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BACKGROUND: Studies show higher rates of dissatisfaction with antireflux surgery (ARS) outcomes in patients 
with chronic constipation. This suggests a relationship between colonic dysmotility and sub-
optimal surgical outcome. However, due to limitations in technology, there is no objective 
data available examining this relationship. The wireless motility capsule (WMC) is a novel 
technology consisting of an ingestible capsule equipped with pH, temperature, and pressure 
sensors, which provide information regarding regional and whole gut transit times, pH and 
motility. The aim of this study was to assess the impact of objective regional and whole gut 
motility data on the outcomes of ARS.

STUDY DESIGN: This was a retrospective review of patients who underwent WMC testing before ARS. Tran-
sit times, motility, and pH data obtained from different gastrointestinal tract regions were 
used in analysis to determine factors that impact surgical outcome. A favorable outcome was 
defined as complete resolution of the predominant reflux symptom and freedom from antise-
cretory medications.

RESULTS: The final study population consisted of 48 patients (fundoplication [n = 29] and magnetic 
sphincter augmentation [n = 19]). Of those patients, 87.5% were females and the mean age 
± SD was 51.8 ± 14.5 years. At follow-up (mean ± SD, 16.8 ± 13.2 months), 87.5% of all 
patients achieved favorable outcomes. Patients with unfavorable outcomes had longer mean 
whole gut transit times (92.0 hours vs 55.7 hours; p = 0.024) and colonic transit times (78.6 
hours vs 47.3 hours; p = 0.028), higher mean peak colonic pH (8.8 vs 8.15; p = 0.009), and 
higher mean antral motility indexes (310 vs 90.1; p = 0.050).

CONCLUSIONS: This is the first study to demonstrate that objective colonic dysmotility leads to suboptimal 
outcomes after ARS. WMC testing can assist with preoperative risk assessment and coun-
seling for patients seeking ARS. (J Am Coll Surg 2023;236:305–315. © 2022 The Author(s). 
Published by Wolters Kluwer Health, Inc. on behalf of the American College of Surgeons. This 
is an open-access article distributed under the terms of the Creative Commons Attribution-
Non Commercial-No Derivatives License 4.0 [CCBY-NC-ND], where it is permissible to 
download and share the work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.)

An optimal antireflux surgery (ARS) aims to provide 
long-term relief from reflux symptoms, while minimiz-
ing complications and complaints induced by the opera-
tion. Achieving this goal can be a challenge and is highly 

dependent on identifying the patients who will benefit 
from surgery the most. Several studies have examined 
preoperative factors associated with surgical outcomes to 
guide patient selection, risk stratification, and preoperative 
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counselling. Previous studies have shown that presence of 
an abnormal pH score, a typical primary GERD symptom 
(eg heartburn, regurgitation, dysphagia), and a significant 
response to acid suppression therapy predict a favorable 
outcome.1,2 In contrast, there is some inconsistency in the 
results of studies on factors predicting an unfavorable out-
come, with obesity, esophageal dysmotility, and delayed 
gastric emptying among factors found to be associated with 
complications or complaints related to surgery.3,4 The focus 
of all these studies has been on clinical and physiologic 
foregut factors linked to the outcome. However, despite up 
to 71% of GERD patients reporting symptoms consistent 
with irritable bowel syndrome (IBS) and other function 
bowel disorders of the hindgut, there is limited data on the 
impact of hindgut physiology on ARS outcomes.5-8

Colonic dysmotility has been implicated as a potential 
predictor of unfavorable outcome after ARS. This sug-
gestion is based on studies demonstrating an association 

between poor outcomes and subjective functional bowel 
disorder symptoms, such as constipation.9-12 However, an 
objective measure of colonic dysmotility has never been 
used to confirm this relationship.

Endoscopic and radiologic foregut evaluation, assess-
ment of esophageal motility by high resolution manometry, 
and pH monitoring are essential parts of workup before 
ARS.13,14 Objective colonic and whole gut physiology test-
ing are rarely added to this regimen. As a result, there is a 
paucity of objective data linking colonic dysmotility to ARS 
outcomes. The wireless motility capsule (WMC) is a novel 
technology which may prove to be a practical method of 
measuring colonic dysmotility in addition to regional and 
whole gut physiology.15 The WMC consists of an ingesti-
ble capsule equipped with pH, temperature, and pressure 
sensors.15 The data collected from these sensors can be used 
to determine the time spent in each part of the GI tract.15 
Using the data recorded during each of these transit times, 
the WMC is able to provide information on regional and 
whole gut pH and motility. We designed the current study to 
evaluate the impact of objective regional and whole GI tract 
motility, as measured by WMC, on the outcomes of ARS.

