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INTRODUCTION

Gastric antral vascular ectasia 
(GAVE) is a microvascular 
deformity of the gastric mucosa 
[1]. While the exact cause and 
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ABSTRACT

Background & Aims: Gastric antral vascular ectasia (GAVE) is an uncommon cause of non-variceal upper 
gastrointestinal bleeding that is characterized by dilation of blood vessels in the antrum of the stomach. 
Various co-morbidities are associated with the development of GAVE, but the impact of co-morbidities on 
unplanned GAVE readmissions is unclear. The aim of this study was to assess the national incidence, 30-day 
mortality rate, and 30-day readmissions related to GAVE. Secondary outcomes were evaluation of predictors 
of early readmission, hospital length of stay (LOS) and total hospitalization charges. 
Methods: Using the 2016 National Readmission Database, we analyzed discharges for GAVE. ICD-10 CM codes 
were utilized to identify associated comorbidities and inpatient procedures during the index admission. 30-day 
readmissions were identified for GAVE. Secondary measures of outcomes including LOS and hospitalization 
charges were also calculated. Risk factors for early readmission were also evaluated using multivariate analysis 
to adjust for confounders. 
Results: A total of 18,375 index admissions for GAVE were identified. 20.49% (n=3,720) of the discharged 
patients were readmitted within 30 days. 30-day mortality of GAVE-related admissions was 1.82% (n=335). 
Early readmissions accounted for 20,157 hospital days along with $189 million in hospitalization costs. 
Multivariate analysis revealed that the presence of portal hypertension (OR 1.63; 95% CI 1.37-1.93; p=0.0001) 
and chronic kidney disease (CKD) (OR 1.62, 95% CI 1.44-1.82; p<0.0001) significantly increased the odds 
of early readmission. 
Conclusions: Our analysis demonstrates that the overall 30-day mortality rate of GAVE-related admissions is 
relatively low, but the 30-day readmission rate is significantly high. Patients with comorbid CKD and portal 
hypertension have a significantly higher risk of readmission. Further studies are  required to determine if 
therapeutic interventions such as argon plasma coagulation or radiofrequency ablation during the index 
admission may prevent readmissions in these specific subgroups.  

Key words: gastric antral vascular ectasia – portal hypertension – renal insufficiency – chronic, hemorrhage 
– autoimmune diseases – mortality – incidence – endoscopy. 

Abbreviations: AHRQ: Agency of Healthcare Research and Quality; ANA: antinuclear antibody; APC: 
argon plasma coagulation; CAD: coronary artery disease; CI: confidence interval; CKD: chronic kidney 
disease; GAVE: gastric antral vascular ectasia; HCUP: Healthcare Cost and Utilization Project; ICD-10-CM: 
International Classification of diseases, Tenth Revision, Clinical Modification; LOS: length of stay; MGUS: 
monoclonal gammopathy of undetermined significance; NAFLD: nonalcoholic fatty liver disease; NRD: 
National Readmission Database; OR: odds ratio; PBC: primary biliary cholangitis; PHG: portal hypertensive 
gastropathy; RA: rheumatoid arthritis; RFA: radiofrequency ablation; SLE: systemic lupus erythematous; 
UGIB: upper gastrointestinal bleeding.

pathogenesis of GAVE are poorly understood, it is characterized 
by dilatation of the mucosal capillaries and tortuous submucosal 
veins mainly in the gastric antrum [2, 3]. GAVE is usually 
diagnosed endoscopically and is classically delineated into 
two main phenotypes: linear and punctate [4]. Due to the 
alternating stripes of red and pink seen in the linear type, it has 
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been nicknamed “watermelon stomach,” whereas the punctate 
phenotype appears as petechial-like lesions in the antrum 
[1]. Histologic findings reveal fibromuscular proliferation in 
the lamina propria, ectatic and dilated capillaries and fibrin 
microthrombi [1,5–9]. More recently, a third phenotype 
has been described, which appears as benign-appearing 
antral mucosal nodules that are virtually endoscopically 
indistinguishable from other benign nodules [10].

