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Objective: The primary purpose was to compare the effects of sufentanil and fentanyl on
the postoperative sleep quality. And the secondary purposes were to evaluate perioperative
hemodynamics, postoperative pain and complications of children undergoing tonsillectomy
and adenotomy.

Methods: Seventy-six patients were randomly assigned to the sufentanil or fentanyl group.
The subjective sleep quality was assessed by the Athens Insomnia Scale (AIS) on the night
before surgery (Sleep preop 1), the first night after surgery (Sleep POD 1), and the third night
after surgery (Sleep POD 3). The Faces Pain Scale-Revised (FPS-R) was used to evaluate the
postoperative pain level 24 hours after surgery. The Observer’s Assessment of Alertness and
Sedation (OAA/S) scale was used to assess the level of sedation in children. Perioperative
hemodynamics and adverse effects were also evaluated.

Results: The AIS score in the sufentanil group was significantly lower at Sleep POD 1 and
Sleep POD 3 (P < 0.001, respectively). Children in the sufentanil group had significantly
lower FPS-R scores at 2, 4, and 6 hours after surgery (P = 0.004, P = 0.004, and P = 0.001,
respectively). The intraoperative hemodynamic parameters were more stable (P < 0.05,
respectively) and the OAA/S scores at 2 hours after surgery were lower in the sufentanil
group (P < 0.05). There was no significant difference in the incidence of postoperative
nausea and vomiting between the two groups (P = 0.435).

Conclusion: Children undergoing tonsillectomy and adenotomy after general anesthesia
who received sufentanil had better postoperative sleep quality and less postoperative pain at
2, 4, and 6 hours post operation. Moreover, children who received sufentanil showed better
hemodynamic stability during surgery. Therefore, sufentanil should be considered as a better
choice to facilitate rapid recovery in children following tonsillectomy and adenotomy.
Keywords: postoperative sleep quality, pain, sufentanil, fentanyl, children

Introduction

Adenoidectomy and tonsillectomy are the most common operations performed in
children. A previous study has shown that up to 85% of children undergoing
surgery will experience severe postoperative pain.' Furthermore, most of these
children experience pain after being discharged from the hospital, during the
recovery phase at home.” Due to postoperative pain, 26% of children showed
postoperative agitation, which increased the difficulty of mask ventilation and
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bleeding from the surgical site, thus resulting in short-term
airway obstruction and hypoxemia.®> In addition to these
complications, children with severe postoperative pain are
more likely to have behavioral delays, poor postoperative
sleep quality, and delayed clinical recovery.* And pediatric
patients who experienced postoperative pain reported sleep
disturbances.” Due to younger children cannot communi-
cate their subjective feelings of pain well, the postopera-
tive sleep status of children can be a good indicator of
their postoperative feelings. Poor sleep may be character-
ized by difficulty falling or staying asleep, poor sleep
quality, short sleep duration, and/or poor sleep hygiene.’
Although opioids are widely used analgesics, evidence
suggests that they may also impair sleep and sleep
architecture.” A high dose of opioids could disrupt sleep
by reducing rapid eye movement sleep and stage N3 sleep,
and increasing wakefulness.” Fentanyl is commonly admi-
nistered to children undergoing adenotonsillectomy, owing
to its high lipid solubility and potency.® ' Sufentanil is an
analog of fentanyl that has also been used to induce and
maintain anesthesia in children.'" Sufentanil is more
potent than fentanyl and is the most effective opioid

12,13 previous studies

analgesic used in clinical practice.
have shown that sufentanil might be beneficial over fenta-
nyl by relieving pain and reducing the incidence of opioid-
related adverse events.'®!® However, these studies were
mostly performed in adults.'*'®!” Based on this consid-
eration, this randomized controlled trial was designed to
compare the effects of sufentanil and fentanyl on the post-
operative sleep quality of children undergoing pediatric

tonsillectomy and adenotomy.

Materials and Methods

This study was approved by the Human Research Ethical
Committee of Shengjing Hospital (Shenyang, China; IRB
registration no. 2016PS281K) and complied with the
Declaration of Helsinki. Written informed consent was
obtained from all the patient’s parents/guardians. The
trial was registered prior to enrollment
(ChiCTR1800014302).

