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Abstract

AIM: To investigate the incidence of bacterial over-
growth in the stomach by using a hew endoscopic meth-
od in which intragastric hydrogen and methane gases
are collected and analyzed.

METHODS: Studies were performed in 490 consecutive
patients undergoing esophagogastroscopy. At endoscopy,
we intubated the stomach without inflation by air, and 20
mL of intragastric gas was collected through the biopsy
channel using a 30 mL syringe. Intragastric hydrogen
and methane concentrations were immediately measured
by gaschromatography. A4 pylori infection was also deter-
mined by serology.

RESULTS: Most of intragastric hydrogen and methane
levels were less than 15 ppm (parts per million). The
median hydrogen and methane values (interquartile
range) were 3 (1-8) ppm and 2 (1-5) ppm, respectively.
The high hydrogen and methane levels for indication of
fermentation were decided if the patient had the values
more than 90 percentile range in each sample. When a
patient had a high level of hydrogen or methane in one
or more samples, the patient was considered to have
fermentation. The overall incidence of intragastric fer-
mentation was 15.4% (73/473). Intragastric methane
levels were higher in the postoperative group than in
other groups. None of the mean hydrogen or methane
values was related to # py/ori infection.

CONCLUSION: Hydrogen and methane gases are more
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frequently detected in the stomach than expected, re-
gardless of the presence of abdominal symptoms. Previ-
ous gastric surgery influences on the growth of methane-
producing bacteria in the fasting stomach.
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INTRODUCTION

Hydrogen breath tests have been used to evaluate intesti-
nal transit, bacterial overgrowth, and disaccharidase defi-
ciency™. As hydrogen production increases when a small
amount of carbohydrate is supplied to colonic bacteria, the
measurement of breath hydrogen concentration has been
proposed as an indicator of carbohydrate malabsorption®.
Similarly, breath methane excretion, which reflects an in-
direct measurement of the metabolism of the anaerobic
colonic flora, has been measured”'”. Methanogenic bac-
teria utilize hydrogen, carbon dioxide, and then synthesize
methane!". All methane absorbed from the colon reaches
the lung and excretes into the breath™. If the fermenta-
tion occurs in the stomach, we can detect intragastric
hydrogen and/or methane gas. We therefore attempted
to collect intragastric gas endoscopically and measure the
intragastric hydrogen and methane levels in order to deter-
mine the bacterial overgrowth in the stomach.

MATERIALS AND METHODS

Patients

Studies were performed in 490 consecutive patients (160
men and 315 women, 19-85 years old) undergoing upper
endoscopy. None of the patients had a history of use of
proton pump inhibitor (PPI), H,-receptor antagonist (Ho-
RA), antibiotics, steroids, or nonsteroidal anti-inflamma-
tory drugs for a period of at least six month before the
investigation. Twelve patients had a previous Billroth |
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partial gastrectomy.

Collection of intragastric gas samples

Endoscopy was performed after a topical anesthesia gargle.
At the time of endoscopic examination, we intubated the
stomach without inflation by air, and 20 mL of intragas-
tric gas was collected through the biopsy channel using a
30-mL syringe. The first 5 mL was discarded for reduction
of dead-space error. Intragastric hydrogen and methane
concentrations were immediately measured by gaschro-
matography using Breath Analyzer TGA-2000 (TERA-
MECS Co. Ltd. Kyoto) and expressed in parts per million
(ppm). Linear accuracy response range was 2 to 150 ppm.
After collecting an intragastric gas sample, the endoscopist
inflated the stomach by air and observed the gastric mu-
cosa.

Determination of H pylori status

At endoscopy, serum H pylori IgG antibody titers were
measured with an ELISA method (HM-CAP). A value of
>2.2 was considered seropositive and a value of <1.9 was
considered seronegative. Patients with a value of neither
less than 1.9 nor more than 2.2 were excluded from this
study.

Statistical analysis

Data of intragastric hydrogen and methane were presented
as medians, with interquartile ranges because they were not
normally distributed. Comparisons of groups were made
using the Mann-Whitney U test. A P value less than 0.05
was considered statistically significant.

