Kim et al. Systematic Reviews (2025) 14:171 Systematic Reviews
https://doi.org/10.1186/s13643-025-02933-w

. ®
Comparison of efficacy and safety profiles ==

of perioperative sufentanil and remifentanil:
a systematic review and meta-analysis with trial
sequential analysis

Hyo Jin Kim'?, Geun Joo Choi®? and Hyun Kang**"

Abstract

Background Sufentanil and remifentanil are commonly used during general anesthesia. This systematic review

and meta-analysis with trial sequential analysis of randomized controlled trials (RCTs) aims to comprehensively evalu-
ate and compare the efficacy and safety profiles of perioperative sufentanil and remifentanil administration in patients
undergoing surgery under general anesthesia.

Methods This study was registered in INPLASY (INPLASY202270070). A comprehensive search was performed
using MEDLINE, EMBASE, CENTRAL, Web of Science, and Google Scholar to identify all RCTs comparing the efficacy
of the intraoperative use of sufentanil to that of remifentanil. The primary outcome were the postoperative pain
scores measured using visual analogue scale (VAS) or numerical rating scales (NRS). The secondary outcomes were
the postoperative analgesic use, time to first analgesic need, intraoperative hemodynamic profiles, postoperative
nausea and vomiting (PONV), incidence of respiratory depression, and recovery characteristics.

Results A total of 31 studies were included in the final analysis. Postoperative pain score was significantly

higher in remifentanil group than that in sufentanil group, with a small effect size (standardized mean difference
[SMD]= —0.47; 95% confidence interval [Cl]=0.24 to 0.70). Postoperative analgesic amount used was lower in sufen-
tanil group than that in remifentanil group, with a medium effect size (SMD=0.55; 95% Cl=0.12 t0 0.99). In terms

of hemodynamic profiles, intraoperative systolic blood pressure (mean difference [MD]= —6.30; 95% Cl= —10.76
to—1.85), mean arterial pressure (MD= —6.38; 95% Cl=—10.25 to—2.51), and heart rate (MD= —4.16; 95% Cl= —6.65
to—1.68) were lower in remifentanil group than in sufentanil group. Incidence of postoperative nausea (relative
risk=1.39;95% Cl=1.13 to 1.71) was higher in remifentanil group than in sufentanil group. The remifentanil group
showed a faster recovery profile than the sufentanil group.

Conclusions Compared with remifentanil, sufentanil demonstrated superior efficacy in postoperative pain manage-
ment and superior safety profiles with respect to postoperative nausea and hemodynamic stability; however, remifen-
tanil showed a faster recovery profile.

Systematic review registration International Prospective Register of Systematic Reviews (INPLASY),
NPLASY202270070.
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Introduction

Intravenous opioids are commonly used for pain relief
during general anesthesia and are crucial for periop-
erative acute pain management. These opioids facilitate
intraoperative patient comfort and influence the overall
postoperative experience [1]. Among them, remifentanil
and sufentanil have gained significant attention due to
their distinct pharmacological properties. Remifentanil, a
p-opioid receptor agonist, is characterized by rapid onset
and a very short duration of action given its rapid deg-
radation by non-specific plasma and tissue esterases [2,
3]. For remifentanil, the time for a 50% decrease in blood
concentration after discontinuation of a steady-state
infusion is consistently 4 min, regardless of the infusion
duration [4]. This distinctive pharmacokinetic profile
allows precise titration, minimizing the risk of residual
sedation and delayed recovery [5]. Sufentanil, a fentanyl
derivative, offers rapid onset and unique pharmacologi-
cal properties [6, 7]. Its high lipophilicity and p-opioid
receptor affinity facilitate achievement of potent analge-
sia at lower doses, which may reduce side effects such as
respiratory depression and nausea [8-10].

Effective perioperative pain management is crucial
for facilitating patient comfort and early mobilization,
reducing postoperative complications, and optimiz-
ing overall surgical outcomes. This systematic review
and meta-analysis with trial sequential analysis of ran-
domized controlled trials (RCTs) aimed to evaluate and
compare the efficacy and safety profiles of perioperative
sufentanil and remifentanil administration in patients
undergoing surgery under general anesthesia.

Methods

The protocol of this study was developed accord-
ing to the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocol (PRISMA-P) and
registered in the International Prospective Register
of Systematic Reviews (INPLASY; registration num-
ber: INPLASY202270070). Furthermore, this study
was reported in accordance with the Preferred Report-
ing Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines [11].

Inclusion and exclusion criteria

The inclusion and exclusion criteria were determined
prior to this study being conducted. We included RCTs
comparing the efficacy and safety profiles of sufentanil
and remifentanil. The study details were as follows:

1. Patients (P): All patients receiving elective surgery
under general anesthesia.

2. Intervention (I): Intraoperative administration of
sufentanil.

3. Comparison (C): Intraoperative administration of
remifentanil.

4. Outcome measurements (O): The primary outcomes
were the postoperative pain score measured using a
visual analogue scale (VAS), numerical rating scale
(NRS), pain relief score (PRS), or ICU pain score. The
secondary outcomes were the postoperative anal-
gesic usage; time to first analgesic requirement; and
perioperative hemodynamic variables including sys-
tolic blood pressure (SBP), diastolic blood pressure
(DBP), and heart rate (HR). Furthermore, we evalu-
ated the incidence of postoperative nausea (PON),
postoperative vomiting (POV), postoperative nausea
and vomiting (PONV), and recovery time. Recovery
time was delineated by time to extubation, time to
eye opening, time to spontaneous respiration, time to
emergence, and time to orientation.

5. Study design (SD): RCTs.

We excluded data from conference abstracts, posters,
case reports, case series, editorials or letters to the editor,
reviews, and animal or laboratory studies.

Systematic search

A comprehensive, systematic search for RCTs compar-
ing the efficacy and safety of perioperative sufentanil
and remifentanil in patients undergoing elective sur-
gery under general anesthesia was performed by two
independent investigators (HJK and CG]J). Furthermore,
we included studies comparing the use of four opioids:
sufentanil, remifentanil, alfentanil, and fentanyl. Ovid-
MEDLINE, Ovid-EMBASE, CENTRAL, Web of Science,
and Google Scholar were searched for relevant articles
published from inception to August 31, 2023 (inclusive),
and updated on November 15, 2023.

Search terms comprised a combination of free text;
Medical Subject Headings; and EMTREE terms for
“sufentanil,” “remifentanil;’ and “randomized controlled
trial” Clinical trial registries were implemented to iden-
tify completed but unpublished RCTs, while Open SIGLE
was used to search the gray literature. Additionally, a
manual search through the reference lists of the retrieved
articles was performed. The search strategy is described
in the Supplementary file.
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Study selection

Supplementary Figure 1 presents a schematic flow dia-
gram of the study selection. Two investigators (KH]J
and CG]J) separately scanned the titles and abstracts
of the retrieved reports via the aforementioned search
algorithms. Subsequently, the full text of articles con-
sidered to be eligible after the initial screening was
independently evaluated by the same investigators,
with disagreements being settled through discussion.
If consensus could not be achieved, a third investigator
(KH) was consulted.

