
Introduction
Biopsies of non-specific mucosal findings or even normal muco-
sa in the stomach and esophagus are often performed during
esophagogastroduodenoscopy (EGD). While the risk of obtain-
ing cold biopsies of the upper gastrointestinal tract is negligi-
ble, such a practice entails substantially increased procedure

cost and associated anatomic pathology cost. Payers including
the United States General Accountability Office have recently
expressed concerns regarding the potential overuse of EGD
biopsies [1]. However, data regarding the precise prevalence
and clinical utility of biopsies of normal-appearing mucosa are
scarce [2].
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ABSTRACT

Background and study aims Biopsies of non-specific mu-

cosal findings are often performed during esophagogastro-

duodenoscopy (EGD). We sought to determine the preval-

ence and clinical utility of non-targeted biopsies of the

stomach and esophagus.

Patients and methods We conducted a retrospective re-

view of 949 outpatient EGDs performed at a US tertiary re-

ferral center. Non-targeted biopsies of the stomach were

defined as either “normal” or “mild” to “moderate” “ery-

thema” or “inflammation” without other endoscopic fea-

tures. Non-targeted biopsies of the esophagus and gastro-

esophageal junction (GEJ) were defined as endoscopically

“normal” mucosa. The primary outcome was the propor-

tion of non-targeted biopsies resulting in “definite manage-

ment change.” Secondary outcomes included histopatholo-

gic diagnoses of Helicobacter pylori, intestinal metaplasia

and esophageal eosinophilia.

Results Of 949 EGDs, 332 (35.0%, 95% CI 31.9–38.1%)

had a non-targeted biopsy taken at any site. Erythema in

the gastric body and antrum was biopsied at a rate of 83–

86%, while biopsies of “normal”-appearing mucosa occurr-

ed at rates from 3% (GEJ) to 15% (body and antrum). The

percentage of non-targeted biopsies that led to definite

management change ranged from 5% in the GEJ and esoph-

agus to 9% in the antrum, but did not significantly differ by

mucosal appearance. Multivariable regression analyses sug-

gested associations of language and age >50 with manage-

ment change from non-targeted gastric biopsy.

Conclusions Non-targeted biopsies of the stomach and

esophagus led to definite management change in a small

proportion of patients. Further studies are needed to iden-

tify patient and/or endoscopic characteristics and tech-

niques to improve the yield of this practice.

Original article
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Gastric biopsy is most often performed during the evaluati-
on of dyspepsia, to diagnose Helicobacter. pylori (HP) or perhaps
gastric intestinal metaplasia (GIM), and rarely occult dysplasia
or neoplasia. However, histopathology from non-targeted biop-
sies correlates poorly with symptoms [3–5]. Prospective ran-
dom biopsy protocols have not consistently demonstrated a
symptomatic benefit for HP eradication in functional dyspepsia,
the clinical effect size of such eradication is small [5], and the
cost-effectiveness of routine biopsies of normal-appearing
mucosa among patients with dyspepsia remains uncertain [6].
Further, even rigorous gastric biopsy protocols such as the Up-
dated Sydney Protocol may not be sufficiently sensitive for pre-
malignant lesions [7, 8], and rarely yield dysplasia or neoplasia
[9–11]. As such, there is generally no consensus on screening
for and surveillance of premalignant lesions in populations
with low prevalence of gastric cancer [12–15].

Practice guidelines are vague about gastric biopsy practice
in the undifferentiated patient presenting for EGD. Some indi-
cate that “biopsy specimens should be obtained for H. pylori”
without much indication of region or number [17], or even
omit recommendations on biopsy practice altogether 18]. The
most recent American Gastroenterological Association (AGA)
guidelines endorse the Sydney Protocol for the purposes of es-
tablishing H. pylori status in “normal-appearing” gastric muco-
sa, which includes mucosa noted to have “erythema.” [2, 19]
Recent European guidelines have recommended a strategy for
detection of GIM modeled after the Sydney protocol that expli-
citly includes non-targeted biopsies [20], but it is unclear to
which subjects this should be initially applied.

In the esophagus, excluding the controversial practice of
biopsying the “irregular Z-line,” non-targeted biopsies are tak-
en most often to detect eosinophilic esophagitis (EoE). Ameri-
can guidelines for endoscopy in GERD recommend either
against non-targeted biopsies [21], or only in those patients
with “troublesome dysphagia” [22], to look for EoE. However,
EoE guidelines leave significant room for interpretation regard-
ing whom to biopsy and with what protocol [23]. Reliable esti-
mates of EoE incidence in completely normal-appearing adult
esophagi are still elusive [24], but it is likely rare in adults with-
out dysphagia [25].