METHODS
Study population
This is a retrospective review of prospectively collected 
data from patients who underwent WMC testing before 
ARS at Allegheny Health Network hospitals (Pittsburgh, 
PA) between 2017 and 2021. Inclusion criteria were 
patients who were 18 years or older that completed WMC 
testing before ARS, and had adequate follow-up of at 
least 6 months after surgery. This study was evaluated 
and approved by the Institutional Review Board of the 
Allegheny Health Network (No. 2021-224).

Preoperative assessment

All patients underwent complete foregut evaluation before 
surgery, consisting of a detailed clinical examination, eso-
phagogastroduodenoscopy, video esophagram, and esoph-
ageal functioning testing. Additionally, patients were asked 
to complete standardized questionnaires including the 
GERD Health-related Quality of Life (GERD-HRQL). 
The GERD-HRQL assesses reflux symptom severity 
using a 0 to 5 rating scale.16 Esophageal motility was 
assessed by high-resolution manometry (Medtronic Inc, 
Shoreview, MN). Once off proton pump inhibitors for 
10 days, patients underwent ambulatory wireless 48-hour 
Bravo pH monitoring (Medtronic).17 A DeMeester score 
>14.7 was considered abnormal acid exposure of the distal 
esophagus.

Abbreviations and Acronyms
ARS = antireflux surgery
CTT = colonic transfer time
GERD-HRQL =  GERD Health-related Quality of Life 

questionnaire
IBS = irritable bowel syndrome
IRP = integrated relaxation pressure
MSA = magnetic sphincter augmentation
WMC = wireless motility capsule
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WMC protocol
Patients undergoing SmartPill Motility Capsule testing 
(Medtronic) were instructed to discontinue the following 
before testing: proton pump inhibitors (7 days before test-
ing); motility medications, antiemetics, and H2 channel 
blockers (2 days before testing); antacids, pre-/probiotics, 
laxatives, antidiarrheals, stool softeners, and alcohol (1 day 
before testing); and food, drink, and nicotine (8 hours before 
testing). These medications were also held for the duration 
of the test. On the day of the procedure, patients were 
given a standardized meal within 15 minutes of ingesting 
the WMC. Patients were instructed to wait an additional 6 
hours before resuming their normal diet. Information col-
lected from the WMC was transmitted from pH, tempera-
ture, and pressure sensors via radiofrequency to the monitor 
worn by the patient for the duration of the test. The end of 
the test was determined by loss of signal between capsule 
and monitor. Analysis of the temperature data at the end of 
recording confirmed capsule exit.

Temperature (°C), pH, and pressure (mmHg) data 
were recorded continuously from activation of the WMC 
until the signal was lost. Data was analyzed using a man-
ufacturer provided software, MotiliGI (Medtronic), and 
divided anatomically by regional transit times defined by 
characteristic physiological changes within the GI tract. 
The gastric emptying time begins at ingestion and ends 

with the detection of a sharp rise (>3) in pH correspond-
ing to the transition between the stomach and duode-
num. The small bowel transit time begins at this point 
and continues until the pH plateaus and then decreases 
by 0.5 to 1.0 units without returning to the plateau pH 
within 10 minutes, corresponding to the change in pH 
at the ileocecal junction. The colonic transit time (CTT) 
begins at this point and continues until a sharp decrease 
in temperature is detected, signifying the transition from 
internal body temperature to environmental temperature. 
The sum of these intervals are recorded as the whole gut 
transit time. Previous studies have validated these meas-
urements against concurrent scintigraphy.15,18-26 The 
antrum and duodenum do not have clear beginning or 
end points, respectively. However, previous antroduo-
denal studies have validated that the period 30 minutes 
before and 30 minutes after the increase in pH that marks 
the pyloroduodenal junction is an accurate approximation 
of capsule transit through these areas of the GI tract.27 
Regional motility is recorded as a pressure amplitude and 
number of contractions. Figure  1 shows a sample trac-
ing from a WMC test. The software calculates motility 
indexes for the antrum and duodenum defined by the fol-
lowing equation:

