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Summary
Background: Pediatric strabismus surgery is commonly associated with higher incidence of 

postoperative nausea and vomiting (PONV). Mixtures of different classes of antiemetics have been 
used successfully to decrease the incidence of PONV but there was no agreement on the optimal 
combination. The aim of this study was to investigate the effect of granisetron, ondansetron, 
midazolam combination with dexamethasone in the prevention of PONV following strabismus 
repair in pediatric population.

Method: Healthy 100 children ASA class I and II aged 4-12 years, scheduled for elective 
strabismus surgery,were enrolled in this study.

No premedications were given anesthesia was induced by inhalational technique using 
sevoflurane, nitrous oxide and oxygen mixture. After induction, fentanyl and atracurium were given 
and an endotracheal tube was inserted. Patients were randomly divided into four groups which 
received intravenously either: Placebo, or a combination of granisetron 10 µg/kg-1, ondansetron 
50 µg/kg-1, midazolam 50 µg/kg-1, plus dexamethasone 0.5 mg/kg-1 after induction of anesthesia 
and before start of surgery. All episodes of PONV during the first 24 hours after anesthesia were 
recorded.

Results: The incidence of postoperative nausea was 48%, 8%, 12% and 0% while the incidence 
of vomiting was 52%, 12%, 4% and 0% in placebo, granisetron, ondansetron, midazolam and 
dexamethasone combination groups respectively. No difference was detected between combination 
groups (P value >0.05).

Conclusion: Prophylactic administration of either of either granisetron, ondansetron, 
midazolam combined with dexamethasone markedly decreases the incidence of PONV following 
strabismus surgery in pediatrics. All combinations are equally effective.
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Introduction
Post-operative nausea and vomiting (PONV) 

is one of the most frequent distressing complaints 
following surgery under general anesthesia1. The 
incidence of PONV in day-case patients ranges from 
8% to 45%2. For some patients PONV is even more 
distressing than postoperative pain3.

PONV may increase hospital expenditure by 
prolongation of hospital stay, and management of 
vomiting related complications such as dehydration, 
electrolyte disturbances, and pulmonary aspiration4. 
Pediatric strabismus surgery is commonly associated 
with higher incidence of PONV, it ranges between 40 
and 90%5.

A variety of methods have been tried in the 
management of PONV6. Some anesthesiologist 
manage PONV with a single prophylactic anti-emetic 
given during surgery. There is, however, a growing 
trend towards the use of a combination of antiemetic 
therapy in moderate to high-risk patients. The optimal 
combination is yet to be universally agreed upon7.

The role of serotonin receptors in drug-induced 
emesis has recently received increasing attention. 
Granisetron,  a selective  antagonist  of  serotonin 
receptor, has been proved to be effective in the 
prevention of PONV8. Ondansetron, also a selective 
serotonin receptor antagonist, is well tolerated and 
effective in preventing PONV in adults and children9. 
The anti-emetic effect of midazolam has been 
investigated by several investigators. Lee et al reported 
that in patients undergoing sevoflurane VIMA (volatile 
induction and maintenance of anesthesia), midazolam 
2 mg given intravenously before the end of surgery 
was effective in decreasing the incidence of PONV10. 
Unlugenc and colleagues reported that sub-hypnotic 
dose of midazolam was effective in treating PONV11.

The efficacy of prophylactic dose of 
dexamethasone in reducing PONV after strabismus 
surgery and tonsillectomy in children has been 
reported12.

The current study was designed to investigate 
the effects of either of granisetron, ondansetron or 
midazolam when either is mixed with dexamethasone, 
in the prevention of PONV following strabismus 
surgery in pediatric population.

Materials and Method
Following Hospital Research and Human Ethics 

Committee approval, 100 healthy children  ASA class 
I aged 4-12 years, scheduled for elective strabismus 
surgery under general anesthesia, were enrolled in this 
prospective, randomized, placebo-controlled, double 
blind study. Exclusion criteria included children who 
had experienced retching or vomiting, or have taken 
an anti-emetic medications, antihistaminics, steroids, 
or psychoactive drugs within 24 hours before surgery, 
and children who gave a history of motion sickness, 
allergy or previous adverse experiences with anesthesia. 
Children with cardiovascular, respiratory, metabolic, 
and central nervous system disease were also excluded 
from the study.

Solid food was not allowed 6 hours before 
operation and clear liquids were permitted up to three 
hours before induction of anesthesia. No premedication 
was given to the children. Upon arrival to the OR 
placement of routine monitors were established and 
baseline hemodynamic data were recorded after 
placement of routine monitors. Anesthesia was 
induced by inhalational technique using Sevoflurane, 
nitrous oxide and oxygen mixture. After induction, and 
establishment of intravenous line fentanyl 2 µg/kg-1 
and atracurium 0.5 mg/kg-1 were given an endotracheal 
tube was inserted under the appropriate anesthesia 
depth and degree of relaxation.

