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Abstract

Background Small intestinal bacterial overgrowth (SIBO)

is a significant and increasingly recognized syndrome. While

the development may be multifactorial, impairment of the

ileocecal valve (ICV), small bowel motility, and gastric acid

secretion have been hypothesized to be risk factors. ICV

dysfunction remains largely unexplored using standard

technology. The wireless motility capsule (WMC) that

evaluates pressure, pH, and temperature throughout the GI

tract provides the ability to assess these parameters.

Aims The primary aims of this study were to assess the

relationship of ICV pressures, small bowel transit time

(SBTT) and intestinal pH with lactulose hydrogen breath

testing (LBT) results in subjects with suspected SIBO.

Methods We retrospectively studied consecutive patients

referred to our institution for WMC and LBT from

2010–2012. Ileocecal junction pressures (IJP), as a surro-

gate for ICV pressures, were defined as the highest pressure

over a 4-min window prior to the characteristic ileocecal

pH drop. SBTT and pH were calculated and compared with

LBT results.

Results Twenty-three patients underwent both WMC and

LBT, with positive results observed in 15 (65.2 %). IJP were

significantly higher in LBT(-) negative vs. LBT(?) (79.9 vs.

45.1, p\0.01). SBTT was significantly longer in LBT(?)

versus LBT(-) (5.82 vs. 3.81 h, p = 0.05). Among LBT(?)

subjects, gastric pH was significantly higher versus LBT(-)

subjects (2.76 vs. 1.63, p = 0.01). There was poor correlation

between IJP and other parameters (SBTT, small bowel pH, and

gastric pH).

Conclusions Low IJP is significantly associated with SIBO.

While this is physiologically plausible, to our knowledge, this

is the first study to make this connection. Prolonged SBTT and

higher pH are also independently associated with SIBO. Our

findings add value of the WMC test as a diagnostic tool in

patients with functional gastrointestinal complaints and sug-

gest re-focus of attention on the ileocecal valve as a prominent

player in intestinal disorders.

Keywords Small intestinal bacterial overgrowth (SIBO) �
Ileocecal valve � Small bowel dysmotility � Small intestinal

disorders � Diarrheal disorders

Background

Small intestinal bacterial overgrowth (SIBO) is important

as it is become an increasingly recognized clinical problem

[1–3]. Although the clinical manifestations of malabsorp-

tion and nutritional deficiencies may be seen in patients at

the most severe end of the spectrum, most often SIBO is

suspected in patients presenting with relatively mild and

nonspecific symptoms such as abdominal discomfort,

bloating, and diarrhea [4, 5]. For this reason, the diagnosis

of SIBO may be overlooked or confused with functional

bowel disease [6, 7]. Indeed, SIBO has also been attributed
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as a contributing pathophysiological factor in irritable

bowel syndrome (IBS) by some authors [8–10] and this line

of thinking has led to numerous trials of antibiotics for this

condition, with only modest benefit [11, 12].

Despite its potential importance, the pathogenesis of bacte-

rial overgrowth remains poorly understood in most patients

without overt intestinal stasis. Theoretically, SIBO may result

from defects in intestinal clearance including immune and

nonimmune defensive factors (such as luminal pH) as well as

impaired intestinal motility. In addition, reflux from colonic

contents resulting from a dysfunctional ileocecal barrier may be

a contributing factor, but in the absence of surgical resection of

the ileocecal region, this mechanism has yet to be clarified [13–

16]. Until recently, the absence of an easily administered test to

evaluate these parameters; particularly, the ileocecal valve has

been a major limitation to the study of this field. However, with

the advent of a commercial wireless motility capsule or WMC

(Smartpill�), it is now possible to measure pressure, pH, and

temperature throughout the gastrointestinal tract.

