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Effect of dexmedetomidine on prevention
of postoperative nausea and vomiting in
pediatric strabismus surgery: a randomized
controlled study
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Abstract

Background: Postoperative nausea and vomiting (PONV) are common side-effects following strabismus surgery.
The present study aimed to compare the effects of different doses of dexmedetomidine (DEX) on PONV incidence
in pediatric patients undergoing strabismus surgery.

Methods: In this prospective randomized double-blinded study, 126 pediatric patients undergoing strabismus surgery
were randomized into one of three groups: Placebo group, normal saline; DEX1 group, 0.3 μg/kg dexmedetomidine,
and DEX2 group, 0.5 μg/kg dexmedetomidine. Oculocardiac reflex (OCR) events were recorded during surgery. PONV
or postoperative vomiting (POV) was recorded for 24 h in the ward. Pediatric anesthesia emergence delirium (PAED)
scale and emergence agitation (EA) scale were recorded in the recovery room.

Results: Intraoperative OCR was significantly reduced in DEX2 group (42%) as compared to that of Placebo group
(68%) (p = 0.0146). During the first 24 h post-op, the overall incidence of PONV was significantly lower in DEX2 group
(10%) than that of Placebo group (32%) (p = 0.0142). There was no significant difference in POV among the three
groups. PAED or EA scores among the three groups were similar during recovery time.

Conclusion: Dexmedetomidine (0.5 μg/kg) reduced OCR and PONV without lengthening extubation time or recovery
time in pediatric patients undergoing strabismus surgery.

Trial registration: The trial was prospectively registered before patient enrollment at Chinese Clinical Trial Registry
(Clinical Trial Number: ChiCTR1800020176, Date: 12/19/2018).

Keywords: Dexmedetomidine, Postoperative nausea and vomiting, Strabismus surgery, Oculocardiac reflex, Emergence
agitation

Background
Although often considered a minor side effect, postopera-
tive nausea and vomiting (PONV) are common unpleasant
adverse effects after surgery and may increase patient dis-
comfort, result in serious complications, and delay patient
discharge. The incidence of PONV in pediatric patients is

often twice as high as in adults [1]. There are four main risk
factors for PONV or POV in pediatric anesthesia: duration
of surgery longer than 30min, age ≥ 3 years, previous
PONV or a positive family history, and strabismus surgery
[2]. Strabismus surgery is an independent risk factor for
PONV in pediatric patients. Previous studies have reported
that the incidence of PONV is as high as 37–80% after stra-
bismus surgery under general anesthesia [3]. Routine efforts
to prevent PONV include butyrophenones, benzamides,
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histamine and muscarinic receptor antagonists, corticoste-
roids, and serotonin 5-HT3 receptor antagonists [4–7].
Despite numerous efforts to decrease the incidence of
PONV, it remains a significant challenge in pediatric pa-
tients undergoing strabismus surgery.
Dexmedetomidine is a highly selective α2-adrenoreceptor

agonist which has been widely used in clinical practice [8]
and has been explored extensively in the pediatric popula-
tion due to its beneficial effects on perioperative morbidities
[9]. In the past few years, many studies in pediatrics have
been published showing that dexmedetomidine lowered
postoperative pain scores and opioid consumption,
decreased the incidence of emergence agitation (EA) and
improved the quality of recovery in pediatric patients
undergoing different surgical procedures [10–12]. In
addition, a small selection of studies reported that dexme-
detomidine could lower the incidence of nausea or vomit-
ing after surgery and during the use of patient-controlled
analgesia (PCA) in pediatrics [13, 14]. However, the effect
of dexmedetomidine on PONV remains poorly understood.
In order to address these knowledge gaps, the present

study was conducted to investigate the effects of two differ-
ent doses of dexmedetomidine on the incidence of PONV
in pediatric patients undergoing strabismus surgery.

