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INTRODUCTION

Gastric antral vascular ectasia (GAVE) is a condition char-
acterized by vascular lesions usually located in the antrum, 

typically leading to occult or overt bleeding. It accounts for up 
to 4% of all non-variceal upper gastrointestinal bleeding and 
can be present in 6–14% of patients with cirrhosis.1,2 Patients 
commonly present with chronic iron deficiency anemia, and 
up to 62% of patients can become transfusion-dependent.3 
Diagnosis is usually established using esophagogastroduo-
denoscopy (EGD); however, ambiguous cases require histo-
logic assessment.4-6 Endoscopically, it may present with three 
different patterns: stripes radiating to the pylorus (classically 
called “watermelon stomach,” more common in non-cirrhotic 
patients), diffuse punctate lesions (more common in cirrhotic 
patients), and a nodular type.7,8

Pharmacological therapies have been shown to have limited 
benefit.9-12 Antrectomy has a higher morbidity and mortality.5 
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Transjugular intrahepatic portosystemic shunt is also not an 
effective therapy.13 Therefore, similar to several causes of upper 
gastrointestinal bleeding,14-18 the mainstay treatment of GAVE 
is endoscopic therapy.

Argon plasma coagulation (APC) is a non-contact tech-
nique that delivers high-frequency monopolar current through 
ionized argon gas, resulting in tissue coagulation with limited 
depth of injury and lower risk of complications.19–21 Endoscop-
ic band ligation (EBL), first described as a treatment for esoph-
ageal varices, was further introduced as a treatment for GAVE. 
It consists of mechanical strangulation of lesions through the 
placement of multiple elastic bands, resulting in thrombosis, 
necrosis, and subsequent fibrosis of the mucosa and submuco-
sa.22,23 Heater probes, Nd-YAG lasers, sclerotherapy, and cryo-
therapy have been largely replaced because of complications, 
lower success rates, and/or availability issues.5,24 More recently, 
radiofrequency ablation (RFA) and hybrid-APC have emerged 
as alternative therapies.25–27

Despite considerable recurrence rates,28 APC remains the 
most commonly used endoscopic treatment for GAVE, al-
though EBL has produced promising results. We performed 

the first systematic review and meta-analysis including only 
randomized controlled trials comparing both treatment mo-
dalities. We aimed to evaluate the feasibility, efficacy, and safe-
ty of APC and EBL for the treatment of GAVE.

MATERIALS AND METHODS

Protocol and registration
This study was performed in conformity with the Preferred 

Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines29 and was registered in the International 
Prospective Register of Systematic Reviews (PROSPERO) 
under the file number CRD42020191896. The study was ap-
proved by the Ethics Committee of the Hospital das Clínicas, 
Faculty of Medicine at the University of São Paulo.

Eligibility criteria
We screened all studies with the following inclusion criteria:
a. Study design: only randomized controlled trials.
b.  Population: patients with GAVE, irrespective of age.

Table 1. Baseline Characteristics of the Population and Results of Individual Studies

Abdelhalim (2014) Elhendawy (2015) Ghobrial (2018) Al-Wahab (2019)

EBL APC EBL APC EBL APC EBL APC

Number of patients 20 20 44 44 20 20 18 18

Mean age (years) 55.65 57.17 51.41 53.09 9.65 7.8 65 60

Bleeding (occult/overt) 20%/80% 45%/55% NI NI 0%/100% 0%/100% 17%/83% 23%/77%

Gender (male/female) 9/11 10/10 19/25 15/29 13/7 11/9 11/7 15/3

APC settings - 60 W 
2 L/min - 60 W 

2 L/min - 40 W 
1 L/min - 50 W 

2 L/min

Number of bands Up to 18 
bands - Up to 12 

bands - Up to 6 
bands - NI -

Number of sessions required 2.25±0.64 5.5±3.76 2.93±0.85 3.48±0.90 1.85±0.18 4.15±1.22  2.25±0.38 2.5±0.57

Procedure time (minutes) NI NI NI NI 9.4 ± 1.21 15.37 ± 1.56 NI NI

Recurrence of bleeding 1/20 7/20 NI NI 1/20 7/20 3/18 8/18

Endoscopic eradication 19/20 12/20 NI NI 19/20 12/20 13/18 10/18

Hb level after intervention 
(g/dL) 9.68±1.31 8.92±2.12 10.31±1.01 9.85±0.91 9.2±0.84 9.02±1.32 8.8±1.0 8.7±0.9