Motility Index = Ln (sum of pressure amplitudes × num-
ber of contractions + 1)

Figure 1. Sample wireless motility capsule tracing showing the temperature (blue), pH (green), and pressure (red) tracings. The temporal 
locations of the pyloric sphincter and ileocecal valve are shown in gray. Regional transit time periods are labeled.
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Surgical technique and hospital stay

Patients either underwent Nissen fundoplication or 
magnetic sphincter augmentation (MSA), performed 
laparoscopically by experienced foregut surgeons 
using standardized surgical techniques as previously 
described.13,28 The majority of discharges from the hospi-
tal occurred on the day of surgery for MSA patients and 
on the first postoperative day after Nissen fundoplication.

Postoperative assessment

Postoperative follow-up visits were scheduled at 2 weeks, 
6 weeks, 6 months, 1 year, and annually thereafter. Patients 
were assessed for clinical resolution of their predominant 
reflux symptoms, freedom from antisecretory medications, 
bloating, and constipation at each visit. At 1 year, patients 
were approached to repeat their objective esophageal phys-
iologic testing.

Outcomes assessment and statistical analysis

Favorable outcome was defined as complete resolution of 
predominant reflux symptoms and freedom from antisecre-
tory medications. Unfavorable surgical outcome was defined 
as failure to meet either of these criteria. Clinically significant 
bloating was defined as a score >3 on GERD-HRQL “gas or 
bloating” item. Patients were then divided into two groups 
based on these outcomes and WMC parameters were com-
pared between groups. A subanalysis was performed com-
paring WMC data to esophageal physiology data.

Data are expressed as median (interquartile range) or 
mean ± SD. Values for categoric variables are presented 
as frequency and percentage. Statistical analysis was per-
formed by means of nonparametric tests, including 
Mann–Whitney and Fisher exact tests. Correlation anal-
yses were performed using Spearman test and expressed as 
the correlation coefficient R with 95% CI. A p value <0.05 
was considered to be statistically significant. All statistical 

analyses were performed using SAS software (version 9.4; 
SAS Institute).

RESULTS
The final study population consisted of 48 patients. Of 
these, 29 underwent Nissen fundoplication and 19 under-
went MSA. The baseline demographic and clinical charac-
teristics of the study population and each surgical group 
are shown in Table 1.

At follow-up (mean ± SD 16.8 ± 13.2 months), 89.6% 
of patients had complete resolution of their predominant 
symptom and 93.7% were free from use of antisecre-
tory medications. Favorable outcomes were achieved in 
87.5% of all patients. There were no significant differ-
ences in surgical outcomes (p = 0.381) or follow-up dura-
tion (p = 0.992) between the Nissen fundoplication and 
MSA groups. The median (interquartile range) GERD-
HRQL total score improved from 37 (23.5 to 55) to 6 
(3 to 14) (p < 0.001). Pre- and postoperative bloating 
and constipation for each outcome group are shown in 
Table  2. Normalization of esophageal pH was achieved 
by 18 (75.0%) of patients who completed postoperative 
pH monitoring test.

WMC and preoperative objective data

Patients with a hiatal hernia >3 cm had significantly 
longer CTTs (64.3 [52.4 to 91.6] vs 25.2 [18.7 to 38.5]; 
p = 0.008) and whole-gut transit times (70.0 [58.7 to 
97.8] vs 32.6 [27.0 to 47.9]; p = 0.011) compared to 
those with a <3 cm hiatal hernia. Correlation analysis 
revealed a direct correlation between hiatal hernia size 
and CTT (Figure 2). There was also a strong direct cor-
relation between antral pressure and integrated relaxa-
tion pressure ([IRP] R = 0.76; 95% CI 0.61 to 0.86; 
p < 0.0001).

