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Retrospective Study
Aluminum phosphate gel reduces early rebleeding in cirrhotic patients with gastric variceal bleeding treated with histoacryl injection therapy
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Abstract
BACKGROUND
Esophageal-gastro varices bleeding (EGVB) is the most widely known cause of mortality in individuals with cirrhosis, with an occurrence rate of 5% to 15%. Among them, gastric varices bleeding (GVB) is less frequent than esophageal varices bleeding (EVB), but the former is a more critical illness and has a higher mortality rate. At present, endoscopic variceal histoacryl injection therapy (EVHT) is safe and effective, and it has been recommended by relevant guidelines as the primary method for the treatment of GVB. However, gastric varices after endoscopic treatment still have a high rate of early rebleeding, which is mainly related to complications of its treatment, such as bleeding from drained ulcers, rebleeding of varices etc. Therefore, preventing early postoperative rebleeding is very important to improve the quality of patient survival and outcomes.

AIM
To assess the efficacy of aluminium phosphate gel (APG) combined with proton pump inhibitor (PPI) in preventing early rebleeding after EVHT in individuals with GVB.

METHODS
Medical history of 196 individuals with GVB was obtained who were diagnosed using endoscopy and treated with EVHT in Shenzhen People's Hospital from January 2016 to December 2021. Based on the selection criteria, 101 patients were sorted into the PPI alone treatment group, and 95 patients were sorted into the PPI combined with the APG treatment group. The incidences of early rebleeding and corresponding complications within 6 wk after treatment were compared between both groups. Statistical methods were performed by two-sample t-test, Wilcoxon rank sum test and χ2 test.

RESULTS
No major variations were noted between the individuals of the two groups in terms of age, gender, Model for End-Stage Liver Disease score, coagulation function, serum albumin, hemoglobin, type of gastric varices, the dose of tissue glue injection and EV that needed to be treated simultaneously. The early rebleeding rate in PPI + APG group was 3.16% (3/95), which was much lower than that in the PPI group (12.87%, 13/101) (P = 0.013). Causes of early rebleeding: the incidence of gastric ulcer bleeding in the PPI + APG group was 2.11% (2/95), which was reduced in comparison to that in the PPI group (11.88%, 12/101) (P = 0.008); the incidence of venous bleeding in PPI + APG group and PPI group was 1. 05% (1/95) and 0.99% (1/101), respectively, and there was no significant difference between them (0.999). The early mortality rate was 0 in both groups within 6 wk after the operation, and the low mortality rate was related to the timely hospitalization and active treatment of all patients with rebleeding. The overall incidence of complications in the PPI + APG group was 12.63% (12/95), which was not significantly different from 13.86% (14/101) in the PPI group (P = 0.800). The incidence of abdominal pain in the PPI + APG group was 3.16% (3/95), which was lower than that in the PPI group (11.88%, 12/101) (P = 0.022). However, due to aluminum phosphate gel usage, the incidence of constipation in the PPI + APG group was 9.47% (9/95), which was higher than that in the PPI group (1.98%, 2/101) (P = 0.023), but the health of the patients could be improved by increasing drinking water or oral lactulose. No patients in either group developed spontaneous peritonitis after taking PPI, and none developed hepatic encephalopathy and ectopic embolism within 6 wk of EVHT treatment.

CONCLUSION
PPI combined with APG can significantly reduce the incidence of early rebleeding and postoperative abdominal pain in cirrhotic patients with GVB after taking EVHT.
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Core Tip: Gastric varices bleeding (GVB) is a serious life-threatening disease, and endoscopic variceal histoacryl injection therapy (EVHT) can effectively maintain hemostasis during the disease. Nevertheless, complications after EVHT, such as bleeding during drainage and ulceration at the injection site, can lead to early rebleeding. Currently, there are few clinical studies on preventing early rebleeding after EVHT in patients with GVB. We have found that using aluminium phosphate gel combined with proton pump inhibitor after EVHT could significantly reduce early rebleeding after endoscopic treatment in individuals with GVB.