Given the lack of data regarding the clinical yield of non-tar-
geted biopsy during EGD and the resultant variation in practice,
this is an important target for optimizing value in healthcare.
Because non-targeted biopsy of the duodenum was recently ex-
amined [26], the current study seeks to characterize this prac-
tice in the stomach and esophagus.

Patients and methods
Design

We retrospectively reviewed a random sample of outpatient
EGDs performed within the University of Pennsylvania Health
System (UPHS), United States for a descriptive study of the
practice of non-targeted biopsy during EGD. This study was ap-
proved by the University of Pennsylvania Institutional Review
Board.

Data Source

We reviewed the UPHS Olympus endoscopy database to identi-
fy patients undergoing EGD at three UPHS-affiliated gastroen-
terology practices during the study period. Three authors then
extracted all remaining patient characteristics from EPIC, the
electronic medical record system used by over 60 UPHS ambu-
latory sites.

Study patients

We extracted all elective outpatient EGDs performed at the 3
UPHS gastrointestinal endoscopy sites between 7 /1 /2013 to
12 /31 /2013. Based on an analysis of the first 150 patients, we
calculated that a sample size of 1000 patients would yield an
acceptable confidence interval width of 13% (around a point
estimate of 16%) for the primary outcome of management
change, in the gastric body. In order to avoid bias, we used the
RAND function in Microsoft Excel to ensure that our study pa-
tients represented a random sample of all patients undergoing
EGD during the study period. Exclusion criteria included sub-
jects aged <18 years, aborted procedures, or any subsequent
EGD’s on the same subject within the study period.

Variables

The unit of analysis was the EGD procedure, and only the first
EGD for each patient in the study period was included. Indica-
tions for EGD were recorded only from the endoscopy report,
although clinic notes were reviewed for other patient charac-
teristics as well as to determine management changes. Major
comorbidities recorded were active malignancy in the last
year, AIDS (CD4 count < 200 in last year), history of organ trans-
plant, otherwise significantly immunosuppressed, history of
gastric or esophageal surgery, cirrhosis or portal hypertension,
bleeding diathesis or non-suspended therapeutic anticoagula-
tion (including dual antiplatelet therapy), and inflammatory
bowel disease. Indications were taken from the endoscopy re-
port as one of the following: dyspepsia, chest pain, GERD, ane-
mia, weight loss, recent gastrointestinal bleeding, nausea/vo-
miting, change in bowel habits, dysphagia/odynophagia, bloat-
ing/early satiety, Barrett’s surveillance, surveillance of other
condition (e. g. EoE, familial adenomatous polyposis, etc.), fol-
low-up of previous endoscopy (e. g. ulcer healing, previous
endoscopic mucosal resection [EMR]), follow-up of noninvasive
imaging finding, variceal screening, bariatric or other pre-op-
erative indication, planned intervention (e. g. dilatation, EMR,
pH probe placement, etc.), part of advanced endoscopy proce-
dure, or “other.”

A “non-targeted” biopsy of the stomach was defined as from
mucosa described in the EGD report as either “normal” or
“mild” to “moderate” “erythema,” “inflammation,” or “gastri-
tis” without other endoscopic features (such as nodularity).
This definition was intentionally created to examine the extent
to which mucosal appearance is related to outcome, if such ap-
pearance is non-specific. It was also chosen to reflect the recent
AGA Institute Technical Review on biopsies to evaluate dyspep-
sia, which classified mucosal “erythema” among “normal”
biopsies [2]. Non-targeted biopsies of the tubular esophagus
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and GEJ were those performed on endoscopically “normal” mu-
cosa (without any erythema or esophagitis, and without an ir-
regular Z-line). Other lesions elsewhere in the stomach (such
as polyps, “severe” inflammation, erosions or ulcers) were no-
ted but did not affect non-targeted classification, as long as
non-targeted biopsies were not taken from these lesions. The
primary outcome was the proportion of non-targeted biopsies
where the pathology (not the endoscopic findings) directly re-
sulted in a “definite management change.” This was defined as

a recommendation to start or discontinue a prescription medi-
cation, undergo an additional procedure or test, or see an addi-
tional specialist in response to a new, definitive histologic find-
ing from the non-targeted biopsy (▶Table 1). We also identi-
fied biopsies that resulted in “definitely no management
change” if explicitly indicated in the medical records. A small
proportion of biopsies could not be classified in either of the
above categories. For these, “unclear management changes”
captured instances in which the medical records contained no
information to allow the determination of management
change. In addition, management changes “of uncertain signif-
icance” included titration of acid suppression or other interven-
tions that were not clearly related to the histopathology results
(▶Table 1).

