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postanesthesia care unit stay in patients undergoing laparoscopic
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Background: To guarantee efficient operating room (OR) activity, tracheal extubation is often performed
in the postanesthesia care unit (PACU). Therefore, the ability of PACU to accommodate postoperative
patients is crucial. Optimizing extubation management may speed up the turnover of PACU beds. The
aim of the present study was to investigate the effect of remifentanil, which is used during analepsia, on the
length of PACU stay in patients undergoing laparoscopic surgery for endometrial cancer.

Methods: In this prospective trial, we recruited a total of 99 patients, who were scheduled for laparoscopic
surgery for endometrial cancer. At the end of the surgery, all patients were immediately transferred to the
PACU and continued mechanical ventilation. Upon PACU admission, sputum aspiration was routinely
performed. If the hemodynamic parameters fluctuated >30% of the baseline level, or patients moved
unconsciously without reaching the criteria of extubation, a bolus injection of either 1 pg/kg remifentanil
(Rem group, n=51) or propofol 1.0 mg/kg (Pro group, n=48) was randomly administered. The primary
outcome was the duration of PACU stay. The secondary outcomes included time to respiratory breath
recovery and time to extubation, along with bispectral index (BIS) values and hemodynamic status after
remifentanil or propofol intervention. Times of repeated intervention, rescue administration of vasoactive
drugs, and the incidence of adverse events were recorded. Visual analog scale and satisfaction scores at the
time of PACU discharge were also evaluated.

Results: The duration of PACU stay was shorter in the Rem group than in the Pro group [49 minutes
(46.47-51.06 minutes) vs. 62 minutes (60.75-69.29 minutes), P<0.0001]. Compared with the Pro group,
the time to spontaneous breathing recovery, the time to extubation, and the incidence of hypoxemia after
extubation were reduced in the Rem group (P<0.0001, P<0.0001, P=0.03, respectively). After anesthetic
administration, the BIS value decreased less in the Rem group (P<0.0001); blood pressure and heart rate (HR)
declined, but were comparable in both groups.

Conclusions: Remifentanil, which is injected during analepsia, significantly shortens the duration of
PACU stay without increasing adverse events in the peri-extubation period.
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Introduction

Laparoscopic procedures are the main surgical treatment
for patients with endometrial cancer. A deep muscle
relaxant is often required to maintain sufficient abdominal
capacity at a low pneumoperitoneum pressure, consequently
decreasing the side-effects of laparoscopy and leading to
enhanced recovery after surgery (1). However, due to the
short interval between the laparoscopic procedure and
the last stitch, many patients may suffer from residual
neuromuscular relaxation despite neuromuscular block
monitoring. Therefore, to guarantee efficient operating
room (OR) activity, tracheal extubation is often performed
in the postanesthesia care unit (PACU). During the PACU
stay, a rescue anesthetic, such as propofol, is often used for
smooth extubation and to optimize emergence (2), which
may prolong recovery time and result in PACU “stacking”.

PACU, caring for patients after surgery and other
procedures, is an integral component of the surgical care
system. PACU and OR activity are closely linked: efficient
surgical processes require timely access to the PACU and
early transportation back to the ward (3). Therefore, safe
and effective acceleration of PACU throughput is of utmost
importance.

Propofol has been widely used for sedation in the
PACU (4). However, due to its unpredictable interindividual
variability in pharmacokinetics and pharmacodynamics,
propofol may be associated with prolonged recovery time
(5-7). Therefore, propofol may be not the most appropriate
sedative anesthetic during extubation. Remifentanil,
a rapidly effective and short-term opioid analgesic,
has been used for sedation and analgesia for awake
intubation (8). Remifentanil has been used for intensive care
unit (ICU) patients because its analgesia-based sedation
can provide effective sedation and rapid extubation without
the need for propofol, especially in those with renal or liver
dysfunction (9). In the present prospective clinical trial,
we compared the effects of remifentanil and propofol use
during emergence on the length of PACU stay for patients
undergoing laparoscopic surgery for endometrial cancer.
We present the following article in accordance with the
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1146).

Methods
Basic patient data and characteristics

The present study was a randomized controlled clinical
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trial. Approval was obtained from the Institutional Review
Board of the First Affiliated Hospital of Nanjing Medical
University (No.: 2019-SR-225), and the trial was registered
in the Chinese Clinical Trial Registry (trial registration
No. ChiCTR1900025773). The investigators randomly
assigned the participants into the propofol or remifentanil
group at a ratio of 1:1. Concealed randomization was
performed using Random Allocation Software (Microsoft).
Group identification was concealed in numbered envelopes.
Participants were included and allocated in numerical
order. The anesthetist in the PACU was responsible for
the anesthetic intervention. Nursing staff responsible for
collecting the data in the PACU were not informed of the
intervention settings.

