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INTRODUCTION

Gastric antral vascular ectasia (GAVE) is usually a condi-
tion characterized by vascular lesions located in the antrum,
typically leading to occult or overt bleeding. It accounts for
up to 4% of all nonvariceal upper gastrointestinal bleeding
and may be present in 6-14% of patients with cirrhosis2.
Patients commonly present with chronic iron deficiency
caused by anemia, and up to 62% of patients may become
transfusion-dependent’.

Although the exact pathogenesis is still unclear, it has been
proposed that abnormal gastric contraction waves induce pro-
lapse of the antral mucosa with intermittent obstruction of blood
vessels, resulting in fibromuscular hyperplasia. The imbalance
of vasoactive and angiogenic mediators, such as prostaglandin
E2, vasoactive intestinal peptide, 5-hydroxytryptamine, and gas-
trin, may also be involved in the pathogenesis*’. Cirrhosis, con-
nective tissue disorders, end-stage kidney disease, and bone
marrow transplantation are disorders associated with GAVE
development. Diagnosis is usually established by esophago-
gastroduodenoscopy; however, uncertain cases require histo-
logical assessment®’. Endoscopically, it may present with three
different patterns: stripes radiating to the pylorus (classically
called “watermelon stomach,” more common in noncirrhotic
patients), diffuse punctate lesions (more common in cirrhotic
patients), and a nodular type®®. Histological features of GAVE
include tortuous and dilated mucosal capillaries, often occluded
by thrombi, and dilated submucosal veins surrounded by

fibrohyalinosis and fibromuscular hyperplasia. The main dif-
ferential diagnosis is portal hypertensive gastropathy (PHG).

Regarding treatment options, pharmacological therapies,
such as beta-blockers, octreotide, thalidomide, or tranexamic
acid, provide less benefits*!*12. Antrectomy has higher mor-
bidity and mortality. Transjugular intrahepatic portosystemic
shunt is also not an effective therapy". Therefore, the mainstay
of treatment for GAVE is endoscopic therapy.

Argon plasma coagulation (APC) is a noncontact technique
that delivers high-frequency monopolar current through ionized
argon gas, resulting in tissue coagulation with limited depth of
injury and lower risk of complications'*">. Endoscopic band
ligation (EBL), first described as a treatment for esopha-
geal varices, was further introduced as a treatment of GAVE.
It consists of mechanical strangulation of the lesions by mul-
tiple elastic bands placement, resulting in thrombosis, necro-
sis, and subsequent fibrosis of the mucosa and submucosa'®"”.
Heater probe, Nd-YAG laser, sclerotherapy, and cryotherapy
have been largely replaced due to complications of lower suc-
cess rates and/or availability issues?. More recently, radiofre-
quency ablation (RFA)**' and hybrid-APC* have emerged as
alternative therapies.

Despite considerable recurrence rates, APC remains the
most widely used endoscopic treatment for GAVE, although
EBL shows promising results. Our aim was to perform a sys-
tematic review and meta-analysis in order to evaluate the best

treatment option for this condition.
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METHODS
We performed a comprehensive search in electronic databases
(i.e., MEDLINE, Embase, Cochrane, and LILACS) and grey
literature. Only randomized controlled trials (RCTs) compar-
ing APC and EBL for the treatment of GAVE were included.
A systematic review and meta-analysis were performed accord-
ing to PRISMA guidelines using the PICO system. The risk
of bias was assessed by the Cochrane risk-of-bias tool for ran-
domized trials (RoB2). We analyzed the risk of bias for each
outcome of every included study. The quality of evidence was
assessed using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) criteria. The statistical
analyses were conducted using the RevMan software, version
5.4, exposing the results as forest plots.

(102 patients in each group) (Annex Figure 1). The baseline
characteristics of the population and the results of individual
studies are reported in Table 1. All included studies had a fol-
low-up period of 6 months.

Risk of bias and quality of studies

The overall risk of bias is reported in Annex Table 1. We consid-
ered that the overall risk of bias was not serious. The quality of
the included studies was considered adequate (Annex Table 2).