In a double-blind manner, patients were randomly, 
divided into four groups (25 patients each), received 
either:

(Group 1) - Placebo

(Group 2) - Combination of Granisetron 10 µg/
kg-1 plus Dexamethasone 0.5 mg/kg-1

(Group 3) - Ondansetron 50 µg/kg-1 plus 
Dexamethasone 0.5 mg/kg-1

(Group 4) - Combination of Dexamethasone 0.5 
mg/kg-1 plus Midazolam 50 µg/kg-1

Maximum Dexamethasone dose given was 8 mg 
in all groups.

All drugs were delivered in equivalent volume in 
5 ml syringe with a coded label. The anesthesiologist 
who anesthetized the patient and all involved nurses 
were unaware of the content of the syringe. The 
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day. Oral intake was not allowed for four hours after 
recovery from anesthesia. All episodes of nausea, 
retching and vomiting during the first 24 hours after 
anesthesia were recorded by nursing staff who had 
no knowledge of which treatment each subject had 
received. Also, parents were asked about episodes of 
nausea and vomiting and any other potential surgical 
or anesthesia related complications. If two or more 
episodes of vomiting occurred, a rescue dose of 
metoclopramide 0.2 mg/kg-1 was given intramuscularly. 
Postoperative pain was treated with 1 mg/kg-1 rectal 
diclofenic sodium.

Statistical analysis
The results were analyzed using SPPS version 

14 (SPSS Inc., Chicago, IL, USA). Power analysis 
indicated that 25 patients are required per each group 
based on 85% incidence of PONV in strabismus 
surgery if no prophylaxis is given with an anticipated 
reduction in the incidence of emesis up to 25% which 
was the therapeutic outcome for dexamethasone 
when given as a sole prophylaxis agent3. The alpha 
error was set at 0.05 and Type II error was set at 0.20. 
Statistical analysis was done using Kruskal-Wallis 
Test (Nonparametric ANOVA). If Kruskal-Wallis Test 
was significant, Dunn’s Multiple Comparisons Test 

study drugs were administered intravenously to all 
patients after induction of anesthesia and before start 
of surgery. Thereafter, anesthesia was maintained 
with 70% nitrous oxide, 30% oxygen with 0.5-3.0% 
inspired concentration of Sevoflurane. Ventilation 
was controlled mechanically to keep an end-tidal CO2 
between 35-45 mmHg measured using an anesthetic/
respiratory gas analyzer (Capnomac Ultima, Datex, 
Finland). Intraoperative fluid was (D5W in 1/4 strength 
NS) was administered at a standard rate defined as (one-
half the deficit during the first hour, plus maintenance 
fluid). At the completion of surgery, muscle relaxant 
was reversed by a combination of 0.02 mg/kg-1 atropine 
sulphate and 0.05 mg/kg-1 neostigmine. Trachea was 
extubated when the child was fully awake and then 
transported to PACU for at least one hour until complete 
recovery, where assessment of vomiting was made by 
the recovery nurse and the attending anesthesiologist.

For the purpose of the current study, vomiting 
was defined as the forceful expulsion of liquid or solid 
gastric contents, while nausea defined as a subjective 
feeling which was reported by patients. No distinction 
was made between vomiting and retching (i.e., a 
retching event was considered a vomiting event).

Postoperatively, all children were admitted to 
the hospital where they remained for more than one 

Table 1 
 Demographic and clinical data

Group 1 2 3 4

Placebo
(n = 25)

Granisetron 
Dexamethasone 

Combination
(n = 25)

Ondansetron 
Dexamethasone 

Combination
(n = 25)

Midazolam 
Dexamethasone 

Combination
(n = 25)

Age (years) 6.7 (2.9) 6.6 (2.1) 7.3 (2.5) 8.3 (3.9)

Sex M 14 (56%) 14 (56%) 13 (52%) 11 (44%)

F 11 (44%) 11 (44%) 12 (48%) 14 (56%)

No. of operated muscles (%)
1
2

3 or 4

4 (16%)
19 (76%)
2 (8%)

1 (4%)
15 (60%)
9 (36%)

4 (16%)
18 (72%)
3 (12%)

11 (44%)
9 (36%)
5 (20%)

Anesthesia time (min) 60 (18) 40.6 (22.2) 62 (21) 57 (26)

Oculocardiac reflex requiring 
atropine (%) 3 (12%) 10 (40%)* 2 (8%) 0 (0%)

Data expressed as a mean and standard deviation (SD) or number and percentages.
* P value = 0.01
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different combinations groups in reducing PONV after 
strabismus surgery in pediatric patients. Combinations 
of drugs have become a proven strategy for prevention 
of PONV with good response, as compared to 
monotherapy13. Different classes of anti-emetics 
with different mechanisms of action were shown to 
act independently when given prophylactically and 
therefore can be combined to enhance anti-emetic 
efficacy14.

