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Background: Gastric antral vascular ectasia (GAVE) is a rare cause of chronic non-variceal upper
gastrointestinal (GI) bleeding and can turn into life-threatening bleed in some patients. Packed red blood
cell (PRBC) transfusions are often required in these patients during hospitalization. We aimed to investigate
the hospitalization outcomes and predictors of PRBC transfusions in patients with GAVE lesions.
Methods: Using the ICD-9-CM codes (537.82, 537.83), we queried the National Inpatient Sample (NIS)
[2010–2014] to recognize hospitalized GAVE patients. A 1:2 random sample was obtained from the nonGAVE cohort and these groups were compared (GAVE vs. non-GAVE). The predictors of PRBC transfusion
in GAVE cohort were analyzed with multivariate analysis by using SPSS Statistics 22.0.
Results: We included weighted 89,081 GAVE and 178,550 non-GAVE hospitalized patients. The GAVE
patients were tended to be older, female and white. Significantly higher proportions of comorbidities such
as congestive heart failure, diabetes, hypertension, hypothyroidism, liver disease, renal failure, Sjogren
syndrome, systemic sclerosis and portal hypertension, etc. were present in these patients. The all-cause
inpatient mortality was found to be 1.4%. The mean hospital charges and length of stay (LOS) per GAVE
hospitalization were $36,059 and 4.63±5.3 days, respectively. A total of 6,276 (weighted 31,102) (34.9%)
of these patients received at least one PRBC transfusion during hospitalization. Advanced age, multiple
comorbidities, non-elective admissions, male gender, and African American race were the independent
factors associated with higher chances of receiving PRBC transfusion.
Conclusions: Our analysis showed that hospitalized patients with GAVE lesions had lower overall
mortality rate despite having multiple comorbidities. There was no difference in the LOS and hospital
charges between the two cohorts. Nearly 35% of the GAVE patients received at least one PRBC transfusion.
Keywords: Gastric antral vascular ectasia (GAVE); hemorrhage; packed red blood cell transfusion (PRBC
transfusion); blood transfusion; mortality; healthcare burden
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Introduction
Gastric antral vascular ectasia (GAVE) is characterized by
dilation of blood vessels in the antrum of the stomach. It is
presented as long red lines in the stomach which appear like
the markings on watermelon, therefore, it is also known as
watermelon stomach (1). GAVE is one of the unusual causes
of chronic upper gastrointestinal (GI) bleeding, representing
around 4% of non-variceal upper GI bleeding. It usually
presents as occult bleeding with chronic iron deficiency
anemia (2). Even though GAVE was first diagnosed about
four decades ago, its etiopathogenesis has not been fully
established yet (3,4). Multiple published studies have
mentioned various comorbidities such as chronic liver
diseases, chronic kidney diseases, autoimmune diseases,
connective tissue disorders and collagen vascular disorders
associated with GAVE (5-8). However, all these published
studies had a small number of GAVE patients, which might
not be representative of the entire community. Although
chronic GI bleeding is usually reported in the GAVE
patients, it can also cause severe acute life-threatening
bleeding especially in elderly with multiple chronic medical
illnesses (2). Chronic blood transfusion dependent GAVE
patients were also recognized which often requires multiple
blood transfusions (9). Furthermore, the impact of GAVE
on the nationwide healthcare resources utilization has never
been evaluated. Therefore, the objective of our study was to
recognize the demographics, hospitalization characteristics,
comorbidities, hospitalization outcomes such as the
inpatient mortality, length of stay (LOS), total hospital
charges, discharge disposition and predictive factors of the
packed red blood cell (PRBC) transfusion in hospitalized
GAVE patients using the 2010–2014 National Inpatient
Sample (NIS) database.
Methods
Data source
Our study cohort was queried from the NIS [2010–2014]
dataset, which is developed by the Agency for Healthcare
Research and Quality, as a part of Healthcare Cost and
Utilization Project (HCUP). The NIS is the largest
publicly accessible all-payer inpatient healthcare dataset
in the United States (US). This database is considered
as a stratified sample from 20% nonfederal community
hospitals of the US. This dataset represents 95% of the
US population. Each year dataset contains more than
7 million unweighted discharges which can be converted
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into weighted discharges (weight is calculated by the sum
of discharges from all acute care hospitals in the US divided
by the sum of discharges incorporated in the 20% sample)
by the discharge weight (given in the dataset). More than
35 million weighted discharges per year were estimated
in this dataset which represent national estimates. Up to
30 diagnoses (primary and secondary) and up to 15
procedures (primary and secondary) on each hospitalization
were coded by International Classification of Diseases,
9th revision, Clinical Modification (ICD-9 CM). This deidentified dataset does not require authorization from the
Institutional Review Board (IRB) to publish analysis from this
database. This database comprises of various data elements
such as the demographics (age, sex, day and type of the
admission, race, median household income national quartile
for patient zip code and primary expected payer), hospital
characteristics (ownership/control, bed size, teaching status,
urban/rural location, and geographic region), comorbidities
measures, total hospital charges and LOS (10).
Study population
The ICD-9-CM codes 537.82 (GAVE without hemorrhage)
and 537.83 (GAVE with hemorrhage) were utilized to
recognize all hospitalized patients with a primary diagnosis of
GAVE. Patients with a concomitant diagnosis of angiodysplasia
of the intestine (ICD-9-CM code: 569.85 and 569.84) were
omitted to avoid confounding. Then, a 1:2 random sample
was attained from a non-GAVE population. Our study cohort
comprised of 17,982 GAVE (weighted 89,081) and 36,000
non-GAVE (weighted 178,550) patients which were used for
further analysis. Relevant comorbidities were recognized by
using the validated ICD-9-CM codes (11) which were applied
to the secondary diagnoses of GAVE patients.
Study outcomes
The primary outcomes of our study were to assess the
baseline demographic, hospitalization characteristics and
comorbidities measures associated with GAVE. Secondary
outcomes were inpatients mortality, LOS, total hospitalization
charges, disposition and requirement of PRBC transfusion in
the hospitalized GAVE patients. Moreover, we also evaluated
the predictors of PRBC transfusion in the GAVE cohort.
Statistical analysis
Pearson’s Chi-square test and Student t-test were utilized
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for assessing the categorical and continuous variables,
correspondingly. The categorical and continuous variables
were specified in percentages and mean ± SD, respectively.
A two-tailed P value <0.05 was used to consider as statistical
significant. Multivariate regression analysis was performed
to assess the predicting factors associated with the PRBC
transfusion in hospitalized GAVE patients after adjusting
for the possible confounding factors such as the age, sex,
race, admission day, type of admission, median household
income according to the national quartile for patient zip
code., payer status, hospitalization characteristics including
bed size of hospital, region of hospital, control/ownership
of hospital and location/teaching status of hospital.
Multivariate logistic regression results were defined by the
adjusted OR, 95% CI, and P value. SPSS version 22 (IBM
Corp., Armonk, NY, USA) was used to execute all statistical
analyses. We performed statistical analysis with weighted
data to yield nationwide estimates.

