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Background: Remifentanil and sufentanil are potent short-acting synthetic opioid analge-
sics. The administration of remifentanil has been associated with the incidence of opioid-in-
duced hyperalgesia. Opioid-induced hyperalgesia may be alleviated when opioids, such as
morphine, are switched to sufentanil. Therefore, this retrospective observational study
aimed to compare the effects of remifentanil and sufentanil on postoperative pain in pa-
tients undergoing robotic gynecological surgery.

Methods: We retrospectively analyzed the electronic medical records of patients who under-
went elective robotic gynecological surgery between January 2016 and February 2021. The
patients were classified into sufentanil (n = 159) or remifentanil (n = 359) groups according
to the opioids administered continuously during anesthesia. The primary outcome assessed
in this study was the postoperative pain score measured using the numeric rating scale
(NRS). The secondary outcomes assessed included the recovery time (from discontinuation
of opioid infusion to extubation) and frequency of rescue analgesic administration in the
post-anesthesia care unit (PACU).

Results: The recovery time did not differ significantly between the two groups. The NRS
score for pain (median [1Q, 3Q]) in the PACU was significantly lower in the sufentanil group
than in the remifentanil group (2 [2, 3] vs. 4 [3, 7], P < 0.001). The frequency of rescue an-
algesic administration in the PACU was 6.3% and 35.4% in the sufentanil and remifentanil
groups, respectively (P < 0.001).

Conclusions: Sufentanil, as an adjunct to sevoflurane anesthesia is more advantageous
than remifentanil in terms of postoperative pain control during robotic gynecological surgery.
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INTRODUCTION or air-containing space, diffusional hypoxia, megaloblastic

anemia, and bone marrow suppression [1]. Therefore, con-

The use of nitrous oxide (N,0O) in general anesthesia may tinuously infused short-acting opioids are increasingly being
lead to complications, such as the expansion of gas bubbles used as adjuvants to volatile agents in general anesthesia as
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a substitute for N,O. Opioids reduce the dose of volatile or
hypnotic agents without resulting in the expansion of bowel
gas due to the use of N,O in robotic surgery requiring in-
tra-abdominal CO, gas insufflation. Robot-assisted laparo-
scopic surgery is a minimally invasive surgical approach and
a standard alternative to open or laparoscopic gynecological
surgery [2]. Robot-assisted laparoscopic surgery has all the
advantages of robotic surgery, such as better visualization,
more controlled and finer movements of the robotic arms
enabling better dissection, and lesser blood loss; however,
concerns regarding postoperative pain continue to pose a
challenge.

Remifentanil is a short-acting synthetic opioid with a pre-
dictable and rapid recovery. It can be administered intraop-
eratively as an adjunct to inhalation or intravenous anesthe-
sia. However, the administration of remifentanil has been
associated with the incidence of opioid-induced hyperalge-
sia [3]. Although opioid-induced hyperalgesia has been con-
sistently demonstrated in animal studies, the results of clini-
cal trials in humans are controversial [4-7]. Some studies
have reported that the intraoperative infusion of relatively
high-dose remifentanil results in the development of opi-
oid-induced hyperalgesia; in contrast, the infusion of low-
dose remifentanil has shown no such effects [8-11].

Sufentanil, a highly selective p-opioid receptor agonist, is
more potent and has a longer duration of action than those
of remifentanil [3,12]. In a previous study, opioid-induced
hyperalgesia was alleviated when opioids, such as mor-
phine, were switched to sufentanil [13]. Therefore, based on
the pharmacological differences between sufentanil and
remifentanil, we hypothesized that the postoperative pain of
patients who received sufentanil would vary from that of
those who received remifentanil as intraoperative anesthetic
adjuvants. Thus, this study aimed to compare the effects of
remifentanil and sufentanil on postoperative pain in pa-
tients undergoing robotic gynecological surgery.

MATERIALS AND METHODS

This retrospective observational study was performed at a
single university-affiliated hospital after obtaining approval
from the appropriate Institutional Review Board (KYUH 2021-
08-021). The requirement for obtaining informed consent
from the participants was waived due to the retrospective na-
ture of the study. This study was registered in the Clinical Re-
search Information Service (https://cris.nih.go.kr/cris/index/
index.do, registration number: KCT0007026).

www.anesth-pain-med.org

We retrospectively analyzed the electronic medical re-
cords of patients who underwent elective robotic gynecolog-
ical surgery between January 2016 and February 2021 at our
hospital. Patients aged > 20 years with an American Society
of Anesthesiologists physical status I or II were eligible for
inclusion in this study. The exclusion criteria included col-
popexies that caused severe pain and a history of psychiatric
disorders or drug abuse.

