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Abbreviations
!

APC argon plasma coagulation
AVM arteriovenous malformation
GAVE gastric antral vascular ectasia
IQR interquartile range
RFA radiofrequency ablation

Introduction
!

Gastric antral vascular ectasia (GAVE) is charac-
terized by the presence of fragile, dilated, ectatic
vessels within the superficial submucosa and mu-
cosa of the stomach, predominantly in the an-
trum [1]. GAVE was first described in 1953 by Ri-
der et al. as erosive gastritis with venocapillary
ectasia [2]. GAVE is a known cause of upper gas-
trointestinal bleeding and often manifests as an
iron deficiency anemia requiring frequent blood
transfusion [3–6]. The characteristic endoscopic
findings of longitudinal antral folds with tortuous
red, ectatic vessels are pathognomonic for the

condition [7]. While the pathogenesis of GAVE is
unknown, GAVE is seen in up to 30% of patients
with cirrhosis. It can account for up to 4% of non-
variceal upper gastrointestinal bleeding [8]. In
non-cirrhotic patients, GAVE has been associated
with various autoimmune conditions (62%),
most commonly Raynaud’s phenomenon (31%)
[9].
Various treatment modalities, including surgical
antrectomy, different pharmacological therapies,
and endoscopic thermal techniques like Nd:Yag
laser and argon plasma coagulation (APC) have
been tested with mixed results. Two recent stud-
ies evaluated the efficacy of radiofrequency abla-
tion (RFA) therapy with the HALO90 Ablation
Catheter System (Covidien, GI Solutions, Sunny-
vale, CA) for treatment of GAVE. In a pilot study
of six patients treated with the HALO90 ablation
system [1], average hemoglobin increased from
8.6g/dL pre-ablation to 10.2g/dL at two months
post-ablation. Five of six patients with GAVE who
received RFA (86%) were transfusion-free at a
mean follow-up of two months. In a subsequent
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Background and study aims: Gastric antral vascu-
lar ectasia (GAVE) is a known cause of gastrointes-
tinal bleeding and chronic iron deficiency anemia.
Endoscopic therapy with argon plasma coagulati-
on (APC) is widely used for treatment of GAVE,
but most patients continue to require repeated
blood transfusions and multiple endoscopic pro-
cedures (refractory GAVE). We describe our initial
experience regarding safety and efficacy of radio-
frequency ablation (RFA) therapy in treating pa-
tients with refractory GAVE.
Patients and methods: We prospectively enrolled
seven patients with refractory GAVE who had
multiple prior treatments with APC. These pa-
tients were treated with RFA (HALO90 ULTRA Ab-
lation Catheter System; Covidien, GI Solutions,
Sunnyvale, CA) at Ertan Digestive Disease Center
at our tertiary University Hospital.

Results: Seven patients underwent a total of 12
RFA procedures for treatment of refractory GAVE.
The median number of RFA procedures was 2
(Range, 1–3). Average pre- and post-procedural
hemoglobin were 9.3g/dL and 10.16g/dL, respec-
tively. Five of seven patients (71%) were transfu-
sion-free after the RFA treatments while two pa-
tients continued to require blood transfusions.
There were no complications in this series.
Conclusion: RFA can be an effective alternative to
APC for treatment of GAVE refractory to previous
endoscopic therapy. Additional studies are need-
ed to identify which subset of patients will bene-
fit the most with RFA treatment.



study of 21 patients [10], 86% (18/21) of patients were transfu-
sion-free at sixmonths and did not have any endoscopic evidence
of GAVE. Mean hemoglobin increased from 7.8g/dL to 10.2g/dL
in those 18 patients (P<0.001). Here, we describe our experience
with the use of RFA therapy in treating patients with refractory
GAVE.

Methods
!

