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Abstract

Background Small intestinal bacterial overgrowth (SIBO) is defined by an increased number of bacteria measured via exhaled
hydrogen and/or methane gas following the ingestion of glucose. This condition is prevalent following abdominal surgery, including
Roux-en-Y gastric bypass (RYGB), and associated with a variety of non-specific abdominal symptoms, often requiring an extensive
diagnostic work-up.

Aim To assess the frequency that individuals with RYGB anatomy are diagnosed with SIBO and if they are more likely to report
specific gastrointestinal (GI) symptoms compared to individuals with native anatomy.

Methods This large matched cohort study evaluated patients with GI symptoms who underwent a glucose breath test (GBT) for
SIBO evaluation, utilizing 1:2 matching between RYGB and native anatomy. Patients with positive GBT were included in
univariate and multivariate analyses to distinguish the presence of ten specific GI symptoms between RYGB and native anatomy.
Results A total of 17,973 patients were included, where 271 patients with RYGB were matched to 573 patients with native
anatomy that underwent GBT. Patients with RYGB anatomy and a positive GBT (199; 73.4%) as compared to those with native
anatomy and a positive GBT (209; 36%) more often reported nausea, vomiting, bloating, and diarrhea. There were no differences
between the two groups in the report of heartburn, regurgitation, chest pain, gas, or constipation.

Conclusions SIBO is common in patients with RYGB and more commonly report nausea, vomiting, bloating, and diarrhea. The
results of this study suggest that the report of these symptoms in RYGB should prompt early evaluation for SIBO.
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Introduction

Small intestinal bacterial overgrowth (SIBO) is defined by an
increased number of bacteria in the small intestine prompting a
variety of gastrointestinal symptoms [1]. SIBO is particularly
prevalent following a variety of luminal abdominal surgeries,
including Roux-en-Y gastric bypass (RYGB) [2, 3]. The modi-
fication of normal gut anatomy may induce bacterial stasis and
subsequently precipitate SIBO and other nutritional deficiencies
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[4-6]. SIBO can either be diagnosed by the culturing of small
bowel fluid obtained during upper endoscopy or non-invasively
by the measurement of exhaled hydrogen and methane following
the ingestion of a sugar substrate such as glucose or lactulose [4,
7]. The principle of breath testing is to utilize the fermentation of
such simple sugars ordinarily absorbed in the small bowel to
indirectly assess bacterial burden within the small bowel. Gases
produced by this fermentation include hydrogen, carbon dioxide,
and sometimes methane, which are then rapidly absorbed into
the blood and ultimately excreted in the exhaled breath via the
gas exchange that occurs in the lungs. The abnormal production
of hydrogen and/or methane in the breath within a defined time
frame following sugar ingestion is then interpreted as that of
SIBO [7]. Symptoms of SIBO are known to be widely variable,
and may include bloating, flatulence, abdominal discomfort, nau-
sea, or change in bowel habits. Simultaneous measurement of
both hydrogen and methane is recommended [7], as positive
methane test results have been associated with increased
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predilection toward constipation [8, 9], which may lead to
targeted therapy. The recognition of SIBO is prudent, as the
condition has been associated with altered small bowel motility
[10], fat malabsorption [11, 12], hypochlorhydria [13], and re-
versible protein-losing enteropathy [14]. This is particularly sa-
lient in the RYGB population, which additionally is at risk for
nutritional deficiency [15, 16]. Therefore, prompt recognition
and treatment are needed to prevent such metabolic
complications.

Following RYGB, up to 30% of patients report perception
of recurrent abdominal pain, subsequently interfering with
post-surgical quality of life and patient satisfaction [17]. This
often triggers an extensive diagnostic evaluation, commonly
including breath testing for SIBO [18]. The present study
sought to identify whether patients with RYGB anatomy are
more likely to manifest certain symptoms of SIBO compared
to patients with native anatomy in an effort to help prompt
early evaluation of this condition in this patient population.

Materials and Methods
Data Source

This was a matched cohort study using a database collected
between January 1989 and December 2017 in patients with
gastrointestinal (GI) symptoms who underwent glucose
breath test (GBT) for evaluation of SIBO at a single qua-
ternary care institution. Patients presenting for GBT were
asked at the time of testing to complete a questionnaire
querying the presence or absence of symptoms of heart-
burn, regurgitation, chest pain, nausea, vomiting, abdomi-
nal pain, bloating, gas, diarrhea, and constipation. The
University of Michigan Institutional Review Board ap-
proved this study under the IRB HUMO00135842.

