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KEYWORDS Abstract

Children; Background and objective: Emergence agitation is a postoperative negative behavior that
Dexmedetomidine; affects mainly children. We studied the effect of two different doses of dexmedetomidine
Emergence agitation; on the incidence and degree of EA in children undergoing strabismus surgery.

Sevoflurane; Methods: 90 patients were allocated into three equal groups; patients received 0.5 ug.kg™" of
Strabismus surgery dexmedetomidine in high Dex group, 0.25 pg.kg~" of dexmedetomidine in low Dex group, or

normal saline in the placebo group. All drugs were received with the closure of the conjunctiva
before the end of the surgery. Pediatric Anesthesia Emergence Delirium (PAED) scale was used
to evaluate the agitation, and Face, Legs, Activity, Cry, Consolability (FLACC) scale was used
for pain assessment. Adverse effects of dexmedetomidine and recovery times were recorded.
Results: The incidence of agitation was significantly lower in high Dex group compared to other
groups and it was significantly lower in low Dex group compared to placebo group. The median
(range) of FLACC score was significantly lower in both Dex groups compared to placebo group.
Recovery times; time from removal of laryngeal mask to eye opening and time stay in post
anesthesia care unit was significantly longer in high Dex group compared to other groups. No
significant bradycardia or hypotension was recorded. Recovery time was significantly longer in
high Dex group compared to the other two groups.

Conclusion: Dexmedetomidine (0.5pg.kg™") before emergence from general anesthesia
resulted in a reduction in the incidence of emergence agitation compared to a dexmedetomidine
(0.25 ug.kg=") but on the expense of recovery times without adverse effects.
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PALAVRAS-CHAVE

Efeito de duas doses diferentes de dexmedetomidina na incidéncia de agitacdo ao
despertar apds cirurgia para correcao de estrabismo: um ensaio clinico randémico

Justificativa e objetivo: A agitacao ao despertar € um comportamento pos-operatorio nega-
tivo que afeta principalmente as criancas. Avaliamos o efeito de duas doses diferentes de
dexmedetomidina na incidéncia e grau de agitacdo ao despertar em criancas submetidas a

Métodos: Noventa pacientes foram alocados em trés grupos iguais: receberam 0,5 ug.kg~' de
dexmedetomidina (grupo Dex-alta), 0,25 pg.kg~! de dexmedetomidina (grupo Dex-baxia) ou
solucdo salina normal (grupo placebo). Todos os medicamentos foram administrados com o
fechamento da conjuntiva antes do fim da cirurgia. A escala pediatrica de delirio ao despertar
da anestesia (PAED - Pediatric Anesthesia Emergence Delirium) foi usada para avaliar a
agitacao e a escala dos padroes de face, pernas, atividade, choro e consolabilidade (FLACC
- Face, Legs, Activity, Cry, Consolability) foi usada para avaliar a dor. Os efeitos adversos de

Resultados: A incidéncia de agitacdo foi significativamente menor no grupo Dex-alta em
comparacao com os outros grupos, foi significativamente menor no grupo Dex-baxia em
comparacao com o grupo placebo. A mediana (variacao) do escore FLACC foi significativamente
menor em ambos os grupos Dex em comparacao com o grupo placebo. O tempo de recuperacao,
o tempo transcorrido desde a remocao da mascara laringea até a abertura dos olhos e o tempo de
permanéncia na sala de recuperacdo pos-anestesia foram significativamente maiores no grupo
Dex-alta em comparacao com os outros grupos. Nao houve registro de bradicardia ou hipoten-
sao significativa. O tempo de recuperacao foi significativamente maior no grupo Dex-alta em

Conclusdo: Dexmedetomidina (0,5 ug.kg~") antes do despertar da anestesia geral resultou em
uma reducdo da incidéncia de agitacdo ao despertar em comparacdao com dexmedetomidina
(0,25 pg.kg™"), mas em detrimento dos tempos de recuperacao sem efeitos adversos.

© 2018 Publicado por Elsevier Editora Ltda. em nome de Sociedade Brasileira de Anestesiologia.
Este € um artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/

Criancas;

De.xme~detom1d1na; Resumo

Agitacao ao

despertar;

Sevoflurano;

Correg.ao de correcao de estrabismo.

estrabismo
dexmedetomidina e os tempos de recuperacao foram registrados.
comparacao com os outros dois grupos.
licenses/by-nc-nd/4.0/).