Endoscopic eradication
A total of 116 patients were analyzed from three studies® >/,

EBL presented a higher endoscopic eradication rate compared

with APC (risk difference [RD]: 0.29, 95% confidence interval

(CD): [0.14, 0.44], p=0.0001, I*’=0%) (Annex Figure 2). The
GRADE analysis revealed a high certainty of evidence.
RESULTS
The search strategy identified 5,587 articles. After the removal Recurrence of bleeding

A total of 116 patients were analyzed from three studies®*4.

of duplicates, 1,478 articles were screened. Among them,
EBL presented a less recurrence of bleeding compared with
the APC group (RD: 0.29, 95%CI: [0.15, 0.44], p<0.0001,
[’=0%) (Annex Figure 3). The GRADE analysis revealed a high

certainty of evidence.

11 were eligible for full-text review. Five observational studies,

one review, and one study with duplicate data were excluded.

21-24

Four randomized clinical trials met the inclusion crite-

ria, totaling 204 patients and comparing EBL with APC

Table 1. Baseline characteristics of the population and the results of individual studies.

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

EBL APC EBL APC EBL APC EBL
No. of patients 20 20 44 44 20 20 18 18
Mean age (years) 55.65 57.17 5141 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
APCEHNGS - 268rrv1\1/ n - ZéLC;nvw\I/ n - 148r\r/1\i/ n - ZSLO/r\T/w\i/ n
Noyofbands s || e | bonds | X :
No. of sessions required 2.2520.64 | 55+3.76 | 2.93£0.846 | 3.48+0.902 | 1.85+0.18 | 4.15+1.22 | 2.25£0.38 | 2.5+0.57
Procedure time (min) 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 9.68+1.31 | 892+2.12 | 10.31£1.01 | 9.85£0.906 | 9.2+0.84 9.02+1.32 8.8+1 8.7+0.9
Mean no. of hospitalizations 0.05+0.22 0.5+0.95 NI NI 0.67+0.15 | 0.95+0.18 NI NI
Transfusion requirements (units) 0.1520.67 2.00£2.97 2.5£0.70 4.620.89 0.44+0.1 1.0£0.67 NI NI
Hg”g?ggg;ff%emems NI NI 2(4.5) 5(11.4) NI NI 3(17) 7(39)
Adverse events (no. 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)
NI: not informed; W: watts; L: liters.
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Transfusion requirement

A total of 116 patients were analyzed from three studies” .
The EBL group required fewer transfusions (mean difference
[MD]: 1.49, 95%CI: [0.28, 2.71], p=0.02, I’=96%) (Annex
Figure 4). The GRADE analysis revealed a very low certainty

of evidence.

Number of sessions
A total of 204 patients were analyzed from four studies® .

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, I’=94%) (Annex Figure 5). The GRADE

analysis revealed a very low certainty of evidence.

Mean number of hospitalizations

A total of 80 patients were analyzed from two studies?"*. The
EBL group required fewer hospitalizations than patients in
the CPA group (MD: 0.29, 95%CI [0.19, 0.39], p<0.00001,
[’=0%) (Annex Figure 6). The GRADE analysis revealed a
moderate quality of evidence.

Adverse events

A total of 204 patients were analyzed from four studies?' .
There was no difference between the two techniques (RD: -0.20,
95%CI: [-0.48, 0.07], p=0.15, I’=91%) (Annex Figure 7). The

GRADE analysis revealed a very low certainty of evidence.

DISCUSSION

Gastric antral vascular ectasia is a common entity that can be
present in both patients with and without cirrhosis and that has
a different spectrum of treatment and behavior than PHG. It
carries significant morbidity and financial impact when patients
are often hospitalized, requiring endoscopic procedures and
blood transfusions. Nonetheless, few high-quality studies have
evaluated the most optimal treatment modality. We performed
the first systematic review and meta-analysis, including only
RCTs and evaluating both APC and EBL in the treatment of
this entity (level of evidence 1A).

This meta-analysis demonstrated that EBL has higher rates
of endoscopic eradication, a less recurrence of bleeding, and
a reduction in transfusion requirements. These results may be
explained because EBL acts in deeper gastric wall layers, lead-
ing to thrombosis and ischemia of the mucosa and submucosa,
which are subsequently replaced by fibrous tissue (Figure 1).
Consequently, blood flow in the feeding vessels of GAVE is
interrupted and then GAVE is eradicated. In contrast, APC
acts only on the mucosa. Since GAVE is characterized by dila-
tion of the mucosal and submucosal vessels with focal throm-
bosis, it is understandable that the deeper action of EBL will
promote less recurrence of these lesions.