The colonic pH was inversely correlated with DeMeester 
score. Longest reflux episode (min) was the component of 

Table 1. Baseline Demographics and Clinical Characteristics

Characteristic 
Study population  

(n = 48) 
Nissen fundoplication

 (n = 29) 
MSA

(n = 19) p Value 

Age, y, median (IQR) 53.0 (40.3-65.5) 57.0 (50.0-68.0) 44.0 (34.0-55.0) 0.004
Sex, n (%)

Male 7 (14.6) 3 (42.9) 4 (57.1) 0.412
Female 41 (85.4) 26 (63.4) 15 (36.6)

BMI, kg/m2, median (IQR) 29.4 (26.8-32.0) 28.8 (25.8-31.5) 29.6 (27.2-33.1) 0.359
DeMeester score, median (IQR) 35.4 (24.1-40.9) 37.2 (26.3-55.9) 31.5 (16.9-38.0) 0.204
Hiatal hernia, n (%) 33 (68.8) 20 (69.0) 13 (68.4) 0.999
Esophagitis, n (%) 15 (31.3) 9 (31.0) 6 (31.6) 0.999
IQR, interquartile range; MSA, magnetic sphincter augmentation.
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esophageal pH monitoring with the strongest inverse cor-
relation with colonic pH (Figure 3).

Surgical outcomes in relation to WMC data

A comparison of regional and whole gut transit times 
between outcome groups is shown in Table  3. Patients 
who failed to achieve favorable outcomes criteria had 
significantly longer median (interquartile range) whole 
gut transit times (76.9 [56.7 to 127.7] vs 47.8 [26.8 to 
65.8] hours; p = 0.024). Of the components contribut-
ing to whole gut transit time, unfavorable outcomes were 
only associated with longer CTT (Table 3). Patients with 
delayed colonic transit time (>59 hours) were more likely 
to have postoperative bloating and constipation (Figure 4).

Comparison of regional mean pressures, contractions 
per minute, and antroduodenal motility indexes are shown 
in Table  4. Patients with unfavorable surgical outcomes 
had higher antral motility index, but the difference did not 
reach statistical significance (p = 0.05).

Comparison of peak, median, and trough pH data for 
each region of the GI tract are shown in Table 5. Patients 
with unfavorable outcomes had higher peak colonic pH 
measurements.

DISCUSSION
Foregut and hindgut are two distinct parts of the diges-
tive tract, but several studies have suggested a common 
pathophysiologic link between the diseases of these two 

Table 2. Comparison of Pre- and Postoperative Bloating and Constipation Symptom Prevalence Between the Favorable 
and Unfavorable Outcomes Groups

Variable measurement 
Favorable outcomes, %

(n = 42) 
Unfavorable outcomes, %

(n = 6) p Value 

Preoperative
GERD-HRQL bloating score >3 50.0 100 0.0287
Constipation 52.4 100 0.0339

Postoperative
GERD-HRQL bloating score >3 15.6 100.0 0.0008
Constipation 35.7 100 0.0044

GERD-HRQL, GERD Health-related Quality-of-Life questionnaire.

Figure 2. Inverse correlation between colonic pH and (A) DeMeester score (R = −0.48; 95% CI −0.67 to −0.22; p = 0.009), and (B) longest 
reflux episode (min) (R = −0.72, 95% CI −0.83 to −0.55; p < 0.0001).
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anatomic regions.12 Lower abdominal complaints are 
present in 60% of patients with GERD29 and patients 
with IBS frequently complain of esophageal symp-
toms.5,7,8 Studies have also shown a higher rate of dis-
satisfaction with outcomes of ARS in patients with 
symptoms suggestive of colonic dysmotility.9,10 This 
study is the first to use an objective measure of hindgut 
physiology to demonstrate that patients with colonic 
dysmotility are less likely to derive significant improve-
ment in their symptoms after ARS. We also demon-
strated that elevated colonic pH is associated with higher 
rate of unfavorable outcome.