RESULTS

Incidence of high hydrogen and methane value in the
stomach

Seventeen patients were dropped from this study because
their serum H pylori IgG antibody titers were indetermi-
nate. Figures 1 and 2 show the distribution of intragastric
hydrogen and methane levels in the remaining 473 subjects,
respectively. Most of the levels were less than 15 ppm.
Overall, the median hydrogen and methane values (inter-
quartile range) were 3 (1-8) ppm and 2 (1-5) ppm, respec-
tively. The high hydrogen and methane levels for indication
of fermentation were decided if the patient had the values
more than 90 percentile range in each sample. Based on
this definition, high hydrogen levels were defined as =21
ppm and high methane values as =8 ppm. In this study,
when a patient had a high level of hydrogen or methane in
one or more samples, the patient was considered to have
fermentation. The overall incidence of intragastric fer-
mentation was 15.4% (73/473). The incidence of intragas-
tric fermentation determined by the intragastric hydrogen
level was 11.0% (52/473), whereas those determined by
the intragastric methane level was 10.8% (51/473). Of 73
patients with intragastric fermentation, gastric cancer was
found in 2 (2/4, 50%), gastric ulcer in 4 (4/38, 11%), duo-
denal ulcer in 3 (3/15, 20%), previous gasttic surgery in 3
(3/12, 25%), and others in 61 patients (61/404, 15%).

Peptic ulcer and intragastric gas concentrations
Intragastric hydrogen and methane values in relation to en-
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Figure 1 Distribution of intragastric hydrogen levels in all 473 subjects.
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Figure 2 Distribution of intragastric methane levels in all 473 subjects.
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Figure 3 Intragastric hydrogen and methane levels in relation to H pylori status.

Gastric ulcer Duodenal Postoperative Others

ulcer stomach
No.of 38 15 12 404
patients
H2 (ppm)  68+107* 109+172 110139 82169
P values vs* * 0.15 0.14 0.31
CH4 (ppm) 3.7+5.6 3.7+3.6 81+126 34+41
P values vs**  0.047 0.1 o 0.0002

doscopic diagnosis are summarized in Table 1. Intragastric
methane levels were significantly higher in the postopera-
tive group than in the gastric ulcer group and in the other
groups. Intragastric hydrogen levels were lower in the gas-
tric ulcer group than in other groups but this did not reach
statistical significance.
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H pylori infection and intragastric gas concentrations
Figure 3 shows the means of intragastric hydrogen and
methane concentrations by H pylori status. None of the
mean values were related to H pylori infection.

DISCUSSION

Before the discovery of H pylori infection in 19837 it
was demonstrated by many investigators that an increased
number of bacteria had been found in the stomach in
patients with achlorhydria or hypochlorhydria'™¥. The type
and numbers of microbial flora present in the stomach are
affected by gastric pH!"™"" and a rise in intragastric pH
has often been associated with an increased number of
bacteria in gastric juice"®*). Atrophic gastritis is the most
common cause of reduced gastric acid secretion, and it
often results in bacterial overgrowth™ ™. Tt is presently
possible to reduce gastric acid secretion with Hy-RA or
PPL Treatment with PPI*** or H,-RAF" induces a clini-
cal state similar to atrophic gastritis with hypochlorhydria
and frequently associated with bacterial overgrowth. Re-
cently, there is considerable information on the efficacy
of maintenance treatment with reflux esophagitis for up
P39 " As gastric acid plays an important part in
the prevention of bacterial colonization of the stomach

to 1 year

and the small intestine, reduction of gastric acid secretion
by PPI or H,-RA results in gastric and intestinal bacterial
overgrowth® ¥ Tn fact, it has been reported a marked
increase in bacterial titers in fasting gastric aspirates from
patients receiving H,-RAP" On the other hand, the
results of identification and quantification of microbes in
samples from the gastrointestinal tract are significantly in-
fluenced by the culture technique®”

The most direct method for diagnosing bacterial
overgrowth is to perform microbiological cultures after
obtaining gastric aspirates. Actually, the microbial flora,
which is dominated by 7ridans streptococci, coaglase negative
Staphylococei, Haemophilus sp.°® | Neisseria spp., Lactobacillus
spp., Candida spp., and Aspergillus spp.”"', has been demon-
strated. However, the study of gastrointestinal flora by
direct methods is cumbersome, primary due to its inacces-
sible location. In addition, the results of identification and
quantification of microbes in samples from the gastroin-
testinal tract are significantly influenced by difficulties in
accurate tube placement, contamination during insertion,
delay between sampling and inoculation of culture media,
and inadequate anaerobic isolation techniques. In addition,
intubation methods are time-consuming, and uncomfort-
able. Therefore, breath tests were devised as simple alter-
natives to these invasive tests.