GAVE has a broad range of clinical presentations from 
asymptomatic occult blood loss to overt upper gastrointestinal 
bleeding (UGIB). However, GAVE is a relatively uncommon 
cause of gastrointestinal bleeding representing about 4% of 
all UGIB [11]. Often, this condition is incidentally diagnosed 
during endoscopy for the work-up for occult gastrointestinal 
bleeding or unexplained iron-deficiency anemia. 

Prior studies have shown that GAVE has a female 
predominance and most commonly occurs at the age of 80 
years [11–14]. The most common comorbidities associated 
with GAVE are cirrhosis, autoimmune diseases, vascular 
diseases, kidney disease, and diabetes mellitus [13–18]. GAVE 
is also associated with portal hypertension regardless of the 
presence of cirrhosis and is observed in patients with chronic 
liver disease without portal hypertension [6]. While the clinical 
manifestations are similar, GAVE has been described as a 
distinct entity from portal hypertensive gastropathy (PHG) 
which typically affects the fundus but can also be found in 
other areas of the gastrointestinal tract [19–23]. PHG is more 
frequently encountered than GAVE, and as its name implies, 
is only seen in the setting of portal hypertension [24,25]. 

Management of GAVE is clinically challenging. Treatment 
options for GAVE include medical, surgical and most 
commonly, endoscopic options. Surgery typically consists 
of antrectomy which is associated with high morbidity and 
mortality and is thus reserved for severe, refractory cases. 
There is little evidence for effectiveness of medical therapy, 
such as estrogen and progesterone therapy, in GAVE. Thus, 
the main treatment for GAVE remains endoscopic therapy 
such as argon plasma coagulation (APC) or radiofrequency 
ablation (RFA) [3, 26]. 

We aimed to analyze the 30-day readmission rate and 30-
day mortality rate after an episode of GAVE-related bleeding 
as well as the most common reasons for early unplanned 
readmission using the National Readmission Database 
(NRD). This is the largest publicly available readmission 
database in the United States. It is part of the Healthcare 
Cost and Utilization Project (HCUP) which is sponsored by 
the Agency of Healthcare Research and Quality (AHRQ). 
National Readmission Database can be used to generate 
national estimates of readmissions, reasons for returning to the 
hospital and hospital costs for discharges [27]. Furthermore, 
we analyzed the factors associated with early readmissions and 
the impact on health care utilization of hospitalization charges.

METHODS

Data Source
We analyzed the 2016 NRD which included 35,660,906 

discharges in the United States [27]. The database is generated 
from the HCUP State Inpatient Databases which contain 

verified patient linkage numbers which can be used to track 
the patient across the hospitals within the state [28]. These 
discharges contain information regarding demographics, 
principal and secondary diagnoses, procedures, length of 
stay, in-patient mortality, readmissions and hospital costs. 
Each discharge is then weighted to represent the national 
sample. The diagnoses and procedure codes are collected using 
the International Classification of diseases, Tenth Revision, 
Clinical Modification (ICD-10-CM). All the discharges are 
put together in a stratified probability sample to represent 
all nonfederal acute care hospitalizations across the country. 

Study population
Patients over the age of 18 with a principal discharge 

diagnosis of GAVE (K31.819) were included. All patients less 
than 18 years of age and elective admissions were excluded 
in the study. The NRD captures all the admissions for the 
calendar year 2016 (January 1 through December 31) and 
does not have linkage to the prior or next year. Therefore, 
index hospitalization discharges in the month of December 
were excluded. 

The NRD variables were used to identify patient’s age (in 
years), gender, median household income, primary expected 
payer, area of residence, hospital size and teaching status. 
Length of stay and total hospitalization charges are coded 
in the NRD [27]. ICD-10-CM codes were used to identify 
comorbidities and the procedures that were performed during 
the admissions. These data are shown in Supplement Table I. 

A readmission was defined as any non-traumatic admission 
for any principal diagnosis within 30 days of the discharge. 
In the scenario where the patient had multiple admissions 
within 30 days of discharge, only the first readmission was 
considered. The denominator for the readmission rate excluded 
all patients who had died during the index admission. The 
30-day mortality rate was calculated by utilizing the patient 
status within 30 days of the index admission. The principal 
diagnoses of all readmissions were tallied to calculate the 
5 most common reasons for readmission. Rebleeding was 
defined as readmission with principal diagnosis of GAVE. 