Mean number of hospital-
izations 0.05±0.22 0.5±0.95 NI NI 0.67±0.15 0.95±0.18 NI NI

Transfusion requirements 
(units) 0.15±0.67 2.00±2.97 2.5±0.70 4.6±0.89 0.44±0.1 1.0±0.67 NI NI

Transfusion requirements 
(number of patients) NI NI 2 

(4.5%)
5 

(11.4%) NI NI 3 
(17%)

7 
(39%)

Adverse events (number of 
patients) 0/20 (0%) 0/20 (0%) 6/44 (13%) 9/44 (20%) 14/20 (70%) 2/20 (10%) 6/18 (33%) 0/18 (0%)

APC, argon plasma coagulation; EBL, endoscopic band ligation; Hb, hemoglobin; L, liters; NI, not informed; W, watts.
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c. Type of intervention: APC and EBL.
d.  Outcomes: endoscopic eradication, recurrence of bleed-

ing, blood transfusion requirements, number of sessions 
needed, number of hospitalizations, and adverse events.

Search and study selection
We searched electronic databases (MEDLINE, Embase, 

Cochrane Library, LILACS) and gray literature from inception 
to March 2021. Only randomized controlled trials (RCTs) 
comparing APC and EBL for the treatment of GAVE were 
included. No restrictions were set for the publication date or 
language. The search strategies are listed in Supplementary 
Table 1. Two independent investigators screened for eligibility. 
Any disagreements were resolved by consultation with a third 
reviewer.

Data collection process
The following data were extracted: name and year of the 

study, number of patients, age, gender, type of bleeding (occult 
or overt), argon plasma settings, number of bands, Child–
Pugh score, number of sessions, procedure time, recurrence 
of bleeding, endoscopic eradication, hemoglobin level after 
the intervention, number of hospitalizations, transfusion re-
quirements, and adverse events. When insufficient data were 
presented in the published articles, the corresponding authors 
were consulted via e-mail for further elucidation.

 
Risk of bias and quality of studies

The risk of bias was assessed using the Cochrane risk-of-
bias tool for randomized trials (RoB2).30 We analyzed the risk 
of bias for each outcome in all included studies. The quality of 
evidence was assessed using the Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) criteria 
using GRADEpro Guideline Development Tool software (Mc 
Master University, Ontario, Canada). Egger’s test was per-
formed to assess potential publication bias.

Data synthesis and statistical analysis
The sample mean was estimated, when needed, from its me-

dian and range.31 Statistical analyses were conducted using the 
RevMan software Version 5.4 (Cochrane, London, UK). The 
Mantel-Haenszel test was used for categorical variables, and 
inverse variance was used for continuous variables. Heteroge-
neity was evaluated using the Higgins test (I2). I2 values >50 % 
were considered to indicate substantial heterogeneity.30 We 
used a fixed effects model when I2 was <50%. If I2 >50%, we 
performed a sensitivity analysis using a funnel plot to identify 
possible outliers. If the sample became homogeneous after ex-
cluding possible outliers, the studies were permanently exclud-
ed (considered true outliers), and a fixed effects model was 

used. When there were no outliers or heterogeneity remained 
high after outliers were excluded, we used random effects to 
reduce the influence of heterogeneity on the final result. Out-
come measures are described as the mean difference or risk 
difference (RD), with their corresponding 95% confidence 
intervals (CI). Intention-to-treat analysis was performed in all 
studies.

RESULTS

Literature search results and characteristics of 
included studies

The search strategy identified 5,587 articles. After remov-
ing duplicates, 1,478 articles were identified. Among these, 
11 were eligible for full-text review. Five observational stud-
ies,22,32–35 one review,5 and one study36 with duplicate data were 
excluded. A total of four randomized controlled trials37–40 met 
the inclusion criteria, including a total of 204 patients, com-
paring EBL with APC (102 patients in each group) (Fig. 1). 
The baseline characteristics of the population and the results 
of the individual studies are presented in Table 1. All included 
studies had a follow-up period of 6 months.

Risk of bias and quality of studies
The overall risk of bias is shown in Supplementary Table 

2. One40 of the four studies37–40 described “alternatively ran-
domization” without specifying how it was performed. After 
contacting the author, randomization was judged to have been 
performed appropriately. For this reason, we considered the 
overall risk of bias to be insignificant. The quality of the in-
cluded studies was considered to be adequate (Supplementary 
Table 3). Egger’s test revealed no evidence of publication bias 
among the studies (p>0.05).

