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Abstract

Background: Colonoscopes are designed with balance between flexibility, required to negotiate angulations, and
stiffness, required to counteract the propensity for looping in unfixed sections of the colon, which retards
advancement of the instrument. Colonoscopy can be challenging with old instruments that have lost native
stiffness and become less responsive to torquing.

A new intraluminal stiffening device has become available in two grades of stiffness. However, there is no
published evidence of its effectiveness. This randomized, controlled trial was designed to determine the
effectiveness of the stiffening wires in improving cecal intubation rate and time following routine application. A
secondary analysis determines effectiveness of application only after intractable failure with the unaided
colonoscope.

Methods: The colonoscope tested was an Olympus CF-100TL, approximately fifteen years old. Patients were
randomly assigned to the unaided colonoscope or the standard or firm wire introduced routinely on entry into
transverse colon. Each phase of colonoscopy was timed. Failure to advance the colonoscope for 5 minutes (despite
usual manipulations to minimize looping) required switching to another intervention according to a prescribed
methodology and the originally assigned intervention was recorded as failed.

Results: The study was terminated after accrual of 112 participants (target sample size 480) because the colonoscope
required repairs (no damage attributable to stiffening wires) which would have been uneconomical. There were no
statistically significant differences between per-protocol cecal intubation rates (81.1, 71.1 and 70.3 percent respectively),
a finding which persisted after multiple imputation for a virtual sample size of 480. Similarly, there were no statistically
significant differences between per-protocol cecal intubation times (15, 16.2 and 13.9 minutes). However, a statistically
significant improvement in cecal intubation rate (from 81.1% to 97.3%, P =0.0313) was achieved when the wires were
applied after intractable failure of the unaided colonoscope in the first intervention group.

Conclusions: Routine application of either stiffening wire does not improve caecal intubation rate nor time compared
to the unaided colonoscope. However, application of the stiffening wires after intractable failure of the unaided
colonoscope enabled a statistically significant improvement in cecal intubation rate.
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Background

Colonoscopes are designed with a delicate balance be-
tween flexibility, required to negotiate angulations, and
stiffness, required to resist the tendency for looping to
occur in the unfixed sections of the colon, a phenomenon
which retards advancement of the instrument [1,2]. An in-
crease over the native stiffness of traditional, fixed-
stiffness colonoscopes is achieved by torquing the shaft or
application of a stiffening device [3,4]. Both native stiffness
and responsiveness to torquing decrease in colonoscopes
that have been in use for a long time [4,5] and although
this can be restored by replacing the insertion tube, that
would increase the cost of used colonoscopes significantly.
Overtubes seem to have fallen out of favour in recent
times, for reasons which are unclear from the literature,
but probably include fear of perforation and the fact that
they are cumbersome to apply [3]. Intraluminal stiffening
wires enjoyed a brief run but were also abandoned be-
cause of their potential to cause damage to the instrument
channel [3,6].

Most colonoscopies in developing countries are per-
formed with old, used colonoscopes purchased from
developed countries, because patients cannot afford to
pay the level of fees required to offset the cost of new
equipment. Colonoscopy with used, excessively flexible
instruments can be challenging [4].

A relatively cheap, FDA approved, proprietary intralu-
minal stiffening wire device has become available in 2
grades of stiffness [7]. There is, however, no research evi-
dence in the literature that the stiffening wires actually im-
prove the efficiency or effectiveness of colonoscopy and, if
they do, whether maximum benefit is achieved by routinely
introducing the wires at the first opportunity allowed by
the manufacturers (on entry into the transverse colon) or
only after failed advancement of the unaided scope.

A randomized, controlled trial was therefore designed
to test the effect of routine application of both grades of
the stiffening wire device on caecal intubation rate and
time. The effect of application of the wires after intract-
able failure of the unaided colonoscope is also tested.
Statistical analysis in the first case is by bivariate hypo-
thesis testing using chi-squared test and ¢-test as appro-
priate, and in the second, by the exact McNemar’s test
for paired data from small samples.