Data extraction

Using a predefined, standardized data collection form,
two researchers (KHJ and CGJ) independently retrieved
relevant data from the included studies, followed by
cross-checking the findings. In case of disagreements,
a consensus was reached through discussion between
the two investigators. In case a consensus could not be
reached, a third investigator (KH) was consulted. The
data extraction form included the following items: (1)
title; (2) name of first author; (3) journal name; (4) year
of publication; (5) study design; (6) clinical trial regis-
tration; (7) country; (8) language; (9) risk of bias; (10)
conflicts of interests; (11) number of patients included;
(12) sex; (13) age; (14) height of patients; (15) weight of
patients; (16) duration of anesthesia; (17) physical sta-
tus according to the American Society of Anesthesiolo-
gists classification; (18) inclusion criteria; (19) exclusion
criteria; (20) anesthesia type; (21) surgery type; (22)
agent of anesthesia induction; (23) agent of anesthesia
maintenance; (24) dose or experimental drug (sufen-
tanil or remifentanil); (25) administration methods of
the experimental drug (bolus administration, continu-
ous infusion, or target-controlled infusion [TCI]); (26)
postoperative pain score; (27) postoperative analgesic
amount; (28) incidence of need for postoperative anal-
gesics; (29) time to first analgesic requirement; (30)
perioperative hemodynamic variables such as SBP, DBP,
mean arterial pressure (MAP), and HR; (31) incidence
of PON, POV, and PONV; (32) number of patients
requiring rescue anti-emetics; (33) cases of respiratory
depression; (34) SpO, level; and (35) time to extuba-
tion, eye opening, spontaneous respiration, orientation,
and emergence.

Data were initially extracted from tables, figures, or text
or were calculated from the available data, if possible.
Data presented only in a graphical format were derived
from the open-source software Plot Digitizer (version
2.6.8; http://plotdigitizer.sourceforge.net). The corre-
sponding authors were contacted via email to obtain per-
tinent information in case of missing or insufficient data.
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Statistical analysis

Conventional meta-analysis

Meta-analyses were conducted using Comprehensive
Meta-Analysis version 2.0 (Englewood, NJ, USA, 2008).
Two authors (HJK, HK) independently performed data
entry into the software. The pooled risk ratio (RR) for
binary variables and mean difference (MD) or standard-
ized mean difference (SMD) for quantitative data and
their 95% confidence intervals (CIs) were calculated for
each outcome. Heterogeneity was assessed using the chi-
squared test, Higgins’ %, 7 using the DerSimonian-Laird
estimator, and prediction interval (PI). If T was 0.0, PI
was not calculated [12]. We regarded heterogeneity as
substantial if I* was greater than 50% or P-value for the
chi-square test (P,;?) was less than 0.10 [13]. We used
random-effects meta-analysis for combining data as we
expected clinical heterogeneity sufficient to expect that
the underlying treatment effects differed between trials.
To explore heterogeneity, we performed sensitivity anal-
ysis with removal of one study each time to determine
whether it altered our results. Furthermore, we also con-
ducted sensitivity analysis with respect to heterogeneous
outcomes. We conducted meta-regression analysis age,
duration of operation or anesthesia, and ratio of sufen-
tanil and remifentanil dose (sufentanil dose/remifentanil
dose used) as independent variables and each outcomes
as dependent variables. If studies per outcome was less
than 10, meta-regression was not performed.

If the reported data were median (P,—P.:), median
(range), or mean (standard error of mean), mean and
standard deviation were calculated from these values [14,
15]. Since data measured at multiple time points were
dependent on each other and multiple comparisons at
each time point would increase the possibility of type I
error, we combined outcomes at multiple time points
and performed analysis using the pooled combined
outcomes.

We calculated the number needed to treat (NNT)
based on the absolute risk reduction, as an estimate of
the overall clinical impact of the intervention.

Publication bias was evaluated using funnel plots and
Egger’s linear regression test. Publication bias was indi-
cated by an asymmetrical funnel plot or a P value <0.100
in Egger’s test, in which case trim and fill analysis was
performed. In case of<10 included studies, publication
bias was not evaluated [16].

Trial sequential analysis

Conventional meta-analysis runs the risk of random
errors due to sparse data. Trial sequential analysis
(TSA) is a methodology that comprises calculation of
the required information size (RIS) for a meta-analysis
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with a threshold for statistical significance, which
controls the risk of potential false-positive and false-
negative findings. Therefore, we performed TSA of
the outcomes to calculate the RIS and assess whether
our results were conclusive. We used a random effects
model to construct the cumulative z-curve. TSA was
performed to maintain an overall 5% risk of a type I
error.

When the cumulative z-curve crossed the trial sequen-
tial monitoring boundary or entered the futility area, it
suggested a sufficient evidence level for accepting or
rejecting the anticipated intervention effect, with no
further studies being required. If the z-curve did not
cross any boundaries and the RIS was not reached, the
evidence was considered inconclusive, indicating the
requirement of more studies.

For dichotomous outcomes, we estimated the RIS
based on the observed proportion of patients with an
outcome in the remifentanil group (the cumulative pro-
portion of patients with an event relative to the number
of patients in the remifentanil groups), an RR reduction
of 30% in the sufentanil group, an alpha of 5% for all out-
comes, a beta of 20%, and the observed diversity as sug-
gested by the included trials. For quantitative outcomes,
we used the observed standard deviation (SD) in the trial
sequential analysis, a mean difference of the observed
SD/3, an alpha of 5% for all outcomes, a beta of 10%, and
the observed diversity as suggested by the included trials.

Validity scoring

Using the revised Cochrane risk of bias tool for rand-
omized trials (RoB 2.0 version), the quality of each study
was critically appraised by two separate investigators
(GJC and KHJ) [17]. Primarily, each domain was evalu-
ated and rated as follows: (D1) bias derived from the ran-
domization process, (D2) bias due to deviations from the
intended interventions, (D3) bias resulting from miss-
ing data regarding outcomes, (D4) bias due to outcome
measurements, and (D5) bias due to the selection of the
reported result. Next, the overall risk of bias was assessed
as follows: (1) low risk, which occurs when the risk of
bias for all domains was low; (2) high risk, which occurs
when the risk of bias for at least one domain was high or
the risk of bias for multiple domains was of some con-
cern; and (3) some concern, which occurs when the over-
all judgment was neither low nor high.

When consensus could not be established, disputes
were resolved through discussions with a third investiga-
tor (KH). The risk of bias for each outcome was visualized
using traffic light plots generated through the ROBVIS
tool (https://www.riskofbias.info/welcome/robvis-visua
lization-tool).
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Quality of evidence

The guidelines of the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) sys-
tem were applied to evaluate the quality of evidence. The
guidelines involve the sequential assessment of the evi-
dence quality, evaluation of the risk—benefit balance, and
subsequent appraisal of the strength of the recommenda-
tions [18]. The evidence quality was graded as follows: (1)
high, indicating that the confidence in the effect estimate
was unlikely to alter with further research; (2) moderate,
indicating that further research was likely to significantly
alter confidence in the effect estimate and might alter the
estimate; (3) low, indicating that further research was
likely to significantly change confidence in the effect esti-
mate and alter the estimate; and (4) very low, indicating
that no effect estimate was certain.

Results

Literature search and study selection

The initial search of the databases yielded 417 articles;
moreover, 13 additional articles were identified after
a manual search of the reference lists. After removing
duplicates (n=66), 364 studies were retained. Among
them, 303 studies were excluded after reviewing the titles
and abstracts. The kappa value for literature selection
between the two investigators at this stage of study selec-
tion was 0.938.