The main finding of this study was that colonic transit 
times were significantly longer in patients who failed to 
achieve a favorable ARS outcome. This finding is consist-
ent with previous studies that have associated poor ARS 
outcomes with subjective measures of colonic dysmotil-
ity such as constipation and other IBS-like symptoms.9,10 
Zeman and Tihanyi10 followed a cohort of 41 patients 

undergoing ARS and found that patients with high pre-
operative constipation severity scores were more likely to 
report dissatisfaction with their surgical outcome. This 
association was present despite intact fundoplication on 
endoscopy and normal distal esophageal acid exposure on 
postoperative testing.10 They suggested that the colonic 
motility disorder contributes to postoperative symp-
tomatology associated with dissatisfaction. Similarly, 
we found that postoperative bloating and constipation 
was associated with delayed colonic transit time and 
unfavorable outcome. Axelrod and colleagues9 made a 
similar observation in their study of 155 patients under-
going ARS. They reported that patients with preopera-
tive symptoms consistent with IBS and other functional 
bowel disorders were more likely to report a poor surgi-
cal outcome.9 By contrast, Raftopoulos and colleagues11 
reported no difference in ARS outcomes between 32 
patients who met Rome II criteria for IBS and 70 non-
IBS patients. These  three studies relied on subjective 
measures to draw their conclusions. The inconsistency in 
their findings highlights the need for objective measures 
of colonic motility, as was provided by the WMC in our 
study.

One mechanism by which colonic dysmotility may 
negatively impact ARS outcomes is by markedly increas-
ing the intraabdominal pressure and diaphragmatic ten-
sion. Slow-transit constipation leads to colonic dilation 
and abdominal distention.6 Evacuation difficulties and 
excessive strain also increase the intraabdominal pressure.6 
This explanation is further supported by our finding that 
colonic transit time was correlated with preoperative hiatal 
hernia size. Others have reported that increased intraab-
dominal pressure caused by a constipated or redundant 
colon is one of the mechanisms that fosters the develop-
ment of hiatal hernia.30

If the relationship between colonic dysmotility and 
the foregut is causal in nature, then there must be a 
physiologic pathway connecting hindgut physiology to 
the function of foregut. The existence of such a pathway 
was demonstrated in a randomized crossover study by 
Piche and colleagues31 They showed that colonic fer-
mentation of indigestible carbohydrates increases the 

Figure 3. Correlation between colonic transit time (CTT) and pre-
operative hiatal hernia size (cm) (R = 0.54; 95% CI 0.11 to 0.80; 
p = 0.018).

Table 3. Wireless Motility Capsule Transit Time Data Between the Favorable and Unfavorable Outcomes Groups

Anatomic Region Favorable outcomes Unfavorable outcomes Odds ratio p Value 

Gastric 3.3 (2.5-4.0) 3.7 (3.1-3.7) 0.530 0.607
Small bowel 4.0 (2.9-4.9) 4.5 (3.0-3.7) 0.530 0.607
Colon 37.5 (19.5-60.2) 69.3 (50.8-101.3) 2.213 0.028
Whole gut 47.8 (26.8-65.8) 76.9 (56.7-127.7) 2.276 0.024
Data presented as transit time, h, median (IQR).
IQR, interquartile range.
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rate of transient lower esophageal sphincter relaxations, 
the number of acid reflux episodes, and the symptoms 
of GERD. They also reported a marked elevation of 
glucagon-like peptide-1 (GLP-1) after a test meal in 

GERD patients.31 Similarly, our results showed that 
colonic pH was inversely correlated with preoperative 
DeMeester score. Interestingly, longest reflux episode 
was the component of esophageal pH monitoring with 
the strongest inverse correlation with colonic pH. It is 
likely that high colonic pH results in a neurohormonal 
phenomenon that is associated with long reflux events. 
Several studies have shown that both GLP-1 and pep-
tide YY (PYY) possess inhibitory effects on gastrointes-
tinal motility.32,33 The effect of GLP-1 on LES motility 
is through an effect on the proximal stomach (ie gastric 
relaxation).34 In fact, GLP-1 is a physiologic inhibitory 
regulator of gastric emptying and fundus motility.34 
Since fundoplication preserves the transient lower eso-
phageal sphincter relaxation capability, this proposed 
neurohormonal mechanism is a potential explanation 
for the association between higher rates of unfavorable 
surgical outcomes in patients with higher peak colonic 
pH in our cohort.