Study design
This study was approved by the Institutional Review Board at
University of Texas Health Science Center at Houston. Informed
consent was obtained from each patient prior to the procedure.
Patients included in the study were those who had endoscopic
findings consistent with GAVE. All of the patients had previously
undergone endoscopic biopsy confirming GAVE and received
subsequent therapy with APC but continued to require blood
transfusions. Thorough history was performed and sex, age, and
presence of GAVE-associated chronic medical conditions were
noted. Pre-and post-treatment hemoglobin levels and the num-
ber of RFA sessions were recorded. RFA was repeated if a follow-
up visit revealed persistent gastrointestinal bleeding and symp-
tomatic anemia. Technical success was defined as the ability to
perform complete endoscopic ablation of GAVE lesions. Clinical
success was defined as the patient being transfusion-free at a fol-
low-up examination.

Procedure
All endoscopic procedures were performed in the outpatient
endoscopy suite. Endoscopy was performed with the HALO90
Ablation Catheter System (Covidien, GI Solutions, Sunnyvale, Ca-
lifornia). After initial inspection of the GAVE lesions, the endo-
scope was removed and fitted with the ablation device at the 12
o’clock position. The endoscope was then advanced to the py-
lorus and the lesions were washed with Mucomyst. The endo-
scopewas deflected upward and adjusted such that the electrode
was in full contact with the affected tissue. GAVE lesions were
treated until completely ablated at an automated energy density
dose of 12J/cm2 and power density of 40W/cm2. Two “pulses”
(application of HALO electrode to gastric mucosa with delivery
of radiofrequency energy) were routinely used to ablate the
GAVE tissue (●" Video 1). All procedures were performed in the
outpatient setting. Patients were allowed to have a liquid diet im-
mediately after the procedure once fully awake and diet was ad-
vanced as tolerated on the same day. Patients were started on
proton pump inhibitor therapy for 6–8 weeks.

Statistical analysis
For continuous variables, the results were expressed by using
mean±standard deviation or median (interquartile range; IQR)
for skewed data. Frequencies (%) were used for categorical vari-
ables. Reported P-values were two-sided and all comparisons at-
tained statistical significance at P<0.05.All analysis was per-

formed using Stata Statistical Software: Release 12, StataCorp LP,
College Station, Texas.

Results
!

Seven patients underwent RFA for treatment of refractory GAVE.
Most patients, 6 /7 (87%), were women. The mean age was 69
(range: 56–82). Two patients had a history of chronic hepatitis C
with liver cirrhosis. One of these two patients had a history of hy-
pothyroidism, while the other patient had a history of systemic
lupus erythematosus. Three patients had a history of scleroder-
ma and one patient had a history of hypothyroidism. In one pa-
tient, a 79-year-old man, there was no known history of an iden-
tifiable disease associated with GAVE (●" Table1). All of the pa-
tients had previously undergone at least three endoscopic thera-
pies with APC.
Three different endoscopists performed a total of twelve RFA pro-
cedures for these seven patients.●" Fig.1a and●" Fig.1b show
endoscopic images of GAVE before and after RFA, respectively.
The median number of RFA treatments per patient was 2 (range,
1–3). Two patients required only a single session of RFA. Four pa-
tients were treated with two sessions of RFA treatment and one
patient required three sessions of RFA. RFAwas successfully com-
pleted in all patients without any complication and the technical
success rate was determined to be 100%. Mean pre- and post-
procedural hemoglobin values were 9.3g/dL (SD, 0.78) and
10.16g/dL (SD, 1.72) (P>0.05), respectively. Overall, these seven
patients were followed for a median of six months (range, 1.5–8
months). Five patients (71%) were transfusion-free and two pa-
tients (29%) continued to require post-procedural transfusions
at median follow-up of 6 months. Thus, the clinical success rate
was determined to be 71%. There were no procedure-related
complications (●" Table1).
One patient, a 56-year-old woman with history of hypothyroid-
ism, hepatitis C, and cirrhosis, continued to have persistent occult

Video 1

RFA for GAVE.

online content including video sequences viewable at:
www.thieme-connect.de

Table 1 Patient demographics and results.