After a full-text review of the 61 remaining articles, 30
articles were excluded for the following reasons: non-
RCTs (n=8) [19-26], animal studies (n=6) [27-32], no
outcome of interest (#=9) [33—-41], non-general anes-
thesia (n=6) [42-47], and missing data (n=1) [48]. The
kappa value for selecting articles between the two inves-
tigators was 0.902. Finally, 31 studies (1684 patients) were
included in the final analysis (Fig. 1).

Study characteristics

Table 1 describes the characteristics of the 31 eligible
studies. The surgery types included abdominal surgery
[49-57], neurosurgery [58-63], cardiac surgery [64—68],
breast surgery [69, 70], dental surgery [71, 72], retinal
surgery [73], carotid surgery [74], thyroid surgery [75],
spinal surgery [76], plastic surgery [77], colectomy or
pedicle screw inter-fixation [78], and not reported [79].
Apart from two studies involving pediatric patients [77,
79], the remaining studies focused on adults. Nineteen
studies utilized total intravenous anesthesia [52, 54, 57—
60, 62, 63, 65-70, 72, 73, 75, 76, 78, 79], while the remain-
ing studies employed volatile anesthetics. Among the
volatile anesthetics used, four studies each used sevoflu-
rane [49, 50, 55, 78], desflurane [51, 53, 56, 71], and iso-
flurane [61, 64, 74, 77]. The administration methods for
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Fig. 1 PRISMA flow diagram of the search for randomized controlled trials as well as the inclusion and exclusion criteria

remifentanil and sufentanil varied across studies. Eleven
studies performed continuous intravenous (IV) infusion
of both remifentanil and sufentanil [49, 50, 54, 55, 59-62,
65, 70, 75], while nine studies performed TCI of both
drugs [51, 53, 56, 57, 63, 68, 72, 78, 79]. In another nine
studies, remifentanil was administered via continuous IV
infusion, while sufentanil was initially administered as
a loading dose followed by additional bolus administra-
tions, as required [52, 58, 64, 66, 67, 69, 73, 74, 76]. Both
remifentanil and sufentanil were administered as bolus
loading doses in two studies [71, 77].

Postoperative pain score

Eighteen studies (914 patients) reported the postop-
erative pain scores, with their characteristics being
described in Supplementary Table 1. Among them, 16
studies (795 patients) measured postoperative pain
scores using quantitative variables such as VAS [51, 53,
56, 60, 65, 74, 79], NRS [58, 63, 64], verbal rating scale
[49, 52, 73], PRS [76], simple numerical scale [72], or ICU

pain score [66]. The remaining two studies (119 patients)
reported postoperative pain scores using qualitative vari-
ables (>VAS4 vs.<VAS4 or >VAS3 vs.<VAS3) [54, 71].
Accordingly, we separately analyzed quantitatively or
qualitatively measured postoperative pain scores.
Quantitative postoperative pain scores were sig-
nificantly higher in the remifentanil group than in the
sufentanil group, with a small effect size (SMD, 0.47;
95% CI, 0.24—0.70; I*=59.95; P;>=0.001; 7=0.36; 95%
PI,—0.30-1.24) (Fig. 2A). For postoperative pain score
reported using qualitative variables, there was no evi-
dence of differences between the two groups (RR, 4.38;
95% CI, 0.28-68.34; I’=87.39; P,;>=0.005; 7=1.87;
95% PI, 0.68-28.29). However, there was a significant
difference with respect to NNT (number needed to
treat benefit [NNTB], 2.3; 95% CI, NNTB 1.7 to NNTB
3.8) (Supplementary Figure 2A). In the meta-regres-
sion, age, duration of operation or anesthesia, and
ratio of sufentanil and remifentanil dose were signifi-
cantly correlated with quantitative postoperative pain
scores (slope,—0.00859; 95% CI,—0.01708 to—0.00010;
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P=0.04727:  slope,—0.00252; 95%  CI,—0.00439
to—0.00065; P=0.00817: slope, 4.76018; 95% CI, 0.14402
to 9.37634; P=0.04327, respectively) (Supplementary
Table 2, Supplementary Figure 3).

For quantitative postoperative pain score, TSA indi-
cated that only 67.9% (795 of 1171 patients) of the RIS
was accrued. The cumulative z-curve (depicted as the
complete blue curve) crossed both the conventional test
boundary (represented by the dotted red line) and the
trial sequential monitoring boundary (indicated by the
complete red curve) (Fig. 2B). For qualitative postopera-
tive pain scores, the cumulative z-curve (depicted as the
complete blue curve) did not cross the conventional test
boundary (Supplementary Figure 2B).

Amount of postoperative analgesic used

Thirteen studies (738 patients) reported the amount of
postoperative analgesic used, which was lower in the
sufentanil group than in the remifentanil group, with
a medium effect size (SMD, 0.55; 95% CI, 0.12-0.99;
’=8839; P,?<0.001; 7=0.82; 95% PI,—1.25-2.35)
(Fig. 2C).

In the meta-regression, duration of operation or anes-
thesia and ratio of sufentanil and remifentanil dose
were significantly correlated with amount of postopera-
tive analgesic used (slope, 0.00084; 95% CI, 0.00067 to
0.00396; P=0.00591: slope, — 8.11301; 95% CI, —12.39657
to—3.82944; P=0.000021, respectively), but no signifi-
cant relationship was observed between age and amount
of postoperative analgesic used (slope,—0.00038; 95%
CI,—0.01049 to 0.00973; P=0.94165) (Supplementary
Table 2, Supplementary Figure 4).

TSA indicated that 96.2% (230 of 249 patients) of the
RIS was accrued. The cumulative z-curve crossed both
the conventional test boundary and the trial sequential
monitoring boundary (Fig. 2D).

Incidence of patients who needed postoperative
analgesics

Nine studies (513 patients) reported the incidence of
patients requiring postoperative analgesics. Aggregate
analysis of this incidence revealed no between-group
difference (RR, 1.60; 95% CI, 0.99-2.60; I*=53.92;
P, 2=0.021; 7=0.53; 95% PI, 0.94—2.72). However, there
was a significant between-group difference with respect
to NNT (NNTB, 8.2; 95% CI, NNTB 5.1 to NNTB 20.4)
(Supplementary Figure 5A). TSA indicated that only
23.2% (503 of 2165 patients) of the RIS was accrued. The
cumulative z-curve crossed the conventional test bound-
ary but did not cross the trial sequential monitoring
boundary (Supplementary Figure 5B).
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Time to first analgesic administration

Two studies (70 patients) reported the time to first anal-
gesic administration, which was longer in the sufentanil
group than in the remifentanil group (MD,—41.99; 95%
CL,-60.71--23.27; FP=0.00; P, *=0.883; 1=0.00)
(Supplementary Figure 6A). TSA indicated that only
32.9% (70 out of 213 patients) of the RIS was accrued.
The cumulative z-curve intersected both the conven-
tional test boundary and the trial sequential monitoring
boundary (Supplementary Figure 6B).

