Does sugammadex decrease the severity of agitation
and complications in pediatric patients undergoing
adenotonsillectomy?
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ABSTRACT
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Objectives: To evaluate  the effectiveness of
sugammadex in reducing or eliminating postoperative
agitation levels, early respiratory complications
and nausea/vomiting in children undergoing
adenotonsillectomy.
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Methods: A total of 70 patients (age range: 5-13
years) who underwent an adenotonsillectomy in the
Otolaryngology Clinic, Sakarya University, Sakarya,
Turkey between May 2015 and September 2017 were
included in the study. The patients were randomized
into asugammadex group (Group S) and a neostigmine
+ atropine (Group N); each group contained 35
patients. Time to extubation, postoperative agitation
levels, and early postoperative complications were
evaluated and recorded. Data from both groups were
statistically evaluated and compared.

Results: The time to extubation was significantly
shorter in Group S than Group N (p<0.05). Agitation
scores during recovery were significantly lower in
Group S than Group N (p<0.05). More complications
were observed in Group N than in Group S; the
number of patients seen coughing and experiencing
nausea/vomiting in  Group S was statistically
significantly lower (p<0.05).

Conclusion: This study demonstrated that the
use of sugammadex results in less time to recovery
and less agitation in comparison to conventional
administration of neostigmine + atropine in the reversal
of neuromuscular blocking after adenotonsillectomy.
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denotonsillectomy is one of the most common

urgical procedures in otolaryngology practice. It is
often performed under general anesthesia in children
ranging in age from 4 to 7 years, with an indication
of recurrent infection or obstruction." Depending on
the adenotonsillectomy, many complications may
develop in the perioperative and postoperative surgical
period. Since this surgery is frequently performed in the
pediatric age group, agitation and pain that occur during
and after the recovery period are significant problems
for children.” Common perioperative and postoperative

complications  during adenotonsillectomy include
bleeding, respiratory adverse events, postoperative
nausea and vomiting, postoperative agitation

(emergence delirium [ED]), and pain. Agitation is one
of the major problems encountered during recovery,
especially in children, and the frequency is reported to
be 18-80%.3* The agitation experienced during recovery
from anesthesia can cause a patient to harm himself/
herself and his/her environment; it can also result in
pain and bleeding, and prolonged recovery time.” It
has been reported that ED increases the possibility of
airway complications.® Therefore, reduction of agitation
is important for avoiding possible airway complications
after adenotonsillectomy.

Neostigmine is the agent that is most often
preferred for the reversal of the neuromuscular blockade
performed with acetylcholinesterase inhibitors used
during the general anesthesia protocol. However,
delayed recovery and prolonged curarization can be
seen in the postoperative period after the use of these
drugs.” Sugammadex, a newly developed modified
cyclodextrin, is a selective binding agent that rapidly
and completely reverses the effects of rocuronium, a
neuromuscular blockade agent.®* Sugammadex has been
shown to significantly shorten the time to extubation,
especially in pediatric patients, during reversal of the
neuromuscular blockade. Clinical trials have shown
that sugammadex has few side effects and is a fast-acting
binding agent in the reversal of rocuronium-induced
muscle blocking.”'?

We hypothesized that the use of sugammadex
during reversal of the neuromuscular blockade would
be advantageous in terms of increasing patient comfort
and reducing postoperative agitation levels; thereby,
reducing the early postoperative complications of
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patients undergoing adenotonsillectomy. Therefore,
this study aimed to compare the use of sugammadex
and neostigmine in pediatric patients undergoing
adenotonsillectomy in terms of their impact on
postoperative  agitation level, early respiratory
complications and nausea/vomiting.

Methods. This prospective controlled randomized,
double-blinded study was conducted at Sakarya
University Medical Faculty Training and Research
Hospital, Sakarya, Turkey between May 2015 and
September 2017. Faculty of Medicine Review Board,
Kocaeli University (KOU-KAEK 2015/53) approved
the study. The study was performed in accordance with
the Declaration of Helsinki.

