
Introduction
Screening for colorectal cancer (CRC) remains the most impor-
tant strategy for prevention of the disease. Conventional colo-
noscopy has been the method of choice and a gold standard for
the last 40 years. The conventional colonoscopes require
endoscopists to manually advance them to navigate inside the
colon lumen. This is often accompanied with looping of the

scope, which causes discomfort and pain and may hinder suc-
cessful cecal intubation. Another increasing concern is the pos-
sibility of infectious disease transmission through reuse of colo-
noscopes along with the need for cleaning, disinfection, and
maintenance costs to ensure optimal performance [1, 2].

Various alternatives to conventional colonoscopes have
been developed to address current deficiencies, including ro-
botic-actuated colonoscopes. Here, we developed a single-use
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ABSTRACT

Background and study aims Despite its widespread

adoption, colonoscope still has its limitations. Advance-

ment is often limited by the looping of colon. The isolation

of SARS-CoV-2 in stool raises concern for the risk of disease

transmission. A single-use robotic colonoscope, the NISIn-

spire-C System, that features a balloon-suction anchorage

mechanism was developed to address these.

Methods The NISInspire-C balloons are designed to pro-

vide anchorage for straightening of the colon during ad-

vancement. Angulation at the bending section is tendon-

wire driven by servo mechanisms integrated into a robotic

control console. This was a pilot, prospective trial to evalu-

ate the safety and feasibility of this system. Healthy volun-

teers underwent examination with the NISInspire-C, fol-

lowed by the conventional colonoscope. The procedure

time, cecal intubation rates (CIR), complications, and level

of pain were measured.

Results A total of 19 subjects underwent the examination.

The cecal intubation rate was 89.5% (17/19) and the overall

time-to-cecum was 26.3 minutes (SD: 17.9 mins). There

were no procedure-related complications. Polyps were de-

tected in seven of 19 (36.8%) subjects during the NISIn-

spire-C procedure. Three more subjects were found to

have adenomatous polyps with the conventional colono-

scope. There was minimal variation in level of pain during

the procedures with the two colonoscopes.

Conclusion The single-use robotic colonoscope NISIn-

spire-C is a safe and feasible alternative to the conventional

colonoscope. Further technical refinement is needed to im-

prove the CIR. This study was limited by its small sample

size.
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robotic colonoscope that features a balloon-suction anchorage
mechanism. The balloons are designed to provide a firm but
soft anchorage by physical means. That can help to undo loops
and allow straightening of the colon for advancement of the co-
lonoscope. The scope also is designed for single use, eliminat-
ing risks of cross-contamination between patients.

Methods
This was a pilot, prospective trial of a novel colonoscope, (Clin-
ical Trial.gov Identifier: NCT03979690). The primary objective
of this trial was to evaluate the safety and feasibility of the de-
vice. The study was approved by the Ethics Committee/Institu-
tion Review Board of the University of Hong Kong (IRB refer-
ence no.UW 18–560, UW 18–561). Two study sites, both loca-
ted in a local hospital, and three investigators were involved in
the study. All participants in the study were healthy volunteers
who were willing to undergo a screening colonoscopy. The in-
clusion criteria were symptomatic adults indicated for elective
colonoscopy or asymptomatic adults willing to undergo a colo-
noscopic screening for polyps or colorectal cancer, aged 40 to
77 years, who had not had a previous screening colonoscopy
and were willing to provide signed informed consent. Each sub-
ject was on a low-residue diet 2 days before and a fluid diet 1
day before the colonoscopy procedure and received a conven-
tional bowel lavage procedure using polyethylene glycol (PEG)
solution (Klean-Prep, Helsinn Birex Pharmaceuticals Ltd, Du-
blin, Ireland) in split dosage. The cleanliness of the bowel prep-
aration was classified according to the Boston Bowel Prepara-
tion Scale (BBPS) [3]. Each subject underwent colonoscopy
using the NISInspire-C System, followed immediately by con-
ventional colonoscopy. A complete examination was defined
by cecal intubation. Terminal ileal intubation was optional. All
endoscopy examinations using the NISInspire-C System were
performed by designated experienced endoscopists with cecal
intubation rates (CIRs) of over 95% [4]. Each designated endos-
copist was previously trained on using the NISInspire-C System.