The patients did not receive any sedative premedication.
Anesthesia was induced using 1-2 mg/kg of propofol, and
neuromuscular blockade was achieved using rocuronium or
vecuronium. Sevoflurane (O,/air mixture: FiO,, 50%) and
sufentanil- or remifentanil-target-controlled infusion (TCI)
were used to maintain anesthesia. The same type of pump
(Agilia® SP TIVA, Fresenius Kabi) was used for administer-
ing sufentanil and remifentanil infusions. The sufentanil and
remifentanil pumps were programmed using the Gepts and
Minto models, respectively [14]. The effect-site concentra-
tions of sufentanil and remifentanil were maintained at 0.1
ng/ml (Gepts model) and 1 ng/ml (Minto model), respec-
tively. The concentration of sevoflurane was adjusted to
maintain a Patient State Index (PSI; SedLine®, Masimo
Corp.) of 25-50. The choice of maintenance opioids was at
the discretion of the anesthesiologist. The patients were
classified into the sufentanil or remifentanil groups accord-
ing to the opioid administered continuously during anesthe-
sia. The administration of opioids was discontinued 10 min
before the anticipated end of the surgery in both groups.
Non-opioid analgesics were not administered intraopera-
tively. The administration of sevoflurane was discontinued
at the end of the surgery, and 2-4 mg/kg of sugammadex
was administered to reverse the neuromuscular block based
on neuromuscular monitoring. Extubation was performed
after confirming the adequacy of spontaneous respiration,
response to verbal commands, and recovery of TOF ratio. All
patients were transferred to the post-anesthesia care unit
(PACU) at the end of the surgery, and postoperative pain
was evaluated using a numerical rating scale (NRS; 0 = no
pain, 10 = worst pain imaginable) for all patients upon ar-
rival at the PACU. Analgesics, such as fentanyl, tramadol,
and pethidine, were administered at the discretion of the at-
tending anesthesiologist if the NRS score was > 4 and the
patient requested analgesics. All patients were observed in
the PACU for at least 40 min according to the institutional
protocol. The patients were observed for an additional 20
min from the time of drug administration if rescue drugs

were administered due to pain or hemodynamic instability.
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The following data were collected and analyzed: age;
weight; height; duration of surgery and anesthesia; history
of hypertension; American Society of Anesthesiologists
physical status; and recovery profiles, such as recovery time
from discontinuation of sufentanil or remifentanil to extuba-
tion in the operating room; NRS score for pain; frequency of
rescue analgesic administration; and the incidence of respi-
ratory complications in the PACU.

The primary outcome assessed in this study was the post-
operative NRS score for pain. The secondary outcomes in-
cluded recovery time in the operating room and the fre-
quency of rescue analgesic administration in the PACU.

Statistical analyses

All statistical analyses were performed using SPSS version
27.0 (IBM Co.). After assessing the normality with the Shap-
iro-Wilk test, continuous variables were analyzed using the
Student’s {-test or Mann-Whitney U test. Categorical vari-
ables were analyzed using the chi-square test or Fisher's ex-
act test, as applicable. Data are expressed as mean * stan-
dard deviation, number (%), or median (1Q, 3Q). Statistical
significance was set at P < 0.05.

RESULTS

The electronic medical records of 583 patients who under-
went elective robotic gynecological surgery between 2016
and February 2021 at our hospital were retrospectively ana-
lyzed. Sixty-five patients were excluded based on the exclu-
sion criteria, and the remaining 518 patients were classified
into the sufentanil (n = 159) or remifentanil (n = 359)

heart rate also did not differ significantly between the two
groups (Fig. 2).

Table 2 presents recovery profiles. The recovery time did
not differ significantly between the two groups. However, the
NRS pain score in the PACU was significantly lower in the
sufentanil group than in the remifentanil group (2 [2-3] vs. 4
[3-7]; P < 0.001). Moreover, the number of patients requir-
ing rescue analgesic administration for pain control in the
PACU was significantly higher in the remifentanil group than
in the sufentanil group (35.4% [127/359] vs. 6.3% [10/159];
odds ratio, 8.156; 95% confidence interval, [4.150-16.033]; P
< 0.001).

