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Abstract. - OBJECTIVE: Colonoscopy is usu-
ally performed with the one-handed technique
(1HT), although several countries and operators
still adopt the two-handed technique (2HT). It is
still uncertain whether the 1HT can improve the
quality outcomes of colonoscopy. We performed
a systematic review with meta-analysis to ex-
plore the quality outcomes in patients undergo-
ing 1HT or 2HT colonoscopy.

MATERIALS AND METHODS: We performed
a systematic review with meta-analysis to com-
pare the pooled rates of adenoma detection rate
(ADR), cecal intubation rate (CIR), cecal intuba-
tion time (CIT), and withdrawal time (WT), in pa-
tients undergoing 1HT or 2HT colonoscopy via
PubMed/EMBASE, SCOPUS, and Cochrane data-
bases. The primary outcome was the pooled rate
of ADR and CIR. CIT and WT were also assessed.
Pooled odds ratio (OR), standard mean differenc-
es (SMD), and 95% confidence intervals (Cl) were
calculated using fixed or random-effect models.

RESULTS: Five studies (15,763 patients) met
the inclusion criteria. The pooled ADR was not
significantly different between the two tech-
niques (OR 1.10; 95% CI 0.88-1.39; p=0.16), and
CIR was not significantly different in 1HT from
2HT (OR 0.757; 95% CI 0.55-1.02; p=0.07), with
no significant heterogeneity. Furthermore, no
significant differences were seen for CIT (SMD
0.95; p=0.62) and WT (SMD 0.58; p=0.74).

CONCLUSIONS: The 1HT colonoscopy does
not add relevant improvement in the quality and
efficacy of colonoscopy.
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Introduction

Colonoscopy is considered the gold standard
procedure for the exploration of the colon and
for colorectal cancer (CRC) screening programs
worldwide, as it has been shown to have the abili-
ty to reduce the incidence or the mortality of CRC
through polyps and adenomas detection and re-
moval of precancerous lesions!?. However, in or-
der to diagnose polyps or adenomas and reduce
subsequent CRC-related mortality, several quali-
ty indicators of colonoscopy are required.

In the last few years, Gastroenterology Soci-
eties have identified the most important quality
indicators in colonoscopy**. First of all, the ade-
noma detection rate (ADR), which indicates the
rate of patients with, at least, one adenoma detect-
ed during colonoscopy, represents the strongest
quality metric of colonoscopy. It has been shown
that ADR significantly correlates with the risk of
interval cancer®”’, even in the presence of great
variability among endoscopists®.

Secondly, cecal intubation rate (CIR) — defined
as passage of the colonoscope tip to a point proxi-
mal to the ileocecal valve, so that the entire cecal
caput, including the medial wall of the cecum be-
tween the ileocecal valve and appendiceal orifice,
is visible — is considered another important indi-
cator of the quality of a colonoscopy®. According
to American® and European* recommendations,
the rates above 90% for all colonoscopies, and
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above 95% for screening colonoscopies should
be achieved. Low CIR has been associated with
higher rates of interval proximal colon cancer®.

Moreover, withdrawal time (WT) is consid-
ered a quality indicator able to affect ADR*’. WT
should be measured in all colonoscopy exam-
inations, with the performance target being a >
6-minute average withdrawal time in negative-re-
sult screening colonoscopies®.

However, all the abovementioned quality in-
dicators depend on patient-related factors (age,
gender, body mass index, bowel habits, colonic
diverticular disease, prior abdominal and pelvic
surgery, and colon preparation quality), endos-
copist-related factors (experience and procedure
volume of endoscopists) and technique-related
factors (use of medications for sedation and the
selection of instruments for the colonoscopy)!.

In the setting of endoscopist-related and tech-
nique-related factors, the active manipulation of
the scope during the procedure is still a little-ex-
plored field. Colonoscopy is usually performed
with the one-handed technique (IHT); through
this method, the endoscopist’s right hand persists
on the tube, and the steering is accomplished pri-
marily with the use of the up-down knob alone,
accompanied with a right-left torque of the colo-
noscope. Another option is the two-handed tech-
nique (2HT), where the assistant (usually endo-
scopic nurse) actively handles the scope during
the insertion and withdrawal phases, and both the
endoscopist’s hands are used to move the knobs to
direct the scope.

Even though the 1HT is recommended by the
American Gastroenterological Societies and rep-
resents the standard practice in the USA!, the
2HT is still commonly adopted in some Euro-
pean and Eastern Countries. It is still uncertain
whether the 1HT can really improve the quality
outcomes of colonoscopy.