The primary aim of this study was to assess the rela-

tionship between ileocecal junction pressures (IJP) and

SIBO, as indirectly measured by lactulose breath testing

(LBT). A secondary aim was to assess the relationship

between intestinal pH and small bowel transit time (SBTT)

with LBT, in order to further our understanding of the

pathophysiological mechanisms underlying SIBO. To this

end, we developed a novel noninvasive approach to assess

ileocecal valve pressures using information that is readily

obtained by the existing WMC, along with standardize

measures of intestinal transit time and pH, to test the

hypothesis that this and other WMC measurements may

predict the results of the lactulose hydrogen breath test.

Methods

Subjects

This was a retrospective study of consecutive patients who

were referred for WMC and LBT testing at a single aca-

demic tertiary referral center from December 2010 to

December 2012. Twenty-three patients were identified as

having undergone both tests, and data from these subjects

were used for further analysis. Additionally, normative

data were developed using the results of WMC testing in

healthy controls, as previously published [17–19].

Measurements

Lactulose Hydrogen Breath Testing

Lactulose breath testing was performed using a Quintron

BT Digital Microlyzer calibrated with Quingas-5. A 10-g

dose of lactulose was administered followed by standard

protocol obtaining samples every 20 min for a total dura-

tion of 3 h. The test was considered positive if it showed

one or more of the following: (a) A baseline breath con-

centration of [10 parts per million (ppm) for H2 or

[7 ppm for CH4 only if patients were compliant with their

preparation, (b) an increase within 90 min (small intestine)

that was followed by a larger peak (colonic) was indicative

of a positive study (with a decrease of at least 5 ppm fol-

lowing the first peak). The first increase must have be one

of the following to be considered positive: (1) an increase

of at least 12 ppm CH4 over the baseline by 90 min; (2) if

producing H2 only: an increase of at least 20 ppm (parts

per million) H2 over the baseline by 90 min. Patients were

instructed to not take antibiotics for a minimum of 4 weeks

prior to the test, to avoid laxatives and any other medica-

tions that effect GI motility for a least one week prior to

breath testing. On the day prior to the test, patients were

instructed to avoid high-fiber foods such as bran, coarse

breads, pasta, nuts, beans, and uncooked vegetables.

Patients were also instructed to avoid all caffeinated bev-

erages. Twelve hours prior to the test, they were instructed

to consume no food except water. All breath tests were

evaluated by a single, experienced reader who was blinded

to the results of the WMC testing.

Wireless Motility Capsule (Smartpill) Testing

Prior to WMC ingestion, patients were instructed to hold all

proton pump inhibitors and H2 receptor blockers for

7–10 days prior to the study (however, this protocol may not

have been followed by all patients). Patients were also asked

to remain NPO (nothing per os) starting at midnight the

evening prior to the ingestion. On the day of the study, all

patients were given a standardized SmartBar bar (255 cal-

ories, 75 % carbohydrate, 21 % protein, 3 % fat, 3 % fiber)

just prior to pill ingestion and were instructed to remain

NPO for 6 h with the exception of small quantities of water

(up to � cup). Participants were also instructed to keep the

SmartPill data receiver within 3 feet of themselves at all

times during the 5-day study period and were prompted to

push the button on their external data receiver whenever

they had a bowel movement. Patients were also told to

remain on the toilet bowl for a full 2 min after having a

bowel movement in order to ensure communication with the

data receiver if the pill had passed. At the completion of

5 days, patients were instructed to return their data receivers

and diary/log of events. Data from each receiver were sub-

sequently downloaded and analyzed by MotiliGI software.

For the purpose of this study, we developed a novel

method to estimate the ileocecal junction (IJ) pressure or

IJP, a surrogate marker for ileocecal valve function. This

was based on time stamping the characteristic drop in pH
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as the pill exits the ileum into the cecum and then identi-

fying the highest/peak pressure over a 4-min window prior

to this event. This pressure was taken to represent the IJ

pressure. All SmartPill readings, including IJ pressure

measurements, were interpreted by a single, blinded reader.

Small bowel transit times were measured as per standard

WMC criteria. Additionally, gastric and small bowel pH

measurements were also obtained and compared among

patients with and without positive LBT. Patients on chronic

acid suppressive therapy (proton pump inhibitors and/or H2

receptor blockers) were excluded from all analyses evalu-

ating gastric and small bowel pH.