We recruited patients who were scheduled for
laparoscopic staging of endometrial cancer under general
anesthesia in our hospital. Written informed consent was
obtained from all patients or their legal representative
prior to enrollment in the study. The inclusion criteria
were as follows: (I) age 18-64 years; (II) American Society
of Anesthesiology Physical Status I or II; (III) body mass
index 18-26 kg/m’, and (IV) duration of surgery >2 hours.
Patients with asthma, chronic obstructive pulmonary
disease, snoring, neuromuscular diseases, alcohol or narcotic
dependence, soybean allergy, and significant hemodynamic
instability during surgery were excluded. Upon admission
to the PACU, routine monitoring was performed, followed
by sputum aspiration. A bolus injection of either 1 pg/kg
remifentanil (Rem group) or 1 mg/kg propofol (Pro group)
was randomly administered if the patients moved while
unconscious, or if hemodynamic parameters fluctuated
>30% of the baseline level. Randomization was performed
by computer-generated random number allocations that
were concealed in an opaque envelope. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Anesthetic methods

All patients routinely fasted before surgery without
premedication. Upon arrival at the OR, electrocardiography,
invasive blood pressure, heart rate (HR), respiratory rate
(RR), end-tidal carbon dioxide, bispectral index (BIS), and
peripheral arterial oxygen saturation (SpO,) were routinely
monitored using a Mindray T6 monitor. Before the surgery,
bilateral transversus abdominis plane block was performed
under ultrasound guidance for perioperative analgesia.
Subsequently, standard general anesthesia was initiated
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Figure 1 Study protocol. Upon admission to the postanesthesia care unit (PACU), sputum aspiration was performed, followed by a random

bolus injection of either 1 pg/kg remifentanil (Rem group) or propofol (Pro group), as necessary. Tracheal tube was withdrawn according to

the standard indication of extubation. Duration of PACU stay was defined as the interval from PACU admission to modified Aldrete score

>9. Rem, remifentanil; Pro, propofol.

by the administration of 0.05 mg/kg midazolam (Jiangsu
Enhua Pharmaceutical Co.), 2 mg/kg propofol (Fresenius
Kabi Austria GmbH), 4 pg/kg fentanyl (Yichang Renfu), and
0.15 mg/kg cis-atracurium (Shanghai Hengrui
Pharmaceutical Co.), followed by intubation and mechanical
ventilation. An additional bolus injection of 2 pg/kg fentanyl
was injected before incision. Intravenous-inhalation
combined anesthesia was performed by intravenous infusion
of 2-4 mg/kg/h propofol, 0.1 mg/kg/h cis-atracurium, and
0.1-0.5 pg/kg/min remifentanil, and inhalation of 1-2%
sevoflurane (Shanghai Hengrui Pharmaceutical Co.) to
maintain a BIS value of 40-60, mean arterial pressure
(MAP) within the normal range, and a train of four (TOF)
value of 0. When the drainage tube was ready to be placed,
sevoflurane and cis-atracurium were discontinued, and
fresh gas flow was adjusted to 10 L/min. Propofol was
modulated to 6-12 mg/kg/h. At the end of the surgery,
all anesthetics were stopped, and 50 mg flurbiprofen and
10 mg azasetron were administered. The patients were then
transferred to the PACU for emergence and extubation. If
the patients complained of pain [visual analogue scale (VAS)
>4], 50-100 pg fentanyl was administered.

Trreatments

As shown in Figure I, upon admission to the PACU,
sputum aspiration was performed, followed by standardized
monitoring of hemodynamic data, BIS value, and the TOF
ratio. If the hemodynamic fluctuation was >30% of the
baseline value, or the patient moved while unconscious,
1 pg/kg remifentanil or 1 mg/kg propofol was administered.
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If blood pressure decreased >30% of the baseline value
during PACU stay, 6 mg ephedrine was administered. Once
the TOF ratio reached 0.7, 0.04 mg/kg neostigmine and
0.02 mg/kg atropine were infused to reverse the effects
of the residual muscle relaxant. When the spontaneous
tidal volume and RR recovered, the patients were asked to
open their eyes every 5 minutes; the tracheal tube was then
withdrawn. If the patients still failed to reach the criteria for
extubation with the first dosage, they were given a repeated
intervention of anesthetics. The anesthetist performing the
assessment in the PACU, and the patients were blinded to
the injected medication.