Starting from these assumptions, we performed a
systematic review of the existing literature and con-
ducted a meta-analysis of eligible studies to com-
pare the pooled rates of ADR, CIR, CIT, and WT in
patients undergoing 1HT or 2HT colonoscopy.

Materials and Methods

Literature Search and Selection
of Primary Studies

The strategy for building the evidence base
for the comparison between 1HT and 2HT was
performed with a systematic review of the avail-
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able evidence in the literature, conducted in ac-
cordance with the preferred reporting items for
systematic reviews and meta-analyses (PRISMA)
guidelines'?.

The systematic literature review was performed
in PubMed/MEDLINE, EMBASE, SCOPUS,
and Cochrane databases to identify the reports
that assessed 1HT for quality outcomes compared
with 2HT from the beginning of indexing for
each database till May 1, 2017. The bibliographic
review of the selected articles was examined as
secondary sources for full-length articles of in-
vestigations of 1HT colonoscopy compared with
2HT colonoscopy. A literature search was per-
formed and verified by 2 independent reviewers
(N.I. and A.R.) using the following index terms:
“colonoscopy or endoscopy” AND “one-handed
technique or single-handed technique or one per-
son technique” AND “adenoma, ADR, adenoma
detection” OR “cecal intubation rate” OR “cecal
insertion time” OR “withdrawal time”. Figure 1
presents the PRISMA flow diagram for the selec-
tion of studies.

Eligibility Criteria

Two reviewers (N.I. and A.R.) independent-
ly evaluated all the reports retrieved according
to the eligibility criteria and any differences be-
tween the data sets were resolved by discussion.
The researches were included if they met all of
the following criteria: (1) randomized controlled
trial (RCT) or prospective studies or retrospective
studies with control group comparing 1HT vs.
2HT; (2) quality indicators (ADR, CIR, CIT, WT)
as primary or secondary endpoints; (3) endosco-
py procedures performed by experienced endos-
copists (not trainees). We excluded the articles if
there was no sufficient documentation on ADR
or CIR or CIT or WT, if they were in languages
other than English, and if they did not separately
report the outcome data for IHT and 2HT. Narra-
tive reviews, duplicate publications, and editorial
were also excluded.

Data Extraction and Management

The data were independently extracted and en-
tered into standardized Excel spreadsheets (Mi-
crosoft Inc., Redmond, Washington, USA). Any
disagreements were resolved through discussion.
The following data were extracted from each
study: first author, year of publication, study de-
sign, country, number of participants, age, gen-
der, indication for colonoscopy, rate of adenoma
detected, rate of cecal intubation, time of cecal
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insertion, withdrawal time, procedure-related
complications.

Study outcomes included adenoma detection
rate (ADR), cecal intubation rate (CIR), cecal in-
sertion time (CIT), and withdrawal time (WT).

Statistical Analysis

Comprehensive Meta-analysis Software ver-
sion 3.0 (Biostat, Englewood, NJ, USA) was used
to perform statistical analyses. Odds ratio (OR)
was calculated for categorical outcomes including
ADR, CIR, and tolerability. The standard mean
differences (SMD) were calculated for continu-
ous variables, including CIT and WT. These were
pooled, and meta-analysis was conducted using
a fixed-effect model in the case of non-signifi-
cant heterogeneity (p>0.1), and a random effect
model when significant heterogeneity was pres-
ent (p<0.1). p<0.05 was considered statistically
significant for all outcomes. The corresponding
forest plots were constructed for the pooled esti-
mates of these outcomes, and the weight of indi-

vidual analyses are represented by the size of the
individual squares. Heterogeneity was assessed
by using Chi-squared statistics and 12 measure of
inconsistency. Publication bias was evaluated by
use of a funnel plot in which the OR was plotted
against the inverse standard error for each study.
This was tested with the Egger linear regression
test. A p-value < 0.05 represented a significant
publication bias. The quality of the analyzed in-
vestigations was evaluated by two reviewers (N.I
and A.R.) in consensus using a quality assessment
tool for diagnostic accuracy studies (QUADAS-2).
The risk of publication bias and concerns regard-
ing the applicability of studies were then assessed
by visually inspecting QUADAS-2 plots.

