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Abstract: Background: Patient-controlled sedation (PCS) has been suggested as an alternative method for sedative
colonoscopy. However, as any new techniques, PCS introduction as a potential alternative to traditional intravenous
sedation (IVS) has brought about challenges. To evaluate the advantages and disadvantages between PCS and IVS
more comprehensively, we conducted a systematic review and meta-analysis of the published literature. Methods:
Several databases were searched from inception to 1 April, 2015, for trials comparing PCS with IVS for colonoscopy.
The outcomes of interest included time for cecal intubation, rate of complete colonoscopy, dose of sedative drugs
used, pain scores, recovery time, complications. Inconsistency was quantified using I? statistics. Results: In all, 12
trials were finally selected (1091 patients, with 545 in the PCS group, and 546 in the IVS group). The total propofol
used, time for cecal intubation, rate of complete colonoscopy and pain score had no statistical difference between
the two groups. However, PCS showed a reduction in the recovery time, incidence of oxygen desaturation and hypo-
tension. The rates of other complications and patients’ willingness to repeat the same sedation had no statistical
difference between the two groups. Conclusion: PCS is as feasible and effective as traditional IVS for colonoscopy,
and there is a tendency that PCS shows its superiority in recovery time, incidence for oxygen saturation and hypo-
tension.
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Introduction

Colonoscopy has become an essential part
of the patient management, especially in the
field of colorectal cancer prevention [1]. How-
ever, for most of the patients, colonoscopy
is an unpleasant and tense procedure [2].
Thus, in some centers, sedative colonoscopy
emerged at the right moment. There is latent
concern about the complications associated
with sedation, such as hypoxia and hypoten-
sion [3]. What's more, the sedation was tradi-
tionally performed by an anesthetist, from an
economic standpoint, it will substantially in-
crease the staff cost [4]. Patient-controlled
sedation (PCS) has been suggested as an alter-
native method for sedative colonoscopy [5].
PCS allows the patients themselves to match
their sedation requirement to the stimulation

during the colonoscopy [6], thereby avoiding
overdose [7], and at the same time, cardiorespi-
ratory complications related to sedative drugs
are reduced. Some studies have endowed PCS
as safe and with faster recovery [8, 9]. However,
as any new techniques, PCS introduction as a
potential alternative to traditional intravenous
sedation (IVS) has brought about challenges. To
evaluate the advantages and disadvantages
between PCS and IVS more comprehensively,
we conducted a systematic review and meta-
analysis of the published literature.

Methods
Search strategy and selection criteria

A thorough search was performed in the Med-
line via Pubmed, Embase, and Cochrane Con-
trolled Register Databases of the articles pub-


http://www.ijcem.com

Patient-controlled sedation versus intravenous sedation for colonoscopy

Database Search:
Pubmed (n=355)
Embase (n=742)

Cochrane (n=3)

Total: n=1100
v Remove the duplicated
n=771
Remove the irrelevant by
A title/ abstract
n=35
Review (n=5)
y Sing-arm trials (n=3)
Final Data cannot be extracted (n=2)
(n=12) Irrelevant (n=12)
Repeated data (n=1)

Figure 1. Flow chart of selection algorithm.

lished from inception of each database to 1
April, 2015. To obtain the relevant articles as
sufficient as possible, we used the following
keywords in combination as both Mesh Terms
and text word: 1) ‘colonoscopy’; 2) ‘sedation’,
‘analgesia’, ‘anesthesia’, ‘narcotic’; 3) ‘random-
ized controlled trial’, ‘random’, ‘control groups’,
‘clinical trial’, ‘clinical study’, ‘controlled’, ‘ran-
domized’. References from eligible articles
have also been reviewed to avoid missing any
pertinent trials.

Randomized, controlled studies comparing PCS
with IVS for colonoscopy were enrolled. The
inclusion criteria were: 1) clinical studies de-
signed as prospective, randomized, and con-
trolled trials; 2) trials comparing PCS with IVS
performed by medical staff, regardless of per-
formed by anesthetist, endoscopist, or nurse.
The exclusion criteria were: a) case series or
single-arm trials; b) non-randomized trials; c)
conference abstract with which data could not
be extracted; d) review or systematic review; e)
repeated data (chose the one with better qual-
ity and more patients).

