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Abstract

Background & Aims: Fermentation site and increasing time of symptomatic gas would be different
between irritable bowel syndrome (IBS) and small intestine bacterial overgrowth (SIBO). The aim
of this study was to determine the time for increase in abdominal gas following ingestion of lactu-
lose and the possibility of differential diagnosis of SIBO and IBS. Methods: A prospective study was
conducted on a series of IBS patients (n = 14) who were referred to the Oroku-Hospital (Okinawa,
Japan) from June 6, 2014 to December 30, 2014. Imaging was first performed in early morning af-
ter fasting. After ingestion of lactulose, 1 - 4 plain abdominal radiographs were taken for investi-
gation of increased gas during the indicated timeframe. Regions of interest of the gas areas were
highlighted on the images obtained. Gas images were divided into three areas, the stomach, small
intestine, and large intestine, and each total area was calculated. Results: At a dose of 10 g lactu-
lose and an observation time of two hours, patients displayed no symptoms, and the gas volume
was only slightly increased. However, when the dose of lactulose was increased (13 g/50 kg), and
the observation time for the lactulose challenge was extended to 240 - 300 minutes, the results
clearly demonstrated an increase in the gas produced in IBS patients. Conclusions: An increased
dose of lactulose coupled with an extended observation time for the lactulose challenge clearly
demonstrated an increase in the gas produced in IBS patients. Alterations in diet rather than anti-
biotics might reduce IBS symptoms.
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1. Introduction

The relationship of irritable bowel syndrome (IBS) and small intestinal bacterial overgrowth (SIBO) remains
obscure [1]-[3]. SIBO is a syndrome characterized by an increased number of bacteria in the small intestine.
Since culture tests of directly aspirated jejunal-fluid are invasive, breath tests are popularly used to diagnose
SIBO. When colonic bacteria colonize the small intestine, as in SIBO, many gases are produced by fermentation
of carbohydrates in the small intestine. These gases readily diffuse into the abdominal venous circulation and are
transported to the lungs, where they are detected in the exhaled breath [4] [5].

The lactulose breath test (LBT) is the most widely used breath test for the detection of the gases produced in
SIBO. In this method, after the administration of 10 g of the lactulose, breath samples are taken at 15 - 20
minute intervals over 3 hours [3]. Generally, SIBO is diagnosed by the appearance of an early first peak of hy-
drogen, within 90 minutes after lactulose ingestion [1] [3]. With this method, it was reported in 2000 that SIBO
was present in 78% of IBS, and that IBS symptoms were improved by treatment with antibiotics [6]. However,
in subsequent studies, the incidence of SIBO in IBS was reported to be not as high [7]-[13].

Several investigators have suggested, however, that LBT cannot be used to diagnose IBS, because the test
could not distinguish IBS patients from healthy controls [14] [15]. Nevertheless, effectiveness of the eradication
of IBS was reported, as bacterial growth was implicated in development of the syndrome [16]. Therefore, eradi-
cation therapy for IBS may be indicated based on the assumption of gastrointestinal bacterial overgrowth with-
out an actual diagnosis of SIBO [4] [5]. In other words, even though involvement of SIBO in IBS is unclear,
eradication therapy has been promoted [17].

Symptoms of SIBO closely parallel symptoms of IBS [1]. Symptoms include abdominal distension, bloating,
and abdominal pain, and their cause can be attributed to an increase in the gas produced [18]-[20]. In other
words, even though involvement of SIBO in IBS is unclear, eradication therapy has been promoted [21]-[24].
Theoretically, abdominal gas is not always constant even within individuals as the volume of gut gas may be in-
fluenced by the contents of the meal and time after ingestion. Therefore, the discrepancy in results might simply
be due to the timing of the gas measurement in various studies. In addition, there has been no report concerning
increased gas volume in small intestine in SIBO. Furthermore, a relationship between gas of IBS and gas of
SIBO has never been examined.

In a recent study, it was found that small intestinal transit time was delayed in the case of SIBO [24] [25].
This result indicates that fermentation possibly occurs continuously for several hours after food intake in the
small intestine of SIBO. Therefore, there is potentially no scientific basis for SIBO diagnostic criteria for LBT,
and the hydrogen peak within 90 minutes might only be a theory based on a relationship to anatomical location.
Although the breath hydrogen is increased by fermentation in the large and small intestine after ingestion of
lactulose, exactly where, when, and how much gas is increased remains unknown. Here, the gas volume was
measured by radiography after lactulose dose over time. The original purpose of the present study was to deter-
mine the time for increase in abdominal gas following ingestion of lactulose. The possibility of differential di-
agnosis of SIBO and IBS was subsequently evaluated.