Study Outcomes
The primary outcome was all-cause 30-day unplanned 

early readmission after index hospitalization for GAVE-related 
bleeding. The secondary outcomes were: (1) in-hospital 
mortality during index admission and readmission, (2) 30-
day mortality rate, (3) the 5 most common principal causes 
of readmission, (4) resource utilization with readmissions and 
(5) independent risk factors for readmission. 

Statistics
All statistics were calculated using STATA version 15.0 

(StataCorp, College Station, TX). The NRD is a complex 
weighted sampling design that has stratification and clustering. 
This yields a nationally representative analysis of unbiased 
results, variance and p- values. These weighted observations 
were used to calculate all estimates for the hospitalized 
patients with GAVE-related bleeding. Continuous variables 
were evaluated using student-t test whereas categorical 
variables were evaluated using chi-square test. Subsequently, 
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multivariable regression analysis was used to adjust for 
confounders. All p-values were 2-sided with 0.05 as the 
threshold for statistical significance. 

RESULTS

A total of 35,660,906 admissions were screened, and 18,375 
index admissions for GAVE were identified and included in the 
study. ICD-10 CM codes used to screen patients are outlined 
in Supplement Table I. The 30-day mortality of GAVE-related 
admissions was 1.82% (n=335). A total of 20.49% (n=3,720) 
of the discharged patients were readmitted within 30 days. 

The most common cause of readmission within 30 days 
was GAVE-related rebleeding (16.3%). Other causes were 
unspecified hemorrhage (6.3%), sepsis (4.1%), melena (3.3%), 
angiodysplasia of the colon (3.3%).

Patient demographics including age, gender and 
comorbidities of the index and readmissions are outlined in 
Table I. There was no significant difference in gender between 
the index and readmission group (p=0.539). Patients that were 
readmitted tended to be slightly younger on average, about 
71 years compared to 72 years (OR 0.98 95%, CI 0.98-0.99, 
p=0.0001). 

Early readmissions accounted for 20,157 hospital days 
along with $189 million in hospitalization costs. The mean 
length of stay for the index cohort was 5.21 days as compared to 
5.41 days for the readmitted cohort. The mean hospitalization 
cost for the index cohort was $50,988 as compared to $51,554 
for the unplanned readmitted group. 

On univariate analysis, readmitted patients had a 
higher prevalence of portal hypertension, systemic lupus 
erythematous (SLE) and rheumatoid arthritis (RA). These 
patients also had lower prevalence of Sjogren’s syndrome, 
Raynaud’s syndrome, polymyalgia rheumatica, and CREST 
(calcinosis, Raynaud‘s phenomenon, esophageal dysmotility, 
sclerodactyly, and telangiectasia). Despite the adjustment of 
confounders, patients who had portal hypertension or chronic 
kidney disease (CKD) had a higher risk of 30-day readmission 
(OR 1.63; 95% CI 1.37-1.93; p=0.0001, OR 1.62, 95% CI 1.44-
1.82; p<0.0001, respectively). However, subgroup analysis did 
not reveal any specific etiology of portal hypertension that 
leads to increased readmission rate including nonalcoholic 
fatty liver disease (NAFLD), autoimmune hepatitis, or alcoholic 
cirrhosis (Table II). There was no statistically significant 
increase in the risk of early readmissions in patients with 
GAVE and typical comorbid conditions such as systemic 
sclerosis, Raynaud’s syndrome, SLE, primary biliary cholangitis 
(PBC), polymyalgia rheumatica, monoclonal gammopathy of 
undetermined significance (MGUS), RA, or history of bone 
marrow transplant (Table II). Endoscopy during the index 
admission performed for GAVE did not decrease odds of 30-
day readmission.

A total of 1.21% (n=223) patients died during the index 
admission for GAVE related admissions. 30-day mortality 
for GAVE was 1.82% (n=335).  The mortality rate during 
readmissions was 3.7% (n=138). 