Results
Figure 1 shows the PRISMA flow diagram of

the literature selection process. The search strat-
egy identified a total of 426 publications on the

Title and abstract screening:
Total excluded (n = 338)

Full-text review:
Total excluded (n = 55)
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Figure 1. PRISMA flow diagram of the search strategy and selection of studies included in the meta-analysis.
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Figure 2. Results of QUADAS-2 quality assessment of selected studies. A, Risk of bias. B, Concerns regarding applicability.

initial search. After screening the title and ab-
stract and removal of duplicates, 59 articles were
selected for further review. After exclusion of 55
articles based on exclusion criteria, 5 studies were
included in the meta-analysis'*''". Of the 5 select-
ed works, 2 were clinical trials'*'® and 3 were re-
al-life investigations with a prospective'*!® or a
retrospective!” design. The selected investigations
were conducted in Italy (n = 2)1**, Norway (n =
1)"%, and Taiwan (n = 2)'*"". All were performed in
tertiary care settings.

Finally, a total of 15,763 patients (males 50.3%,
mean age 55 years) were included in these works
out of which 12,610 underwent colonoscopy with
IHT and 3153 with 2HT. Table I shows the char-
acteristics of the included studies.

Quality of Studies and Risk of Bias

Scores of QUADAS-2 evaluation are present-
ed in Figure 2. Overall, the reports showed a
low-to-moderate risk of bias and a few concerns
about applicability. Three investigations scored a
low risk of bias in all domains of the QUADAS-2
system. The highest risk of bias was associated
with patient selection. Considering concerns re-
garding the applicability, all works but one pre-
sented a low risk.

Adenoma Detection Rate (ADR)

Adenoma detection rate was reported in 3
studies'>!*!15, which included 10,351 subjects. The
pooled ADR was 25.2% and 29.3% in patients un-
dergoing 1HT (7654 patients) and 2HT (2697 pa-
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Figure 3. A, Forest plot comparing the adenoma detection rate of 1HT vs. 2HT. B, Funnel plot to detect publication bias.

tients) procedure, respectively, and the result was
not significantly different (OR 1.10; 95% CI 0.88-
1.39; p = 0.16) (Figure 3A). However, there was
considerable heterogeneity in this estimate (12 =
69%; p = 0.039). On the other hand, Egger’s test
showed no evidence of publication bias (Egger’s
t-value = 0.15; p = 0.90) (Figure 3B).

Cecal Intubation Rate (CIR)

All selected reports but one'*'>"'7 reported the
rate of cecal intubation. CIR was evaluated in
12,513 patients. The overall CIR was 95.7% and
96.8% 1in patients undergoing 1HT (10,962 pa-
tients) and 2HT (1551 patients), respectively, but
did not appear statistically significant (OR 0.757;
95% CI 0.55-1.02; p = 0.07), with little or no het-
erogeneity (12 = 0%) (Figure 4A). Furthermore,
no evidence of publication bias was observed, as
assessed by Egger’s test (Egger’s t-value = 0.86; p
=0.47) (Figure 4B).

Cecal Intubation Time (CIT)

Cecal intubation time was an endpoint of 3
studies involving a total of 7821 subjects!®!>6,
Pooled SMD for CIT was 0.95 (95 % CI 2.86-
4.77), with no statistically significant difference

7668

between 1HT and 2HT colonoscopy (p = 0.62).
There was significant heterogeneity among inves-
tigations (I2 = 97%; p < 0.001) (Figure 5A), but
no selection bias (Egger’s ¢-value = 0.27; p = 0.83)
(Figure 5B).

Withdrawal Time (WT)

Only 2 studies™! enrolling a total of 7201
patients reported the mean withdrawal time for
both 1HT and 2HT colonoscopy examination.
Pooled SMD for WT was 0.58 (95% CI 2.94-
4.12), without statistically significant differences
between the two techniques (p = 0.74). However,
the results were characterized by significant het-
erogeneity among studies (12 = 95%; p < 0.001).
Furthermore, Egger’s test could not be calculated
because of the presence of only 2 studies.

Other outcomes

In one study”, all procedures were performed
under conscious sedation (intravenous midazolam
plus meperidine), while in another'* about 74% of
patients in both 1HT and 2HT procedures under-
went colonoscopy with conscious sedation. Again,
while a study'” was conducted in deeply sedated
patients (propofol), another one'® only enrolled
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Figure 4. A, Forest plot comparing the cecal intubation rate of 1HT vs. 2HT. B, Funnel plot to detect publication bias.
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Figure 5. A, Forest plot comparing the cecal intubation time of 1HT vs. 2HT. B, Funnel plot to detect publication bias.

7669



N. Imperatore, G.D. De Palma, P. Dolce, A. Grassano, N. Caporaso, A. Rispo

non-sedated patients. Instead, a study" reported
a rate of conscious sedation in 26.7% of subjects,
with less frequent use of sedation in the 2HT group
than 1HT (17% vs. 28%, p < 0.001). For these rea-
sons, the data about technique tolerability were not
evaluated due to high differences in the sedative
drugs administration in the analyses.