INTRODUCTION
Cirrhosis is caused by various etiologies (alcoholic fatty liver, hepatitis virus infection, non-alcoholic fatty liver, drugs, genetic metabolic diseases, autoimmune diseases, etc.), characterized by chronic liver inflammation, pseudo-lobular formation, and regenerative nodules[1]. It can be clinically divided into the compensatory and decompensation stages. Patients in the compensatory stage may not have any clinical signs or symptoms, while patients in the decompensation stage are characterized by liver dysfunction and portal hypertension[2-4]. EGVB is the most prevalent cause of death in individuals with cirrhosis, with an annual occurrence rate of about 5% to 15%, a 6-week case fatality rate of 20% and an incidence of rebleeding within 1 year of 60%.
The incidence of GVB is lower than EVB, accounting for about 20% of venous bleeding[5]. However, GVB is more dangerous, and it is difficult to stop bleeding in this condition because GV)are in the submucosa of the stomach and the gastric mucosa is thicker than the esophageal mucosa making it relatively difficult to rupture and bleed under the same or greater blood flow pressure[6]. The bleeding after rupture can be fatal, and hemostasis is difficult.
There are numerous ways to clinically prevent and treat GVB, such as drugs, endoscopic therapy, interventional radiology and traditional surgery. EVHT is safe and effective and has been recommended as the main treatment strategy for GVB, following the relevant guidelines. The success rate of hemostasis can reach 97.1% to 100%[7,8]. Related studies have reported that patients after EVHT still have a rebleeding rate of about 15% to 23.7%[7,9]. Early rebleeding refers to active bleeding events (including melena, hematemesis, or hematochezia; decrease in systolic blood pressure > 20 mmHg or increase in heart rate > 20 beats/min; decrease in hemoglobin > 30 G/L without blood transfusion) in patients with varicose veins within 72 h to 6 wk after initial bleeding control[10]. The occurrence of rebleeding is related to complications such as bleeding of glue discharge ulcer and rebleeding of varicose veins. Current clinical guidelines on the prevention of complications after EVHT are recommended [10-12]. Treatment with a proton pump inhibitor (PPI) may be given. As a mucosal protective agent, aluminium phosphate gel (APG) can increase the pH of the stomach, promote the formation of blood clots at the bleeding site, and promote the healing of gastric mucosa[13].
This study aims to investigate whether PPI combined with APG can lower the occurrence of early rebleeding after endoscopic treatment in patients with GVB and to provide a reference for clinical treatment.

MATERIALS AND METHODS
Collection of data
This study was a retrospective analysis of 257 individuals diagnosed with GVB by endoscopy and treated with EVHT in Shenzhen People's Hospital from January 2016 to December 2021. All patients were randomized to receive APG after EVHT. There were 13 patients with non-first bleeding, 31 patients with advanced liver cancer, portal vein thrombosis and other serious diseases and 17 patients discharged from the hospital were excluded. Finally, 196 cases were selected according to the standard. Based on the different postoperative treatment regimens for EVHT, 101 patients were divided into the PPI treatment group and 95 patients into the PPI combined with the APG treatment group, and the medical records of the two groups were collected respectively (the screening flow was shown in Figure 1). The approval for this research was given by the Ethics Committee of Shenzhen People's Hospital, and all patients consented to it.

Inclusion criteria
(1) Individuals aged 18-80 years old, regardless of gender; (2) Individuals with GVB diagnosed by gastroscopy; and (3) Individuals who underwent EVHT were used in all patients.

Exclusion criteria
(1) Individuals with incomplete clinical data; and (2) Individuals with other serious diseases (such as coronary heart disease, chronic renal insufficiency, advanced liver cancer, etc.) at the time of admission significantly affected the patients' prognosis.

EVHT treatment
All individuals included in this study underwent relevant examinations before the operation to comprehensively assess the patient conditions who signed an informed consent form for treatment. They were treated with EVHT using the "sandwich" method. Initially, 2.0 mL of 50% glucose solution was pre-stored in the injection needle, and then 2.0 mL of 50% glucose solution was injected into the bleeding target vein under endoscopy. According to the degree of varicosity, 0.5-2.0 mL of tissue glue was injected into each site, 2.0 mL 50% glucose was injected afterward, and finally, the injection needle was pulled out.