Table III shows the results of the multivariate regression 
analysis of factors associated with mortality in index 

Table I. Demographic differences between index cases and readmissions

Characteristics Index Admissions 
without readmissions

Index admissions 
with readmissions

p

Females (%) 51.17 50.34 0.88

Mean age (years) 72.73 71.47 0.001

Portal hypertension (%) 0.98 12.1 0.0001

Systemic sclerosis (%) 0.45 0.49 0.57

Sjogren syndrome (%) 0.24 < 0.01 0.0009

Raynaud’s syndrome (%) 0.56 0.3 0.0002

Systemic lupus erythematous (%) 0.5 0.62 0.0087

Primary biliary cholangitis (%) 0.43 0.54 0.12

History of bone marrow transplant (%) 0.13 0.19 0.14

Coronary artery disease (%) 41.27 40.05 0.88

Polymyalgia rheumatica (%) 0.68 0.42 0.0003

Monoclonal gammopathy of undetermined 
significance (%)

0.54 0.5 0.57

Hyperlipidemia (%) 44.11 39.17 0.47

Chronic kidney disease (%) 41.3 49.04 0.87

Rheumatoid arthritis (%) 0.68 2.13 <0.0001

CREST (%) 0.29 < 0.01 0.0008

Diabetes mellitus 40.68 44.65 0.89

Peripheral vascular disease 10.85 9.99 0.87

Index cases include those admitted for GAVE-related bleeding that were not readmitted. This is compared 
to index cases admitted for GAVE-related bleeding that were readmitted within 30 days; GAVE: gastric 
antral vascular ectasia; CREST: calcinosis, Raynaud‘s phenomenon, esophageal dysmotility, sclerodactyly, 
and telangiectasia.
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admissions with GAVE. The presence of autoimmune 
hepatitis was associated with significantly increased odds 
of mortality in patients with GAVE (OR 9.16, 95% CI 
2.58-32.45). There was no statistically significant increase 
in the odds of mortality with typical comorbid conditions 
such as systemic sclerosis, Raynaud’s syndrome, SLE, PBC, 
polymyalgia rheumatica, MGUS, RA, or history of bone 
marrow transplant.

DISCUSSION

GAVE was first described by Rider et. al in 1953 in a 
patient with severe iron deficiency anemia [29]. While this is a 
relatively uncommon condition, GAVE-related gastrointestinal 
bleeding accounts for up to 4% of all non-variceal UGIB 
[11]. Typical clinical presentations can range from occult 
gastrointestinal bleeding and iron deficiency anemia to severe 
acute UGIB. Common comorbidities associated with GAVE 
are cirrhosis, vascular disease, CKD, and autoimmune disease 
[14, 30]. Treatment is challenging and options include surgical 
therapy, medical therapy, and most commonly, endoscopic 
therapy [3, 26].

Our study is the largest retrospective cohort study of GAVE 
utilizing the 2016 NRD. It showed that the 30-day readmission 
rates for patients admitted for GAVE was relatively high at 
20.49% and the 30-day mortality of GAVE-related admissions 
was relatively low at 1.82%. This mortality rate is similar to 
a previously described inpatient mortality rate of 1.4% [31]. 
Despite a relatively low 30-day morality rate, the high rate of 
readmissions led to longer hospital stays and higher hospital 
costs, which has important individual patient and societal 
implications. Thus, strategies to prevent readmissions and 
rebleeding events in GAVE patients are needed to decrease 
healthcare costs and hospital length of stay. 

Autoimmune hepatitis was noticed to have significantly 
higher odds of mortality with GAVE related bleeding during the 
index admission despite adjusting for confounders. There may 
be several explanations for this. It is possible that antibodies 
such as antinuclear antibodies (ANAs), anti-centromere and 
anti-RNA helicase II could have a cross-reaction with specific 
proteins in the gastric mucosa leading to GAVE [32]. Thus, it 
is possible that these patients may have ongoing inflammation 
due to autoimmune hepatitis which may lead to worsening of 
GAVE. Given the lack of laboratory markers in the NRD, it is 
not possible to determine if these patients were in remission 
or had an active disease. This could be a topic for further 
study to evaluate the impact of autoimmune hepatitis on 
outcomes of GAVE. Additionally, the NRD is unable to provide 
information if hemostasis was achieved after endoscopy. This 
would be an important clinical outcome that would provide 
valuable information for mortality. Therefore, further studies 
are required for the confirmation of our results. 