Regarding complications, there were no ma-
jor complications reported in a study'®, while
no data were available for two other studies''.
Three complications were observed (one im-
mediate post-polypectomy bleeding in the 1HT
group and two respiratory adverse events, one
in each group) in a study", while hypoxemia and
transient hypotension were reported in 0.6% and
14%, respectively, from another study'’. Except
for post-polypectomy bleeding, all the above
mentioned complications appeared to be linked
to sedation rather than the colonoscopy tech-
nique used.

Discussion

Adenoma detection rate and cecal intubation rate
are validated measures of the performance quality
of colonoscopy”®'®"°. The present meta-analysis
showed that the 1HT colonoscopy does not im-
prove the detection of adenoma, cecal intubation
rate, as well as the mean time for cecal intubation
and for withdrawal, compared to the 2HT.

American Gastroenterological Societies! rec-
ommend the 1HT, while the 2HT is still commonly
adopted in some European and Eastern countries.
As a matter of fact, few reports compared the IHT
vs. 2HT procedures in terms of quality outcomes of
colonoscopy, with contrasting results.

After a systematic review of the literature, we
found five studies'*!” enrolling a total of 15,763
patients. The small number of works testifies that
the evidence-based medicine on this topic is still
sparse. Among these, three studies* reported
ADR as a primary endpoint.

In a multicentric Norwegian prospective study,
Hoff et al'> enrolled 6849 patients who underwent
colonoscopy for CCR screening or because of
symptoms. They found that ADR was significant-
ly higher in the 1HT group than that found in the
2HT group (23% vs. 18%, p = 0.005).

On the other hand, in a multicentric Italian
prospective study Ricci et al", performed 3150
colonoscopies and found that ADR was not sig-
nificantly different between 1HT and 2HT proce-
dures (34.5% vs. 35.5%, p = NS).
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More recently, Paggi et al'® performed an RCT
including 352 subjects. The authors found 33%
of ADR in the 1HT group vs. 30.7% in the 2HT
group (p = 0.65). Furthermore, their subgroup
analysis strengthens this finding, as the endosco-
pists achieved comparable results when perform-
ing colonoscopy by one method or the other one,
independently from the technique they adopted in
their routine clinical practice.

Our meta-analysis on 10,351 subjects conclud-
ed that the pooled ADR was 25.2% and 29.3%
in patients undergoing IHT and 2HT procedure,
respectively, and the result was not significantly
different (OR 1.10; p = 0.16), although there was
considerable heterogeneity in this estimate (12 =
69%:; p = 0.039). Probably, if colonoscopy is com-
plete, neither the 2HT, nor the 1HT will influence
the ADR outcome. In our mind, endoscopists
should perform colonoscopy by using the tech-
nique they feel more comfortable with.

Moreover, CIR was evaluated as the endpoint
in four studies>'>7, In 2006, an RCT by Lee et
al'® found that CIR was achieved in all 40 patients
that underwent 1HT colonoscopy while it was
reached in 39 out 40 subjects who experienced
2HT. Hsu et al'” found that, among experienced
colonoscopists, the 1THT method was associated
with a higher completion rate of colonoscopy than
the 2HT (98.1% vs. 96.6%, respectively, p =0.0006).
By contrast, Hoff et al”® reported a lower CIR in
IHT than that found in the 2HT group (92% vs.
96%, p < 0.001). Paggi et al® found that CIR was
the same in the two groups (97.7% for both). In-
terestingly, our meta-analysis on 12,513 patients
showed that CIR was not significantly higher in
2HT when compared with 1HT (OR 0.757; p =
0.07), with no heterogeneity and no publication
bias. Unfortunately, none of the included investi-
gations reported the length of colonoscope used.
Furthermore, no reports reported the differences
in the length of colonoscope between endosco-
pists performing the 1HT and those performing
the 2HT. Consequently, it could be difficult to
compare CIR if the same device was not used in
the two groups.

