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Aim: Efficacy of argon plasma coagulation (APC) in gastric antral vascular ectasia (GAVE) 

impairs on long term and depends highly on application settings. Endoscopic band ligation 

(EBL) might be an alternative, but evidence is limited. This study aimed to evaluate and 

compare the clinical efficacy of APC and EBL in GAVE. 

Methods: Changes in hemoglobin and transfusion need, number of treatment sessions and 

hospitalizations were retrospectively assessed in 63 transfusion-dependent GAVE patients 

(mean age: 67.1 years, 54% female) treated with either APC or EBL (45 and 18 patients, 

respectively) in four tertiary endoscopic centers. 

Results: Both methods increased hemoglobin levels and decreased transfusion need 

substantially (2.20±0.40 g/dl and -5.62±2.30 blood units with APC, and 2.74±0.61 g/dl and -

4.79±2.46 blood units with EBL), without significant difference between the methods. 

However, less EBL sessions were required both for cessation of transfusion need (0.9±0.1 vs. 

1.69±0.31, p=0.028) and for the resolution of GAVE lesions (2.86±0.68 vs. 4.43±0.76, 

p=0.126). 

Conclusions: Both APC and EBL are effective in GAVE treatment. EBL might be superior in 

terms of number of treatment sessions, but not the influence on hemoglobin level and 

transfusion need. Further prospective studies with homogenized large case number and 

standardized APC settings are needed. 
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Introduction 

Gastric antral vascular ectasia (GAVE) is a rare, but potentially severe cause of recurrent, upper 

gastrointestinal bleeding in the elderly. Although occasionally acute gastrointestinal 

hemorrhage can be observed, most patients present with occult blood loss and chronic, iron-

deficiency anemia; 60-70% of them are transfusion-dependent.1 Recurrent hospitalizations 

associated with transfusions might as well be a burden to the healthcare system, not only to 

patients.  

GAVE is characterized by mucosal and submucosal vascular ectasias presenting endoscopically 

as red, spot-like lesions, arranged in linear strips converging at the pylorus or appear diffusely, 

located predominantly in the gastric antrum. Two morphological types have been reported: the 

linear type is more commonly seen in non-cirrhotic patients with female predominance and at 

an older age compared to the diffuse type that tends to occur in cirrhotic patients with male 

predominance.2-6 

Owing to the high risk of surgery and systemic side effects and limited success of 

pharmacological therapies, endoscopic procedures are favorable in the treatment of GAVE.4 

The non-contact thermal coagulation technique, argon plasma coagulation (APC) is considered 

the gold standard (Figure 1/A), even though its long-term efficacy is questionable, and evidence 

may not be strong enough to support its exclusive role in GAVE.4-8 Although various APC 
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settings enable a variety of clinical applications, inappropriate definition of applicable settings 

may lead to impaired efficiency and adverse events.9-10 Endoscopic band ligation (EBL) seems 

to be a comparable and promising alternative (Figure 1/B) with the ability to treat deeper 

mucosal and submucosal lesions as well in a uniform manner; it might even be superior to APC 

in terms of required treatment sessions.4, 7, 11-13 It is accessible in most centers and is considered 

a relatively easy procedure to perform.14-15 Results of radiofrequency ablation (RFA) which 

also offers uniform ablation depth are encouraging as well, although usually further training is 

required to familiarize with the technique.16-17 According to a recent meta-analysis, RFA 

required fewer treatment sessions than APC and resulted in fewer and less severe 

complications.18 The lack of recommendations regarding the use of either method is a 

significant limiting factor in the treatment of GAVE. 

This retrospective, multicenter study aimed to evaluate and compare the clinical efficacy of 

APC and EBL in real-life settings. 