Inclusion criteria were as follows: children aged 4—-12

patient

years with an American Society of Anesthesiologists
(ASA) classification of I or II. Exclusion criteria were as
follows: recent symptoms of inflammation in the upper
respiratory tract, obvious cardio-pulmonary function
abnormalities, history of psychiatric diseases, severe
developmental disorders or abnormal airways, other neu-

rological impairments such as paralysis or demyelinating

diseases, sensitive skin, allergy to propofol or opioids, or
abnormal hepatic or renal functions.

Sample Size

Based on the primary outcome between the two groups in
our preliminary study and according to the calculation of
the sample size (n,=n,=2*[(1.96+0.842)*8/5]%), we chose
0.55 as the estimated variability between the two groups,
and 0.8 as the standard deviation. Therefore, 33 patients
were required for each group, assuming a two-sided Type
I error () of 0.05 and a power of 80%. Potential loss was
expected during follow-up or due to drop out; therefore,
a total of 76 patients were enrolled in this study.

Study Protocol and Standardized

Anesthesia

Ninety-three patients who were planning to undergo elec-
tive tonsillectomy and adenotomy after receiving general
anesthesia in Shengjing Hospital of China Medical
University were selected. After excluding 17 patients, 76
patients were randomly assigned either to the sufentanil
(Group S, n=38) or fentanyl (Group F, n=38) anesthesia
group in a 1:1 ratio using a computer-generated randomi-
zation number sequence. The group assignment was sealed
in sequentially numbered opaque envelopes. All the chil-
dren fasted overnight, and oral intake of clear fluids was
restricted for 2—3 hours before surgery. Patients were taken
to the preoperative preparation room with their parents/
guardians approximately 30 minutes prior to surgery. After
entering the operating room, all children received standard
anesthesia monitoring, consisting of electrocardiogram,
noninvasive blood pressure, pulse oxygen saturation, cap-
nography, inspired and end-tidal concentrations of oxygen.
After routine pre-oxygenation for 3 minutes, children in
Group S were induced with propofol 2.0 mg/kg, sufentanil
0.3 pg/kg, and cisatracurium 0.2 mg/kg. Children in Group
F were induced with penchyclidine hydrochloride injection
0.01 mg/kg, propofol 2.0 mg/kg, fentanyl 2 pg/kg, and
cisatracurium 0.2 mg/kg. When the eyelash reflex was
absent, all children were ventilated via a face mask with
oxygen 100%. Intubation was performed when sponta-
neous respiration weakened and a sufficient depth of hyp-
nosis was achieved (lack of palpebral reflex and lack of
motoric response to physical stimulation/laryngoscopy).
All patients were separately anesthetized with propofol
4-6 mg/kg/h and remifentanil 0.2 pg/kg/min by an intra-
venous pump for assisted sedation and assisted analgesia.
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The mechanical ventilation mode was then set to volume
control and the tidal volume to 6—8 mL/kg, and the minute
ventilation volume (MV) was adjusted to maintain end-
tidal CO, (EtCO,) at 3540 mmHg and the frequency to
18-20 times/min. Single administration of ephedrine 0.5—
1.0 mg/kg or atropine 0.01 mg/kg was administered if
blood pressure decreased by 30% of basal values or heart
rate was lower than 60 beats/min. Both the infusion of
remifentanil and propofol were discontinued simulta-
neously at the end of surgery. Neostigmine 0.2 mg/kg
and atropine 0.01 mg/kg was administered if needed
before extubation. After the operation, all the patients
were transferred to the post-anesthesia care unit for con-
tinuous monitoring.

Data Collection

Primary Observation Indicators

Subjective sleep quality was evaluated by the Athens
Insomnia Scale (AIS) at the first night before surgery
(Sleep preop 1), the first night after surgery (Sleep
POD 1), and the third night after surgery (Sleep
POD 3). The AIS is a self-rated psychometric question-
naire that quantifies sleep difficulty based on the
International Classification of Diseases-10th edition
(ICD-10) criteria. It consists of 8 items: sleep induction,
waking up during the night, final awakening, total sleep
duration, sleep quality, well-being, functioning capacity,
and sleepiness during the day. Total AIS scores range

from 0 to 24 points,
18

with >6 points indicating

a diagnosis of insomnia.

