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Abstract
Introduction: Remifentanil is a short-acting opioid and can be administered during surgery with-
out the risk of delayed postoperative recovery but concerns about hyperalgesia and the short-
ages of remifentanil lead anesthetists to consider long-acting opioids for Total Intravenous
Anesthesia (TIVA). Sufentanil is a more potent opioid with a longer context-sensitive half-life but
can promote good postoperative analgesia due to its residual effect. This meta-analysis aimed to
compare the recovery profile of remifentanil and sufentanil for TIVA.
Methods: The search strategy was performed in PubMed, CENTRAL, and Web of Science for RCTs
comparing sufentanil and remifentanil as part of TIVA in adults undergoing noncardiac surgery.
Risk of bias and the quality of evidence were performed using RoB2 and GRADEpro, respectively.
The primary outcome was time to tracheal extubation. Secondary analyses included postopera-
tive analgesia, respiratory depression, and Postoperative Nausea and Vomiting (PONV).
Results: Sufentanil increases the time to extubate, MD = 4.29 min; 95% CI: 2.33 to 6.26;
p = 0.001. It also reduces the need for postoperative rescue analgesia, logOR = -1.07; 95% CI:
-1.62 to -0.52; p = 0.005. There were no significant differences between both opioids for PONV,
logOR = 0.50; 95% CI: -0.10 to 1.10; p = 0.10 and respiratory depression, logOR = 1.21; 95% CI:
-0.42 to 2.84; p = 0.15.
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Conclusion: Sufentanil delays the time to tracheal extubation compared with remifentanil but is
associated with a reduced need for postoperative rescue analgesia. No significant differences
were observed between the two opioids in terms of postoperative respiratory depression or
PONV.
© 2024 Sociedade Brasileira de Anestesiologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Remifentanil is the most used opioid in the practice of Total
Intravenous Anesthesia (TIVA).1 In addition to its strong
synergy with propofol, remifentanil is characterized by a
rapid onset and offset of action, facilitating titration, and
allowing for long infusion times without delaying patient
recovery.2 However, concerns regarding opioid-induced
hyperalgesia and the limited availability of this opioid in cer-
tain regions have led anesthetists to explore alternative
options to remifentanil. Sufentanil is currently considered
the opioid with the highest potency, which is due to its pro-
nounced affinity for m-receptors.3 Compared to alfentanil,
sufentanil has a shorter context-sensitive half-time for infu-
sions of less than 8 hours.4 In addition, its residual effects
may contribute to satisfactory postoperative analgesia, an
aspect that does not occur with the use of remifentanil. In
2018, Wang et al published a meta-analysis comparing the
efficacy and safety of sufentanil and remifentanil, particu-
larly in patients undergoing craniotomy.5 While this study
provided valuable insights, it was limited to a single type of
surgical procedure. Therefore, we performed this meta-
analysis to compare the recovery profile of TIVA with
remifentanil and sufentanil in terms of time to tracheal
extubation, postoperative pain, postoperative nausea and
vomiting, and respiratory depression, considering a broader
range of non-cardiac surgical procedures.
Methods

The study was conducted by the recommended process of
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (PRISMA).6 The protocol for this
study was registered at PROSPERO under registration num-
ber CRD42022366691.

The research question was formulated using the PICOS
(Population, Intervention, Comparator, Outcome Study)
strategy: Does sufentanil delay tracheal extubation in adults
undergoing non-cardiac surgery with TIVA compared to remi-
fentanil? To address this, a systematic search was conducted
in September 2022. For the PubMed and CENTRAL databases,
a combination of MeSH terms and keywords including “remi-
fentanil” and “sufentanil” were used, both as keywords
([All]) and as MeSH terms. In addition, “propofol” or “total
intravenous anesthesia” were also searched for, again using
keywords and MeSH terms. The strategy included terms
related to randomized trials, using keywords such as “ran-
domized” or “randomised” and the MeSH term “random”.
The filters applied aimed to combine the anesthetics with
randomized trials, resulting in the final search string reflect-
ing the combination of all terms. For the Web of Science,
the search strategy was carried out using text terms with
2

the operator “All=”, which enables a broad search for any
term in all fields of the article data. The terms used were
“remifentanil”, “sufentanil”, “propofol” or “total intrave-
nous anesthesia” as well as words related to randomization,
such as “randomized” or “randomised”. The search was con-
figured to identify studies that contained all the specified
terms simultaneously using the final search string.