Statistical analysis

We calculated the frequency with which non-targeted biopsy
was performed, the proportions of the non-targeted biopsies
with 95% confidence interval (CI) that were associated with
the respective management change categories, as well as the
prevalence of clinically important histological changes such as
HP infection, intestinal metaplasia (IM), and esophageal eosi-
nophilia. We also conducted a secondary, exploratory analysis
of patient, procedure, and mucosal characteristics associated
with the outcomes of management change and the specific his-
topathologic findings of HP and GIM. The examined variables
included age, sex, preferred language, race, HP status, history
of prior EGD, the indications for EGD, the recorded comorbid-
ities, and the presence of mild erythema, duodenitis, or peptic
ulcer on endoscopy. Variables were screened in bivariable logis-
tic regression using a cutoff of P<0.2. Surviving variables that
were conceptually distinct were modeled with multivariable lo-
gistic regression with no more than one covariate per five out-
comes, and then further reduced using likelihood ratio tests
with a cutoff of P<0.05. The identified significant variables
were then modeled using log-binomial regression to obtain ad-
justed prevalence ratios. The low number of outcomes prohib-
ited analyses of esophagus, GEJ and gastric subregions, as well
as inclusion of more than 2 independent variables per outcome
variable. We conducted a sensitivity analysis of the regression
models with the outcome of “any management change,” both
to control for any possible subjectivity in the determination of
“definite” management change as well as allow for additional
independent variable detection by increasing the number of
outcomes. We also conducted a sensitivity analysis separating
those subjects whose non-targeted gastric biopsies had “ery-
thema” versus those with “normal mucosa only.” All statistical
analyses were performed with STATA 13 (STATA Corp., College
Station, Texas, United States).

Results
The patient sample characteristics, including demographics,
are displayed in ▶Table 2.

▶ Table 1 Types of management changes by region.

Management change1 n (%)

Stomach

Definite management change (n =28)

Treatment for HP2 23 (82%)

Treatment for Helicobacter heilmannii 1 (4%)

Investigation of HP status (for GIM) 2 (7%)

Surveillance EGD for gastric mapping (for GIM) 2 (7%)

Follow-up with additional provider (oncologist) 1 (4%)

Management change of “uncertain significance” (n = 24)

Start, increase or continue PPI or H2RA 17 (71%)

Additional laboratory workup or referral based on
“negative” pathologic finding

3 (13%)

Additional laboratory workup based on “positive”
pathologic finding (eosinophilia)

1 (4%)

“Possible” repeat endoscopy in 2–3 years (for GIM) 2 (8%)

Stop NSAID 2 (8%)

Additional visit with endoscopist (to discuss GIM) 1 (4%)

Gastroesophageal junction

Definite management change (n =1)

Referral for repeat intervention (for dysplasia) 1 (100%)

Esophagus

Definite management change (n =4)

Commencement of topical steroid 2 (50%)

Discontinuation of steroid, commencement of PPI† 1 (25%)

Re-restriction of diet 1 (25%)

Management change of “uncertain significance” (n = 4)

Continue current therapy 1 (25%)

“Optional” increase in dietary restrictions 1 (25%)

Introduction of new foods 1 (25%)

Start PPI (for some microscopic inflammation) 1 (25%)

HP, H. Pylori; GIM, gastric intestinal metaplasia; PPI, proton pump inhibitor;
H2RA, histamine 2 receptor antagonist; NSAID, non-steroidal anti-inflam-
matory drug
1 More than one possible per patient and biopsy.
2 Where biopsy revealed distal-predominant eosinophilia in a patient who
had never had a PPI trial to determine possible PPI-responsive eosinophilia.
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Biopsy practice

Nine hundred forty-nine randomly selected EGDs performed by
44 difference endoscopics were included in the analysis. There
was substantial variation in the practice of obtaining non-tar-
geted biopsies between endoscopists. Specifically, the median
proportion of normal mucosa biopsied by individual endos-
copist was 0% for the esophagus (inter-quartile range: 0–
14%), 12% for the gastric body (inter-quartile range: 0–28%),
and 24% for the antrum (inter-quartile range: 10–50%).