Methods
Study population
Ethical approval was obtained from the Ethics Review
Committee of the Eye, Ear, Nose & Throat (EENT) Hos-
pital of Fudan University along with written informed con-
sent from the parents or legal guardians of all participants.
In total, we enrolled 126 children (6 to 10 years of age,
American Society of Anesthesiologists (ASA) physical sta-
tus I to II) undergoing strabismus surgeries between De-
cember 2018 and March 2019 at the EENT Hospital,
Shanghai, China. Primary exclusion criteria included chil-
dren with known gastroesophageal reflux disease, intake of
antiemetic or psychoactive medication within 24 h, devel-
opmental delays, and allergy to the study medications. Pa-
tients were randomized using a computer randomization
program into one of three groups: Group Placebo which
received normal saline, Group DEX1 which received dex-
medetomidine 0.3 μg/kg (Jiangsu Xinchen Pharmaceutical
Co., Ltd., Lianyungang, China), and Group DEX2 which re-
ceived dexmedetomidine 0.5 μg/kg.

Study protocol
Prior to surgery, pediatric patients fasted for more than 8
h. Pulse oximetry, electrocardiography, and non-invasive
blood pressure were recorded in the operating room. After
confirmation of patients’ baseline vital signs, anesthesia
was induced with propofol 2mg/kg, cis-atracurium 0.15
mg/kg and fentanyl 2.5 μg/kg. Literatures reported that
0.3–1.0 μg/kg dexmedetomidine was a commonly used

dose after induction in pediatric surgeries [9]. There were
several literatures studied effects of 0.3 μg/kg dexmedeto-
midine on emergence agitation, recovery profiles, or par-
ents’ satisfaction in pediatric surgeries [15, 16]. In
addition, previous studies reported that 1.0 μg/kg dexme-
detomidine delayed eye opening, extubation time and post
anesthesia care unit (PACU) stay time [17, 18]. In our
pilot study, the children with 1.0 μg/kg dexmedetomidine
had longer drowsiness after operation, which made the
parents more anxious. Based on the above-mentioned fac-
tors, the doses of 0.3 μg/kg and 0.5 μg/kg were chosen in
our study. Patients in the Group Placebo, Group DEX1
and Group DEX2 were administered normal saline, dex-
medetomidine 0.3 μg/kg, and dexmedetomidine 0.5 μg/kg,
respectively. The drug was administered intravenously
every 10 min for each group. A laryngeal airway mask was
inserted 3 mins after induction of anesthesia. IV dexa-
methasone 0.1 μg/kg was administered at the beginning of
surgery. General anesthesia was maintained using 0.9–1.1
minimum alveolar concentration sevoflurane and 50% air
in oxygen with a constant fresh gas flow of 2 L/min.
The oculocardiac reflex (OCR) was defined as an acute

reduction of ≥20% in HR associated with traction on the
eye muscle. The OCR event numbers were recorded dur-
ing this procedure. If HR did not return to baseline after
releasing the muscle, atropine (0.01mg/kg) was injected.
Every patient received intravenously administrated

droperidol before completion of the surgery. Sevoflurane
administration was terminated when patients were deliv-
ered to PACU. All patients received topical anesthesia
administered as two conjunctival drops of 0.4% oxybu-
procaine (Laboratoire Chauvin, Aubenas, France) after
closure of the conjunctiva. The flexible LMA was re-
moved once the respiration parameters reached TV ≥ 8
mL/kg, RR ≥ 15 breaths/min, and PETCO2 levels of 40–
45mmHg. The incidence of bucking on removal of the
LMA was recorded. The anesthesiologist performing the
extubation was blinded to the treatment condition.
A well-trained PACU nurse blinded to the study