Outcomes

Patient demographic data, anesthetic time (from anesthetic
induction to PACU admission), and operative time (from
incision to the end of the surgery) were documented.

The primary outcome was the duration of PACU
stay, defined as the interval from admission to the PACU
to modified Aldrete score >9. The secondary outcomes
included time to spontaneous breathing recovery (from
admission to the PACU to the return of spontaneous
breathing) and time to extubation (from admission to the
PACU to extubation). The BIS values and hemodynamic
data, including systolic blood pressure (SBP), diastolic blood
pressure (DBP), and HR were recorded after anesthetic
intervention. Times of repeated intervention and rescue
administration of vasoactive drugs were recorded. Adverse
events, including incidence of hypoxemia (SpO, <90%
in air-conditioned conditions for >1 minute), coughing,
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dizziness, agitation, and nausea and vomiting were also
observed during PACU stay. The occurrence and severity
of the coughing response during extubation was categorized
as mild (1-2 coughs), moderate (3-5 coughs), and severe
(>5 coughs) (10). Before the patients were transferred back
to the ward, VAS scores were adopted to assess the severity
of postoperative pain (0= no pain; 1-3= mild pain; 4-6=
moderate pain; >7= severe pain), and the satisfaction scores
of the patients were based on a verbal scale of 1 to 5 (1= not
at all satisfied, 2= dissatisfied, 3= okay, 4= satisfied, 5= very
satisfied) (11).

Statistical analysis

All analyses were performed according to the intention-
to-treat principle; that is, all randomized patients were
analyzed in the groups to which they were originally
allocated and were blinded to treatment assignment. A 30%
difference in the duration of PACU stay was considered
significant, and the sample size was calculated per group
to achieve a power of 90%, with a=0.05; the confidence
interval of 95% was 38. To allow for a 10% patient dropout
rate, the study required 50 patients being enrolled in each
group.

Baseline characteristics were summarized by univariate
analyses. Continuous variables were summarized and are
presented as mean = standard deviation or median with
95% confidence interval, depending on whether they were
in accordance with normal distribution. A comparison of
continuous variables was performed by using Student’s
t-test for normally distributed variables, and the Mann-
Whitney U-test was used for non-normally distributed
variables. Qualitative data are presented as frequencies (with
percentages), and comparisons among the groups were
performed using y’-test or Wilcoxon rank-sum test, with
a=0.05.

All tests were two tailed, and a P value <0.05 was
considered significant. Analyses were conducted using SPSS
version 23.0.

Results

A total of 200 patients scheduled for laparoscopic staging of
endometrial cancer from July 1, 2019 to December 31, 2019
were recruited in the present study. In total, 101 patients
were excluded: 11 patients due to conversion to open
surgery, 87 patients due to successful withdrawal of tracheal
tube without the need for intervention agents, and 3
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patients due to bleeding requiring reoperation. Ultimately,
a total of 99 patients were enrolled and randomized to the
Rem group (n=51) or Pro group (n=48) (Figure 2). Patient
demographics and the duration of anesthesia and operation
were similar between the two groups (Table 1).

The length of PACU stay was significantly shorter
in the Rem group than in the Pro group [49.0 min
(46.47-51.06 min) vs. 62.0 min (60.75-69.29 min),
P<0.0001] (Figure 3A4). Similarly, the time to spontaneous
breathing recovery and time to extubation were significantly
less in the Rem group (23.2+6.9 vs. 29.6+7.1 min, P<0.0001)
compared to the Pro group (25.7£6.5 vs. 32.3£7.5 min,
P<0.0001) (Figure 3B).

The BIS value after anesthetic intervention decreased
less in the Rem group than in the Pro group (48.6+4.4
vs. 32.4+5.7, P<0.0001) (Figure 44). The SBP, DBP, and
HR dropped in both groups, but were still within the
normal range (£30% of the baseline values; Rem group
vs. Pro group: 105.6+10.9 vs. 103.2£9.9 mmHg in SBP,
P=0.24; 56.0+9.3 vs. 53.3+8.8 mmHg in DBP, P=0.16;
62.7+7.8 vs. 64.0£9.3 bpm in HR, P=0.51, respectively)
(Figure 4B,C,D). We also found that only four patients in the
Pro group and three in the Rem group required ephedrine
to elevate blood pressure during extubation (P=0.93)
(Table 2). In addition, 15 patients in the Rem group and 16
in the Pro group required anesthetic intervention twice,
whereas three patients in the Rem group and four in the
Pro group required this intervention three times (P=0.79)
(Tible 2).