uncomplicated diabetes (24.9% vs. 15.7%, P<0.001),
renal failure (23.3% vs. 9.8%, P<0.001), congestive heart
failure (CHF) (20.1% vs. 7.1%, P<0.001), peripheral
vascular disorder (10.8% vs. 4.7%, P<0.001), valvular heart
disease (11.7% vs. 3.1%, P<0.001), diabetes with chronic
complications (5.8% vs. 3.9%, P<0.001), hemodialysis
(4.0% vs. 1.2%, P<0.001), solid tumor without metastasis
(2.2% vs. 1.6%, P<0.001), Sjogren syndrome (0.2%
vs. 0.1%, P<0.001), systemic sclerosis (0.4% vs. 0.1%,
P<0.001), were higher in the GAVE cohort as compared
to non-GAVE patients. However, comorbidities such as
the rheumatoid arthritis/collagen vascular diseases (42.7%
vs. 57.3%, P<0.001), drug abuse (2.0% vs. 3.6%, P<0.001),
and obesity (9.5% vs. 10.0%, P<0.001) were lower in
GAVE cohort as compared to non-GAVE cohort, whereas
pernicious anemia (0.1% vs. 0.1%, P<0.001) and systemic
lupus erythematosus (SLE) (0.5% vs. 0.5%, P=0.063)
comorbidities were found equally in both cohorts (Table 2).

