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ABSTRACT` 
 

Background:  OCR commonly occurs during strabismus surgery, producing bradycardia, arrhythmias and even cardiac arrest 
after manipulation of orbital structures. Ketamine is NMDA receptor antagonist and acts as an analgesic.  
Aim: To determine the effect of ketamine premedication on prevention of OCR during strabismus surgery. 
Study design:  Randomized control trial 
Methodology:  60 patients were randomly divided into two groups i.e., Ketamine 0.75mg/kg (Group K) and control (Group C). 
Group K patients were premedicated with 0.75mg/kg ketamine while Group C patients did not receive any premedication. Heart 
rate and ECG were observed 30 sec before and continuously after traction on extraocular muscles was applied upto end of 
surgery for bradycardia and arrhythmias. Percentage change in HR and presence of arrhythmias was documented. All the data 
was collected using case report form and analyzed using SPSS version 15. 
Results: In Group C, 15(50%) cases had arrhythmias while in Group K, only 4(13.33%) cases had arrhythmias. Mean HR in 
Group C was 118.77±6.92/min and in Group K was 101.57±15.65/min. In Group C, oculocardiac reflex was present in 23(76.7%) 
cases and in Group K, OCR was present in 6 (20%) cases and prevented in 24 (80%) cases. 
Conclusion:  Premedication with 0.75mg/kg IV ketamine significantly reduces the occurrence of oculocardiac reflex during 
strabismus surgery. 
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INTRODUCTION 
 

Strabismus is misalignment of optical axis. It is a frequently 
occurring disorder, corrected by surgery in which one or more 
extra-ocular muscles are shortened or lengthened. During 
strabismus corrective surgery, major anesthetic concern is 
oculocardiac reflex (OCR) especially in pediatric population1, 2. A 
decrease in heart rate of more than 20% from baseline or 
development of any type of dysrhythmia after manipulation of 
orbital structures or pressure on the globe is known as 
oculocardiac reflex (OCR)3-7. The incidence of OCR is 32-90%1. It 
was initially described by Aschner and Dagnini in 19082,4,8. 

OCR occurs during traction on extra-ocular muscles, mainly 
medial rectus 9,10, or pressure on the eyeball or its contents 
including periosteum1, 2, 11. This manipulation produces cardiac 
dysrhythmias ranging from bradycardia and ventricular ectopy to 
ventricular fibrillation, AV block and sinus arrest1, 4, 11. In conscious 
patients, it is accompanied by nausea4. OCR is mediated by 
trigeminovagal reflex arc. The afferent limb comprises of ciliary 
nerve to the ciliary ganglion to ophthalmic division of trigeminal 
nerve and then to trigeminal sensory nucleus. The efferent limb 
consists of vagus nerve to heart8,12.  

OCR is managed by asking the surgeon to stop stimulation, 
maintaining adequate anesthetic depth or pre-medication with 
anticholinergic agent2. Atropine is the most commonly used 
anticholinergic drug in clinical practice. Atropine blocks muscarinic 
acetylcholine receptors including those in SA node and AV node, 
resulting in increased firing from SA node and rapid conduction 
through AV node, ultimately producing tachycardia1,4. However, 
use of atropine is also controversial8. Atropine doesn’t completely 
prevent OCR and can also convert bradycardia into PVCs, 
bigemini and ectopic beats and such arrhythmias are more 
persistant1. Furthermore, it can reduce cardiac ouput especially in 
infants and can also lead to central anticholinergic symptoms if it 
crosses the blood-brain barrier8. 

Many anesthesiologists have reported ketamine to be better 
than other drugs for prevention of OCR1,2,11. Ketamine is NMDA 
receptor antagonist and acts as analgesic. It causes central 
stimulation of sympathetic system and inhibition of reuptake of 
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norepinephrine from nerve terminals1 and enhanced 
norepinephrine release14. Hence, it has cardiostimulatory 
properties8, 11 leading to positive chronotropic effect1, 8. 

Ketamine is associated with emergence reaction including 
vivid dreams, floating sensation, dizziness and blurred vision14. 
This reaction was exaggereated by using substantial doses of 
ketamine (higher than 2mg/kg)15. Therefore, in our study we used 
low dose ketamine to minimize its side effects as opposed to 
previous studies in which larger doses were utilized. 

The purpose of our study is to measure the frequency of 
prevention of OCR after premedication with versus without low 
dose IV ketamine during strabismus surgery.  
 