Normative Data and Definitions

Based on the wireless capsule motility studies of 47 healthy

control patients, normative values were established for

ileocecal junction pressures, small bowel transit time, small

bowel mean pH, and gastric mean pH. The mean value in

the healthy control group plus twice the control group

standard deviation was used as the cutoff point for normal

values of SBTT. Because control data small bowel mean

pH, gastric mean pH, and IJ pressures were skewed,

interval estimation using Horn’s method [20] was used to

establish a normal cutoff.

Table 1 Clinical and demographic characteristics of our cohort

LBT negative (N = 8) LBT positive (N = 15) All (N = 23)

N % N % N %

Age, mean (SD) 45.25 (15.15) 50.40 (17.02) 48.61 (16.24)

Gender

Female 6 75.00 11 73.33 17 73.91

Male 2 25.00 4 26.67 6 26.09

Primary symptom/indication for WMC study

Abdominal pain 2 25.00 3 20.00 5 21.74

Constipation 5 62.50 9 60.00 14 60.87

Constipation and bloating 0 0.00 1 6.67 1 4.35

Constipation, bloating, and gas 0 0.00 1 6.67 1 4.35

Nausea and abdominal pain 1 12.50 0 0.00 1 4.35

Nausea and vomiting 0 0.00 1 6.67 1 4.35

PPI use—yes 4 50.00 6 40.00 10 43.48

Presence of each symptom (SP)

Constipation 5 62.50 11 73.33 16 69.57

Abdominal pain 3 37.50 3 20.00 6 26.09

Bloating 0 0.00 2 13.33 2 8.70

Gas 0 0.00 1 6.67 1 4.35

Nausea 1 12.50 1 6.67 2 8.70

Vomiting 0 0.00 1 6.67 1 4.35

Primary symptom/indication for breath test

Abdominal pain 1 12.50 2 14.29 3 13.64

Abdominal pain and bloating 1 12.50 1 7.14 2 9.09

Abdominal pain, bloating, and abdominal distention 0 0.00 1 7.14 1 4.55

Bloating 2 25.00 3 21.43 5 22.73

Diarrhea 1 12.50 1 7.14 2 9.09

Gas and abdominal pain 1 12.50 0 0.00 1 4.55

Gas and bloating 2 25.00 6 42.86 8 36.36

Presence of each symptom (BT)

Abdominal pain 3 37.50 4 28.57 7 31.82

Bloating 5 62.50 11 78.57 16 72.73

Diarrhea 1 12.50 1 7.14 2 9.09

Gas 3 37.50 6 42.86 9 40.91

Abdominal distention 0 0.00 1 7.14 1 4.55

Some patients experienced multiple symptoms; percentages describe the occurrence of each symptom and their sum may be [100 %
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Statistical Analysis

Summary statistics (mean, standard deviation, frequencies,

and percentages) are presented for demographic variables

by lactulose breath test result. Small bowel pH, contrac-

tions/minute, amplitude, motility index, and IC valve

pressure, gastric pH, and transit times are summarized by

lactulose breath test result and in healthy controls. Means

values were compared using ANOVA and two-sample

t tests. When the variables were extremely skewed, non-

parametric Kruskal–Wallis and Wilcoxon’s rank-sum tests

were used, and medians were reported. Pearson’s correla-

tion coefficients were calculated to examine the linear

association between IJP, SBTT, small bowel pH, and

gastric pH. The occurrence of prolonged SBTT was com-

pared between LBT results and in healthy controls using

Fisher’s exact test. The association between LBT result and

exceeding the normal cutoff based on healthy control data

for SB mean pH, gastric pH, SBTT, and IJ pressure was

compared using Fisher’s exact test. Receiver operating

characteristic (ROC) curves were used to determine the

cutoff values of IJP, SBTT, and gastric pH for classifying

those with positive versus negative LBT result. The opti-

mal threshold was determined using Youden’s J statistic

[21] to maximize sum of sensitivity and specificity.