Introduction

Emergence agitation (EA) includes disorientation, crying,
non-purposeful combative movement, and inconsolably dur-
ing the early stage of emergence from general anesthesia
(GA)." This abnormal behavior results in delayed discharge
from the recovery room, anxiety, and dissatisfaction of child
relatives and it may also lead to injury to the child or the
surgical site. Although EA was described at the beginning of
the 1960s.? the recent interest in this syndrome was linked
to the widespread use of sevoflurane with its high inci-
dence of EA.?> The incidence of EA varies widely between
studies; it ranges from 10% to 80%.3~> This wide variation
may be due to many different definitions of this syndrome.
Although the exact etiology of EA is still unidentified; it
is associated with various risk factors such as preschool
age, preoperative anxiety, certain surgical procedures like
otolaryngologic or ophthalmologic surgery and pain.® Many
drugs were used to avoid or to control EA; these include
opioids especially fentanyl, propofol, and benzodiazepines.®
Among these drugs dexmedetomidine with its highly selec-
tive az-adrenoreptor agonist activity, which provides better
sedation criteria, analgesic, and antiemetic effects, with
no respiratory depression at usual doses.” Dexmedeto-
midine was studied with different doses and routes of

administration, various types of operation, different co-
anesthetic agents, either as a single shot or continuous
infusion. Authors have not been agreed to the optimal clin-
ical dose.

The primary outcome of the present study was to evalu-
ate the effect of two different single-intravenous shot doses
of dexmedetomidine given during intraoperative period on
the incidence of degree of EA in children undergoing stra-
bismus surgery.

Methods

The study was a double-blind, randomized controlled clini-
cal trial, carried out during March and December 2016. Our
local ethics committee approved the study protocol before
the beginning of the survey. A written informed consent
was obtained from the parents of children or their legal
guardians. Ninety children of both sexes, between 3 and 8
years of age, who were scheduled for strabismus surgery,
were included in this study. Patients with developmental
delay, cardiovascular disorder, and known allergy to study
drugs, previous eye surgery, ear or hearing problems, and
patients on medical treatment which has any sedative effect
were all excluded from participation in this study.
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Patients were randomly allocated into one of three
study groups using computer-generated random number
table; allocation concealment was done using sealed opaque
envelopes. The first group was high Dex group (n=30), in
which children received 0.5 pg.kg~! of dexmedetomidine
diluted in 10 mL of normal saline. The second group is low
Dex group (n=30) in which children received 0.25 ng.kg™’
of dexmedetomidine diluted in 10 mL of normal saline. The
third group was the placebo group in which children received
10 mL of normal saline. Drugs in the three studied groups
were administered over 10 min through intravenous route at
the end of the surgery with the closure of the conjunctiva.
The syringes containing I.V. solutions were prepared by one
of the investigator physicians or anesthesia technicians not
included in the follow-up of the patients during recovery
in three identical unlabeled syringes according to patient
grouping. All Intra- and postoperative data were collected
by the attending anesthesia doctor who was blinded to the
patient grouping.

All children fasted for 6 h for solid food and 2 h for clear
fluids. No premedication was given to any patient; all chil-
dren were scheduled first in the operation list. On arrival
to the operative room, Standard monitoring including elec-
trocardiogram, pulse oximetry, non-invasive blood pressure
were all applied to all patients with capnogram was attached
after induction of anesthesia. Inhalational induction was
performed for all patients with 8% sevoflurane in FiO, of
1.0. After the loss of consciousness and return to the regu-
lar respiratory pattern, the venous cannula was inserted in
the dorsum of the hand on the contra-lateral side of the eye
being operated. Then an appropriate size Laryngeal Mask
Airway (LMA) was used for all patients as a maintenance
airway. Maintenance of anesthesia was obtained using 2-4%
sevoflurane in 100% oxygen. All patients received 1 pg.kg™"
I.V. fentanyl as bolus dose just before surgical incision.
Intraoperative hypertension and tachycardia was defined as
>20% increase above their baseline values and sustained for
more than 2min, in this case, sevoflurane concentration
was raised to control tachycardia or hypertension. If this
measure failed to control tachycardia or hypertension the
patient received 0.5 ug.kg~" fentanyl and excluded from the
study as fentanyl may affect the incidence of emergence
agitation. Intraoperative bradycardia and hypotension were
defined as >20% decrease below their baseline values that
lasts for more than 2min. It was treated with 0.01 mg.kg™"
of atropine I.V. in the case of bradycardia; hypotension has
been processed with reduction of the level of anesthesia and
with 10mL.kg~" isotonic saline in dextrose 5%.