Of the 949 EGDs, 332 (35.0%, 95% CI 31.9–38.1%) had a
non-targeted biopsy taken at any site. The frequency of non-
targeted biopsies varied by endoscopic features and anatomic
location (▶Table 3). Erythema in the gastric body and antrum
were most likely to be biopsied (83–86%), while a normal GEJ
and fundus were least likely (3%). Frequency of biopsy varied
by indication per region as expected, with esophageal-related
indications resulting in more biopsies in the tubular esophagus
or GEJ, and dyspepsia-related symptoms resulting in more
biopsies of the stomach (▶Supplemental Table1). Of the nor-
mal-appearing GEJs biopsied, 13/19 were for surveillance of
Barrett’s (for a history of dysplasia, now status-post radiofre-
quency ablation), with the remainder during EGD’s for reflux
(3), abdominal pain/dyspepsia (2), dysphagia (1), and follow-
up of eosinophilia (1). Dyspepsia-related indications led to
more frequent non-targeted biopsies of the stomach largely
from an increased tendency to biopsy “normal” stomach, as
stomach “erythema” was biopsied at a high rate regardless of
indication.

Effect on management

Regarding the primary outcome, the vast majority of non-tar-
geted biopsies resulted in no management change (▶Table 4).
Biopsies of “normal” esophagus and GEJ least frequently impac-
ted management (5%). Biopsies of erythema in the fundus
most frequently impacted management, though the small total
number of fundus biopsies made this estimate less reliable (CI
7–70%). Furthermore, no definite management change based
on a non-targeted biopsy of the fundus occurred without being
based also on a non-targeted biopsy from the body or antrum
(e. g. HP detected in both specimens). Management change oc-
curred in 9% of antral non-targeted biopsies regardless of the
presence of “erythema” or “normal”mucosa, and in 6% of “nor-
mal” mucosal biopsies versus 10% of “erythema” biopsies in
the gastric body. These differences were not statistically signif-
icant by chi-square test (P=0.35 and P=0.97, respectively).
Across all regions, the secondary outcome of “no management
change” ranged from 67% to 83%. Changes of “uncertain sig-
nificance” were recorded in 5%, 0%, 9%, 4%, and 9% of non-tar-
geted biopsies from the esophagus, GEJ, fundus, body, and an-
trum-pylorus, respectively, with the remainder “unclear” based
on the medical record.

Management changes in the stomach resulted largely from
HP and/or IM, in the esophagus from eosinophilia, and in the
GEJ from IM (i. e. Barrett’s esophagus, see ▶Table 1). Twenty-
three of 28 (82%) definite management changes from biopsies
of the stomach demonstrated HP, none of which were in the

▶ Table 2 Demographics and clinical characteristics.

Age, years, mean (standard deviation)1 56 (17)

Male, n (%) 437 (46%)

Last EGD, n (%)

▪ In past 5 years 525 (55%)

▪ Never 233 (25%)

Comorbidities, n (%)

▪ Active malignancy 88 (9.3%)

▪ History of organ transplant 25 (2.6%)

▪ Otherwise severely immunosuppressed 28 (3.0%)

▪ History of gastric or esophageal surgery 91 (9.6%)

▪ Cirrhosis or portal hypertension 75 (7.9%)

▪ Bleeding diathesis or anticoagulated 26 (2.7%)

▪ IBD or other severe inflammatory luminal disorder 49 (5.2%)

▪ No relevant comorbidity 612 (64%)

H. pylori status in past year2

▪ Positive 23 (2.4%)

▪ Negative 37 (3.9%)

Indications3

▪ Dyspepsia/Abdominal pain 233

▪ Nausea/vomiting 60

▪ Bloating/early satiety 26

▪ Anemia/concern for gastrointestinal bleed 80

▪ Weight loss 19

▪ Change in bowel habit 69

▪ Dysphagia/odynophagia 161

▪ GERD/chest pain 223

▪ Barrett’s surveillance 105

▪ Surveillance of other condition4 89

▪ Follow-up of previous endoscopy5 117

▪ Follow-up of imaging finding 36

▪ Planned procedure or advanced endoscopy 73

▪ Variceal screening 60

▪ Preoperative (e. g. bariatric) 10

EGD, esophagogastroduodenoscopy; GERD, gastroesophageal reflux dis-
ease;
1 Range 18–100 years old
2 Includes serology, stool antigen, breath test or biopsy-based test.
3 May overlap
4 Non-Barrett’s, most often esophageal eosinophilia or familial adenoma-
tous polyposis.

5 Most often history of Barrett’s ablation, occasionally for ulcer-healing, etc.
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presence of duodenal ulcer. Twenty-three of 25 HP results defi-
nitely changed management (the 2 that did not were for lack of
evidence of follow-up). Of the 19 subjects in which IM was
found in the stomach but HP was not, 3/19 (16%) biopsies defi-
nitely changed management while 7/19 (37%) definitely did
not. In the entire cohort, dysplasia or malignancy was found in
only two non-targeted biopsies. These were in a patient with a
history of MALToma in the stomach, and a patient with previous
GEJ dysplasia status-post RFA, both undergoing surveillance for
those conditions.