The NISInspire-C is a disposable balloon-assisted colono-
scope, designed with a robotic bending mechanism that allows
precise omni-directional bending of the colonoscope towards
areas of interest for performing diagnostic or therapeutic pro-
cedures (▶Fig. 1a) [5]. The articulated bending section is 90
mm long near the distal portion of the colonoscope with a max-
imum mechanical angulation of 160 degrees in all directions.
Angulation at this bending section is tendon wire-driven by ser-
vo mechanisms integrated into the robotic control console. The
bending section is covered by a thin outer sleeve with a very low
coefficient of friction for increasing the efficiency of advance-
ment. A twin balloon-assisted anchoring mechanism is situated
at the distal end when deployed can facilitate the straightening
of the colon and undo loop formations. The twin-balloon an-
chorage mechanism is based on two elements: 1) two inflata-
ble balloons that, once activated, create a partition in the colon
lumen; and 2) a suction port that creates negative pressure be-
tween the partition to collapse the colon wall to the colono-
scope, creating anchorage motion. In addition to the ancho-
rage properties of the balloons for promoting successful cecal

intubation, the balloons can also act as flanges to depress mu-
cosal folds inside the colon thereby enhancing luminal exami-
nation during colonoscope withdrawal to improve lesion detec-
tion hidden from behind the mucosal folds (▶Fig. 1b). Ad-
vancement of the NISInspire-C inside the colon is illustrated in

▶Fig. 2. The colonoscope was equipped to perform the same
basic functions as a conventional colonoscope, such as air/CO2

insufflation and water irrigation/suction, and had a 2-mm
working channel for biopsy or a surgical instrument, and a wa-
ter jet for cleaning the camera lens. The NISInspire-C colono-
scope has a full HD CMOS image sensor with a 2 mega-pixel re-
solution with a high dynamic range and a low signal-to-noise
ratio output performance. The image sensor can capture high-
resolution video images at a frame rate of 30 frames per sec-
ond. Based on this high-resolution imaging technique, real-
time diagnostic observations as well as postoperative classifica-
tion of the captured video frames or still images can be effec-
tively performed. The design of the optical system employs a
precision objective lens to provide a diagonal field of view and
a depth of field comparable to the specification of a conven-
tional colonoscope.

The functions of the colonoscope are activated via a hand
controller with an ergonomic design connected to the robotic
console (▶Fig. 1c). It was designed to be operated by a single
person. Directional control of the bending section is controlled
by a precision joystick to replace the conventional manual dou-
ble knobs. This robotic control not only simplifies the steering
of the colonoscope but also reduces operator fatigue from pro-
longed procedures. All robotic control electronics, the pneu-
matic system as well as image processing functions, are em-
bedded in a standalone wheeled console cart (▶Fig. 1d).

The level of procedural pain experienced by subjects under-
going the colonoscopy procedures was assessed using the Be-
havioural Pain Scale, Non-intubated (BPS-NI) [6, 7] by the at-
tending anesthetist. This pain score assessment evaluates three
behavioral domains: facial expression, movement of upper
limbs, and vocalization. Each domain contains four descriptors
on a scale of 1 to 4. The total score ranges from 3 to 12, with 3
as no pain up to 12 which indicates most pain. The BPS-N1
measurements were repeated every 3 minutes after the initial
measurement for the following five measurement stages:
within approximately 2 minutes before insertion to the rectum,
insertion from the rectum to cecum, withdrawal from cecum to
the rectum, within approximately 2 minutes following removal
of scope from rectum and at the start and end of applying ab-
dominal pressure, if applied.