During extubation, remifentanil was found to inhibit
the degree of coughing response, although no significant
difference was observed in the incidence and degree of
cough response between the two groups (P=0.06) (Table 2).
Twenty minutes after extubation, eight patients in the Pro
group, but only one patient in the Rem group, suffered
from hypoxemia (17% wvs. 2%, P=0.03). The incidence
of dizziness (6% vs. 13%, P=0.43), agitation (6% vs. 6%,
P=1.00), and nausea and vomiting (14% vs. 4%, P=0.19)
were similar between the two groups (Rem group vs. Pro
group). Only five patients in each group asked for fentanyl
rescue, VAS and satisfaction scores were comparable
between the two groups (P=0.82 and P=0.57, respectively).

Discussion

Hospital, professional, and societal costs are increased
by delays in admission into the PACU. It is necessary
to transfer patients to the PACU for emergence and
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Figure 2 Flow chart depicting the selection of patients for the present study. Patients who were assessed for eligibility and a proportion of

them were excluded, as they did not meet the inclusion criteria.

Table 1 Baseline characteristics of the patients (x + SD or n, %)

Variables Group Rem (n=51) Group Pro (n=48) P

Age (y) 52.6+10.7 50.27+11.70 0.30
BMI (kg/m?) 23.44+3.70 24.64+2.95 0.08
ASA (I/11) 43/8 43/5 0.44
Hypertension 12 (24%) 15 (31%) 0.39
Diabetes 8 (16%) 5(10%) 0.44
Duration of anesthesia (min) 208.08+25.76 215.91+£20.67 0.10
Duration of operation (min) 192.34+23.60 198.67+19.91 0.15

Rem, remifentanil; Pro, propofol; BMI, body mass index; ASA, American Society of Anesthesiologists.

extubation. Therefore, the ability of the PACU to
accommodate postoperative patients is closely linked with
efficient OR activity. The PACU may become a bottleneck
due to its inability to discharge patients as soon as possible,
which may subsequently affect the turnover of beds (12).
During emergence, sedative administration, short-acting
opioid drugs, and other methods have been used in the
clinic for smooth extubation. However, these strategies
may induce PACU “stacking”. Therefore, it is particularly
important to determine an appropriate method to enhance
the efficiency of the PACU. In the present randomized
clinical trial, we found that a bolus injection of remifentanil
during emergence can shorten PACU stay, speed up the

turnover of beds, and provide a satisfactory condition for
tracheal extubation without increasing adverse events.
Remifentanil, a useful analgesic for ICU patients,
can provide analgesia-based sedation without the need
for propofol (9). For its organ-independent metabolism
through non-specific blood and tissue esterases,
remifentanil can be hydrolyzed, regardless of the duration
of its administration (13), even in those with renal or liver
dysfunction (14). In comparison, because it is characterized
by a large volume of distribution at a steady state and a
relatively long elimination half time, the context-sensitive
half-life of propofol after a 90-minute transfusion is nearly
50 minutes in adults (15). Guignard et 4l. suggested that a
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Figure 4 The BIS value and hemodynamic parameters after anesthetic intervention in both groups. The BIS value after anesthetic
intervention decreased less in group Rem than that in group Pro (A). The SBP, DBP, and HR dropped in both groups, but still within the
normal range (£30% of the baseline values) (B,C,D). *, P<0.001. BIS, bispectral index; Rem, remifentanil; Pro, propofol; SBP, systolic blood

pressure; DBP, diastolic blood pressure; HR, heart rate.

bolus injection of remifentanil does not cause a significant
decrease in the BIS value, even in deep anesthesia (16).
Jung et al. also reported that remifentanil could effectively
alleviate propofol-induced burst inhibition without
affecting BIS values, even in the absence of noxious stimuli
and muscle relaxants (17). These results are in accordance

© Annals of Palliative Medicine. All rights reserved.

with those of the present study, indicating that after a long
duration of laparoscopic surgery under propofol-based
anesthesia, an additional bolus injection of propofol during
emergence might easily induce a relative deep hypnosis
due to a significantly decreased BIS value. In our study, we
found that a bolus injection of 1 pg/kg remifentanil had a
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Table 2 Occurrence of recovery variables, adverse events, VAS score and satisfaction score in patients in PACU

Variables Group Rem (n=51) Group Pro (n=48) P
Patients required for ephedrine rescue 3 (6%) 4 (8%) 0.93
Additional bolus of intervention anesthetics 15/3 16/4 0.79
(2 times/3 times)