The results of the queries in the databases were imported
into the Rayyan software 7 (https://www.rayyan.ai/) so that
two authors (I.S.C. and R.P.N.) could search for titles and
abstracts independently and in a blinded manner. Eligible
studies for our review included indexed, published full
articles of Randomized Clinical Trials (RCTs) that focused on
adult patients undergoing non-cardiac surgery in which pro-
pofol-based anesthesia was used and in which the timing of
extubation was compared between remifentanil and sufen-
tanil. We specifically excluded studies that involved neurax-
ial blocks, intravenous adjuncts, inhalational anesthetics, or
administration of sufentanil as an intermittent bolus. In
addition, letters, editorials, and observational studies were
excluded from our analysis. Data for this meta-analysis were
extracted solely from peer-reviewed published articles.
Data were collected using a standardized form. Information
extracted included: author; age and sex of participants;
number of members; type of procedure; duration of anes-
thesia; dose of sufentanil and remifentanil.

All analyses were carried out using STATA software (ver-
sion 17). In some studies, outcome data were reported as
median and interquartile range; therefore, we converted
these data to mean and standard deviation using certain
equations8,9 to summarize the effect estimate for all
included studies. The random effects and fixed effects mod-
els were used when heterogeneity was present and absent,
respectively. Heterogeneity was measured by the I2 statistic
(> 50%) and the corresponding p-value (< 0.05). For continu-
ous outcome variables (i.e., extubation time), the Mean Dif-
ference (MD) and the corresponding 95% Confidence Interval
(95% CI) were pooled using the restricted maximum likeli-
hood or inverse variance method if heterogeneity was pres-
ent or absent, respectively. For dichotomous outcome
variables (i.e., postoperative nausea/vomiting, postopera-
tive rescue analgesia), the Mantel-Haenszel method was
used to pool the log Odds Ratio (logOR) and the correspond-
ing 95% CI across studies. If significant heterogeneity
occurred in any of the analyses conducted, a leave-one-out
sensitivity analysis was performed to determine whether the
reported effect estimate would change after excluding one
study at a time. Due to the small number of studies included
(less than ten studies), an assessment of publication bias
was not possible.

The Risk of Bias Tool10 developed by the Cochrane Collab-
oration was used to assess the methodological quality of
each randomized trial. Two authors (R.P.N. and R.B.D.)
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independently reviewed and rated the elements of each trial
using this tool. Data relevant to the analyses were extracted
using this method. In case of discrepancies in the scoring or
extraction of data, these were resolved by a third author
(I.S.C.) through discussion. Finally, the quality of evidence
for each outcome was evaluated by the same authors follow-
ing the Grades of Recommendation, Assessment, Develop-
ment, and Evaluation (GRADE) Working Group system11 using
the GRADEpro Guideline Development Tool (https://www.
gradepro.org/) to assess the certainty of the evidence and
prepare the summary of findings.
Results

Of the 350 studies identified in our literature search, seven
met the inclusion criteria, involving a total of 403 patients
Figure 1 PRISMA flow diagram illustrating literature retr

3

(Fig. 1).12-18 The Cochrane Collaboration’s Risk of Bias tool
showed that most studies had a moderate risk of bias
(Fig. 2). The type of surgery included craniotomy (three
studies), intracranial surgery (one study), thyroid surgery
(one study), colorectal surgery (one study) and non-gyneco-
logical surgery (one study). The absolute dose and adminis-
tration approach of each procedure, as well as the baseline
characteristics of the included trials, are summarized in
Table 1.

Tracheal extubation time was reported in the six
trials.12-14,16-18 Overall, compared with remifentanil,
patients who received sufentanil had a significant increase
in the meantime to extubate (MD = 4.29 mins; 95% CI: 2.33‒
6.26; p = 0.001) (Fig. 3A). However, we found significant sta-
tistical heterogeneity (I2 = 78.73%). Nevertheless, sensitivity
analysis (leave-one-out) did not reveal any significant
change in the reported effect estimate after excluding one
ieved, included and excluded results from this review.

https://www.gradepro.org/
https://www.gradepro.org/


Figure 2 Risk of bias summary of the authors’ assessments for each domain, expressed as percentages across all included studies.
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study at a time. The subgroup analysis revealed that the
duration of anesthesia was a contributor to heterogeneity
(Fig. 4). For instance, the heterogeneity was resolved in
patients receiving anesthesia for > 200 min (I2 = 34.94%,
p = 0.24). Meanwhile, in those receiving < 200 min of anes-
thesia, heterogeneity remained substantial (I2 = 87.17%,
p = 0.001). According to the GRADE system (Table 2), the evi-
dence supporting our primary outcome was classified as low.