MATERIALS AND METHODS  
 

On the basis of previous related study, 30 patients were allocated 
to each group (Group C and Group K). The sample size was 
calculated by taking expected frequency of OCR in control group 
(Group C) to be 63% and in ketamine group (Group K) to be 20% 
with 5% level of significance and 80% power of test. This 
randomized control study was done in Department of Anaesthesia, 
King Edward Medical University/Mayo Hospital, Lahore. Patients, 
aged 10-24 years of both sex undergoing strabismus surgery 
corresponding to American Society Of Anaesthesiologists Class I 
or II and those who gave consent to participate in the study, were 
included. Following patients were excluded from the study as per 
exclusion criteria: 

 Patients having hypertension (BP>140/90) or IHD  

 Patients with history of conduction abnormalities on clinical 
examination  

 Patients having known allergies to any of the anesthetic drugs 
being used  

 Patients with mental illness (history/medical record)  

 Patients with communication difficulties  
By using random computer number, 60 patients were 

allocated into two equal groups (Group K and Group C). 
Preoperative assessment was done a day before surgery. Study 
plan was described to the patient and his/her parents and informed 
consent taken. Anonymity and confidentiality was ensured. On the 
day of surgery, patients after NPO of 6 hours, were allocated to 
one of the groups by random table number. With non-invasive 
monitoring (heart rate, ECG, non-invasive blood pressure and 
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oxygen saturation), preoperative vital signs were recorded in 
operation theatre. Intravenous line was established with 20G 
branula on left hand and Ringer’s Lactate solution 4-6ml/kg was 
administered before surgery. Group K patients were premedicated 
with IV ketamine 0.75mg/kg 30seconds before administration of IV 
induction agent while group C patients did not receive any 
premedication. After adequate preoxygenation, induction was 
accomplished by using injection propofol 2mg/kg and injection 
atracurium 0.5mg/kg in both the groups. Endotracheal tube of 
suitable size was passed and patient maintained on intermittent 
positive pressure ventilation with tidal volume 10ml/kg and 
respiratory rate 13 breaths per minute. General anesthesia was 
maintained with 50% O2, 50% N2O and 1-2MAC sevoflurane. 
Heart rate and ECG was recorded 30 sec before and continuously 
after traction on extraocular muscles was applied up till the end of 
surgery for any drop in HR or presence of arrhythmias. A decrease 
in HR of equal to or more than 20% on pulse oximetry and ECG or 
presence of arrhythmias in the form of ventricular ectopy, 
ventricular fibrillation or AV block on ECG was documented. 
Percentage change in heart rate was calculated as %age change 
in HR = HR after traction-baseline HR/ baseline HR x 100% 

In patients with HR<50 beats/min, injection atropine 
0.01mg/kg was administered if bradycardia was not resolved within 
20s after traction on extraocular muscles is released. At the end of 
surgery, injection neostigmine 0.04mg/kg and injection atropine 
0.01mg/kg were given to reverse the neuromuscular blockade. 
After the patients maintained adequate spontaneous breathing, 
they were extubated. Patients stayed in PACU for 1 hour after 
which they were shifted to ward.  
Data analysis: collected data was entered to SPSS version 15 
and was analyzed. Qualitative data such as gender or arrhythmias 
was presented as frequency and percentages. Age and heart rate 
was presented as mean ± SD. Comparison of two groups C and K 
was done by applying Chi-square test. Data was stratified for age, 
gender, ASA I/II, BMI. Chi-square test was used taking p-value < 
0.05 as significant. 
 

RESULTS 
 

The study was carried out on a total of 60 patients with 30 in each 
group. The patients of Group K were premedicated with ketamine 
while patients of Group C were not given any premedication. 
Overall the mean age of cases in this study was 18.48 ± 4.77 
years while mean age in Group C and K was 19.83 ± 4.15 years 
and 17.13 ± 5.03 years respectively (Table -1). There were 31 
male (51.7%) and 29 female (48.3%) cases in this study. In Control 
group, 18(60%) male and 12(40%) female cases were present 
while Ketamine group comprised of 13(43.33%) male and 
17(56.67%) female cases (Fig-1). 

