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Background: Capsule endoscopy (CE) is a non-invasive imaging modality designed to evaluate various
small bowel pathologies. Failure to reach the cecum within the battery lifespan, termed incomplete
examination, may result in inadequate testing and possibly delayed therapy. Several studies have attempted to
evaluate the association between CE completion and opioid use. However, their results are conflicting. The
aim of this meta-analysis is to evaluate the previously published literature on the association between opioid
use and CE completion.

Methods: We performed a comprehensive literature search in PubMed, PubMed Central, Embase, and
ScienceDirect databases from inception through June 1, 2018, to identify all studies that evaluated the
association between CE completion and opioid use. We included studies that presented an odds ratio (OR)
with a 95% confidence interval (CI) or presented the data sufficient to calculate the OR with a 95% CI.
Statistical analysis was performed using the comprehensive meta-analysis (CMA), version 3 software.
Results: Five studies with a total of 1,614 patients undergoing CE in the inpatient (IP) and outpatient (OP)
setting were included in this study, 349 of which had an incomplete CE (21.6%). The pooled OR for CE
completion is 0.50 (95% CI: 0.38-0.66, I’'=36.9%) in opioid users compared to non-users. No publication
bias was found using Egger’s regression test.

Conclusions: Our results indicate that patients on opioids are significantly less likely to have a complete
CE examination compared to non-users. To our knowledge, this study represents the first meta-analysis to

assess this association.
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Introduction bleeding (OGIB), detecting small bowel lesions, and
. . ' . . examining patients with Crohn’s disease (1).

Wireless video capsule endoscopy (CE) is a non-invasive Since approved by the United States Food and Drug

imaging method designed for evaluating the small intestine Administration (FDA) in 2001, CE technology has

for many gastrointestinal (GI) disease processes (1). CE is continued to evolve. Multiple studies have shown CE to

predominantly used in evaluating obscure gastrointestinal provide superior diagnostic yield when compared to push
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enteroscopy and computed tomography angiography for
OGIB (1,2). It has been estimated that CE has an overall
pathology detection rate of approximately 60% (3).

While primarily being utilized for the evaluation of
suspected small bowel bleeding in adults, CE is also used for
the diagnosis of small intestinal tumors and Crohn’s disease.
Furthermore, CE is now being utilized to evaluate a myriad
of other small bowel pathologies such as non-steroidal anti-
inflammatory drug (NSAID) enteropathy, celiac disease,
and polyposis syndromes (4-6).

CE is regarded as a generally safe procedure with no
reported cases of death associated with this procedure (7,8).
However, capsule retention and incomplete CE examinations
remain two barriers hindering its clinical utility. Capsule
retention affects 1.4% of the tested patients with 59% of
these patients requiring surgical intervention to remove the
capsule (3). The highest rates of retention documented are in
patients being evaluated for subacute small bowel obstruction
(10-20% retention rate) and patients with known small bowel
tumors (10-25% retention rate) (9-12). Furthermore, capsule
retention can reveal the location of the culprit pathology and
guide surgical intervention (13).

Incomplete examination defined as failure to reach the
cecum within the battery lifespan, is the result of transient
capsule retention along the GI tract, with a reported
completion rate of 83.5% for the standard 8-hour device
as of 2010 (3). Incomplete examination may result in
inadequate diagnosis of small bowel pathologies and can
lead to delayed intervention or repeated studies. Ultimately,
incomplete examination inconveniences the patient and
drives up costs to the medical system (2).

For nearly as long as the medical community has been
aware of the analgesic effects of opioids, it has used opioids
to treat diarrhea (14). Starting in 1917 with Trendelenburg’s
discovery that morphine has an inhibitory effect on GI
peristalsis, the field of electrophysiology has been critical
in demonstrating the impact opiates have on the enteric
nervous system (15,16). Today, the medical community
builds on the discovered therapeutic benefits of opioids
as patients are regularly prescribed loperamide for the
treatment of diarrhea (17). Additionally, methylnaltrexone,
a drug often used to treat opioid-induced constipation, was
recently approved by the FDA and deemed to be safe and
effective for the treatment of irritable bowel syndrome-
diarrhea subtype in adults (18).