groups assessed the state of consciousness using the
pediatric anesthesia emergence delirium (PAED) scale
and EA scale at four time points: T0: removing the
LMA; T1: 5 min after removing the LMA; T2: 10 min
after removing the LMA; T3: 15 min after removing the
LMA [19, 20]. The PEAD scale contains five items: eye
contact, purposefulness of actions, awareness of sur-
roundings, restlessness and consolability. Each item was
scored into five grades (0–4) according to degree, giving
a maximum total of 20 points. The EA scale contains
five grades (1 = sleeping, 2 = awake and calm, 3 = irritable
and crying, 4 = inconsolable and crying, and 5 = severe
restlessness and thrashing). Patients with severe agitation
defined as a PAED score ≥ 10 or EA score ≥ 4 were
treated with intravenous propofol (1 mg/kg).
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All episodes of nausea or vomiting were recorded by a
well-trained PACU nurse during the 24 h following re-
turn to the ward. Pediatrics who experienced more than
two emetic episodes and those who requested an anti-
emetic were treated with ondansetron 0.1 mg/kg. A well-
trained PACU nurse asked about the degree of pain and
recorded answers using a visual rating scale (VRS) with
options from 0 (not painful at all) to 10 (extremely pain-
ful) at four time points: T00: out of PACU; T11: 4 h after
operation; T22: 12 h after operation; T33: 24 h after oper-
ation. If patients complained of severe pain (VRS > 4),
0.5 μg/kg fentanyl was administered.

Statistical analysis
The incidence of PONV during the 24-h period after
surgery was the primary outcome measured in this
study. Based on a published PONV incidence of 70% in
strabismus surgery, a sample size of 38 patients per
group was required to detect a 20% difference in PONV
with 80% power and a Type 1 error of 0.05. We included
42 patients in each group to compensate for an expected
10% patient dropout rate.
All statistical analyses were performed using SPSS 23.0

software (SPSS Inc., Chicago, IL, USA). Data were pre-
sented as mean ± SD, numbers, and percentages. One
way ANOVA was used for comparison of quantitative
data. Chi square test and Fisher exact test was applied
for comparison of the categorical variables among the
groups. A value of P < 0.05 was considered statistically
significant. Bonferroni method was used to control the
type-I error for the multiple comparison among DEX1,
DEX2 and Placebo. Thus, 0.05/3 = 0.017 was the signifi-
cance level for the multiple comparison in this study.

Results
Of the 126 patients recruited, four patients were excluded
due to follow-up loss. We analyzed data from 122 patients
(group Placebo, n = 41; group DEX1, n = 40; group DEX2,
n = 41). Patient characteristics were comparable with

respect to age, sex, BMI, duration of surgery and
anesthesia, LMA removal time and PACU stay time
(Table 1). In addition, the numbers of eyes and muscles op-
erated on were similar among the three groups (Table 1).
As shown in Table 2, when multiply comparising among

DEX1, DEX2 and Placebo, Bonferroni method was used to
control the type-I error and 0.05/3 = 0.017 was the signifi-
cance level for the multiple comparison in this study. Ac-
cording to the results of Pearson Chi-Square test, the
incidence of intraoperative oculocardiac reflex was signifi-
cantly reduced in the DEX2 group (42%) as compared to
the Placebo group (68%) (p = 0.0146). However, there was
no significant difference between the DEX2 group and the
Placebo group based on the results of Yates correction (p =
0.026). During the first 24 h post-op, the overall incidence
of PONV was significantly lower in the DEX2 group (10%)
than in the Placebo group (32%) according to the results of
Pearson Chi-Square test (p = 0.0142). While there was no
significant difference between the two groups based on the
results of Yates correction (p = 0.029). There was no signifi-
cant difference among three groups in POV over the entire
24 h after surgery. The incidence of bucking on LMA re-
moval was similar among the three groups.
Figure 1 shows that the PAED scores and EA scores of

pediatric patients among three groups were similar at
T0, T1, T2, and T3, respectively. There was no signifi-
cant difference in VRS scores among the three groups
during the entire 24 h after surgery.

Discussion
The present study demonstrated that, for pediatric pa-
tients undergoing strabismus surgery under sevoflurane
anesthesia, combined use of 0.5 μg/kg DEX reduced the
rate of OCR during the operation as well as the incidence
of PONV during the 24 h after surgery (based on the re-
sults of Pearson Chi-Square test). However, it did not re-
duce the occurrence of POV during the 24 h after surgery.
As a common surgical operation in children, strabismus

surgery carries a high risk of PONV for pediatric patients.