Methods

The research protocol was approved by the separate eth-
ics committees of the Western Regional Health Author-
ity, St. James, Jamaica, and of the University of the West
Indies at Mona, Kingston, Jamaica. Informed consent for
the research (and colonoscopy) was received for all par-
ticipants. All colonoscopies included in the study were
performed by the author using a single, pre-owned, adult
colonoscope, an Olympus CF-100TL, manufactured in
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the early 1990s (and therefore approximately 15 years
old at start of study).

The stiffening wires are made by Zutron Medical™ [7]
and both grades of stiffness (ZUTR-141700 (Standard)™
and ZUTR-161700 (Firm)™) were tested in this study.
The wires have a flexible, rounded tip ostensibly to avoid
transmission of stiffness to the bending section and
minimize the risk of channel damage. The manufacturers
recommend that the device be introduced through the
suction/biopsy channel of colonoscopes with working
length not less than 168 cm only after the colonoscope
has entered the transverse colon and any loop formed
in the sigmoid colon has been reduced. Eight centi-
metres of heat shrink tubing was applied just beyond
the handle of each device to improve the grip of the de-
vice by the biopsy channel valve and prevent leakage of
insufflated air, a problem identified during pre-study
usage of the wires.

All patients 18 years old and over presenting for diag-
nostic or screening colonoscopy were eligible for inclu-
sion. Females post hysterectomy and males post radical
prostatectomy (previous pelvic surgery is associated with
difficult colonoscopy [8]), patients with prior colon re-
section and patients with a history suggestive of prior in-
complete bowel obstruction or in whom a barium
enema showed a stenosing lesion likely to obstruct pas-
sage of the colonoscope were excluded.

For 80% power to detect a completion rate increase
from 85% to 95% as significant at the 5% level, number of
participants needed is 160/group (Epi Info Version 3.5.1).
For 80% power to detect a difference in mean time from
splenic flexure to hepatic flexure (or hepatic flexure to
cecum) of 3.5 mins. (assuming a mean of 7 mins. for con-
trols, a mean of 3.5 mins for cases (reduction by 1/2), a
range of 1.34 — 10 and therefore a standard deviation of
144 [(10-1.34)/6] as significant at the 5% level, number
needed is 132/group (PS Power and Sample Size Calcula-
tor, Version 2.1.31 [9]). Target sample size was set at the
higher number of 480 cases (160/group).

The randomization schedule was prepared prior to the
start of the study. The blocked randomization technique
was used, to ensure equal numbers in each intervention
category, with a block size of 9 and with numbers selected
from a random numbers table [10]). Allocation of inter-
vention to patients was made, based on the printed
randomization schedule which was retrieved from the
drawer in which it was sequestered, in the order in which
they had the procedure performed and only after inclu-
sionary and exclusionary criteria were satisfied, consent to
the procedure and the research were received and the pa-
tient positioned on the table.

Interventions were as follows:

A. Colonoscopy without stiffening wire.
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B. Standard wire introduced on entry into transverse
colon.
C. Firm wire introduced on entry into transverse colon.

Each phase of colonoscopy was timed with a stop
watch with a “split lap” function (Nike Triax 50™).
Phases timed were: from insertion into anus to entry
into transverse colon; from entry into transverse colon
to entry into ascending colon; from entry into ascend-
ing colon to intubation of cecum. Time required for
passage and withdrawal of the wires was excluded. If, at
any stage after entry into the transverse colon, the tip
of the colonoscope fails to progress for a period of
5 minutes (despite all the usual manipulations to pre-
vent and undo looping, including pull-back, application
of abdominal pressure and change of position), switch-
ing to another intervention is required and the origin-
ally assigned intervention is considered to have failed.
Switching procedures for each intervention are as
follows:

A. On failure (as defined above) of the unaided
colonoscope in group A, the standard wire is
introduced. If the standard wire fails, it is
withdrawn and the firm wire is introduced. If the
firm wire fails, it is withdrawn and the procedure
continues with the unaided colonoscope. This cycle
of effectively varying the stiffness of the
colonoscopy is continued in this order until the
cecum is successfully intubated or the procedure
abandoned.