Logistic regression models were used to investigate the

association between LBT positivity and SBTT, IC valve

pressure, gastric pH, and SB mean pH. Odds ratios and

95 % confidence intervals are presented. All analyses were

conducted using SAS v. 9.3 (SAS Institute; Cary, NC).

Two-sided p values \0.05 were considered statistically

significant.

Results

Patient Characteristics and LBT Results

Twenty-three patients were identified who underwent both

WMC and LBT. Fifteen of the 23 patients (65.2 %) had

positive LBTs, and 8 (34.8 %) had negative LBTs. The

demographic and clinical attributes of patients with and

without a positive LBT are illustrated in Table 1. Table 2

represents the summary statistics of healthy control sub-

jects that were used to determine the normal cutoffs for the

variables IJ Pressure, SB mean pH, gastric pH, and SBTT.

Results of WMC Testing

Table 3 summarizes the results of the main WMC param-

eters in patients with and without a positive LBT.

Ileocecal Junctional Pressures

There was a significant difference in IJP among LBT-

positive patients, LBT-negative patients, and healthy con-

trols (p \ 0.01). IJ pressures were significantly higher in

patients with negative breath testing as compared with

positive breath testing [79.88 (standard deviation

(SD) = 21.46) vs. 45.07 (SD = 20.86) mm Hg, p \ 0.01].

IJ pressures were also significantly higher in the historical

healthy controls as compared with the positive LBT group

[61.47 (SD = 23.29) vs. 45.07 (SD = 20.86), p = 0.02].

Mean IJP were also higher in the negative LBT as com-

pared with healthy controls, with a borderline statistically

significant difference between the groups [79.88

(SD = 21.46) vs. 61.47 (SD = 23.29), p = 0.05].

We additionally found that 66.7 % of LBT-positive

patients had IJ pressures below the lower limit of normal

cutoff, while none of the LBT-negative subjects had IJ

pressure below the normal cutoff (p \ 0.01) (Table 4).

pH Studies

After excluding all patients with a history of long-term PPI

use, gastric pH was found to be significantly higher in the

LBT-positive group as compared with the LBT-negative

group [2.76 (SD = 0.93) vs. 1.63 (SD = 0.39), p = 0.01].

There was also a significantly higher gastric pH observed

in the LBT-positive group as compared with healthy con-

trols [2.76 (SD = 0.93) vs. 1.18 (SD = 0.52), p \ 0.01].

There were no statistically significant differences between

gastric pH among LBT-negative patients as compared with

healthy controls [1.63 (SD = 0.39) vs. 1.18 (SD = 0.52),

p = 0.09]. The difference in the proportion of patients

exceeding the upper limit of normal for gastric pH in the

LBT-positive group (100.0 %) as compared with the LBT-

negative group (75.0 %) which was not statistically sig-

nificant (p = 0.31) (Table 4).

Small bowel pH was additionally found to be higher in

the LBT-positive group as compared with the LBT-nega-

tive group [7.19 (SD = 0.34) vs. 6.65 (SD = 0.44),

p = 0.09], although the difference was not statistically

significant. No statistical significance was observed when

Table 2 Summary statistics of healthy controls

N Mean SD SE Normal cutoff

SB pH 43 7.17 0.46 0.07 7.33a

Gastric pH 44 1.18 0.52 0.08 1.23a

SBTT 46 4.25 1.52 0.22 7.28b

IC valve pressure 43 61.47 23.29 3.55 46.61a

a Cutoff determined using method discussed in Horn (1998)
b Mean ? 2SD
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comparing small bowel pH in LBT-positive patients and

healthy controls (7.19 vs. 7.17, p = 0.87).