In an era where the rush to new technologies to
improve endoscopic outcomes is based on the use
of sophisticated instruments and new colonoscope
accessories, we believe that education and proper
examination techniques are the pivotal keys. In this
setting, endoscopists should choose a technique able
to optimize the colonoscopy outcomes at “baseline
level”’; we were not able to demonstrate any signif-
icant advantage by adopting the 1HT rather than
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the 2HT. Performing the 1HT means having full
control and continuous feel of resistance to opti-
mize combined rotation, angulation, straightening,
and advancement of the endoscope. Furthermore,
the application of the 1HT could release the nurse
for other relevant tasks (e.g., patient’s monitoring,
selective abdominal compression, use of accesso-
ries, etc.). Several expert endoscopists criticize the
2HT because of an increased — but not demonstrat-
ed — the risk of perforation due to the loops and the
absence of sensitiveness by the physician. Howev-
er, this data is very hard to prove from a statistical
point of view, because of the enormous sample size
needed to obtain a statistically significant differ-
ence between the two groups. Furthermore, it is
thought that the IHT is more effective to perform
efficient therapeutic procedures as polypectomy
and endoscopic mucosal resection compared to the
2HT, but scientific data are also lacking about this
topic.

Recently, Holme et al*® underlined the impor-
tance of endoscopy assistants in improving the
performance indicators, in line with the results
of our meta-analysis. Quero et al*! underlined the
importance of quality indicators of colonoscopy
as the key factors capable of avoiding the incor-
rect tumour localization and subsequent changes
in surgical management.

Other quality outcomes, which have been
evaluated in our study, are recommended by the
American and European societies®*.

We found no statistically significant differenc-
es between the IHT and the 2HT in terms of CIT
(pooled SMD for CIT was 0.95, p = 0.62), even
though there was significant heterogeneity among
studies (12 = 97%; p < 0.001). These results are
in accordance with those found by Paggi et al®
and Lee et al'é, while Hoff et al'® reported a sig-
nificantly longer intubation time in the 1HT pro-
cedure than in the 2HT. In our mind, our results
mean that the 1HT procedure does not require
an “extra-time”; thus it is not a time-consuming
technique in the daily endoscopic list.

In this meta-analysis, the choice of IHT or 2HT
seemed not to affect the WT. However, only two
studies enrolling a total of 7201 patients'*'* re-
ported the data on WT. Paggi et al”® found no sta-
tistically significant differences in the two groups
in terms of WT (7.2 min vs. 8.9 min for 1HT and
2HT, respectively, p = 0.25), while Hoff et al'® re-
ported a higher WT in the 1HT group (7.70 min
vs. 5.39 min, p < 0.001). Probably, the lower WT
found in the study by Hoff et al' also explained
the lower ADR they found.

Regarding the procedure tolerability, Lee et
al'® demonstrated that patients receiving the 1HT
colonoscopy experienced less discomfort com-
pared with those receiving a 2HT colonoscopy,
and this was associated with less sedation request.
Both Paggi et al”? and Hoff et al'® found no dif-
ferences in terms of tolerability between the two
procedures, although patients receiving the 1HT
needed more sedation (p < 0.001) in the study by
Hoff et al'>. However, we cannot exclude different
effects of sedation used in the investigations on
this result: therefore, the data about procedure tol-
erability could not be accurately evaluated.

There are several strengths to our study. First
and foremost is the large sample size of the pa-
tients included in this meta-analysis, notwith-
standing the fact that only five studies were in-
cluded. This is the first meta-analysis conducted
at such a large scale, which focused exclusively
on the quality outcomes of colonoscopy in both
the 1HT and the 2HT procedures. Secondly, we
decided to include only studies whose endoscopy
procedures were performed by experienced en-
doscopists at tertiary centers.

There are, of course, limitations to this me-
ta-analysis. Firstly, not all the included reports
had the same endpoints, so that some pooled anal-
yses were performed only on the part of select-
ed works. However, we believed that this might
not be clinically relevant as the sample size for
each analysis was wide (although only two RCT
were included). Secondly, the pooled estimate for
ADR, CIT, and WT was limited by considerable
heterogeneity among studies; thus, our results
should be interpreted with caution. Thirdly, there
was a possibility of operator bias, even though
patients were kept blind to their assignment to
either group and even though it would not have
been possible to keep endoscopists blind to the in-
tervention. Moreover, all reports were performed
in large, tertiary care settings, which might lim-
it their generalizability. Finally, it is important
to consider that we included only five studies (2
RCT, two prospective studies and one retrospec-
tive study), and despite the large sample size, this
could be a limitation and the results of such a me-
ta-analysis need to be considered with caution.

Conclusions
In summary, we found no differences be-

tween the 1HT and 2HT procedures in terms of
quality outcomes of colonoscopy. Despite the
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potential advantages of the 1HT (full control
and continuous feel of resistance to optimize
combined rotation, angulation, straightening
and advancement of the endoscope, extra-time
not required), the present meta-analysis does
not suggest any advantage in the use of the 1HT
compared to the 2HT.
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