A total of 70 patients, with an age range of 5 to
13 years, who underwent adenotonsillectomy with
recurrent/chronic tonsillitis or obstructive sleep apnea
in the Otolaryngology Clinic, Medical Faculty, Sakarya
University, Sakarya, Turkey were included in the study.
Patients with a history of allergy to any medication used
during general anesthesia, known neurological diseases,
asthma, and bleeding diathesis were excluded from
the study. Written consent and verbal consent were
obtained from the legal guardians of the patients, who
were blinded to the groups that participated in the study.
Allocation of the patients to the groups was performed
using computerized numbers (Excel; Microsoft,
Redmond, WA, USA) by an anesthesiologist who did
not participate in the study. Patients were randomized
into a sugammadex group (Group S) and a neostigmine
+ atropine group (Group N); each group consisted of 35
patients. The same surgical procedure was used for all
patients. Adenoid tissue was excised by curetting with
adenotome. No analgesic infiltration of the tonsillar
fossa was performed before surgery; the tonsillectomy
was performed using the cold dissection method.
Hemorrhage was controlled by bipolar cauterization
at the surgical site after excision. All patients were
hospitalized for the first 24 hours in our Otolaryngology
Clinic. Patients who did not develop any complications,
such as bleeding, were discharged after 24 hours. After
surgery, all the patients in each group were administered
antibiotics (amoxicillin-clavulanate syrup 40 mg/kg,
2 times for one week) plus paracetamol syrup (15 mg/
kg, as needed). All patients were started on oral intake
4-6 hours after the operation.

Patients were monitored for pulse oximetry
(SpO2), heart rate (HR), electrocardiogram, cutaneous
temperature, and noninvasive arterial blood pressure
after being taken to the operating room. Monitoring of
neuromuscular function at the adductor pollicis muscle


http://www.smj.org.sa/index.php/smj/index

Sugammadex use advantages in adenotonsillectomy ... Korkmaz et al

was performed using a TOF-Watch SX (Schering-
Plough, Swords, Co. Dublin, Ireland) acceleromyograph
device. A pair of electrodes were placed 2-3 cm apart
through ulnar nerve trace of the left wrist, and a
transducer was placed over the left thumb. In both
groups, the anesthesia induction of the patients was
provided by intravenous administration of 2 mg/kg
of propofol, 2 mg/kg of fentanyl, and 0.6 mg/kg of
rocuronium bromide. For both groups of patients,
maintenance of anesthesia was provided by 1-2%
sevoflurane (MAC 0.8-1) in a mixture of air-oxygen
(50% oxygen) and fresh gas flow at 2 L/min using
the anesthesia workstation (Perseus® A500, Driger,
Liibeck, Germany). Heart rate and oxygen saturation
values of the patients were followed and recorded by
the anesthesiologist during the operation. Mean values
of all patients were compared. In the perioperative
period, 15 mg/kg intravenous (iv) paracetamol was
used for postoperative analgesia. After surgery, while the
train-of-four (TOF) count was 2/4, the residual muscle
relaxation was antagonized with 2 mg/kg intravenous
sugammadex + 0.01 ml/kg saline in Group S and 0.02
mg/kg neostigmin+0.01 mg/kg atropine in Group N.
At the moment of 90% of TOF inhalation gases were
ceased, and patients were extubated when spontaneous
breathing was adequate (adequate respiratory rate
according to the age; tidal volume >4 ml/kg; SpO2
maintained above 95%), hemodynamics were stable
and upper airway reflexes were fully recovered. Tracheal
extubation time (from discontinuing anesthetics until
extubation), duration of anesthesia (from the injection
of anesthetic until discontinuation), and duration of
the operation (from the injection of anesthetic until
the patient’s discharge from the operating room) were
recorded for each patient. The patients were transported
from the operating room to the post-anesthesia care unit
(PACU) when they started breathing spontaneously.
The patients were observed by blind personnel (nurses,
anesthesiologist or doctors) in operating room and
PACU. Their observations were recorded in terms of
agitation levels and complications that may occur after
extubation. Patients were taken to service room after
30-minute observation if no problem developed.

We assessed the postoperative agitation level with
the Pediatric Anesthesia Emergence Delirium (PAED),
which provides a score from 0 to 20, during the first
15 minutes in PACU (T0) and first (T1) hour after
extubation at service room. Evaluations also were made
at fourth (T4), eighth (T8) and twelfth (T12) hours of
post-extubation to evaluate the negative state related to
postoperative agitation and complications. The scores
of each item were summed to obtain a total PAED scale
score.

