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Abstract
Objective: Gastroesophageal flap valve (GEFV) grade predicts severe gastroesophageal reflux disease
in Caucasians, but its role in other populations is unclear. This study evaluated the significance of endoscopic grading of the GEFV in Taiwanese subjects.
Methods: Five hundred and six consecutive patients undergoing routine check-ups at the National Taiwan University Hospital were enrolled. Symptoms of upper gastrointestinal disease and endoscopic
severity of esophageal mucosal injury were correlated to GEFV grades according to the Hill
classification.
Results: The frequency of abnormal valves (Hill grades III or IV) was 27.3%. Of these, 42.7% had erosive esophagitis (EE). The majority of patients with EE were classified as Los Angeles grades A and B
(79.7 and 16.9%, respectively). The prevalence of EE, hiatal hernia and, to a lesser degree, non-erosive
reflux disease, increased with altered GEFV. Patients with abnormal valves were younger and more likely
to be male, overweight, and to have atypical and extraesophageal symptoms.
Conclusions: Taiwanese patients with abnormal GEFVs share similar characteristics and risk factors
with the patients who have EE. Endoscopic grading of the GEFV is highly associated with GERD, and
in particular EE, in subjects undergoing routine endoscopy.
© 2005 Blackwell Publishing Asia Pty Ltd
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INTRODUCTION
Evidence of a flap valve at the gastroesophageal junction
was first noted in cadavers.1 Hill et al. later demonstrated that a gradient is present across the gastroesophageal valve in the absence of hiatal hernia. Loss of this
flap valve is associated with the deterioration of lower
esophageal sphincter length and pressure, increasing
the likelihood of a mechanically defective sphincter.
Moreover, the gradient can be increased by surgically
accentuating the valve.2 The clinical importance of the

gastroesophageal flap valve (GEFV) is reflected in the
fact that esophageal acid exposure increases proportionately to the degree of valve dysfunction.2–4 It has been
speculated that reinforcement of the GEFV is achievable by endoluminal gastroplication using endoscopic
suturing as therapy for gastroesophageal reflux disease;5
this endotherapy reinforced valve is comparable to a
grade I valve achieved by Nissen fundoplication.6,7 Valve
grade has been found to predict gastroesophageal reflux
better than measured lower esophageal sphincter pressure.2 An endoscopic grading system to assess the

Correspondence: Dr Teh-Hong Wang, Department of Internal Medicine, National Taiwan University Hospital, no. 7, ChungShan South Road, Taipei, 10016, Taiwan. Email: brlin@ha.mc.ntu.edu.tw
Accepted for publication 6 March 2005.

Gastroesophageal flap valve and GERD
GEFV is a simple and reproducible predictor of gastroesophageal reflux disease (GERD).2–4
Few published studies have addressed the relationship of esophagitis to GEFV grade.2–4,8 In all but one
study,8 patients have been symptomatic or had severe
esophagitis. The relationship of GEFV grade with
GERD is not well examined in non-Caucasian populations. We hypothesized that GEFV grade is associated
with the severity of erosive esophagitis (EE) and conducted a prospective study in subjects undergoing routine endoscopy.

PATIENTS AND METHODS
Subjects
From July to November 2002, 506 consecutive patients
visiting the National Taiwan University Hospital for a
health check-up received a panendoscopy and completed a self-administered questionnaire regarding
GERD symptoms.
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changes (e.g. friability, edema, granularity, congestion,
erythema or hyperemia) were excluded.13 Patients with
an isolated salmon-colored mucosal island in their
lower esophagus and no squamocolumnar junction
involvement were also excluded.
Patients were classified into four groups on the basis
of upper endoscopic findings: erosive esophagitis (EE);
minute esophagitis (ME) signifying minimal change at
the gastroesophageal junction, but absence of typical
symptoms such as dyspepsia; non-erosive reflux disease
(NERD), signifying normal endoscopy but typical
symptoms (symptomatic GERD);14 or no esophagitis
(NE), signifying normal endoscopy and absent symptoms. GERD was defined as EE plus NERD. Hiatal
hernia (HH) was defined as a circular extension of the
gastric mucosa above the diaphragmatic hiatus greater
than 2 cm in axial length.
Panendoscopy was performed by an experienced
endoscopist, and photographs were reviewed retrospectively by a second endoscopist.