In control group, 15(50%) cases had arrhythmia and 
15(50%) cases did not develop arrhythmia while in Ketamine 
group, 4(13.33%) cases had arrhythmia and 26(86.67%) cases did 
not develop arrhythmia (Fig-2). The mean heart rate in Control 
group was 118.77±6.92 / minute and in Ketamine group the mean 
heart rate was 101.57±15.65 / minute (Table -2). In Control group, 
Oculocardiac reflex did not occur in 7(23.3%) cases only while 
23(76.7%) cases had Oculocardiac reflex while in Ketamine group, 
there were 24(80%) cases in which Oculocardiac reflex was 
prevented while in 6(20%) cases Oculocardiac reflex was not 
prevented. The frequency of Oculocardiac reflex prevention was 
statistically higher in Ketamine group when compared with control 
group, p-value < 0.05 (Table -3). 
 
Table 1: Descriptive statistics of age (years) in both study groups  

Study groups  Mean S.D Min. Max. 

Control group 19.83 4.15 10 25 

Ketamine group 17.13 5.03 10 25 

Total 18.48 4.77 10 25 

 

Table 2: Descriptive statistics of heart rate in both study groups  

Study groups  Mean S.D Min. Max. 

Control group 118.77 6.92 108.00 130.00 

Ketamine group 101.57 15.65 80.00 130.00 

Total 110.17 14.80 80.00 130.00 

 
Table 3:Frequency prevention of oculocardiac reflex in both groups  

Prevention of 
Oculocardiac reflex 

Groups 
Total 

Control Ketamine  

Yes 7(23.3%) 24(80%) 31(51.7%) 

No 23(76.7%) 6(20%) 29(48.3%) 

Total 30(100%) 30(100%) 60(100%) 

Chi-square = 19.288     p-value < 0.001 
 
Fig-1: Gender distribution of cases in both groups 

 
Fig-2: Frequency distribution of arrhythmias in both groups 

 
DISCUSSION 
 

Different methods have been used to block OCR which include 
maintaining adequate anesthetic dephth, normoxia, normocapnia 
and anticholinergic premedication. However, none of them have 
proven completely effective23. 90% of patients who don’t receive 
anticholinergic premedication develop OCR. This can be reduced 
to 50% by using atropine or glycopyrrolate, atropine being more 
effective18. OCR can also be inhibited by retrobulbar block with 2% 
xylocaine alongwith atropine premedication as demonstrated by 
Misurya et al19. Moreover, Gupta et al revealed lower occurence 
and severity of OCR in children receiving peribulbar block with 
0.25% bupivacaine20. 

Ketamine is an anaesthetic agent with intrinsic analgesic and 
amnestic properties. Ketamine activity is due to NMDA receptor 
antagonism21. Ketamine also causes the sympatho-neuronal 
release of norepinephrine. Positive chronotropic effects of 
ketamine are due to central inhibition of efferent cardiac vagal 
drive and not due to baroreflex function22.  

In current study, in control group Oculocardiac reflex did not 
occur in 7(23.3%) cases only while in Ketamine group, there were 
124(80%) cases in which Oculocardiac reflex was prevented. The 
frequency of Oculocardiac reflex prevention was statistically higher 
in Ketamine group in comparison to control group, p-value < 0.05.  
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The usefulness of ketamine is also reported by another study i.e. 
occurrence of OCR in control group is 63% and in ketamine group 
is 20%.1 This survey consisted of 90 patients (aged 4-10 years) 
divided into three groups. Ketamine was given to Group K patients 
as an induction agent, Group A was given intravenous atropine as 
premedication and Group C was not given any premedication 
preoperatively. This survey revealed that induction, in the patients 
of squint surgery, with ketamine effectively blunts OCR and blocks 
any harmful effects of dysrhythmias during eye surgery when 
compared with atropine or control group1. 

Similarly, Choi SH et al studied in 2007 that the occurrence 
of OCR was remarkably lower in the ketamine groups [4/40 in 
Group K1 (ketamine 1mg/kg) and 1/40 in Group K2 (ketamine 
2mg/kg)] while the incidence was 14/40 in propofol group. Hence, 
intravenous ketamine 1 or 2mg/kg on induction results in a lower 
incidence of OCR as compared to propofol when used with 
sevoflurane in children undergoing strabismus surgery9. This study 
is comparable with our research. 