Methods 

Study design 

Consecutive transfusion-dependent GAVE patients treated with either APC or EBL at any of 

the four tertiary endoscopic centers involved during a 10-year period were included in this 

study. Patients in whom other source of gastrointestinal bleeding was revealed throughout the 

study period were excluded. Both methods were first treatment choices (based on individual 

consideration of the examiner and local preferences), none of the involved patients treated with 

EBL underwent previous APC treatment, and vice versa. APC (Figure 2) was performed with 
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a MAJ-977 Olympus ENDOPLASMA unit and an EMED endo unit, using one of the following 

power settings: 30 W, 50 W or 70 W, and a gas flow setting of 2.4 L/min. EBL (Figure 3) was 

performed with a standard ligation set carrying 6 ligation bands. In the lack of uniform 

recommendations, APC settings, application time, size of the treated area, and the number of 

rubber bands applied with EBL were based on individual consideration. An informed consent 

was signed by all patients before the endoscopic procedures. In our clinical practice, follow-up 

endoscopy was performed 4-6 weeks after the first treatment session to check the regression of 

GAVE lesions and the necessity and timing of further endoscopic treatment. Hemoglobin 

values were measured monthly and transfusion need was assessed every 4-6 weeks. After the 

follow-up endoscopy or repeated treatment session, endoscopic treatment was repeated only in 

case of persisting transfusion need or evidence of GI bleeding. 

Outcome measures 

Number of treatment sessions, treatment duration, pre- and post-treatment hemoglobin values 

and number of blood transfusions were compared between those underwent APC and EBL. 

Cessation of transfusion need (i.e. stable hemoglobin levels without blood transfusion every 4-

6 weeks after the last treatment session) was considered the primary end-point, and endoscopic 

resolution of GAVE lesions (i.e. no lesions requiring intervention can be seen on follow-up 

endoscopy) was assessed as secondary end-point. Follow-up period was defined as the interval 

between the last endoscopic treatment procedure and the last follow-up visit (when necessity 

of further endoscopic treatment was decided based on patients’ complaints and laboratory 

parameters) recorded at the database. Indications for transfusion included the following: in case 

of acute bleeding, 30% loss of total blood volume made up a relative indication and 40% loss 
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of total blood volume an absolute indication for blood transfusion. In case of chronic anemia, 

blood transfusion was indicated when clinical symptoms of anemia related hypoxia occurred 

(mainly when hemoglobin values dropped below 7 g/dl).  

Ethical considerations 

This study was carried out in accordance with the Helsinki Declaration and was approved by 

the Regional and Institutional Human Medical Biological Research Ethics Committee of 

University of Szeged (clinical trial registration number: 3680 SZTE, date of approval: 

17/11/2015). 

Statistical methods 

Statistical data were reported as the mean; with frequencies (n) and percentages (%), when 

appropriate. Pearson’s chi-squared test or Fisher’s exact test was used to analyze categorical 

data, whereas independent samples t-test was used in case of continuous data. Statistical tests 

were performed using R statistical software. (R version 3.1.2), values of p<0.05 were 

considered significant. 

Results 

Demographic data 

A total of 63 patients were included in the study (mean patient age: 67.1 years, 54% female). 

Thirty-one patients (49%) presented with diffuse and 32 with linear GAVE (51%). Overt 

gastrointestinal bleeding occurred in 24 patients, and occult bleeding resulting in chronic iron 

deficiency anemia was present in 43 patients. Cirrhosis was present in 43% of the patients: it 

This article is protected by copyright. All rights reserved.



 
 

was more frequent in patients with diffuse GAVE compared to linear one (58% vs. 28%). 

Detailed demographic data are shown in Table 1. Forty-five patients were treated with APC 

and 18 patients with EBL. In case of APC, higher power settings were preferred based on the 

available data (70 W in 21 cases and 50 W in 7 cases vs. only 30 W in 2 cases; power settings 

were not reported in 15 cases). In case of EBL, an average of 5.3 rubber bands was applied per 

treatment session. Eleven patients (17%) were lost to follow-up; average follow-up period was 

15.4 months (range: 1-63 months, median: 11 months). 