We also evaluated the patient’s early postoperative
respiratory  complications such as  hypoxemia,
laryngospasm and apnea that may occur during the
recovery period immediately after extubation. In
addition, the patients’ complaints of nausea and cough
that may occur due to increased respiratory activity
were evaluated. For desaturation, the blood oxygen
level was considered to be <92 for a prolonged period of
30 seconds. For treatment, positive pressure ventilation
and bronchodilator drugs were performed. The absence
of any respiratory activity for 30 seconds was defined
as the acceptance criteria for apnea. Laryngospasm was
defined as the presence of increased respiratory effortand
paradoxical chest movements."" Nausea/vomiting was
considered positive even once seen during the recovery
or follow-up period. The presence of persistent cough
immediately after extubation or during follow-up in the
child was considered positive. All complications were
recorded according to the follow-up period at PACU
and the first 24-hour observation at otolaryngology
service.

Statistical ~analysis. Power analysis using the
Gpower computer program was used to calculate the
sample size. Power analysis calculation based on the
values in previous studies on related to postoperative
ED.'™" In order to find a significant difference between
measurements and estimated risk reduction, it was
found that there should be at least 35 patients in each
group while the power of 80% and an alpha level of
0.05. Categorical data were given as number (n) and
percentage (%) and continuous data as mean+standard
deviation. The normal distribution of categorical
and continuous data was carried out by Kolmogorov
Smirnov test. The unpaired t test was used to compare
the mean times of extubation. Comparison of non-
parametric data  between sugammadex group and
neostigmine + atropine group was performed by Mann
Whitney U test. Chi-square and Fisher exact tests were
used to compare categorical data. Values of p<0.05 were
considered statistically significant. All analysis were
performed by Statistical Package for Social Sciences,
version 23.0 (IBM Corp, Armonk, NY, USA).

Results. There were 35 patients in each group. The
mean age of the patients in Group S was 6.63+2.14. Of
the patients in this group, 19 were male (54.3%) and
16 were female (45.7%). The mean age of the patients
in the neostigmine + atropine group was 6.58+2.44.
Of the patients in this group, 14 were male (38.9%)
and 22 were female (61.1%). The mean weight was
27.1£6.7 at Group S and 28.0+5.7 at Group N. There
was no statistical difference between the groups in terms
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of age, gender, weight, anesthesia time, surgery time,
HR mean, and oxygen saturation mean (Table 1). Time
to extubation was in the range of 4-7 and averaged
4.88+0.86 in Group S, and in the range of 6-12 minutes
averaged 8.83+1.79 minutes in Group N (Table 2). The
mean time to extubation in Group S was significantly
shorter than Group N (p<0.001) (Table 2).

When we evaluated the agitation levels; the
mean agitation scores were 8.86+1.4 in Group S and
12.25+2.52 in Group N at T0. Mean values in the
T1 were 6.26+2.17 in Group S and 8.39:+2.57 in
Group N. In Group S, agitation scores at TO and T'1
were significantly lower than Group N (p<0.001). There
was no significant difference between the 2 groups in
terms of the mean of values at the T4, T8, and T12
hours (Table 3).

All complications were higher in Group N than
in Group S. Transient laryngospasm and oxygen
desaturation was seenasan early postoperative respiratory
complication in 2 of the patients in Group N. In Group
S, laryngospasm was not seen in any patient, only one
patient had transient oxygen desaturation. Then, the
oxygen saturation returned to normal with continuous
oxygen. The number of patients with persistent cough
after extubation was higher in Group N. There was no
statistically significant difference between the 2 groups.
However, the number of patients who obersed nausea/

vomiting in Group § statistically significantly lower
(Table 4).

Table 1 - Patient characteristics and perioperative data of 70 patients.

Characteristics Group S Group N P-value*
(n=35) (n=35)
Age: years + SD 6.63£2.14 6.58+2.44 0.37
Gender (n/%)
Female 16 (45.7) 14 (38.9) 0.221
Male 19 (54.3) 21 (61.1)
Weight; kg+SD 271567 28.0:5.7 0.284

*Mann Whitney U test. Group S - sugammadex + saline group,
Group N - neostigmine + atropine group, SD - standard deviation

Table 2 - The comparison of the mean values of anesthesia time, surgery
time, extubation time, and preoperative findings of 70 patients.

Discussion. Ourstudy has shown extubation times
and agitation levels of patients were significantly lower
in the postoperative period than neostigmine-atropine
group when sugammadex was used in pediatric patients
who underwent adenotonsillectomy. It was also found
that nausea and vomiting complaints decreased with
the use of sugammadex in terms of postoperative early
complications.