Study selection and data extraction

Two authors selected the articles independent-
ly. Firstly, they reviewed the titles and abstracts
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to identify eligible articles and remove dupli-
cates. Secondly, full-text was assessed using
the inclusion criteria and the exclusion criteria.
Cochrane risk of bias assessment tool was
used to evaluate the quality of each article. Any
disagreement was resolved by discussion or by
a third viewer. Two investigators used a stan-
dardized form to extract the data from the final
selected articles about study type, publication
year, time for cecal intubation, rate of complete
colonoscopy, dose of sedative drugs used, pain
scores, recovery time, complications and so
forth.

In light of the fact that great heterogeneity
exists, sensitivity analysis was performed. Fun-
nel plot was used to investigate the publication
bias.

Statistical analysis

Review Manager Version 5.1.0. (The Nordic
Cochrane Centre, The Cochrane Collaboration,
2011, Copenhagen) was used for data analy-
sis. Dichotomous variables were expressed as
percentage and risk ratio (RR) with 95 percent
confidence interval (95% CI). Continuous vari-
ables were calculated by mean values and
standard deviation (SD), and the final results
were expressed as mean difference with 95%
Cl. If mean values were not accessible, median
values were used. For studies reporting the
median and the quartiles, the median was
treated as mean, and the distribution was
assumed to be normal with a z-value of + 0.68
SD corresponding to the 25" and 75" percen-
tiles. SD was calculated in this manner [10].
If the studies were homogeneity, then fixed-
effects model was reported, otherwise ran-
dom-effects model or description of the results
was used. 2 was used to quantify heterogeneity
[11], and if I? > 50%, heterogeneity should be
explained or just describe the results. Statisti-
cal significance was defined as P < 0.05 (two-
tailed).

Results
Search results

The initial research identified 1100 articles,
and no new trials were identified by reference
search. After removing the duplicated and
reviewing the full-texts, 12 trials were finally
selected (Figure 1 shows the flow chart of the
selection process) [4-9, 12-17]. In two of the
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Table 1. Characteristics of the selected studies

Study Country Design Control group N:;;ik;irtsf Age Female % Sedative drugs

PCS IVS PCS IVS PCS IVS PCS IVS
Nguyen [12], 2013 Australia Multi-centered, RCT ~ Endoscopist 125 126 51.4 54.9 44.0 429 Methoxyflurane, inhaled Midazolam + fentanyl
Mandel [13], 2010 USA Single-centered, RCT  Anesthetist 25 25 580 59.1 36.0 44.0 Propofol + remifentanil Propofol + remifentanil
Crepeau [14], 2005 France Single-centered, RCT  Anesthetist 35 35 56.8 584 286 40.0 Propofol Propofol
Stonell [6], 2006 UK Single-centered, RCT ~ Anesthetist 20 20 46.0 470 NG NG Propofol + fentanyl Propofol + fentanyl
Heuss [4], 2004 Switzerland  Single-centered, RCT Nurse 36 38 64.0 64.0 472 474 Propofol + pethidine Propofol + pethidine
Bright [15], 2003 UK Single-centered, RCT Physician 34 33 49.0 58.0 441 636 Propofol + alfentanil Midazolam + pethidine
Lee [7], 2002 China Single-centered, RCT Endoscopist 50 50 724 735 480 44.0 Propofol + alfentanil Diazemuls + meperidine
Ng [8], 2001 Singapore Single-centered, RCT  Anesthetist 44 44 540 49.0 38.6 523 Propofol Midazolam
Kulling [9], 2001 Switzerland ~ Single-centered, RCT Nurse 50 50 b55.0 55.0 44.0 56.0 Propofol + alfentanil Propofol + alfentanil
Stermer [16], 2000 Israel Single-centered, RCT  Anesthetist 25 25 681 66.3 36.0 48.0 Midazolam + meperidine Midazolam + meperidine
Roseveare [17], 1998 USA Single-centered, RCT Endoscopist 33 33 52.0 50.0 NG NG Propofol + alfentanil Diazepam
Saunders [5], 1994 UK Single-centered, RCT ~ Anesthetist 30 29 46.0 42.0 53.3 62.1 Nitrous oxide + oxygen, inhaled  Midazolam + pethidine