Outcomes regarding hemoglobin levels, transfusion need and complications 

Both treatment methods resulted in significantly increased hemoglobin levels (Figure 4) and 

decreased transfusion need (Figure 5). The need for blood transfusions ceased totally in 33 

patients (25 treated with APC and 8 treated with EBL), in these patients no more transfusions 

were needed throughout the follow-up period (13.5±2.5 months for APC and 18.1±3.8 months 

for EBL) after the endoscopic treatments. Neither did any of the patients require antrectomy as 

an alternative to treat GAVE lesions. Complications occurred in a total of 6 patients: 2 patients 

were reported to have Mallory-Weiss syndrome and 2 patients had ulcerations without active 

bleeding resulting in scarring after APC, while hyperplastic polyps developed in 2 patients after 

EBL.  

Number of treatment sessions required 

Cessation of transfusion need required less treatment sessions than eradication of GAVE lesions 

with both APC and EBL. The difference between the number of treatment sessions required for 

the different endpoints was significant for patients treated with EBL (0.9±0.1 vs. 1.69±0.31 
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treatment sessions for cessation of transfusion need and endoscopic remission, respectively, 

p=0.028), but not for those treated with APC (2.86±0.68 vs. 4.43±0.76 treatment sessions for 

cessation of transfusion need and endoscopic remission, respectively, p=0.126).  

Diffuse GAVE lesions tended to require more treatment sessions compared to linear ones 

regarding both methods – especially when choosing cessation of transfusion need as an 

endpoint (3.24±0.80 vs. 1.40±0.63 sessions, p=0.078). In terms of endoscopic remission, 

diffuse and linear GAVE both required an average of 3 treatment sessions (3.73±0.81 vs. 

3.41±0.75 sessions, respectively, p=0.774). 

Comparison of APC and EBL 

When comparing the two treatment options (Table 2), no significant difference was found in 

the influence of the methods on hemoglobin level elevation (2.20±0.40 g/dl for APC vs. 

2.74±0.61 g/dl for EBL, p=0.461) and transfusion need (5.62±2.30 units for APC vs. 4.79±2.46 

units for EBL, p=0.806). However, significantly less treatment sessions (both for cessation of 

transfusion need [0.9±0.1 vs. 2.86±0.68, p=0.007] and for resolution of GAVE lesions 

[1.69±0.31 vs. 4.43±0.76, p=0.002]) and hospitalizations (1.33±0.33 vs. 4.28±0.81, p=0.002) 

were required in case of EBL.  

Optimal method for linear and diffuse GAVE 

Whereas in diffuse GAVE, significantly less treatment sessions were required with EBL both 

for cessation of transfusion need (1.00±0.00 vs. 3.94±0.01, p=0.009) and for endoscopic 

resolution of GAVE lesions (1.25±0.16 vs. 4.83±1.08, p=0.004); in linear GAVE, no difference 

was detected between the different treatment methods regarding potential endpoints (i.e. neither 
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in terms of cessation of transfusion need [1.56±0.78 vs. 0.75±0.25, p=0.335], nor endoscopic 

resolution of lesions [3.83±1.01 vs. 2.4±0.68, p=0.258]).  

Discussion 

Currently, APC is considered the gold standard treatment of GAVE based on its wide 

availability, cost-effectiveness, efficacy and safety.4, 15, 19 Superficial vascular lesions are 

usually treated with 40-50 W and 0.8 L/min considering different tissue sensitivities in various 

locations.9, 20 It should be noted however that variable power (30-100 W) and gas flow (0.8-2 

L/min) settings have been reported for hemostasis of bleeding vascular ectasias, and in the lack 

of comparative studies on individual safety and efficacy profiles, the choice of applicable APC 

settings should be based on the operator’s expertise and experience, not on uniform 

recommendations.20    

Clinical (cessation of blood transfusion need) success rate of APC in GAVE varies between 