B. On failure of the standard wire in group B, the next
option is to withdraw the wire and proceed,
followed by the firm wire if the unaided
colonoscope fails, and so on, until the cecum is
successfully intubated or the procedure abandoned.

C. On failure of the firm wire in group C, the next
option is to withdraw the wire and proceed,
followed by the standard wire if the unaided
colonoscope fails, and so on, until the cecum is
successfully intubated or the procedure abandoned.

All patients received 20 mg of hyoscine intravenously
and were sedated by titration with intravenous meperi-
dine and midazolam. Stiffening wires were lubricated
prior to passage in order to reduce shearing stress be-
tween the wire and the wall of the biopsy channel.

Variables recorded for each patient were age, sex, pre-
vious abdominal surgery, quality of bowel preparation,
endoscopy assistant (there were two), intervention, time
to entry into transverse colon, time from entry into
transverse colon to entry into ascending colon, time
from entry into ascending colon to cecal intubation,
switch from assigned intervention required or not and, if
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switch required, in what part of the colon, whether cecal
intubation successful by assigned intervention or not,
and if not, whether cecal intubation eventually achieved
or not. Data were recorded unto a pre-coded data collec-
tion form and then entered into a STATA Version 11
database (copy of dataset referenced here [11]) for statis-
tical analysis.

Bivariate analyses were performed to determine whether
any recorded variables, such as age, sex, quality of bowel
preparation and endoscopy assistant were potential confoun-
ders for the effect of the stiffening wires on either of the two
major outcome variables (time to cecum and cecal intubation
rate) and to test the integrity of the randomization process.
The main analysis consisted of bivariate testing, by chi-
squared test or t-test as appropriate, for differences in effect
on the main outcome variables (cecal intubation rate and
time) between intervention groups. Within group A, a deter-
mination was made, using the exact McNemar’s test for
paired data, of the statistical significance of any improvement
in cecal intubation rate attributable to introduction of the
wires after intractable failure of the unaided colonoscope.

Results

After accrual of 112 subjects, the colonoscope required
repairs which were estimated to cost more than the cost
of a refurbished, later model replacement. Since the
study is colonoscope specific, it was terminated. The re-
pair technicians have confirmed that there was no dam-
age to the wall of the biopsy channel from application of
the stiffening wires.

Thirty seven patients were randomized to procedure A,
38 to procedure B and 37 to procedure C. Two cases allo-
cated to procedure C were excluded from the per-
protocol analysis as in both colonoscopy was terminated
before the assigned intervention was introduced. One was
the only case of perforation occurring during the study
and in the other, colonoscopy was terminated because the
patient became uncooperative. The perforation occurred
at the recto-sigmoid junction in an 84 year old man. There
were no complications attributable to use of the wires.

Mean age, gender, quality of bowel preparation and
endoscopy assistant (all known or plausible risk factors
for difficult colonoscopy [12,13]) were not associated
with either caecal intubation rate or time by bivariate
and crude logistic regression modelling, confirming that
the randomization process was effective in equitably dis-
tributing these potential confounders (and likely un-
measured confounders as well, such as body mass index
[12,13], variability of operator performance over time,
etc.) and justifying the simple bivariate models used for
the main comparisons which follow.

Table 1 displays cecal intubation rates successfully
achieved without having to switch from the protocol-
assigned intervention (hereafter referred to as per-
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Table 1 Per-protocol and intention-to-treat cecal intubation rates by intervention

Intervention

Unaided colonoscope (A)

Standard wire (B) Firm wire (C)

Number 37

38 37

Per-protocol Cecal intubation rate

(30) 81.1% (Cl, 67.8 — 94.3%)

(27) 71.1% (Cl, 55.9 — 86.2%) *(26/35) 74.3% (Cl, 59.1 - 90%)

Intention-to-treat Cecal intubation rate (36) 97.3% (Cl, 91.8 — 100%)

(35) 92.1% (Cl, 83.1 — 100%) (31) 83.8% (Cl, 71.3 - 96.2%)

*Two cases in this group are excluded from the per-protocol analysis as failure occurred before the assigned intervention could be introduced.
Chi-squared test of difference between per-protocol A and B cecal intubation rate, P =0.31.