Results

Hospitalization outcomes

Baseline demographics and hospital characteristics

Overall all-cause inpatient mortality in patients with GAVE
was 1.4%. However, all-cause inpatient mortality was lower
in the GAVE patients as compared to non-GAVE patients
(1.4% vs. 1.8%, P<0.001). The mean total hospital charge
and mean LOS (days) per GAVE-related hospitalization
was $36,059 and 4.63±5.3 days, respectively. The mean total
hospital charges ($36,929 vs. $36,059, P<0.001) and mean
LOS (4.62±6.9 vs. 4.63±5.3, P<0.001) was almost the same
in both cohorts. Deficiency anemias (22.5% vs. 14.7%,
P<0.001), chronic blood loss anemia (15.8% vs. 2.1%,
P<0.001) and iron deficiency anemia (6.0% vs. 2.1%,
P<0.001) were found to be higher in the GAVE cohort
as compared to non-GAVE patients. A total of 6,276
(weighted 31,102) (34.9%) of these patients received at
least one PRBC transfusion during that hospitalization.
As expected, GAVE patients were more likely to receive
PRBC transfusion (34.9% vs. 5.2%, P<0.001) as compared
to the non-GAVE patients. The GAVE patients were more
likely to dispose to home health care (13.4% vs. 11.0%,
P<0.001) and other transfers (skilled nursing facility (SNF),
intermediate care facility (ICF), another facility) (14.7% vs.
13.6%, P<0.001) as compared to the non-GAVE patients
(Table 3).

We included 17,982 GAVE (weighted 89,081) and 36,000
non-GAVE (weighted 178,550) patients in our study cohort.
Table 1 displays the baseline demographics and hospitalization
characteristics of the two study cohorts (non-GAVE vs.
GAVE). The majority of the GAVE patients were 56–80 years
old (48.4%), female (54.9%), White (70.2%) and Medicare
enrollees (63.4%). Most GAVE patients had weekday (80.6%)
and non-elective admissions (86.4%). The GAVE was more
seen in the patients with lower income quartiles (29.2%).
GAVE patients were more likely to be managed at large
(62.8%), nonprofit private (76.9%), urban teaching hospital
(49.2%) in southern (40.1%) part of the US. Compared to
the non-GAVE group, GAVE patients were older (mean age
in years 63.45±23.44 vs. 48.87±27.48, P<0.001), male (45.1%
vs. 42.0%, P<0.001), White (70.2% vs. 65.8%, P<0.001) and
African-American (15.6% vs. 15.1%, P<0.001).
Comorbidity profile
Comorbidities such as any liver disease (9.3% vs. 2.4%,
P<0.001), smoking (25.0% vs. 20.8%, P<0.001), alcohol
abuse (4.8% vs. 4.0%, P<0.001), cirrhosis (2.2% vs.
0.7%, P<0.001), portal hypertension (3.9% vs. 0.5%,
P<0.001), hypertension (59.9% vs. 41.5%, P<0.001),
chronic pulmonary disease (24.9% vs. 15.3%, P<0.001),
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Predictors of PRBC transfusion in hospitalized GAVE patients.
Advanced age (OR =1.81, 95% CI: 1.77–1.85, P<0.001),
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Table 1 Baseline demographic and hospitalization characteristics of study population
Variable