Study Sample

Patients were included if they had a positive GBT (using
50 g glucose dose) which required a rise > 12 parts per
million (ppm) in breath hydrogen or methane concentra-
tion above baseline within 90 min [19]. Consecutive pa-
tients with RYGB anatomy and positive GBT tests were
matched 1:2 with patients undergoing GBT with native
anatomy found to have positive GBT. Matching factors
were applied sequentially: age, body mass index, and dia-
betes status. Consecutive adult patients with positive GBT
and RYGB anatomy were included in the RYGB group
(n=271). Of the patients with positive GBT and native
anatomy, randomization was performed using the date of
positive GBT category variable to include a total of 573
patients, which allowed for 2:1 matching.

Study Variables

Patient charts were reviewed under the approved institutional
review board protocol. Patient demographics collected from
the patient data registry included age (assessed as a continuous
variable), sex, and body mass index (kg/mz). Information re-
garding known or suspected risk factors for the development
of SIBO (including diabetes status, proton pump inhibitor
(PPI) use, and alcohol use) were also collected.

Outcome

The primary outcome of the study included the presence or
absence of ten specific gastrointestinal symptoms at the time
of GBT were recorded including heartburn, regurgitation,
chest pain, nausea, vomiting, abdominal pain, bloating, gas,
diarrhea, and constipation.

Statistical Analysis

All statistical analyses were performed using the SAS 9.4
statistical package (SAS Institute, Inc., Cary, NC). The study
was approved by the Institutional Review Board before incep-
tion. The Fisher exact test for binary variables and the Student
t test or Wilcoxon signed-rank test for continuous variables
based on normality of the data were applied to assess baseline
differences across the RYGB and normal anatomy groups.
Univariate and multivariate analyses were performed using
chi-square or Fisher’s exact test and logistic regression, re-
spectively. Statistical significance was established using
p<0.05.

Results

A total of 17,973 patients with positive GBT were included in
the database. Of these, 271 patients had RYGB anatomy. The
mean age of the RYGB cohort was 54.6 £ 0.8 years with a
mean body mass index (BMI) of 30.6+1.0 kg/mz. GBT was
positive within 90 min in 199 (73.4%) of these patients. Five
hundred seventy-three patients with native upper GI anatomy
were also identified who were referred for GBT. Of these, 209
(36.5%) were positive for SIBO based on GBT. The mean age
of the native positive GBT cohort was 53.5+ 0.9 years with a
mean BMI 27.8 +0.9 kg/m*. The percent of female patients
was higher in the RYGB group as compared to those with
normal anatomy (87.8 vs 68.8, p < 0.001) consistent with prior
literature demonstrating a female predominance in patients
undergoing bariatric surgery [20]. The groups were otherwise
comparable in regard to demographic variables and distribu-
tion of potential risk factors leading to the development of
SIBO (Table 1). There additionally were no significant differ-
ences in the frequency of proton pump inhibitor (PPI) use
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Table 1 Baseline characteristics

of patients included in the study Positive GBT with RYGB Positive GBT with native p value
anatomy (n=199) anatomy (n=209)

Age (years) 54.6+0.8 53.5+0.9 0.473
Female 87.8% 68.8% <0.001*
Type I DM 15.4% 13.6% 0.610
BMI 30.6+1.0 27.8+0.9 0.057
Proton pump inhibitor (PPI) use 36.8% 28.8% 0.151
ETOH use 26.2% 29.3% 0.554
Active opioid prescription 27.7% 13.4% 0.01

*denotes p value < 0.05

between the RYGB and native anatomy cohorts, those with
positive GBT between cohorts and those with positive vs neg-
ative GBT in either the RYGB or native anatomy cohorts.