The enteric nervous system, composed of the myenteric
and submucosal plexus, contain a high density of opioid
receptors that regulate motility and secretions (19). Activation
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of the p-opioid receptors specifically within the gut wall
coordinates GI motility by inhibiting neural pathways within
the enteric nervous system (20). Inhibited excitatory neural
pathways lead to weaker peristalsis. On the other hand,
inhibited inhibitory neural pathways lead to heightened GI
muscle tone and motionless motor patterns (21). Together,
inhibition of both excitatory and inhibitory pathways
by activation of p-opioid receptors cause delayed gastric
emptying and increased GI transit time (22). Opioids also
lead to an alteration of intestinal fluid secretion through
a direct effect on the enteric nervous system as opioids
activate submucosal receptors causing decreased electrolyte
and water secretion into the lumen in addition to an
increased fluid absorption across the intestinal wall (23,24).

Opioids have been previously shown to inhibit GI
motility, causing some researchers to suggest that their
use may be associated with a prolonged gastric transit
time in patients receiving a CE examination (25). Several
studies have attempted to evaluate the association between
CE completion and opioid use with contradicting results.
With the exponential growth of opioid use in recent years,
understanding these medications’ role in GI motility is crucial
(26,27). Therefore, we performed a comprehensive systematic
review and meta-analysis to evaluate the association between
opioid use and CE completion in published literature.

Methods
Search strategy and selection criteria

We performed a comprehensive literature search in
PubMed, PubMed Central, Embase, and ScienceDirect
databases from inception through June 1, 2018, to identify
all the studies that evaluated the association between CE
completion and opioid use. We used the following keywords
in different combinations: capsule, endoscopy, opioids,
narcotics. The search was limited to human studies with no
restrictions placed on region, publication type, or language.

Data extraction and quality assessment

We included studies that evaluated the effects of opioids on
CE completion rates only if they presented an odds ratio
(OR) for our main outcome with a 95% confidence interval
(CI) or presented the data sufficient to calculate the OR
with a 95% CI. Studies were excluded for the following
reasons: (I) were letters to editors, case reports, case series,
and review articles or (II) provided insufficient information
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to calculate CE completion rates and/or the OR for our
main outcome.

The authors independently performed the literature
review. The data was extracted and reviewed for accuracy
prior to analysis. Risk of internal bias was assessed using the
Newcastle-Ottawa scale (28).

Statistical analysis

Statistical analysis was performed using the comprehensive
meta-analysis (CMA), version 3 software (BioStat, Inc.,
Eaglewood, NJ, USA). Effect estimates from the individual
studies were extracted and combined using the random-
effect, generic inverse variance method of DerSimonian
and Laird (29). A random-effect model was used as a
high probability of between-study variance was suspected
due to variation in study population and methodology. A
pooled OR was calculated. A Cochran’s Q-test and an I’
statistic were used to evaluate heterogeneity and quantify
variation across the selected studies (30). A funnel plot
was then created to evaluate for publication and other
reporting biases and then the plot was examined visually for
asymmetry. Then, an Egger test for asymmetry of a funnel
plot was conducted.

Results
Search results

Our search yielded 516 citations. All citations underwent
a title and abstract review, resulting in 75 citations which
underwent a full-length article review. Sixty-nine were
excluded as they did not include controls, were review
articles, or did not provide sufficient information to
calculate CE completion rates and/or the OR for our main
outcome. Of note, Yazici et /. [2012] published a P value in
their examination of opioid association with CE completion;
however, the authors were contacted and were able to
provide us OR or data sufficient to calculate it for the study
to be included in this meta-analysis (31). A flow diagram
illustrates the selection process, Figure 1. Consequently,
a total of five studies met our inclusion criteria and were
included in the meta-analysis (32-36).

Meta-analysis results

CE completion rate
Characteristics of the included studies are summarized
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in Table 1. Five studies published between the years
2010-2017 with a total of 1,614 patients undergoing CE
in the inpatient (IP) and outpatient (OP) setting were
included in this study (32-36). Two of these studies were
only available in abstract form at the time of writing
(33,35). Four studies took place in the United States and
one Canada (32-36). The inclusion and exclusion criteria of
the involved studies are summarized in Zible 2. Of these 1,614
patients, 349 had an incomplete CE (21.6%). The pooled OR
for CE completion is 0.50 (95% CI: 0.38-0.66, '=36.9%) in
opioid users compared to non-users, Figure 2.

Subgroup analysis

Analysis was performed on three studies after excluding the
two studies that were only available in abstract form given
the limited data available to account for publication bias.
The pooled OR for CE completion remained statistically
significant at 0.639 (95% CI: 0.459-0.888, I°=11.5%) in

opioid users compared to non-users, Figure 3.

Evaluation for publication bias

A Funnel plot was generated to evaluate CE completion
rates (Figures 4,5). The plot for all studies is symmetric and
does not suggest the presence of publication bias. Egger’s
regression asymmetry testing was also done to demonstrate
no evidence of publication bias (P>0.05).