Results
Twenty subjects, 10 per study site, were recruited in the study.
One subject in study site two failed to show up.A total of 19
subjects underwent a colonic examination using the NISIn-
spire-C. Seventeen subjects had a complete colonoscopy pro-
cedure. At the discretion of the endoscopist, early discontinua-
tion was observed in two subjects. All 19 subjects had a com-
plete colonoscopy using conventional colonoscope.
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The demographics characteristics of the subjects are
summarized in ▶Table1. Fourteen subjects were male (73.7%)
and five were female (26.3%). All subjects were Chinese with
a mean age of 55.4 years (range: 40–69; SD: 8.5 years).
Mean body weight and body mass index were 64.0 kg (range:
43.0–87.7; SD: 11.5 kg) and 23.5 kg/m2 (range: 17–33; SD:
3.7 kg/m2), respectively. All subjects received monitored anes-
thesia care. There were seven (36.9%), nine (47.4%) and three
(15.8%) subjects with BBPS 8–9, BBPS 6–7 and BBPS 3–5,
respectively.

The CIRs were 89.5% (17/19) and the overall time-to-cecum
(TTC) was 26.3 minutes (SD: 17.9 mins). The respective reasons
for unsuccessful cecal intubation and, therefore, early disconti-
nuation of the colonic procedure for the NISInspire-C were due
to poor bowel preparation in one subject and severe sigmoid
colon redundancy in another. The mean TTC for endoscopists
A, B, and C were 30.8 ±20.6 minutes, 27.8±24.0 minutes, and
21.3±10.5 minutes, respectively.

Polyps were detected in seven of 19 subjects (36.8%) during
the NISInspire-C procedure. These were left to be removed by

the conventional colonoscope. During tandem conventional
colonoscopy, three more subjects were found to have adeno-
matous polyps. Complications including colonic perforation,
bleeding, sedation-related issues and mucosal injuries from
the balloon suction mechanism were not observed. The total
BPS-NI values were measured for subjects who underwent the
examination using the NISInspire-C System. The total BPS-NI
values over the predefined measurement phases were quite
steady with only scanty variations (▶Table 2). The median total
BPS-NI values were three (IQR=0.0–0.3) in any measurement
phases during the NISInspire-C procedure. Abdominal pressure
was applied to two subjects during the colonoscopy proce-
dures.

Discussion
Despite enormous advances in camera optics and algorithms
for enhanced detection, it is surprising how little in the basic
mechanical design of conventional colonoscopes have changed
in the last 40 years [8].

▶ Fig. 1 The NISInspire-C System. a NISInspire-C colonoscope. b Inflated twin balloons. c Hand controller. d The NISInspire-C console.
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The NISInspire-C uses a twin-balloon anchorage mechanism
that can allow a reliable and secure anchor of the colonoscope
to the colonic wall to enable straightening the colon and uses
an alternative locomotion mechanism that does not solely rely
on the surgeon’s push to advance in the colon. It is also de-
signed to improve the ergonomics of the operating endos-
copist. The light-weight, all-in-one electronic hand controller
is designed to provide ergonomic handling to reduce physical
strain and the risk of injuries associated with repetitive turning
of tight knobs.

A rising concern is the possibility of transmitting infectious
diseases through reusable endoscopes or ineffective device re-
processing [9–11]. A recent study reported data collected from
ambulatory surgery centers on post-endoscopic procedure in-
fection, a rate of infection ≤7 days after the procedure just
slightly higher than 1 in 1,000 for screening colonoscopies and
approximately 1.6 per 1,000 for non-screening colonoscopies
which were previously believed to be approximately 1 in 1 mil-
lion [12]. It has been reported that microbial growth was de-
tected in 71% of endoscopes, even though standard reproces-
sing procedures were used [9]. The demand for a single-use co-
lonoscope is set to increase amid the COVID-19 crisis. Corona-
virus has been found to persist in fecal samples of COVID-19 pa-
tients even though clearance in the respiratory tract was con-
firmed [13]. The study suggested that disposable endoscopes

could be considered for patients at high risk of acquiring or
transmitting infections.

Reprocessing of colonoscopes is associated with significant
cost. The reprocessing cost, including cleaning supplies and la-
bor cost, is in the range of USD$100 to USD$200 per endo-
scope, according to a market survey. In the U.S.market, the
true cost of using a reusable endoscope, including its pre-pro-
cedure capital cost, repair cost, cleaning cost, and infection-
related treatment cost, is over USD$500 per procedure. The
use of a disposable endoscope for colonoscopy could be envi-
saged to be more cost-effective than the conventional, reusa-
ble counterparts.

