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Background: Multiple pharmacological interventions and modalities are available for managing chronic
idiopathic constipation (CIC), with variable efficacy. Vibrating capsule (VC) is a device that has shown
variable results in alleviating constipation by tactile stimulation of the colonic wall and inducing peristalsis.
This meta-analysis is to investigate the efficacy and safety of this modality.

Methods: Comprehensive literature search was performed through June 14th, 2023, on databases including
Embase, PubMed/MEDLINE, Cochrane Central, Web of Science, Global Index Medicus, and Google
Scholar. Core concepts of VC, constipation, and bowel movement were searched. The DerSimonian-Laird
method and random effects model were utilized. We calculated odds ratio (OR) and mean difference (MD)
for proportional and continuous variables, respectively, with 95% confidence interval (CI) and a P value of
<0.05 considered statistically significant.

Results: The search strategy yielded 117 articles. Four studies with 705 total patients were finalized
comparing VC to placebo/sham treatment. The pooled complete spontaneous bowel movement (CSBM),
defined as bowel movement without use of laxatives within the last 48 hours with sense of complete
evacuation did not achieve statistical improvement with VC (MD =0.153; 95% CI: -0.218 to 0.523; P=0.422).
However, spontaneous bowel movement (SBM), defined as bowel movement without use of laxatives within
the last 48 hours, showed statistical improvement with VC (MD =0.159; 95% CI: 0.095 to 0.223; P<0.001).
VC didn’t show an increase in pooled adverse events (OR =1.431; 95% CI: 0.702 to 2.916; P=0.324).
Conclusions: The systematic review and meta-analysis suggest that VC is safe and efficacious in
some outcomes, however, larger randomized controlled trials (RCTs) and real-world data are needed to
establish this.
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Introduction

Chronic idiopathic constipation (CIC) is a common
functional bowel disorder that affects 14% [95% confidence
interval (CI): 12-17%] of the global population (1). This
disease has increased prevalence in racial minorities,
women, elderly, low socioeconomic status groups, and
rates are projected to increase in the upcoming years
(2,3). This chronic disease is perceived by 28% as a severe
illness and is associated with significant financial burden,
impaired quality of life, and work productivity (4-6).
Treatment for constipation is mainly dietary therapy,
lifestyle interventions, pharmacological therapy, trans-anal
irrigation, and rarely surgery (7). Population surveys have
shown that 40-50% of patients are not satisfied with their
pharmacotherapy and are willing to try new modalities (8).
In addition to low satisfaction, cost and side effects limit use
of pharmacotherapy in constipation and make the field open
to new treatment modalities (7).

Vibrating capsule (VC) is an orally ingested programmable
capsule device that was first introduced by Ron er 4/. in a
series of safety studies for treatment of constipation (9).
The mechanism is thought to be via mechanical stimulation
of the colon wall and augmenting the circadian rhythm of
colonic peristaltic activity resulting in an increase of bowel
movements (10). Recent studies evaluated the efficacy and
safety of VC in patients with CIC with variable results. We
aimed to perform a systematic review and meta-analysis
of available studies to assess the impact of VC on patients

Highlight box

Key findings

e This study found that vibrating capsule (VC) increased spontaneous
bowel movements (SBMs) defined as bowel movements without
the use of laxatives. However, there was no improvement in
complete SBM defined as SBM with sense of complete evacuation.
VC didn’t show an increase in pooled adverse events.

What is known and what is new?

* Current randomized controlled trials (RCT) demonstrating safety
however inconsistently showing efficacy of this novel device in
chronic idiopathic constipation (CIC).

® This meta-analysis reaffirms the safety of VC however efficacy of
VC remains unknown. This is after pooling the data of available
RCTs with heterogenous VC protocol.

What is the implication, and what should change now?
® There is need for large RCTs with homogenous VC protocol to
evaluate the efficacy of VC in CIC.
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with CIC. We present this article in accordance with the
PRISMA reporting checklist (available at https://tgh.
amegroups.com/article/view/10.21037/tgh-23-64/rc) (11).

Methods
Search strategy

A systematic search of the literature was performed
through June 14th, 2023, in databases including Embase
(Embase.com, Elsevier), PubMed/MEDLINE (Ovid),
Cochrane Central (CochraneLibrary.com, Wiley), Web of
Science (Clarivate), Global Index Medicus (World Health
Organization), and Google Scholar via the Publish or Perish
software. The author M.A. formulated the initial search
that was refined by librarian (W.L.S.). The core concepts
of “vibrating capsule”, “constipation”, and “spontaneous
bowel movement” were used to develop a subject term and
truncated keyword search strategy for Embase that was
translated for the other databases. The specific strategies
used are illustrated in Tables S1-S6. All studies were
exported to EndNote 20 (Clarivate, Philadelphia, PA, USA)
and, subsequently, all duplicates were removed by successive
iterations of EndNote’s duplicate detection algorithms and
manual inspection.