Study was named using its first author, and publication year, and country. PCS, patient-controlled sedation; IVS, intravenous sedation; NG, not giving; RCT, randomized-controlled trial.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (aftrition bias)

Selective reporting (reporting bias)
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.Low risk of hias DUnclearrisk of hias -High risk of bias
Figure 2. Summary of risk bias of the included studies.
PCS s Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Heuss 2004 1242 641 36 1053 7441 38 242% 18901262, 50.42] T
Kulling 2001 78 4559 50 90 46.32 50 73.9% -12.00 [-30.01, 6.01] —
Stonell 2006 238 143 20 288 213 20 1.9% -50.00[-162.44,62.44] *
Total (95% CI) 106 108 100.0%  -5.26 [-20.75, 10.23] ?
ity: Chi?= = = = k + 1 t {
Heterogeneity: Chi*= 3.40, df= 2 (P=0.18); F= 41% 00 -0 0 50 100

Testfor overall effect: Z= 0.67 (P = 0.51)

Favours PCS Favours IVS

Figure 3. Meta-analysis of the total propofol used. PCS, patient-controlled sedation; IVS, intravenous sedation.

final selected trials, the sedative method in the
PCS group was inhalation of either methoxyflu-
rane or a mixture of oxygen and nitrous oxide
[5, 12]. The remaining patients in the PCS
group were all sedated through intravenous
means. A total of 1091 patients were random-
ized either to the PCS group (545 patients), or
the IVS group (546 patients). Table 1 describes
the characteristics of the selected trials. Figure
2 shows the risk bias of the included studies
using the Cochrane assessment tool.

Outcomes

Sedation dose: The sedative drugs used in
each trial are presented in Table 1. Seven trials
reported about the total sedative drugs used
[4, 6-9, 14, 15], and in only 3 trials [4, 6, 9], the
mean dose and SD could be extracted or calcu-
lated. The median propofol used in Crepeau et
al.s trial was 60 mg in the PCS group, while
248 mgin the IVS group (P < 0.001) [14]. And in
Bright et al.’s trial, the amount in the PCS group
and IVS group was 5.5 mg/kg/h, and 0.06 mg/
kg, respectively [15]. Figure 3 shows the pooled
results of the total propofol used. No statistical
difference was found between both groups,
and the mean difference was -5.26 (-20.75,
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10.23) mg (P = 0.51). There was low-to-moder-
ate heterogeneity among studies (I? = 41%).

Procedure time: Four trials reported about the
time for preparation [6, 12, 13, 15]. Bright et
al. gave a median of 15minutes in both PCS
and IVS group (P = 0.2) [15]. The pooled result
of the remaining 3 trials showed that, the prep-
aration time in the PCS group was not stati-
stically different from the IVS group [6, 12,
13]. The mean difference was 0.19 (-0.03,
0.42) minutes (P = 0.09) in fixed-effects model
(Figure 4A), and 2.12 (0.36, 3.88) minutes (P =
0.02) in the random-effects model (Figure 4B).
However, great heterogeneity existed (/> = 96%).
Upon sensitivity analysis, heterogeneity still
existed with removal of each study, possibly
due to different means for timing. Hence, there
was still debate towards time for preparation:
Nguyen et al. found that the preparation time
had no statistical difference between the two
groups [12], while Mandel et al. and Stonell et
al. supported that it was longer for PCS [6, 13].

Four trials reported about the time for cecal
intubation [4, 5, 12, 14]. One showed mean
time only: 12 minutes (PCS) VS. 8.2 minutes
(IVS) (P = 0.004) [14], and one showed a medi-
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A PCS VS Mean Difference Mean Difference
Study or Subgroup __Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mandel 2010 3.315 1.028 25 2493 0922 25 17.2% 0.82[0.28,1.36)

Nguyen 2013 B 1 125 B 1 126 823% 0.00[0.25, 025
Stonell 2006 13 71 20 3 1.1 20 0.5% 10.00(6.85,13.15) -
Total (95% Cl) 170 171 100.0% 0.19[-0.03, 0.42]

Heterogeneity: Chi*= 44.79, df= 2 (P < 0.00001), F= 96%
Testfor overall effect: Z=1.68 (P = 0.09)