Systolic blood pressure (preoperative, intraoperative,
and postoperative phase)
Seven studies (348 patients) reported the preopera-
tive SBP, which showed no significant between-group
difference (MD, 1.06; 95% CI,—1.63-3.75; I*=0.00;
P,2=0.476; 7=0.00) (Supplementary Figure 7A).
TSA indicated that 94.7% (268 of 283 patients) of the
RIS was accrued. The cumulative z-curve crossed the
futility boundary (represented by the complete red
curve on the right side) (Supplementary Figure 7B).
Nine studies (400 patients) reported the intraop-
erative SBP, which was higher in the sufentanil group
than in the remifentanil group (MD,-6.30; 95%
CI,—10.76 to—1.85; *=74.82; P,;><0.001; 7=>5.48;
95% PI, —18.93-6.33) (Supplementary Figure 8A). TSA
indicated that only 74.7% (360 of 482 patients) of the
RIS was accrued. The cumulative z-curve crossed the
conventional test boundary but not the trial sequential
monitoring boundary (Supplementary Figure 8B).
Three studies (118 patients) reported the postop-
erative SBP, which showed no between-group dif-
ference (MD, 3.83; 95% CI,—1.51 to 9.17; I*=24.05;
P,2=0.266; T=2.36; 95% PI,—6.22-14.08) (Supple-
mentary Figure 9A). TSA indicated that only 42.9%
(118 of 275 patients) of the RIS was accrued. The
cumulative z-curve did not cross the conventional test
boundary nor the trial sequential monitoring bound-
ary (Supplementary Figure 9B).

Mean arterial pressure (preoperative, intraoperative,

and postoperative phase)

Twelve studies (735 patients) reported the preopera-
tive MAP, which showed no between-group differ-
ence (MD,-0.18; 95% CI,—1.61 to 1.26; >=41.60;
P,2=0.064; T=1.37; 95% PI,—3.19-2.83) (Supplemen-
tary Figure 10A). In the meta-regression, no significant
relationship was observed between age and preopera-
tive MAP, nor between ratio of sufentanil and remifen-
tanil dose and preoperative MAP (slope, 0.00093; 95%
CI,—0.00725 to 0.00911; P=0.82419: slope,—4.18159;
95% CI,—8.75668 to 0.39349; P=0.07323, respectively)
(Supplementary Table 2, Supplementary Figure 11).
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TSA indicated that patients enrolled exceeded the RIS
(735 of 446 patients). The cumulative z-curve crossed the
futility boundary (Supplementary Figure 10B).

Thirteen studies (745 patients) reported the intra-
operative MAP, which was higher in the sufentanil
group than in the remifentanil group (MD, —6.38; 95%
CL—10.25 to—2.51; ’=92.82; P, 2<0.001; 7=6.42; 95%
PI,—20.52-7.76) (Fig. 3A). In the meta-regression, dura-
tion of operation or anesthesia and ratio of sufentanil
and remifentanil dose were significantly correlated with
intraoperative MAP (slope, —0.00275; 95% CI, —0.00500
to—0.00049; P=0.01690: slope, 6.04224; 95% CI, 1.23623
to 10.84825; P=0.01374, respectively), but no significant
relationship was observed between age and intraopera-
tive MAP (slope, —0.00685; 95% CI, —0.01638 to 0.00269;
P=0.15920) (Supplementary Table 2, Supplementary
Figure 12).

TSA indicated that the number of included patients
exceeded the RIS (72 patients). The cumulative z-curve
crossed both the conventional test boundary and the trial
sequential monitoring boundary (Fig. 3B).

Two studies (109 patients) reported the postopera-
tive MAP, which showed no between-group difference
(MD, —1.53; 95% CI,—7.72-4.65; I*=64.04; P;>=0.095;
7=3.81; 95% PI,—49.91-46.85) (Supplementary Fig-
ure 13A). TSA indicated that only 19.2% (194 of 1006
patients) of the RIS was accrued. The cumulative z-curve
did not cross the conventional test boundary nor the
trial sequential monitoring boundary (Supplementary
Figure 13B).

(See figure on next page.)
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Diastolic blood pressure (preoperative, intraoperative,

and postoperative phase)

Six studies (289 patients) reported the preoperative DBP,
which showed no significant between-group difference
(MD, 2.13; 95% CI,—2.60-6.85; *=71.13; P,,;*=0.004;
7=4.89; 95% PI,—10.45-14.71) (Supplementary Fig-
ure 14A). TSA indicated that only 27.3% (289 of 1059
patients) of the RIS was accrued. The cumulative z-curve
did not cross the conventional test boundary nor the
trial sequential monitoring boundary (Supplementary
Figure 14B).

Seven studies (345 patients) reported the intraopera-
tive DBP, which showed no significant between-group
difference (MD,—3.88; 95% CI,—8.00-0.24; I*=66.55;
P, 2=0.006; 7=3.81; 95% PI,— 14.61-6.85) (Supplemen-
tary Figure 15A). TSA indicated that only 14.8% (345 of
2333 patients) of the RIS was accrued. The cumulative
z-curve did not cross the conventional test boundary nor
the trial sequential monitoring boundary (Supplemen-
tary Figure 15B).

Two studies (99 patients) reported postoperative DBP,
which was higher in the remifentanil group than in the
sufentanil group (MD, 6.14; 95% CI, 1.33-10.96; P=0.00;
P,2=0.553; 7=0.00) (Supplementary Figure 16A). TSA
indicated that only 35.0% (99 of 283 patients) of the RIS
was accrued. The cumulative z-curve did not cross the
conventional test boundary or the trial sequential moni-
toring boundary (Supplementary Figure 16B).

Fig. 2 A Forest plot for the quantitative postoperative pain scores. The figure depicts individual trials as filled squares with relative sample

size and the 95% confidence interval (Cl) of the difference as a solid line. The diamond shape indicates the pooled estimate and uncertainty

for the combined effect. The overall pooled estimate showed significantly higher quantitative postoperative pain scores in the remifentanil
group than in the sufentanil group. B Trial sequential analysis plot for the quantitative postoperative pain scores. The uppermost and lowermost
complete red curves represent the trial sequential monitoring boundaries for benefit and harm, respectively. The horizontal dotted red line
represents the conventional boundaries for statistical significance. Triangular red lines on the right side reflect the futility boundaries. The blue
solid line represents the cumulative z-curve. The number on the x-axis indicates the required information size. The cumulative z-curve crosses

the alpha spending boundary, which favors sufentanil over remifentanil for lower postoperative pain scores. The alpha spending boundary indicates
the required information size to confirm the findings. C Forest plot for the amount of postoperative analgesic used. The figure depicts individual
trials as filled squares with the relative sample size and the 95% confidence interval (Cl) of the difference as a solid line. The diamond shape indicates
the pooled estimate and uncertainty for the combined effect. The overall pooled estimate showed significantly higher use of postoperative
analgesics in the remifentanil group than in the sufentanil group. D Trial sequential analysis plot for the amount of postoperative analgesic used.
The uppermost and lowermost complete red curves represent the trial sequential monitoring boundary lines for benefit and harm, respectively. The
horizontal dotted red line represents the conventional boundaries for statistical significance. Triangular red lines on the right side reflect the futility
boundaries. The blue solid line represents the cumulative z-curve. The number on the x-axis indicates the required information size. The cumulative
z-curve surpasses the alpha-spending boundary, indicating a statistically significant difference favoring sufentanil for reduced postoperative
analgesic consumption before reaching the required information size
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(A)