90% to 94%, and technical (endoscopic obliteration or histological resolution of GAVE lesions) 

success rate is between 81% and 86%.9, 19 In the clinical setting, it is undecided which variable 

should be considered the primary end-point of the treatment. According to Peter, only GAVE 

lesions with symptoms related to blood loss should be treated.21 On the other hand, residual 

lesions might be the source of further blood loss resulting in recurrent transfusion need on the 

long term. Our clinical practice tends to reflect the former attitude, and in the lack of 

unequivocal recommendations follow-up endoscopy was not routinely performed after each 

treatment session to assess regression of GAVE lesions. Treatment time and number of 

treatment sessions depend on the morphological pattern (eradication of diffuse GAVE may take 
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more treatment sessions), the extent of lesions, and the clinical presentation (active bleeding 

requires more sessions), as well as individual expertise.3, 21 A slight difference between the 

number of treatment sessions required for cessation of transfusion need in diffuse GAVE 

compared to linear one could also be observed among our patients (3.24±0.80 vs. 1.40±0.63 

sessions). However, when choosing endoscopic resolution of lesions as treatment endpoint, no 

such difference could be detected between the morphological types (3.73±0.81 vs. 3.41±0.75 

sessions for diffuse and linear GAVE, respectively, p=0.774).  

Complications associated with APC include subcutaneous emphysema, abdominal pain, 

development of hyperplastic polyps, chronic ulceration, stricture formation, and perforation. In 

our cohort, Mallory-Weiss syndrome that required no further intervention and ulcerations 

leading to scarring developed both in only two patients.  

Despite the initial success of APC, recurrence rate of GAVE lesions is high (25-100%) and the 

efficacy of the modality impairs in the medium and long term (it can be as low as 40%), thus 

multiple treatment sessions (usually 1–5) are often required.4, 7, 15, 19, 22-23 In our study, 56% 

clinical success rate could be obtained with an average of 5 APC sessions. Impaired long-term 

efficacy might be due to inadequacy of standard APC settings to safely ablate dilated capillaries 

extending to deeper mucosal layers.20 The “gold standard” role of APC in GAVE is not reflected 

in the 2015 ESGE guideline on the management of nonvariceal upper GI hemorrhage that 

recommends endoscopic hemostasis therapy (including both APC and EBL) for the 

management of upper GI angiectasias, but none of them specifically.8 
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EBL, that was initially used in cases where APC was not available or as a salvage therapy in 

case of inefficient APC treatment, became a viable alternative due to its ability to treat larger 

areas at once in a more uniform manner, and to safely obliterate the submucosal vascular plexus 

that is supposed to play a part in the recurrence of GAVE-related symptoms.4, 21, 23 Dias de 

Castro also proposed the possible role of EBL as a first-line treatment of GAVE.15 The method 

is widely available, simple, and the relatively short procedure time makes it easy to tolerate. 

Only mild adverse events were reported (epigastric pain, ulcers and mild bleeding at the 

treatment site, fever).3, 13 

The potential superiority of EBL compared to endoscopic thermal therapy was first studied by 

Wells in 2008. Besides the increased hemoglobin levels, decreased transfusions and hospital 

admissions compared to endoscopic thermal therapy; fewer treatment sessions were required 

with EBL (1.9 vs. 4.7).4, 19, 24-25 It should be noted however, that in this study a higher number 

of treatment sessions and lower efficacy rate of APC was reported than in other studies, possibly 

reflecting a different cohort choice.4 

The retrospective comparison study of Sato revealed a higher recurrence rate of liver disease-

associated GAVE lesions treated with APC compared to EBL (68.2% vs. 8.3%). In this setting, 

patients treated with EBL had more severe GAVE lesions (half of them were previously treated 

with APC as well), thus the higher number of EBL treatment sessions (2-4) and ligation bands 

applied (19.3 bands on average) might be contributed to this fact. Even so, authors proposed 

the beneficial use of EBL in severe, diffuse GAVE.7 
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In the prospective study of Abdelhalim, EBL proved to be superior to APC regarding the rate 

of cessation of bleeding (95% vs. 65%), lower recurrence rate during the 6-month follow-up 