Hypoxemia (SpO, < 95%) accompanied by respiratory
depression was observed in one patient in the sufentanil
group in the PACU; however, the patient recovered rapidly
following the application of an oxygen face mask and deep
breathing.

Assessed for eligibility (n = 583)

Not meeting inclusion criteria (n = 65)

+ History of Psychiatric disorder (n = 37)
+ History of drug abuse (n = 3)

+ Colpopexy surgery (n = 25)

A4

Analysed (n = 518)

A 4 A4

Sufentanil group Remifentanil group

groups (Fig. 1). (n=159) (n=2359)

The demographic data did not differ significantly between ] .
the two groups (Table 1). Similarly, the blood pressure and Fig. 1. Flow diagram of the study.
Table 1. Demographic Data

Variable Sufentanil (n = 159) Remifentanil (n = 359) P value

Age (yr) 45 (41, 49) 45 (38, 49) 0.096
Weight (kg) 622 + 12,7 623 + 11.3 0.912
Height (cm) 159.6 * 5.2 159.9 + 5.4 0.508
Hypertension history 119 (74.8) 274 (76.3) 0.801
ASA physical status (I/11) 71/85 161/201 0.828
Duration of surgery (min) 90 (60, 115) 90 (60, 130) 0.357
Duration of anesthesia (min) 125 (100, 160) 125 (100, 170) 0.670

Values are presented as median (1Q, 3Q), mean + SD, or number (%). ASA: American Society of Anesthesiologists.
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Fig. 2. Changes in the mean blood pressure during anesthesia.
pre-op: pre-operation.

DISCUSSION

The most important findings of the present study were
that the NRS pain score and frequency of rescue analgesic
administration were higher in the remifentanil group than
those in the sufentanil group. The recovery time tended to
be slightly longer in the sufentanil group than in the
remifentanil group; however, the difference between the two
groups was not significant. No hypoxemic events, except for
one case in the sufentanil group, were observed in the two
groups. Thus, the results of the present study suggest that
sufentanil is superior to remifentanil in terms of postopera-
tive pain management.

Although previous studies have evaluated the effects of in-
traoperative remifentanil and sufentanil infusion as anes-
thetic adjuvants on postoperative pain, to the best of our
knowledge, this is the first study to be conducted on female
patients who underwent robotic gynecological surgery. In
this study, the median NRS pain scores were 2 and 4 in the
sufentanil and remifentanil groups, respectively. The medi-
an difference between the two groups was only 2 points;
however, it was considered clinically significant as an NRS
score of > 4 requires intervention for pain relief [15]. Postop-
erative rescue analgesics were administered at the discretion
of the attending anesthesiologist according to the NRS
scores and patient needs in the present study, resulting in a
higher number of patients requiring additional rescue anal-
gesics in the remifentanil group. The doses of sufentanil-

and remifentanil-TCI were maintained at 0.1 ng/ml and 1.0
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ng/ml, respectively, in the present study. As the potency of
sufentanil is approximately 10 times greater than that of
remifentanil [16], the doses of sufentanil and remifentanil
used in this study correspond to equivalent doses.

Younger age; female sex; American Society of Anesthesiol-
ogists physical status I-II; the site of surgery, such as muscu-
loskeletal or intra-abdominal surgery; and longer duration
of surgery are known risk factors for postoperative pain [15].
Therefore, female patients with American Society of Anes-
thesiologists physical statuses I and II who underwent ro-
bot-assisted gynecological surgery and were expected to
show no significant difference in the surgical site, invasive-
ness, duration of surgery, or age were included in this study
to evaluate the effect of sufentanil- and remifentanil-TCI on
postoperative pain. Sufentanil or remifentanil was adminis-
tered as the adjuvant during general anesthesia at the anes-
thesiologist’s discretion.

Stress biomarkers, such as epinephrine, norepinephrine,
cortisol, interleukin-6, and interleukin-10, showed no differ-
ence between the remifentanil and sufentanil groups 1 h after
incision or at the end of surgery in patients anesthetized with
remifentanil or sufentanil titrated to maintain hemodynamic
parameters within 20% of the baseline combined with the
same propofol regimen [17]. This result indicates that the in-
hibitory ability of stress hormones induced by the surgical
simulation of remifentanil and sufentanil is similar when con-
trolled according to the same hemodynamic target.