Classification of the gastroesophageal flap
valve
Symptom evaluation
One day prior to the panendoscopy, patients filled out a
self-administered questionnaire regarding the presence
and frequency of typical symptoms of GERD (heartburn and acid regurgitation), atypical symptoms, and
extraesophageal symptoms.9 The frequency of typical
symptoms (heartburn and/or acid regurgitation) in the
current month was the basis for classification into three
groups: (i) one or more times per week; (ii) less than
once per week, but more than once per month; or (iii)
previous symptoms, but none during the current
month. The current symptoms of the remaining patients
were the basis for classification into four other groups:
(iv) atypical symptoms, including epigastric burning,
chest pain or discomfort, food regurgitation, dysphagia
and odynophagia; (v) extraesophageal symptoms,
including globus sensation over throat and neck, sore
throat, hoarseness, chronic cough and asthma; (vi)
simultaneous atypical and extraesophageal symptoms;
and (vii) lack of any symptoms in groups IV through VI.

Panendoscopic examination and
classification of esophageal mucosal injury
Flexible video endoscopy was performed in each patient
under premedication with intramuscular injection of
20 mg of hyoscine butylbromide and topical anesthesia
of the pharynx with xylocaine gel. The lower esophagus,
squamocolumnar junction, gastroesophageal junction,
and diaphragmatic hiatus were thoroughly inspected
under adequate endoscopic inflation to maintain optimal visualization without overinflation or masking due
to tight tonic contraction of the lower esophageal
sphincter.10,11 The presence and degree of esophageal
mucosal injury were graded according to the Los Angeles classification.12 Patients with findings of non-specific

The GEFV was inspected with a retroflexed endoscope
and graded I to IV according to the Hill classification as
follows:2 grade I, prominent fold of tissue along the
lesser curvature closely apposed to the endoscope;
grade II, fold present, but slightly less well defined than
in grade I and it opens rarely with respiration and closes
promptly; (i) an incomplete fold; (ii) a non-contact fold
remote to the endoscope; grade III, fold not prominent;
the endoscope was not gripped tightly by the tissues and
often failed to close around the endoscope; grade IV,
fold absent with the lumen of the esophagus gaping
open, allowing squamous epithelium to be viewed from
below. Grades I and II were classified as normal valves
and grades III and IV as abnormal valves (Figs 1–4).

Statistical analysis
The prevalence rates of EE and hiatal hernia and the
frequency of abnormal GEFV were calculated. Age,
male to female ratio, body mass index (BMI), presence
of hiatal hernia, and symptom category were compared
between groups with normal and abnormal grades of
GEFV, using unpaired t-tests. The chi-squared test with
a 4 × 2 table and multiple comparative test were performed to evaluate normal and abnormal grades of
GEFV among the four groups with esophageal mucosal
injury or symptoms. A P value <0.05 was considered to
be statistically significant.

RESULTS
The prevalence rates of GERD and EE were 41.3%
(n = 209) and 24.7% (n = 125), respectively. As shown
in Table 1, more than one-quarter of patients had
abnormal valves. Approximately 5% of patients were
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classified as having grade IV valves. Patients with abnormal valves were significantly younger than those with
normal valves. Male patients had a significantly higher
prevalence of abnormal valves than female patients, and
the prevalence correlated linearly to increasing valve
grade. Similarly, BMI correlated linearly with increasing grade of GEFV.
Patient distribution into the above four classifications
were: EE (n = 125; 24.7%), ME (n = 43; 8.5%), NERD
(n = 84; 16.6%), and NE (n = 254; 50.2%). A much
greater proportion of patients with EE had abnormal
valves than did those with NE (47.2 vs 15.8%,
P < 0.05). The proportions of patients with EE according to Los Angeles classification A to D were 72.8%
(n = 91), 24.8% (n = 31), 1.6% (n = 2) and 0.8%
(n = 1), respectively. The ratio of abnormal to normal
valves increased in a linear fashion in association with
NE, NERD, ME and EE, with the highest prevalence of
abnormal valves in the patients with EE.
Table 2 shows that the prevalence of EE increased
with increasing valve grade; similarly, a lesser degree
was in that of NERD. The prevalence of EE was markedly higher in patients with abnormal valves than in

a

b

Figure 1 Grade I signified a prominent fold of tissue along
the lesser curvature that was closely apposed to the endoscope.

Table 1

Figure 2 Grade II signified that a fold was present, but
slightly less well defined than in Grade I and it opens rarely
with respiration and closes promptly; (a) an incomplete fold;
(b) a non-contact fold remote to the endoscope.