Eosinophilic infiltrate (not necessarily meeting criteria for
EoE) was found in 9/73 non-targeted esophageal biopsies
(12 %, CI 6–22%), all of which were performed for either sur-
veillance of previous esophageal eosinophilia (7/9) and/or com-
plaint of dysphagia (4/9). Eosinophilia accounted for 7/8 man-
agement changes (including “definite” and “uncertain signifi-
cance”) in the esophagus. All 3 subjects who experienced a
management change based on a non-targeted biopsy of a nor-
mal GEJ had undergone endoscopy for an indication of Barrett’s
surveillance.

Factors associated with management change

Results of exploratory regression analyses of factors associated
with management change from non-targeted gastric biopsies
are shown in ▶Table5. Older age, sex, non-white race, a prefer-
red language that was not English, a history of positive HP test,
fundus erythema and antral ulcer were associated with man-
agement change in bivariable analysis. Age greater than 50
and preferred language emerged as the most strongly associat-
ed variables in the multivariable models, reflecting the depen-
dence of management changes on the detection of HP and
GIM. Race was not included in any of the models with language,
to avoid possible collinearity. Of note, the Sydney Protocol was
not specifically mentioned in EGD reports, but 109 of 294 sub-
jects could be considered to have received an approximation of
this protocol, defined as at least 2 biopsies each from the an-
trum and body (specific curvature not reported). Receiving
this surrogate Sydney Protocol was not a statistically significant
predictor of management change, HP, or GIM in bivariable or
multivariable analyses (P≥0.05 for all comparisons). ▶Supple-

▶ Table 3 Frequency of non-targeted biopsy by endoscopic features and anatomic location.

Esophagus GEJ Fundus Body Antrum-pylorus

Endoscopic features Normal
(n = 644)

Normal
(n = 673)

Normal
(n = 825)

Erythema
(n =25)*

Normal
(n = 760)

Erythema
(n =84)*

Normal
(n = 639)

Erythema
(n =172)1

Number biopsied, n
(%, 95% CI)

73
(11, 9–14)

19
(3, 2–4)

24
(3, 2–4)

9
(36, 18–57)

117
(15, 13 –18)

72
(86, 76–92)

97
(15, 12 –18)

142
(83, 76–88)

CI, confidence interval; GEJ, gastroesophageal junction
1 The number of subjects with erythema of any gastric region was n=201, and 170 (85%) had a non-targeted gastric biopsy. 118 (19%) of 626 subjects with no gastric
abnormality were biopsied.

▶ Table 4 Clinical and histopathologic outcomes of non-targeted biopsies during EGD.

Esopha-

gus

GEJ Fundus Body Antrum-pylorus

Endoscopic
features

Normal Normal All Normal Erythe-
ma

All Normal Erythe-
ma

All Normal Erythe-
ma

Total biopsied,
n

73 19 33 24 9 188 117 72 239 97 142

Definite man-
agement
change,
% (95% CI)

5
(2–13)

5
(0.1–26)

18
(7–35)

13
(3–32)

33
(7 –70)

7
(4–12)

6
(2–12)

10
(4– 19)

9
(6–14)

9
(4 –17)

9
(5–15)

No manage-
ment change,
% (95% CI)

81
(70– 89)

84
(60–96)

58
(39–75)

67
(45–84)

33
(7 –70)

81
(74 –86)

85
(78–91)

74
(62–83)

72
(66–78)

78
(69–86)

68
(60– 76)

Histopathologic findings

Intestinal
metaplasia,
% (95% CI)

– 11
(1–33)

3
(0.1–16)

4
(0.1–21)

0
(0 –34)

6
(3–10)

3
(1–9)

10
(4– 19)

10
(7–15)

5
(2 –12)

13
(8–20)

H. Pylori,
% (95% CI)

– – 18
(7–35)

8
(1–27)

44
(14–79)

5
(3–10)

4
(1–10)

7
(2– 15)

8
(5–13)

8
(4 –16)

8
(4–14)

CI, confidence interval; GEJ, gastroesophageal junction
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mental Table 2 shows results of the sensitivity analysis of ex-
panding the dependent variable to include management
changes “of uncertain significance,” although no additional
associated variables were identified beyond those in ▶Table 5
(at the level of P <0.01). To better assess the clinical signifi-
cance of the factors identified in the multivariable analysis,

▶Table6 displays stratified estimates of absolute proportions
of patients that might experience each outcome.