Similar to surgical outcome, the response to anti–acid 
secretion medications is also associated with colonic con-
ditions. Miyamoto and colleagues35 studied 467 patients 
with typical reflux symptoms and endoscopic evidence 
of GERD and found that patients with constipation 
were twice as likely to fail to respond to PPI therapy. 
They also found that adding a prokinetic agent resulted 
in improvement in PPI response in these patients with 
chronic constipation.35 This finding suggests that the 
untreated colonic motility disorder likely contributed 
to the poor response to antiacid medication. Similarly, 
a study of laxative use in GERD patients reported that a 

Figure 4. Histogram comparing postoperative bloating (GERD-
HRQL bloating score >3) and constipation between patients with a 
delayed (>59 hours) and normal colonic transit time (CTT). Patients 
with delayed colonic transit had significantly higher rates of post-
operative bloating (60.0 vs 12.1%; p = 0.0048) and constipation 
(73.3 vs 31.3%; p = 0.0108). GERD-HRQL, GERD Health-related 
Quality of Life questionnaire.

Table 4. Comparison of Wireless Motility Capsule Motility Data Between the Favorable and Unfavorable Outcomes Groups

Anatomic region measurement Favorable outcomes Unfavorable outcomes Odds ratio p Value 

Pressure, mmHg, median (IQR)  
Gastric 3.3 (2.8-4.0) 3.2 (3.1-5.2) 0.797 0.437
Antrum 3.5 (2.4-5.1) 3.2 (3.0-7.0) 0.602 0.560
Duodenum 3.8 (2.5-4.4) 4.3 (3.9-4.5) 0.933 0.361
Small bowel 4.6 (3.8-5.4) 3.2 (3.0-4.2) 1.654 0.102
Colon 4.0 (3.2-5.2) 3.4 (3.0-4.4) 0.525 0.613

Contractions per minute, median (IQR)  
Gastric 2.0 (1.1-2.8) 2.7 (1.8-4.3) 1.225 0.228
Antrum 1.5 (0.8-2.3) 2.0 (1.5-2.4) 0.698 0.498
Duodenum 3.0 (1.6-4.5) 4.3 (2.3-4.9) 0.447 0.669
Small bowel 4.3 (3.4-5.6) 3.2 (2.8-3.6) 1.595 0.115
Colon 1.8 (1.6-2.1) 1.5 (1.1-2.3) 0.659 0.523

Motility Index, median (IQR)  
Antrum 61.0 (40.8-107.1) 92.0 (77.9-175.9) 1.952 0.050
Duodenum 95.7 (60.2-164.5) 148.3 (116.0-168.4) 1.394 0.296

IQR, interquartile range.



312 Eriksson et al   Whole Gut Motility and Antireflux Surgery J Am Coll Surg

subset of patients achieve reflux symptom resolution and 
freedom from PPIs with adequate constipation control 
alone.6

We found a strong correlation between antral motility 
and IRP. The IRP is a manometric marker for resistance at 
the esophagogastric junction.36 An elevated residual pres-
sure during lower esophageal sphincter relaxation would 
likely interfere with belching and expelling air from the 
stomach. Studies have reported difficulty with belching in 
patients with esophagogastric junction outflow obstruc-
tion and showed an association between bloating symp-
toms and elevated IRP.37 We postulate that elevated antral 
pressure in patients with raised IRP is a compensatory 
mechanism in patients with inability to belch, a function 
that is compromised even further after ARS (Figure  5). 
This hypothesis is also a plausible explanation for the non-
significant trend that we found for a high antral motility 
index in patients with worse ARS outcomes in our cohort. 
However, the full implications of the antral measurements 
require further investigation as they are subject to unique 
limitations and have never been applied to this patient 
population before the present study.

The major limitation of WMC duodenal and antral 
measurements is that, unlike the regional transit times, 
there are no predictable pH or temperature changes to 
bookend these anatomical regions. The antrum and duo-
denum are arbitrarily defined by the manufacturer as 30 
minutes before or after the pH change that marks the 

pyloroduodenal junction, respectfully. However, studies 
validating this method of approximating the duodenal and 
antral regions have used 60-minute windows.27 Therefore, 
the normal values established in the literature are not com-
parable to the manufacturer defined values.