(5% vs. 40%), higher increase in hemoglobin (p=0.179), less transfusion requirements (p<0.01), 

decreased rate of hospitalization (p=0.045), and fewer treatment sessions (p=0.001) in patients 

with GAVE and accompanying liver cirrhosis.12  

These findings were also confirmed by Elhendawy in a prospective randomized controlled 

study involving 88 cirrhotic GAVE patients. Significantly less treatment sessions were required 

with EBL to achieve endoscopic resolution of the lesions (2.98 vs. 3.48), although both methods 

increased hemoglobin levels significantly.13 It should be mentioned that both studies12-13 had 

relatively short follow-up period (6 months) compared to our study (mean: 18 months, median: 

12 months) that may hinder the assessment of long-term outcomes. 

More recently, the efficacy of EBL and APC in the treatment of GAVE was also assessed in 

the pediatric population. The prospective comparison by Ghobrial confirmed the superiority of 

EBL regarding the number of sessions required for complete obliteration of the lesions 

(1.85 ± 0.81 vs. 4.15 ± 1.22, p< 0.05), procedure time, transfusion requirement, hospitalization 

and recurrence rate of GAVE lesions.14  

Unlike in previous studies, we focused mainly on the clinical success rate of APC and EBL in 

GAVE, not the technical one. The rate of cessation of bleeding was found to be lower for both 

methods compared to previous results (56% for APC and 44% for EBL). Nevertheless, it should 

be highlighted that hemoglobin levels stabilized at a significantly higher level with both 

treatment options, even if transfusion need did not cease totally in some patients (although 
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decreased substantially). We would like to highlight the significant discrepancy between inter-

treatment intervals in our study reflecting real-life settings and the shorter intervals used in 

prospective studies12-13. In the clinical setting, frequently repeated endoscopic interventions 

without justification by clinical symptoms may be a severe burden to patients. Significantly less 

treatment sessions and hospitalizations in case of EBL suggest a potential benefit for health 

facilities with limited financial resources4, 7, as not only the per treatment cost of APC probes 

and ligation sets, but the number of treatment sessions and blood transfusions should be 

considered when calculating healthcare related costs. However, no comparative cost-efficacy 

studies are available yet. 

Although the therapeutic efficacy of the modalities has not been thoroughly investigated in 

different subtypes of GAVE, APC is still considered the first treatment choice in linear GAVE, 

but EBL might be beneficial in diffuse and severe GAVE.7, 21 Even though our findings (less 

treatment sessions with EBL in diffuse GAVE) are consistent with this, it may not be reflected 

in case numbers (i.e. APC was performed in most cases) due to variation in local preferences. 

Limitations 

Retrospective design was the main limiting factor, especially in case of follow-up. 

Inhomogeneous case numbers might also result in slight biases just like the individual 

consideration-based treatment choice. In certain cases, small case numbers were insufficient to 

provide reliable statistical data. Incomplete reporting of applied APC settings did not allow 

further investigation regarding the optimal APC settings. 

Conclusions 
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Currently, there is no consensus on the preferable endoscopic treatment of GAVE. In our 

multicenter comparative study, which is among those with the highest total case number and 

longest follow-up period regarding this issue, both APC and EBL proved to be effective. Our 

results suggest the potential superiority of EBL in terms of number of treatment sessions and 

hospitalizations, but not in the extent to which the two methods influenced hemoglobin level 

and transfusion need. Considering healthcare related costs and patient compliance, there is a 

possibility that EBL might be proposed as an alternative first treatment choice for GAVE, not 

only an adjunctive method in cases of APC failure. The optimal treatment method in the sub-

entities of GAVE has not been thoroughly investigated in the few prospective studies 

previously. Our study suggests that EBL might be beneficial in diffuse GAVE. On the other 

hand, defining more specific APC setups for GAVE may also improve performance and 

efficacy. Still, there is a pressing need for further prospective studies with homogenized large 

case number and settings resembling more to real-life settings to establish recommendations 

about the endoscopic treatment of GAVE.  
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Tables  