Study name Time point Statistics for each study Std diff in means and 95% CI
Std diff Lower  Upper
in means. limit limit
Brockmann, 2000 Postoperative 0455  -0.392 1.301
Casati, 2000 Combined 1.169 0.388 1.951
Engoren,2001 Combined 0518 -0.011 1.048 —a—
Mouren, 2001 Combined 0373 -0.158 0904 -
Derrode,2003 Combined 0550  -0.194 1293
Gerlach,2003 Postop 1-5hr 0.030 -0633 0693 e
Damen,2004 immediate postop (Ohr) 0729 0245 1213 —
Grottke,2004 Combined 0064 0719 0592 —_—
Guggenberger,2006  Combined 0008 -0.567 0583 e
Bilotta, 2007 Combined 0005 -0.507 0517 —
DeBaerdemaeker,2007  Combined 0099 -0.482 0680 ——
Bidgoli 2011 at awakening 1.333 0.900 1.767 +-—
Lili 2012 at wake-up test onset 1.043 0427 1,660 —_—
Macario-Ge'rard 2014 Combined 0465  -0.080 1.010
Bhavsar,2016 Combined 0.706 0.168 1244 —_—
Liu,2020 Postoperative 0000 0592 0592 —_—
0469 0238 0.700 -
200 .00 000 100 200
Favors R Favors S
( ) Alpha Spending Boundary is a Two-sided graph
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B e et T Tt
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_ad
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( ) Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper
in means limit limit
Engoren,2001_1 0.287 -0.235 0.809
Engoren,2001_2 3.586 2.747 4.424
Mouren,2001 0.220 -0.306 0.746
Derrode,2003_1 1.026 0.265 1.788
Derrode,2003_2 0.763 0.022 1.504
Lentschener,2003 0.523 -0.151 1.197
Grottke,2004 0.159 -0.495 0.814
Djian,2006 0.649 0.129 1.168
De Baerdemaeker,2007 0.000 -0.620 0.620
Lison,2007 1.423 1.011 1.836
Bidgoli, 2011 0.103 -0.289 0.495
Macario-Ge ‘rard,2014 1.818 1.217 2420
Bhavsar,2016_1 0.709 0.187 1.231
Bhavsar,2016_2 0.000 -0.506 0.506
Ohnesorge, 2016 -1.500 -2.609 -0.391
Ouyang,2019 -1.500 -2.609 -0.391
0.553 0.115 0.990
-4.00 -2.00 0.00 200 4.00
Favors R Favors S
Teore

Alpha-spending boundary = 249

20 Number of
patints
(Linear scaled)

Fig. 2 (Seelegend on previous page.)
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Heart rate (preoperative, intraoperative, and postoperative
phase)

Sixteen studies (933 patients) reported the preopera-
tive HR, which showed no significant between-group
difference (MD,—0.95; 95% CI,—2.80—0.90; I*=63.47;
P,2<0.001; 7=2.67; 95% PI,—6.64—4.74) (Supplemen-
tary Figure 17A). In the meta-regression, no significant
relationship was observed between age and preoperative
HR, nor between ratio of sufentanil and remifentanil dose
and preoperative HR (slope, 0.00435; 95% CI, —0.00294
to 0.01164; P=0.24255: slope, 2.36045; 95% CI, — 1.73664
to 6.45753; P=0.25882, respectively) (Supplementary
Table 2, Supplementary Figure 18).

TSA indicated that only 50.1% (839 of 1676 patients)
of the RIS was accrued. The cumulative z-curve did
not cross the conventional test boundary nor the trial
sequential monitoring boundary (Supplementary
Figure 17B).

Sixteen studies (839 patients) reported the intraopera-
tive HR, which was higher in the sufentanil group than
in the remifentanil group (MD,-4.16; 95% CI,—6.65
to—1.68; >=85.08; P ;> <0.001; 7=4.33; 95% PI,— 13.38—
5.06) (Fig. 3C). In the meta-regression, ratio of sufentanil
and remifentanil dose was significantly correlated with
intraoperative HR (slope,—7.63972; 95% CI,—11.70005
to—3.57940; P=0.00023), but no significant relationship
was observed between age and intraoperative HR (slope,
0.00600; 95% CI,—0.00218 to 0.01418; P=0.15081) (Sup-
plementary Table 2, Supplementary Figure 19).

TSA indicated that 98.3% (745 out of 758 patients) of
the RIS was accrued. The cumulative z-curve crossed
both the conventional test boundary and the trial sequen-
tial monitoring boundary (Fig. 3D).

Six studies (287 patients) reported postoperative
HR, which showed no significant between-group dif-
ference (MD, 1.20; 95% CI,—1.54-3.94; I*=88.38;

(See figure on next page.)
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P,2<0.001; 7=2.63; 95% PI,—5.56-7.96) (Supplemen-
tary Figure 20A).

TSA indicated that only 15.8% (287 of 1813 patients)
of the RIS was accrued. The cumulative z-curve did
not cross the conventional test boundary nor the trial
sequential monitoring boundary (Supplementary
Figure 20B).

Side effects (PON, POV, PONV, use of anti-emetics,
respiratory depression, Sp02)

Six studies (351 patients) reported the incidence of PON,
which was higher in the remifentanil group than in the
sufentanil group (RR, 1.39; 95% CI 1.13 to 1.71; I*=0.00;
P,,>=0.494, 7=0.00). Moreover, there was a significant
between-group difference with respect to NNT (NNTB,
8.9; 95% CI, NNTB 4.7 to NNTB 91.4) (Supplementary
Figure 21A). TSA indicated that only 46.9% (365 of 779
patients) of the RIS was accrued. The cumulative z-curve
crossed the conventional test boundary but not the trial
sequential monitoring (Supplementary Figure 21B).

Seven studies (410 patients) reported the incidence of
POV, which showed no significant between-group differ-
ence (RR, 1.23; 95% CI 0.62-2.46; I*=0.00; P_,;>=0.910;
7=0.00). There was no evidence of difference with
respect to NNT (NNTB, 70.7; 95% CI, number needed to
harm [NNTH] 28.3 to oo to NNTB 15.7) (Supplementary
Figure 22A). TSA indicated that only 12.6% (434 of 3445
patients) of the RIS was accrued. The cumulative z-curve
did not cross the conventional test boundary nor the
trial sequential monitoring boundary (Supplementary
Figure 22B).

Eleven studies (545 patients) reported the incidence
of PONV, which showed no significant between-group
difference (RR, 0.87; 95% CI 0.57 to 1.34; I*=6.04;
P,2=0.386; 7=0.17; 95% PI, 0.44-2.27). There was no

C

evidence of difference with respect to NNT (NNTH,

Fig. 3 A Forest plot for the intraoperative mean arterial pressure. The figure depicts individual trials as filled squares with the relative sample

size and the 95% confidence interval (Cl) of the difference as a solid line. The diamond shape indicates the pooled estimate and uncertainty

for the combined effect. The overall pooled estimate showed a significantly higher intraoperative mean arterial pressure in the sufentanil group
than in the remifentanil group. B Trial sequential analysis plot for the intraoperative mean arterial pressure. The uppermost and lowermost complete
red curves represent the trial sequential monitoring boundary lines for benefit and harm, respectively. The horizontal dotted red line represents

the conventional boundaries for statistical significance. Triangular red lines on the right side reflect the futility boundaries. The blue solid line
represents the cumulative z-curve. The number on the x-axis indicates the required information size. The z-curve surpasses the alpha-spending
boundary, indicating a statistically significant difference favoring sufentanil for maintaining mean arterial pressure, which exceeded the required
information size. C Forest plot for the intraoperative heart rate. The figure depicts individual trials as filled squares with relative sample size

and the 95% confidence interval (Cl) of the difference as a solid line. The diamond shape indicates the pooled estimate and uncertainty

for the combined effect. The overall pooled estimate showed a significantly higher intraoperative heart rate in the sufentanil group than in the
remifentanil group. D Trial sequential analysis plot for the intraoperative heart rate. The uppermost and lowermost complete red curves represent
trial sequential monitoring boundary lines for benefit and harm, respectively. The horizontal etched red line represents the conventional boundaries
for statistical significance. Triangular red lines on the right side reflect the futility boundaries. The blue solid line represents the cumulative z-curve.
The number on the x-axis indicates the required information size. The z-curve surpasses the alpha-spending boundary, indicating a statistically
significant difference favoring sufentanil for maintaining heart rate before reaching the required information size
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(A)