Discussion

Since being introduced approximately 20 years ago, CE
has become an essential diagnostic tool for detecting GI
luminal pathologies worldwide. More recently, researchers
have focused their efforts toward investigating CE efficacy,
limitations, and risk factors for incomplete examination. A
considerable but inconsistent body of research has been put
forward to evaluate the association between CE completion
and opioid use. For this reason, the present meta-analysis
aimed to examine the previously published studies on this
association. In the current investigation, we found that
opioid users are 50% less likely to have a complete CE
examination compared to non-users. Our results suggest
that opioids should be avoided prior to CE testing to limit
capsule-related complications, medical system costs, and
prolonged hospital stays.

Our analysis included five studies with a total of 1,614
patients undergoing CE in both the IP and OP setting,
349 of which had an incomplete CE (21.6%). The first
paper analyzed, Stanich er a/l. [2017], is a prospective study
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Figure 1 Flow diagram illustrating the selection process.

of the association between physical activity and CE bowel
transit (32). One hundred and five patients in the OP setting
were analyzed. Patients with need for a patency capsule,
patients requiring endoscopic delivery of the CE, patients
with a previous gastric or small-bowel surgery including
resection, patients with a diagnosis of gastroparesis and/or
use of prokinetics such as metoclopramide or azithromycin,
patients with a history of previous CE retained in the
stomach for the duration of the battery life, and patients
who are wheelchair bound were all excluded.

Their data demonstrate that the use of narcotic
medications is associated with incomplete CE (OR:
0.17, P=0.07, 95% CI: 0.03-1.08) but that no significant
difference exists in total transit time (OR: 0.73, P=0.46,
95% CI: 0.32-1.68) among opioid users having a CE
examination. The study is unique in its prospective design
as well as having impressively thorough exclusion criteria,
minimizing the risk of bias. However, the study is limited
by its small size and by only including patients in the
IP setting. Within their study, only seven patients had
incomplete CE examinations.

Kleinman er al. [2014] investigated the effect of opioid

© Translational Gastroenterology and Hepatology. All rights reserved.

use on CE in a retrospective study (34). Unlike Stanich ez a/.
[2017], this study reviewed CE examination data from both
IP and OP cohorts. Their study compared transit times via
log-rank analysis on 594 adults and found that gastric transit
time was not significantly different between opioid and non-
opioid users in the OP setting. However, their data showed
gastric transit time was prolonged in patients receiving
opioids in the IP setting and a trend in the number of
gastric transit time greater than 45 minutes in the opioid
group (300 vs. 260 minutes, P=0.11). Of note, prolonged
gastric transit time greater than 45 minutes has been found
to be associated with increased rates of incomplete CE
examinations (37). Additionally, after multivariate analysis
was conducted and adjustments were made for the cohorts,
total transit time was significantly longer in patients using
opioids (44 vs. 23 minutes, P=0.04).

Despite the study being primarily limited by its
retrospective design, Kleinman ez #/. [2014] compared
relatively large cohorts. Unfortunately, as discussed by
the authors, their study did not delineate opioid dosing
among patients. Without knowing patients’ narcotic dose
and duration, the confounding effect is unaccounted for

Transl Gastroenterol Hepatol 2020;5:5 | http://dx.doi.org/10.21037/tgh.2019.11.05



Translational Gastroenterology and Hepatology, 2020

Table 1 Summary of the studies used in meta-analysis
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Study Stanich et al. (32) Linetal (33) Kleinman et al. (34) Naravadi et al. (35) Lee et al. (36)
Country USA USA USA USA Canada
Study design Prospective clinical Retrospective Retrospective cohort  Retrospective Retrospective
trial cohort study study cohort study cohort study
Year 2017 2011 2014 2017 2010
Participants enrolled, n 105 234 594 151 653
Participants analyzed, n 100 234 594 151 535
Age, mean (SD), years 50.9 (12.3) - 56.7 (-) 69.2 (-) 58.8 (-)
Female sex, n [%] 64 [64] - 365 [61] 69 [46] 271 [51]
BMI, mean (SD), kg/m® 31.3 (6.8) - 29.1 () - -
Diabetes mellitus, n [%] 21 [21] - 186 [31] 61 [40] 74 [14]
Crohn’s disease, n [%] 8 [8] - 45 [8] - -
Hypothyroidism, n [%] 19 [19] - 99 [17] - -
Abdominal surgery, n [%] - - 86 [14] 20[13] 201 [38]
Beta-blockers, n [%] 25 [25] - 251 [42] - -
Calcium-channel blockers, n [%] 15[15] - 83 [14] - -
Anticholinergics, n [%] 10 [10] - 123 [21] - -
Narcotics, n [%] 8[8] - 236 [40] 28 [19] 57 [11]
Adequate bowel preparation, n [%] 100 [100] - 545 [92] - -
OR: completion rate 0.17 0.45 0.68 0.34 0.65
Quality assessment* Good Good Good Good Good

