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ABSTRACT
Backgroun: Though Emergence Delirium (ED) in children is a short duration, often self-limited, 
episodes, its prevention is essential. This study aims to evaluate the effect of single-dose 
dexmedetomidine on the incidence of ED in pediatrics who underwent strabismus surgery 
under sevoflurane-based anesthesia.
Methods: The study consisted of 70 ASA I–II children who were 3–7 years old and scheduled for 
strabismus correction surgeries under sevoflurane anesthesia. The clinical trial registry is PACTR2019 
11530033705, registered on the 3rd of November, 2019. Patients were randomly allocated into two 
groups (dexmedetomidine and control groups). Patients were administered either dexmedetomi
dine (0.3 µg/kg intravenous in 10 ml normal saline) or 10 ml normal saline, ten minutes before the 
end of the procedure (before discontinuation of sevoflurane). Our primary aim was to measure the 
incidence of ED. Watcha and PAED scores were measured simultaneously with FLACC score on 
arrival to PACU every ten minutes until 30 minutes, then at discharge. Besides, recovery time from 
anesthesia, length of PACU stay, parent’s satisfaction, and adverse effects were also recorded.
Results: The incidence of ED was 17.6% and 57.6% in groups D and C, respectively. The Watcha 
and PAED scores were significantly higher in group C during PACU stay while FLACC score was 
significantly higher in group C on PACU arrival. Despite the significant delay of anesthetic 
recovery (p < 0.001), PACU stay was significantly shortened (p < 0.001) in group D. Parent’s 
satisfaction score was significantly better in group D (p = 0.002) without significant differences 
between both groups regarding adverse effects.
Conclusions: This study demonstrates that a single dose of dexmedetomidine is effective in 
prophylaxis against ED in children after sevoflurane-based anesthesia. Despite its association with 
delayed recovery, dexmedetomidine shortened PACU stay and could be used safely in children.
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1. Introduction

Postoperative Emergence Delirium (ED) is a frequent 
and well-known challenge among pediatric cases with 
a reported incidence up to 80% that causes disap
pointment and depression for both parents and chil
dren and health care providers [1].

Children during ED have the risks of injuring them
selves or their caregivers, wound dehiscence, operative 
site bleeding, removing Intravenous (IV) lines or drains, 
and increasing pain. This behavior may require more 
nursing supervision, overloading nursing resources [2].

Although ED episodes are of short duration, their pre
vention is essential. Children experiencing ED may exhibit 
new-onset maladaptive behavioral abnormalities in the 
postoperative period such as enuresis, night-time crying, 
and separation anxiety, up to 14 days post-surgery [3].

Suggested contributors to ED are related to surgery, 
e.g., type of surgery, anesthesia (volatile anesthetics), pati 
ents’ characters (age and preexisting behavior), and the 
surrounding environment (parental anxiety). Several pro
phylactic strategies against ED include behavior manage 

ment, choice of anesthetic drugs and techniques, periope 
rative analgesia, and choice of adjuvant medications [4].

Prophylactic drugs include the adjuvant use of propo
fol, midazolam, fentanyl, ketamine, and α2 adrenorecep
tor agonists such as dexmedetomidine. The use of these 
drugs with their adverse effects should be weighed 
against the fact that ED is a self-limited disorder [5,6].

The purpose of this trial is to evaluate the effect of 
single-dose dexmedetomidine on the incidence of ED 
in preschool pediatric cases that underwent strabismus 
surgery under sevoflurane-based general anesthesia.

We hypothesized that dexmedetomidine may 
decrease the incidence of ED in preschool pediatrics 
who underwent sevoflurane-based anesthesia; it could 
be safe with no major adverse effects in children.

2. Materials and methods

This prospective double-blinded randomized study 
was carried out in Tanta University Hospitals from 
November 2019 to April 2020 after the approval of 
the institutional ethical committee, clinical trial registry 
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No. (PACTR201911530033705). Written informed con
sent was acquired from the parents of the participant 
children.

The study consisted of 70 children of 3–7 years old 
of American Society of Anesthesiologists’ (ASA) physi
cal status I and II and scheduled for strabismus correc
tion surgeries under sevoflurane anesthesia.