(B)

(©)

(D)

Study name Time point Statistics for each study Difference in means and 95% CI

Difference Lower Upper

in means limit limit
Gerlach,2003 Combined -15.051 -24.333 -5.769 ——
Lentschener,2003 Intraoperative -1.000 -10.185 8.185 ——
Grottke,2004 Combined -7.648 -15.691 0.394 &
Djian,2006 Combined -11.897 -22.596 -1.197
Bilotta,2007 Combined -1.500 -7.831 4.831 ——
Martorano,2008 Combined -3.628 -5.057 -2.199 |
Simoni,2008 Intraoperative -14.300 -17.873 -10.727 I_
Liao,2009 Combined -12.857 -16.995 -8.719
Lili,2012 Combined 3.895 2.449 5.342 |
Yeganeh,2013 Combined -4.580 -10.556 1.396 —ar
Ouyang,2019 Combined -0.500 -4.308 3.308 -
Dolsan,2020 Combined -5.308 -9.990 -0.627 —
Poterman,2020 6min -13.000 -19.656 -6.344 ——
-6.381 -10.250 -2.511 -

-30.00 -15.00 0.00 15.00 30.00

Favors S Favors R

g oy s T vt

g — I
— e .
i — .

AN [y
- \
Study name Time point Statistics for each study Difference in means and 95% CI
Difference Lower Upper
in means limit limit
Brockmann,2000 Intraoperative -6.400 -9.203 -3.597 -
Casati, 2001 Combined -1.909 -13.281 9.462 —_——
Mouren,2001 Intraoperative 3.000 -1.193 7.193 ri—
Lentschener,2003 Intraoperative -4.000 -11.840 3.840 —
Djian,2006 Combined -4.412 -10.836 2.013 —
Martorano,2008 Combined -0.850 -2.126 0.426 1
Simoni,2008 intraop. 0.000 -2.024 2.024
Liao,2009 Combined -14.714 -21.912 -7.517 ——
Zhang,2009 Combined -7.800 -12.706 -2.894 ——
Yang,2011 Combined -5.500 -11.592 0.592 ——
Lili,2012 Combined 3.447 0.777 6.118 -
Yeganeh,2013 Combined -11.700 -16.465 -6.935 T
Ohnesorge,2016 Blank -0.400 -7.877 7.077 ——
Ouyang,2019 Combined -14.558 -19.335 -9.780 ——
Dolsan,2020 Combined -3.717 -8.145 0.712 —
Poterman,2020 6min -1.000 -6.161 4.161 —a—
-4.163 -6.646 -1.680 L 4

-30.00  -15.00 0.00 15.00 30.00

Favors S Favors R

Fig. 3 (Seelegend on previous page.)
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880.9; 95% CI, NNTH 30.9 to oo to NNTB 33.2) (Sup-
plementary Figure 23A). In the meta-regression, no
significant relationship was observed between age and
PONY, nor between ratio of sufentanil and remifentanil
dose and PONV (slope,—0.00539; 95% CI,—0.04127 to
0.03049; P=0.76846: slope, 5.74618; 95% CI,—18.53772
to 30.03008; P=0.64281, respectively) (Supplementary
Table 2, Supplementary Fig. 24).

TSA indicated that only 16.5% (545 of 3310 patients)
of the RIS was accrued. The cumulative z-curve did
not cross the conventional test boundary nor the trial
sequential monitoring boundary (Supplementary
Figure 23B).

Three studies (140 patients) reported the use of res-
cue anti-emetics, which showed no significant between-
group difference (RR, 1.42; 95% CI 0.90-2.22; I*=0.00;
P,,>=0.862; 7=0.00). There was also no evidence of
a difference with respect to NNT (NNTB, 10.0; 95%
CI, NNTH 0.18.6 to oo to NNTB 3.9) (Supplementary
Figure 25A). TSA indicated that only 25.5% (140 of
548 patients) of the RIS was accrued. The cumulative
z-curve did not cross the conventional test boundary or
the trial sequential monitoring boundary (Supplemen-
tary Figure 25B).

Nine studies (726 patients) reported the incidence
of respiratory depression, which showed no significant
between-group difference (RR, 0.65; 95% CI 0.28-1.52;
’=0.00; P,;>=0.913; 7=0.00). There was also no evi-
dence of a difference with respect to NNT (NNTH,
44.9; 95% CI, NNTH 22.1 to oo to NNTB 1414.1) (Sup-
plementary Figure 26A). TSA indicated that only 5.5%
(726 of 13,226 patients) of the RIS was accrued The
cumulative z-curve did not cross the conventional test
boundary nor the trial sequential monitoring boundary
(Supplementary Figure 26B).

Six studies (555 patients) reported SpO, levels,
which showed no significant between-group difference
(MD, 0; 95% CI,—0.005-0.005; I*=54.09; P_;>=0.054;
7=0.00) (Supplementary Figure 27A). TSA indicated
that only 10.0% (555 of 5562 patients) of the RIS was
accrued. The cumulative z-curve did not cross the con-
ventional test boundary nor the trial sequential moni-
toring boundary (Supplementary Figure 27B).

Recovery profiles

Seventeen studies (943 patients) reported the time to
extubation, which was shorter in the remifentanil group
than in the sufentanil group, with a medium effect
size (SMD,—0.59; 95% CI—0.93 to—0.26; I*=83.47;
P,2<0.001; 7=0.64; 95% PI,—1.95-0.77) (Fig. 4A).
In the meta-regression, no significant relationship was
observed between age and time to extubation, between
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duration and time to extubation, nor between ratio of
sufentanil and remifentanil dose and time to extuba-
tion (slope, 0.00495; 95% CI,—0.00504 to 0.01494;
P=0.33144: slope, 0.00079; 95% CI,—0.00076 to
0.00234; P=0.31889: slope, 0.83120; 95% CI, —3.28930
to 4.95170; P=0.69257, respectively) (Supplementary
Table 2, Supplementary Figure 28).

TSA exceeded the RIS of 393 patients. The cumulative
z-curve crossed both the conventional test boundary
and the trial sequential monitoring boundary (Fig. 4B).

Four studies (231 patients) reported the time to eye
opening, which was shorter in the remifentanil group
than in the sufentanil group, with a medium effect
size (SMD,—0.64; 95% CI—0.90 to—0.37; I?=36.65;
P,2=0.192; 7=0.22; 95% PI,— 1.35-0.07) (Supplemen-
tary Figure 29A). TSA indicated that only 14.2% (231 of
1623 patients) of the RIS was accrued. The cumulative
z-curve crossed the conventional test boundary but not
the trial sequential monitoring boundary (Supplemen-
tary Figure 29B).