Breath hydrogen measurement is now used in clini-
cal practice to investigate several disorders, including small
intestinal disaccharidase deficiencies, intestinal bacterial
overgrowth, and orocecal transit time!"™. Tt is based on
the ability of the anaerobic microflora of the colon to fet-
ment carbohydrate that has traveled unabsorbed through
the small intestine, and to produce hydrogen. This hydro-
gen is transported to the lungs and exhaled in the expired
breath. Although breath tests, such as measuring fasting or
postprandial hydrogen concentrations, are a noninvasive
method, avoiding the risk of sampling error, it is unable
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to identify the site of overgrowth. Then, we attempted to
measure intragastric hydrogen and methane concentrations
so as to determine the site of bacterial overgrowth and the
incidence of fermentation in the stomach.

We previously reported the endoscopic ’C-urea
breath test (e-UBT)"" in which intragastric gas was col-
lected and analyzed. Using the same sample collection
method as e-UBT, hydrogen and methane gases, which
are produced by hydrogen-producing bacteria, could be
detected in the stomach. These values were considered to
reflect directly the intragastric fermentation.

To the best of our knowledge, our study is the first
investigation to measure directly intragastric hydrogen and
methane concentrations. The values of intragastric hy-
drogen concentrations above 21 ppm and methane above
8 ppm were considered abnormal in this study. When a
patient had a high level of hydrogen or methane in one or
more samples, the patient was considered to have fermen-
tation. The overall incidence of intragastric fermentation
was 15.4% (73/473). There was no difference in the inci-
dence of intragastric fermentation determined by hydro-
gen or methane concentrations. These results reveal that
intragastric fermentation is found in more than 15% of
patients without medication even after overnight fasting.

In this study, intragastric methane levels were higher
in the postoperative group than in other groups, whereas
there was a negligible difference of intragastric hydrogen
levels between the postoperative stomach group and other
groups, thereby suggesting that previous gastric surgery
is more closely correlated to methane-producing bacterial
overgrowth in the stomach, compared to hydrogen-pro-
ducing bacterial overgrowth although the exact mechanism
is unknown.

On the other hand, Fried ez @/ reported that most
of the bacteria identified from the duodenal aspirates
belonged to species colonizing the oral cavity and phat-
ynx, suggesting a descending route of colonization. Also,
Thompson ez al*” indicated that fermentation of ingested
carbohydrate by oropharyngeal bacteria could contrib-
ute to measure breath hydrogen values soon after meal
ingestion. In addition, many investigators have reported
that treatment with PPI** or H,-RAP" induces a clini-
cal state similar to atrophic gastritis with hypochlorhydria
and a marked increase in bacterial titers in fasting gastric
aspirates from patients receiving H,-RA"****!. Although
Husebye ez a/*” have reported that fasting hypochlorhydria
associated with gastric colonization of microbes belonging
to the oro- and nasopharyngeal flora is highly prevalent
in healthy old people, atrophic gastritis is the most com-
mon cause of reduced gastric acid secretion, and it often
results in bacterial overgrowth®™ . We previously reported
that intestinal metaplasia was detected in 65.4% (358/547)
patients with serum IgG antibody to H pylori. Therefore,
we expected that a discriminative value might be detected
between H pylori-positive and H pylori-negative patients. As
shown in Figure 3, none of the mean values were related
to H pylori infection.

In summary, we measured directly intragastric hy-
drogen and methane concentrations using endoscopy and
found the incidences of hydrogen and methane produc-
tion in the stomach. In this new method, the intragastric
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gas can be easily collected endoscopically and it does not
take much time. Hydrogen and methane gases are more
frequently detected in the stomach than expected, regard-
less of the presence of abdominal symptoms. Moreover,
previous gastric surgery influences on the production of
methane in the fasting stomach and probably the growth
of methane-producing bacteria in the upper digestive tract.
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