2. Methods
2.1. Ethics Statement

The study was conducted in accordance with the 1975 Declaration of Helsinki, after approval of the ethics
committee of Oroku Hospital (Okinawa, Japan) in May 7, 2014. Patients were fully informed of the purpose of
the study, the methods, and the possible side effects of the procedures. Written informed consent was obtained
from each patient. The protocol for this study is registered with the University Hospital Medical Information
Network (UMIN) Clinical Trials Registry, No.UMIN000018422.

2.2. Study Patients

A prospective study was conducted on a series of IBS patients (n = 14; 12 women; 2 men) who were referred to
this study at Oroku-Hospital (About 1000 hospitalized patients per year. Okinawa, Japan,) from June 06, 2014 to
December 30, 2014. Their mean age was 47.0 years (£22.4 years, 17 - 81 years), and the mean body weight was
50 kg (£5.0 kg, 46 - 63 kg). According to the Rome Il criteria [26], patients were divided into three types of
IBS: constipation-predominant IBS (n = 8 patients); alternating-type IBS (n = 5 patients), and diarrhea-predo-
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minant IBS (n = 1 patient). Patient 6 did not match the exclusion criteria of IBS. Although he had Crohn’s dis-
ease 11 years before, he was in complete remission before this study began, but had symptoms of alternating
IBS. Because the patient had undergone gastro-jejunostomy 10 years before the study, IBS with SIBO was sus-
pected in his case.

2.3. Measurement of Gas Volume

In the first half of the study (n = 5 patients), 10 g of lactulose (Monilac; Chugai Pharmaceutical Co., Ltd.; Tokyo,
Japan) with 150 mL water was used the same as normal LBT, and the observation time was within 120 min. In
Japan, Monilac is used as a therapeutic agent for hyperammonemia of cirrhosis; the dose is 19.5 - 39 g per day.
In the second half of the study (n = 9 patients), lactulose was increased to 13 g, and the observation time was
extended to 240 - 300 min. Gas volumes were measured based on the plain abdominal supine radiographs. Im-
aging was first performed in early morning after fasting. After ingestion of lactulose, the patient was instructed
to move and walk as in everyday life, and 1 - 4 plain abdominal radiographs were subsequently taken for inves-
tigation of increased gas during the indicated timeframe. The appearance of symptoms of patients was con-
firmed by X-ray imaging. The gas area was measured with the radiographic software PACS (Figure 1; Proces-
sor Array for Continuum Simulation; Hitachi, Ltd.; Tokyo, Japan) which was incorporated into the X-ray imag-
ing monitor. Tracing of the gas areas were thus directly superimposed on the images obtained. Gas images were
divided into three areas, the stomach, small intestine, and large intestine, and each total area was calculated.
Imaging for all patients was performed on one machine with the same imaging monitor and software. The areas
of gas were measured at one magnification. In order to obtain reliable results, the images were reanalyzed three
times, and an average of the total was defined as the total gas area (TGA).

2.4. Statistical Analysis

The major goal of the study was to compare gas measurements with 10 g lactulose and observation within 120
min to gas measurements with 13 g lactulose and observation of 240 - 300 minutes. For confirmation of the util-
ity of the second measurement, P values, were determined by a two-tailed Student’s t-test (hazard ratio of 5%),
when compared to the gas area before lactulose ingestion.

3. Results

To test the methods for measurement of TGA and thus IBS versus SIBO, the 14 patients were separated into two
groups, with 5 patients ingesting 10 g of lactulose and 9 patients ingesting 13 g (Table 1). The mean TGA for all
patients before ingestion of lactulose was 79.0 cm? (£52.0 cm?, 39.0 - 191.3 cm?). The TGA increased during the
observation time, and the rate of the increase was an average of 2.3-fold (range: 1.4 - 7.6-fold). Symptoms were
not observed within the two-hour observation period after ingestion of 10 g lactulose for any patient. However,
with ingestion of 13 g of lactulose, symptoms were observed in 66.7% (6/9) of patients within 5 hours. Patient 7,
one of the patients without symptoms, exhibited a high TGA before the test, so that the rate of increase of the
TGA (1.3) during the test was the lowest. Therefore, even though the final TGA was as high as 233 cm?, symp-
toms were not recognized during the observation time.

Some patterns were observed in the stomach, small intestine, and large intestine of the gas area (Figure 2 and
Figure 3). The main pattern (Figure 3(a); Type-L; large intestine gas type) was increased gas (85.7%) in the
large intestine in the absence of changes in the small intestine gas within a short time period. In Type-L, sub-
types of increased stomach gas after 30 min and increased small intestinal gas after 300 minutes appeared in two
patients. An additional two characteristic patterns were observed. Patient (patient 9) exhibited increased small
intestinal gas without increased large intestinal gas (Figure 3(b); Type-S; small intestine gas type), or (patient 6)
was increasing gas of both the large and small intestines (Figure 3(c); Type-M; mixed type). There was no spe-
cific regularity observed in the changes of the gas area in the stomach. Finally, comparison of the two methods
of measurement, 10 g lactulose and observation over 120 min and 13 g lactulose and observation over 240 - 300
min (Figure 4), revealed that the latter approach was more effective in measuring changes in gas relative to the
gas area present before the ingestion of lactulose (P = 0.01306 and P = 0.00108, respectively).