Post-endoscopic treatment and following up
PPI treatment group: after endoscopic treatment, the patients in this group were given a conventional dose of PPI (rabeprazole 20 mg daily before breakfast) for 4 wk[14]. PPI combined with APG treatment group: Rabeprazole 20 mg daily before breakfast was administered orally for 4 consecutive weeks, and APG 20 g (Boryung Pharmaceutical Co., Ltd. 20 g) was added twice (about 30 min before breakfast and dinner) a day on the postoperative day for 4 consecutive weeks. All individuals were assessed, and those without contraindications were administered with non-elective postoperatively β receptor blockers (propranolol) to prevent rebleeding treatment. All patients were followed up and observed closely, and the patients with suspected rebleeding were re-hospitalized and underwent endoscopy along with immediate treatment.

Observation of outcome measures
Signs of early postoperative rebleeding in patients with GVB: active bleeding events (melena, hematemesis, or hematochezia; decrease in systolic blood pressure > 20 mmHg or increase in heart rate > 20 beats/min; decrease in hemoglobin > 30 g/L without blood transfusion) within 72 h to 6 wk after the initial bleeding control. Early rebleeding was the primary outcome measure in this study. Other complications such as death, abdominal pain, ectopic embolization, and related adverse events were considered secondary outcome measures.

Statistical analyses
Statistical analyses were carried out using SPSS 25.0. The measurement data with normal distribution were presented as mean ± SD, and a two-sample t-test was utilized to compare the two groups, median (lower quartile, upper quartile) presented the measurement data with skewed distribution and to compare the results of two groups Wilcoxon rank sum test was performed. The number of cases and percentage presented the enumeration data, and the χ2 test was used for comparison between the two groups. A P value of < 0.05 was deemed statistically significant for all the calculated differences.

RESULTS
Basic information individuals in both groups
Table 1 demonstrates the basic conditions of individuals in both groups at the time of discharge after stable bleeding was counted. A comparison of different features of individuals in both groups was carried out; these include age (P = 0.245), gender (P = 0.289), Model for End-Stage Liver Disease score (P = 0.329), prothrombin activity (PTA, P = 0.157), fibrinogen (FIB, P = 0.064) and platelet count (PLT, P < 0.05). Serum albumin (ALB) (P = 0.622) and hemoglobin (Hb) (P = 0.524) were not statistically different. There was no significant difference in the number of patients taking beta blockers after discharge between the two groups (P = 0.586). Table 2 demonstrates categorizing the patients’ GV status according to Sarin Criteria[5]. Statistically significant variations were not observed between the PPI group and the PPI + APG group in terms of the GV type (GOV1 10 patients vs 12 patients, P = 0.545), (GOV2 50 patients vs 41 patients, P = 0.373), (GOV3 34 patients vs 38 patients, P = 0.358) and (IGV1 7 patients vs 4 patients, P = 0.408); in addition, 68 (67.33%) subjects in the PPI group and 69 (72.63%) subjects in the PPI + APG group with severe EV requiring concomitant endoscopic therapy did not differ significantly between both groups (P = 0.418). The mean value of histogel dosage in the PPI group was 2.22 ± 0.80 mL, which was not statistically different from 2.21 ± 0.76 mL in the PPI + APG group (P = 0.875).

Incidence of early rebleeding
The patients were followed up closely after the operation and returned to the hospital immediately if they had early rebleeding, and all of them underwent emergency gastroscopy and treatment. The cases of early esophageal rebleeding after EV treatment were excluded, and the cases of early gastric rebleeding after GV treatment were compared (Table 3). The incidence rate of early rebleeding in the PPI + APG group was 3.16% (3/95), which was considerably lower than that in the PPI group (12.87%, 13/101), and the difference was statistically significant (P = 0.013). The incidence of ulcer bleeding in the PPI + APG group was 2.11% (2/95), which was reduced compared to that in the PPI group (11.88%, 12/101) (P = 0.008); The incidence of venous bleeding was 1.05% (1/95) in the PPI + APG group and 0.99% (1/101) in the PPI group, (P > 0.999). There was no significant difference between the two groups. One patient (1.05%) in PPI + APG group needed a blood transfusion, which was lower than that in the PPI group ((9 patients, 8.91%), P = 0.030). Patients with venous bleeding in both groups needed a blood transfusion, and no considerable difference was observed between the two groups (P > 0.999). The re-hospitalization rate of the PPI + APG group was 2.11% (2/95), which was reduced compared to that in the PPI group (9.90%, 10/101), P = 0.023). The early mortality rate was 0 in both groups within 6 wk, and the reason for the low mortality rate was the timely hospitalization and treatment of all patients with early rebleeding.