Definitions

Spontaneous bowel movement (SBM) is defined as a bowel
movement without the use of rescue medicines within
the last 48 hours or use of digital maneuvers. Complete
SBM (CSBM) is defined as a SBM with sense of complete
evacuation. CSBM 1 and CSBM 3 are defined as the
proportion of the patients with an increase of at least 1 and
3 CSBMs per week from the baseline, respectively.

Inclusion and exclusion criteria

We included only full texts of randomized controlled trials
(RCTTs) assessing efficacy and safety of VC in subjects
with constipation. All studies addressing the following
were selected: (I) patients: patients with constipation.
(IT) Outcomes: SBM, CSBM. Rescue medications used
and adverse events were also recorded (III) comparison/
intervention: placebo/VC. We excluded case reports,
case series (<10 patients), review articles, scientific letters,
guidelines, observational studies, cohort studies, and
abstracts. Abstracts were excluded as lack of detailed
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Figure 1 PRISMA flow diagram. VC, vibrating capsule.

methodology does not allow assessment of potential biases.
No restrictions of language were applied.

Screening and data extraction

Two independent reviewers (H.H. and N.Z.) performed
the manual screening and data extraction using the title
and abstracts. All conflicts were resolved using a third
reviewer (M.A.). Microsoft Excel (Microsoft, Redmond,
WA, USA) was the software used by reviewers to record
study characteristics, patient demographics, primary, and
secondary outcomes.

Statistical analysis

OpenMeta[Analyst] (CEBM, Brown University, Providence,
RI, USA) software was used to perform statistical analysis
of pooled data. Mean difference (MD) and odds ratio (OR)
for continuous and proportional outcomes respectively,
along with 95% CI with a P value of <0.05 for statistical
significance were used. DerSimonian-Laird method and
random effects model for pooling data were utilized.

© Translational Gastroenterology and Hepatology. All rights reserved.

Heterogeneity was calculated with I’ statistic with values
of 0%, 25%, 50%, and 75% as absent, low, moderate, and
high, respectively (12).

Bias assessment

The method outlined in the Cochrane Handbook for
Systematic Reviews of Interventions was used for risk of bias
assessment for the studies (13). Publication bias was assessed
qualitatively and quantitatively using funnel plots and
Egger’s regression respectively, where applicable.

Results

The search strategy yielded a total of 117 articles. After
removing duplicates, 67 studies remained. Three articles
with four studies consisting of 705 total patients were
finalized after implementing inclusion and exclusion
criteria as illustrated in the PRISMA diagram (Figure I)
(10,14,15). The studies were published between 2019 and
2023 and totaled 386 VC and 319 placebo (7able 1). The
mean age ranged from 41.3 to 46.8 years old (7able I). One
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Table 1 Baseline data of the included studies
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Age (years), mean Sex, n
Study Year Total, n VC, n Placebo, n
VvC Placebo vC Placebo
Rao1 2019 182 89 93 45.3 42.7 F:71,M: 18 F: 71, M: 22
Rao2 2019 68 44 24 42.9 413 F: 37, M: 7 F:21,M: 3
Rao 2023 349 200 149 46.8 45.9 F: 172, M: 28 F: 126, M: 23
Zhu 2022 106 53 53 42.8 43.2 F: 48, M: 5 F: 48, M: 5
VC, vibrating capsule; F, female; M, male.
Table 2 Efficacy outcomes of the included studies
Change in CSBM score, CSBM 1, n CSBM 3, n Change in SBM score,
Study Total,n VC,n  Placebo, n mean (SD) mean (SD)
VC Placebo VC Placebo vC Placebo vC Placebo
Rao1,2019 182 89 93 1.14(1.73)  1.45(1.91) 25 33 NR NR NR NR
Rao2, 2019 68 44 24 1.22(1.57) 1.41(1.71) 19 8 NR NR NR NR
Rao, 2023 349 200 149 1.07 (0.26)  0.71(0.27) 75 33 21 8 1.40 (0.28) 1.24 (0.30)
Zhu, 2022 106 53 53 1.53(1.601) 1.06 (1.54) 34 19 20 14 1.59 (1.76) 1.52 (1.64)

VC, vibrating capsule; CSBM, complete spontaneous bowel movement; SD, standard deviation; CSBM 1, increase in CSBMs of at least 1
per week; CSBM 3, increase in CSBMs of at least 3 per week; SBM, spontaneous bowel movement; NR, not reported.

publication by Rao ez 4/., comprised two separate RCTs (10).
Two different VCs were used: (I) Vibrant™ (Vibrant Ltd.,
Hakochav Yokneam, Israel) (10,14), and (IT) Vibravot'™
(Ankon Medical Technology Co., Ltd., Wuhan, China) (15).