Demographic data and gastroesophageal flap valve grade of study subjects
Gastroesophageal flap valve

Grade
n (%)
Age (mean ± SD years)
Male : Female
BMI (mean ± SD kg/m2)

I

II

III

IV

I + II

III + IV

175 (34.6)
53.3 ± 13.3
0.88
23.5 ± 3.5

193 (38.2)
51.2 ± 13.3
1.30
24.0 ± 3.3

113 (22.3)
47.9 ± 15.3
3.52
24.8 ± 3.1

25 (4.9)
51.6 ± 15.8
4.00
24.8 ± 3.5

368 (72.7)
51.6 ± 15.8*
1.09*
23.8 ± 3.4*

138 (27.3)
48.5 ± 13.8*
3.76*
24.8 ± 3.2*

*P < 0.05. BMI, body mass index.

Gastroesophageal flap valve and GERD
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Figure 3 Grade III signified that a fold was not prominent;
the endoscope was not gripped tightly by the tissues and often
failed to close around the endoscope.

Table 2

Figure 4 Grade IV signified that there was no fold and that
the lumen of the esophagus gaped open, allowing the squamous epithelium to be viewed from below.

Correlation of the prevalence of endoscopic esophageal mucosal injury with gastroesophageal flap valve grade
Gastroesophageal flap valve grade
I

II

Classification of esophageal mucosal injury
EE
22 (12.6)
44 (22.8)
ME
9 (5.1)
19 (9.8)
NERD
27 (15.4)
33 (17.1)
NE
117 (66.9)
97 (50.3)

III

46
13
19
35

(40.7)
(11.5)
(16.8)
(31.0)

IV

13
2
5
5

(52.0)
(8.0)
(20.0)
(20.0)

I + II

66
28
60
214

(17.9)
(7.6)
(16.3)
(58.2)

III + IV

59
15
24
40

(42.7)
(10.9)
(17.4)
(29.0)

R

0.89
0.54
0.40
0.19

R, ratio of abnormal to normal grades of GEFV = case number of grade III + IV/I + II. The chi-squared test with a 4 × 2 table
and multiple comparative test showed there was a significantly higher proportion of abnormal GEFVs in subjects with EE, ME
and NERD than in subjects with NE. EE, erosive esophagitis; ME, minute esophagitis; NE, no esophagitis; NERD, non-erosive
reflux disease.

those with normal valves (42.7 vs 17.9%, P < 0.05). In
contrast, the prevalence of NE was inversely correlated
to the GEFV grade. NE was present in 58.2% of
patients with normal valves (66.9% with grade I), while
only 17.9% of patients with normal valves had EE. Of
the patients with abnormal valves, 42.7% had EE and
only 29.0% had NE. The ratio of the prevalence of
abnormal to normal grade GEFV was highest in EE,
followed by ME, NERD and NE. A chi-squared test
with a 4 × 2 table demonstrated that there were different GEFV grades among the four groups classified by
esophageal mucosal injury and symptoms (P < 0.0001).
Furthermore, a multiple comparative test showed there
was a significantly higher proportion of abnormal
GEFVs in subjects with EE than in those with NERD
and NE (P = 0.007 and <0.0001); in subjects with ME
as compared with those with NE (P = 0.003); and in

subjects with NERD than in those with NE
(P = 0.009).
Table 3 shows that most of EE in the patients with an
abnormal valve were in low-grade esophagitis.
The prevalence of hiatal hernia was 7.7% (n = 39). As
shown in Table 4, the prevalence significantly increased
with increasing alteration of the GEFV. Up to 80% of
cases of hiatal hernia occurred in patients with abnormal valves.
As shown in Table 5, patients with abnormal valves
had a significantly higher incidence of current typical
symptoms of GERD at a frequency of once weekly or
greater. In addition, among those lacking typical symptoms, patients with abnormal valves had a higher prevalence of atypical or extraesophageal symptoms (45.1 vs
36.0%, P < 0.05; the data were calculated in these study
populations but are not shown in Tables 1–5); and a
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Correlation of grades of erosive esophagitis and gastroesophageal flap valves
Gastroesophageal flap valve grade

Grade of EE
n
A
B
C
D
†

I

II

III

22
17 (77.3)
4 (18.2)
1 (4.5)
0

44
29 (65.9)
15 (34.1)
0
0

46
39 (84.8)
7 (15.2)
0
0

I + II

IV

III + IV

†

13
8
3
1
1

66
46 (69.7)
19 (28.8)
1 (1.5)
0

(61.5)
(23.1)
(7.7)
(7.7)

59
47
10
1
1

(79.7)
(16.9)
(1.7)
(1.7)

According to the Los Angeles classification criteria. Data are expressed as n (%).