Secondary Observation Indicators

The postoperative pain score was evaluated by the Faces
Pain Scale-Revised (FPS-R) (0-10 points),'” which is
valid for use in children aged 4-12 years to assess acute
pain, procedural pain, postoperative pain, and disease-
related pain. We administered the FPS-R at 2, 4, 6, and
24 hours after surgery. Heart rate (HR) and mean arterial
pressure (MAP) were recorded 5 minutes after entering
the operation room (T0), at induction (T1), after intuba-
tion (T2), when surgery began (T3), when surgery ended
(T4), and after extubation (T5). Clinical sedation scales,
such as the Observer’s Assessment of Alertness and
Sedation (OAA/S) scale, have been used as valid tools
to assess the level of sedation in children by observing
their response to various stimuli, and is assessed at 2
hours after surgery.’® An OAA/S score of 3 indicates
that the patient “responds only after their name is called

loudly/or repeatedly”.*' For this reason, the OAA/S score
3 was considered as a state of sedation based on clinical
observation. Adverse reactions such as postoperative
nausea and vomiting (PONV), respiratory depression,
hypothermia, agitation, etc. were recorded and treated
accordingly.

Statistical Analysis

SPSS 23.0 (IBM Corp, Armonk, NY, United States) and
GraphPad Prism 8.0 statistical software was used for data
processing and statistical analysis. The quantitative data of
normal distribution are presented as mean # standard
deviation (X + s), and intergroup comparison was per-
formed with independent sample #-test. The qualitative
data are expressed as number (n) and percentage (%),
and compared with the y* test. The linear association
between postoperative pain score and sleep quality was
analyzed by linear regression analysis to calculate an r
value. P < 0.05 (two-sided) suggested that the difference
was statistically significant.

Results

As shown in Figure 1, we initially assessed the eligibility
of 93, of whom, 11 children did not meet the inclusion
criteria and six children’s parents refused participation.
Finally, 76 children participated in the study. After the
study, four patients in Group S were excluded for laryn-
gospasm, hemorrhage, and poor cooperation due to
extreme pain and received additional analgesics after sur-
gery. Two patients in Group F were excluded for hemor-
rhage. Finally, data from 34 patients in Group S and 36
patients in Group F were analyzed.

The Comparison of Demographic

Characteristics of the Two Groups

There were no significant differences between the two
groups in terms of age (P = 0.888), sex (P = 0.611), height
(P = 0.722), weight (P = 0.205), duration of the operation
(min) (P = 0.062), and total dose of remifentanil (mg) (P =
0.005) (Table 1).

Primary Outcomes

The Comparison of Postoperative Sleep Quality
Between the Two Groups

As shown in Figure 2B, compared to Sleep preop 1,
patients in both groups presented with a lower sleep
quality at Sleep POD 1 and Sleep POD 3 (P < 0.001,

Nature and Science of Sleep 2021:13

823

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al Dove

Assessed for eligibility (n=93)

Excluded (n=17)

Violate of inclusion criteria
(n=11)

Decline to participant (n=6)

76 patients were randomly assigned

38 patients were in the Group S

38 patients were in the Group F

Lost to follow-up

(n=4) Lost to follow-up
—

laryngospasm (n=1) (n=2)

hemorrhage (n=1) hemorrhage (n=2)

children do  not
cooperate (n=2)

v

34 patients in the Group S were 36 patients i the Group F were

analyzed. analyzed.

Figure | Flow diagram showing the patients that were included and excluded in this study.

respectively). There was no significant difference in AIS  AIS scores, indicating better postoperative sleep quality,
score at Sleep preop 1 between the two groups (P = than patients in Group F at Sleep POD 1 and Sleep POD
0.750). Patients in Group S reported significantly lower 3 (P < 0.001, respectively) (Figure 2B).

Table | Comparison of Demographic Characteristics Between the Two Groups

Group S (n=34) Group F (n=36) P
Age (years) 6.94+2.7 7.03%£2.5 0.888
Gender (Male/Female) (n) 14/20 17119 0.611
Weight (Kg) 22.59+5.5 24.11+4.4 0.205
Height (cm) 118.76x15.6 120.11x16.0 0.722
Duration of surgery (min) 86.68+14.2 80.22%14.3 0.062
Total does of remifentanil (mg) 0.32+0.2 0.41+0.1 0.005

Notes: variables are presented as mean (+¥SD) or as frequency (percentage).
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Figure 2 The comparison of postoperative sedation scores and subjective sleep quality between the Group S and the Group F. (A) OAA/S scores; (B) AlS scores. Sleep-
preop I: the first night before surgery; Sleep POD |: the first night after surgery; Sleep POD 3: the third night after surgery. **vs the previous time point: P < 0.001. #vs the

Group S: P < 0.001.