Steroidal neuromuscular blocking agents (NMBA)
such as rocuronium and vecuronium are frequently
used to provide muscle relaxation in general anesthesia.
However, the pharmacokinetic and pharmacodynamic
effects of NMBAs in pediatric patients differ from
adults. Therefore, prolonged curarization effects and
residual paralysis due to NMBAs are more common in
children." Sugammadex is a new pharmacological agent
that reverses neuromuscular blockade by a mechanism
different from other acetylcholinesterase inhibitors.
Sugammadex form a complex with NMBAs and bind
to nicotinic receptors in the neuromuscular junctions
and provide reversal of the neuromuscular blocking.®
Clinical trials have shown that sugammadex is a fast,
effective and low-side effects binding agent in the
reversal of rocuronium-induced muscle blocking.'>'¢

Emergence delirium in children after general
anesthesia is quite common and its incidence varies
between 18-80%.%* The factors are affecting ED; age,
preoperative anxiety, premedication, anesthesic agents
during general anesthesia, adjuvantagents, rapid waking,

Table 3 - The comparison of Pediatric Anesthesia Emergence Delirium
results in times.

Time Group S Group N P-values*
To 8.86+1.4 12.25 £2.52 <0.001
T1 6.26 +2.17 8.39 £2.57 <0.001
T4 4.92+1.35 5.32+1.52 0.658
T8 2.72+1.72 3.26+2.11 0.315
Ti2 1.94 + 1.26 2.83 £2.23 0.073

*Mann Whitney- U test, values are given as meansstandrd deviation.
Group S - sugammadex + saline group, Group N - neostigmine + atropine

group

Table 4 - The comparison of the frequency of early postoperative
complications in 2 groups.

Variables Group S Group N P-value*

(n=35) (n=35) Complication Group S Group N P=value*
Anesthesia time (min) 33.73+£5.3 34.63 + 4.5 0.715 Coughing 1 7 0.054
Surgery time (min) 30.45 +2.74 32.11+3.04 0.378 Oxygen desaturation 2 0.572
Extubation time (min) 4.82+0.85 8.83+1.79  <0.001 Laryngospasm 0 2 0.157
Heart rate 102.42 + 15.7 100.8 + 8.28 0.90 Nausea/vomiting 1 9 0.048
Oxygen saturation (%) 98.62 + 1.16 98.72 + 1.18 0.942 Apnea 0 1 0.321

*Independent t-test. Group S - sugammadex + saline group,
Group N - neostigmine + atropine group, SD - standard deviation

*Chi-square test and Fisher exact test, Group S - sugammadex + saline
group, Group N - neostigmine + atropine group
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during awakening presence of parents, pain, and type of
surgery.'” The used anesthetic drugs and postoperative
muscle relaxant drugs are of great importance in the
occurrence and control of the agitation. While ED has
not been observed very often in the previous years due
to the widespread use of halothane, the use of short-
acting new volatile anesthetics, such as sevoflurane and
desflurane, the incidence increased.!® Likewise, late
recovery due to neuromuscular blockage also increases
the risk of agitation development.” The patient’s
postoperative agitation and residual neuromuscular
block may cause difficulty in postoperative care
and aspiration and, consequently led to respiratory
complications. Sugammadex is a pharmacological agent
that reverses residual neuromuscular block (NMB)
without cholinergic side effects, and decreases the rates
of postoperative respiratory complications compared
to similar drugs. In literature, there are studies
evaluating the efficacy of various anesthetic drugs on
emergence agitation in patients undergoing pediatric
adenotonsillectomy surgery, but there is no controlled
study with Sugammadex.?**' In the study by Pieters et
al?! the effects of propofol and sevoflurane on the ED
were investigated, but there was no significant difference
in PAED score between the 2 groups. Decreased
agitation is also thought to be advantageous in terms of
reducing the trauma that can occur in the oral surgical
field in patients undergoing adenotonsillectomy
surgery. Based on this hypothesis, we also suggest that
sugammadex may be effective in reducing agitation in
children undergoing adenotonsillectomy in our study.
We prefer PAED scoring method in the evaluation of
emergence agitation because the most commonly used
method of evaluating ED is PAED in literature.'”
In addition, PAED was used in previous studies in our
clinic, the partipiciants were more familiar with this
evaluation scale. Similar studies were considered in
determining the timing of the evaluations.” In our
study, PAED scores at the fifteeth minute and the first
hour were significantly lower in Group S than Group
N (»=0.001).