The exclusion criteria were parents’ refusal, children 
with preexisting abnormal behavior, psychiatric disor
ders, developmental delay or central nervous system 
diseases (epilepsy), children who are anxious to 
a degree that necessitates preoperative sedation, and 
parents not cooperating with health care providers 
(abnormal behavior or trouble makers).

The sample size calculation was conducted by G*Pow 
er 3.1.9.2 (Universitat Kiel, Germany). It was based on the 
following parameters: 80% power, 5% confidence limit, 
and the incidence of ED (our primary outcome) was 26% 
with dexmedetomidine and 60.8% without dexmedeto
midine after sevoflurane-based General Anesthesia (GA) 
according to a previous study [7]. So, at least 33 patients 
were needed in each group and two cases were added to 
overcome the dropout.

Patients were randomly allocated into two groups 
by a computer-generated random numbers system 
concealed in sealed opaque envelopes. One anesthe
tist conducted general anesthesia and another col
lected the data (without informing the group assign 
ment). Also, parents, patients, and nurses in PACU were 
blinded to the group assignment.

To control environmental influences, children were 
asked to bring their favorite toys or books on the day 
before the surgery. The preoperative evaluation and 
intraoperative anesthesia were performed by the same 
anesthetist to be familiar to the children. Also, there were 
toys and television movies in the preoperative waiting 
area. On the day of surgery, children stayed in the waiting 
area with their parents and we shortened the length of 
their preoperative stay while limiting the number of med
ical staff who were in contact with the children.

Pediatric cases were anesthetized in an area imme
diately near to the operating room (OR) in the pre
sence of their parents. Inhalational induction by 
sevoflurane (5–8%) in oxygen until loss of conscious
ness was given in all pediatrics, then IV lines were 
inserted and patients were transferred to OR.

On arrival to OR, standard monitoring (pulse oximetry, 
noninvasive blood pressure, electrocardiogram, end-tidal 
gas analysis, and temperature probe (Cardiocaps/5; 
DatexOhmeda, Helsinki, Finland)) were applied to all 
participants.

All pediatrics received the same general anesthetic 
management: inhaling sevoflurane at 3% with a face 
mask–assisted ventilation. IV fentanyl (1 µg/kg) and 
atracurium (0.5 mg/kg) were given after the trachea 
was intubated with initial mechanical ventilation. 
Ventilation was adjusted to deliver a minute volume 

of 70–80 ml/kg to maintain normocapnia with a flow 
rate of 1–2 l/min.

After anesthesia induction, cases received 0.5 mg/ 
kg IV ketorolac for controlling postoperative pain and 
0.1 mg/kg IV dexamethasone for controlling post
operative nausea and vomiting.

Maintenance of anesthesia was by sevoflurane in O2 

and air (50: 50) and atracurium (0.1 mg/kg) incremental 
doses as needed.

According to group assignment, dexmedetomidine 
0.3 µg/kg (group D) and normal saline (group C) were 
given ten minutes before the end of the procedure 
before the discontinuation of sevoflurane.

At the surgery end, paracetamol IV(15 mg/kg) and 
ondansetron IV (0.15 mg/kg) were administered, neu
romuscular block was reversed, and smooth tracheal 
extubation occurred while the patients were awake.

All spontaneous breathing cases were transferred to 
the Post-Anesthesia Care Unit (PACU). Every child was 
received by one of their parents who stayed with them 
until discharge (preferably the mother). Without any 
stimulation, the children were allowed up to 30 min
utes postoperation to return to full consciousness.

At the PACU, we measured the incidence of ED (pri
mary outcome). We used the Watcha scale [6] (0 = Asleep, 
1 = Calm, 2 = Crying but consolable, 3 = Crying but 
inconsolable, 4 = Agitated and thrashing around) to 
detect delirium and the pediatric anesthesia emergence 
delirium (PAED) scale [8] (1- The child makes eye contact 
with the caregiver, 2- The child’s actions are purposeful, 3- 
The child is aware of their surroundings, 4- The child is 
restless, 5- The child is inconsolable) to assess its degree. 
Patients were evaluated on PACU arrival every ten min
utes until 30 minutes elapsed. Then, they were dis
charged. We considered patients to be suffering from 
ED when Watcha score was less than two or PAED score 
less than or equal to ten. If so, patients received 0.03 mg/ 
kg of IV midazolam.