Chi-squared test of difference between per-protocol A and C cecal intubation rate, P =0.49.

Exact McNemar's test of difference between intention-to-treat and per-protocol cecal intubation rate under intervention A, P =0.0313.

protocol rates) and total cecal intubation rate in each
intervention group (which includes those cases in which
the cecum was successfully intubated after failure of the
protocol-assigned intervention and hereafter referred to
as intention-to-treat rates). The results of bivariate sta-
tistical comparisons are displayed in the legend. Table 2
displays corresponding cecal intubation times.

It is the per-protocol analyses that address the com-
parative efficacy of the different interventions. Intention-
to-treat rates and times are reported in the tables but
not the results of intention-to-treat comparisons as it is
not effectiveness that is being compared. In any case, it
is reasonable to expect that intention-to-treat rates and
times would be the same over time in each intervention
group since, after failure of the allotted intervention, the
procedure (switching between all 3 interventions as
required) is essentially the same for each group.

Overall caecal intubation rate was 91.1% (CI; 85.7-96.4%).
The per-protocol caecal intubation rate for procedure A
was not significantly different from that for procedure
B (P=0.31, chi-squared test) nor procedure C (P =049,
chi-squared test) (Table 1). Analyses after multiple impu-
tations for a virtual sample size of 478, in which data from
unaccrued cases are treated as missing values [14], also
yield insignificant P-values for the per-protocol rate com-
parison between procedures A and B (P = 0.31, logistic re-
gression) and between procedures A and C (P=0.49,
logistic regression).

The wires significantly improved cecal intubation rate
(at the 5% level of significance) after failure of the unaided
colonoscope, in patients assigned to Procedure A, from
81.1% to 97.3% (P = 0.031, exact McNemar’s test). There is
no evidence of greater effectiveness of one wire versus the

other in achieving this improved cecal intubation rate, as
the increase is equally distributed between the two grades.

All per-protocol failures under Procedure A (that is,
failures of the unaided colonoscope), in cases in which
caecal intubation was eventually successful, occurred in
the ascending colon (6/36, 16.7%) whereas Procedures B
and C failed in the transverse colon in 4/35 (11.4%) and
2/31 (6.5%) respectively and in the ascending colon in 4/
35 (11.4%) and 3/31 (9.7%) respectively. In other words,
the standard and firm wires reduced the likelihood of
negotiating the hepatic flexure by 11.4% (CI-1.8-26.8%)
and 6.5% (CL -3.6-20.3%) respectively in cases rando-
mized to procedures B and C in whom the caecum was
successfully intubated, whereas no per-protocol failures
among cases randomized to procedure A occurred in
the transverse colon.

Overall mean cecal intubation time was 16.8 minutes
(CL; 15.5-18; range, 6.8—40). The mean per-protocol cecal
intubation time for procedure A was not significantly dif-
ferent from that for procedure B (P =0.32, t-test) nor
procedure C (P =0.31, t-test). Analyses after multiple
imputations for a virtual sample size of 478 (as per-
formed above for cecal intubation rate comparisons)
also vyield insignificant P-values for the per-protocol
comparisons of cecal intubation time for procedure A
versus B (P =0.32, linear regression) and procedure A
versus C (P =0.31, linear regression).