Abbreviations: OAA/S, Observer’s Assessment of Alertness and Sedation; AlS, Athens Insomnia Scale.

Secondary Outcomes

The Comparison of Intraoperative Hemodynamics
Between the Two Groups

There was no significant difference in the HR and MAP at
TO between the two groups (P = 0.455, and P = 0.930,
respectively). However, MAP and HR were lower at other
time points, from T1 to T4, in Group S compared to Group
F (P < 0.05, respectively) (Table 2).

The Comparison of Postoperative Pain, Sedation

Scores and Adverse Effects Between the Two Groups
Children in Group S had significantly lower FPS-R scores
compared to Group F at 2, 4, and 6 hours after surgery (P
=0.004, P = 0.004, and P = 0.001, respectively) (Table 3).
The OAA/S score at 2 hours after surgery was lower in
Group S compared to Group F (P < 0.001) (Figure 2A).
There was an approximately linear correlation between the
FPS-R 2h score and Sleep POD 1. Linear regression

analysis revealed an 1 value of 0.081 (P=0.017). There
was no significant difference in the incidence of PONV
between the two groups (P=0.435). Furthermore, none of
children in either group experienced other opioid-related
adverse effects such as hypothermia, agitation, and respira-
tory depression (Table 3).

Discussion
Our study demonstrated that although postoperative sleep
quality was decreased in both groups, children in Group
S reported better sleep quality at Sleep POD 1 and Sleep
POD 3 than children in Group F. Furthermore, the post-
operative pain intensity and sedation scores were lower,
and children had better hemodynamic stability during the
operation in Group S than in Group F.

Previous studies have proposed a bidirectional model
in which higher postoperative pain predicted poorer sleep
quality, which in turn predicted higher pain levels on the

Table 2 Comparison of Hemodynamics at Each Time Points Between Two Groups

Items Group TO TI T2 T3 T4 T5

MAP (mmHg) | Group S (n=34) 82.21x10.9 77.18+8.4 85.12+10.3 76.85+8.2 76.06+8.1 82.18+6.9
Group F (n=36) 80.28+10.6 82.61+8.9% 89.97+9.6* 84.69+10.7* 81.11+9.6% 86.94+9.4*

HR (beat/min) | Group S (n=34) 105.06+12.7 96.35+10.1 107.65+12.5 95.38+10.2 98.62+8.3 105.62+10.7
Group F (n=36) 104.8111.5 102.47£11.2*% 113.14£10.1%* 102.14£11.6* 104.19£9.7* I111.47£12.7%

Note: Data are presented as mean (+SD). TO: five minutes after entering the operation room; T|: at the moment of induction; T2: at the moment after intubation; T3: at
the moment the surgery began; T4: at the moment the surgery ended; T5: at the moment after extubation. *vs Group S: P < 0.05.

Abbreviations: MAP, mean arterial pressure; HR, heart rate.
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Table 3 The Comparison of Postoperative Pain and Adverse
Effects Between the Group S and the Group F

Group Group P
S (n=34) | F (n=36)
FPS-R scores
2h 3.65%1.6 4.94+2.1 | 0.004
4h 24115 3.72+2.0 | 0.004
6h 1.47%1.1 2.67x1.7 | 0.001
24 h 0.82+1.0 I.11£1.2 | 0.284
Adverse effects
Nauseated and vomiting, n (%) 2 (5.9) 4 (11.1) 0.435
Respiratory depression, n (%) 0 (0) 0 (0) -
Hypothermia, n (%) 0 (0) 0 (0) -
Agitation, n (%) 0 (0) 0 (0) -

Notes: variables are presented as mean (xSD) or as frequency (percentage).
Abbreviation: FPS-R, Faces Pain Scale Revised.