Small Bowel Transit Time

Small bowel transit time was longer in LBT-positive

patients as compared with LBT-negative patients [5.82

(SD = 2.84) vs. 3.81 (SD = 1.84) h, p = 0.05]. Small

bowel transit times were also longer in the LBT-positive

group as compared with healthy controls [5.82 (SD = 2.84)

vs. 4.25 h (SD = 1.52), p = 0.057]. There was no signifi-

cant difference in SBTT between the negative LBT group

and historical healthy controls (p = 0.54). Using the man-

ufacturer’s recommended cutoff (6 h) [16], there was a

significantly lower percentage of LBT(?) patients (60 %)

with normal SBTT as compared with healthy controls

(89.1 %; p = 0.02). However, there was not a significant

difference in the proportion of LBT(?) and LBT(-) patients

with normal SBTT (p = 0.34). Using the 2 SD cutoff for the

normative data, 67 % of patients with positive breath tests

had normal small bowel transit time as compared with

100 % in the negative breath test group (p = 0.02).

Overlap of Putative Pathophysiological Abnormalities

Among LBT-Positive Patients

There was only minor overlap between LBT-positive

patients who had delayed SBTT and low IJP. Only 3

patients with LBT positivity exceeded the upper limit of

normal SBTT and also fell below the lower limit of normal

for IJ pressure. The same 3 patients were found to have

SBTT above the normal cutoff and gastric pH above the

normal cutoff along with IJ pressure below the normal

cutoff. Further, there was poor correlation between IJP andT
a
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Table 4 Frequency of patients above or below normal cutoffs based

on healthy controls by breath test result

LBT negative LBT positive P value

% %

SB mean pH (7.33)a 1.00

Below normal cutoff 100.00 77.78

Above normal cutoff 0.00 22.22

Gastric pH (1.23)a 0.31

Below normal cutoff 25.00 0.00

Above normal cutoff 75.00 100.00

SBTT (7.28) 0.02

Below normal cutoff 100.00 66.67

Above normal cutoff 0.00 33.33

IJ Pressure (46.61) \0.01

Above normal cutoff 100.00 33.33

Below normal cutoff 0.00 66.67

a PPI users were excluded from these analyses
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SBTT (r = -0.13, p value = 0.55), IJP and SB pH (r =

-0.20, p value = 0.51), and IJP and gastric pH (r =

-0.20, p value = 0.43). There was also poor correlation

between SBTT and these variables.

Predictive Value of WMC Parameters for LBT

Positivity (ROC)

The optimal cutoff point for gastric pH in differentiating

between those with positive and negative LBT (excluding

PPI users) was 2.05, which yields 66.7 % sensitivity,

100 % specificity, and AUC of 0.86. The optimal cutoff for

SBTT was 6.75, which gives 40 % sensitivity, 100 %

specificity, and AUC 0.71. The optimal cutoff for IJP was

54.5, which gives an 80 % sensitivity, 100 % specificity,

and AUC of 0.90 (Fig. 1).

Based on these ROC cut points, we found that 80 % of

LBT-positive patients had IJP below 54.5 versus 0 %

among LBT-negative subjects (p \ 0.01). In total, 40 % of

LBT-positive patients had SBTT above 6.75 versus 0 % of

LBT-negative subjects (p = 0.01). In total, 66.7 % of

LBT-positive patients had gastric pH above 2.05 versus

0 % of LBT-negative subjects; however, this difference did

not reach statistical significance (p = 0.07) (Table 5).

Logistic Regression

Univariate logistic regression analyses showed a significant

association between LBT positivity and IJ pressure (OR

0.93, p = 0.01), a borderline significant association

between LBT positivity and SB mean pH (OR for 0.1-unit

increase 1.45, p = 0.06), and SBTT (OR 1.43, p = 0.06).

A multivariate logistic regression model was attempted

using all the variables found to be significantly associated

with univariate analysis at the a = 0.10-level. Stepwise

model selection procedures showed that in the presence of

IJ pressure, all other predictors were not significantly

associated with positive LBT. Using IJP alone to model

positive LBT showed that an increase in IJ pressure by 1

unit reduces the odds of having a positive LBT by 7 %

(Table 6).