Erythema was only significantly associated with certain out-
comes when analyzed by region. Fundal erythema was associat-
ed with HP and therefore management change in the stomach
in unadjusted analysis, but was not statistically significant in
the multivariable model. Likewise, erythema of the body, fun-
dus, antrum, or any gastric region (“pooled”) were associated
with GIM in any gastric region in unadjusted analysis, though
only antral erythema was significant in the multivariable model
at P <0.01. However, all of the associations with erythema are
likely confounded by “number of non-targeted biopsies.” That
is, not only were a markedly higher proportion of erythematous

▶ Table 5 Patient and procedure characteristics associated with definite management change and histopathologic findings on gastric biopsy.

Variable Adjusted prevalence ratio1 P value 95% CI

Management change (28 events)

Age >50 6.03 0.003 1.87–19.45

Non-English preferred language 4.36 <0.001 2.28–8.33

H. Pylori (25 events)

Age >50 8.31 0.004 1.99–34.55

Non-English preferred language 4.12 <0.001 2.03–8.38

Intestinal metaplasia (28 events)

Age >50 3.51 0.012 1.38–8.93

Antrum-pylorus erythema 2.84 0.008 1.25–6.42

CI, confidence interval
1 Adjusted for age and preferred language.

▶ Table 6 Estimated percentages of patients with clinically important outcome from non-targeted gastric biopsy, by strata.

Combination of variables Estimated percentage 95% CI

Management change

English-speaking, age <50 1.7% 0.5–5.5%

English-speaking, age >50 12.0% 7.7–18.1%

Non-English-speaking, age <50 12.0% 3.3–35.6%

Non-English-speaking, age >50 51.1% 28.3– 73.5%

Helicobacter Pylori

English-speaking, age <50 1.2% 0.3–4.8%

English-speaking, age >50 11.1% 7.0–17.1%

Non-English-speaking, age < 50 7.6% 1.6–29.6%

Non-English-speaking, age >50 46.2% 24.0– 70.0%

Intestinal metaplasia

Age <50, no antral-pylorus erythema 1.9% 0.6–5.5%

Age >50, no antral-pylorus erythema 5.9% 2.4–13.7%

Age <50, antral-pylorus erythema 7.3% 3.4–14.7%

Age >50, antral-pylorus erythema 20.6% 13.4– 30.2%

CI, confidence interval
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stomachs biopsied as shown in ▶Table 3, but these erythema-
tous regions were also subject to higher total number of biopsy
‘bites’. Adding the variable “number of non-targeted biopsies”
to the models led to each “erythema” variable losing signifi-
cance to below the cutoff (e. g. antral erythema to P=0.091
for any GIM). Additionally, there were no significant interac-
tions between age or preferred language and erythema of the
stomach (P>0.10 for all comparisons), and the prevalence ra-
tios of these covariates did not appreciably differ in samples re-
stricted to those with only normal gastric mucosa versus those
with erythema. Low number of management changes prohib-
ited any significant regression models for the esophagus or GEJ.

Discussion
This study of 949 patients undergoing outpatient EGD at a
high-volume endoscopy center demonstrates that there is
wide variation in the practice of non-targeted biopsies of the
stomach and esophagus, and such practice leads to changes in
management in only a small proportion of patients. The pri-
mary reasons for changes in management based on biopsy re-
sults are HP in the stomach and eosinophilia in the esophagus.
Exploratory analyses of this cohort revealed that age and pre-
ferred language were most associated with HP and consequent-
ly a definite change in management from a non-targeted gas-
tric biopsy. Mild gastric erythema was associated with in-
creased non-targeted biopsy, but a proportionate relationship
to management was not evident, although this increased biop-
sy rate did yield a higher GIM detection rate.

Our results expand on what is known about the practice and
yield of ‘non-targeted’ biopsies. We are not aware of any prior
studies that examine the effect of mild or moderate gastro-
scopic “erythema” on likelihood of biopsy. Non-targeted biopsy
of erythema occurred at a very high rate in the stomach. Given
that our study did not involve independent visual verification of
endoscopic descriptions, it is possible that the much less-often
biopsied “normal” gastric mucosa in fact included small pat-
ches of “erythema” that the more conservative endoscopists
classified as “normal” by virtue of their decision not to biopsy.
In addition, the tertiary care referral setting may select a larger
percentage of refractory cases, with increased need for diag-
nostic sensitivity leading to increased biopsy practice. Regard-
less, our study suggests that biopsy of mild “erythema” or “gas-
tritis” in the gastric body or antrum does not lead to more man-
agement changes or diagnoses of HP than biopsy of “normal”
mucosa, and that for most patients, such a mucosal appearance
can be considered on the spectrum of normal. However, our ex-
ploratory analyses suggest that considering the patient’s pre-
ferred language and age could increase the yield of such biop-
sies from ~1% to over 30% (▶Table6), a clinically significant
change.