Other related complications and adverse reactions
As shown in Table 4, the overall complication rate was 13.86% (14/101) in the PPI group and 12.63% (12/95) in PPI + APG group, with no significant difference (P = 0.800). The incidence of abdominal pain in PPI + APG group was 3.16% (3/95); lower than that in PPI group (11.88%, 12/101, P = 0.022). The incidence of constipation in the PPI + APG group was 9.47% (9/95), higher than that in the PPI group (1.98%, 2/101) (P = 0.023). Constipation in PPI + APG group was improved by drinking more water or taking lactulose. There were no cases of spontaneous bacterial peritonitis after taking PPI in both groups and no cases of hepatic encephalopathy and ectopic embolism in both groups within 6 wk after the first EVHT treatment.

DISCUSSION
The incidence of GV is lower than that of EV because of the difference in the location of varicose veins in GV and EV. The varices of EV are mainly located in the lamina propria and submucosa, while GV is located in the submucosa, and the gastric mucosa is thicker than the esophageal mucosa[15]. Therefore, under the same blood pressure, GV is less likely to form varices on the mucosal surface, but they are usually larger than those formed by EV. This unique pathophysiological structure also determines the treatment difference of GVB from that of EVB. Endoscopic variceal ligation (EVL) is the preferred method for EVB as the first-line treatment and the prevention of rebleeding[16,17]. It is unsuitable for GVB because of the limited effect of ligation on submucosal deep branch veins and larger veins (diameter 2 cm), and gastric peristalsis can cause the ligature to fall off, increasing the risk of bleeding[18]. At present, relevant guidelines recommend EVHT as the preferred treatment for GVB, and the therapeutic effect is better than EVL, which has been confirmed by relevant studies[19,20].
EVHT is primarily hemostatic as it functions by injecting tissue glue into the bleeding vein. Tissue glue is a rapid water-like solidification, which can quickly solidify in the blood in the presence of trace anions, forming a permanent intravascular embolism in a few seconds and blocking the bleeding veins[21]. However, the effect of tissue glue on vascular fibrosis is weak, failing to inhibit the formation of new blood vessels, often resulting in postoperative rebleeding. Currently, the causes of rebleeding are related to glue discharge ulcers and venous bleeding (Figure 2).
Tissue glue, as a foreign body, is rejected by the human body after being injected into blood vessels which are eventually eliminated through the gastric cavity in a process called glue expulsion[22]. Wang et al[23] found that after EVHT, patients began to discharge glue about 1 wk later, and about 4 wk later was the peak period of postoperative glue discharge. At this time, endoscopy could find various colors and forms of glue discharge ulcers, which was also the peak period of glue discharge ulcer bleeding[23]. Draining ulcer bleeding is multifactorial: (1) Bleeding from incomplete fibrosis of the occluding vessel due to inflammatory exudation at the injection site; (2) The histogel mixture did not completely enter the blood vessels and transferred into the extravascular gastric mucosa, causing inflammation and caseous necrosis of the mucosa and the formation of large ulcers; (3) Insufficient amount of tissue glue, which failed to effectively occlude the vessel; and (4) A small number of multisite injections are made, forming multi-site glue lined ulcers. In addition, varices that are not completely obliterated are also an important cause of early rebleeding[24]. In our study, there were 12 cases of bleeding ulcers in the PPI group and 1 in the PPI + APG group, accounting for 87.50% (14/16) of early rebleeding cases.
PPI is a kind of H+-K+-ATP enzyme inhibitor, the most important drug to clinically inhibit gastric acid secretion and treat digestive tract ulcers. It can also promote the healing of glue discharge ulcers[25]. It is also a routine method to prevent postoperative complications. However, some studies have reported that long-term use of PPI may increase the incidence of spontaneous peritonitis and hepatic encephalopathy in patients with cirrhosis[26]. APG is a mucosal protective agent that can neutralize gastric acid and protect the mucosa. Its active ingredient aluminum phosphate, can mix with gastric acid to form a relatively strong buffer system: phosphate and aluminum ions. The former can combine with H + to rapidly increase the PH value in the stomach, which benefits blood clots' formation and stability in gastrointestinal bleeding patients. Its auxiliary ingredients, pectin and agar, are similar to the structure of natural mucus, which can form a layer of colloidal protective film on the surface of a postoperative ulcer to protect the gastric mucosa from damage after oral administration[27]. The combination of PPI and APG can theoretically promote the stabilization of blood clots at the bleeding site and the rapid healing of glue discharge ulcers in patients with GVB, ultimately reducing the incidence of early rebleeding.
In this retrospective study, the author found that the incidence of early rebleeding after EVHT in GVB patients treated with PPI + APG was 3.16% (3/95), significantly lower than that in the PPI group (12.87%, 13/101). As APG had been shown to promote ulcer healing, the incidence of bleeding from a drained ulcer after EVHT was 2.11% (2/95) in GVB patients treated with PPI + APG, which was significantly lower than the 11.88% (12/101) in PPI group. However, in terms of gastric vein bleeding, no statistical difference was observed between the two groups. The use of APG reduces the incidence of postoperative abdominal pain following EVHT in patients with GVB. Although the use of APG increased constipation in the patients, they improved both by extensive drinking of water and taking lactulose. None of the patients in either group developed spontaneous peritonitis after taking PPI. There were no cases of hepatic encephalopathy, ectopic embolism, or death within 6 wk after EVHT in either group, which was supported by timely endoscopic treatment for all patients with early rebleeding and rapid clearance of the hematochezia intestinalis.
However, this study has some limitations: (1) This study is retrospective; (2) The sample size of this experiments is small, and it is a single-center study. The incidence of early rebleeding in patients is related to the experience of endoscopists, diet along with other factors. There are a lot of confounding factors, and the applicability of the experimental results is limited; and (3) This study has conducted a follow-up period of only 6 wk. It has only investigated the occurrence of early rebleeding and related secondary outcome measures after EVHT in patients. Further studies are lacking regarding some clinical data and long-term indicators (such as survival, number of hospitalizations, long-term treatment costs, etc.) after the end of 6 wk of the follow-up. It is also possible that other mucosal protective agents may reduce the incidence of early rebleeding by promoting ulcer healing after EVHT treatment, but further studies are needed to prove this. Therefore, follow-up clinical randomized controlled experiments with prospective, multi-center large sample with medium and long-term follow-up is also needed.