Fig. 1 ROC curves used to find optimal cut point for differentiating between those with positive and negative LBT. *PPI users excluded for

gastric pH analysis

Table 5 Frequency of patients above or below normal cutoffs based

on ROC curves by breath test result

LBT negative LBT positive P value

% %

Gastric pH (2.05)a 0.07

Below ROC cutoff 100.00 33.33

Above ROC cutoff 0.00 66.67

SBTT (6.75) 0.01

Below ROC cutoff 100.00 60.00

Above ROC cutoff 0.00 40.00

IJ Pressure (54.5) \0.01

Above ROC cutoff 100.00 20.00

Below ROC cutoff 0.00 80.00

a PPI users were excluded from these analyses

Table 6 Univariate logistic regression modeling positive LBT

Independent variable OR (95 % CI) P value

SBTT 1.43 (0.92, 2.34) 0.06

IJ pressure 0.93 (0.87, 0.98) 0.01

Gastric pHa,b 1.40 (0.85, 2.31) 0.19

SB mean pHa,b 1.45 (0.98, 2.15) 0.06

a OR for a 0.1-unit change in independent variable
b PPI users were excluded from these analyses
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Discussion

Small intestinal bacterial overgrowth remains a contro-

versial clinical syndrome for many reasons. The tests that

are used to establish this diagnosis are imperfect and the

relationship between SIBO symptoms and functional bowel

disease remains unclear. Furthermore, in most cases, the

pathophysiological basis of bacterial overgrowth remains

obscure. Although our study has some significant limita-

tions, we believe that it provides important data that SIBO

may be a result of multiple potential, non-overlapping

mechanisms. First, ICV dysfunction in individuals referred

for LBT is associated with a higher likelihood of a positive

test congruous with SIBO. Secondly, we have demon-

strated a novel application of the WMC to assess ileocecal

valve function, using ileocecal junctional pressures. This

simple method can easily be performed as part of the

routine practice of interpreting a wireless motility study,

with little additional time. Our results show that this

measurement is one of the most important predictors of a

positive breath test and brings fresh attention to the role of

the ileocecal valve in neurogastroenterological disorders,

an area of investigation that has been generally neglected.

There are several endogenous mechanisms that may

protect against bacterial overgrowth in the small bowel,

including gastric acid secretion, gastrointestinal motility, as

well as an intact ileocecal valve. Of these, intestinal

motility and IC valve function remain difficult to evaluate.

The IC valve is a relatively unexplored sphincter in the

gastrointestinal tract, and its role in health and disease

remains largely unknown. It has been hypothesized that the

IC valve protects against the development of bacterial

overgrowth by preventing reflux of colonic contents into

the small intestine. Prior attempts to study this valve have

been constrained by technical and methodological issues

[13, 22]. This is not surprising given the location of the IC

valve, which represents a challenge to both peroral or

retrograde catheter-based approaches. In this regard, the

WMC offers a relatively simple noninvasive way to

directly measure the IC junctional pressure, as this repre-

sents the only high-pressure zone in this anatomic region.

IJ pressures, therefore, may be used as a surrogate for

ileocecal valve competency, in a manner analogous to the

lower esophageal or anorectal sphincters.

Our results show that patients with SIBO (as defined by

a positive lactulose breath test) had significantly lower IJ

pressures as compared to both subjects without SIBO and

healthy controls. Nearly two-thirds of patients with SIBO

had IJ pressures below the lower limit of normal, and

together these findings are strongly suggestive of a patho-

physiological role for a dysfunctional IC valve in these

patients. This is consistent with the few other studies in this

area. An ileocecal nipple structure seems to serve the

function of a ceco-ileal anti-reflux barrier in humans [23].

Additionally, surgical resection of the IC valve has also

been shown to increase colonic-ileal reflux in humans and

subsequently lead to bacterial overgrowth [24], similar to

what has been described in animals [25]. In a study of

cadavers within 2 h of death, an incompetent ileocecal

valve (defined by a IJ pressure of 40 mm Hg or less) was

associated with increased colonic-ileal reflux [26]. A more

recent study of 19 subjects who underwent colonoscopy

with manometric ICV measurements and subsequent lac-

tulose hydrogen breath testing (LBT) found that patients

with a positive LBT failed to increase IC valve pressures in

response to cecal distention as compared with patients with

a negative breath test [14]. However, baseline IC valve

pressures were low in both groups and not different from

each other. Some of the discrepancies between the results

of these studies and ours may be explained by confounding

factors such as sedation and the effects of colonic disten-

tion. It is also clear that much further work needs to be

done to fully elucidate the role of the IC valve in SIBO. We

suggest that such research may be greatly facilitated by the

approach we have used to measure IJ pressures.