Postoperative rescue analgesia was assessed in five
studies.12,13,15-17 Moderate evidence indicates sufentanil was
associated with a significant reduction in the postoperative
rescue analgesia as compared to remifentanil (logOR = -1.07;
95% CI -1.62‒-0.52; p = 0.005; I2 = 26.81%) (Fig. 3B). A total of
six studies were conducted to examine the occurrence of
PONV in patients.12-17 Overall, no statistical differences for
PONV were observed in patients that had received sufentanil
compared to those who received remifentanil (logOR = 0.50;
95% CI: -0.10‒1.10; p = 0.10; I2 = 0%; low-certainty evidence)
(Fig. 3C). Pooling data from three studies14,15,17 showed that
there was no difference in the incidence of respiratory depres-
sion between sufentanil and remifentanil as part of propofol-
based anesthesia (logOR = 1.21; 95% CI -0.42‒2.84; p = 0.15;
I2 = 0%; low-certainty evidence) (Fig. 3D). For all the secondary
outcomes, a subgroup analysis based on the assessment time-
point was not feasible due to the lack of relevant subgroups in
at least two studies.
Discussion

Our meta-analysis revealed a statistically significant
increase in extubation time of approximately 4.29 minutes
when using sufentanil compared to remifentanil for Total
Intravenous Anesthesia (TIVA). Although the difference is
statistically significant, its clinical relevance needs to be
carefully assessed and contextualized, especially in major
surgery. Postoperative pain management is critical in such
procedures, and the potent analgesic effect of sufentanil
may be beneficial. This meta-analysis indicates that using
sufentanil is associated with substantial reduction in the
need for postoperative rescue analgesia compared with
remifentanil. This implies that the administration of remi-
fentanil during surgery could potentially lead to higher post-
operative opioid consumption, suggesting the possible
development of Opioid-Induced Hyperalgesia (OIH).1 In sit-
uations where pain management is paramount, the
4

advantages of sufentanil may outweigh the disadvantages of
prolonged extubation. When choosing between the two
drugs, the desired analgesia and the efficiency of extubation
should be weighed.

Another important consideration is the risk of respira-
tory depression due to the accumulation of sufentanil
after continued infusion. According to our review,
although this finding is not significant, it can be attributed
to the small sample sizes of the studies and can be consid-
ered relevant, although remifentanil requires the adminis-
tration of long-acting opioid doses to ensure opioid
analgesia, which is not free of complications such as respi-
ratory depression.19 Given the accumulation of sufentanil
with continuous infusion, perhaps the most appropriate
approach to sufentanil-based anesthesia is to use its resid-
ual effect as the opioid element of a multimodal analgesic
strategy. By avoiding combination with other long-acting
opioids such as morphine, the aim is to achieve greater
safety in terms of potential adverse effects. Even if
sufentanil is discontinued before the end of the surgery,
its effects may persist and affect respiratory dynamics.
Clinicians should monitor respiratory parameters and be
prepared to manage potential respiratory problems associ-
ated with prolonged sufentanil infusion.

The incidence of Postoperative Nausea and Vomiting
(PONV) is remarkably high after surgical procedures. Studies
have reported an incidence of 30% that can increase to as
high as 80% in patients who are considered high-risk.20 Opi-
oid analgesics remain the basis for the administration of gen-
eral anesthesia, especially for TIVA, as propofol has no
analgesic properties and the infusion of an opioid is neces-
sary to ensure an adequate anesthetic level. In this review,
we found that the incidence of PONV is similar with both
opioids.

Interestingly, with the notable exception of postopera-
tive respiratory depression, which was at higher risk with
sufentanil, our results closely matched those reported by
Wang in the context of craniotomy.5 The similarity of
most of our results to Wang’s study confirms the earlier
findings in a broader surgical context and supports the
generalizability of these results so that clinicians can
extrapolate the data from craniotomy cases to other sur-
gical scenarios, albeit with caution regarding respiratory
side effects.

It is important to acknowledge that this review has sev-
eral limitations. Among them is the lack of standardization



Table 1 Characteristics of included studies.