100

-100 -50 0 50
Favours PCS Favours IVS

B PCS s Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight [V, Random, 95% CI IV, Random, 95% ClI
Mandel 2010 3.315 1.028 25 2493 0922 25 40.4% 0.82[0.28,1.36)
Nguyen 2013 B 1 125 6 1 126 41.7% 0.00 [-0.25, 0.25]
Stonell 2006 13 i 20 3 14 20 17.9% 10.00(6.85,13.15) -
Total (95% CI) 170 171 100.0% 2.12[0.36, 3.88]
Heterogeneity: Tau®= 1.91; Chi*= 44.79, df= 2 (P < 0.00001); F= 96% ! t i y J
Test for overall effect. Z= 2.37 (P = 0.02) = UUF av'ost?rs PCSD F avoué?\/s e
c PCS s Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Heuss 2004 18.7 17.8 36 158 158 38 01% 2.90[-4.78,1058]
Nguyen 2013 8 1 125 8 1 126 99.9% 0.00[-0.25 0.25)
Total (95% Cl) 161 164 100.0% 0.00[-0.24, 0.25]
Heterogeneity: Chi*= 0.55, df=1 (P = 0.46); F= 0% = i t t i
Test for overall effect: Z= 0.02 (P = 0.98) =1 UDFav-oqurs PCSU Favourgtl'vs 10w
D PCS VS Mean Difference Mean Difference
SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Heuss 2004 335 21 36 278 173 38 01% 5.70[-3.09,14.49]
Lee 2002 179 99 50 168 12.2 50  03% 1.10[3.25, 5.45)
Mandel 2010 233 7.7 25 218 97 25 02% 1.50[-3.356.35)
Ng 2001 8.7 39 44 875 334 44  26% -0.05[1.57,1.47)
Nguyen 2013 6 1 125 B 1 126 96.0% 0.00[-0.25 0.25)
Stermer 2000 16.2 58 25 146 45 25 07% 1.60[-1.28,4.48)
Stonell 2006 25 16 20 27 14 20 01% -200[11.32,7.32)
Total (95% Cl) 325 328 100.0% 0.02[-0.22, 0.26]

Heterogeneity: Chi*= 3.57, df=6 (P=0.73), F= 0%
Test for overall effect: Z=0.16 (P = 0.87)
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Favours PCS Favours IVS

Figure 4. Meta-analysis of the procedure time. A. Time for sedation preparation in fixed model; B. Time for sedation
preparation in random model; C. Time for cecal intubation; D. Time for total procedure. PCS, patient-controlled seda-

tion; IVS, intravenous sedation.

an time of 13 minutes (PCS) VS. 14 minutes
(IVS) [5]. The remaining 2 trials gave a mean
difference of 0.00 (-0.24, -0.25) minutes (P =
0.98) (Figure 4C), without heterogeneity (/I
0%).

Ten trials reported about the time for total pro-
cedure [4, 6-8, 12-17], 3 trials just provided
the mean time or median time, and the time for
total procedure was not statistically different
between the two groups [14, 15, 17]. Seven tri-
als showed the mean time and SD, which were
put into meta-analysis. The mean difference
was 0.02 (-0.22, 0.26) minutes (P = 0.87), with
no heterogeneity (I = 0%) (Figure 4D).
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Rate of complete colonoscopy: Six trials report-
ed about the rate of complete colonoscopy
[7, 12-15, 17]. The rates in the PCS and the
IVS group were similar (94.04% VS. 97.02%, P =
0.10), and the RR was 0.97 (0.93, 1.01) (Figure
5), with low-to-moderate heterogeneity (I =
37%).