Among positive breath tests, RYGB patients were signifi-
cantly more likely to have a positive GBT for SIBO based on
hydrogen excretion (H2 only or H2 and CH4) as compared to
those with native anatomy (94% vs 79.9%; p <0.001), with
OR 0f 3.92 (95% CI 2.00, 7.67). Conversely, patients with
RYGB anatomy were significantly less likely to have methane
only glucose breath tests compared to those with native anat-
omy (6.0% vs 20.1%; p < 0.001) (Table 2). Mean baseline and
post-glucose ingestion hydrogen and methane levels are dem-
onstrated in Table 3. RYGB patients had significantly greater
elevations in both hydrogen and methane following glucose
ingestion.

Patients with RYGB anatomy as compared to native anat-
omy more often reported nausea (57.7% vs 48%, p =0.010),
vomiting (33.2% vs 22.3%, p=0.001), bloating (72.1% vs
62.5%, p=0.006), and diarrhea (72% vs 59.7%, p <0.001).
There were no differences between groups in report of heart-
burn, regurgitation, chest pain, gas, or constipation (Table 4).
When further stratifying by sex (Table 5), RYGB female pa-
tients were significantly more likely to self-report nausea com-
pared to male patients (p =0.01, OR =4.00: 95% CI: 1.38,
11.95) and significantly less likely to self-report bloating com-
pared to RYGB male patients (p =0.02, OR =0.20: 95% CI:
0.05, 0.75). There were no differences between RYGB female
and male patients related to self-reporting vomiting or diarrhea
as symptoms.

Discussion/Conclusion

SIBO is a syndrome that may cause diarrhea, abdominal
bloating, malabsorption, and anemia. Predisposing factors
for developing SIBO include a reduction in gastric acid
(e.g., pump inhibitors [21] a post-gastrectomy state [22]), de-
layed intestinal transit [23] (e.g., diabetes or scleroderma [4,
12]), or surgery resulting in a blind loop [6, 24, 25].
Individuals who present with SIBO-related symptoms and
are being considered for weight loss surgery may benefit from
pre-operative testing, as SIBO has been shown to be associat-
ed with a lower magnitude of weight loss [3].

SIBO appears particularly prevalent following Roux-en-Y
gastric bypass (RYGB), considerably more so than those with
normal upper GI anatomy suspected of having SIBO based on
GBT. Abdominal symptoms are common in patients who
have undergone RYGB, often prompting extensive diagnostic
work-up [18]. Patient history is therefore an essential compo-
nent of making a diagnosis, with prioritization of diagnostic
studies depending on initial presenting symptoms. Few stud-
ies to date have investigated symptoms of SIBO following
RYGB, and whether the constellation of symptoms is unique
in this patient population. Although jejunal aspiration is the
historical gold standard in the diagnosis of SIBO, breath test-
ing has been shown to have an increased sensitivity and spec-
ificity in patients who have undergone surgical reconstruction
[26]. The frequency of SIBO in patients with RYGB and its
role as the cause of symptoms is currently unknown. The
present study sought to identify whether patients with

Table 2 Positive HBT between
groups following ingestion of
50 g of glucose: discerned by gas

Gas excretion

excretion
Hydrogen only or hydrogen
and methane

Methane only

Positive GBT with RYGB Positive GBT with native p value <
anatomy (n=199) anatomy (n=209) 0.001
94.0% 79.9%
(n=187) (n =150)

6.0% 20.1%
(n=12) (n =42)
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Table 3 Mean baseline and
excretion hydrogen and methane Gas excretion Positive GBT with Positive GBT with ~ p 95% C1
values in patients with positive RYGB native value
glucose breath testing anatomy (n=199) anatomy (n=209)
Mean hydrogen baseline 10.4 (SD=16.6) 16.3 (SD=27.2) 0.009 —10.27,
—151
Mean methane baseline 9.6 (SD=19.5) 12.1 (SD=22.5) 0.25 -6.87,
1.82
Mean hydrogen post-glucose inges- 99.7 (SD=100.6) 59.5(SD=71.7) <0.001  23.11,
tion excretion 57.37
Mean methane post-glucose 25.1 (SD=48.1) 27.0 (SD=43.3) 0.70 —11.33,
ingestion excretion 7.61

RYGB anatomy are more likely to manifest certain symptoms
of SIBO compared to patients with native anatomy in an effort
to help prompt early evaluation of this condition.