In the PAED scale, items 1, 2, and 3 are scored as 
follows: 4 = not at all, 3 = just a little, 2 = quite a bit, 
1 = very much, 0 = extremely. Items 4 and 5 are scored 
as follows: 0 = not at all, 1 = just a little, 2 = quite a bit, 
3 = very much, 4 = extremely. The degree of ED 
increased in a directly proportional pattern with the 
total score.

Our secondary variables were assessment of pain by 
face, legs, activity, crying, being consolable or not 
(FLACC) scale [9] on PACU arrival every ten minutes 
until a total time of 30 minutes lapse. Then, the 
patients were discharged. Each of the five categories 
is scored within 0–2 with a total score of 0–10. Patients 
received IV fentanyl 0.5 µg/kg when the score was less 
than three.

Also, the quality of PACU stay of the pediatric cases 
involved in the trial was assessed by parents by 
(Parents’ Satisfaction Scale): 1 = excellent, 2 = good, 
3 = poor, and 4 = bad.)
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We recorded recovery time which is defined as the 
interval from discontinuation of anesthesia and reversal of 
muscle relaxant until spontaneous eye opening; the 
length of the PACU stay was recorded. Patients were 
discharged from the PACU when they were hemodyna
mically stable, awake, free of pain or agitation, began oral 
intake, and had no active adverse events. Also, children 
were not discharged for 45 additional minutes if fentanyl 
and/or midazolam were administered.

Finally, any adverse postoperative events until dis
charge from PACU, e.g., bradycardia, hypotension, nau
sea, and vomiting, laryngospasm, oxygen desaturation, 
respiratory depression) were recorded.

3. Statistical analysis

Analysis of the data was done by SPSS 25 (IBM Inc., Chica 
go, IL, USA). The normality of data was verified by the 
Shapiro-Wilks test and histograms. Quantitative para
metric variables were described as mean and Standard De 
viation (SD) and were compared by an unpaired Student 
T-test. Quantitative nonparametric variables were descri 
bed as median and Interquartile Range (IQR) and were 
compared by the Mann-Whitney test. Categorical vari
ables were described as frequency and percentage and 
were analyzed by the Chi-square test. Spearman correla
tion was done to estimate the degree of correlation 
between nonparametric variables. P values less than 
0.05 were considered statistically significant.

4. Results

Over six months, 122 patients were assessed for elig
ibility. 52 patients were excluded (20 patients did not 
meet the criteria of inclusion and 32 patients refused 
to participate in the study). Three patients were lost 
during the follow-up. Lastly, 67 patients were analyzed 
(34 patients in group D and 33 patients in group C) as 
shown in the CONSORT flow diagram, Figure 1.

Table 1 shows the patients’ characteristics (age, sex, 
weight, ASA physical status, and history of previous 
operations) and the duration of surgery and anesthesia. 
All these parameters were comparable between both 
groups.

The incidence of ED was 17.6% in group D and 57.6% 
in group C with a significant decrease in group 
D (p< 0.001). There were significant differences between 
the two groups in Watcha and PAED scores at all time 
points of measurement during PACU stay while there 
were significant differences of FLACC scores only on arri
val to PACU (p= 0.005) as shown in Tables 2–4.

There was no significant correlation between the 
history of previous operations and FLACC scores and 
both Watcha and PAED scores. Meanwhile, there was 
a negative correlation between the duration of 
anesthesia and both Watcha and PAED scores. There 
was a significant positive strong correlation between 
PAED and Watcha scores as shown in Table 5.

Whilst there was delayed recovery from anesthesia 
in group D with a significant difference between the 

Figure 1. CONSORT flow diagram of participants through each stage of the randomized trial.
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Table 1. Patients demographics (age, weight, sex, American Society of Anesthesiologists (ASA) physical 
status classification, history of previous operations), duration of anesthesia and surgery, Parent’s satisfaction 
score, an d adverse effects.