Table 4

Prevalence of hiatal hernia in subjects with differing grades of gastroesophageal flap valve
Gastroesophageal flap valve grade

HH (+)
HH (–)

I

II

III

IV

I + II

III + IV

2 (1.1)
173 (98.9)

6 (3.1)
187 (96.9)

19 (16.8)
94 (83.2)

12 (48)
13 (52)

8 (2.2)*
360 (97.8)*

31 (22.5)*
107 (77.5)*

*P < 0.05. Data are expressed as n (%). HH, hiatal hernia, defined as the axial length between the squamocolumnar junction
and the gastroesophageal junction >2 cm.
Table 5

Distribution of symptom groups in patients with differing grades of gastroesophageal flap valve
Gastroesophageal flap valve grade

n
Symptom category
a
b
c
d
e
f
g
a+b+c
d+e+f

I

II

III

IV

I + II

III + IV

175

193

113

25

368

138

11 (6.3)
26 (14.9)
20 (11.4)
10 (5.7)
31 (17.7)
8 (4.6)
69 (39.4)
57 (32.6)
49 (28.0)

11 (5.7)
33 (17.1)
28 (14.5)
8 (4.1)
24 (12.2)
5 (2.6)
84 (43.5)
72 (37.3)
37 (19.2)

13 (11.5)
18 (15.9)
15 (13.3)
5 (4.4)
15 (13.3)
11 (9.7)
36 (31.9)
46 (40.7)
31 (29.4)

4
5
1
1
2
3
9
10
6

(16.0)
(20.0)
(4.0)
(4.0)
(8.0)
(12.0)
(36.0)
(40.0)
(24.0)

22
53
53
18
55
13
144
128
86

(6.0)*
(14.4)
(14.4)
(4.9)
(14.9)
(3.5)*
(39.1)
(34.8)
(23.4)

17 (12.3)*
19 (13.8)
19 (13.8)
6 (4.3)
17 (12.3)
14 (10.1)*
46 (33.0)
55 (39.9)
37 (26.8)

*P < 0.05. Data are expressed as n (%).

significantly higher prevalence of current simultaneous
atypical and extraesophageal symptoms (17.0 vs 5.4%,
P < 0.05; the data were calculated in these study populations but are not shown in Tables 1–5), in comparison
to those with normal valves. Patients with normal valves
had a slightly higher incidence of being free of any
symptoms.

DISCUSSION
The present study demonstrates a close association
between increasing deformation of the GEFV and
endoscopically demonstrated GERD. In contrast to
previous studies of patients with symptomatic or severe

esophagitis in a Caucasian population,2–4 we sought to
survey the prevalence of abnormal valves and the distribution of various grades of GEFV in relation to the
degree of esophageal injury by simultaneous endoscopy
and symptom analysis in Taiwanese subjects presenting
for routine health check-ups.
Fujiwara et al. previously described the association of
GEFV grade and GERD in a Japanese population.8 Our
findings clarify the spectrum of GERD in Taiwan and
confirm the concept that deformation of the GEFV is
closely associated with GERD in Asians, who are traditionally thought to be less predisposed to GERD than
Caucasians.15 This implies that an altered GEFV is a
common pathogenetic factor in GERD, unrelated to
ethnicity.