Efficacy

All studies reported mean change in CSBM and CSBM 1.
Compared to placebo/sham treatment, the mean CSBM
(MD =0.153; 95% CI: -0.218 to 0.523; P=0.422; I’=61.99%)
and CSBM 1 (OR =1.628; 95% CI: 0.843 to 3.145; P=0.147;
I’=71.76%), did not improve significantly with VC (Table 2,
Figure 2A4,2B). Mean SBM improvement and CSBM 3 were
reported in two studies (14,15). The mean SBM and CSBM
3 showed statistical improvement with VC (MD =0.159;
95% CI: 0.095 to 0.223; P<0.001; '=0%) and (OR =2.086;
95% CI: 1.155 to 3.768; P=0.015; I’=0%), respectively
(Table 2, Figure 2C,2D). Neither the mean number of rescue
medications used (MD =-0.104; 95% CI: -0.329 to 0.121;
P=0.366; 1°=5.93%), nor the patients requiring rescue
medications (OR =0.774; 95% CI: 0.511 to 1.172; P=0.226;
I’=0%), were statistically different in VC group compared
to placebo (Table 3, Figure 34,3B).

© Translational Gastroenterology and Hepatology. All rights reserved.

Adverse events

All studies reported adverse events that included vibration
sensation, abdominal pain/discomfort, musculoskeletal,
diarrhea, pharyngitis, etc. Vibration sensation was the most
common adverse event reported in most studies (10,14).
No mortality was reported in the studies. The pooled total
adverse events showed no statistical difference between VC
and placebo (OR =1.431; 95% CI: 0.702 to 2.916; P=0.324;
I’=47.82%) (Tuble 3, Figure 3C).

Risk of bias

All studies were high-quality multicenter double-blinded
RCTs, and the risk of bias was calculated to be low based on
using Cochrane risk of bias tool (Table S7). Due to limited
number of studies, publication bias was not assessed.

Discussion

This systematic review and meta-analysis showed an
improvement in CSBM 3 and mean SBM in adult CIC
patients receiving VC compared with placebo. Nevertheless,
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Figure 2 Forest plot for (A) mean CSBM, (B) CSBM 1, (C) CSBM 3, (D) mean SBM in studies in this meta-analysis. CI, confidence

interval; Ev, number of events; Trt, number of treatment group; CSBM, complete spontaneous bowel movement; CSBM 1, increase in

CSBMs of at least 1 per week; CSBM 3, increase in CSBMs of at least 3 per week; SBM, spontaneous bowel movement.

VC did not show an improvement in mean CSBM, CSBM 1,
or mean required rescue medications compared with
placebo. On closer inspection, two studies with sample sizes
of 349 and 106 were noted to show positive results that
resulted in statistically significant results when mean SBM
and CSBM 3 were compared (14,15). There are possible
explanations for this finding; first, there was heterogeneity

© Translational Gastroenterology and Hepatology. All rights reserved.

regarding capsule dosing regimen. In the studies with
negative results, the investigators reduced the VC exposure
from 5 to 2 days per week regimen in the second half of
the study or the VC exposure was only for a one 2-hour
session from the beginning (10). Zhu et a/. hypothesized
that this may be due to the different size and vibration
frequency used in these studies (15). Since the most recent
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Table 3 Use of rescue medications and adverse event outcome of the included studies