Pain scores: Seven trials evaluated the pain
scores [4, 6-9, 12, 15]. Three trials used VAS
pain score [6, 9, 12]. Two trials used the 5-point
scale [4, 15], 1 trial used the 4-point scale [8],
and the remaining one used a 10-cm visual
analog scale to evaluate the pain level [7]. It
was impossible to pool the results of pain
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PCS Vs Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bright 2003 32 34 29 33 100% 1.07 [0.92,1.25)

Crepeau 2005 33 35 35 35 120% 0.94 [0.86, 1.04]

Lee 2002 46 50 45 50 153% 1.02[0.90,1.18]

Mandel 2010 25 25 25 25 8.6% 1.00[0.93,1.08]

Nguyen 2013 115 125 126 126 42.7% 0.92[0.87,0.97]

Roseveare 1998 33 33 33 33 11.4% 1.00[0.94, 1.06]

Total (95% CI) 302 302 100.0%  0.97[0.93, 1.01]

Total events 284 293

Heterogeneity: Chi*=7.98, df=5(P=0.16), F=37%
Test for overall effect: Z=1.64 (P=0.10)

0.01 01 1 10 100
Favours IVS Favours PCS

Figure 5. Meta-analysis of the rate of complete colonoscopy. PCS, patient-controlled sedation; IVS, intravenous

sedation.

Table 2. Recovery time in different studies

Study PCS IVS P-value
Bright [15], 2003 5(0-25) 35(15-165) < 0.0001
Lee [7], 2002* 0 (0-5) 5 (5-10) <0.01
Roseveare [17], 1998 15 (4-29) 14 (5-40) 0.0001
Saunders [5], 1994 32 60 < 0.0001

Numbers are expressed as median (range) in minutes. *Numbers

are expressed as median (interquartile range) in minutes. Study

was named using its first author, and publication year, and

coun-

try. PCS, patient-controlled sedation; IVS, intravenous sedation;

NG, not giving.

scores together, but all of the 7 trials proved
that the PCS group and the IVS group had no
statistical difference in pain scores.

Recovery time: Six trials evaluated the recovery
time [5-7, 12, 15, 17]. Stonell et al. concluded
that, no difference existed between the two
groups by using Aldrete Score [6]. While, for the
remaining five trials, the conclusions were in
consensus: there was an obvious reduction in
the recovery time in the PCS group. Nguyen et
al. showed a figure stating that the time to
awake and time to discharge was shorter in the
PCS group, without giving the exact time [12].
The remaining 4 trials showed us the median
(and range) time for recovery (Table 2).

Complications: The relatively common compli-
cations were oxygen desaturation, hypoten-
sion, arrhythmia, amnesia and after-effect.

Eight trials reported about the incidence of
oxygen desaturation [4, 5, 7-9, 12, 14, 17]. The
rate of oxygen desaturation in the PCS group
was lower than that in the IVS group (3.97% VS.
8.15%, P = 0.02), and the RR was 0.50 (0.28,
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0.88) (Figure 6A). There was low heteroge-
neity among studies (I? = 10%).

Four studies reported about the incidence
of hypotension [5, 7, 12, 15]. The rate of
hypotension in the PCS was lower than
thatin the IVS group (4.60% VS. 11.34%, P =
0.01), and the RR was 0.42 (0.21, 0.81)
(Figure 6B), with low-to-moderate heteroge-
neity (I? = 32%).

Two studies reported about the incidence of

arrhythmia [12, 14]. The rate of arrhythmia
was similar in both groups (6.86% VS. 7.45%, P
= 0.83), and the RR was 0.92 (0.43, 1.96)
(Figure 6C), with low heterogeneity (12 = 15%).

Four studies reported about the incidence of
amnesia [4, 6, 9, 15]. The rate of amnesia in
the PCS was not statistical different from that
inthe IVS group (29.29% VS. 41.84%, P =0.22),
and the RR was 0.71 (0.441, 1.23) in random-
effects model (Figure 6D). There was great
heterogeneity between studies (I? = 61%). Upon
sensitivity analysis, still no statistical differ-
ence was found in the rate of amnesia (33.02%
VS. 36.11%, P = 0.65, I = 0%), with removal of
one study [15] (Figure 6E). Bright et al. used
propofol+ alfentanil in the PCS group, while
midazolam+ pethidine in the IVS group, and
they obtained a statistical difference in the
rates of amnesia [15]. However, in the other 3
trials, they used the same sedative drug in both
PCS group and IVS group [4, 6, 9]. Hence, the
difference in Bright et al.’s trial may lie in the
diverse sedative drug used in both groups.