Study Surgical
Procedure

Age (Mean § SD) Gender (Male) Opioid Dose Regimen Duration of anesthesia (min)

Sufentanil Remifentanil

Sufentanil
(n)

Remifentanil
(n)

n (Total) n (Total) Sufentanil Remifentanil Sufentanil Remifentanil

Billota et al. Supratentorial
craniotomy

54 § 11 55 § 14 14 (29) 13 (30) Induced at 0.5
mg.kg-1 and then
titrated to lower
doses to main-
tain MAP within
10% of baseline

Induced at 0.5
mg.kg-1.min-1

and then
titrated to lower
doses to main-
tain MAP within
10% of baseline

273 (§58) 259 (§60)

Djian et al. Nonemergency
intracranial
surgery

55.3 § 9 45.7 § 12 12 (31) 11 (29) Induced at 0.25
mg.kg-1 and
maintained at
0.0025 mg.kg-1.
min-1

Induced at 1 mg.
kg-1 and main-
tained at 0.25
mg.kg-1.min-1

251 (§92) 237 (§74)

Lentschener et
al.

Thyroid surgery 48 § 13 50 § 15 3 (25) 8 (25) An initial dose of
0.2 mg.kg-1 of
sufentanil was
given followed
by a mainte-
nance dose of
0.2 mg. kg-1.h-1

An initial dose of
1.5 mg.kg-1 was
administered
followed by a
maintenance
dose of 0.2 mg.
kg-1.min-1

121 (§35) 110 (§26)

Liu et al. Supratentorial
craniotomy

44 § 10 47 § 13 15 (23) 12 (22) TCI started with
a Ce of 0.4 ng.
mL-1 and then
titrated accord-
ing to hemody-
namic changes
between 0.2 and
0.4 ng.mL-1

For induction,
TCI with a Ce of
5 ng.mL-1 and
then titrated
between 3 and
8 ng.mL-1 to
maintain stable
hemodynamics

277 (§27) 332.85 (§24.87)

Martorano et al. Supratentorial
craniotomy

52.8 § 13 56 § 13 15 (31) 20 (38) Continuous infu-
sion; dosage:
0.01‒0.04 mg.kg-
1.min-1, reduced
to 0.005‒0.020
mg.kg-1.min-1

after dura mater
opening

Continuous infu-
sion: dosage
0.2‒2 mg.kg-1.
min-1, reduced
to 0.1‒1 mg.kg-1.
min-1 after open-
ing the dura
mater

280 (§17) 302 (§15)

Simoni et al. Non-gynecologi-
cal video
laparoscopy

46 § 12 42 § 12 15 (30) 7 (30) Induction con-
sisted of a bolus
of 0.5 mg.kg-1

followed by 0.5
mg.kg-1.h-1. If
MAP increase, a
50 mg bolus was

Induction at 0.5
mg.kg-1.min-1 for
2 minutes and
then 0.3 mg.kg-1.
min-1 for main-
tenance. If the
MAP > 15% of

105 (§26) 95 (§9)
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of the technique of administering anesthetics. The differ-
ences in infusion techniques and dosages used in the vari-
ous studies can be attributed to factors such as the
variability in clinical practice, the individual characteris-
tics of patients, the type of procedures performed and
the specific objectives of each study. This heterogeneity
contributes to a reduction in the certainty of evidence, as
different opioid doses or methods of administration can
significantly alter the depth and duration of anesthesia, as
well as extubation time and associated side effect,
highlighting the importance of future studies using more
standardized methods.

Although most of the included studies used processed
Electroencephalography (pEEG) monitoring to assist with
propofol dosing to minimize the risk of overdose, it is impor-
tant to note that such monitoring is not directly applicable
to opioids. BIS is a valuable tool for assessing the effect of
propofol on the level of hypnosis, but it does not directly
indicate the intensity of pain,21 which would be beneficial
for titrating opioid infusion, which can vary greatly from
patient to patient and affects both the depth and duration
of anesthesia.