CONCLUSION
The combination of APG and PPI therapy after endoscopic EVHT for cirrhotic patients with GVB can promote the healing of gastric glue ulcers and relieve abdominal pain in patients. Moreover, it can significantly reduce the incidence of early rebleeding after EVHT. It is also possible that other mucosal protective agents may reduce the incidence of early rebleeding by promoting ulcer healing after EVHT treatment, but further studies are needed to prove this.

ARTICLE HIGHLIGHTS
Research background
The incidence of early rebleeding after endoscopic variceal histoacryl injection therapy (EVHT) of varicose veins in the fundus of the stomach is high, which may lead to serious consequences. It is very important to reduce the incidence of early rebleeding.

Research motivation
Reducing the incidence of early rebleeding after EVHT treatment reduces the risk of patients and may extend their life expectancy. Proton pump inhibitor (PPI) treatment has been found to reduce the incidence of early rebleeding. Aluminium phosphate gel (APG) can promote the healing of gastric ulcers. Can the combination of APG and PPI further reduce the incidence of early rebleeding?

Research objectives
This study aimed to verify whether the combination of APG and PPI can reduce the incidence of early rebleeding after EVHT.

Research methods
We randomly divided patients after EVHT into two groups. One group was treated on PPI after EVHT, and the other group took PPI in combination with APG. We statistically analyzed the data of both groups and observed the early rebleeding rates in both groups.

Research results
The early rebleeding rate in PPI + APG group was 3.16% (3/95), which was much lower than that in the PPI group (12.87%, 13/101). Causes of early rebleeding: the incidence of gastric ulcer bleeding in the PPI + APG group was 2.11% (2/95), which was reduced in comparison to that in the PPI group (11.88%, 12/101); the incidence of venous bleeding in PPI + APG group and PPI group was 1.05% (1/95) and 0.99% (1/101), respectively, and there was no significant difference between them. The incidence of abdominal pain in the PPI + APG group was 3.16% (3/95), which was lower than that in the PPI group (11.88%, 12/101).