Cough response during extubation (1/2/3/4/5) 19/23/9/0/0 13/17/18/0/0 0.06
Dizziness 3 (6%) 6 (13%) 0.43
Hypoxemia 1(2%) 8 (17%) 0.03*
Agitation 3 (6%) 3 (6%) 1.00
Nausea or vomiting 7 (14%) 2 (4%) 0.19
VAS (no pain/mild/moderate/severe) 17/29/5/0 15/28/5/0 0.82
Satisfaction score (1/2/3/4/5) 0/0/5/27/19 0/0/8/23/17 0.57

*, P<0.05. PACU, post-anesthesia care unit; Rem, remifentanil; Pro, propofol; VAS, verbal analog scale. Cough response score: 1= no
cough and muscle rigidity; 2= mild cough; 3= moderate cough; 4= moderate cough or muscle rigidity; 5= agitation, cannot be extubated.
VAS score: 0= no pain; 1-3= mild pain; 4-6= moderate pain; >7= severe pain. The satisfaction scores of the patients: 1= for not at all

satisfied; 2= dissatisfied; 3= okay; 4= satisfied; 5= very satisfied.

slight impact on BIS value, and most cases had a BIS value
>40, which might be associated with earlier extubation,
resulting in shorter PACU stay.

As our results showed, most of the patients in the Rem
group were fully awake when extubated and recovered
thoroughly after extubation without dizziness, hypoxemia,
and drowsiness. However, respiratory depression can occur
with propofol. Although a bolus injection of remifentanil
may also induce transient and mild respiratory depression,
it is easily treated by increasing oxygen concentration
and encouraging patients to breathe (18). Compared with
propofol, remifentanil can provide moderate sedation and
analgesia without causing deep anesthesia. Furthermore,
propofol is metabolized depending on the state of renal
and liver function; its metabolism varies according to sex,
age, physical condition, and content of body fat due to
adipopexis (19); therefore, it is less controllable and may lead
to delays in extubation, subsequently increasing PACU stay.

It is well recognized that the administration of
2-2.5 mg/kg propofol can lead to a 25-40% decrease in SBP
and cardiac output (20). However, the dosage of propofol,
which could provide effective sedation and hypnosis
for tolerance endotracheal tube and have little effect on
hemodynamic responses, is far below the above usage.
Remifentanil, a potent synthetic selective p-opioid receptor
agonist with a rapid onset and short duration of action,
can provide sedation and analgesia during the placement
of the endotracheal tube, and can cause blunt reflex

© Annals of Palliative Medicine. All rights reserved.

responses (21). Lee er al. reported that the infusion of
1 pg/kg remifentanil, which is in accordance with ours,
could lead to a decrease in blood pressure and HR in an
acceptable safely range (22). In our study, the prophylactic
administration of either 1 pg/kg remifentanil or
1 mg/kg propofol upon admission to the PACU inhibited
the hemodynamic response, with some patients requiring
ephedrine rescue in both groups due to the fluctuation still
being within the normal range; however, this was rare.

Previous studies have demonstrated that remifentanil
has an antitussive effect on emergence from anesthesia,
and that remifentanil could effectively and safely suppress
the coughing response by inhibiting airway reflex and
attenuating the stimulus of the tracheal tube (23,24). This
finding is in agreement with that of the present study, and
demonstrates that both remifentanil and propofol could
effectively prevent a coughing response during emergence
from general anesthesia. Simultaneously, we also found that
the patients treated with remifentanil did not experience
an increased incidence of adverse events, such as agitation,
nausea, and vomiting.

The present study has some limitations. First, we
recruited only female patients scheduled for laparoscopic
staging of endometrial cancer; the effect of remifentanil on
the duration of PACU stay for other patient populations
needs to be further investigated. Second, the remifentanil
dosage used in our study was based on the experience of
our department. To ensure that extubation is performed
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safely and as early as possibly, without causing PACU
delay, further exploration of appropriate remifentanil
dosages is necessary. Third, we could not confirm
whether remifentanil used in emergence has an effect on
long-term complications, including opioid-induced
hyperalgesia, as we did not follow-up these patients after
they were discharged from hospital.

In conclusion, during emergence, a bolus injection
of remifentanil can effectively shorten the length of
PACU stay without increasing adverse events in the peri-
extubation period. Owing to its minor impact on BIS value
and hemodynamic parameters, remifentanil can provide
smooth extubation, early emergence, and efficient PACU
throughput.
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2019-SR-225) and was registered in the Chinese clinical
trial (No.: ChiCTR1900025773). Written informed consent
was obtained from all patients or their legal representative
prior to enrollment in the study.
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