With the closure of the conjunctiva, patients received
the study drugs according to their groups. At the end of the
surgery sevoflurane was turned off, and after dressing of the
eye and while patients still in the deep level of anesthesia
LMA was removed and patients were observed for normal
respiration and stable hemodynamics before transferring to
the Post-Anesthesia Care Unit (PACU).

Data collection

Pediatric Anesthesia Emergence Delirium (PAED) scale®
(Appendix 1) was used to measure the degree of agitation in
each group. PAED scale consists of five items (eye contact,
purposefulness of actions, awareness of surroundings,

restlessness, and consolability). The first three items take
a score of 0 (extremely) to 4 (not at all), while the last two
items make a score of 0 (not at all) to 4 (extremely). The
very quiet child takes 0 on PAED scale, and extremely agi-
tated child takes 20 on this scale. PAED score was calculated
for all patients at three time points; at PACU admission and
15 and 30min later. Any child presented with PAED score
>10 at any time after emergence from GA was considered
as suffering from EA, the number of children with EA was
recorded for each group.

Intraoperative hemodynamic changes related to drug
administration were also recorded; this includes bradycardia
and hypotension as defined above.

The effect of the studied drugs on the recovery of the
patients was measured as time to eye opening from the dis-
continuation of anesthetic agent till eye opening in response
to verbal or light tactile stimulation. The other time is the
time taken till to discharge from the PACU when the Aldrete
score’ is 9 or 10. Aldrete score was first measured 10 min
after PACU admission and then every 2 or 3min till PACU
discharge.

Assessment of postoperative pain was done using The
Face, Legs, Activity, Cry, and Consolability (FLACC) scale.™
The scale consists of 5 criteria; each takes a score of 0.1
and 2. The overall scale ranges between 0 and 10 with 0
representing no pain. FLACC score was assessed every 5 min
in the PACU. The highest score reached by every patient at
any time during PACU admission was recorded.

Data analysis

Statistical analysis was performed using statistical package
for the social sciences (SPSS V.20), Normality of data dis-
tribution was evaluated with the Kolmogorov-Smirnov test.
Parametric data were expressed as a mean + standard devia-
tion; only two parameters were non-parametric (PAED score
and FLACC score) and were expressed as median (range).
The incidence of certain events is expressed as number (per-
centage). The parametric data was analyzed using one-way
ANOVA with LSD as a post Hoc test. Nonparametric data
were analyzed using Kruskal-Wallis H test. Comparison of
frequencies was performed using Chi-square test. p-Values
less than 0.05 were considered statistically significant.

Results

A total of 103 pediatric patients were enrolled in this study.
Fig. 1 shows flow diagram. All the three studied groups were
matched as regarding patients and surgical characteristics
(Table 1).

Fig. 2 shows PAED in the three studied groups. At PACU
admission, the median PAED score was 4.5, 5, and 8.5 in the
high Dex group, low Dex group, and placebo group respec-
tively. PAED score was significantly lower in high Dex group
compared to the other groups and also lower in low Dex
group compared to placebo group. Fifteen minutes after
PACU admission, PAED score began to decrease over time in
all the studied groups. The high DEX group showed a median
PAED score of 3.5. In the low Dex group the median PAED
score decreased to 4, while in the placebo group the median
was 6.5. At 15min after PACU admission, the PAED score
shows no significant difference between high and low Dex
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Assessed for eligibility (n=103) ]
Excluded (n=13)
|- Notmeeting inclusion criteria (n=7)
- Declined to participate (n=6)
[ Randomized (n=90) ]
[ Allocation
| \
Allocated to High Dex Allocated to Low Dex Allocated to placebo
group (n=30) group (n=30) group (n=30)
[ Follow up ]
A4 A 4
N=30 N=30
[ Analysis ]
N=30 N=30 N=30
Figure 1  Study flowchart.
Table 1 Patients and surgical characteristics in the three studied groups.
High Dex group Low Dex group Placebo group p-Value
Age (years) 4.47 +1.01 4.35+1.21 4.6 +£1.24 0.70
Sex (male/female) 22/8 19/11 21/9 0.70
Weight (kg) 16.67 £1.73 16.5+£2.56 17.03+2.59 0.54
Height (cm) 98.4+8.1 97.8+8.9 99.33+8.61 0.75
Duration of surgery (min) 39.57 +£6.27 40.27 £5.66 39.47 +6.69 0.76
Duration of anesthesia (min) 53.37 +6.59 55.23+6.82 55.4+6.85 0.41
Previous history of GA; n (%) 6 (20) 4 (13.3) 5(16.7) 0.79

