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Abstract
Background and Aim: Previous studies on age differences in proton pump inhibitor
(PPI)-resistant reflux esophagitis (RE) have found that stenosis and bleeding compli-
cations were significantly more common in the elderly than in the non-elderly. We
sought to examine differences between two groups of elderly (75 years or older) and
non-elderly (<75 years) patients with (PPI)-resistant severe RE and also the efficacy
of vonoprazan (VPZ) in these patients.
Methods: There were 14 patients in the elderly group and 15 in the non-elderly
group. Information was obtained on patient background (sex, body mass index [BMI],
gastric mucosal atrophy, and the presence of hernia and collagen disease), and all
patients underwent the saliva secretion test and esophagogastroduodenoscopy (EGD).
The saliva secretion test (amount of saliva secreted, salivary pH, and the acid-
buffering capacity) was performed by chewing sugar-free gum for 3 min before EGD.
The efficacy of VPZ in both groups was also assessed.
Results: Saliva secretion, sex, BMI, and the presence of gastric mucosal atrophy did
not significantly differ between the two groups. The number of hernias larger than
4 cm was significantly higher in the elderly PPI-resistant group, and significantly
more patients had collagen disease in the non-elderly group. The efficacy of VPZ was
not significantly different between the two groups; however, 10 patients in the non-
elderly group had collagen disease, and 4 did not achieve esophageal mucosal healing
even with VPZ 20 mg.
Conclusion: The number of large hernias (>4 cm) was significantly higher in the
elderly group, while significantly more non-elderly patients had collagen disease. In
the non-elderly group with scleroderma, the efficacy of VPZ 20 mg may not be
sufficient.

Introduction
Proton pump inhibitor (PPI)-resistant severe reflux esophagitis
(RE) is an obstacle to successful treatment of the disease. A pre-
vious study compared PPI-resistant and PPI-reactive severe RE
and showed that the former was characterized by a female pre-
dominance and complicated by collagen disease, and had
decreased saliva secretion.1 Regarding saliva secretion, the
involvement of hyposalivation has recently been noted in mild
RE and non-erosive reflux disease,2–5 in addition to PPI-resistant
severe RE.

According to clinical practice guidelines for gastroesopha-
geal reflux disease in Japan,6 potassium-competitive acid
blockers (P-CABs) are recommended as the first-line treatment

for severe RE and found to achieve esophageal mucosal healing
in most cases.7,8 However, esophageal mucosal healing may also
be achieved in 60–70% of severe RE cases with PPI.9 The basis
for drug therapy is mucosal healing at the lowest dose.

Scleroderma is commonly found in patients with PPI-
resistant severe RE, particularly non-elderly patients. Previous
studies on age differences in PPI-resistant RE have found that
stenosis and bleeding complications were significantly more
common in the elderly than in the non-elderly.10 Therefore, a
more detailed understanding of age differences in the characteris-
tics of PPI-resistant severe RE is important. To clarify the char-
acteristics of PPI-resistant severe RE in elderly patients (older
than 75 years) and non-elderly patients, we examined saliva
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secretion, the degree of hiatus hernia (>2 and >4 cm), gastric
mucosal atrophy, the presence of collagen disease, sex, and body
mass index (BMI) in elderly and non-elderly groups. We also
assessed saliva secretion in PPI-resistant severe RE based on the
presence or absence of collagen disease. Furthermore, the effi-
cacy of vonoprazan (VPZ) 10 mg for PPI-resistant RE was
evaluated.

Methods
This retrospective case–control study was performed at the Nip-
pon Medical School Hospital after obtaining approval
(31-04-1119) of the Ethics Committee of the institution.

PPI-resistant severe RE patients older than 75 years (resis-
tant elderly group) and those younger than 75 years (resistant
non-elderly group) were recruited at a single center (Department
of Gastroenterology, Nippon Medical School Hospital) between
August 2018 and December 2022.

All PPI-resistant severe RE patients during this period
were enrolled. There were 14 patients in the elderly resistant
group and 15 in the non-elderly resistant group. Table 1 shows
the backgrounds of both groups. The definition of PPI-resistant
severe RE is severe RE before treatment that cannot be healed by
the 8-week administration of PPI at the standard dose. The sever-
ity of RE was graded based on the Los Angeles Classification,11

with RE of grade C or D considered to be severe RE.
The present study was conducted on PPI-resistant severe

RE at a time point when healing of the esophageal mucosa was
controlled by VPZ or when mucosal damage remained after the
treatment with VPZ 20 mg. In the present study, patients with
PPI-resistant severe RE were initially treated with VPZ 20 mg
for 4 weeks, and esophagogastroduodenoscopy (EGD) was per-
formed 4 weeks later (the initial VPZ treatment period). If
healing occurred, VPZ 10 mg was administered for 8 weeks as
maintenance therapy, and EGD was performed again after
8 weeks. If there was recurrence, VPZ 20 was administered
again. If there was no relapse, VPZ 10 mg was continued and the
patients were followed up every year. If symptoms worsened,

EGD was performed immediately, but this never happened. Since
previous studies reported that acid suppressive therapy did not
affect saliva secretion,12,13 we performed our study on PPI-
resistant severe RE patients receiving P-CAB therapy.