Patient demographics

Sex
Men
Women

Number
1
6

Percent
14
86

Age (years) Mean
69.14

SD; Range
10.82; 56–82

RFA sessions (number) Median
2

Range
1–3

RFA “Pulse” per session (number) Median
42

Range
16–84

Results

Success Number Percent

Technical 7 /7 100

Clinical 5 /7 71

Hemoglobin (g/dL)
Pre-RFA
Post-RFA

Mean
9.3

10.16

SD
0.78
1.72

Follow up (months) Median
5

Range
4–8

GAVE-associated conditions
Cirrhosis
Hepatitis C
Scleroderma
Hypothyroidism
Systemic lupus erythematosus

Number
2
2
2
3
1

Percent
29
29
29
43
14
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gastrointestinal bleeding with transfusion-dependent iron defi-
ciency anemia. This patient subsequently underwent endoscopy
with APC. One additional patient, an 80-year-old woman with
history of hypothyroidism, GAVE, valvular heart disease, and
multiple AVMs in jejunum, continued to have transfusion-depen-
dent anemia despite three RFA treatments for GAVE. She had un-
dergone prior double-balloon enteroscopies with APC treatment
for AVMs. Her anemiawas thought to be caused by a combination
of bleeding from both GAVE and jejunal AVMs. She was treated
with blood transfusions as needed.

Discussion
!

GAVE is a rare, but potentially serious, cause of gastrointestinal
bleeding. Many treatment options have been proposed for
GAVE. Surgical options include antrectomy, but this carries high
morbidity and mortality rates [5,6]. Medications like octreotide,
estrogen/progesterone therapy, and corticosteroids have been
used, but none of these therapies have consistently reduced the
number of blood transfusions needed or resolved the underlying
vascular lesions [8,10]. Previous studies with endoscopic thermal
techniques like Nd:Yag laser therapy and APC [6,10] showed
mixed results. Due to ease of use, decreased cost, and improved
safety, APC is more commonly used than laser therapy. However,
a subset of patients continue to have persistent gastrointestinal
bleeding despite multiple APC treatments and RFA might be an
alternative treatment for this subset of refractory GAVE patients.
The HALO90 RFA system includes an endoscope-mounted abla-
tion catheter and energy generator. The upper surface of the ab-
lation device contains an electrode array spanning 10mm long
and 13mm wide. When the energy generator is activated by the
operator, radiofrequency energy is automatically delivered to the
electrode array. Because of high-power density and a pre-set en-
ergy density, uniform tissue penetration can be achieved and op-
erator-dependent effects eliminated. Consequently, the submu-

cosal layer is less likely to be injured [11]. Two previous studies
showed the safety and efficacy of RFA in treating GAVE [1,10]. In
line with these studies, our study suggests that RFA is an effective
alternative to APC for treatment of refractory GAVE. At median
follow-up of 6 months (range, 1.5–8 months), five of seven pa-
tients (71%) were transfusion-free after RFA treatment. The RFA
catheter ablates a uniform area per given application and allows
a larger area of ablation than APC treatment alone, which is more
dependent upon the physician’s skill and comfort with the tech-
nique. In addition, APC can result in intermittent skip areas be-
tween the treated areas.
Study patients had GAVE-associated chronic conditions, as docu-
mented in previous studies [1,3–6,10]. Although a direct correla-
tion between chronic disease severity and severity of GAVE has
not been established, symptomatic patients may benefit the
most from RFA treatment combined with appropriate disease
management.
Our study has several limitations. First, only a small subset of pa-
tients was evaluated and the results may not correlate directly
with a larger patient population. Additionally, there was a rela-
tively short follow-up (median, 6 months; range, 1.5–8 months);
thus, the long-term efficacy of RFA could not be definitively es-
tablished. Despite these limitations, findings suggest that RFA is
a valuable tool in treating GAVE refractory to other endoscopic
methods and merits additional evaluation. Future studies exam-
ining long-term effects of RFA and the association of GAVE with
chronic medical conditions are needed to identify the subsets of
patients that will benefit from RFA treatment.
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Fig.1a Pre-RFA
appearance of GAVE.
b Post-RFA appearance
of GAVE.
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