Non-GAVE (N=36,000, weighted N=178,550), %

GAVE (N=17,982, weighted N=89,081), %

Age in years
Mean ± SD

P value*
<0.001

48.87±27.48

63.45±23.44

<18

15.2

6.6

18–40

21.6

9.4

41–55

15.8

10.3

56–80

34.2

48.4

≥81

13.2

25.3

Indicator of sex

<0.001

Male

42.0

45.1

Female

58.0

54.9

Admission day

<0.001

Weekday

79.9

80.6

Weekend

20.1

19.4

Type of admission

<0.001

Non-elective

77.0

86.4

Elective

23.0

13.6

Race

<0.001

White

65.8

70.2

African American

15.1

15.6

Hispanic

12.0

9.2

Asians/Pacific Islander

2.8

1.7

Native American

0.7

0.5

Others

3.6

2.6

Median household income
national quartile for patient
ZIP code
0–25th
th

26–50

th

51–75

th

76–100

<0.001

29.7

29.2

25.8

25.2

23.8

24.6

20.7

21.0

Primary expected payer

<0.001

Medicare

39.0

63.4

Medicaid

20.8

11.0

Private including HMO

31.5

20.2

Self-pay

4.9

3.1

No charge

0.5

0.2

Others

3.3

2.1

Table 1 (continued)
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Table 1 (continued)
Variable

Non-GAVE (N=36,000, weighted N=178,550), %

GAVE (N=17,982, weighted N=89,081), %

Control/ownership of hospital

P value*
<0.001

Government, nonfederal

12.3

9.8

Private, non-profit

73.7

76.9

Private, invest-own

14.0

13.3

Bed size of hospital

<0.001

Small

13.9

12.3

Medium

26.2

24.9

Large

59.9

62.8

Region of hospital

<0.001

Northeast

19.1

20.9

Midwest

22.5

24.5

South

38.5

40.1

West

19.9

14.5

Location/teaching status of hospital

<0.001

Rural

11.4

8.9

Urban nonteaching

36.1

41.9

Urban teaching

52.5

49.2

*, P<0.05 indicates clinical significance. GAVE, gastric antral vascular ectasia; HMO, health maintenance organization.

male gender (OR =1.06, 95% CI: 1.03–1.10, P<0.001),
African American (OR =1.18, 95% CI: 1.12–1.23, P<0.001)
and Hispanic (OR =1.10, 95% CI: 1.03–1.17, P=0.002) race,
higher household income (76–100th percentile; OR =1.09,
95% CI: 1.04–1.15, P<0.001), weekday (OR =1.11, 95% CI:
1.07–1.16, P<0.001) and non-elective admissions (OR =1.52,
95% CI: 1.44–1.60, P<0.001) and Medicare (OR =1.65,
95% CI: 1.45–1.88, P<0.001) and private including HMO
(OR =1.44, 95% CI: 1.26–1.65, P<0.001) payer status was
notably associated with an increase in the odds of PRBC
transfusions in the GAVE patients. The odds of PRBC
transfusions were higher in the patients hospitalized at
the urban nonteaching (OR =1.21, 95% CI: 1.17–1.25,
P<0.001), non-profit private (OR =1.22, 95% CI: 1.16–1.28,
P<0.001), non-federal government (OR =1.18, 95% CI:
1.10–1.26, P<0.001) and Southern (OR =1.06, 95% CI:
1.01–1.11, P=0.024) region hospitals. Comorbidities like
alcohol abuse (OR =1.15, 95% CI: 1.05–1.26, P=0.002),
rheumatoid arthritis/collagen vascular disease (OR =1.12,
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95% CI: 1.01–1.23, P=0.022), chronic pulmonary disease
(OR =1.15, 95% CI: 1.11–1.20, P<0.001), diabetes
(OR =1.11, 95% CI: 1.07–1.15, P<0.001), H. pylori
infection (OR =1.93, 95% CI: 1.56–2.38, P<0.001), fluid
and electrolytes disorders (OR =1.26, 95% CI: 1.21–1.30,
P<0.001), peripheral vascular disorders (OR =1.14, 95%
CI: 1.09–1.20, P<0.001), renal failure (OR =1.19, 95%
CI: 1.14–1.24, P<0.001), solid tumor without metastasis
(OR =1.16, 95% CI: 1.05–1.29, P=0.003), valvular disease (OR
=1.39, 95% CI: 1.33–1.46, P<0.001), weight loss (OR =1.21,
95% CI: 1.13–1.30, P<0.001), systemic sclerosis (OR =1.78,
95% CI: 1.40–2.26, P<0.001), hemodialysis (OR =1.79,
95% CI: 1.65–1.95, P<0.001), liver disease (OR =1.75,
95% CI: 1.63–1.88, P<0.001), coagulopathy (OR =1.75,
95% CI: 1.65–1.85, P<0.001), smoking (OR =1.08, 95%
CI: 1.04–1.12, P<0.001), portal hypertension (OR =1.44,
95% CI: 1.30–1.59, P<0.001) and CHF (OR =1.40, 95%
CI: 1.34–1.46, P<0.001) were key independent predictors of
PRBC transfusion in GAVE patients (Table 4).
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Table 2 Comorbidities in hospitalized GAVE patients