*, Via the Newcastle Ottawa scale (28). SD, standard deviation; BMI, body mass index; OR, odds ratio.

in this study. Moreover, patients in the non-opioid cohort
were older and more likely to have other known risk factors
for prolonged gastric transit time and incomplete CE
examinations, such as diabetes mellitus (38).

Lin ez al. [2011] performed a retrospective cohort
study that evaluated 234 cases of CE in both the IP and
OP setting (33). Univariate analysis demonstrated higher
completion rates were associated with patients who had no
previous history of narcotic use (OR: 2.23, P=0.039) or had
not received previous sedation (OR: 3.648, P=0.001). This
assertion by Lin et 4. [2011], would seem to explain and
support the incongruence in data between the IP and OP
setting seen in Kleinman ez 4/. [2014].

Another retrospective cohort study by Naravadi
et al. [2017], aimed to determine the factors that impact
completion of CE in patients admitted to Loyola
University Medical Center in Maywood, Illinois (35).

© Translational Gastroenterology and Hepatology. All rights reserved.

They reviewed medical records of 151 adult patients who
had symptomatic iron deficiency anemia or overt OGIB
requiring CE examination performed in the IP setting
between January 2014 and October 2016. Notably, the study
excluded patients with ileostomy, studies with equipment
malfunction, repeat CE studies during the same admission,
and 12-hour capsule studies (35). The study found a
significant difference in CE study completion in patients
who had used opiates (P=0.01) and concluded that opiate
use is a risk factor for incomplete CE in the IP setting
regardless of method of capsule ingestion. Unfortunately,
as in Kleinman ez 4/. [2014], the Navaradi ez 4l. [2017] study
did not delineate opioid dosing among patients.

Our fifth included study by Lee er a/. [2010], is a
retrospective study analyzing 535 CE procedures (36).
Patients with hemiplegia or diabetes with end organ damage
were excluded, and patients with evidence of mass lesions or
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Table 2 Inclusion and exclusion criteria of the involved studies
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Study Inclusion criteria

Exclusion criteria

Stanich etal. (32)  Studies performed on patients 18 years or
older who were ambulatory, OP setting

Lin et al. (33) -

Kleinman et al. (34) Studies performed on patients 18 years or

older in the IP or OP setting

Naravadi et al. (35) 18 years or older with symptomatic iron

Endoscopic delivery of the CE

Previous gastric or small-bowel surgery

Gastroparesis and/or use of prokinetics such as metoclopramide or
azithromycin

History of previous CE retention

Patients who had the CE placed endoscopically

Patients’ whose medications were not included in the medical record

deficiency anemia or overt OGIB in the IP

setting

Lee et al. (36) Studies performed on patients 18 years or

older in the IP setting

Patients with ileostomy

Patients with repeat CE studies during the same admission

Those who had capsule studies of 12-hour duration or equipment

malfunction

Patients with hemiplegia or diabetes with end organ damage

Patients with evidence of mass lesion or stricture that was responsible
for bowel delayed transit time

CE, capsule endoscopy; IP, inpatient; OP, outpatient; OGIB, obscure gastrointestinal bleeding.

Study name Statistics for each study

ratio

Stanich et al. 2017 0.170
Kleinman et al. 2014 0.680

Lee etal. 2010 0.650
Lin et al. 2011 0.448
Naravadi et al. 2017  0.340

0.470

Odds Lower Upper
limit limit p-Value
0.029 0.991 0.049
0452 1.024 0.065
0.362 1.167  0.149
0.389 0.515 0.000
0.140 0.823 0.017
0.413 0.534  0.000

Odds ratio and 95% CI

R

'
001 01 1 10 100

Opioid users  Opioid non-users

Figure 2 CE completion rate for all studies. CE, capsule endoscopy; CI, confidence interval.