A novel test is only useful if its results are valid, 
accurate, and reliably comparable to the previous gold 
standard. The WMC relies on characteristic changes in 
temperature and pH to determine its location within 
the GI tract. This localization method was validated in a 
study of healthy individuals who underwent concurrent 
WMC testing and whole gut scintigraphy.20 Similarly, 
Camilleri and colleagues18 studied 158 patients who 
underwent concurrent WMC and Sitz marker tests to 
validate CTT as a measure of colonic motility. They 
found 87% agreement between the tests.18 Most rel-
evant to our results, Rao and colleagues21 found 88% 
agreement between WMC CTT and Sitz marker testing 
for the presence of clinically significant constipation. 
Other studies have validated the WMC for diagnos-
ing gastroparesis and predicting the development of 
small intestinal bacterial overgrowth.19,22 Therefore, the 
WMC is an effective alternative to a number of different 
testing modalities, and provides additional information 
on intraluminal pressures and pH, which is not available 
through conventional motility tests.

We acknowledge the limitations of this study includ-
ing its limited sample size and retrospective nature. 

Table 5. Comparison of Wireless Motility Capsule pH Data Between the Favorable and Unfavorable Outcomes Groups

Anatomic region measurement 
Favorable
outcomes 

Unfavorable
outcomes Odds ratio p Value 

pH peak, median (IQR)   
Gastric 6.2 (5.6-6.9) 6.4 (4.4-6.5) 0.914 0.371
Antrum 3.3 (1.6-6.0) 2.9 (2.7-6.5) 0.737 0.348
Duodenum 7.0 (6.5-7.1) 6.8 (6.7-7.0) 0.260 0.811
Small bowel 7.6 (7.5-7.8) 7.8 (7.6-7.9) 0.782 0.446
Colon 8.1 (7.7-8.4) 8.7 (8.5-8.7) 2.631 0.009

pH median, median (IQR)   
Gastric 1.5 (1.2-2.4) 1.9 (1.3-4.2) 0.933 0.331
Antrum 1.1 (0.8-1.6) 1.4 (0.9-2.0) 1.032 0.104
Duodenum 6.1 (5.7-6.3) 6.4 (6.0-6.6) 0.819 0.424
Small bowel 6.8 (6.5-7.2) 7.2 (6.9-7.4) 1.060 0.298
Colon 6.5 (6.1-7.0) 6.9 (6.8-7.1) 1.888 0.062

pH trough, median (IQR)   
Gastric 0.6 (0.5-0.8) 0.9 (0.5-0.9) 1.147 0.292
Antrum 0.8 (0.5-0.9) 1.0 (0.9-1.5) 1.814 0.938
Duodenum 1.2 (0.8-1.9) 2.5 (1.0-6.2) 1.377 0.175
Small bowel 1.2 (0.8-1.9) 2.5 (1.0-6.2) 1.357 0.181
Colon 5.4 (5.1-5.8) 5.8 (5.6-6.0) 1.140 0.263

IQR, interquartile range.
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WMC motility testing was not randomly offered to the 
patients in this study. In our practice WMC is most fre-
quently used in patients with symptoms suggestive of 
motility disorders like gastroparesis or IBS, which may 
have introduced an element of bias. However, these 
symptoms are non-specific and are seen in the major-
ity of GERD patients.29 Furthermore, 87.5% of the 
patients in this study reported typical primary GERD 
symptoms. Patients were not randomized to MSA or 
laparoscopic Nissen fundoplication. However, there was 
no significant difference in outcomes between surgical 
procedures, which is consistent with previous studies 
comparing MSA and laparoscopic Nissen fundoplication 
outcomes.38 WMC is a novel technology and the find-
ings of this study are promising for its use in assessing 
patients considering ARS. Randomized control trials and 
large volume studies are necessary to fully assess its utility 
in practice.

Colonic dysmotility may be a predictor of unfavorable 
outcome, but should not be considered as a contraindica-
tion to ARS. Up to 71% of patients with GERD report 
symptoms consistent with colonic dysmotility disor-
ders.7,12,29 However, large volume studies have shown 
that at 5 years after ARS only 17.7% of patients require 
antisecretory medications.39 Therefore, while colonic dys-
motility is associated with a higher risk of a suboptimal 
outcome, many patients derive significant benefit from 

ARS. Consequently, the findings of this study should 
not be used to determine surgical candidacy. However, 
patients with evidence of colonic dysmotility should be 
informed of their risk. Foregut and hindgut factors that 
affect surgical outcomes should be evaluated collectively 
for appropriate risk stratification. Surgeons should tailor 
expectation management discussions based on risk during 
patient selection and pre- and postoperative counselling. 
WMC testing can provide valuable information to aid 
these discussions.

