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ABSTRACT Introduction: There is a growing need for magnetic resonance imaging (MRI) in children for accurate
diagnosis and appropriate medical treatment. In recent times, small doses of ketamine have been used

along with propofol for pediatric MRI sedation.

Aims And Objectives: to evaluate safety and effectiveness of Ketamine-propofol combination and propofol alone in diagnostic

radiological procedures (MRI) in pediatric patients.

Materials And Methods: The present prospective randomized double blinded study was undertaken at Government General
Hospital, Tirupati. Pediatric patients aged between 2 to 12 years of both sex, belonging to ASA grade I & II and posted for

elective MRI Brain scan were included in the study.

Results: KP group had significantly more reactions than P group. Recovery time (time taken to achieve modified aldrete
recovery score of 9-10) was 37.33+2.88 min and 19.6 +2.67 min in Ketofol group and propofol group respectively.
Conclusion: Ketofol is an attractive combination for procedural sedation.
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INTRODUCTION:

There is a growing need for magnetic resonance imaging
(MRI) in children for accurate diagnosis and appropriate
medical treatment. Children have to lie down motionless
inside a noisy claustrophobic environment for duration often
longer than 30 min. Therefore, the children need deep
sedation for MRI to be completed successfully and without
undesired patient movement, discomfort, pain and anxiety.

Most children who need MRI diagnostic procedures have
neurological diseases, vascular malformation or oncological
tumour growth. Several anesthetic drugs such as intravenous
(i.v.) pentobarbiturate, dexmedetomidine, midazolam,
fentanyl, propofol and oral chloral hydrate have been used for
sedation for pediatric MRI. Of these, propofol is the most
favorable and widely used. But deep sedation with high doses
of propofol can predispose children to airway obstruction,
respiratory depression, hypotension and bradycardia; low
doses may cause patient movement necessitating the scan to
be repeated. Recent studies have shown that the use of
propofol in combination with ketamine for sedation in
ambulatory surgery and emergency procedures provided
better sedation with lesser side-effects than using propofol
alone.

In recent times, small doses of ketamine have been used
along with propofol for pediatric MRI sedation. With this
regimen, subsequent propofol infusion doses needed are
found to be lower than the conventional propofol infusion dose
(100-250 mcg/kg/min). The hypothesis of this study was that
use of low dose of ketamine and propofol would allow MRI
scan completion with faster recovery and lower adverse
events'.

Patients And Methods

The present prospective randomized double blinded study
was undertaken at Government General Hospital, Tirupati.
The institutional ethical committee approved the study and
written informed consent was obtained from all the patients
betfore being included in the study.

Pediatric patients aged between 2 to 12 years of both sex,
belonging to ASA grade I & Il and posted for elective MRI Brain
scan were included in the study. Patients belonging to ASA

grade III or above, a scan expected to last more than 90 min,
patient's refusal, recent upper respiratory infection (URI),
children with obstructive sleep apneaq, difficult airway or one
that required tracheal intubation or laryngeal mask airway,
Behavioral problems (i.e., attention deficit hyperactivity
disorder), Gastroesophageal reflux disease requiring
treatment, Presence of congenital heart disease, A recent
upper respiratory infection, pneumonia or episode of acute
asthma in the preceding 2 weeks, Patients with known
Hypersensitivity to the study drugs, Eggs, Soya beans, History
of propofol allergy, patients with increased intracranial,
intraocular pressure, Patients with Porphyria, Hepatic
dysfunction, Drowsy and comatose patients were excluded
from the study.

The patients were randomly allocated in to two groups using
computer generated random numbers. Group P (Propofol
group; n=30) —received 2 mg/kg of loading dose of Propofol
(MCT-ROF) followed by 0.5 mg/kg iv boluses when it required.
Group KP (Ketofol group; n=30) — received inj.ketamine
1mg/kg and inj.propofol (MCT-ROF) 1mg/kg as loading dose
followed by 0.5 mg/kg iv boluses of propofol when it required.
Inj.Midazolam 30mcg/kg and Inj.Glycopyrrolate 4mcg/kg
were given as premedication to patients in both groups.

Before enrolment, a thorough pre-anesthetic check of the
children was conducted and relevant data collected included
body imaging site and any special concerns such as seizure
disorders, developmental delay, treatment with antiepileptic
medications, or recent upper respiratory infection (URI).
Patients completed a demographic questionnaire and
patients were explained about the procedure and informed
consents were obtained. A pre-procedural fasting of 6 h for solids, 4hrs
for milk and 2 hfor clear fluids was ensured for the MRI.

