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Summary

Background: The patient with colonic obstruction may frequently have bacterial overgrowth and increased breath hydrogen
(H2) levels because the bacterium can contact with food residues for longer time. We experienced two cases with intestinal
obstruction whose breath H2 concentrations were measured continuously.

Case 1: A 70-year-old woman with small bowel obstruction was treated with a gastric tube. When small bowel gas decreased
and colonic gas was demonstrated on the plain abdominal radiograph, the breath H2 concentration increased to 6 ppm and
reduced again shortly.

Case 2: A 41-year-old man with functional small bowel obstruction after surgical treatment was treated with intravenous
administration of erythromycin. Although the plain abdominal radiograph demonstrated a decrease of small-bowel gas, the
breath H2 gas kept the low level. After a clear-liquid meal was supplied, fasting breath H2 concentration increased rapidly
to 22 ppm and gradually decreased to 9 ppm despite the fact that the intestinal gas was unchanged on X-ray. A rapid increase
of breath H2 concentration may reflect the movement of small bowel contents to the colon in patients with small-bowel
pseudo-obstruction or malabsorption following diet progression.

Conclusions: Change in breath H2 concentration had a close association with distribution and movement of intestinal gas.
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Background

Most of the intestinal gas is produced by anaerobic fermentation of unabsorbed carbohydrates in the
right colon.! When unabsorbed carbohydrate reaches the caecum, it is rapidly fermented to short
chain acids by anaerobic colonic bacteria, liberating carbon dioxide (CO,), hydrogen (H2), and, in
some people, methane (CH4), which diffuse rapidly into the blood and is exhaled into the breath.
Because bacteria represent the sole source of gut H2 and CH4, fasting breath H2 and CH4 gases
have been used as markers of colonic fermentation.> As H2 production increases when a small amount
of carbohydrate is supplied to colonic bacteria, the measurement of breath H2 concentration has
been proposed as an indicator of carbohydrate malabsorption.® The patient with colonic obstruction
or delayed small intestinal transit may frequently have bacterial overgrowth and increased breath
H2 levels because the bacterium can contact with food residues for longer time. We experienced two
cases with intestinal obstruction whose breath H2 concentrations were measured continuously.
Change in breath H2 concentration had a close association with distribution and movement of intes-
tinal gas. We hereby report a close association between breath H2 concentration and intestinal gas
imaging detected on plain abdomen radiographs in patients with intestinal organic or functional
obstruction.
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Method of Measuring Hydrogen

Concentration
Breath H2 levels were measured using Breath Gas
Analyzing Device model TGA-2000 (TERAMECS
CoLtd, Kyoto, Japan). TGA 2000 H2 gas analyzing
device is the same theory of gas chromatography
analysis method.* Indoor (ambient) air is used for
carrier gas. In order to make ideal carrier gas, the
indoor air goes through desiccating agent tubes two
times before contacting sensor. First of all, the
indoor air goes through desiccating agent tube by
pumping. While the pump is working, gas flow
regulation valve is opened. Carrier gas keeps going
forward to the gas sensor with gas X-ray procedure
discharging outlet. Necessary volume of the breath
gas having H2 is manually sucked by hypodermic
syringe from the collection bag. Then the breath gas
is manually injected into six-way-valve unit includ-
ing sample-loop section for the breath-gas holding.
With manually push sampling valve, the breath gas
at sample-loop section carrier gas will go forward
to a molecular sieve via separation column.
Before breath gas analyzing test, inject standard-
gas taken by hypodermic syringe into TGA-2000.
The standard-gas is to use for calibration of correct
volume of gas analyzing. After calibration,
breath gas analyzing process is started. It will take

3 minutes to complete the gas measurement of each
sample. Response of H2 gas concentration from
the gas sensor is calculated by both measuring
circuit and a computer system, and the results are
displayed on the monitor.

Case Report

Case 1

A 70-year-old woman presented with abdominal
pain and distention. She has a past history of surgi-
cal treatment for peritonitis before 13 years. Plain
abdominal radiograph showed a markedly dilated
small bowel, with no dilatation of the colon
(Fig. 1). An abdominal computerized tomography
(CT) showed largely distended small bowel loops
and a smooth transition zone (arrow) at the site of
obstruction (Fig. 2). Fasting breath H2 concentra-
tion was 3 ppm at that time.