Other complications such as dizziness, nausea,
and vomiting have also been reported in 2 trials
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A PCS vs Risk Ratio Risk Ratio
u r Subgrou nts _Total Total ight _M.H, Fixed, 95% CI .H, Fixed, 95% CI

Crepeau 2005 2 35 8 35 235% 0.25[0.06, 1.09) —
Heuss 2004 1 36 2 38 57% 0.53[0.05,5.57) = =1
Kulling 2001 2 50 1 50 29% 200([0.19,21.36) -
Lee 2002 0 50 4 50 132% 011[0.01,201) ¥———1—
Ng 2001 3 44 2 44 59% 1.50[0.26, 8.54) S B —
Nguyen 2013 5 125 5 126 146% 1.01 (0.30, 3.40) N
Roseveare 1998 3 33 5 33 147% 0.60(0.16, 2.31) —
Saunders 1994 0 30 3 28 194% 0.07[0.00,1.26) ¥—*—
Total (95% CI) 403 405 100.0%  0.50[0.28, 0.88] >
Total events 16 33 ) ,

Heterogeneity. Chi*=7.82, df=7 (P = 0.35), F=10%

001 01 1 10 100

Test for overall effect: Z= 2,40 (P=0.02) Favours PGS Favours VS
B PCS VS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% ClI M.H, Fixed, 95% CI
Bright 2003 0 34 1 33 55%  0.32(0.01,7.68)
Lee 2002 2 50 14 50 508%  0.14(0.03,060) ——
Nguyen 2013 7 125 8 126 289%  0.88(0.33,2.36) —a—
Saunders 1994 2 30 4 20 148%  0.48[0.10,2.44)
Total (95% CI) 239 238 100.0%  0.42[0.21,0.81] S
Total events 1 27
Heterogeneity, Chi*= 4.44, df=3 (P = 0.22); F= 32% =ﬂ o1 0=1 ; 1%0 mn%

Test for overall effect. Z= 2,58 (P = 0.010)

Favours PCS Favours IVS

Crepeau 2005 6 35 9 35 751% 0.67[0.27,1.67)
Nguyen 2013 5 125 3 126 249% 1.68 [0.41,6.88)
Total (95% CI) 160 161 100.0%  0.92[0.43, 1.96]
Total events 11 12

Heterogeneity. Chi*=1.17,df=1 (P=0.28), F=15%

Test for overall effect: Z=0.22 (P = 0.83) Favours PGS Favours IVS

D PCS Vs Risk Ratio sk Ratio

Random, naom

Bright 2003 6 34 20 33 229% 0.29[0.13,0.63) ==

001 01 1 10 100

Heuss 2004 17 36 18 38 31.8% 1.00(0.62,1.61)

Kulling 2001 12 50 15 50 26.5% 0.80([0.42,1.53)

Stonell 2006 6 20 6 20 18.7% 1.00[0.39, 2.58]

Total (95% CI) 140 141 100.0% 0.71[0.41, 1.23]

Total events 41 59

Heterogeneity. Tau*= 0.19; Chi*= 7.65, df= 3 (P = 0.05); F= 1% :0 o1 0:1 3 1:0 1

Testfor overall effect Z=1.22 (P=0.22) Favours PCS Favours IVS

00

E pCcS VS Risk Ratio Risk Ratio
_ Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Heuss 2004 17 36 18 38 455%  1.00[0.62,1.61)
Kulling 2001 12 50 15 50 339%  0.80[0.42,153)
Stonell 2006 6 20 6 20 156%  1.00(0.39,258)
Total (95% CI) 106 108 100.0%  0.92[0.64, 1.32) &
Total events 35 39
Heterogeneity. Chi*= 0.31, df= 2 (P = 0.85); F= 0% ; f l i
Testfor overall effect: Z = 0.45 (P = 0.65) o T R T TR

19799 Int J Clin Exp Med 2015;8(11):19793-19803



Patient-controlled sedation versus intravenous sedation for colonoscopy

Figure 6. Meta-analysis of the complications. A. Rates for oxygen desaturation; B. Rates for hypotension; C. Rates for
arrhythmia; D. Rates for amnesia and after-effect; E. Subgroup analysis of rates for amnesia and after-effect. PCS,

patient-controlled sedation; IVS, intravenous sedation.