Regarding the number of hospitalizations, we included the
meta-analysis data from two studies, reporting a significant
reduction in the mean number of hospitalizations per patient
in the EBL group. Concerning safety, only a few adverse events

Figure 1. A: Mucosa with gastric antral vascular ectasia. B: Treatment with argon plasma coagulation. C: Treatment with endoscopic band ligation.
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were reported, such as fever, epigastric pain, abdominal disten-
sion, mild bleeding, and vomiting, with no difference within
the procedures. No serious adverse events were observed, prov-
ing the safety of both methods according to the recommenda-
tions of the American Society for Gastrointestinal Endoscopy
Quality Task Force?. One of the included studies* reported
the development of hyperplastic polyps in some patients under-
going EBL. However, an uncommon complication has been
reported with APC and RFA2%.

Despite the efficiency of both techniques to treat GAVE,
EBL still has more advantages. It is more widely available
and less time-consuming, and since it requires fewer endo-
scopic sessions, it is probably associated with reduced costs.
However, in some situations, both techniques can be per-
formed complementarily, especially in fibrotic areas related
to the previous banding that are difficult to suction and to
achieve band deployment.

The exposed results are consistent in patients with chronic
liver disease, which represent the etiology of a considerable
amount of the GAVE cases encountered in daily practice.
However, other conditions associated with GAVE, such as
connective tissue disorders, end-stage renal disease, and bone
marrow transplantation, were not evaluated in this study’.
Since the pathogenesis is not fully understood, it is not possi-
ble to affirm that our results may be extrapolated to other dis-
eases. Nevertheless, there are two retrospective studies, includ-
ing patients with noncirrhotic GAVE and also reporting the
superiority of EBL over APC.

In this study, we analyzed the two main endoscopic
options (i.e., EBL and APC) for the treatment of GAVE.
Promising emergent techniques, such as radiofrequency and
hybrid-APC, have not been evaluated in RCTs and, there-
fore, not included in our study. More studies are needed
to compare APC and EBL techniques. The treatment of
GAVE is also limited by an incomplete understanding of
its pathogenesis. Hence, it is possible that a more accurate
understanding of the pathophysiology can lead to a better
management of this condition.

Our study has several limitations. Few articles were
included in the analysis. However, this is a limitation due
to the small number of RCT published on this subject.
All the included studies were conducted in the same coun-
try (Egypt), which is ranked among countries having the
highest death rates of cirrhosis®. Nonetheless, our results

were consistent with previous observational studies that were
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conducted in other countries as well?®?3!, 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 varies
among the studies and different APC settings alongside a
variable number of endoscopic bands applied on each ses-
sion. These aforementioned reasons might have influenced
the outcomes. One of the included studies was performed
in children with liver disease?>. However, the results were
consistent with the other studies, probably due to the same
pathophysiology in patients with chronic liver disease.
Regarding the transfusion requirements, none of the stud-
ies informed the cutoff value to indicate blood transfusions.
Nevertheless, all individual studies consistently reported

fewer transfusions in patients with EBL.

CONCLUSIONS

We performed an extensive systematic and in-depth critical eval-
uation of the best level of evidence on this subject. The available
data recommended EBL as the first option for the treatment
of GAVE. We strongly believe that this can significantly and
positively impact the care and management of patients suffer-

ing from this condition.

Summary of recommendations
EBL and APC are effective and safe procedures for the endo-
scopic treatment of GAVE. EBL is superior to APC in terms
of endoscopic eradication rates, recurrence of bleeding, and
need for transfusion. In some situations, both techniques can
be performed in a complementary way. Both interventions had
similar adverse events.

The level of evidence varies from high to very low, depend-

ing on the outcome analyzed.
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ANNEX

METHODS

Protocol and Registration

This study was performed in conformity with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines,
and it was registered in the International Prospective Register of Systematic Reviews under the file number CRD42020191896.
This study was approved by the Ethics Committee of Hospital das Clinicas, Faculty of Medicine at The University of Sao Paulo.

Eligibility criteria
We screened all studies with the following inclusion criteria:
a. Study design: only RCTs.
b. Population: patients with GAVE, irrespective of age.
c. Type of intervention: argon plasma coagulation and EBL.
d. Outcomes: endoscopic eradication, recurrence of bleeding, blood transfusion requirements, number of sessions needed,

number of hospitalizations, and adverse events.