In the preinduction room, we secured a 22 or 24 gauge
cannula and gave midazolam 0.03 mg/kg i.v. and
glycopyrrolate 0.004 mg/kg iv to the child 10 min before the
scan. After recording baseline heart rate (HR), systolic blood
pressure (SBP), diastolic blood pressure (DBP), respiratory
rate (RR) and SpO2 (oxygen saturation), sleep was induced
with bolus of ketamine (1 mg/kg) and propofol (1 mg/kg) for
those who are assigned to 'KP' group and with Propofol
(2mg/kg) for those who are assigned to 'P' group. Level of
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sedation was assessed using University of Michigan Sedation
Scale (UMSS, 0 = awake and alert; 1 = minimally sedated:
Responds to verbal conversation or sound; 2 = moderately
sedated: Arouses to light tactile stimuli; 3 = deeply sedated:
Arouses to deeper physical stimuli; 4 = unarousable to
stimuli).UMSS = 3 was considered an acceptable level of
sedation for starting the scan; if this level was not achieved,
propofol boluses of 0.5 mg/kg were given.

We noted the induction time that is, time to achieve UMSS 3
after the bolus of ketamine and propofol or with propofol
alone. The child was appropriately positioned on the scan
table using a soft neck roll under the shoulder to slightly
extend the neck, supplemental oxygen at 3-4 L/min was given.
After ensuring the patency of the airway and adequacy of
respiration, the scan was started.

In case of any patient movement, additional propofol bolus
(0.5 mg/kg) was given. On scan completion, awakening time
that is, time to attain UMSS <1 was recorded. HR, MAP RR and
SpO2 were recorded at every 5 min from inducing sedation
until the child's awakening. The scan time that is, time from
start of scan to its completion was also noted. After
awakening, the child was transported to the adjacent recovery
room with supplemental oxygen and pulse oximetry. There
HR, MAE RR and SpO2 were monitored. We assessed the
child at 15 min interval until he/she was ready for discharge
from medical supervision. The discharge time that is, time to
attain modified Aldrete score of >9 was recorded after
transfer to recovery. All children were followed-up
telephonically the next day and the parents asked about any
complications such as behavior changes, motor imbalance,
respiratory problems, nausea or vomiting.

Data analysis was done using SPSS version 21.
Haemodynamics and respiratory data were evaluated using
the unpaired t-test for within group comparisons. Numerical
data are reported as means +/- standard deviation.
Categorical data were analysed using Chi-square test. P <
0.05 was considered as significant and P < 0.0001 as highly
significant (HS).

OBSERVATION AND RESULTS

In present study 60 patients were randomized into two groups
of 30 each. The mean age of the patients in ketofol group was
4.93+2.03 years and in Propofol group was 5.33+2.29 years.
Male / female included in our study are 17/13 and 15/15 in
Ketofol group and Propofol group respectively. The average
weight of the patients in Ketofol and Propofol group are
13.93+4.58 kgs and 14.43+3.70 kgs respectively. The ASA
status (I/II) of the patient are similar in both Ketofol and
Propofol group (14/16 vs 15/15). There was no statistically
significant difference between the Ketofol and Propofol group
with regard to age, gender, weight, ASA class and were
comparable (P > 0.05).

In present study the onset of sedation (Time to achieve UMSS
score of 3) was 44.76+£5.76 sec in ketofol group and 31.1+3.09
sec in Propofol group and it was rapid in propofol group and
statistically highly significant as P=0.0001(HS). Duration of
procedure in Ketofol group and propofol group was
27.33%2.15 min and 28.03%=1.92 min respectively and were
comparable as p > 0.05 (0.189). 1 child (3.33%) in Ketofol
group and 8 (26.67%) children in Propofol group experienced
apnoeic spells and the difference is significantly higher.
(x’=4.706; p=0.03). On comparison of the two groups with
respect to abnormal movements produced, they didn't show
any significant difference. (;*=0.647 P=0.421). Five patients
(16.67%) in propofol group and two patients (6.67%) in Ketofol
group moved during scanning and they were treated with top-
up doses of propofol 0.5 mg/kg iv.