Table 3 Outcomes of hospitalized patients with GAVE

Co-morbidities

Variable

Alcohol abuse

Non-GAVE, % GAVE, % P value*

Non-GAVE, % GAVE, %

4.0

4.8

<0.001

57.3

42.7

<0.001

Routine

7.1

20.1

<0.001

Chronic pulmonary disease

15.3

24.9

<0.001

Diabetes, uncomplicated

15.7

24.9

<0.001

Diabetes with chronic
complications

3.9

5.8

<0.001

Drug abuse

3.6

2.0

<0.001

41.5

59.9

<0.001

Hypothyroidism

9.6

14.8

<0.001

Liver disease

2.4

9.3

<0.001

10.0

9.5

<0.001

Peripheral vascular
disorders

4.7

10.8

<0.001

Blood-transfusion
requirements

Renal failure

9.8

23.3

<0.001

Solid tumor without
metastasis

1.6

2.2

<0.001

*, P<0.05 indicates clinical significance. GAVE, gastric antral
vascular ectasia; SNF, skilled nursing facility; ICF, intermediate
care facility.

Valvular disease

3.1

11.7

<0.001

Weight loss

4.0

5.0

<0.001

Gastroparesis

0.6

1.9

<0.001

Pernicious anemia

0.1

0.1

<0.001

Sjogren syndrome

0.1

0.2

<0.001

Systemic sclerosis

0.1

0.4

<0.001

Systemic lupus
erythematosus

0.5

0.5

0.063

Cirrhosis

0.7

2.2

<0.001

Hemodialysis

1.2

4.0

<0.001

20.8

25.0

<0.001

Portal hypertension

0.5

3.9

<0.001

Helicobacter pylori
infection

0.2

0.5

<0.001

Rheumatoid arthritis/
collagen vascular diseases
Congestive heart failure

Hypertension

Obesity

Smoking

Disposition of patient

P value*

70.6

68.3

Transfer to short-term
hospital

1.9

1.5

Other transfers
(SNF, ICF, other facility)

13.6

14.7

Home health care

11.0

13.4

1.0

0.8

1.8

1.4

<0.001

Against medical advice

*, P<0.05 indicates clinical significance. GAVE, gastric antral
vascular ectasia.

Discussion
We assessed the patients’ demographical characteristics,
comorbidities, hospitalization outcomes and predictors

© Annals of Translational Medicine. All rights reserved.