 

Characteristics APC (n=45) EBL (n=18) p-value 

Mean age (years) 66.62 68.11 0.594 

Gender (female/male) 24/21 10/8 0.877 

Clinical manifestation 
  

 

Acute bleeding 19 (42%) 5 (28%) 0.280 

Occult bleeding with iron deficiency anemia 30 (67%) 13 (72%) 0.672 

Endoscopic morphology of GAVE 
  

 

diffuse type 22 (49%) 9 (50%) 0.938 

linear type 23 (51%) 9 (50%) 0.938 

Accompanying diseases 
  

 

liver cirrhosis 17 (38%) 10 (56%) 0.217 

hypertension 28 (62%) 13 (72%) 0.450 

ischemic heart disease 15 (33%) 7 (39%) 0.690 

chronic kidney failure 3 (7%) 1 (6%) 0.869 

diabetes mellitus 21 (47%) 8 (44%) 0.877 

Raynaud syndrome 2 (4%) 0 0.160 

hypothyroidism 10 (22%) 2 (11%) 0.267 

 

Table 1. Demographic data of patients 

GAVE – gastric antral vascular ectasia, APC – argon plasma coagulation, EBL – endoscopic band ligation 
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Characteristics APC (N=45) EBL (N=18) p-value 

Follow-up period (months) 13.49±2.46 18.12±3.82 0.319 

Total duration of the treatment (months)† 17.07±3.74 9.80±3.88 0.185 

Hospitalizations and treatment sessions    

Mean number of hospitalizations 4.28±0.81 1.33±0.33 0.002* 

Mean number of treatment sessions 5.02±0.82 2.22±0.45 0.004* 

Mean number of treatment sessions until 

cessation of transfusion need 
2.86±0.68 0.90±0.10 0.007* 

Mean number of treatment sessions until 

endoscopic remission 
4.43±0.76 1.69±0.31 0.002* 

Mean interval between sessions (weeks) † 3.75±0.86 3.02±1.79 0.719 

Change in hemoglobin level (g/dl)    

total 2.20±0.40 2.74±0.61 0.461 

per treatment session 0.67±0.19 2.13±0.64 0.043* 

Change in required blood transfusions  

(units of packed red blood cells) 
   

total -5.62±2.30 -4.79±2.46 0.806 

per treatment session -3.24±1.94 -2.95±0.92 0.892 

Cessation of transfusion need 25 (56%) 8 (44%) 0.440 

†if more than one treatment sessions were required 

 

Table 2. Comparison of APC and EBL in the treatment of GAVE syndrome 
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GAVE – gastric antral vascular ectasia, APC – argon plasma coagulation, EBL – endoscopic band ligation 
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Figure legends 

Figure 1. Argon plasma coagulation (A) and endoscopic band ligation (B) 

Figure 2. Diffuse GAVE syndrome treated with argon plasma coagulation (before treatment, 

after the first and second sessions) 

Figure 3. The effect of endoscopic band ligation (before (A) and after (B) treatment) 

Figure 4. Changes in hemoglobin level (g/dl) resulting from APC and EBL treatment. Total 

treatment duration: APC – 17.1 months, EBL – 9.8 months (p=0.185) 

Figure 5. Changes in transfusion need (blood units) resulting from APC and EBL treatment. 

Total treatment duration: APC – 17.1 months, EBL – 9.8 months (p=0.185) 
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Figure 2. Diffuse GAVE syndrome treated with argon plasma coagulation (before treatment, after the first 
and second sessions) 
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