Table 1 Patient demographic and clinical data

Placebo (n = 41) DEX1 (n = 40) DEX2 (n = 41) P

Age (y) 8.24 ± 1.32 8.25 ± 1.06 8.32 ± 1.08 0.951

Sex (Male/female), n 24/17 20/20 19/22 0.526

BMI (kg/ m2) 17.07 ± 2.98 16.57 ± 3.91 16.18 ± 2.80 0.272

Duration of surgery (min) 23.43 ± 7.86 22.70 ± 6.61 22.68 ± 6.73 0.938

Duration of anesthesia (min) 31.70 ± 7.58 32.53 ± 8.21 32.48 ± 7.69 0.887

LMA removal time (min) 25.12 ± 8.07 26.28 ± 6.72 27.45 ± 7.02 0.252

PACU stay time (min) 41.25 ± 8.08 41.20 ± 7.25 43.95 ± 8.33 0.104

No. of operated eyes: 1/2 17/24 17/23 10/31 0.160

No. of operated muscles: 1/2/3/4 2/24/6/9 1/33/1/5 1/33/3/4 0.210

Data are expressed as mean ± standard deviation or number
BMI body mass index, LMA laryngeal mask airway, PACU post anesthesia care unit
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There are four risk factors for PONV or POV in pediatric
anesthesia: duration of surgery longer than 30min, age ≥ 3
years, previous PONV or a positive family history, and
strabismus surgery [2]. The patients recruited in our study
(aged 6–10 years old, undergoing strabismus surgery) are
considered highly susceptible for PONV. In attempts to
reduce the incidence PONV in patients with risk factors,
multiple studies have shown that multimodal antiemetic
therapies are more beneficial than a single approach
[21, 22].
Previous studies demonstrated that combined use of

dexmedetomidine along with balanced anesthesia de-
creases the incidence of PONV in pediatric patients.
Gupta et al. demonstrated that intraoperative use of dex-
medetomidine (1 μg/kg loading dose followed by 0.5 μg/
kg/h infusion) in children undergoing spinal surgery re-
duced the incidence of PONV [23]. In addition, Chen
et al. reported that administration of dexmedetomidine
(1 μg/kg loading dose followed by 0.5 μg/kg/h infusion)
decreased the incidence of POV in pediatric patients
undergoing strabismus surgery [13]. A meta-analysis
examining the effects of premedication with intranasal
dexmedetomidine in children demonstrated that patients
who received intranasal dexmedetomidine (1 μg/kg intra-
nasal dose) as a premedication experienced a significantly
lower incidence of PONV [24]. In the present study, 0.5
μg/kg of intravenously administered dexmedetomidine re-
duced the occurrence of PONV during the first 24 h after

surgery (based on the result of Pearson Chi-Square test).
However, 0.3 μg/kg dexmedetomidine was not sufficient
to decrease PONV incidence. A meta-analysis focused on
dexmedetomidine used for PONV prevention demon-
strated that a 0.5–1.0 μg/kg bolus infusion could effect-
ively decrease the incidence of PONV [14]. Compared to
these prior studies, the effective dose in our study was
relatively low (0.5 μg/kg). This may be due to differing op-
erations, surgery or anesthesia time, ages of recruited pa-
tients and combined anesthesia drugs involved in the
determination of the dose required to effectively reduce
the incidence of PONV.
The beneficial effects of dexmedetomidine include anal-