Study name Statistics for each study

ratio

Stanich et al. 2017 0.170
Kleinman et al. 2014 0.680
Lee et al. 2010 0.650

Odds Lower Upper
limit limit p-Value
0.029 0.991 0.049
0.452 1.024 0.065
0.362 1.167 0.149
0459 0.888 0.008

0.639

Odds ratio and 95% ClI

¢

0.01 0.1 1 10 100

Opioid users  Opioid non-users

Figure 3 CE completion rate in subgroup analysis. CE, capsule endoscopy; CI, confidence interval.
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Figure 4 Funnel plot of standard error by log OR for all studies.
OR, odds ratio.
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Figure 5 Funnel plot of standard error by log OR in subgroup
analysis. OR, odds ratio.

stricture that was responsible for delaying transit through
the small bowel were excluded from the study as well. Their
data showed that opiate medication use (P=0.094) was not
statistically associated with incomplete CE studies but did
show a trend toward incomplete CE examination (OR: 1.54,
P=0.15, 95% CI: 0.86-2.76). Again, the study is primarily
limited by its retrospective design. Additionally, the authors
noted that their study did not control for bowel preparation
before CE examination given the fact that the wide variation
in preparation might confound the completion rate data.
The studies used in our meta-analysis included patients
in both the IP and OP setting. IP status was noted by
several authors to inversely correlate with completion rates,
likely because IP status is a reflection of decreased mobility
and reduced overall health. Furthermore, there may be an
increased likelihood of acute narcotic use in the IP setting
at varying doses (31,39,40). The factors that significantly
correlated with transit time and CE completion rate varied
by study. Those factors included: patient age, mobility,

© Translational Gastroenterology and Hepatology. All rights reserved.
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history of bowel obstruction, history of major abdominal
surgery, overt GI bleeding, bowel obstruction, diabetes,
indication for CE, and method of ingestion (32-36). Other
studies not included in this analysis have demonstrated
multiple independent risk factors for incomplete CE
examinations, including previous small intestine surgery,
hospitalization, moderate or poor bowel cleansing, and a
gastric transit time longer than 45 minutes (37). Researchers
have recently theorized that metoclopramide may increase
the likelihood of complete small intestine examination
because of its prokinetic effects on the GI tract; however,
literature review found contradicting data (41,42).

Opioids have been shown to predict inadequate quality
colon preparation in a dose-dependent manner (43). For
example, methadone dependence was found to be a risk
factor for poor bowel visualization during endoscopy and
increased number of repeat colonoscopies (44). Additionally,
patients on high dose opioids are at a higher risk for a
prolonged endoscopic procedure time and increased
procedural discomfort (45). The dysmotility action of
opioids has been shown to be dose-related and cumulative
as well (46). Our meta-analysis adds to this growing body
of research, showing that opioid use while undergoing CE
can prolong transit time and the likelihood of incomplete
imaging, however, none of the studies included in this
analysis studied the correlation between opioid doses and
CE completion rates.

1o our knowledge, our study represents the first meta-
analysis to assess the association between CE completion
and opioid use. Together, the studies comprising this meta-
analysis are a relatively large sample size compared to any
previously published data on the topic. From our results,
we suggest practitioners weigh the benefits of withholding
opioids for hospitalized patients or consider changing OP
medication regimens for those undergoing CE.

Our study was unable to evaluate optimal opioid dosing
and duration of use with respect to CE completion rates.
Currently, multiple government and academic institutions
have their own recommendations for withholding
opioids prior to CE, though these recommendations vary
significantly between institutions (47). Future direction
of research may also aim to investigate prokinetic agents,
such as metoclopramide and erythromycin which have been
theorized to improve completion rates (48).

Our results should be interpreted within the context of
our study design and several limitations are present. First,
the quality of available primary studies and selection bias
were inherent limitations in performing this meta-analysis.
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Despite our analysis including different studies of variable
methodological quality due to limited available literature,
our results proved to be reproducible using a rigorous
sensitivity analysis. Additionally, our study is limited by
the fact that two of the studies included in the analysis
were only available in abstract form at the time of writing
with incomplete description of their methodology (33,35).
Another potential limitation is the possible differences in
the PillCam capsule technology used between these studies.
For example, there might have been upgrades to the capsule
technology between 2001 and 2016 (35,36). Likewise,
different bowel preparation methods were used between
the studies which may potentially affect CE completion
rates. While several limitations exist, we believe our study
offers important insight into the effect of opioids on CE
completion.

Conclusions

In summary, our results indicate that opioid use is associated
with significantly lower rates of CE completion. To our
knowledge, this is the first meta-analysis to evaluate this
association. Future prospective randomized research is
needed to examine the effect of withholding opioids prior
to CE on completion rates.
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