The TTC varied among the three endoscopists. One possible
reason to explain this was that they were at different stages of
their learning curve at the start of the study. One of the endos-
copists had been involved with the development and testing of
the prototypes of the NISInspire-C and, therefore, was more fa-
miliar with the handling of the instruments. The remaining two
endoscopists familiarized themselves with the NISInsipre-C
using a porcine intestine simulator. The learning curve for train-
ed endoscopists was estimated to be between five to 10 cases.

The examination was terminated in one subject due to colon
tortuosity. The balloon anchorage mechanism was found to be
working. The reason as to why the tortuosity was not overcome
was determined afterward. The team attributed this to the in-

a Insertion of the colonoscope in the colon

b Activation of balloon anchorage mechanism

c Insufflate to open up luminal view

d Deactivation of balloon anchorage mechanism

Anchorage suction

Anchorage suction

e Advancement ot the colonoscope in the colon 

Advance the colonoscope

Pull back the colonoscope

Insufflation

▶ Fig. 2 Mechanism of locomotion of the NISInspire-C colonoscope.
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crease in length between the tip of the scope and the bending
section, in order to accommodate the twin balloons, reducing
the ability of the scope to overcome sharp bends. This was also
believed to be one of the reasons, apart from the learning curve

for a new device, why the TTC was relatively long for experi-
enced endoscopists. Also, the endoscopists felt there was a
need to advance the scope manually despite the balloon suc-
tion mechanism. It is envisaged that future modifications will

▶Table 1 Demographics and baseline variables.

Variable N=19

Age (years) Mean (SD) 55 (8.5)

Gender, N (%) Female  5 (26.3%)

Male 14 (73.7%)

Race and ethnicity, N (%) Asian-Chinese 19 (100.0%)

Bodyweight (kg) Mean (SD) 64 (11.5)

BMI (kg/m2) Mean (SD) 24 (3.7)

Monitored anesthesia care performed? N (%) Yes 19 (100.0%)

BMI, body mass index.

▶Table 2 Summary of total behavioral pain scale, non-intubated (BPS-NI) value.

Colonoscope

Measurement phase1 NISInspire-C2 Conventional3

Within approximately 2 mins before insertion to rectum

▪ N 18 18

▪ Mean (SD) 3.0 (0.00) 3.0 (0.00)

▪ Median (Q1, Q3) 3.0 (3.0, 3.0) 3.0 (3.0, 3.0)

▪ Min, Max 3.0, 3.0 3.0, 3.0

Insertion from rectum to cecum

▪ N 18 18

▪ Mean (SD) 3.3 (0.53) 3.1 (0.24)

▪ Median (Q1, Q3) 3.0 (3.0, 3.3) 3.0 (3.0, 3.0)

▪ Min, Max 3.0, 4.8 3.0, 4.0

Withdrawal from cecum to rectum

▪ N 17 18

▪ Mean (SD) 3.0 (0.00) 3.1 (0.15)

▪ Median (Q1, Q3) 3.0 (3.0, 3.0) 3.0 (3.0, 3.0)

▪ Min, Max 3.0, 3.0 3.0, 3.6

Within approximately 2 mins following removal of scope from rectum

▪ N 17 18

▪ Mean (SD) 3.0 (0.00) 3.0 (0.00)

▪ Median (Q1, Q3) 3.0 (3.0, 3.0) 3.0 (3.0, 3.0)

▪ Min, Max 3.0, 3.0 3.0, 3.0

1 For multiple assessments of Total BPS-NI during a measurement phase, the mean of all readings was used for the calculation of summary statistics.
2 There were one missing data for the measurement phases of “Within approximately 2 mins before insertion to rectum and “Insertion from rectum to cecum”, and
two missing data for the measurement phases of “Withdrawal from cecum to rectum” and “Within approximately 2 mins following removal of scope from rectum”.

3 There was one missing data for all measurement phases.
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focus on addressing this and hopefully would reduce manual
advancement of scope to a minimum.

Conclusion
This study demonstrated that the NISInspire-C is feasible with
overall results showing that CIRs with it appear realistic. The de-
vice is single-use to eliminate any risks of cross-infections be-
tween patients. It can also eliminate reprocessing and, there-
fore, reduce costs incurred.
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