Six studies (267 patients) reported the time to spon-
taneous respiration, which showed no significant
between-group difference (SMD, —0.16; 95% CI —0.64—
0.33; F=73.76; P,;>=0.002; 7=0.52; 95% PI,—1.50-
1.18) (Supplementary Figure 30A). TSA indicated
that only 23.5% (267 of 1138 patients) of the RIS was
accrued. The cumulative z-curve did not cross the con-
ventional test boundary nor the trial sequential moni-
toring boundary (Supplementary Figure 30B).

Three studies (176 patients) reported the time to ori-
entation, which was shorter in the remifentanil group
than in the sufentanil group, with a medium effect
size (SMD,—0.77; 95% CI—1.08 to—0.46; I*=85.08;
P,,2=0.001; 7=0.72; 95% PI, - 4.00-2.20) (Supplemen-
tary Figure 31A). TSA indicated that only 4.3% (176 of
4115 patients) of the RIS was accrued. The cumulative
z-curve crossed the conventional test boundary but not
the trial sequential monitoring boundary (Supplemen-
tary Figure 32B).

Five studies (240 patients) reported the time to
emergence, which was shorter in the remifentanil
group than in the sufentanil group, with a small effect
size (SMD,—0.44; 95% CI—0.70 to—0.19; I*=0.00;
P,>=0.985 7=0.00) (Supplementary Figure 32A).
TSA indicated that only 84.8% (240 of 283 patients) of
the RIS was accrued. The cumulative z-curve crossed
both the conventional test boundary and the trial
sequential monitoring boundary (Supplementary
Figure 32B).

Publication bias
Egger’s linear regression methods were performed
for the following outcomes: postoperative pain score



Kim et al. Systematic Reviews (2025) 14:171

(intercept= —2.47; 95% Cl= -7.57-2.63; p=0.316,
Supplementary Figure 33A), amount of postoperative
analgesic used (intercept= —0.92; 95% CI= —-7.01-
5.17; p=0.750, Supplementary Figure 33B), incidence
of patients who needed postoperative analgesics
(intercept=0.45; 95% CI= — 1.94-2.84; p=0.675, Sup-
plementary Figure 33C), PONV (intercept= —0.70;
95% Cl= —2.48-1.09; p=0.398, Supplementary Fig-
ure 33D), preoperative MAP (intercept= —1.11;
95% CI=-2.02 to—0.20; p=0.022, Supplemen-
tary Figure 33E), preoperative HR (intercept=1.75;
95% CI=0.83-2.66; p=0.0001, Supplementary Fig-
ure 33F), and time to extubation (intercept= —0.70;
95% Cl=-2.48-1.09; p=0.398, Supplementary
Figure 33@).

The funnel plot indicated asymmetry for the following
outcomes: intraoperative MAP (intercept= —3.11; 95%
CI= -6.40-0.17; p=0.061, Supplementary Figure 33H),
intraoperative HR (intercept= —2.11; 95% Cl= —4.41-
0.19; p=0.069, Supplementary Fig. 33I). Therefore, a trim
and fill analysis was performed to assess publication bias;
however, it did not yield any significant alterations in the
findings.

Risk of bias

Supplementary Table 3 presents the risk of bias assess-
ment performed using the Cochrane tool. Studies were
judged to have low risk [49, 50, 54-56, 63, 66—68, 70-72,
75, 79], some concerns [51-53, 57-60, 69, 73, 77], or high
risk [61, 62, 64, 65, 74, 76, 78]. All studies had a “low risk”
of bias due to missing outcome data, bias in measure-
ment of the outcome data, and bias in selection of the
reported results. Bias arising from the randomization
process was assessed as “some concerns” in 13 studies
[51, 53, 57, 60-62, 64, 65, 69, 73, 74, 76, 78]. Further-
more, bias due to deviations from intended interventions
was assessed as “some concerns” in 11 studies [52, 58, 59,
61, 62, 64, 65, 74, 76—78]. The results of the RoB assess-
ments are visually summarized in Supplementary Fig-
ures 34—37, where each figure presents the risk of bias for
different outcome categories, including pain-related out-
comes, hemodynamic outcomes, adverse outcomes, and
recovery outcomes.

(See figure on next page.)
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Quality of the evidence

Table 2 presents a summary of the meta-analysis and
TSA. Twenty-eight outcomes were evaluated using the
GRADE system (Supplementary Table 4). The quality
of pooled analysis for patients requiring postoperative
analgesics, time to first analgesic administered, preop-
erative MAP, POV, PONY, and incidence of respiratory
depression was rated high. The quality was rated low for
the postoperative pain score (qualitative assessments),
postoperative MAP, preoperative DBP, postoperative HR,
time to spontaneous respiration, and time to orientation.
For the remaining outcomes, the quality of pooled analy-
sis was rated as moderate.

Discussion

Sufentanil and remifentanil are opioids frequently
administered during general anesthesia. This systematic
review and meta-analysis, which includes trial sequential
analysis, aimed to compare the perioperative efficacy and
safety profiles of sufentanil and remifentanil in patients
undergoing surgical procedures under general anes-
thesia. Our findings indicated that compared with the
remifentanil group, the sufentanil group showed lower
postoperative pain scores and consumption of postopera-
tive analgesics; higher intraoperative MAP, intraopera-
tive HR, and time to first analgesic administration; and
delayed time to extubation and emergence. For these out-
comes, the cumulative z-curve crossed the trial sequen-
tial monitoring boundary, suggesting that the TSA results
reached a sufficient evidence level, and thus were conclu-
sive. Moreover, compared with the remifentanil group,
the sufentanil group showed higher intraoperative SBP,
delayed time to eye opening and orientation, and lower
incidence of PON. However, the cumulative z-curve did
not cross the trial sequential monitoring boundary due
to sparse data or not reaching significance after adjusting
for the risk of potential false-positive findings.

In our study, the sufentanil group showed lower post-
operative pain scores, reduced consumption of post-
operative analgesics, and delayed time to first analgesic
administration compared with the remifentanil group.
Additionally, ratio of sufentanil and remifentanil dose was
significantly correlated with postoperative pain scores

Fig.4 Time to extubation. A Forest plot. The figure depicts individual trials as filled squares with the relative sample size and the 95% confidence
interval (Cl) of the difference as a solid line. The diamond shape indicates the pooled estimate and uncertainty for the combined effect. The overall
pooled estimate showed a significantly shorter time to extubation in the remifentanil group than in the sufentanil group. B Trial sequential analysis
plot. The uppermost and lowermost complete red curves represent trial sequential monitoring boundary lines for benefit and harm, respectively.
Horizontal etched red lines represent the conventional boundaries for statistical significance. Triangular red lines on the right side reflect the futility
boundaries. The blue solid line represents the cumulative z-curve. The number on the x-axis indicates the required information size. The z-curve
surpasses the alpha-spending boundary, indicating a statistically significant difference favoring remifentanil for reduced time to extubation

exceeding the required information size
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A
( ) Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper
in means limit limit
Casati,2000 -0.943 -1.697 -0.188 ——
Mouren,2001 -0.083 -0.608 0.441
Derrode,2003 0.167 -0.550 0.884
Gerlach,2003 -1.079 -1.788 -0.370 —a—
Lentschener,2003 -0.300 -0.857 0.258 —-
Grottke, 2004 -1.861 -2.643 -1.079 ——
Djian, 2006 -1.468 -2.038 -0.898 ——
Guggenberger, 2006 -0.396 -0.955 0.164 =
Bilotta,2007 -0.284 -0.797 0.229 -:I_
De Baerdemaeker,2007 0.057 -0.563 0.676
Lison,2007 0.367 -0.005 0.739 -
Martorano,2008 -1.965 -2.542 -1.388 -
Bidgoli,2011 -0.788 -1.195 -0.381 -
Yang,2011 -0.669 -1.306 -0.032 ——
Macario-Gerard,2014 -1.038 -1.577 -0.499 -
Dolsan,2020 0.238 -0.270 0.745 -
Liu,2020c -0.350 -0.946 0.246 -
-0.594 -0.928 -0.259 <
-4.00 -2.00 0.00 2.00 4.00
Favors R Favors S
( B) PR alpha-spending boundary is a Two-sided graph