The combination of granisetron and dexamethasone 
had been used in both adult and pediatric populations. 
The present work in a pediatric population showed an 
incidence of 8% nausea and 12% vomiting in children 
of granisetron-dexamethasone Group 2. Fujii and 
associates reported that prophylactic use of this mixture 
produced 2% incidence of PONV during the first 24 
hours following thyroidectomy in 130 female patients. 
However the dose of granisetron in Fujii report15 was 
40 µg/kg-1 compared to 10 µg/kg-1 used for the present 
work. The same result was reported following middle 
ear surgery in adult16 and in children undergoing 
inguinal hernia and phimosis surgery17. The reported 
frequency of PONV was 7% after the use of 40 µg/
kg-1 granisetron and 4 mg dexamethasone combination 
in pediatric subjects undergoing strabismus repair, 
tonsillectomy and adenoidectomy18.

The present work showed an incidence of 16% and 
4% for postoperative nausea and vomiting, respectively, 
for ondansetron-dexamethasone combination. Splinter 
et al19 reported that low-dose ondansetron plus 
dexamethasone was a more effective prophylactic 
antiemetic when compared with dexamethasone alone 
following strabismus repair. They used 150 µg/kg-1 
dexamethasone together with ondansetron 50 µg/kg-1 
and the incidence of PONV was 9%.

Although the minimum effective dose of 
dexamethasone for the prevention of PONV was 
suggested to be 2.5 mg in a recent study20, an 8 to 10 
mg dose of dexamethasone was most frequently used. 
In the current trial the same dose of ondansetron was 
used but the dose of dexamethasone increased to 0.5 
mg/kg with a maximum of 8 mg. Peach and colleagues 
reported that the efficacy of the smallest dose 
combination (dexamethasone 2 mg with ondansetron 2 
mg) did not significantly differ from that of larger dose 
combinations (dexamethasone 4 mg with ondansetron 

was used to compare different groups. For all tests of 
significance, a P value of 0.05 was used as the level 
of significance. Data were presented as a mean and 
standard deviation (SD) or number and percentages.

Results
The demographic and clinical data of the 100 

enrolled children are shown in Table 1. There was no 
difference among the groups with regard to age, sex, 
duration of surgery, number of operated muscles. The 
incidence of oculocardiac reflex was significantly 
higher in Granisetron-Dexamethasone group (P value 
= 0.01).

The data relating to PONV during the study 
are presented in Fig. 1. The incidence of PONV was 
significantly greater in the Placebo Group 1 compared 
to other combination groups (P value <0.01) Patients 
in the Placebo group had incidence of nausea and 
vomiting of 48% and 52% respectively, while the 
same incidence was 8% and 12% in the Granisetron-
Dexamethasone Group 2. Children of Ondansetron-
Dexamethasone Group 3 reported 16% nausea and 4% 
vomiting. Neither nausea nor vomiting was observed 
in midazolam-dexamethasone combination Group 4. 
No difference recorded between combination groups 
(P value >0.05).No major respiratory or hemodynamic 
adverse effects were observed in the studied groups.

Fig. 1 
Incidence of postoperative nausea and vomiting

Against placebo * P value <0.01,
No difference between group 2, 3 and 4 (P value >0.05)

Discussion
The main finding of the present study was 

that there were no significant differences between 
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intravenous injection of 2 mg midazolam was 3.3% in 
adult patients undergoing abdominal or gynecological 
procedures11. Palmer and Cameron24 reported the 
effectiveness of intravenous midazolam-clonidine 
infusion for treatment of cyclical vomiting syndrome in 
a 12 years old child24. Our combination of midazolam 
and dexamethasone produced good response.

Conclusion
Prophylactic administration of granisetron, 

ondansetron,  midazolam  combined with dexame-
thasone decreases  the  incidence  of  PONV  following 
strabismus surgery in pediatric population. No recorded 
differences between different combinations.

4 mg) in women who had day-surgical gynecologic 
laparoscopy21.

Midazolam is commonly used as a premedicant 
to relief anxiety. Previously it was suggested that 
midazolam may have a role in the management of 
PONV. Di Florio and Goucke22 studied the effect of 
intravenous midazolam infusion on persistent PONV 
on twenty patients aged 18-82 years. They reported 
that low-dose intravenous infusion of 1.0 mg h-1 
midazolam after a 1 mg IV bolus was determined to 
be safe and effective treatment for resistant PONV in 
adult population. Splinter et al23 found that midazolam 
and droperidol at a dosage of 50 µg/kg-1 appear to have 
a similar effect on vomiting after strabismus surgery. 
The reported incidence of PONV following single 
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