Research conclusions
PPI combined with APG can significantly reduce the incidence of early rebleeding and postoperative abdominal pain in cirrhotic patients with GVB after taking EVHT.

Research perspectives
The combination of APG with PPI can reduce the bleeding incidence of gastric ulcers after EVHT.
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Figure Legends
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Figure 1 The patient inclusion process in this study. GVB: Gastric varices bleeding; EVHT: Endoscopic variceal histoacryl injection therapy; PPI: Proton pump inhibitor; APG: Aluminium phosphate gel.
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Figure 2 The causes of rebleeding are related to glue discharge ulcers and venous bleeding. A: after 2 wk of endoscopic treatment, the gastric fundus shows a draining ulcer; B: Fundic vein bleeding after 3 wk of endoscopic treatment, there was gastric fundic drainage, formation of an ulcer, and bleeding; C: Varices that did not disappear completely were spurting bleeding after 14 d of endoscopic therapy.


Table 1 Baseline data of both groups
	Characteristic
	PPI group (n = 101)
	PPI + APG group (n = 95)
	P value

	Age (yr)
	51.55 ± 12.23
	53.57 ± 11.90
	0.245

	Female/Male
	26/75
	31/64
	0.289

	MELD score
	10.07 ± 3.32
	9.61 ± 3.24
	0.329

	Prothrombin activity (%)
	68.53 ± 15.48
	65.63 ± 12.90
	0.157

	Fibrinogen (g/dL)
	2.30 ± 0.76
	2.09 ± 0.80
	0.064

	Platelet (109/L)
	102.21 ± 83.68
	111.16 ± 100.57
	0.498

	Albumin (g/dL)
	3.52 ± 0.47
	3.48 ± 0.58
	0.622

	Hemoglobin (g/dL)
	9.73 ± 2.15
	9.55 ± 1.88
	0.524

	Patients treated with beta blockers
	89
	86
	0.586


PPI: Proton pump inhibitor; APG: Aluminium phosphate gel; MELD: Model for End-Stage Liver Disease. 

Table 2 Comparison of varicose veins and dose of histoacryl between two groups, n (%)
	Characteristic
	PPI group (n = 101)
	PPI + APG group (n = 95)
	P value

	GOV1
	10 (9.90)
	12 (12.63)
	0.545

	GOV2
	50 (49.50)
	41 (43.16)
	0.373

	GOV3
	34 (33.66)
	38 (40.00)
	0.358

	IGV1
	7 (6.93)
	4 (4.21)
	0.408

	Combine with EV need treatment
	68 (67.33)
	69 (72.63)
	0.418

	Amount of histoacryl (mL)
	2.22 ± 0.80
	2.21 ± 0.76
	0.875


EV: Esophageal varices; PPI: Proton pump inhibitor; APG: Aluminium phosphate gel; GOV: Gastro varices; GV: Gastric varices.

Table 3 Main outcomes of both groups, n (%)
	Characteristic
	PPI group (n = 101)
	PPI + APG group (n = 95)
	P value

	Early rebleeding
	13 (12.87)
	3 (3.16)
	0.013

	Source of rebleeding

	Glue extrusion ulcer
	12 (11.88)
	2 (2.11)
	0.008

	Gastric varice
	1 (0.99)
	1 (1.05)
	> 0.999

	Transfusion after rebleeding

	Glue extrusion ulcer
	9 (8.91)
	1 (1.05)
	0.030

	Gastric varices
	1 (0.99)
	1 (1.05)
	> 0.999

	Re-hospitalization
	10 (9.90)
	2 (2.11)
	0.023

	6-wk mortality
	0
	0
	> 0.999


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

Table 4 Other adverse events in the two groups, n (%)
	Characteristic
	PPI group (n = 101)
	PPI + APG group (n = 95)
	P value

	Total complications
	14 (13.86)
	12 (12.63)
	0.800

	Abdominal pain
	12 (11.88)
	3 (3.16)
	0.022

	Constipation
	2 (1.98)
	9 (9.47)
	0.023

	Spontaneous peritonitis
	0
	0
	> 0.999

	Ectopic embolism
	0
	0
	> 0.999

	Hepatic encephalopathy
	0
	0
	> 0.999


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