The most well-described factor preventing SIBO in

normal subjects is gastric acidity, presumably by its ster-

ilizing effects. Inhibition of acid secretion, by either proton

pump inhibitors or histamine type 2 receptor blockers, is

therefore considered to be one of the primary risk factors

for SIBO as shown by several observational as well as

prospective studies [27–29]. However, there is a paucity of

the literature on direct measurements of gastric or intestinal

pH in patients with SIBO. In the present study, we found

that patients with positive LBTs had higher gastric pH as

compared with those with negative breath testing, even

after excluding those on PPI therapy. The mean difference

was approximately 1 pH unit which translates into a

10-fold reduction in acid concentration. Even though a pH

of 4 or less has been used to define the gastric bactericidal

barrier, there is a several log difference in the rate of killing

between a pH of 2 and that of 3 [30]. The difference in

gastric acid concentrations between the LBT-negative and

LBT-positive patients, therefore, could be pathophysio-

logically relevant, even though the underlying mechanism

remains unknown.

There are several limitations to the present study of

which the most significant are the relatively small sample

size and the retrospective nature of this study. However,

this should be taken into context as there are no published

studies on patients undergoing both WMC and testing for

SIBO that evaluate the ileocecal valve. Additional limita-

tions that the authors would like to acknowledge include

that our patient population comes from a tertiary care/

motility referral center; therefore, our findings may not be

generalizable to the typical patient population referred for
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motility testing. Lastly, we acknowledge that there are

many imperfections with lactulose breath testing including

poor sensitivity, the fact that lactulose itself accelerates

small bowel transit, as well as difficulty differentiating

detection of two distinguishable hydrogen peaks or double

peaks occurring in the cecum, with the potential to yield

false positive results [31, 32]. Unfortunately, given the

retrospective nature of this study, we were unable to con-

firm the diagnosis of SIBO with the gold standard of small

bowel aspirate and jejunal culture. We acknowledge the

need for further prospective studies to validate these initial

results before all these potential outcomes can be realized.

Despite these limitations, however, we were able to

demonstrate statistically robust differences across a variety

of measures, with significant clinical and physiological

implications. Perhaps, the most important of these is the

ability to stratify patients into three putative etiological

groups—those with low IJ pressure (‘‘dysfunctional ICV’’

group), slow transit (‘‘intestinal dysmotility’’ group), and

high gastric pH (‘‘low acid’’ group). Interestingly, our

analysis suggests that these groups may be distinct with

only minimal overlap. Furthermore, there was poor corre-

lation between ileocecal junction pressures with SBTT and

both small bowel and gastric pH. This finding suggests that

there are distinct mechanisms contributing to the devel-

opment of bacterial overgrowth. Depending on which eti-

ology is present, different subsets of patients with SIBO

may respond to different treatment modalities.

In conclusion, we have demonstrated that the WMC can

be used to elucidate pathophysiological mechanisms that

can be correlated with the presence or absence of SIBO.

This finding has several implications. Firstly, it adds real

value of this test as a diagnostic aid in patients with sus-

pected SIBO and/or functional gastrointestinal complaints.

Secondly, our study supports re-focus of attention on the

ileocecal valve as a potentially prominent player in the

pathogenesis of SIBO and potentially other intestinal dis-

orders. Furthermore, we have suggested a simple nonin-

vasive way to study ICV function that can facilitate such

research in the future. Lastly, the ability to phenotype

patients into categories with potentially distinct etio-

pathogenesis may represent a major advance in the

understanding of this common, but undoubtedly heteroge-

neous syndrome and point the way for tailored therapies.
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