4. Discussion

Improvements in the imaging for gas volume in IBS patients were proposed to help to establish whether symptoms

()
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Figure 1. Calculation method of gas area. Regionsof interest are outlined in red. The area was recorded for
each region of interest. Location of each region of interest was further divided into stomach, small intestine,
and large intestine. The sum of the regions of interest was the total gas area for each anatomical section.

Table 1. Patient profiles and results.

30min 60 min 90 min 120 min 240 min 300 min

Patient Age (y) Sex BW(kg) IBS Symptom L (g) Before (cm?) cm) (md)  (cm?) cm?) (cm?) (cm?) GIR Symtome
1 77 w 49 Constipation 10 43.2 99.4 135.3 138.2 3.2 Negative
2 36 w 46 Diarrhea 10 75.4 95.7 93.9 112.0 15  Negative
3 51 w 46 Constipation 10 39.0 51.8 80.3 127.2 3.3 Negative
4 35 w 50 Altterationg 10 75.7 93.6 107.9 1.4 Negative
5 50 w 52 Constipation 10 29.3 53.8 54.6 1.9  Negative
6 35 M 63 Alternating 13 191.3 2429  298.0 341.8 3125 1.8  Bloating
7 22 W 48 Constipation 13 185.0 213.2 233.0 1.3 Negative
8 60 w 46 Constipation 13 60.4 176.0 201.9 3.3  Bloating
9 70 M 57 Alternating 13 725 160.5 234.6 3.2  Bloating
10 75 W 52 Alternating 13 18.1 45.0 137.5 7.6  Blosting
11 17 w 46 Constipation 13 64.1 86.1 185.6 2.9  Negative
12 81 w 48 Constipation 13 58.2 116.9 2.0  Negative
13 29 W 48 Alternating 13 79.8 170.0 21 Pain
14 20 w 50 Constipation 13 113.6 206.2 1.8  Bloating

AVG 47 50 79.0 1225 1258 125.1 168.9 168.9 179.0 23

W = woman; M = man; IBS = irritable bowel syndrome; BW = body weight (kg); L = ingested lactulose dose (g); Before = total gas volume before ingestion
the lactulose; time (cm?) = total gas area (cm?) at time indicated following lactulose ingestion; GIR = gas increased rate (ratio of the maximum area of gas and
the minimum area of gas); Symptom = Symptoms that occurred during the test; AVG = Average; Blank indicates that no radiography was performed.
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Figure 2. Change in gas area over time for each patient. Total gas areas (cm?) of each tractwere
plotted as a function of time for each patient. Results are separated based on location in the stomach
(a), small intestine (b), or largeintestine (c). (Transient increase of the gas area in the stomach was
observed in three patients. In patient 6, gas area decreased over time. However, gas areas of the
stomach for all patients was <60 cm?. Increase of more than twice the gas area in the small intestine
was observed in two cases (patient 6 and patient 9). With the exception of these two patients (patient
6 and patient 9), gas areas of the large intestine increased over time. In patient 6, gas area decreased
at 240 min. In patient 9, large intestine gas areas did not increase during the observation time).
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Figure 3. Three patterns of gas area and characteristic radiographs. In type-L (a), gas in large
intestine is increased as a result of fermentation in the large intestine. The diagnosis is IBS
without SIBO. In type-S (b), gas in small intestine is potentially increased by fermentation
and overgrowth of bacteria. The diagnosis is SIBO. In type-M (c), gas in the large intestine
and the small intestine was increased as a result of fermentation in the large intestine and the
small intestine. The diagnosis is IBS with SIBO, or SIBO with IBS.
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Figure 4. Changes in the large intestine gas region in the type-L pattern.
Dose of lactulose and time frame for radiography was performed with
two methods: 10 g lactulose and observation over 120 min; and 13 g
lactulose and observation over 240 - 300 min. Comparison of the two
methods to control (prior to lactulose ingestion) for a type-L pattern of
gas formation, where P = 0.01306 and P = 0.00108, respectively.

in IBS correlate with intestinal gas volume in plain abdominal X-ray and abdominal CT images. Here, adjust-
ments were made in the methodology, namely increasing the dose of lactulose and extending the time period for
radiography. The results demonstrated that at a dose of 10 g lactulose and an observation time of two hours, pa-
tients displayed no symptoms, and the gas volume was only slightly increased. Lactulose breath test was first
reported in 1972 by Bond and Levitt [27]. In their study, excretion of hydrogen gas continued until 5 hours after
13 g lactulose ingestion. For that reason, in the second half of the study, lactulose was increased, and the obser-
vation time was extended. When the dose of lactulose was increased (13 g/50 kg), and the observation time for
the lactulose challenge was extended to 240 - 300 minutes, the results clearly demonstrated an increase in the
gas produced in IBS patients.