Carron et al'® found that sugammadex provided
faster extubation compared to neostigmine and that
the risk of postoperative residual curarization was less
with sugammadex. Jones et al** showed that the time
to reverse the effects of sugammadex and NMB and
the time to reach 0.90 TOF was 18 times shorter than
neostigmine. They also stated that sugammadex was
well tolerated and no side effects were recorded.

In our study, it was determined that the time to
extubation in the sugammadex group were significantly
shorter than the control group. The mean duration
of extubation was approximately 9 minutes in the
neostigmine group and 4 minutes in the sugammadex
group. In a  Cochrane database® containing similar
studies, it was stated that sugammadex significantly
shortened the time of extubation and reach to maximum
TOF ratio. Our results are similar to the literature in this
respect.”?® Another advantage of the reduced agitation
and shortening recovery period is the shorter discharge
time of the operation room. There may also be delayed
transfer of patient to the wards due to prolonged
neuromuscular blockade in the postoperative period.
This will be especially advantageous for both anesthetists
and surgeons in clinics dealing with pediatric surgery,
especially in a large number of patients.

In addition to the complications that may occur
due to surgery, the problems that can develop due
to general anesthesia are also of great importance in
pediatric patients who underwent adenotonsillectomy.
The rate of major respiratory complications following
adenotonsillectomy surgery in pediatric cases varies
between 5-20% in the literature. These complications
can be defined as severe airway obstructions that is
requiring positive airway pressure, re-intubation or
pharmacological intervention.">” Minor respiratory
complications have been reported to occur in 10-30%
of children and include hypoxemia, hypercapnia
and transient apnea.”®
to extubation are among the risk factors for the
development of respiratory complications in children
undergoing adenotonsillectomy surgery.'"*” Therefore,
the shortening of time to extubation with the use of
sugammadex is also effective in reducing the possible
complications. In the present study, no major respiratory
complication or bleeding occurred in any of the children,
but all other complications are lower in the Group S
than the Group N. These values are only statistically
significantly lower in terms of nausea/vomiting. We
thought that this difference may be due to muscarinic
side effects of neostigmine.

The only disadvantage of using sugammadex is
that it is relatively expensive. When the drug is first
marketed, it is available at a higher cost and it can be
supplied at more affordable prices today. However,
the sugammadex vial may also be used in divided
doses when stored under sterile conditions. Pediatric
anesthesiologists can offer one ampoule of sugammadex

Age and prolonged time
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in 4 children with an average of 25 kg.**° With the
use of sugammadex, operation rooms can be used more
efficiently by reducing the recovery time and agitation
levels of the patients. This reduces the disadvantage that
may occur due to the high price of the drug. In addition,
sugammadex eliminates the possible complications
of residual curarization leads to a reduction in the
associated additional costs.

Study limitations. The neuromuscular monitoring
continued only until the patient left the operation
room. Neuromuscular monitoring has more detailed
information on residual curarization that could be
sustained for at least one hour in the PACU. Another
points that may be deficient are the preoperative anxiety
levels; and pain scores were not evaluated. The fact that
patients were not evaluated separately according to age
groups were considered another deficiency. In addition,
there was no multivariate analysis for confounders.

In conclusion, sugammadex is beneficial in pediatric
patients undergoing adenotonsillectomy, especially
reduction of postoperative agitation and in terms of
shortening of time to extubation. Further studies with
larger groups are needed to assess the effectiveness of
reducing agitations levels.

Acknowledgment. We would like to thank Scribendi
(wwuw.scribendi.com) for the English language editing.

References

1. Baugh RF, Archer SM, Mitchell RB. Clinical practice guideline:
tonsillectomy in children. Otolaryngol Head Neck Surg 2011;
144: S1-S30.

2. De Luca Canto G, Pachéco-Pereira C, Aydinoz S, Bhattacharjee
R, Tan HL, Kheirandish-Gozal L, et al. Adenotonsillectomy
complications: a meta-analysis. Pediatrics 2015; 136: 702-718.

3. Steiner LA. Postoperative delirium. Part 1: pathophysiology and
risk factors. Eur J Anaesthesiol 2011; 28: 628-636.

4. ShenX, Hu C, Li W. Tracheal extubation of deeply anesthetized
pediatric patients: a comparison of sevoflurane and sevoflurane
in combination with low-dose remifentanil. Paediatr Anaesth
2012;22: 1179-1184.