PCS S Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Stonell 2006 16 20 17 20 250% 0.94 [0.71,1.25]

Ng 2001 28 44 15 44 2156% 1.87[1.17, 2.99) —-—
Crepeau 2005 28 29 21 29 258% 1.33[1.05, 1.69)

Bright 2003 34 34 33 33 276% 1.00 [0.94, 1.06]

Total (95% Cl) 127 126 100.0% 1.21[0.77, 1.92]

Total events 106 86

Heterogeneity: Tau®= 0.20; Chi*= 52.64, df= 3 (P < 0.00001); F= 94%

Test for overall effect: Z=0.82 (P=0.41)

0.01 0.1 1 10 100
Favours IVS Favours PCS

Figure 7. Meta-analysis of willingness to repeat the same sedation method. PCS, patient-controlled sedation; IVS,

intravenous sedation.

[5, 7], and both supported that no statistical
difference was found between the two groups.
Two studies both agreed that the incidence of
after-effects in the PCS group was lower than
that in the IVS group [15, 17].

Willingness to repeat: Four trials asked wheth-
er the patients were willing to use the same
sedation method again [6, 8, 14, 15]. The rate
of patients willing to repeat the sedation meth-
od in the PCS was not statistical different from
that in the IVS group (83.46% VS. 68.25%, P =
0.41), and the RR was 1.21 (0.77, 1.92) in ran-
dom-effects model (Figure 7). There was great
heterogeneity between studies (12 = 94%). Upon
sensitivity analysis, great heterogeneity still
existed with removal of each study. The hetero-
geneity might lie in who performed the sedation
in the IVS group. In Bright et al.’s study, the
sedation in the IVS group was performed by the
physician [15], and they concluded no statisti-
cal difference existed between the groups.
When we made a further subgroup analysis of
the other 3 trials [6, 8, 14], the difference was
not obvious (RR 1.29, 0.89-1.86 P = 0.18) in
random-effects model, and heterogeneity was
reduced (> = 75%).

Public bias: The funnel plots revealed evidence
of bias, possibly publication bias, and the bias
is not remarkable. Due to the reason that, most
comparisons included a small number of trials,
it is difficult to interpret the funnel plots.

Discussion

Sedative drugs are commonly used during colo-
noscopy so as to facilitate the procedure and

19800

relieve patient’s discomfort. However, it is re-
ported that the use of sedative drugs would
bring about cardiorespiratory complications in
up to 20% of the patients [18]. The appearance
of PCS seems to act as an alternative choice
[19], as it allows the patients to adjust the dose
of sedative drugs according to their own feel-
ing towards consciousness and pain, thus ex-
cessive dose is avoided. Various studies have
made comparisons between PCS and IVS, but
up to now, a comprehensive summarization of
these trials still lacks.

This is the first systematic review and meta-
analysis to compare PCS with IVS for colono-
SCopy.

Patients experience various levels of discom-
fort during colonoscopy, depending on his/her
tolerability, history of abdominal surgery and
structure of the colon. Some patients may not
require any form of sedation, while others abso-
lutely need [20]. PCS provides the flexibility for
varying the degree of sedation according to
the patient’s own willing. Furthermore, individu-
al pharmacodynamic differences exist among
the patients, and PCS gives a chance to control
the difference with a sense of autonomy [20].

PCS for colonoscopy can be achieved in a mul-
tiple combinations of sedative and analgesic
drugs. The drugs can be administered through
intravenous or inhalation. For intravenous
sedation, propofol seems to be the preference
choice due to its rapid on-set and off-set of
action, and (at least) equivalent effectiveness
to midazolam [21]. Sometimes, short acting
opioids are also added to relieve patient’s pain.
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The sedative and analgesic drugs are likely to
cause respiratory depression and hypotension.
Sedative comedication and careful application
of small doses help to avoid these sequelae
[20]. The specialized pumps used in PCS allow
for set of bolus dose and lockout time interval,
and that the patient should be conscious
enough to press the button, therefore, overse-
dation is prevented.

Not every patient suits for PCS; the patients
qualified should comprehend the instructions,
manipulate the device appropriately, and have
a certain degree of cooperation. For those anti-
cipating deep sedation and coming with too
much anxiety, PCS may not be a wise choice.
Maybe due to its high requirement of the
patient, PCS is quite uncommon, but Vargo has
faith that PCS will have platforms in the gastro-
enterology fields across many procedures [22].