The patient was treated with the use of a gastric
tube for drainage of gastric juice. Nutrition was
provided intravenously. During the first four days,
although small bowel gas increased gradually
(Figs. 3A, 3B), breath H2 concentrations remain
less than 4 ppm (Fig. 3). On the fifth day after
admission, small bowel gas decreased and a small

Figure 1. Abdominal plain radiograph of case 1 on admission showed a markedly dilated small bowel, with no dilatation of the colon.
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Figure 2. An abdominal computerized tomography (CT) showed largely distended small bowel loops and a smooth transition zone (arrow)

at the site of obstruction.

amount of colonic gas was demonstrated on the
plain abdominal radiograph (Fig. 3C). The breath
H2 concentration at that time increased from 1 to
6 ppm and reduced again to the baseline the next
day. This value kept the low level (1-2 ppm) from
the hospital days 5 through 8. Since intestinal gas

was gradually reduced on radiographic imaging
(Fig. 3D), a liquid meal was supplied at noon on
the ninth hospital day. The breath H2 concentration
on the next day increased markedly to 19 ppm
despite she had no abdominal symptoms and
intestinal gas was not increased on the plain

Breath H2 level (ppm)
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Day after admission
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starting a clear-liquid diet

Figure 3. Clinical course of case 1. Changes in breath hydrogen concentration and abdominal plain radiographs on representative dates

are demonstrated.
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abdominal radiograph (Fig. 3E). Although diets
progressed from liquids to solids as tolerated,
breath H2 concentrations were decreased to 2 ppm
5 days after supplying meals. The patient did not
complain of any abdominal symptoms during
a routine progressive diet and intestinal gas
decreased continuously (Figs. 3F, 3G).

Case 2

The patient is a 41-year-old man who received
surgical treatment for appendicitis. One day after
undergoing surgical treatment, the patient devel-
oped diarrhea and abdominal distention. X-ray
demonstrated multiple dilated gas-filled small-
bowel loops, with no dilatation of the colon
(Fig. 4). In spite of increased intestinal gas, breath
H2 concentration held between 1 and 3 ppm.
Since intestinal gas was not reduced after treat-
ment with the use of an ileus tube for two weeks,
the patient was treated with intravenous administra-
tion of 250 mg of erythromycin twice a day. Three
days after the beginning of the treatment (Fig. 5A),
the plain abdominal radiograph demonstrated a

decrease of small-bowel gas and a clear-liquid meal
was served after removal of an ileus tube. Next
morning fasting breath H2 concentration increased
rapidly to 22 ppm and gradually decreased to 9 ppm
after 5 days. During those five days, the intestinal
gas was unchanged (Figs. 5B, 5C). Then, full-
liquid diets were offered in small amounts to make
sure the patient can tolerate them. Two days after
diet progression to rice porridge, fasting breath H2
concentration increased to 44 ppm. No abdominal
symptom was developed and increased intestinal
gas was not found on the plain radiograph (Fig. 5D).
Even when a diet order progress to solid foods, the
patient did not complain of abdominal symptoms
other than flatus and intestinal gas on the plain
radiograph was not worsened (Fig. SE). Although
fasting breath H2 concentrations kept more than
10 ppm, the patient left hospital because of disap-
pearance of abdominal symptoms.

Discussion
H2 breath tests have been used to evaluate
intestinal transit, bacterial overgrowth, and

Figure 4. Abdominal plain radiograph of case 2 on admission showed multiple dilated gas-filled small-bowel loops, with no dilatation of the

colon one day after undergoing surgical treatment.
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Figure 5. Clinical course of case 2 after a treatment with erythromycin. Changes in breath hydrogen concentration and abdominal plain

radiographs on representative dates are demonstrated.