5. Dahmani S, Steny I, Brasher C, Lejeune C, Bruneau B, Wood C,
et al. Pharmacological prevention of sevoflurane and desflurane-
related emergence agitation in children: a meta-analysis of
published studies. Br J Anaesthesia 2010; 104: 216-223.

6. Sanders JC, King MA, Mitchell RB, Kelly JP. Perioperative
complications of adenotonsillectomy in children with
obstructive sleep apnea syndrome. Anaesth Analg 2006; 103:
1115-1121.

7. Menteroja O. Neuromuscular block and current treatment
strategies for its reversal in children. Pediatric Anesthesia 2010;
20: 591-604.

8. de Boer HD. Neuromuscular transmission: new concepts and

agents. J Crit Care 2009; 24: 36-42.

912 Saudi Med J 2019; Vol. 40 (9)

WWW.Smj.org.sa

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

. Tobias JD. Current evidence for the use of Sugammadex in

children. Paediatr Anaesth 2017; 27: 118-125.

Suy K, Morias K, Cammu G, Hans P, van Duijnhoven WGE
Heeringa M, et al. Effective reversal of moderate rocuronium or
vecuronium-induced neuromuscular block with Sugammadex,
a selective relaxant binding agent. Anesthesiology 2007; 106:
283-288.

Baijal RG, Bidani SA, Minard CG, Watcha MEF. Perioperative
respiratory complications following awake and deep extubation
in children undergoing adenotonsillectomy. Paediatr Anaesth
20155 25: 392-399.

Kim YS, Cha JR, Lee YS, Kim WY, Kim JH, Kim YH.
Sugammadex affects emergence agitation in children undergoing
strabismus surgery. J Int Med Res 2018; 46: 3861-3872.
Ammar AS, Mahmoud KM, Kasemy ZA. A comparison of
sugammadex and neostigmine for reversal of rocuronium-
induced neuromuscular blockade in children. Acta Anaesthesiol
Scand 2017; 61: 374-380.

Aytac I, Postaci A, Aytac B, Sacan O, Alay GH, Celik B, et al.
Survey of postoperative residual curarization, acute respiratory
events and approach of anesthesiologists. Braz J Anesthesiol
2016; 66: 55-62.

Abad-Gurumeta A, Ripollés-Melchor J, Casans-Francés R,
Espinosa A, Martinez-Hurtado E, Ferndndez-Pérez C, et al. A
systematic review of Sugammadex vs neostigmine for reversal of
neuromuscular blockade. Anaesthesia 2015; 70: 1441-1452.

. Carron M, Zarantonello F, Tellaroli P Ori C. Efficacy and

safety of Sugammadex compared to neostigmine for reversal
of neuromuscular blockade: a meta-analysis of randomized
controlled trials. J Clin Anesth 2016; 35: 1-12.

Moore AD, Anghelescu DL. Emergence delirium in pediatric
anesthesia. Paediatr Drugs 2017; 19: 11-20.

Kanaya A, Kuratani N, Satoh D, Kurosawa S. Lower incidence
of emergence agitation in children after propofol anesthesia
compared with sevoflurane: a meta-analysis of randomized
controlled trials. J Anesth 2014; 28: 4-11.

Norton M, Xard D, Parente D, Barbosa M, Abelha FJ. Residual
neuromuscular block as a risk factor for critical respiratory
events in the post anesthesia care unit. Rev Esp Anestesiol
Reanim 2013; 60:190-196.

Ledowski T, Falke L, Johnston E Gillies E, Greenaway M,
De Mel A, et al. Retrospective investigation of postoperative
outcome after reversal of residual neuromuscular blockade:
Sugammadex, neostigmine or no reversal. Eur | Anaesthesiol
2014; 31: 423-429.

Pieters BJ, Penn E, Nicklaus P, Brugger D, Mehta B, Weatherly
R. Emergence delirium and postoperative pain in children
undergoing adenotonsillectomy: a comparison of propofol vs
sevoflurane anesthesia. Pediatric Anaesth 2010; 20: 944-950.
Ringblom J, Wahlin I, Proczkowska M. A psychometric
evaluation of the Pediatric Anesthesia Emergence Delirium
scale. Paediatr Anaesth 2018; 28: 332-337.