Variables
Group D 
(n = 34)

Group C 
(n = 33) P value

Age (years) 4.65 ± 1.43 5.06 ± 1.37 0.232
Weight (Kg) 17.1 ± 2.93 18.1 ± 2.88 0.188
Sex Male 11 (32.4%) 14 (42.4%) 0.549

Female 23 (67.6%) 19 (57.6%)
ASA 

physical status
I 22 (64.7%) 23 (69.7%) 0.664
II 12 (35.3%) 10 (30.3%)

History of Previous operations 8 (23.5%) 9 (27.3%) 0.725
Duration of surgery 

(minutes)
49.6 ± 11.03 51.8 ± 9.64 0.389

Duration of anesthesia 
(minutes) 
Parent’s satisfaction score 1 

2 
3 
4 

Adverse effects Bradycardia 
Nausea 
vomiting

59.8 ± 10.78  

15 (44.12%) 
13 (38.24%) 

6 (17.65%) 
0 (0%) 

3 (8.82%) 
2 (5.88%) 

0 (0%)

62.5 ± 9.63  

9 (27.27%) 
5 (15.15%) 

10 (30.30%) 
9 (27.27%) 

0 (0%) 
3 (9.09%) 

4 (12.12%)

0.286   

0.002*   

0.239 
0.673 
0.053

Abbreviations: ASA: American Society of Anesthesiologists; 
n = number of patients. 
Data are expressed as mean ± standard deviation or percentage (%).*significant as P value < 0.05 
Group D (dexmedetomidine), group C (control).

Table 2. Comparison of Watcha score between the two groups.
Group Test At arrival to PACU 10 min 20 min 30 min End of PACU stay

Group D 
(n = 34)

Median 2.0 1.5 1.0 1.0 0.0
(IQR) (1–2) (1–2) (1–1.75) (0–1) (0–1)

Group C 
(n = 33)

Median 2.0 2.0 2.0 1.0 1.0
(IQR) (2–3) (2–2) (1–2) (1–2) (0–2)

P value 0.006* 0.002* 0.001* 0.004* 0.002*

Abbreviations: n = number of patients; PACU = post anesthesia care unit. 
Data are presented as median (interquartile range). 
*significant as P value < 0.05 
Group D (dexmedetomidine), group C (control).

Table 3. Comparison of Pediatric agitation emergence delirium (PAED) score between the two 
groups.

Group Test At arrival to PACU 10 min 20 min 30 min End of PACU stay

Group D 
(n = 34)

Median 7.0 5.0 4.0 3.0 1.0
(IQR) (4.25–8.75) (3.25–7) (3–5) (2–4.75) (1–2)

Group C 
(n = 33)

Median 9.0 8.0 6.0 5.0 2.0
(IQR) (6–13) (6–8) (5–7) (3–5) (1–3)

P value 0.003* 0.002* <0.001* 0.004* <0.001*

Abbreviations: n = number of patients; PACU = post anesthesia care unit; PAED = pediatric anesthesia emergence 
delirium 

Data are presented as median (interquartile range). 
*significant as P value < 0.05 
Group D (dexmedetomidine), group C (control).

Table 4. Comparison of face, legs, activity, cry, consolability (FLACC) score between the two 
groups.

Group Test At arrival to PACU 10 min 20 min 30 min End of PACU stay

Group D 
(n = 34)

Median 1.0 1.0 1.0 1.0 1.0
(IQR) (1–2) (1–2) (1–1) (1–1) (1–1)

Group C 
(n = 33)

Median 2.0 1.0 1.0 1.0 1.0
(IQR) (1–3) (1–2) (1–1) (1–1) (1–1)

P value 0.005* 0.669 0.931 0.148 0.148

Abbreviations: n = number of patients; PACU = post anesthesia care unit; FLACC = face, legs,activity, cry, 
consolability. 