Gastroesophageal flap valve and GERD
In the present study, the prevalence of EE, and to a
lesser degree NERD, increased with increasing alteration of the GEFV, which is shown by an increasing
abnormal to normal valve ratio in NE, NERD, ME and
EE. Approximately one-quarter of ME patients in each
group had past typical, current atypical, and extraesophageal symptoms, respectively, implying that abnormal valves are a more sensitive index of esophageal
mucosal injury than typical symptoms are. Previous
reports have found that abnormal esophageal acid exposure is a better indicator of endoscopic esophagitis than
symptoms are.3,16 Together with our findings, it is reasonable to believe that the pathology in ME patients is
most likely related to acid reflux in a mildest form of
EE. Accordingly, it is appropriate to delineate ME as a
group separate from NERD.
Explanations have been proposed towards why
NERD patients have a lower ratio of abnormal valves
than patients with EE or ME, but have a ratio comparable to that of NE patients. Patients with NERD may
have transient lower esophageal sphincter relaxation;17
weakly acidic or non-acidic refluxates;18,19 a hypersensitive esophagus;20 or other more complex mechanisms.21 In contrast, patients with EE are more likely
to have a pre-existing structurally defective gastroesophageal junction with incompetent lower esophageal sphincter.22,23 In the present study, NERD
patients had a prevalence of atypical (55.4%) and
extraesophageal symptoms (56.6%), which was much
higher than that of patients with NE; in addition, only
one-fifth of the patients with typical symptoms but
negative endoscopic findings had acid exposure (Lin
BR and Liao CC, unpublished observations, 2004).
Endoscopic esophagitis has been found to be a better
indicator of GERD than typical symptoms in Taiwanese patients.24 Thus, in accordance with the study
conducted by Contractor et al.,4 the present study confirmed that GERD patients with endoscopic esophagitis tended to have pre-existing abnormal valves, whose
incidence is correlated with severity of esophageal
injury.
The use of the GERD symptom questionnaire may
have resulted in potential bias, leading to under- or
overestimation of the prevalence of NERD, because a
wide spectrum of GERD symptoms may depend on different thresholds of visceral sensitivity,16 and patients
may also have underreported symptoms in the selfadministered questionnaires.24,25
It has been shown that EE can accurately predict the
presence of acid reflux-related GERD, with modest sensitivity.3 Öberg et al. demonstrated that more than half
of GERD patients have normal valves, indicating that
more than half of GERD patients might actually have
NERD.3 In the present study, 40% of patients with
GERD had NERD, suggesting that abnormal valves
would not be a sensitive predictor of NERD among all
GERD patients. In the present study, 29% of those with
abnormal valves had NE and, conversely, 15.7% of NE
subjects had abnormal valves. This indicates that some
subpopulations of NE subjects have no GERD, but
could be potentially predisposed to NERD or EE
because of abnormal valves. This hypothesis deserves
further study.
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In the present study, a grade IV valve only predicted
52% of cases of EE, which is lower than that predicted
by esophageal acid exposure (75%).3 Endoscopic grading of the GEFV seems to provide useful information
about reflux status, but it is less useful as an indicator of
the presence of esophageal mucosal injury.3 Ismail et al.
hypothesized that the geometry of the GEFV is not the
sole factor influencing abnormal acid exposure, but that
the loss of the GEFV combined with other factors such
as a decrease in LES length and pressure and an
increasing prevalence of mechanically defective sphincters, might lead to a higher likelihood of gastroesophageal reflux.26 This might be an explanation for why
abnormal valves had only a modest sensitivity for lowgrade EE in our patients.
In accordance with the study by Contractor et al., we
found that approximately 13% of those with grade I
valves had EE.4 This contrasts with the belief that
esophagitis does not occur with a true grade I valve.2,3
Furthermore, 29% of patients with abnormal valves did
not have any esophageal mucosal lesions or symptoms
comparable to the findings that 29 and 54% of those
with abnormal valves did not have reflux esophagitis or
symptoms of GERD, respectively, in other series,3,4 but
these findings were in contrast to the near-universal
association of abnormal valves with esophagitis in Hill’s
group.2 This discrepancy could be explained by two
possibilities. First, false-positive patients with minimally
affected squamocolumnar junction might be classified
as grade A esophagitis. This confounder was avoided in
the present study by using well-accepted diagnostic and
classification systems.12,13,27,28 Abnormal esophageal
acid exposure has been documented in 10.6% of
patients with grade I valves.4 Second, the GEFV may
disappear or appear during respiration or postural
change, resulting in false negatives.29 We inspected the
gastroesophageal junction by retroflexed endoscope and
recorded GEFV grade only when the esophagus was
steady without contraction or shortening. Therefore, it
is conceivable that EE can develop in patients with normal valves. Compatible with the findings by Oberg
et al., we demonstrated that the geometry of the valve
was a less strong predictor of NERD than EE was.3
More well-designed studies are needed to elucidate
NERD.

CONCLUSIONS
Patients with an abnormal GEFV share similar characteristics and risk factors with patients who have EE. The
endoscopic grading of the GEFV is highly associated
with GERD, and in particular with EE, in subjects
undergoing routine endoscopy in Taiwan.
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