Toliyat M, Zangoee M, Ahrari S, Zangoee R. Comparison of
the effect of thiopental sodium with midazolam-ketamine on
post-tonsillectomy agitation in children. Acta Med Iran 53;
637-642.

Jones RK, Caldwell JE, Brull SJ, Soto RG. Reversal of
profound rocuronium-induced blockade with Sugammadex:
a randomized comparison with neostigmine. Anesthesiology

2008; 109: 816-824.


http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pubmed/21493257
https://www.ncbi.nlm.nih.gov/pubmed/21493257
https://www.ncbi.nlm.nih.gov/pubmed/21493257
https://www.ncbi.nlm.nih.gov/pubmed/26391937
https://www.ncbi.nlm.nih.gov/pubmed/26391937
https://www.ncbi.nlm.nih.gov/pubmed/26391937
https://www.ncbi.nlm.nih.gov/pubmed/21785356
https://www.ncbi.nlm.nih.gov/pubmed/21785356
https://www.ncbi.nlm.nih.gov/pubmed/22755543
https://www.ncbi.nlm.nih.gov/pubmed/22755543
https://www.ncbi.nlm.nih.gov/pubmed/22755543
https://www.ncbi.nlm.nih.gov/pubmed/22755543
https://www.ncbi.nlm.nih.gov/pubmed/20047899
https://www.ncbi.nlm.nih.gov/pubmed/20047899
https://www.ncbi.nlm.nih.gov/pubmed/20047899
https://www.ncbi.nlm.nih.gov/pubmed/20047899
https://www.ncbi.nlm.nih.gov/pubmed/17056942
https://www.ncbi.nlm.nih.gov/pubmed/17056942
https://www.ncbi.nlm.nih.gov/pubmed/17056942
https://www.ncbi.nlm.nih.gov/pubmed/17056942
https://www.ncbi.nlm.nih.gov/pubmed/20642658
https://www.ncbi.nlm.nih.gov/pubmed/20642658
https://www.ncbi.nlm.nih.gov/pubmed/20642658
DOI: 10.1016/j.jcrc.2008.08.004
DOI: 10.1016/j.jcrc.2008.08.004
https://www.ncbi.nlm.nih.gov/pubmed/27859917
https://www.ncbi.nlm.nih.gov/pubmed/27859917
https://www.ncbi.nlm.nih.gov/pubmed/17264722
https://www.ncbi.nlm.nih.gov/pubmed/17264722
https://www.ncbi.nlm.nih.gov/pubmed/17264722
https://www.ncbi.nlm.nih.gov/pubmed/17264722
https://www.ncbi.nlm.nih.gov/pubmed/17264722
https://www.ncbi.nlm.nih.gov/pubmed/25370474
https://www.ncbi.nlm.nih.gov/pubmed/25370474
https://www.ncbi.nlm.nih.gov/pubmed/25370474
https://www.ncbi.nlm.nih.gov/pubmed/25370474
https://www.ncbi.nlm.nih.gov/pubmed/29962259
https://www.ncbi.nlm.nih.gov/pubmed/29962259
https://www.ncbi.nlm.nih.gov/pubmed/29962259
https://www.ncbi.nlm.nih.gov/pubmed/28185260
https://www.ncbi.nlm.nih.gov/pubmed/28185260
https://www.ncbi.nlm.nih.gov/pubmed/28185260
https://www.ncbi.nlm.nih.gov/pubmed/28185260
https://www.ncbi.nlm.nih.gov/pubmed/26768931
https://www.ncbi.nlm.nih.gov/pubmed/26768931
https://www.ncbi.nlm.nih.gov/pubmed/26768931
https://www.ncbi.nlm.nih.gov/pubmed/26768931
https://www.ncbi.nlm.nih.gov/pubmed/26558858
https://www.ncbi.nlm.nih.gov/pubmed/26558858
https://www.ncbi.nlm.nih.gov/pubmed/26558858
https://www.ncbi.nlm.nih.gov/pubmed/26558858
https://www.ncbi.nlm.nih.gov/pubmed/27871504
https://www.ncbi.nlm.nih.gov/pubmed/27871504
https://www.ncbi.nlm.nih.gov/pubmed/27871504
https://www.ncbi.nlm.nih.gov/pubmed/27871504
https://www.ncbi.nlm.nih.gov/pubmed/27798810
https://www.ncbi.nlm.nih.gov/pubmed/27798810
https://www.ncbi.nlm.nih.gov/pubmed/23800983
https://www.ncbi.nlm.nih.gov/pubmed/23800983
https://www.ncbi.nlm.nih.gov/pubmed/23800983
https://www.ncbi.nlm.nih.gov/pubmed/23800983
https://www.ncbi.nlm.nih.gov/pubmed/23453244
https://www.ncbi.nlm.nih.gov/pubmed/23453244
https://www.ncbi.nlm.nih.gov/pubmed/23453244
https://www.ncbi.nlm.nih.gov/pubmed/23453244
https://www.ncbi.nlm.nih.gov/pubmed/24296853
https://www.ncbi.nlm.nih.gov/pubmed/24296853
https://www.ncbi.nlm.nih.gov/pubmed/24296853
https://www.ncbi.nlm.nih.gov/pubmed/24296853
https://www.ncbi.nlm.nih.gov/pubmed/24296853
https://www.ncbi.nlm.nih.gov/pubmed/29508484
https://www.ncbi.nlm.nih.gov/pubmed/29508484
https://www.ncbi.nlm.nih.gov/pubmed/29508484
https://www.ncbi.nlm.nih.gov/pubmed/18946293
https://www.ncbi.nlm.nih.gov/pubmed/18946293
https://www.ncbi.nlm.nih.gov/pubmed/18946293
https://www.ncbi.nlm.nih.gov/pubmed/18946293