Data are presented as median (interquartile range). 
*significant as P value < 0.05 
Group D (dexmedetomidine), group C (control).
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two groups (8.18 ± 1.77 minutes, 5.61 ± 1.54 minutes; 
p< 0.001), there was a significantly higher median [IQR] 
of the length of PACU stay in group C than group D (30 
[20–40] minutes, 20 [20–40] minutes, respectively; 
p< 0.001).

Although there was a significant difference (p= 0.002) 
between the two groups regarding parents’ satisfaction 
score, there were more adverse effects in group D (three 
patients with bradycardia and two patients with nausea) 
than group C (three patients with nausea and four 
patients with vomiting) with no significant differences 
between the two groups (Table 1).

5. Discussion

ED remains a challenging situation that complicates 
the recovery of children from GA [10]. Hence, this 
research is a modest contribution to the ongoing dis
cussion about the effective prophylactic medication 
against ED in pediatric cases.

The successful prevention of postoperative ED 
reduces the workload faced by the post-anesthetic 
care providers, the ED related complications, as well 
as the stress of the guardians and disturbance of other 
children in the recovery [11].

In many studies, different medications were used for 
the prevention of postoperative ED with variables success 
rates [12]. Further, dexmedetomidine prophylaxis was 
studied, but its effective dosage and timing are still con
flicting [13].

Our trial was designed to assess the efficacy and safety 
of intraoperative use of single-dose dexmedetomidine in 
decreasing ED in the preschool pediatrics recovering from 
sevoflurane-based GA. There was a significant decrease in 
the incidence and severity of ED and a shorter PACU stay, 
associated with a significantly higher parent’s satisfaction. 
Moreover, dexmedetomidine was used safely in children 
with no significant adverse effects.

It was reported that ED is more frequent among pre
school compared with school children [14]. Additionally, 
ED incidence was significantly more associated with sevo
flurane-based anesthesia [15]. This was considered in this 
work, where preschool children who underwent sevoflur
ane-based GA were recruited. Furthermore, to obtain 

valid results, ED in this study was assessed by the PAED 
score. It is a reliable and valid rating scale that was devel
oped to standardize the evaluation of ED for better 
reporting and comparison of the results of various studies 
[16]. Moreover, recording of PAED score was performed 
by one investigator to overcome errors during the evalua
tion of its items. Also, the mean duration ED is 
5–15 minutes and it is known to mainly happen in the 
1st 30 minutes postoperatively [17]. So, the studied 
patients were followed up at all times where ED occur
rence is anticipated.

In our study, the intraoperative use of single-dose 
dexmedetomidine in strabismus surgery played a role in 
decreasing the total incidence of post-sevoflurane ED 
(17.6% vs. 57.6%). Additionally, there was a difference in 
the severity of ED in favor of dexmedetomidine use where 
D group showed a significant decrease in PAED score at 
all the studied time points. Dexmedetomidine is a centra 
lly acting α2 adrenergic agonist. It has sedative, analgesic, 
and anxiolytic actions that justify the role in providing 
better sedation and prevention of ED [18].

Dexmedetomidine infusion 0.2 μg·kg−1·h−1 in the peri
operative period lowered the incidence of ED to 26% vs. 
60.8% in the placebo group [12]. While, intraoperative 
single IV dexmedetomidine dose decreased the incidence 
of ED from 37% in the control group that received saline 
to 17% and 10% in the groups that received 0.15  
μg·kg−1 and 0.3 μg·kg−1, respectively, in pediatric cases 
that recovered from sevoflurane-based anesthesia and 
caudal block for genital and superficial lower abdominal 
surgeries [19]. Also, dexmedetomidine administration 
given five minutes before the end of adenotonsillectomy 
surgeries decreased the agitation and prolonged the 
times of extubation and emergence [20]. Preoperative 
intranasal dexmedetomidine was suggested for the pre
vention of ED in pediatric patients recovering from GA; 
however, the scientific evidence on its effectiveness in 
comparison with oral midazolam is still deficient [21].