Search and Study Selection

We performed a search in electronic databases (i.e., MEDLINE, Embase, Cochrane, and LILACS) and grey literature from their
inception to March 2021. Only RCTs comparing APC and EBL for the treatment of GAVE were included. No restrictions were
set for publication date or language. The search strategy in MEDLINE was gastric antral vascular ectasia OR antral vascular ectasia
OR antral vascular ectasia OR watermelon stomach OR watermelon stomachs. In the other databases, the search was performed
with the term “gastric antral vascular ectasia.” Two independent investigators conducted the screening for eligibility. Any disagree-

ments 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 (i.e., occult
or overt), argon plasma settings, number of bands, Child-Pugh score, number of sessions, procedure time, recurrence of bleed-
ing, endoscopic eradication, hemoglobin level after the intervention, number of hospitalizations, transfusion requirements,
and adverse events. When data of the published articles were insufficient, the corresponding authors were consulted by e-mail

for further elucidation.

Risk of bias and quality of studies
The risk of bias was assessed by the RoB2. We analyzed the risk of bias for each outcome of every included study. The quality of
the evidence was assessed using the GRADE criteria with the GRADEpro Guideline Development Tool software.

Data synthesis and statistical analysis

The sample mean was estimated, when needed, from its median and range®". The statistical analyses were conducted using the
RevMan software, version 5.4. The Mantel-Haenszel test was used for categorical variables, and inverse variance was used for con-
tinuous variables. Heterogeneity was evaluated using the Higgins test (I?). I? values higher than 50% were considered substantial
heterogeneity®”. We used the fixed effect when I* <50%. If I*>50%, we performed a sensitivity analysis through a funnel plot to
identify possible outliers. If the sample became homogeneous after the exclusion, the studies were permanently excluded (consid-
ered true outliers), and the fixed model was used. When there was no outlier or heterogeneity remained high after the outliers were
excluded, we used the random effect to reduce the impact of heterogeneity on the final result. Outcome measures were described
as mean difference or risk difference, with their corresponding 95%Cls. Intention-to-treat analysis was performed in all studies.
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Annex Figure 1. PRISMA flow diagram.
Annex Figure 2. Endoscopic eradication.
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Annex Figure 3. Recurrence of bleeding.

Annex Figure 4. Transfusion requirement.

Annex Figure 5. Number of sessions.

Annex Figure 6. Number of hospitalizations.
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Annex Figure 7. Adverse events.

Annex Table 1. Risk of bias (RoB-2) tool.

Abd Al-
Elhendawy Ghobrial Abdelnalim

DOMAIN 1

1.1 Was the allocation sequence random?

1.2 Allocation sequence concealed? PY Y
RANDOMIZATION 1.3 Baseline imbalances suggest a problem with the rando- N N N N
PROCESS mization process?
Risk of bias judgment LOW LOW LOW LOW
2.1. Participants aware of their assigned intervention? PY PY PY PY
2.2. Carers and people delivering the interventions aware of v v v v
DOMAIN 2 participants’ assigned intervention?
DEVIATIONS 2.3. Were there dewatlo(njcs)rf?ezaxttirose because of the trial N N N N
FROM INTENDED .
INTERVENTIONS i i i i
2.6 Appropriate analysis tg estlmatfe the effect of assign Py Py Py Py
ment to intervention?
Risk-of-bias judgment LOW LOW LOW LOW
DOMAIN 3 3.1 Were data for this outcome available for all, or nearly all, Py v Py Py
randomized participants?
MISSING OUTCOME DATA Risk-of-bias judgment LOW LOW LOW Low
4.1 Was the method of measuring the outcome inappro- N N N N
priate?
4.2 Measurement or ascertainment of outcome differs
N N N N
DOMAIN 4 between groups?
MEASUREMENT OF THE 4.3 Outcome assessotr)s avavrz_ltrizo;:lt;lnterventlon received v v v v
OUTCOME e
4.4 Could assessment of th; outcomg have bgen influenced PN N N PN
by knowledge of intervention received?
Risk-of-bias judgment LOW LOW LOW LOW
5.1 Trial analyzed in accord;T:r??wnh a prespecified analysis Py Py Py Py
DOMAIN 5 i ioi
5.2 Is the result selected from multiple eligible outcome PN BN PN PN
measurements?
SELECTION OF THE - —
REPORTED RESULT 5.3 Is the result selected from multiple eligible analyses of PN BN PN PN
the data?
Risk-of-bias judgment LOW LOW LOW LOW
OVERALL
RISK OF BIAS LOW LOW LOW LOW

Y: yes; PY: probably yes; N: no; PN: probably no.
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