disaccharidase deficiency.”'? It is based on the
ability of the anaerobic microflora of the colon to
ferment carbohydrate that has traveled unabsorbed
through the small intestine, and to produce H2.
This H2 is transported to the lungs and exhaled in
the breath. A delay in intestinal transit time can
maximize the intestinal residence time of carbo-
hydrate and exposure time of the colonic bacteria
to carbohydrate. Therefore, production of H2 gas
in the intestinal tract may be continued for longer
time by prolonging the contact of intraluminal
contents with the intestinal bacteria. Although
intestinal dysmotility is closely associated with H2
gas production, intraluminal gas production does
not occur unless the intraluminal food residues
reach the site where intestinal bacteria exists.
The patient who has both small bowel obstruc-
tion and small bowel bacterial overgrowth should
have an increased H2 level in exhaled air, whereas
a breath H2 level could not be increased if the
patient with small bowel obstruction does not have
small bowel bacterial overgrowth. In case 1, low
levels of breath H2 before treatment might indicate

that unabsorbed food residues did not reach the
caecum due to small bowel obstruction. It was
thought that improvement of intestinal passage
after treatment resulted in the arrival of intralumi-
nal contents at the caecum and H2 gas production
by colonic bacteria. Actually, when small bowel
gas decreased and a small amount of colonic gas
was demonstrated on the plain abdominal radio-
graph on the fifth day after admission, the breath
H2 concentration increased from 1 to 6 ppm. This
change in breath H2 level may possibly reflect the
movement of intraluminal contents from small
intestine to the right colon. After that, this value
reduced again to the baseline the next day and kept
the low level (1-2 ppm) for a few days, suggesting
that colonic fermentation has been finished
because intraluminal contents have been con-
sumed completely by the reaction. The breath H2
concentration increased markedly to 19 ppm one
day after supplying a liquid meal despite the
patient had no abdominal symptoms and intestinal
gas was not increased on the plain abdominal
radiograph. This suggests malabsorption of a
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liquid meal by which unabsorbed carbohydrates
reach the colon and is utilized by fermentation,
resulting in increased breath H2 levels. Although
diets progressed from liquids to solids as tolerated,
breath H2 concentrations were decreased to 2 ppm
5 days after supplying meals. Digestive and
absorptive function is considered restored gradu-
ally. This is supported by the fact that the patient
did not complain of any abdominal symptoms
during a routine progressive diet and intestinal gas
decreased continuously.

In case 2 who was treated with intravenous
administration of 250 mg of erythromycin twice
a day for the functional obstruction of small bowel,
although the plain abdominal radiograph demon-
strated a decrease of small-bowel gas, the breath
H2 gas kept the low level. This is because the
volume of small bowel contents is not enough to
produce a great amount of H2 gas in the colon.
Like case 1, on the next day after a clear-liquid
meal was supplied, fasting breath H2 concentra-
tion increased rapidly to 22 ppm and gradually
decreased to 9 ppm after 5 days despite the fact
that the intestinal gas was unchanged on the plain
radiographs. It is possible that digestion and
absorption may be impaired and repaired shortly
afterward. When diet progressed to rice porridge,
fasting breath H2 concentration increased to
44 ppm, suggesting that a progressive diet might
result in transient malabsorption. Generally, diets
progressed gradually to a common solid food as
tolerated in clinical practice. However, malabsorp-
tion linked to the progressive diets may be more
common than expected.

It has been reported by several researchers that
ingestion of a meal increases the volume of gas
within the gut and this increment occurs relatively
early after ingestion.'*!* Ingestion of the subse-
quent meal prompts ileal emptying and retained
residues pass into the colon, giving rise to an
early postprandial peak in breath H2 levels by
colonic fermentation.'*!* Transient H2 increment
found before serving meals in case 1 may reflect
the passage of small bowel residues into the colon.
In contrast to case 1, arapid increase found in case
2 the day after serving could be resulted from
unabsorbed food residues that passed into the colon
and were fermented by colonic bacteria. Thus, the
information on bowel movement or malabsorp-
tion of dietary food could be, to some extent, got-
ten noninvasively through changes in breath H2
concentration.