In the current landscape of anesthesia care, there has
been a marked shift from reliance on opioids to a more bal-
anced approach known as “multimodal general anesthesia”.
The rationale behind this approach is to use agents that act
on different targets in the nociceptive system such as dex-
medetomidine and non-specific agents such as magnesium,
to ensure intraoperative control of nociception and postop-
erative pain management.22 The multimodal approach may
significantly reduce the opioid doses required, as highlighted
in previous studies. Such a strategy would likely have
resulted in better postoperative pain control and reduced
the need for rescue analgesics. In addition, time to extuba-
tion, a critical parameter in assessing recovery from anes-
thesia, may have been influenced by the opioid doses used.
In the case of sufentanil, with its longer duration of action,
the use of adjuvants could have allowed dose reduction,
resulting in a more predictable and potentially shorter extu-
bation time.

A notable strength of our meta-analysis is the exclusive
inclusion of Randomized Clinical Trials (RCTs), often consid-
ered the gold standard in clinical research. However, a
major limitation was that we were unable to conduct a fun-
nel plot analysis due to the inclusion of less than 10 studies.
The lack of funnel plot analysis leaves a gap in our assess-
ment of publication bias.

In summary, this meta-analysis provides valuable
insight into the comparative efficacy and safety of sufen-
tanil and remifentanil in propofol-based intravenous
anesthesia. It shows a shorter extubation time with remi-
fentanil and better postoperative analgesia with sufenta-
nil, although the lack of TCI pumps and different dosages
protocols in manual infusion is a significant limitation.
Future studies with larger sample sizes and standardized
methodologies are crucial to validate and extend our
results. Additionally, it would be beneficial to incorporate
other variables of interest, such as long-term safety out-
comes. Such studies will enhance our understanding of
the long-term implications of the opioid selection under
consideration and help in establishing more robust guide-
lines for clinical practice.



Figure 3 (A) Time to tracheal extubation was significantly longer in patients administered sufentanil compared to remifentanil. (B)
The sufentanil group required significantly less postoperative rescue analgesics, indicating a lower need compared to the remifenta-
nil group. (C) There were no significant differences in the incidence of PONV between the patient groups. (D) The incidence of respi-
ratory depression was similar when sufentanil was compared to remifentanil in the setting of propofol-based TIVA.
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Table 2 Certainty of the evidence (GRADE).

Certainty assessment N° of patients Effect Certainty Importance

N° of
studies

Study design Risk of
bias

Inconsistency Indirectness Imprecision Other
considerations

Sufentanil Remifentanil Relative
(95% CI)

Absolute
(95% CI)

Extubation Time (assessed with: minutes)
6 Randomized

trials
Not
serious

Seriousa Not serious Not serious Publication
bias strongly
suspectedb

169 174 ‒ MD 4.29
Min. higher
(2.33
higher to
6.26
higher)

⨁⨁��
Low

Critical

Respiratory Depression
3 Randomized

trials
Not
serious

Not serious Not serious Seriousc Publication
bias strongly
suspectedb

5/95 (5.3%) 1/98 (1.0%) OR 1.21
(-0.42 to
2.84)

2 more per
1.000
(from 15
fewer to 18
more)

⨁⨁��
Low

Important

Postoperative Rescue Analgesia
5 Randomized

trials
Not
serious

Not serious Not serious Not serious Publication
bias strongly
suspectedb

22/162
(13.6%)

66/210
(31.4%)

OR -1.07
(-1.62 to
-0.52)

1.000
fewer per
1.000
(from 1.000
fewer to
627 fewer)

⨁⨁⨁�
Moderate

Important

Postoperative Nausea and Vomiting
6 Randomized

trials
Not
serious

Not serious Not serious Seriousc Publication
bias strongly
suspectedb

33/202
(16.3%)

21/194
(10.8%)

OR 0.5
(-0.1 to
0.1)

51 fewer
per 1.000
(from 121
fewer to 96
fewer)

⨁⨁��
Low

Important

CI, Confidence Interval; MD, Mean Difference; OR, Odds Ratio.
Explanations: (a) 78% heterogeneity; (b) less than ten studies were included in the meta-analysis, therefore it was not possible to assess publication bias; (c) Confidence interval includes the
null value, it suggests significant uncertainty about the effect’s direction and existence, indicating that observed effects could be due to chance, and necessitating cautious interpretation of
these inconclusive results.
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Figure 4 Subgroup analysis of tracheal extubation times under total intravenous anesthesia with remifentanil versus sufentanil,
stratified by a 200-minute threshold. The analysis indicates reduced heterogeneity among patients receiving anesthesia for more
than 200 minutes (I2 = 34.94%) compared to those receiving anesthesia for less than 200 minutes (I2 = 87.17%).
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