Data were represented as mean + SD unless otherwise indicated.
GA, general anesthesia.

Group
20.004 m High dex
mLow dex
OPlacebo
15.00
o
1]
o
“ 10.00
[m)
w
g
5.00
.00 ﬁ i él
At PACU ‘admission 15 min. after admission 30 min. after admission
Figure 2  Box plot of Pediatric Anesthesia Emergence Delirium

(PAED) score at different times in the three studied groups (min-
imum, 25th percentile, median, 75th percentile, maximum).

groups, but PAED score in the former both groups were sig-
nificantly lower compared to placebo group. At 30 min after
the PACU admission, the median PAED score continued to
decrease in all studied groups; it was 2 in the three stud-
ied groups with no significant difference between the three
studied groups.

As regard number of patients suffered from emergence
agitation with PAED score >10, there was 1 (3.3%) case in
high Dex group, 4 (13.3%) cases in low Dex group, and 10
(33.3%) cases in the placebo group. A significant difference
was found in the incidence of EA between the three studied
groups.

Intraoperative events related to the administration of
the drugs were recorded as bradycardia and hypotension.
Bradycardia was the most common complication associated
with drug administration and occurred in five patients in
the high Dex group, two patients in the low Dex group
and no bradycardia associated with the administration of
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Table 2 Incidence of intraoperative complications, recovery times and FLACC score in the three studied groups.

High Dex group Low Dex group Placebo group p-Value
Bradycardia following drug administration 5 (16.7) 2 (6.7) 0 (0.0) 0.049
Hypotension following drug administration 2 (6.7) 0 (0.0) 0 (0.0) 0.13
Time to eye opening (min) 6.40+1.54° 4.73+1.44 4.27 +1.39 0.00
Time to discharge from PACU (min) 27.93+6.94 24.4+5.61 22.67 +5.25 0.00
FLACC score 1.5 (1-2) 2 (2-3) 5 (3-6.25) 0.00

Data presented as number (%), mean & SD, or median (range).

@ High Dex group showed a significant difference from the two other groups using Tukey post hoc test.
PACU, Post Anesthesia Care Unit; FLACC, Face, Legs, Activity, Cry, and Consolability.

normal saline in the placebo group. A significant difference
was found between the three studied groups (p=0.049).
No persistent bradycardia necessitating administration of
atropine occurred in any patient. As regard hypotension,
it was noticed in just two patients in the high Dex group
but not in the other two groups. No significant difference
was detected between the three studied groups (p=0.13)
(Table 2).

Time to eye opening measured from the discontinua-
tion of sevoflurane till eye opening was significantly longer
in the high Dex group (6.40 & 1.54min); compared to the
low Dex group (4.73 & 1.44 min), while in the placebo group
(4.27 +1.39 min). No significant difference between low Dex
and placebo groups. Time to discharge from PACU with
Aldrete score of 9 or 10 was significantly longer in high Dex
group compared to the other two groups (Table 2).

Maximum FLACC score measured in the median PACU was
significantly lower in high Dex groups (1.5) while in the low
Dex group it was (2) compared to placebo group (5), with no
significant difference between both Dex groups (Table 2).

Discussion

In the current study, we used PAED scale to evaluate the
incidence and degree of EA in children following strabis-
mus surgery in the three groups of patients; high and low
Dex groups and placebo group. PAED score was lower in the
high Dex group compared to low Dex and placebo groups
immediately after emergence from GA and after 15min
of emergence from GA. PAED score showed no difference
between both Dex groups but their values still significantly
lower than the placebo group. After 30 min of emergence
from GA, no significant difference was found between the
three studied groups.