CONCLUSION
In this study we used an objective measure of colonic 
physiology to demonstrate that delayed colonic motil-
ity is associated with suboptimal outcomes after ARS. 
Additionally, we found that high colonic pH was asso-
ciated with unfavorable outcomes. Colonic dysmotil-
ity should not be treated as a contraindication to ARS. 
However, surgeons should counsel these patients that 
they are less likely to have complete resolution of their 
symptoms postoperatively, and manage their expecta-
tions accordingly. Clinical and physiologic foregut fac-
tors should be evaluated in conjunction with hindgut 
factors during risk stratification. WMC testing has a role 
in assessing objective GI pathophysiology and provides 
valuable information for preoperative discussions of risk 

Figure 5. Compensatory increase in antral motility in response to elevated integrated relaxation pressure. (A) An elevated esophagogastric 
junctional outflow resistance as measured by the integrated relaxation pressure (blue arrows) may interfere with retrograde venting and 
belching resulting in in increased intragastric pressure (orange arrows). (B) The stomach becomes distended and compensatory increase in 
antral motility (black arrows) is proposed to develop as a means of enhancing gastric emptying in these patients.
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stratification and expectation management for patients 
seeking ARS.
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Invited Commentary

Antireflux Surgery and Colonic 
Motility

Andrés R Latorre-Rodríguez, MD, 
Sumeet K Mittal, MD, FACS

Phoenix, AZ

The gastrointestinal (GI) tract is a hollow viscus that 
extends from oral to aboral ends with a series of valves 
interspersed throughout. GERD is a common upper 

GI tract disorder presenting with excessive backflow of 
gastric contents via an incompetent lower esophageal 
sphincter (LES). Many patients with GERD also report 
symptoms that overlap with irritable bowel syndrome 
(IBS), such as bloating and constipation. While some 
have considered GERD and IBS to belong on the same 
spectrum of functional bowel disorders,1 the underlying 
mechanisms remain unclear.2,3 Antireflux surgery (ARS), 
which aims to restore the lower esophageal sphincter bar-
rier, is often held as the culprit for postoperative bloating 
and associated patient dissatisfaction. Although overall 
bloating scores generally improve after surgery, several 
authors have reported decreased satisfaction after ARS 
in patients who report bloating and constipation before 
surgery.4

In general, surgeons have been wary of offering ARS 
to patients with considerable constipation and bloating,5,6 
presumably because this complaint is “frequently blamed 
on the surgery,” thus, negatively impacting the patient’s 
satisfaction with the procedure.7 In a new study, Eriksson 
and associates8 use an objective test to quantify gut motility 
and correlate it with patient-reported dissatisfaction after 
ARS. They use a novel wireless motility capsule to measure 
whole-gut transit time (WGTT) and colon transit time 
(CTT). They show that patients with slower WGTT and 
CTT have significantly higher rates of postoperative bloat-
ing and decreased satisfaction after ARS, confirming the 
logic that if you have downstream issues, upstream symp-
toms may develop as well.

Postoperative bloating and the inability to belch are 
unwelcome sequelae, especially after conventional ARS. 
Recent studies have reported that postoperative gas bloat 
did not vary among the different surgical approaches in 
short- and long-term follow-up,9 and more specifically, 
that there was no significant difference between traditional 
fundoplication and magnetic sphincter augmentation, 
even though magnetic sphincter augmentation allows for 
“venting.”9 This underscores the argument that bloating is 
likely due to multifactorial gut motility issues beyond the 
restored lower esophageal sphincter barrier.

Methodologically, we found some shortcomings in the 
design of the study.8 First, the authors fail to describe how 
the patients with colonic gut motility testing were selected, 
and second, we believe that the preoperative evaluation 
of bloating and other symptoms, such as constipation, 
should be broader and not limited to a single question on 
the GERD Health-Related Quality of Life questionnaire. 
A more specific IBS or general GI Health-Related Quality 
of Life score may be more useful.10,11

The authors have opened an exciting avenue to help us 
further understand the association between GI motility, as 
measured by WGTT and CTT, and dissatisfaction after 
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