The effects of sufentanil and remifentanil on the postoper-
ative pain score, analgesic requirements, and recovery time,
when administered as adjuvants to volatile [14,18] or intra-
venous anesthetics [19-21], have been compared in various
surgeries; however, the results have been inconsistent. As
opioids used for fast-track cardiac anesthesia, sufentanil and
remifentanil show no differences in postoperative pain man-
agement or time to excretion [1]. The pain score evaluated
immediately after surgery was lower in the sufentanil group
in patients undergoing laparoscopic cholecystectomy, but
no difference in analgesic consumption was observed com-
pared with the remifentanil group [19]. In contrast, remifen-
tanil showed a faster extubation time than sufentanil under
anesthesia for supratentorial craniotomy; however, there
was no difference in the postoperative pain scores, and anal-
gesic requirements within 1 h postoperatively were higher in
the remifentanil group [20]. Sufentanil-TCI, which was used
as an adjuvant to desflurane anesthesia in patients undergo-
ing major abdominal therapy in a previous study, showed no
difference in extubation time; however, the pain scores
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Table 2. Recovery Profiles

Variable Sufentanil (n = 159) Remifentanil (n = 359)  Mean difference (95% Cl) P value
In operating room
Recovery time (min) 15 (10, 25) 15 (10, 22) NA 0.228
In PACU
NRS for pain 2(2,3) 4(3,7) NA < 0.001
Rescue analgesics 10 (6.3) 127 (35.4) -29.1 (-34.9t0 -22.3) < 0.001

Values are presented as median (1Q, 3Q) or number (%). Cl: confidence interval, PACU: post-anesthesia care unit, NRS: numeric rating

scale, NA: not applicable.

during the first 2 h after extubation were lower, and the cu-
mulative morphine dose for pain control was significantly
lower than that for remifentanil-TCI [14], which is similar to
the results of our study. In addition, in a prospective multi-
center study conducted on patients undergoing neurosur-
gery, sufentanil-propofol anesthesia resulted in no differ-
ence in the time to eye-opening and time to extubation;
however, it reduced the analgesic requirements compared
with remifentanil-propofol anesthesia [21].

The SpO, values during the first 7 h postoperatively were
lower in patients who received sufentanil-sevoflurane anes-
thesia than in those who received remifentanil-sevoflurane
anesthesia in a previous study [22]. However, in other stud-
ies, when used as an adjunct to balanced [14] or total intra-
venous anesthesia [21], the use of sufentanil and remifent-
anil resulted in no differences in the incidence of respiratory
complications. Similar to these results [14,21], respiratory
complications occurred only in one patient in the sufentanil
group, and the difference in the incidence of hypoxemia was
not significant between the two groups in the present study.
This may be attributed to the shorter operating time and
lower sufentanil dosage used in this study. The average op-
erative time did not exceed 2 h in either group in the present
study. The context-sensitive half-life of sufentanil increases
as the infusion duration increases; however, the half-life is
approximately 20 min when infused for 2 h [23]. Sufentanil
or remifentanil was discontinued 10 min before the antici-
pated end of the surgery, and the median time from opioid
discontinuation to extubation was 15 min in both groups. In
addition, compared with previous studies, sufentanil- and
remifentanil-TCI were administered at fixed plasma concen-
trations of 0.1 ng/ml and 1 ng/ml, respectively, which are
lower maintenance doses [14,17].

This study had some limitations. First, due to the retro-
spective nature of the study, all confounding factors that
may have affected the outcomes could not be controlled. In
addition, as propensity scoring methods were not applied,
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the results after matching pre- and intraoperative variables
that may have affected the outcomes could not be con-
firmed. Second, unequal sample sizes may have led to un-
equal variances between the samples, which may have af-
fected the statistical power and type 1 error rates.

In conclusion, sufentanil-sevoflurane anesthesia reduced
the postoperative pain and the requirement for rescue anal-
gesic administration compared with remifentanil-sevoflu-
rane anesthesia in patients undergoing robot-assisted gyne-
cological surgery. These findings suggest that sufentanil, as
an adjunct to sevoflurane anesthesia is more advantageous
than remifentanil in terms of postoperative pain control.
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