The association of fundal erythema with the presence of HP
and consequent management change (▶Table4) was an unex-
pected finding of the study. Biopsy of the fundus is not part of
the Sydney protocol or any current guideline recommenda-
tions, though it may be reasonable when searching for HP in pa-
tients on PPIs, as acid suppression tends to drive HP higher up in

the stomach. The overall rate of fundus biopsy was still expect-
edly low, and the wide confidence intervals for the effect of
biopsy of fundal erythema raise the possibility that this associa-
tion may still be the product of chance. The fact that biopsies of
fundal erythema yielded a high rate of HP but never resulted in
definite management change without a similarly impactful re-
sult from the body or antrum could indicate that fundal erythe-
ma is more of a specific than a sensitive macroscopic marker of
a pan-gastritis. This hypothesis should be the target of further
investigation.

Regarding specific histopathologic findings, our study is
generally consistent with others. HP prevalence in Western po-
pulations ranges from 11.8% to 44.1% in endoscopies for dys-
pepsia [27–29], although these studies included biopsies of
abnormal mucosa. Prevalence rates of gastric IM range from
3% to 22.9% [27–31], with several studies also reporting asso-
ciations of GIM with increasing age [27, 29–31]. In our study,
GIM tended to appear more frequently in stomachs with antral
erythema and consequent increased biopsy sampling, though
these biopsy results were not more likely to result in definite
management change. This likely reflects the lower consensus
surrounding how exactly to deal with GIM found on non-targe-
ted biopsy in a region of low gastric cancer incidence [12–14,
20].

Both HP and GIM vary substantially according to geography,
ethnicity and economic factors [29–32]. In our dataset, non-
English preferred language was the best surrogate for being
foreign-born, which may also correlate with socioeconomic sta-
tus, less-developed water and sanitation systems during child-
hood, or other HP risk factors. That the overall rates of HP and
GIM in our cohort are on the lower end of expected likely re-
flects the predominantly insured, Caucasian and African Amer-
ican, urban United States, tertiary care population, as well as
the focus on biopsies of normal mucosa.

The prevalence rate of esophageal eosinophilia in esopha-
geal biopsies without regard to mucosal appearance has been
reported as 4.6% [33]. Our sample prevalence (12%) approa-
ches the markedly higher prevalence of esophageal eosinophi-
lia from U.S. tertiary care centers (23%) [34], perhaps due to in-
clusion of some patients who were undergoing surveillance
biopsy for known or suspected EoE. In our study, all manage-
ment changes occurred in subjects who either had a history of
esophageal eosinophilia or presenting symptom of dysphagia,
confirming that biopsy of the normal-appearing esophagus
should rarely be considered outside of these situations [25].

The strengths of this study include that it provides real-
world data regarding both non-targeted EGD biopsy practice
patterns and outcomes in a developed country. The prevalence
rates of the gastric and esophageal pathologies in question de-
pend on geographic, ethnic and socioeconomic factors, and
change over time. Endoscopic technologies also advance, al-
lowing higher resolution for detection of gross pathology.
Therefore, an updated, population-specific understanding of
these pathologies is essential for the development of any mod-
ern quality improvement measures. This is the first study we are
aware of to examine non-targeted biopsy across the entire
spectrum of indications and patient characteristics. As such, it
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is positioned to inform the practice of biopsying non-specific
lesions in an area of the upper gastroinestinal tract that is not
related to the reason for endoscopy, and helps to confirm that
this is a low-yield practice. Further, the outcome of “manage-
ment change” is both patient-oriented and pragmatic, synthe-
sizing the variability with which gastroenterologists interpret
histologic findings (such as gastritis and GIM) into a measurable
construct that reflects that finding’s direct significance to the
patient.

Some of these unique aspects of the study, however, are also
limitations. Sample heterogeneity limits the power to analyze
potentially relevant subgroups where non-targeted biopsy
may be more appropriate (such as by indication, or index
endoscopy, though neither of these were significantly associat-
ed with our primary outcome in regression analyses). We also
did not have access to truly patient-oriented outcomes, such
as symptom or quality-of-life ratings, or the rates of future ul-
cers or malignancies. The subjectivity of the primary outcome,
while pragmatically reflecting current practice, is not guaran-
teed to reflect best practice, so that this report cannot serve
as the sole basis for a judgment on the merits of non-targeted
biopsy. Lastly, as data come from a single center with one pa-
thology lab, the reporting of histopathologic findings and the
effect of such findings on management may be biased toward
local institutional culture.