Discussion

This study has not identified any benefit, by way of
higher cecal intubation rate nor reduced cecal intubation
time, from routine introduction of the stiffening wires
on entry into the transverse colon compared with use of

Table 2 Per-protocol and intention-to-treat cecal intubation times by intervention

Per-protocol intervention

Unaided colonoscope (A)

Standard wire (B) Firm wire (C)

Per-protocol Cecal 15 mins. (Cl, 13.6 - 164; range,

16.2 mins. (Cl, 14.2 = 18.2; range,

*13.9 mins. (Cl, 12-15.8; range,

intubation time 8-257) 84 - 262) 6.8 — 23.6)
Intention-to-treat Cecal 16.7 mins. (Cl, 149 — 18.5; range, 18.1 mins. (Cl, 15.6 — 20.6; range, 15.4 mins. (Cl, 13.3 = 174; range,
intubation time 8 —32.5) 8.4 - 40) 6.8 - 26.1)

*Two cases in this group are excluded from the per-protocol analysis as failure occurred before the assigned intervention could be introduced.

t-test of difference between per-protocol A and B cecal intubation time, P =0.32.
t-test of difference between per-protocol A and C cecal intubation time, P =0.31.
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the unaided colonoscope. However, application of the
stiffening wires after intractable failure to progress with
the unaided colonoscope enabled a statistically significant
increase in cecal intubation rate over the rate achieved
with the unaided colonoscope.

No studies were identified in the literature in which
intraluminal stiffening wires were tested for efficacy and
effectiveness. Parallels therefore have to be drawn from
studies in which the new, variable stiffness colonoscopes
(VSC), designed to deliver increased stiffness on demand
[1,15], are compared to traditional colonoscopes (albeit
of more modern vintage than the one tested in this
study) or in which the performance of the VSC is com-
pared at different stiffness settings.

In a meta-analysis of seven randomized controlled
trials comparing VSCs with regular adult colonoscopes,
Othman et al. [16] reported that VSC use was associated
with a marginally higher cecal intubation rate, but only
among less experienced colonoscopists, and that cecal
intubation times were similar for the two colonoscope
types. Hsieh et al. [17] reported results of a randomized
study with three arms, in which the variable stiffness
function of a VSC was activated only after intractable
failure to progress in the baseline arm (“no activation”),
routinely after reaching the descending colon in the sec-
ond arm (“regular”’) and on an “as needed” basis in the
third arm. There was no statistically significant difference
in cecal intubation rate nor time for the per-protocol ana-
lysis between the three arms. In the “no activation” group,
100% cecal intubation was achieved after the stiffness
function was activated in the two cases in which there was
intractable failure with the “no activation” setting. The
finding in both studies, that routine application of the
increased-stiffness settings of the VSC has no clinically
significant advantage over a traditional adult colonoscope
or a VSC with unactivated variable stiffness function, par-
allels the similar finding in this study in relation to routine
application of the stiffening wires. The finding in the study
by Hsieh et al, that caecal intubation rate improved on
application of the variable stiffness function after failure
with the VSC in unactivated mode, also parallels the simi-
lar, secondary finding in this study in relation to applica-
tion of the stiffening wires after intractable failure of the
unaided colonoscope.

Are the stiffening wires likely to be helpful with newer
(traditional) colonoscopes than the one used in this study?
Since the cecal intubation rate achievable with an unaided
newer colonoscope is expected to be higher than that
achieved with the old colonoscope used in this study, it is
unlikely that any increase resulting from application of the
stiffening wires after intractable failure of a newer colono-
scope is going to be statistically significant. However, any
increase at all is clinically important and cost effective
(given the relatively low cost of the wires).
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If increased stiffness reduces or prevents the tendency
for looping to occur, which is known to be the major
reason for difficulty in advancing the colonoscope, why
should the routine application of increased stiffness not
result in improved cecal intubation rate as well as time?
Failure to improve cecal intubation rate in the per-
protocol analysis is likely due to failure to completely
undo looping before application of the wires or to recur-
rence of looping. Failure to improve cecal intubation
time after routine application of the stiffening wire may
be due to the possibility that temporal gains from
reduced looping in the sigmoid colon are being offset by
difficulty negotiating the hepatic flexure. Both stiffening
wires appear to inhibit successful negotiation of the he-
patic flexure in some cases (see Results above) whereas
there were no failures proximal to the hepatic flexure
with the unaided colonoscope among cases in which the
cecum was successfully intubated. Ginsberg [1] points
out that “floppy ...scopes...may better traverse exces-
sively angulated sections” and Hsieh et al. [17] noted
that in two of their cases assigned to “regular” activation
of the variable stiffness function, “the VSF had to be
released because the scope was so rigid that it could not
pass a tortuous segment”.