Patients requiring  Rescue medications Total adverse Vibration Diarrhea. n
Study Total,n VC,n Placebo, n fescue medications, n  used, mean (SD) events, n sensation, n ’
VC Placebo VC Placebo VC Placebo VC Placebo VC Placebo
Rao1, 2019 182 89 93 14 15 NR NR 8 1 8 1 0 1
Rao2, 2019 68 44 24 4 5 NR NR 3 3 3 3 1 1
Rao, 2023 349 200 149 36 40 0.85(2.7)0.72 (1.75) 44 26 18 0 2 0
Zhu, 2022 106 53 53 NR NR 0.22 (0.4)0.38 (0.75) 23 23 NR NR 0 3
VC, vibrating capsule; SD, standard deviation; NR, not reported.
A i
Studies Estimate (95% ClI) f
Rao 2023 0.130 (-0.371, 0.631) : u
Zhu 2022 -0.160 (-0.391, 0.071) B
Overall (1>=5.93%, P=0.303) -0.104 (-0.329, 0.121) <:%
I I I T T 1
-0.2 0 0.2 0.4 0.6
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Rao 2023 0.772 (0.460, 1.297) 36/163  40/149 .
Overall (”=0%, P=0.530)  0.774 (0.511,1.172)  54/296  60/266 Cﬁ
| T T J T T |
0.09 0.18 0.46 0.77 0.92 1.832.15
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C Studies Estimate (95% ClI) Ev/Trt  Ev/Ctrl
Rao1 2019 9.086 (1.112, 74.216) 8/89 1/93 =
Rao2 2019 0.512 (0.095, 2.761)  3/44 3/24
Rao 2023 1.749 (1.018, 8.021)  44/163 26/149
Zhu 2022 1.000 (0.464,2.156) 23/53  23/53
Overall (I°=47.82%, P=0.124) 1.431 (0.702,2.916) 78/349 53/319
[ T T T T T ]
0.1 0.19 0.48 0.951.431.9 475 95 19.01  47.51 74.22

Odds ratio (log scale)

Figure 3 Forest plot for (A) mean rescue medications needed, (B) patients requiring rescue medications, (C) total adverse events in studies

in this meta-analysis. CI, confidence interval; Ev, number of events; Trt, number of treatment group.

study used the same VC type, it is possible that the key
to clinical efficacy was the higher exposure protocol of
two vibration sessions, an intensity not achieved by prior
studies (10,14). Interestingly, although no statistically
discernible improvement was seen with VC, post-hoc
analysis demonstrated a temporal correlation of achieving

© Translational Gastroenterology and Hepatology. All rights reserved.

CSBM within 3 hours of feeling of vibration (10). This may
support the theory that there is a VC exposure threshold
under which one may not achieve clinical improvement. Of
note, the total duration of treatment is likely not playing
a role in different efficacies as results were seen as early as
the second week of treatment (14). Requirements for rescue
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medications in the VC group were not different from
that of placebo. This may be due to the subjective nature
of opting for rescue medications, for instance vibration
sensation being a trigger to do so. Validity of this claim
needs to be further studied. The implications of this finding
are in subjective aspect and patient satisfaction with VC.

Regarding adverse events, there was no statistically
significant difference between VC and the placebo (that
consisted of a dissolvable capsule in the small intestine).
This included both types of capsule sizes with different
stimulation paradigms (10,14,15). The reported adverse
events were mostly mild with the most notable adverse
event being a sense of vibration mainly in the VC group
(10,14). This adverse event although not severe, needs
to be further investigated in patients with irritable bowel
syndrome in whom the subjective and perceptive aspects of
treatment will likely play a bigger role. Another important
caveat is that to avoid complications, studies had an
exhaustive range of exclusion criteria consisting of patients
with pregnancy, lactation, cardiac pacemakers, history
of dysphagia, Barrett’s esophagus, achalasia, esophageal
stricture, eating disorder, bariatric surgery, Zenker’s
diverticulum, inflammatory bowel disease, gastroparesis,
gastrointestinal malignancy, defecatory disorder with digital
maneuvers to evacuate or feeling of anal blockage, rectocele,
megarectum, complicated diverticular disease, intestinal
obstruction, irritable bowel syndrome, diabetes mellitus,
weight loss, or rectal bleed (10,14,15). In addition, patients
taking opioids, calcium channel blockers, prokinetics, anti-
Parkinsonian medications, or chronic use of non-steroidal
anti-inflammatory drugs were also excluded. Last, a recent
colonoscopy was required for inclusion unless in patients
younger than 50 and not having alarming features (14).
These criteria will likely be a major obstacle to acceptance
of this modality amongst patients and providers. Possibly a
patency capsule with subsequent motility capsule evaluation
to rule out major anatomic and functional pathology prior
to initiation of VC can substitute some of the exhaustive
exclusion criteria (16,17).

Our study had some limitations. First, only four RCTs
were available that assessed the efficacy and safety of VC in
CIC patients. This limitation was likely due to novelty of
VC, limited availability, and our search criteria limiting the
results to high-quality multicenter double-blinded RCTs
with strong methodologies. Second, there was heterogeneity
regarding patient demographics, capsule device type, and
dosing regimen. Nevertheless, restrictive inclusion criteria
and narrow age range make the study population more

© Translational Gastroenterology and Hepatology. All rights reserved.
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homogenous. Third, the authors did not investigate VC
efficacy in different severities of constipation or in patients
with irritable bowel syndrome due to unavailability of
data. Fourth, the age range of studied population is narrow
which limits generalizability of the data to patients far from
their forties. Last, due to limited follow-up in available
studies, long-term efficacy and safety data is lacking. This
area requires future studies with long follow-up.