It has been controversial whether increased
intestinal gas is linked to the abdominal symptoms.
Koide et al.'® reported significant increased gas in
a plain abdominal radiograph in patients with IBS.
Although most of intestinal gas is produced by
colonic fermentation in the right colon, it has been
also unclear whether breath H2 gas, reflecting the
intestinal gas produced by fermentation, is linked
to the intestinal gas volume detected on plain
radiographs. In both cases of the present study,
breath H2 gas was not elevated while a markedly
dilated small bowel was demonstrated on the plain
abdominal radiograph. This suggests that increased
intestinal gas is not related to on-going H2 produc-
tion in the intestinal tract but also unabsorbed and
stagnant intestinal gas produced previously.
Morken et al.'® also showed that intestinal gas
volume, as scored in plain abdominal radiographs,
is not correlated with either abdominal symptoms
or breath H2 excretion after lactulose challenge.
In conclusion, a rapid increase of breath H2 con-
centration may reflect the movement of small-
bowel contents to the colon in patients with
small-bowel pseudo-obstruction or malabsorption
following diet progression. Consecutive breath H2
analysis could give important information on the
movement of intestinal food residues or the pres-
ence of malabsorption after meals. This noninva-
sive method may be another tool for evaluating the
intestinal circumstances especially in patients with
small bowel pseudo-obstruction and malabsorption
during conservative treatment.

Conflict of Interest Statement

I declare that the authors have no competing inter-
ests such as those defined above or others that
might be perceived to influence the results and
discussion reported in this paper.

Source of Support
Self financing.

References

1. King TS, Elia M, Hunter JO. Abnormal colonic fermentation in irri-
table bowel syndrome. Lancet. 1998;352:1187-1189.

2. Perman JA, Modler S, Barr RG, Rosenthal P. Fasting breath hydrogen
concentration: normal values and clinical application. Gastroenterology.
1984;87:1358-1363.

3. Saad RJ, Chey WD. Breath tests for gastrointestinal disease: the real
deal or just a lot of hot air? Gastroenterology. 2007;133:1763-1766.

4. Urita Y, Watanabe T, Ishihara S, et al. Breath hydrogen and methane
levels in a patient with volvulus of the sigmoid colon. J Breath Res.
2008;2:037025.

14

Biomaker Insights 2009:4



Breath H2 intestinal gas

10.

11.

. Hoekstra JH. Fructose breath hydrogen tests in infants with chronic

non-specific diarthoea. Eur J Pediatr. 1995;154:362-364.

. Simren M, Stotzer PO. Use and abuse of hydrogen breath tests. Gut.

2006;55:297-303.

. Shepherd SJ, Gibson PR. Fructose malabsorption and symptoms of

irritable bowel syndrome: guidelines for effective dietary management.
J Am Diet Assoc. 2006;106:1631-1639.

. UritaY, Ishihara S, Akimoto T, et al. Seventy-five gram glucose toler-

ance test to assess carbohydrate malabsorption and small bowel bacte-
rial overgrowth. World J Gastroenterol. 2006;21:3092-3095.

Priebe MG, Wachter-Hagedoorn RE, Landman K, Heimweg J,
Eizinga H, Vonk RJ. Influence of a subsequent meal on the oro-cecal
transit time of a solid test meal. Eur J Clin Invest. 2006;36:123—126.
Schneider AR, Jepp K, Murczynski L, Biniek U, Stein J. The inulin
hydrogen breath test accurately reflects orocaecal transit time. Eur J
Clin Invest. 2007;37:802-807.

Gotze H, Ptok A. Orocaecal transit time in patients with Crohn disease.
Eur J Pediatr. 1993;152:193-196.

Parodi A, Sessarego M, Greco A, et al. Small intestinal bacterial
overgrowth in patients suffering from scleroderma: clinical effective-
ness of its eradication. Am J Gastroenterol. 2008;103:1257-1262.
Read NW, McFarlane A, Kinsman RI, et al. Effect of infusion of nutrient
solutions into the ileum on gastrointestinal transit and plasma levels of
neurotensin and enteroglucagon. Gastroenterology. 1984;86:274-280.
Read NW, Al Janabi MN, Bates TE, et al. Interpretation of the breath
hydrogen profile obtained after ingesting a solid meal containing
unabsorbed carbohydrate. Gut. 1985;26:834-842.

Koide A, Yamaguchi T, Odaka T, et al. Quantitative analysis of bowel
gas using plain abdominal radiograph in patients with irritable bowel
syndrome. Am J Gastroenterol. 2000;95:1735—1741.

Morken MH, Berstad AE, Nysaeter G, Berstad A. Intestinal gas in plain
abdominal radiographs does not correlate with symptoms after lactulose
challenge. Eur J Gastroenterol. 2007;19:589-593.

Biomaker Insights 2009:4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