A network metaanalysis concluded a better protective 
effect of dexmedetomidine (the lowest odds ratio of 0.18) 
in comparison with other anesthetic adjuvants such as 
fentanyl, sufentanil, ketamine, clonidine, propofol, remi
fentanil, and midazolam (the greatest odds ratio of 0.46) 
into sevoflurane anesthesia [22]. Currently, a systematic 

Table 5. The correlation between the face, legs, activity, cry, consolability (FLACC) score, duration 
of anesthesia, and history of previous operation and both Watcha score and pediatric anesthesia 
emergence delirium (PAED) score.

PAED Watcha

FLACC r 0.065 0.136
P value 0.601 0.271

Duration of anesthesia r −0.037 −0.065
P value 0.766 0.604

History of previous operation r 0.210 0.150
P value 0.088 0.227

Abbreviations: PAED: pediatric anesthesia emergence delirium; FLACC: face, legs, activity, cry, consolability. 
r: coefficient of correlation.
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review and metaanalysis support the superiority of dexm 
edetomidine over placebo, midazolam, or opioid in sig
nificantly decreasing the incidence of ED in pediatrics aft 
er anesthesia for various types of surgeries [23]. The same 
evidence was also confirmed in a network analysis of ped 
iatric anesthesia for adenotonsillectomy operation [24].

In our trial, dexmedetomidine was given as a single IV 
dose (0.3 μg/kg). Various doses of dexmedetomidine 
were shown to assist in the prevention of EA after sevo
flurane-based anesthesia in pediatrics [25]. Supporting 
evidence suggested by Zhang Y-Z et al [26] that a dose 
of 0.3 μg/kg dexmedetomidine prevented 95% of sevo
flurane-associated ED during pediatric tonsillectomy and 
adenoidectomy.

Postoperative pain can cause agitation, and it is con
sidered a confounder in all trials investigating ED [27]. In 
this study, we chose the strabismus correction surgery 
where the pain is mild and easily controllable. The pain 
was controlled in both groups via administration of IV 
ketorolac after the induction of anesthesia and supple
mentation with IV paracetamol. These drugs were suffi
cient to provide analgesia at surgeries end [28]. Assessme 
nt of pain by FLACC score showed insignificant differ
ences between the studied groups except on arrival to 
the PACU. Moreover, there was an insignificant correla
tion between the FLACC score and both Watcha and 
PAED scores. Therefore, in our cases, postoperative pain 
is not the cause of developing ED mostly.

In addition to pain, duration, and type of surgeries, 
the newer inhalational anesthetic drugs were accom
panied by ED development [29]. In the present trial, 
these factors were similar in the two groups, and the 
trial involved only one surgical procedure with stan
dardized anesthetic management.

The recovery time from anesthesia was significantly 
longer in patients administered dexmedetomidine. This 
agrees with previous studies that showed a negative cor
relation between the time to awakening and ED 
scores [28].

Dexmedetomidine administration had also a positive 
impact on the parents. There was a significant difference 
in the parent’s satisfaction scores between both groups. 
Similar findings were reported when dexmedetomidine 
infusion was used before operations on children under
going hernia repair [30]. Currently, usage of dexmedeto
midine in the perioperative period has shown to 
significant 
ly improve outcomes in the postoperative period espe
cially when used in the enhanced recovery after surgery 
protocols were accompanied with less time of discharge 
from PACU and better patient’s satisfaction [31].

Dexmedetomidine causes bradycardia and hypoten
sion which is dose dependent. Using a dose of 0.3–
0.5 µg/kg bolus was reported to be safe with no 
hemodynamic effects [19,20,32]. Similarly, adverse 
effects were similar in the two groups without significant 
hemodynamic effects of dexmedetomidine in our study.

The limitation of this study was the lack of long- 
term follow-up of children with delirium. Further eva
luation of different doses and timing of dexmedetomi
dine with other adjuvants and different types of 
surgeries are recommended for better clinical practice.

6. Conclusions

Using single-dose dexmedetomidine before the termi
nation of sevoflurane-based anesthesia lowered the 
incidence and severity of ED and the time of discharge 
in preschool pediatric cases that underwent strabismus 
surgery. Additionally, its use was safe with no reported 
significant adverse effects.
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