Patients receiving therapeutic agents with confirmed
reduction of saliva secretion, such as antihypertensive agents
(anti-adrenergic agents and adrenergic alpha-2 agonists), antide-
pressants, psychotropic drugs, or anticholinergic drugs, and ciga-
rette smokers14 were excluded.

A saliva secretion test and EGD were performed. In the
saliva secretion test, fasting stimulated saliva secretion was
assessed on the day of EGD. This test was performed at approxi-
mately 09:00 h before EGD. The amount and pH of stimulated
saliva secretion by chewing sugarless gum (CAT 21, J. Morita
Corp., Tokyo, Japan) for 3 min were measured. In addition, pH
after loading 50 μl of 0.1 N HCl per 0.5 ml of saliva was evalu-
ated as the acid-buffering capacity.15,16 A Checkbuf System
(Morita, Tokyo, Japan) was used to assess pH.

After the collection of saliva, EGD was performed to
detect the presence of esophageal mucosal injury, gastric mucosa
atrophy, and hernia. The presence of gastric mucosal atrophy
was assessed based on the Kimura–Takemoto classification.17

Patients classified as C1 were considered to have no atrophy.
Hiatal hernia was diagnosed if the length between the hiatus and
lower margin of the esophageal palisade vessels was >2 or
>4 cm.18 BMI was also measured. Regarding the course of VPZ
treatment, previous medical records were reviewed and
examined.

Statistical analysis. Data are presented as medians (25th–
75th percentiles). Statistical analyses were performed using
StatView 5.0 software (SAS Institute, Inc., Cary, NC, USA). The
Mann–Whitney U test was used to compare differences in BMI,
the amount of stimulated saliva secretion, salivary pH, and pH
after acid loading (the acid-buffering capacity) in the resistant
elderly and non-elderly groups. Fisher’s exact test was used to
compare sex, the presence of gastric mucosal atrophy, hiatal

Table 1 Clinical characteristics and demographic data of proton pump inhibitor-resistant elderly and non-elderly groups

Resistant elderly group Resistant non-elderly group P-value

Number of subjects 14 15
Sex
Male/female 2/12 4/11 0.6513†

Esophageal hiatal hernia
>2 cm (�) 13/1 4/11 >0.9999†

>4 cm (�) 6/8 1/14 0.0352†

Gastric mucosal atrophy
(�) 1/13 1/14 >0.9999†

BMI 21.1 19.8
Median (25th–75th percentile) (19.9–22.8) (17.9–24.9) 0.4194‡

Collagen disease
(�) 1/13 10/5 0.0017†

†Statistical analysis by Fisher’s exact test.
‡Statistical analysis by Mann–Whitney U test.
Gastric mucosal atrophy was classified according to the Kimura–Takemoto classification and closed 1 was regarded as no atrophy.
BMI, body mass index.
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hernia, and the healing rate of esophageal mucosal injury by
VPZ between the groups. A P-value <0.05 was considered
significant.

Results

Clinical characteristics. The clinical backgrounds of PPI-
resistant elderly and non-elderly groups are shown in Table 1.
No significant differences were observed in the sex ratio, BMI,
or presence of gastric mucosal atrophy between the two groups.
Furthermore, the presence of hernias >2 cm did not significantly
differ between the two groups, whereas hernias >4 cm were sig-
nificantly more in the resistant elderly group. Moreover, signifi-
cantly more patients had collagen disease in the non-elderly
group.

Stimulated saliva secretion. No significant differences
were observed in the amount of saliva secretion, salivary pH, or
the acid-buffering capacity between the groups (Table 2).

Efficacy of VPZ in PPI-resistant elderly and non-
elderly groups. Among the 14 patients in the resistant
elderly group, 5 treated with VPZ 20 mg and 9 treated with VPZ
10 mg achieved esophageal mucosal healing. In the non-elderly
group, esophageal mucosal healing was not achieved in 4 out of
the 15 patients treated with VPZ 20 mg. Of the remaining
11 patients, 6 treated with VPZ 20 mg and 5 treated with VPZ
10 mg achieved esophageal mucosal healing. A comparison of
the esophageal mucosal healing rates of VPZ between the resis-
tant elderly and non-elderly groups revealed no significant differ-
ence (P = 0.0996). Ten patients in the non-elderly group had
collagen disease, and four did not achieve esophageal mucosal
healing even with VPZ 20 mg.

Discussion
The number of hernias >4 cm was significantly higher in the
resistant elderly group. No significant differences were observed
in other factors. Hernias >2 cm are generally considered to be
significant; however, no significant differences were observed in
the number of hernias ≥2 cm in both groups. A diagnosis of her-
nia, which is the distance from the diaphragm to the lower end of
the palisade vessels, is typically made during deep inspiration. A
hernia of 2 cm after deep inspiration is a physiological hernia
because the diaphragm moves approximately 2 cm downward
during deep inspiration, as assessed by high-resolution manome-
try.18 A diagnosis with deep aspiration is useful for detecting
Barrett’s mucosa and esophageal mucosal injury, whereas for

hernias a length of ≥4 cm at deep inspiration is considered to be
significant.