The time of cecal intubation time and total pro-
cedure varied greatly in different trials, due to
varying starting and ending points, different
colonoscopy techniques, and endoscopist’'s
experience. The pooled results showed that,
the use of PCS will not influence the efficiency
of the total colonoscopy procedure. Though a
minority of the patients might fail in administra-
tion the sedative drugs through PCS, and tradi-
tional IVS performed by anesthetist was need-
ed, the proportion was really small, and had no
effect on the cecal intubation rate.

The scales used to evaluate patient’s feeling of
pain varied in different trials, but the eligible
studies all achieved the same results: the pain
score had no statistical difference between the
two groups. Though one trial further evaluated
the pain as follow-up parameter, and more
patients in the PCS group reported to have
pain, the authors believed that, the procedure
did not influence the overall levels of satisfac-
tion with the method of sedation. This may be a
reflection of lighter sedation and lower level of
amnesia in the PCS group [15].

In sedative colonoscopy, of most important
clinical relevance is the time required for the
patient to discharge from the endoscopy cen-
ter, as this needs the workload of staff with
respect to patient monitoring. Among the six
selected trials evaluating the recovery time,
only one trial proved that the two groups had no
statistical difference in the time for Aldrete
Score = 9 [6], while the left 5 trials all showed
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superiority of PCS over IVS in the recovery time,
so the tendency is obvious that PCS needed
less time for recovery.

The complication related to sedation is another
vital issue we concern [23, 24]. Actually, cardio-
respiratory depression is the most commonly
reported adverse events [25]. As the pooled
results showed that, the rates of oxygen desat-
uration and hypotension in the PCS were both
lower than those in the IVS group. This advan-
tage of PCS may derive from the fact that, self
administration of medication was drived by
pain, while pain stimulates the cardiovascular
and respiratory systems, which reduces the
depressing effects of the sedative and analge-
sia drugs. On the other hand, PCS requires that
the patient is conscious enough to depress the
button. As a result, oversedation is unlikely if
rapidly on-set drugs such as propofol and fen-
tanyl are used [15].

Two trials have compared the direct costs in
PCS and IVS [4, 17], and the results showed
that the costs in the PCS group were higher. But
something should be taken into considerations,
firstly, gains in efficiency throughout the proce-
dure will offset the higher costs when com-
pared with IVS; secondly, the fees paid to hire
an anesthetist or nurse can be avoided; thirdly,
additionally costs associated with the need for
overnight admission, and lost work productivity
is also saved [22]. Further studies are needed
to answer this important question about the
cost-effectiveness comparison between PCS
and IVS.

Among the selected studies, two have slight
difference from the others, as the method used
in the PCS group was inhalation of either
methoxyflurane through Penthrox or a mixture
of oxygen and nitrous oxide through Entonox
[5, 12]. Nevertheless, the data in the two trials
were both positive for PCS. Though oxygen
and nitrous oxide has long been established
as safe for patients, long-term exposure had
drawn our attention, as it might cause bone
marrow depression, megaloblastic changes
and neurologic dysfunction [26, 27]. These
would happen only in an atmosphere with high
concentration of nitrous oxide. With well-venti-
lation in the endoscopy center, there is little
chance that the hazard would happen.

PCS has been widely investigated for nearly 30
years [28-31], and in the field of endoscopy,
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colonoscopy has taken a large proportion, while
gastroduodenoscopy and prolonged proce-
dures, such as endoscopic retrograde cholan-
giopancreatography and endoscopic ultra-
sound still need further research [32-35].
Meanwhile, the most appropriate bolus dose of
medication, lockout time interval, the optimum
of sedative and analgesia drugs and the ratio of
them also needs more exploration [36-38].

In conclusion, PCS is as feasible and effective
as the traditional IVS for colonoscopy, without
prolonging the time of total procedure, reducing
the cecal intubation rate, or influencing pati-
ent’s satisfaction, rather there seems to be
a tendency that PCS shows its superiority
in recovery time, incidence for oxygen satura-
tion and hypotension. With appropriate patient
selection, PCS may help to improve the work-
flow of endoscopy units.
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