Endoscopy during the index admission did not decrease the 
odds of readmission. This may be because GAVE is difficult to 
manage and tends to recur, even after endoscopic treatment. 
Multiple studies have demonstrated high recurrence rates of 
GAVE after APC treatment [33–35]. Additionally, multiple 
sessions of APC tend to be required to prevent rebleeding, but 
despite this, many patients still relapse [34]. Radiofrequency 
ablation seems to be a more promising treatment but studies are 
limited and mainly focus on patients previously refractory to 
APC treatment [36–38]. This analysis was unable to determine 
what treatment patients received, as there are no specific ICD-
10 CM codes for RFA, APC, or other endoscopic treatment. 
Comparison of readmission and rebleeding among endoscopic 
treatments should be a topic of future study.

Despite higher prevalence of comorbid conditions such 
as SLE in the readmitted group and Sjogren’s, Raynaud’s, and 

Table II. Predictors of early unplanned readmissions for GAVE

Characteristics OR (95% CI) p 

Females 1.03 (0.93-1.14) 0.539

Age 0.98 (0.98-0.99) 0.0001

Portal hypertension 1.64 (1.37-1.95) 0.0001

Systemic sclerosis 0.61 (0.27-1.35) 0.234

Raynaud’s syndrome 0.76 (0.29-1.98) 0.57

Systemic lupus erythematous 0.93 (0.45-1.91) 0.84

Primary biliary cholangitis 1.60 (0.69-3.69) 0.26

History of bone marrow transplant 0.49 (0.06-3.92) 0.50

Coronary artery disease 0.97 (0.86-1.11) 0.72

Polymyalgia rheumatica 1.34 (0.65-2.75) 0.42

Monoclonal gammopathy of 
undetermined significance

1.15 (0.51-2.61) 0.72

Chronic kidney disease 1.44 (1.23-1.69) 0.0001

Rheumatoid arthritis 0.84 (0.57-1.24) 0.399

Non-alcoholic fatty liver disease 1.42 (0.88-2.27) 0.142

Cirrhosis
Alcoholic Cirrhosis
Autoimmune cirrhosis

Reference
1.57 (0.62-3.93)

Reference
0.335

Common comorbid conditions of GAVE and odds ratio of 30-day 
unplanned readmission

Table III. Multivariate regression analysis of mortality during index 
admission

Characteristics OR (95% CI) p

Females 1.0 (0.62-1.59) 0.99

Age 1.005 (0.98-1.02) 0.59

Portal hypertension 1.49 (0.84-2.63) 0.17

Systemic sclerosis 1.5 (0.31-7.16) 0.61

Raynaud’s syndrome 1.42 (0.28-7.05) 0.66

Systemic lupus erythematous 2.80 (0.67 11.74) 0.15

Primary biliary cholangitis 1.00 --

History of bone marrow transplant 1.00 --

Coronary artery disease 0.79 (0.52-1.22) 0.303

Polymyalgia rheumatica 3.74 (0.47-29.29) 0.20

Monoclonal gammopathy of 
undetermined significance

1.00 --

Chronic kidney disease 0.83 (0.49-1.38) 0.47

Rheumatoid arthritis 0.70 (0.15-3.12) 0.64

Nonalcoholic fatty liver disease 1.00 --

Cirrhosis
Alcoholic Cirrhosis
Autoimmune cirrhosis

Reference
1.00

9.16(2.58 -32.45)

Reference
--

0.001

Multivariate regression analysis of factors associated with mortality in 
index admissions for GAVE-related bleeding
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polymyalgia rheumatica, these conditions did not significantly 
increase the risk of early readmission in patients with GAVE. 
However, those with CKD and portal hypertension did have 
a statistically significant increased risk of early readmission. 
Similarly, younger patients had a slightly lower odds of 
readmission. While the readmitted patients were slightly 
younger, the statistics do not indicate important clinical 
significance. The OR for the age are significantly close to 1 
and indicate a small, likely not clinically, significant decrease 
in the chances of readmission. Further studies are needed to 
confirm these findings.