This large study demonstrated RYGB patients with SIBO
present significantly more frequently with symptoms of nau-
sea, vomiting, bloating, and diarrhea compared to those with
native anatomy. This was in part determined by sex, as fe-
males were significantly more likely to report nausea than
men, however significantly less likely to report bloating (no
difference in vomiting and diarrhea). Although opiate use was
also significantly higher in the RYGB population, and may
contribute to symptoms such as nausea and delay oral-cecal
transit time (OCTT) through constipating mechanisms that
would affect breath testing, this may be a small consideration
as the significant increase in diarrhea observed in the RYGB
population correlates with a significant increase in hydrogen
breath testing; methane-predominant breath testing has been
associated with constipation [8, 9].

Identifying this myriad of symptoms may lend credence to
early SIBO breath testing, particularly in patients that have
failed more conservative therapies, including open capsule
PPI or sucralfate therapies [18]. It remains important to

maintain SIBO within the differential diagnosis in these pa-
tients to avoid premature closure in making a diagnosis.
Further study is needed to determine whether empiric treat-
ment should be considered in the presence of these symptoms
to obviate the need for confirmatory breath testing. This would
be further tailored in the RYGB population as these patients
were more likely to demonstrate hydrogen predominant pos-
itive GBT compared to those with native anatomy, which may
be due to increased prevalence of diarrhea (and mildly re-
duced prevalence of constipation) in this population.

There are several limitations to this study. First, breath
testing to diagnose SIBO may be problematic following
RYGB, as rapid transit through the small bowel could result
in the test substrate (glucose or lactulose) reaching the colon
and initiating fermentation by colonic bacteria, leading to an
early rise in breath hydrogen that might be falsely attributed to
bacteria in the small bowel [27], although notably this carries a
greater risk with lactulose as a result of being an osmotic
laxative [26], whereas the present study solely evaluated
GBT. Second, this is a retrospective study and prospective
trials evaluating empiric SIBO management in RYGB patients
with nausea, vomiting, bloating or diarrhea would further

Table 4 Comparison of

abdominal symptoms between % Positive GBT with RYGB % Positive GBT with p value

patients with RYGB anatomy and anatomy (n=199) native anatomy (1 =209)

native anatomy
Heartburn 36.5 40.0 0.364
Regurgitation 26.9 22.0 0.119
Chest pain 38.8 354 0.860
Nausea 57.7 48.0 0.010%
Vomiting 332 223 0.001°*
Abdominal pain 753 70.0 0.120
Bloating 72.1 62.5 0.006*
Gas 71.7 66.3 0.132
Diarrhea 72.1 59.7 <0.001*
Constipation 37.6 42.1 0.231

*denotes p value <0.05
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Table5 Multifactorial analysis stratifying symptom reporting based on
sex

Symptom Std. Error OR 95% CI p value
Nausea 0.5587 3.998 [1.337, 11.950] 0.013
Vomiting 0.6371 1.289 [-0.370, 4.492] 0.691
Bloating 0.6679 0.201 [0.054, —0.746] 0.016
Diarrhea 0.4719 2.028 [0.804, 5.115] 0.134

refine management. Third, the present study evaluated SIBO
solely in RYGB surgical patients and further studies are war-
ranted to evaluate the incidence and symptom manifestations
of SIBO in alternative bariatric surgeries, including
biliopancreatic diversion (DBP) and one anastomosis gastric
bypass (OAGB). Fourth, patients may have undergone empir-
ic treatment for SIBO prior to GBT and considering how that
may affect symptoms in RYGB and native anatomy patients
warrants further study. A final limitation is that the present
study includes a comparison between RYGB and native anat-
omy in individuals with a positive GBT only. A future com-
parison including two additional groups (groups including
RYGB anatomy and native anatomy with negative GBT)
would provide further details about symptom constellation
differences between groups.

SIBO is prevalent following intestinal surgeries, including
Roux-en-Y gastric bypass (RYGB). Symptoms of nausea,
vomiting, bloating, and diarrhea are significantly more com-
monly associated with RYGB anatomy compared to native
anatomy and should prompt consideration of SIBO as a po-
tential etiology and subsequent treatment target with antibi-
otics that have a comparatively safe adverse event profile such
as rifaximin, and potentially obviate the need for further inva-
sive testing such as upper endoscopy.
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