Conclusions

In conclusion, this systematic review and meta-analysis
suggested safety of VC. However, larger RCTs are needed
to better determine the efficacy and cost-effectiveness of
this novel modality.
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Supplementary

Table S1 Embase search strategy

No. Query Results

#1 ((vibrat* OR vibrant*) NEAR/6 (capsule* OR microcapsule*)) OR ‘vibravot’ OR (‘vibration’/syn AND 367
(capsule* OR microcapsule®))

#2 constipat* OR obstipat* OR defecat* OR dyschezia® OR ‘colonic inertia” OR ‘bowel movement” OR 154,046
‘bowel function®” OR ‘defecation’/syn OR ‘constipation’/syn

#3 #1 AND #2 18

#4 #3 NOT ([animals)/lim NOT [humans]/lim) NOT (‘conference review’/it OR ‘editorial’/it OR ‘letter’/it OR 15

‘note’/it OR ‘review’/it OR ‘short survey’/it OR ‘tombstone’/it OR ‘case report’/de OR ‘meta analysis’/
de OR ‘meta analysis topic’/de OR ‘systematic review’/de OR ‘systematic review topic’/de)

Table S2 PubMed search strategy

No. Query Results

1 ((Vibrat* or vibrant*) adj7 (capsule* or microcapsule®)) or “vibravot”).mp. or (exp vibration/and (capsule* 95
or microcapsule®).mp.) [mp = title, book title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word, unique
identifier, synonyms, population supplementary concept word, anatomy supplementary concept word]

2 (Constipat* or obstipat* or defecat* or Dyschezia* or colonic-inertia*).mp. or exp constipation/or exp 46,388
defecation/[mp = title, book title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms,
population supplementary concept word, anatomy supplementary concept word]

3 1and?2 8

4 3 not (exp “animals”/not exp “humans”/) not (“case reports” or “comment” or “editorial” or “guideline” 7
or “introductory journal article” or “meta analysis” or “news” or “retracted publication” or “review” or
“systematic review”).pt.

Table S3 Cochrane Central search strategy

No. Query Results

#1 ((vibrat* OR vibrant*) NEAR/6 (capsule* OR microcapsule*)) OR ‘vibravot’ OR ([mh “vibration”] AND 26
(capsule* OR microcapsule®))

#2 constipat* OR obstipat* OR defecat* OR dyschezia* OR ‘colonic inertia*” OR ‘bowel movement* OR 24,832
‘bowel function®” OR [mh “defecation”] OR [mh “constipation”]

#3 #1 AND #2 20

#4 #3 in trials 20

Table S4 Web of Science search strategy

No. Query Results

1 (Vibrat* OR vibrant*) NEAR/6 (capsule* OR microcapsule*) OR “vibravot” (Topic) and Constipat* OR 14
obstipat* OR defecat* OR Dyschezia* OR colonic-inertia®* OR bowel-movement* OR bowel-function*
(Topic) and Editorial Material (Exclude—Document Types)
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Table S5 Global Index Medicus search strategy

No. Query Results

1 tw:((tw:(constipat* OR obstipat* OR defecat* OR dyschezia* OR “colonic inertia” OR “bowel 1
movement” OR “bowel function”)) AND (tw:((“vibrating capsule”) OR “vibravot” OR “vibrant gastro”)))

Table S6 Google Scholar search strategy

Parameters Query" Results
All years, citation only records Constipat*|obstipat*|defecat*|Dyschezia*|“colonic inertia”|“bowel movement”|“bowel 60
included, patent records excluded function” “vibrating capsule”

T, the | symbol designates OR, a space designates AND. Searched via Harzing AW [2007], Publish or Perish, available online: https://
harzing.com/resources/publish-or-perish.

Table S7 Cochrane risk of bias tool for illustration of quality of RCTs

Random sequence Allocation Blinding of participants Blinding of outcome  Incomplete Selective
Study generation (selection concealment and personnel assessment outcome data reporting
bias) (selection bias) (performance bias) (detection bias) (attrition bias) (reporting bias)
Rao1, 2019 Low Low Low Low Low Low
Rao2, 2019 Low Low Low Low Low Low
Rao, 2023 Low Low Low Low Low Low
Zhu, 2022 Low Low Low Low Low Low

RCT, randomized controlled trial.
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