following day.”*** In our study, compared to Sleep preop
1, patients in both groups presented with a lower sleep
quality at Sleep POD 1 and Sleep POD 3, which may be
due to the fact that general anesthesia induces a state of
medically low consciousness and is considered to be an
independent risk factor for circadian rhythm imbalances
and postoperative sleep disturbances.”* And there was an
approximately linear correlation between the FPS-R 2h
score and Sleep POD 1, which indicated that high level
of postoperative pain predicted worse postoperative sleep
quality. Nevertheless, our study found that children in
Group F had poorer postoperative sleep quality at Sleep
POD 1 and Sleep POD 3 compared to children in Group
S. The possible reasons may be as follows: 1) the total
dose of remifentanil administered in Group S was lower
than that of Group F, which reduced the effect of opioids
on postoperative sleep quality. The use of remifentanil in
clinical practice offers several advantages, and it is used
for various procedures. However, remifentanil has been
consistently linked with the development of opioid-
induced hyperalgesia, which may cause several issues,
such as delaying recovery after surgery, causing discom-
fort and higher pain scores, increasing the use of analge-
sics, and causing other opioid-associated side effects such
as decreased sleep quality.””> 2) Since the efficacy of
sufentanil was better than that of fentanyl, the postopera-
tive pain intensity and sedation scores were better in
Group S than Group F, which in turn improved the post-
operative sleep quality. In addition, the MAP and HR were
lower following the induction of general anesthesia.
Studies by De Fatima et al and Sato et al have also

shown that opioids could increase vagal tone and decrease
sympathetic nervous activity. Propofol may also depress
baroreceptor reflex control of HR. The decreases in BP
and HR after opioids and propofol may be due to the
synergistic action of the two drugs.’®*’ In our study,
children in Group S were induced with 0.3 pg/kg sufenta-
nil. According to Xue et al,”® when used as part of
anesthesia induction with propofol and vecuronium in
children, the bolus administration of sufentanil 0.3 pg/kg
can result in a dose-related attenuation of the cardiovas-
cular intubation response, and can completely abolish the
cardiovascular intubation response. Moreover, we found
that children induced with sufentanil had better hemody-
namic stability, with less fluctuation during the operation
than those induced with fentanyl. This could be explained
as follows: sufentanil has an 8—10 times higher lipid solu-
bility than fentanyl, a higher affinity for the mu-opioid
receptor, and 5-10 times more potency than fentanyl;
thus, smaller doses are required to achieve an analgesic
and sedative effect.'> Monk et al also confirmed that
unlike other opioids, sufentanil alone induces significantly
less cardiovascular instability. It may cause a reduction in
HR and BP shortly after the induction of anesthesia, but
the cardiovascular instability usually associated with sur-
gery is largely avoided.'® Furthermore, Roberts et al indi-
cated that the opioid-induced PONV risk increases in
a dose-dependent manner.>® Consistent with their findings,
our study suggested that the incidence of PONV in Group
S was lower than that in Group F, although there was no
statistical difference. Besides this, none of the children in
either group experienced other postoperative adverse
effects, including hypothermia, agitation, and respiratory
depression.

There are several limitations to our study. Firstly, con-
sidering the difficulties in conducting polysomnography in
children to assess sleep quality perioperatively, we only
collected data on subjective sleep quality using the AIS
score in the short-term perioperative period and after sur-
gery. Furthermore, the effect of different opioids on long-
term sleep quality after surgery needs to be further studied.
Secondly, there are many confounding factors that may
affect the quality of postoperative sleep. Although we have
tried to reduce the influence of other factors on postopera-
tive sleep quality, such as light, noise, or interference
caused by night care, there may have been other unavoid-
able factors that could have affected our results. Thirdly,
we did not evaluate the anxiety and preoperative pain
threshold of children in the preoperative period, which
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may affect many parameters such as pain and agitation.
Fourth, we only conducted the study in a small sample and
at a single center. Thus, the effect of other opioids on
postoperative sleep quality and pain in other surgeries
under general anesthesia warrants investigation in large
scale multicenter studies in the future.

Conclusion

In conclusion, we demonstrated that children undergoing
tonsillectomy and adenotomy after general anesthesia who
received sufentanil had better hemodynamic stability
intraoperatively, better postoperative sleep quality, and
less postoperative pain compared with patients who
received fentanyl. Sufentanil should be considered over
fentanyl to facilitate rapid recovery in children following
tonsillectomy and adenotomy.

Data Sharing Statement

The individual deidentified participant data in our study
could be shared with the readers. Readers can obtain the
data by emailing the corresponding author (zhujunch-
aol@hotmail.com). We did not include specific data and
documents from other studies in our study. All the data in
our study are available for ten years.
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