Z-Score alpha-spending boundary = 393

Z-curve

Favours
remifentanil
~

Number of
patients
(Linear scaled)

Favours
sufentanil
EN

Fig. 4 (Seelegend on previous page.)

and postoperative analgesic used in meta-regression potency and longer duration of action than remifentanil.
analysis. These results are consistent with the pharma- Remifentanil is an agonist of the p-opioid receptor with
cological properties of sufentanil, which exhibits higher = potency similar to that of fentanyl [4]. Contrastingly,
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sufentanil is a highly selective agonist for the p-opioid
receptor [8]. This selectivity is underscored by its 100-
fold greater affinity for the p-opioid receptor compared
to fentanyl and morphine, indicating that sufentanil pos-
sesses =10 times the potency of fentanyl [6, 10]. Phar-
macokinetically, remifentanil is rapidly eliminated by
non-specific plasma and tissue esterases, resulting in a
systemic half-life of 9-11 min [2]. The context-sensitive
half-time of remifentanil, which is defined as the time
taken for the effective site concentration to decrease by
50% after discontinuation of continuous infusion [80], is
~4 min, irrespective of the infusion duration [2]. Con-
trastingly, sufentanil has a longer terminal half-life of
2.5 h [9], with a context-sensitive half-time of ~1 h after
an intravenous infusion lasting for 6 h [81]. The vari-
ance in duration of action led to divergent administration
protocols across the included studies. Remifentanil infu-
sion was sustained until the end of surgical procedure,
whereas administration of sufentanil, whether by bolus or
continuous infusion, typically ceased 30-60 min before
the end of surgery. The lower requirement for additional
analgesics in the sufentanil group suggests superior anal-
gesic efficacy and may contribute to improved patient
comfort and satisfaction in the postoperative period. The
higher need for analgesics and shorter time until first
analgesic administration in the remifentanil group may
be attributed to acute opioid tolerance [82] or remifenta-
nil-induced hyperalgesia [83, 84].

Furthermore, our findings indicated between-group
differences in intraoperative hemodynamic variables.
Compared with remifentanil, sufentanil was associated
with higher intraoperative SBP and MAP, indicating
better hemodynamic stability with sufentanil adminis-
tration. Although there were significant among-study
differences, incomplete accrual of data regarding intra-
operative SBP according to TSA suggests the need for
large-scale studies to validate these findings [85]. Addi-
tionally, our findings demonstrated a lower intraopera-
tive HR in the remifentanil group than in the sufentanil
group. Meta-regression also showed significant correla-
tion between ratio of sufentanil and remifentanil dose
and both intraoperative MAP and HR. In 2007, Komatsu
et al. reported that remifentanil administration was asso-
ciated with more frequent episodes of bradycardia (RR
1.46, 95% CI 1.04-2.05) and hypotension (RR 1.68, 95%
CI 1.36-2.07) [86]. Elliot et al. recommended continuous
remifentanil infusion, especially in patients with coro-
nary artery disease, since bolus administration can cause
severe cardiovascular suppression [87]. Remifentanil can
induce bradycardia through parasympathetic activation
or other negative chronotropic effects, with stronger
adverse effects being observed in adults, including brady-
cardia and asystole [88-90].

Page 21 of 25

Regarding side effects, the incidence of PON was
higher in the remifentanil group than in the sufenta-
nil group, with an RR of 1.39 (95% CI 1.13-1.71). How-
ever, TSA indicated the need for more studies to confirm
these findings. Opioid administration is a risk factor for
PONYV [91]. Presumably, remifentanil, with its compara-
tively brief elimination time [2], would not contribute
to PONV. Nevertheless, studies have demonstrated that
remifentanil has a comparable incidence of PONV as
other opioids [92-94]. In contrast to previous findings,
we observed a higher PON occurrence in the remifen-
tanil group than in the sufentanil group, which could
be attributed to the higher postoperative analgesic con-
sumption in the remifentanil group. There were no sig-
nificant between-group differences in other side effects,
including POV, PONYV, respiratory depression, or oxygen
saturation. These findings suggest comparable safety pro-
files for sufentanil and remifentanil with respect to res-
piratory function and oxygenation.

Regarding recovery profiles, remifentanil showed sig-
nificantly shorter times to extubation, eye opening, ori-
entation, and emergence than sufentanil. These results
suggest a more rapid recovery from anesthesia with
remifentanil, which may be attributed to its shorter dura-
tion of action and rapid offset of effect [2]. Moreover, the
time to extubation was validated by TSA results, which
further supported the findings. Time to spontaneous res-
piration showed no between-group difference. Although
multiple factors may influence discharge, faster extuba-
tion in the remifentanil group may facilitate earlier recov-
ery and readiness for discharge, and thus alleviate the
workload of the postoperative care unit staff [95].

In the meta-regression analysis, we used duration of
operation or anesthesia, age, and the ratio of sufentanil
to remifentanil dose (sufentanil dose/remifentanil dose
used) as independent variables, with each outcome serv-
ing as the dependent variable. This analysis was con-
ducted to evaluate the impact of these covariates on the
observed outcomes. The results provided further insights
into how these factors may influence postoperative pain
scores, hemodynamic stability, and recovery profiles
among patients receiving sufentanil or remifentanil dur-
ing general anesthesia [96].

This study has several limitations. First, even after a
comprehensive search, small numbers of studies were
included for some outcomes, which may have led to
underpowered and inconclusive findings. Second, there
was clinical and methodological heterogeneity across
the studies, including differences in timing, dose, and
method of analgesic administration, and different sur-
gical procedures. Meta-regression was not performed
for outcomes with fewer than 10 studies, as it may yield



Kim et al. Systematic Reviews (2025) 14:171

unreliable results, underscoring the importance of cau-
tious interpretation.

In conclusion, our findings support the use of sufent-
anil for perioperative pain management in elective sur-
geries under general anesthesia. Specifically, sufentanil
demonstrated superior analgesic efficacy and better
hemodynamic stability, while maintaining compara-
ble safety profiles, compared with remifentanil. Nota-
bly, remifentanil exhibits a faster recovery profile than
sufentanil. Nonetheless, opioid selection should be
tailored to individual patient characteristics, surgical
considerations, and institutional protocols to optimize
perioperative pain control and patient outcomes. Fur-
ther studies, including large-scale RCTs and compara-
tive effectiveness studies, are warranted to validate
these findings and inform evidence-based practice in
perioperative care.
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