Early termination of the study, before accrual of the
target sample size, was unavoidable as continuation with
a different colonoscope (or even the same, substantially
refurbished instrument) would have required a separate
analysis, given that another instrument would have had
different native stiffness and flexibility characteristics
from the one tested up to this point. The consequent
shortfall in sample size means that the power of the sta-
tistical equations comparing colonoscopy rates and times
between the different interventions has been compro-
mised and the results of those comparisons reported
herein should therefore be interpreted with caution.
However, the absence of any trend towards statistical
significance, manifested by the high P-values for the per-
protocol cecal intubation rate and time comparisons,
offers some comfort that the finding of no statistically
significant difference between these outcomes by inter-
vention is valid. Further support for this conclusion lies
in the finding of persistently high P-values after multiple
imputation of data (treated as missing) that would have
been collected had the planned sample size been accrued.
This is an elegant procedure for predicting the likelihood
of futility early on in a large trial [14] by projecting (im-
puting) data based on trends in the existing data.

The validity of the analysis of the effect of application of
the stiffening wires after failure of the unaided colonoscope
in intervention group A was not predicated on the overall
sample size calculation for the primary comparisons. Al-
though the power of this secondary analysis would have
improved with a larger sample size in intervention group
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A, it is reasonable to conclude that the statistically signifi-
cant improvement in cecal intubation rate detected using
the McNemar test for small samples with paired data is
valid. It is plausible that over time, the investigator could
have become more adept at manoeuvring the unaided co-
lonoscope into the cecum, thereby reducing the failure rate
and the need for intervention with the stiffening wires and
resulting in a reduction of the statistical significance of the
intervention. Were this to occur with accrual of the target
sample size, the intervention would nevertheless have been
clinically important, the stiffening wires having enabled a
complete colonoscopic examination in a substantial num-
ber of patients.

The allocation concealment procedure in this study
was inadequate as the allocation for the next case was
printed on the same page of the randomization schedule
as the current allocation and would therefore be visible
to the researcher. Foreknowledge of the next allocation
theoretically offers the researcher an opportunity to se-
quence procedures for individual patients so that they
receive an intervention which the researcher believes
might be more effective in that patient, thereby introdu-
cing bias. In practice, this would be very difficult if not
impossible to organize since the randomization schedule
cannot be altered nor, if a patient is scheduled out of se-
quence, can the researcher predict that sufficient cases
will be recruited in time to close gaps in the schedule. A
more reliable concealment procedure, which would also
have achieved concealment from the nurses, would have
been to seal individual allocations in separate, numbered
envelops. Nevertheless, the integrity of the process was
maintained by the nurse assistants who affirmed on each
occasion that the procedure allotted according to the
randomization schedule was the one being performed.
In no case was the sequencing of cases (most booked at
least 2 weeks in advance) influenced nor changed on the
basis of foreknowledge of the next allocation by either
the nurses or the researcher.

Conclusions

Routine application of either wire on entry into the
transverse colon neither reduces cecal intubation time
nor improves cecal intubation rate compared to the un-
aided colonoscope. Indeed, there is a non-significant
trend suggesting that early, routine application of the
wires may reduce the probability of negotiating the he-
patic flexure.

However, application of the stiffening wires after in-
tractable failure of the unaided colonoscope enabled a
statistically significant improvement in cecal intubation
rate. The wires are therefore most effectively applied
only after failure of the colonoscope to progress (at any
point distal to the splenic flexure).
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