Meta-analysis

Endoscopic eradication
In total, 116 patients from three studies were analyzed.37,39,40 

EBL had a higher endoscopic eradication rate than that of 
APC (RD, 0.29; 95% CI [0.14, 0.44]; p=0.0001; I2 =0%) (Fig. 2). 
The GRADE analysis revealed a high certainty of evidence.

Recurrence of bleeding
In total, 116 patients from three studies were analyzed.37,39,40 

EBL presented less recurrence of bleeding than that of the 
APC group (RD, 0.29; 95% CI [0.15, 0.44]; p<0.0001; I2 =0%) 
(Fig. 3). The GRADE analysis revealed a high certainty of evi-
dence.
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses PRISMA flow diagram.

Fig. 2. Endoscopic eradication. APC, argon plasma coagulation; CI, confidence interval; EBL, endoscopic band ligation; M-H, Mantel-Haenszel test.
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Fig. 3. Recurrence of bleeding. APC, argon plasma coagulation; CI, confidence interval; EBL, endoscopic band ligation; M-H, Mantel-Haenszel test.
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Fig. 4. Transfusion requirement. APC, argon plasma coagulation; CI, confidence interval; EBL, endoscopic band ligation; IV, inverse variance; SD, standard deviation. 
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Fig. 5. Number of sessions. APC, argon plasma coagulation; CI, confidence interval; EBL, endoscopic band ligation; IV, inverse variance; SD, standard deviation.
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Fig. 6. Number of hospitalizations. APC, argon plasma coagulation; CI, confidence interval; EBL, endoscopic band ligation; IV, inverse variance; SD, standard deviation.
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Transfusion requirement
In total, 168 patients from three studies were analyzed.37–39 

The group treated with EBL required fewer transfusions (mean 
difference [MD], 1.49; 95% CI [0.28, 2.71]; p=0.02; I2 =96%) 
(Fig. 4). The GRADE analysis revealed a very low certainty of 
evidence.

Number of sessions
In total, 204 patients from four studies were analyzed.37–40 

The number of sessions required for complete obliteration of 
the lesions was higher in the APC group (MD, 1.38; 95% CI 
[0.35, 2.42]; p=0.009; I2 =94%) (Fig. 5). The GRADE analysis 
revealed a very low certainty of evidence.

Mean number of hospitalizations
In total, 80 patients from two studies were analyzed.37,39 The 

group treated with EBL required fewer hospitalizations than 
patients in the APC group (MD, 0.29; 95% CI [0.19, 0.39]; 
p<0.00001; I2 =0%) (Fig. 6). The GRADE analysis revealed a 
moderate certainty of evidence.

Adverse events
In total, 204 patients in four studies were analyzed.37–40 

There was no significant difference between them (RD, −0.20; 
95% CI [−0.48, 0.07]; p=0.15; I2 =91%) (Fig. 7). The GRADE 
analysis revealed a very low certainty of evidence.
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DISCUSSION

GAVE is a common entity that can occur in patients with 
and without liver cirrhosis and has a different spectrum of 
treatment and behavior from those of portal hypertensive 
gastropathy. It has significant morbidity and financial impact 
as patients are often hospitalized, requiring endoscopic pro-
cedures and blood transfusions. However, few high-quality 
studies have evaluated the optimal treatment modality. The 
previous meta-analysis41 on this subject included only two 
RCTs, it did not include two relevant outcomes (endoscopic 
eradication and recurrence of bleeding), and included retro-
spective studies, which decreased the level of evidence. To our 
knowledge, this is the first systematic review and meta-analy-
sis that included only randomized controlled trials evaluating 
both APC and EBL in the treatment of this entity (Level of 
Evidence 1A).