Previous studies have reported that significantly more
females had PPI-resistant severe RE than PPI-responsive severe
RE.1 When patients with PPI-resistant severe RE was divided by
age, 12 out of 14 in the resistant elderly group and 11 out of
16 in the non-elderly group were female. Although there were
more females with PPI-resistant severe RE, no significant differ-
ence was observed between the two groups.

Esophageal motility did not significantly differ between
patients with PPI-resistant and PPI-responsive severe RE in a
previous study,1 and the motility pattern was similar in both
groups (ineffective esophageal motility or absent motility).19

Even for PPI-resistant severe RE, the motility pattern was simi-
larly impaired. Therefore, since the aim of the present study was
to compare age differences in PPI-resistant severe RE, esopha-
geal motility was not examined.

On the other hand, significantly more patients in the resis-
tant non-elderly group had collagen disease (mainly sclero-
derma): 10 out of 16 patients in this group and only 1 out of
12 in the resistant elderly group.

The presence of a large hernia in the resistant elderly
group is associated with the appearance of an acid pocket (acid
layer)20,21 in the hernia during the postprandial period and a high
rate of acid reflux during transient lower esophageal sphincter
(LES) relaxation,22 which is the major mechanism of acid
reflux.23–25 In addition, LES pressure is expected to be low,
which increases acid reflux due to low LES pressure because
many resistant RE patients have severe RE and a large hernia.26

Regarding the higher frequency of PPI-resistant severe RE
in the resistant non-elderly group with scleroderma, we initially
considered low saliva secretion to be a causative factor. Although
the present study was conducted on a small number of cases, no
significant differences were observed in saliva secretion when
PPI-resistant severe RE was divided according to the presence or
absence of collagen disease (mainly scleroderma). However,
saliva secretion was negligible in some cases. Therefore, further
studies are warranted.

Based on the present results, there are two patterns of PPI-
resistant severe RE. The presence of a large hernia (≥4 cm) in the
resistant elderly group and collagen disease in the resistant non-
elderly group are closely related to the pathogenesis of PPI resis-
tance. In the future, we intend to examine the characteristics of PPI-
resistant severe RE that cannot be healed without P-CABs because
60–70% of severe RE cases are successfully treated with PPIs.9

Regarding the treatment of PPI-resistant severe RE, the
elderly group, in which large hernias (>4 cm) were more com-
mon, was healed by VPZ. Excessive esophageal acid exposure
due to large hernias significantly contributed to the pathogenesis

Table 2 Stimulated saliva secretion in the proton pump inhibitor-resistant elderly and non-elderly groups

Resistant elderly group Resistant non-elderly group P-value

Amount of stimulated saliva (mL) secretion 3.7 (2.2–4.4) 4.1 (1.9–6.6) 0.8786
Salivary pH 7.0 (6.6–7.2) 6.9 (6.7–7.3) 0.8571
Salivary pH after acid loading (acid-buffering capacity) 5.9 (5.5–6.2) 5.5 (5.3–5.9) 0.2578

Data expressed as median (25th–75th percentile). Statistical analysis by Mann–Whitney U test.
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of PPI-resistant severe RE in the elderly group. However,
patients with large hernias in this group were all healed by VPZ.
Furthermore, the less frequent complication of collagen disease
in the elderly group may be attributed to many patients with col-
lagen disease (mainly scleroderma) not living up to 75 years
or more.

Another important result of the present study is that 40%
of the patients with collagen disease were not healed even with
VPZ. Moreover, collagen disease needs to be considered in non-
elderly patients with PPI-resistant severe RE. Vascular complica-
tions have been reported in scleroderma patients,27 which may be
related to esophageal mucosal injury.

The healing rate with VPZ was low in patients with
scleroderma in the non-elderly group; therefore, VPZ did not
appear to adequately suppress acid secretion in these patients.
We previously monitored intragastric pH in two patients with
VPZ 20 mg-resistant RE and scleroderma while receiving treat-
ment with VPZ 20 mg.7 The findings showed that the percentage
time of intragastric pH >4 was in the latter half of 40%. This per-
centage time of intragastric pH > 4 was markedly less than that
observed with the normal use of VPZ 20 mg.28 Since VPZ is
metabolized by CYP3A4, a drug interaction with CYP3A4 may
have affected the results obtained. Although the number of
patients not healed by VPZ was small, this issue warrants further
study.

There are some limitations that need to be addressed. This
was a retrospective analysis of a small number of cases at a sin-
gle institution. Nevertheless, this is the first study to characterize
PPI-resistant severe RE based on age differences. Prospective
studies at multiple centers are needed in the future.

In conclusion, the PPI-resistant elderly group is character-
ized by the presence of hernias >4 cm and a lower prevalence of
collagen disease (mainly scleroderma) than the resistant non-
elderly group. VPZ was effective for all patients in the elderly
group but may not be adequate for some in the non-elderly
group, particularly those with collagen disease.
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