25.

26.

27.

Sugammadex use advantages in adenotonsillectomy ... Korkmaz et al

Hristovska AM, Duch B Allingstrup M, Afshari A. Efficacy
and safety of sugammadex versus neostigmine in reversing
neuromuscular blockade in adults. Cochrane Database Syst Rev
2017; 8: CD012763.

Ghoneim AA, El Beltagy MA. Comparative study between
sugammadex and neostigmine in neurosurgical anesthesia in
pediatric patients. Saudi J Anaesth 2015; 9: 247-252.

Ye J, Liu H, Zhang G, Huang Z, Huang P, Li Y. Postoperative
respiratory complications of adenotonsillectomy for obstructive
sleep apnea syndrome in older children: prevalence, risk factors
and impact on clinical outcome. J Otolaryngology Head Neck
Surg 2009; 38: 49-58.

28.

29.

30.

Martins RO, Castello-Branco N, Barros JL, Weber SA. Risk
factors for respiratory complications after adenotonsillectomy
in children with obstructive sleep apnea. J Bras Preumol 2015;
41: 238-245.

Yang LD, Keam SJ. Sugammadex: a review of its use in anesthetic
practice. Drugs 2009; 69: 919-942.

Plaud B, Meretoja O, Hofmockel R, Raft ], Stoddart PA, van
Kuijk JH, et al. Reversal of rocuronium-induced neuromuscular
blockade with sugammadex in pediatric and adult surgical
patients. Anesthesiology 2009; 110: 284-294.

Saudi Med J 2019; Vol. 40 (9) 913

WWW.Smj.org.sa


http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pubmed/28806470
https://www.ncbi.nlm.nih.gov/pubmed/28806470
https://www.ncbi.nlm.nih.gov/pubmed/28806470
https://www.ncbi.nlm.nih.gov/pubmed/28806470
https://www.ncbi.nlm.nih.gov/pubmed/26240540
https://www.ncbi.nlm.nih.gov/pubmed/26240540
https://www.ncbi.nlm.nih.gov/pubmed/26240540
https://www.ncbi.nlm.nih.gov/pubmed/19344613
https://www.ncbi.nlm.nih.gov/pubmed/19344613
https://www.ncbi.nlm.nih.gov/pubmed/19344613
https://www.ncbi.nlm.nih.gov/pubmed/19344613
https://www.ncbi.nlm.nih.gov/pubmed/19344613
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4541759/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4541759/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4541759/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4541759/
https://www.ncbi.nlm.nih.gov/pubmed/19441874
https://www.ncbi.nlm.nih.gov/pubmed/19441874
https://www.ncbi.nlm.nih.gov/pubmed/19194156
https://www.ncbi.nlm.nih.gov/pubmed/19194156
https://www.ncbi.nlm.nih.gov/pubmed/19194156
https://www.ncbi.nlm.nih.gov/pubmed/19194156

	Affiliation
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	References
	Acknowledgment