Recently, a trial was carried out by Kamal Al-Den et al that 
had similar results to our study. This clinical trial studied the impact 
of atropine and ketamine on oculocardiac reflex during strabismus 
surgery. They concluded that incidence of OCR is reduced 
significantly on induction with ketamine 1mg/kg in comparison with 
atropine & control groups which showed significant decrease in 
PONV3. 

Similarly, Mizark et al performed a clinical trial in 2010 to 
correlate the consequences of intravenous ketamine infusion(1-
3mg/kg/hr) and propofol infusion(6-9mg/kg/hr) in children 
undergoing strabismus surgery. The results showed that by using 
anesthetics (P=0.0001) and antiemetics (P=0.004), occurrence of 
oculocardiac reflex (P=0.02) was less in ketamine group. This was 
in agreement to our study. Moreover, the time for recovery 
(P=0.008), agitation score in postoperative area (P = 0.005), Face 
Pain Scale (P = 0.001), Ramsay Sedation Score (P = 0.01) during 
awakening and at 30th minute postoperatively (P = 0.02) was also 
lower with ketamine. So, it can be concluded that ketamine 
infusion is more beneficial than the infusion of propofol in children 
undergoing strabismus surgery23. We did not, however observe all 
these parameters as we purely aimed to see the incidence of OCR 

In agreement to our study, Hahnenkamp et al in 2000 
conducted a clinical trial to find out the result of various anesthetic 
regimens on OCR in pediatric patients undergoing strabismus 
surgery. The different anesthetic agents used were 
propofol+alfentanil, sevoflurane+N2O, ketamine+midazolam and 
halothane+N2O. All patients developed OCR except only 22% 
developed it in ketamine group. Median HR and BP change and 
incidence of atrioventricular rhythm disorders was less with 
ketamine. Hence, like the results of our study, it was concluded 
that ketamine results in minimum haemodynamic changes caused 
by OCR17. 

Safavi et al compared the effects of thiopental, propofol and 
ketamine on OCR during strabismus surgery. The study concluded 
that mean HR was lower in patients receiving propofol as 
compared to patients receiving ketamine and OCR incidence was 
reduced in patients receiving ketamine as compared to patients 
receiving propofol or thiopental. Hence, just as in our study, they 
concluded that induction with ketamine results in minimum 
cardiovascular changes triggered by OCR during strabismus 
surgery14. 

Another clinical trial produced the same results as ours 
which was conducted by Gourdarzi et al in 2019 to assess the 
outcome of pre-emptive dose of IV ketamine (0.15mg/kg) on OCR 
in pediatric patients undergoing strabismus surgery. Results 
revealed that 21(70%) patients in control group and 10(33.3%) 
patients in ketamine group had OCR, the difference being 
significant (P:0.004)13. Therefore, the result of this study was 
consistent with ours. 

In contrast to our study, Oh JN et al conducted a survey in 
2012 to correlate the end-results of ketamine and midazolam on 
OCR in pediatric strabismus surgery. Incidence of OCR (10% vs. 

19.4%) between the two groups was same. The incidence of 
PONV (6.7 vs. 9.7%) and EA (30% vs. 22.6%) was also similar8. 
They concluded that the incidence of OCR was not reduced by 
ketamine as compared with midazolam in pediatric strabismus 
surgery. Furthermore, the risk of PONV and EA is not increased by 
ketamine. Therefore, it is safe to use ketamine during pediatric 
strabismus surgery4. 

Liu Y et al compared the effect of sevoflurane-nitrous oxide 
inhalation anaesthesia with LMA and propofol-ketamine IV 
anaesthesia in strabismus surgery and concluded, as opposed to 
our study, that OCR was remarkably lower in patients receiving 
inhalational anesthesia as compared to TIVA group (P<0.01)24. 
This could be explained by cardiodepressant effect of propofol 
when added to ketamine. 
 

CONCLUSION  
 

It is reported that Oculocardiac reflex can be prevented after pre-
medication with low-dose intravenous ketamine during strabismus 
surgery. Hence, Ketamine may be used to avoid this condition. So, 
by minimizing the risk of OCR the risk of sinus bradycardia, 
ventricular ectopy, AV block, ventricular fibrillation and asystole 
can be avoided. 
Limitations of study: The relation between type of EOM 
manipulated and severity of OCR was not studied. Further studies 
can be done to find out the effect of type of EOM manipulated and 
the degree of OCR. Moreover, the sample size was also limited 
which could disturb the exact outcome. 
Conflict of interest: Nil 
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