, after 4 wk of PPI therapy in combination with 2 wk of
APG administration, no significant increase in the number of cases of spontaneous
peritonitis or hepatic encephalopathy was found. There was also no significant
difference in the mortality between the two groups of patients within 6 wk of EVL,
possibly due to the close follow-up performed by physicians, that is, all patients with
suspected early rebleeding were hospitalized in time and subjected to emergency
endoscopic therapy.

However, this study still has certain limitations. First, although the inclusion and
exclusion criteria of this retrospective study were formulated, this study lacked good
control over some related variables (patient's diet, movement, some chronic
medication, efc.), so the level of evidence is not high. Second, this single-center study
only included residents of the hospital’s service region, thus lacking representat-
iveness and thereby limiting the applicability of the experimental results. In addition,
the follow-up period of this study was 6 wk, and only the incidence rates of early
rebleeding and related secondary outcome indicators were studied. Some clinical data
and long-term indicators, such as mortality, survival, and the number of hospitaliz-
ations, were not further examined in this study. Also, no reports on whether double-
dose PPI therapy can reduce the incidence of early rebleeding after EVL endoscopic
therapy in EVB patients are available, and this study similarly did not test this theory.
All bleeding and rebleeding patients achieved the goal of hemostasis through
endoscopy and drug therapy, and no cases required transjugular intrahepatic
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portosystemic shunt treatment in this study. Further research via prospective,
multicenter, large-sample, long-term follow-up randomized controlled clinical trials is
necessary.

CONCLUSION

In conclusion, the application of APG in combination with PPI therapy for the
treatment of EVP after endoscopic EVL promotes the rapid healing of postoperative
esophageal ulcers and relieves chest pain symptoms in the patients. Importantly, this
combination therapy regimen significantly reduces the incidence of early rebleeding
from postoperative esophageal ulcer and esophageal varices, with relatively few
adverse reactions.

ARTICLE HIGHLIGHTS

Research background

Endoscopic variceal ligation (EVL) is a common treatment for esophageal variceal
bleeding (EVB), but early rebleeding may occur after endoscopic therapy. And most
patients are released from the hospital by the time they bleed again, which can be life-
threatening.

Research motivation

How to reduce the early rebleeding after EVL is very important. Oral medication is
accessible and convenient for patients. Therefore, we wanted to study oral drugs to
reduce the rate of early rebleeding after EVL.

Research objectives

This study aimed to investigate oral medications to reduce early rebleeding after EVL.
It was found that the combination of proton pump inhibitor (PPI) and aluminum
phosphate gel (APG) could significantly reduce the incidence of early rebleeding. This
oral treatment regimen is clinically worthwhile.

Research methods

The patients were divided into two groups. One group was treated with oral PPI after
EVL. The other group was treated with oral PPI combined with APG. A retrospective
study was conducted to compare and analyze the therapeutic effects of the two groups
of patients.

Research results

We found that PPI combined with APG therapy could significantly reduce the rate of
early rebleeding after EVL, and reduce the incidence of chest pain after EVL. But this is
a retrospective study and it would be nice to do a prospective multicenter study.

Research conclusions
To prevent early rebleeding after EVL, the combination of PPI and APG can be
considered.

Research perspectives
Oral medications are used to reduce the risk of postoperative rebleeding in EVL
patients.
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