<0.001

All-cause in-hospital
mortality
Length of stay (mean ±
SD), day

4.62±6.9

4.63±5.3

<0.001

Total hospital charges
(mean)

$36,929

$36,059

<0.001

5.2

34.9

<0.001

associated with PRBC transfusion in GAVE hospitalizations
from the largest nationwide in-hospital dataset [2010–2014]
of the United States. The noteworthy results of this study are
as follows: (I) GAVE patients were more likely to be older,
female and white. Comorbidities such as the CHF, chronic
pulmonary disease, diabetes, hypertension, hypothyroidism,
liver disease, peripheral vascular disorder, renal failure, solid
tumor without metastasis, valvular disease, weight loss,
Sjogren syndrome, systemic sclerosis and portal hypertension
were associated with hospitalized GAVE patients. (II) The
overall all-cause inpatient mortality associated with GAVE
patients was 1.4%. The mean total hospital charges and
mean LOS (days) per GAVE hospitalization was $36,059
and 4.63±5.3 (days), respectively. (III) GAVE patients were
more likely to be PRBC transfused and were more often
transferred to other healthcare facilities as compared to the
non-GAVE patients. (IV) Advanced age, male gender, African
American race, Medicare payer type, non-elective admissions,
higher household income group, and various comorbidities
were independent factors associated with PRBC transfusion
in GAVE cohort.
As we reported that patients with a primary diagnosis
of GAVE were older, female and white, described similarly
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Table 4 Predictors of blood transfusion in hospitalized GAVE patients
Variables

Adjusted odds ratio

95% CI
LL

UL

P value*

Age

1.81

1.77

1.85

<0.001

Male vs. Female

1.06

1.03

1.10

<0.001

African American vs. White

1.18

1.12

1.23

<0.001

Hispanic vs. White

1.10

1.03

1.17

0.002

Asian or Pacific Islander vs. White

0.81

0.71

0.94

0.005

Native American vs. White

1.20

0.95

1.51

0.115

Other vs. White

1.02

0.92

1.14

0.619

Weekday vs. Weekend admission

1.11

1.07

1.16

<0.001

Non-elective vs. Elective admission

1.52

1.44

1.60

<0.001

Medicare vs. others

1.65

1.45

1.88

<0.001

Medicaid vs. others

1.03

0.89

1.19

0.626

Private including HMO vs. others

1.44

1.26

1.65

<0.001

Self-pay vs. others

1.13

0.95

1.34

0.157

No charge vs. others

1.20

0.81

1.77

0.356

1.02

0.97

1.07

0.325

1.00

0.95

1.05

0.915

1.09

1.04

1.15

<0.001

Rural vs. urban teaching

0.80

0.75

0.85

<0.001

Urban nonteaching vs. urban teaching

1.21

1.17

1.25

<0.001

Northeast vs. west

1.02

0.97

1.08

0.377

Midwest vs. west

0.68

0.65

0.73

<0.001

South vs. west

1.06

1.00

1.11

0.024

Government, nonfederal vs. private, invest-own

1.18

1.10

1.26

<0.001

Private, non-profit vs. private, invest-own

1.22

1.16

1.28

<0.001

Race

Primary expected payer

Median household income quartile as per patient's zip code
26–50th percentile vs. 0–25th percentile
th

th

51–75 percentile vs. 0–25 percentile
th

th

76–100 percentile vs. 0–25 percentile
Location teaching status of hospital

Hospital region

Ownership of hospital

Table 4 (continued)
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Table 4 (continued)
Variables