We must also caution about over-generalization of our find-
ings. We surveyed a random sample of procedures for a variety
of indications, using white light endoscopy (WLE) in a low gas-
tric cancer setting. Yield of biopsies may increase in gastric er-
ythema noted to have additional features on narrow band (NBI)
or other image-enhancement, [35, 36] or simply on a surveil-
lance mapping endoscopy with careful mucosal inspection un-
der high resolution, magnified WLE. Many of our study’s EGD
reports did not distinguish between diffuse and localized ery-
thema either, the latter of which may be more likely to harbor
dysplasia or even early gastric cancer [36] and therefore war-
rant biopsy or resection, especially in regions of higher gastric
cancer incidence.

Despite these limitations, our study’s findings support the
following conclusions. Non-targeted biopsies of the esophagus
should usually only be undertaken for patients with dysphagia
or known esophageal eosinophilia, because they are otherwise
unlikely to affect management. Mild gastric erythema on WLE
should not be regarded as qualitatively different from normal
mucosa with regard to HP, although its relationship to the pres-
ence of GIM remains uncertain. It may be extrapolated that if
one is searching for HP, it is advisable to still adhere to the Syd-
ney protocol for standard WLE, or else consider using image en-
hancement such as NBI. Identification of patient characteristics
predictive of occult HP is difficult in low prevalence populations
such as this U.S. academic center, but surrogates (for our cen-
ter) of being born in a less developed country (non-English-
speaking language) and age >50 showed the strongest, most
clinically significant associations, consistent with the observa-
tions of guidelines committees [15, 16, 18–20].

We practice in an increasingly cost- and quality-conscious
healthcare environment. Strategies that serve only to increase

the sensitivity of a diagnostic method have not always proven
cost-effective or even efficacious for improving patient-orien-
ted outcomes. We must rigorously evaluate such methods,
and the upper GI tract is no exception. At present, biopsy of
non-specific findings during EGD should be based primarily on
the patient characteristics and procedure indication, rather
than the appearance of erythema under unenhanced, white
light. Prospective, multi-center studies are warranted to com-
pare non-targeted biopsy to other strategies such as image-en-
hanced endoscopy for appropriate indications. These may iden-
tify additional patient and mucosal characteristics predictive of
significant histopathologic findings, as well as examine cost-ef-
fectiveness and symptomatic outcomes. Such studies could
greatly inform quality improvement in upper endoscopy.
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▶ Supplemental Table 2 Patient and procedure characteristics associated with “any”management change1 from gastric biopsy (events = 54)2.

Variable Adjusted Prevalence Ratio P value 95% CI

Non-English preferred language 2.76 < 0.001 1.65–4.61

Indication dysphagia/ odynophagia 0.39 0.089 0.13–1.16

Indication change in bowel habits 0.30 0.094 0.08–1.23

Duodenitis 2.83 0.014 1.24–6.48

Fundus erythema 2.14 0.013 1.18–3.92

CI, Confidence interval
1 Includes “definite” management change, and change of “uncertain significance.”
2 As noted in bold, only one variable (language) survived the pre-specified cutoff of P<0.01.However, given that this is a sensitivity analysis of an exploratory analysis,
with sufficiently higher number of outcomes to permit additional variables in the model, the results of a model with a more liberal threshold are displayed here for
the interested reader. Models were also created substituting erythema of body, antrum, or “any” gastric region as the “erythema” variable, but fundus erythema
was the only site with a P value <0.20. Binomial regression model did not converge, so we used a modified Poisson regression, with robust variance, for this analysis.

▶ Supplemental Table 1 Indications associated with non-targeted biopsy by region.

Adjusted prevalence ratio1 P value 95% CI

Stomach (all regions)

Dyspepsia/abdominal pain 2.10 < 0.001 1.74–2.53

Nausea 1.43 0.006 1.11–1.85

Barrett’s surveillance 0.50 0.022 0.28–0.90

Planned procedure 0.40 0.033 0.17–0.93

Esophagus

Dysphagia/odynophagia 5.55 < 0.001 3.63–8.48

GERD 1.86 0.010 1.16–2.98

Chest pain 4.09 < 0.001 2.03–8.21

Surveillance of esophageal eosinophilia 2.52 0.003 1.37–4.64

GEJ

Barrett’s surveillance 4.23 < 0.001 2.72–6.58

GERD 2.31 < 0.001 1.57–3.39

Chest Pain 2.31 0.012 1.20–4.47

Dyspepsia 1.80 0.013 1.13–2.86

CI, confidence interval; GEJ, gastroesophageal junction; GERD, gastroesophageal reflux disease
1 Using a modified Poisson regression with robust variance, we adjusted for age, sex, and a history of positive H. Pylori test, inflammatory bowel disease, foregut
surgery, or previousEsophagogastroduodenoscopy
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