Previous studies have not demonstrated that portal 
hypertension plays a role in the natural history of GAVE. 
Portal hypertension is not present in up to 70% of patients 
with GAVE. In patients with concomitant portal hypertension, 
treatment of portal hypertension with surgical portacaval 
shunts or transjugular intrahepatic portosystemic shunts does 
not appear to improve the course of GAVE [39,40]. In contrast 
to these reports, two clinical cases demonstrated the complete 
resolution of GAVE after liver transplantation in patients with 
persistent portal hypertension [41]. This suggests that the 
pathophysiology associated with liver failure, rather than portal 
hypertension, is responsible for the development of GAVE and 
correction of the liver failure alone is sufficient to cure GAVE. 

It remains unclear as to why patients with portal 
hypertension had a higher risk of readmission. Subgroup 
analysis did not reveal any specific etiology of portal 
hypertension leading to increased readmission including 
NAFLD, autoimmune hepatitis, and alcoholic cirrhosis. While 
it does not appear that treatment of portal hypertension 
improves outcomes in GAVE, our data suggest that patients 
with portal hypertension are at higher risk of early readmission 
due to rebleeding. Thus, it may be reasonable to perform 
screening endoscopies on patients with known portal 
hypertension to identify and treat GAVE. Those with frequent 
rebleeding from GAVE should be screened for the presence of 
portal hypertension. Further research is needed to determine 
if specific interventions, such as APC or RFA, reduce the risk 
of early readmission and rebleeding.

The association of CKD and end-stage renal disease with 
GAVE is not well defined in the literature and is mainly 
described in case reports of patients with CKD, including 
those on hemodialysis [18, 42–45]. The pathogenesis of CKD-
associated GAVE is unknown but has been theorized to be 
linked to poor renal excretion of vasoactive mediators such 
as gastric and prostaglandin E2, poor gastric motility, and 
uremic platelet dysfunction [18,46–48]. Identification of GAVE 
is critical in these patients as many patients with CKD have 
comorbid iron-deficiency anemia or erythropoietin-deficient 
anemia. Thus, further bleeding, even occult, may quickly cause 
severe anemia [49]. 

Strengths of our study include the large sample size and 
the capture of all readmissions utilizing a national readmission 
database in the United States over a 1-year period. This study 
includes patients admitted to community and academic 
medical centers across the United States thereby limiting 
selection bias. Given the use of ICD-10 CM codes to identify 
patients with GAVE related admissions and associated 
comorbidities, it is possible that patients with inaccurate coding 

may have been missed. Another potential weakness is the lack 
of information regarding the treatment modalities patients 
received. It would be interesting to see if specific treatments 
reduce readmissions among patients with GAVE, especially 
those with a high risk of early readmission. Another limitation 
would be that readmissions might be underestimated. 
This is possible as the NRD does not capture any follow up 
information for patients who underwent a clinic visit or for 
patients who died at home, en-route to the hospital, or in the 
emergency department. Despite these limitations, NRD, the 
largest national database, captures all readmissions after the 
index admission and provides valuable 30-day readmission 
information. Although clinic follow up for the index cohort 
after discharge is useful, 30-day readmission is the metric used 
for hospital reimbursement. Therefore, this study looked at the 
30-day readmission rate and not clinical follow up, and specific 
studies for clinical follow up would be needed. 

Our study is a large, comprehensive representation of 30-day 
readmission, 30-day mortality, demographic characteristics, 
and comorbidities for patients admitted for complications of 
GAVE. Further studies are required to determine if specific 
interventions may reduce the risk of readmission of GAVE 
patients, especially those with CKD and portal hypertension, 
who are at a high risk of early readmission. Investigation of 
screening for patients with recurrent bleeding from GAVE 
for CKD and portal hypertension should also be considered. 

 CONCLUSIONS

Our study demonstrates that the overall 30-day mortality 
rate of GAVE-related admissions is relatively low (1.82%), 
but the 30-day readmission rate is significantly high (20.5%). 
Patients with comorbid CKD and portal hypertension have a 
significantly higher risk of readmission.
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