Adjusted odds ratio

95% CI
LL

UL

P value*

Comorbidities
Alcohol abuse

1.15

1.05

1.26

0.002

Rheumatoid arthritis/collagen vascular diseases

1.12

1.01

1.23

0.022

Congestive heart failure

1.40

1.34

1.46

<0.001

Chronic pulmonary disease

1.15

1.11

1.20

<0.001

Coagulopathy

1.75

1.65

1.85

<0.001

Diabetes

1.11

1.07

1.15

<0.001

Hypertension

1.25

1.20

1.30

<0.001

Hypothyroidism

1.15

1.10

1.20

<0.001

Liver disease

1.75

1.63

1.88

<0.001

Fluid and electrolyte disorders

1.26

1.21

1.30

<0.001

Peripheral vascular disorders

1.14

1.09

1.20

<0.001

Renal failure

1.19

1.14

1.24

<0.001

Solid tumor without metastasis

1.16

1.05

1.29

0.003

Valvular disease

1.39

1.33

1.46

<0.001

Weight loss

1.21

1.13

1.30

<0.001

Pernicious anemia

0.60

0.41

0.89

0.012

Systemic sclerosis

1.78

1.40

2.26

<0.001

Hemodialysis

1.79

1.65

1.95

<0.001

Smoking

1.08

1.04

1.12

<0.001

Portal hypertension

1.44

1.30

1.59

<0.001

H. Pylori

1.93

1.56

2.38

<0.001

*, P<0.05 indicates clinical significance. GAVE, gastric antral vascular ectasia; HMO, health maintenance organization; CI, confidence
interval; LL, lower level; UL, upper level.