gesic, sedative and anti-sympathetic actions while avoiding
hemodynamic abnormality and respiratory depression [25].
Possible explanations for the success of dexmedetomidine
in PONV prevention include multiple mechanisms. The
dexmedetomidine-induced opioid-sparing and inhaled
anesthetics-sparing effect may contribute to the reduction
in PONV [26, 27]. Also, dexmedetomidine decreases norad-
renergic activity through reducing sympathetic outflow or
inhibiting α2 presynaptic in the locus coeruleus which may
relate to PONV [28]. In the present study, we found that
the incidence of intraoperative OCR was also significantly
reduced in the DEX2 group as compared to the Placebo
group (based on the results of Pearson Chi-Square test).
This suggested an interaction between lower intraoperative
OCR incidence and reduced PONV. Previous studies have
assessed the relationship between OCR and PONV due to
the existence of the oculo-emetic reflex (OER) which is rec-
ognized as a trigger of PONV [29, 30].
The optimal dose of dexmedetomidine for achieving

anti-emetic effects has not been well documented. Ac-
cording to previous studies, the sedative effect of dexme-
detomidine was dose-dependent [31, 32]. In this study,
EA and PAED scores were similar among the three
groups across all time points during recovery. This may
be due to the lower doses of dexmedetomidine we

Table 2 Incidence of Oculocardiac reflex, POV, PONV and
bucking

Placebo(n = 41) DEX1(n = 40) DEX2(n = 41) P

Oculocardiac reflex 28 (68%) 20 (50%) 17 (42%)a 0.045

POV 5 (12%) 3 (8%) 1 (2%) 0.240

PONV 13 (32%) 8 (20%) 4 (10%)a 0.048

Bucking 4 (10%) 0 (0) 1 (2%) 0.069

POV postoperative vomiting, PONV postoperative nausea and vomiting
a P < 0 .017 vs Placebo group based on Pearson Chi-Square test

Fig. 1 Postoperative agitation and pain profile. EA = emergence agitation; PAED = Pediatric Anesthesia Emergence Delirium; VRS: visual rating
scale; T0: removing the LMA; T1: 5 min after removing the LMA; T2: 10 min after removing the LMA; T3: 15 min after removing the LMA; T00: out of
PACU; T11: 4 h after operation; T22: 12 h after operation; T33: 24 h after operation
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selected (0.3 μg/kg and 0.5 μg/kg loading dose). Add-
itionally, LMA was used as an airway management tool
for all three groups and, as previous studies have dem-
onstrated, LMA is more effective than an endotracheal
tube in controlling emergence agitation [33, 34]. Thirdly,
adequate analgesia (fentanyl and local anesthetics) dur-
ing the procedure among all three groups reduced the
incidence of emergence agitation.
Bradycardia and hypotension are the most common

adverse events associated with higher doses of dexmede-
tomidine [35].The hemodynamic effects of dexmedeto-
midine are related to the rate of infusion and dose. In
our study, the lower doses of dexmedetomidine (0.3 μg/
kg and 0.5 μg/kg loading dose) were selected and every
drug was given intravenously every 10 min, therefore no
significant bradycardia or hypotension were observed
during the procedure. Supplemental use of dexmedeto-
midine (0.5 μg/kg) was administrated during anesthesia
induction and assisted in achieving adequate anesthesia
depth. Thus, OCR was reduced during the operation.
Our study had several limitations. First, the patients re-

cruited for this study (aged 6–10 years old, undergoing
strabismus surgery) are highly susceptible for PONV.
Therefore, multimodal antiemetic approach including
dexamethasone and droperidol was administered to the
three groups in our study. Interactions among the different
drugs may be a confounding factor in analyzing the anti-
emetic effect of dexmedetomidine. Secondly, the selection
of muscles that were resected in the operation were not re-
corded precisely. Previous studies suggested that extraocu-
lar muscle involvement was related to the incidence of
PONV [36, 37]. We were unable to examine the influence
of different muscles on PONV in the present study.

Conclusions
In conclusion, supplemental use of dexmedetomidine (0.5
μg/kg) in treating pediatric patients undergoing strabis-
mus surgery reduced the rate of OCR and incidence of
PONV (based on the results of Pearson Chi-Square test)
without lengthening extubation time or recovery time.
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