Strabismus surgery is the most common ocular surgery
carried out in children."" This type of surgery is associated
with increased incidence of EA,'? which cause major distress
to patients after recovery from GA. As sevoflurane replaces
halothane for induction and maintenance of anesthesia the
problem of EA even gets worse."?

Dexmedetomidine is a potent a;-adrenoceptors agonist,
and it is about eight times more specific than clonidine for
the target receptors.’ The analgesic and sedative effects
of this agent are thought to be due to activation of the «;-
adrenoceptors present in locus ceruleus.'

Intravenous single dose dexmedetomidine was tried in
many studies to assess its effectiveness in reduction of EA.

Guler et al., in 2005'® studied the effect of 0.5ug.kg™’
dexmedetomidine vs. placebo administered 5 min before the
end of adenotonsillectomy surgery. They found a signifi-
cant reduction in the incidence of EA in dexmedetomidine
group but at the expense of longer emergence time. They
also found a significant reduction in postoperative pain in
dexmedetomidine group compared to placebo. Another sin-
gle dose trial was conducted by Ibacache et al.,"” in 2004,
they studied the effect of two doses of dexmedetomidine
0.3ug.kg™" and 0.15ug.kg~! on the incidence of EA in
children undergoing inguinal hernia repair. Dexmedetomi-
dine doses were administered after sevoflurane induction
and followed by caudal block for postoperative pain relief.
They found that higher dose is associated with significant
reduction of EA compared to placebo. On the other hand,
emergence time was not affected by dexmedetomidine
administration. In the same context Sato et al.," found
that emergence agitation is significantly lower in patients
receiving single dose of dexmedetomidine after induction
of anesthesia (28%) compared to saline group (64%). Lili and
co-authors'® found that a dose of 0.5 ug.kg~" given as single
shot just after induction of GA combined with Remifen-
tanil 0.2 ug.kg~".min" significantly reduces the incidence
of EA after vitreoretinal surgery in children. Isik et al.?
used a relatively large dose of dexmedetomidine 1 pg.kg™"
in their study to control EA in patients undergoing magnetic
resonance imaging as a non-painful procedure. Dexmedeto-
midine was administered just after induction. The study
found about a 10 time reduction in the incidence of EA in
dexmedetomidine group compared to placebo group.

The two noticeable side effects linked to the administra-
tion of dexmedetomidine are hypotension and bradycardia.
Hypotension is due to the inhibition of sympathetic
neurotransmission and sympatholysis.?! Enhanced vagal
activity and baroreceptor tone may add to decrease sym-
pathetic tone as causes of bradycardia.?” In children,
many authors reported bradycardia after dexmedetomidine
administration.'®'® In our study bradycardia occurred in 5
patients in high Dex group, in 2 patients in low Dex group and
did not happen in the placebo group. In our study, the time to
eye opening and PACU discharge was longer in high Dex group
compared to low Dex group and placebo group. These results
are compatible with most of the former studies. 2923 On
the other hand, Shukry and co-authors found no difference in
recovery time between dexmedetomidine group and normal
saline group.?

There are some limitations to our study results that
should be considered. The study did not restrict the age to
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the preschool age; we instead included any child between
4 and 8 years of age. Due to a short period of the study,
we did not assess the incidence of postoperative vomiting
which may be affected by our doses, and it may also influ-
ence the incidence of EA. Further studies are essential to
address these limitations.

Summary

Under sevoflurane anesthesia, the administration of a sin-
gle shot dose of 0.5 ug.kg~! dexmedetomidine just before
emergence from GA in children scheduled for strabismus
surgery resulted in a reduction in the incidence of EA. This
decrease compared to a smaller dose of dexmedetomidine
(0.25 ng.kg") and compared to placebo but on the expense
of recovery time. No added analgesic benefits between both
Dex groups, with no increase in the incidence of adverse
effects and complications related to drug administration.

Conflicts of interest
The authors declare no conflicts of interest.

Appendix 1. The Pediatric Anesthesia
Emergence Delirium Scale (PAED Scale)

Behavior Not at Just a Quite Very Extremely
all little abit much

Make eye contact 4 3 2 1 0
with care giver

Actions are 4 3 2 1 0
purposeful

Aware of 4 3 2 1 0
surrounding

Restless 0 1 2 3 4

Inconsolable 0 1 2 3 4
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