The increase in the volume of large intestinal gas was more noticeable during the time frame of 240 - 300
minutes than during 30 - 60 minutes. In order to diagnose this pattern, it might be sufficient to observe an in-
crease in large intestinal gas in the absence of increased small intestinal gas and to detect an increase at a single
time point rather than over 240 - 300 minutes. Therefore, clinical management of the patient may require the
ability to visualize a marked difference in the gas volume/pattern on the basis of two radiographs, one before
and one after 240 - 300 min.

For LBT, it is widely accepted that a peak of hydrogen gas within 90 minutes is evidence of gas produced in
the small intestine. In previous reports, the transit time from the mouth to the cecum has been shown to be on
average 65 min or up to 85 minutes [28] [29]. In a recent study where a wireless motility capsule (Smart-Pill)
was used to assess intestinal motility, small intestinal transit time in SIBO patients was found to be delayed
compared to controls. Specifically, small intestinal transit time in healthy controls was on average, 4.25 hours,
whereas small intestinal transit time in IBS of LBT positive patients was 6.95 hours [25]. Thus, small intestinal
transit time was slow when the peak of the breath hydrogen in the LBT occurred within 90 minutes.

Two patients (patient 6 and patient 9) with increased gas of the small intestine might in fact be SIBO. If this
hypothesis is correct, a type-S pattern (patient 9) might be indicative of pure SIBO, whereas a type-M pattern
(patient 6) might be consistent with simultaneous IBS and SIBO. In the type-M pattern, small intestinal gas was
decreased at 4 hours after the peak at 120 min. However, large intestinal gas continued to increase. If the diag-
nosis of SIBO on the basis of the LBT is correct, then there might be a time lag between the increase in the LBT
and the increase in small intestinal gas.

In previous studies investigating gas volume in IBS, a gas volume score was devised [21]-[23]. In this ap-
proach, the gas image was traced from the radiograph on the computer screen, and the number of pixels corre-
lating to the total traced area was used as the gas volume score. However, a consensus for a correlation between
increased gas and IBS was not obtained. One explanation might be the method of evaluation of the gas volume.
In these studies, the total gas volume was represented as a single measurement of the entire digestive tract rather
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than as multiple measurements extracted from each of three anatomical locations, the stomach, the small intes-
tine, and the large intestine. Furthermore, in the studies investigating the relationship between the LBT and gas
volume, X-ray imaging was performed only once, either before or immediately after ingestion of the lactulose.
In the present study, results demonstrated that over time, the gas volume, even in individuals, changed. There-
fore, a single image during the time course might be insufficient.

The conclusions of this study are limited as the work was conducted on a small cohort of IBS patients. How-
ever, increases in small intestinal gas were still observed in two patients (14.3%). In 2000, eradication by anti-
biotics was recommended because many IBS patients were also diagnosed with SIBO based on result of the
LBT [4]. There is uncertainty, however, concerning the diagnostic criteria of SIBO, and thus, the relationship of
IBS and SIBO is ambiguous. Nevertheless, the use of antibiotics has been recommended as a therapy for IBS, in
order to control gastrointestinal bacterial overgrowth [6] [16].

Finally, a change in diet has also been proposed as a strategy to alleviate symptoms of IBS/SIBO. Because
fermentable oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAP) produce gas and os-
motically active byproducts, causing an increase in fluid in the intestines, a low FODMAP diet has been tested
and found to improve the gas symptoms of IBS [30] [31]. However, there are no indicators to determine which
patients will derive a benefit from a low FODMAP diet. As lactulose falls under the category of high FODMAP,
confirmation of increasing gas in the colon after ingestion of lactulose, as observed in this study, is potentially a
reason to practice a low FODMAP diet. In SIBO, if the symptoms of patients are caused by increased gas from
fermentation, a low FODMAP diet might help to alleviate the symptoms as well. The implementation of such
strategies is preferable, as the overuse of antimicrobial agents presents specific health risks overall, namely bac-
terial resistance [32]. Adaptation of eradication therapy, therefore, should be limited to the patient with in-
creased small intestinal gas after ingestion of lactulose and without significant improvement on a low FODMAP
diet.
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