in other study cohorts too (7,12). However, the sample
size of our study is larger as compared to the previously
published studies. Therefore, the results of our study are
more generalizable to the US population. In our study,
various chronic medical problems such as hypertension,
diabetes, chronic pulmonary disease, CHF, liver disease,
renal diseases, etc. were reported in GAVE patients. It has
been established that even though GAVE is not a common
cause of upper GI bleeding, it can cause severe GI bleeding
in the older patients who have multiple chronic illnesses (2).
Therefore, it is vital to rule out the GAVE in elderly
patients especially with cardiac, pulmonary, hepatic and
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renal-related chronic diseases, who are diagnosed with the
occult bleeding or severe upper GI bleeding with severe
anemia (13). GAVE has also been reported to be commonly
present in patients with various autoimmune disorders
which could be one of its etiologies (14,15). We also
revealed that the autoimmune disorders such as systemic
sclerosis and Sjogren syndrome were also more confined to
GAVE cohort. However, few autoimmune disorders such
as the SLE and pernicious anemia were found equally in
both GAVE and non-GAVE cohorts. Moreover, the results
of our study revealed that rheumatoid arthritis/collagen
vascular diseases tended to be lower in the GAVE cohort as
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compared to the non-GAVE cohort. In autoimmune and
connective tissue diseases, mechanical stress, dysfunction of
antropyloric motility and disordered peristaltic waves can
prolapse of gastric mucosa in the distal part of the stomach
which can lead to the development of ectatic blood vessels
(16,17). Many cases of GAVE were reported with endstage renal disease (18-20). Similarly, we found renal failure
(23.3%) was highly associated with GAVE cohorts too.
Zuckerman et al. reported that nearly 50% of recurrent GI
bleeding in renal failure patients was due to angiodysplasia
of the stomach and duodenum (21). In renal diseases,
uremia can cause weakening of gastric emptiness which
may increase mechanical stress on antrum which could be
the reason for the development of GAVE. Impaired renal
excretion and/or catabolism of vasoactive hormones like
gastrin and prostaglandin E2 might be an explanation for
the development of GAVE (22). It is accounted that nearly
30% GAVE patients were associated with cirrhosis (23).
However, we found that only 9.3%, 2.2%, and 3.9% of
patients were associated with liver disease, cirrhosis and
portal hypertension in our study cohorts. Increased levels
of gastrin and prostaglandin E2 which has vasodilating
properties were noted in GAVE patients. These hormones
may build up in liver disease because it cannot be processed
efficiently, explained to the pathogenesis of GAVE (24).
It is established that most GAVE patients present with
iron deficiency anemia owing to chronic blood loss (7). In
that manner, we reported 22.5%, 15.8%, and 6.0% GAVE
patients were diagnosed with deficiency anemias, chronic
blood loss anemia, and iron deficiency anemia, respectively.
There is a lack of data on the requirement of PRBC
transfusion in the hospitalized GAVE patients. We observed
that more than one-third of (34.9%) GAVE patients received
at least one PRBC transfusions in our study cohort. Our
study reported 1.4% all-cause inpatient mortality in the
hospitalized GAVE patients which was found to be lower as
compared to the non-GAVE cohort (1.4% vs. 1.8%). It could
be assumed to be due to the fewer complications related
to GAVE and availability of various treatment modalities
such as proton pump inhibitors, endoscopy, and surgery to
treat GAVE (25). However, Kar et al. reported the higher
morbidity and mortality in GAVE patients with underlying
chronic medical illness (23). The mean total hospital charges
and mean LOS (days) per GAVE hospitalization was $36,059
and 4.63±5.3 (days), respectively. However, there were no
differences in the mean total hospital charges and mean LOS
between the two cohorts.
Notably, the predicting factors associated with the
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PRBC transfusions in the hospitalized GAVE patients were
advanced age, male gender, African American and Hispanic
race, weekday and non-elective admissions, Medicare and
private insurance including HMO payer type and higher
household income. These factors have not been explored
in the previous studies. Another unique finding of our
study was that the hospitalized GAVE patients who were
admitted to a non-profit private, non-federal government,
urban non-teaching and Southern hospitals were more likely
to get PRBC transfusions. Cardiovascular risk factors and
diseases such as hypertension, diabetes, smoking, CHF and
valvular diseases increased the risk of PRBC transfusions
in the GAVE patients. Other chronic illnesses such as
chronic pulmonary disease, liver disease, PVD, renal failure,
hypothyroidism, alcohol abuse, coagulopathy, solid tumor
without metastasis and portal hypertension raised the odds of
PRBC transfusions in GAVE cohort. Autoimmune diseases
such as systemic sclerosis and rheumatoid arthritis/collagen
vascular disease were also significant predictors of PRBC
transfusions in the GAVE cohort. Hospitalized GAVE
patients who were on hemodialysis and were infected with H.
pylori had an increased chance of PRBC transfusion.
A few limitations cannot be overlooked in this study.
The ICD-9-CM coding errors can be possible in this
administrative dataset. We could not study the endoscopic
finding of GAVE patients due to the unavailability of the
data. Thus, over or underestimation of GAVE is possible in
the minority of instances. As mentioned earlier, we included
only hospitalized GAVE patients, therefore, we could not
apply these results to GAVE patients who do not necessitate
hospitalization. We were not able to delineate the frequency
of PRBC transfusion in GAVE patients owing to the nature
of data. Regardless of limitations, this is the first and the
largest nationwide study that explored the outcomes of
GAVE hospitalization and predictive factors of PRBC
transfusion in the GAVE patients.
Conclusions
Our study concluded that the hospitalized GAVE patients
were more likely to be older, female and white. GAVE
cohort had more frequent cardiovascular risk factors and
ailments, chronic medical illnesses, autoimmune diseases
and different types of anemias as compared to non-GAVE
cohorts. The overall all-cause inpatient mortality associated
with GAVE patients was 1.4%. There were no statistical
differences in the mean LOS (days) and total hospital
charges. Nearly 1/3rd of the GAVE patients received at
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least one PRBC transfusion during their hospitalization.
Advanced age, male gender, African American race,
Medicare payer type, non-elective admissions, higher
household income group and various comorbidities were
independent factors associated with the PRBC transfusion
in GAVE cohort. A systemic and comprehensive approach
should be considered for identifying and managing factors
associated with the blood transfusion in GAVE patients to
reduce the utilization of health care resources and improve
the clinical outcomes.
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