Our meta-analysis demonstrated that EBL has higher rates 
of endoscopic eradication, less recurrence of bleeding, and 
a reduction in transfusion requirements. These results may 
be explained by the fact that EBL acts on deeper gastric wall 
layers, leading to thrombosis and ischemia of the mucosa and 
submucosa, which are subsequently replaced by fibrous tissue 
(Fig. 8C). Consequently, the blood flow in the vessels that 
nourish vascular ectasia is interrupted and GAVE is eradicat-
ed. In contrast, APC tended to act only on the mucosa (Fig. 
8B). Since GAVE is characterized by dilation of the mucosal 
and submucosal vessels with focal thrombosis, it is under-
standable that the deeper action of EBL will promote less re-
currence of these lesions.7,8

Regarding the number of hospitalizations, we included data 
from two studies37,39 reporting a significantly fewer hospitaliza-
tions per patient in the EBL group. Concerning safety, only a 
few adverse events were reported, such as fever, epigastric pain, 
abdominal distension, mild bleeding, and vomiting, showing 
no difference within the procedures. No major adverse events 

were observed, proving the safety of both methods in line with 
the recommendations of the American Society for Gastroin-
testinal Endoscopy Quality Task Force.42 One of the included 
studies40 reported the development of hypertrophied polyps 
in some patients who underwent EBL. However, this is an un-
usual complication that has already been reported for APC43–45 
and RFA.46

Despite the efficacy of both techniques in treating GAVE, 
EBL still presents more advantages. It is more widely available, 
less time consuming,39 and because it requires fewer endo-
scopic sessions, it is probably associated with lower costs.47 
However, in some situations, both techniques can be per-
formed complementarily, especially in fibrotic areas related to 
previously performed banding that are difficult to suction and 
achieve band deployment. 

The exposed results are consistent in patients with chronic 
liver disease, which represents the etiology of a considerable 
number of GAVE cases encountered in daily practice. Howev-
er, other conditions associated with GAVE, such as connective 
tissue disorders, end-stage renal disease, and bone marrow 
transplantation, were not evaluated in this study.9,48 Since the 
pathogenesis is not fully understood, it is not possible to con-
firm whether our results may be extrapolated to other diseases. 
Nevertheless, two retrospective studies including patients with 
non-cirrhotic GAVE also reported the superiority of EBL over 
APC.32,35

In this study, we analyzed the two main endoscopic options 
(EBL and APC) for the treatment of GAVE. There are prom-
ising emergent techniques, such as RFA and hybrid-APC, 
that have not been evaluated in randomized controlled trials; 
therefore, they were not included in our study. Further studies 
are needed to compare these techniques with APC and EBL. 

The treatment of GAVE is also limited by an incomplete un-
derstanding of its pathogenesis. Several hypotheses have been 
proposed, including mechanical stress caused by abnormal 
gastric contraction waves and an imbalance of vasoactive and 

Fig. 7. Adverse events. APC, argon plasma coagulation; CI, confidence interval; EBL, endoscopic band ligation; M-H, Mantel-Haenszel test.
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angiogenic mediators.5 Treatment of the underlying disease 
can lead to resolution of GAVE, as reported for patients with 
cirrhosis treated with liver transplantation and for patients 
with systemic sclerosis treated with cyclophosphamide.49,50 
Hence, it is possible that a more accurate understanding of the 
pathophysiology can lead to better management of this condi-
tion.

Our study has several limitations. Few articles were included 
in the analysis. However, this is because of the small number of 
RCTs published on this subject. All included studies were con-
ducted in Egypt, which has one of the highest cirrhosis-related 
death rates in the world.51 Nonetheless, our results were con-
sistent with previous observational studies conducted in other 
countries as well.32,33,35 Not all outcomes were evaluated in 
every trial. Significant heterogeneity was identified among the 
studies, which might be explained by the following reasons: 
the severity of the liver disease varied among the studies, as 
shown in Supplementary Table 4, and different APC settings 
along with a variable number of endoscopic bands applied in 
each session. These factors may have influenced the outcomes. 
One of the included studies was performed in children with 
liver disease.39 However, the results were consistent with those 
of other studies, probably due to the same pathophysiology in 
patients with chronic liver disease. Regarding transfusion re-
quirements, none of the studies reported the cutoff to indicate 
blood transfusions. Nevertheless, all individual studies consis-
tently reported fewer transfusions in patients treated with EBL.

In summary, we performed an extensive systematic and in-
depth critical evaluation of the best level of evidence for this 
subject. The available data allow us to recommend EBL as the 
first treatment option for GAVE. We strongly believe that this 

can significantly and positively influence the care and manage-
ment of patients suffering from this condition.

CONCLUSIONS

Our systematic review and meta-analysis showed that EBL 
is superior to APC in terms of endoscopic eradication rates, 
recurrence of bleeding, and transfusion requirements. Similar 
adverse events were observed for both interventions.
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