On comparison of the two groups with respect to emergence of
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reactions, KP group had significantly more reactions than P
group (9 children vs one child) (y*=7.68; P<0.05). Recovery
time (time taken to achieve modified aldrete recovery score of
9-10) was 37.33+2.88 min and 19.6+2.67 min in Ketofol group
and propofol group respectively. Recovery was faster in
Propofol group when compared to Ketofol group and it was
statistically highly significant as p = 0.0001. Baseline mean
arterial pressure in Ketofol and propofol group were
84.3+5.81 mm of Hg and 83.7+6.59 mm of Hg respectively.
Baseline heart rate in Ketofol and propofol group were
95.3+9.93 and 93.8+9.73 respectively. In our study there was
no statistically significant difference in baseline
haemodynamic parameters like mean arterial pressure, heart
rate between Ketofol and propofol group and were
comparable asp > 0.05.

Before start of the scan, two groups didn't show significant
difference with respect to mean arterial pressure (p>0.05).
After induction, at every minute, P group showed significantly
very low mean arterial pressure than KP group. (p<0.001)
After recovery from the drug influence again two groups mean
arterial pressure don't showed significant difference. (p>0.05)
In present study, at the end of the procedure mean arterial
pressure was significantly lower in propofol group when
compared to ketofol group (74.6+4.52 mm of Hg vs 82.4+5.58
mm of Hg, p = 0.0001). In our study four (13.3%) patients in
propofol group and no patients in Ketofol group developed
hypotension. All episodes of hypotension were treated with
10ml / kg of crystalloid boluses in propofol group. None of the
patients required vasopressors for correction of hypotension
(Table 1 Graph 1).

Table 1: Showing The Comparison Of Mean Arterial
Pressure In The Two Groups

Mean arterial pressure

Duration KP group P group p-value

0 minutes 84.3+5.81 [83.7+6.59 0.709

5 minutes 83.4+548 [69.7+6.19 0.0001 (HS)
10 minutes 84.0+5.70 |71.6+6.39 0.0001 (HS)
15 minutes 83.2+6.01 [72.4+6.35 0.0001 (HS)
20 minutes 82.9+6.01 |77.7+4.85 0.0005 (HS)
25 minutes 83.2+5.50 [75.1+4.82 0.0001 (HS)
30 minutes 83.0+5.71 |73.9+4.55 0.0001 (HS)
35 minutes 82.4+5.58 |74.6+4.52 0.0001 (HS)
Recovery 82.1+5.61 [82.8+6.22 0.649
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Graph 1 Line Diagram Showing The Comparison Of Mean
Arterial Pressure

During pre induction, two groups didn't show any significant
difference with respect to heart rate (p>0.05). After induction
at every minute, P group showed significantly very low heart
rate than KP group (p<0.001). After recovery from the drug
influence again two groups heart rate don't showed
significant difference (p>0.05) (Table 2 Graph 2)

In this study one patient in propofol group one patient (3.3 %)
developed bradycardia during scan and none of the patients
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in Ketofol group developed bradycardia. It was corrected with
inj.Atropine 0.2 mg iv. In our study none of the patients in either
group developed tachycardia during the procedure.

Table 2: Showing The Comparison Of Heart Rate In The Two

Groups

Heart rate

Duration KP group P group p-value

0 minutes 95.3+9.93  [93.8+9.73 0.557

5 minutes 94.3+10.04 [82.0+8.64 0.0001 (HS)

10 minutes  |93.2+9.33  [82.4+8.93 0.0001 (HS)

15 minutes  [92.3+9.89 [83.3+8.24 0.0003 (HS)

20 minutes  |91.8+10.23 [84.6+8.43 0.0043 (S)

25 minutes  [91.5+10.03 [84.6+8.81 0.0064 (S)

30 minutes  |92.1+10.05 [85.8+8.73 0.012 (S)

35 minutes  [92.7+10.07 |85.8+8.19  [0.005 (S)

Recovery 93.9+9.91 [89.3+8.74 0.0615
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Graph 2 Line Diagram Showing The Comparison Of Heart
Rate

Baseline respiratory rate in Ketofol and propofol group were
21.1+2.40 and 20.8+2.40 respectively. Baseline oxygen
saturation in Ketofol and propofol group were 97.9+1.05 and
97.7+1.28 respectively In our study there was no statistically
significant difference in respiratory rate and oxygen
saturation between Ketofol and propofol group and were
comparable as p > 0.05 (Table 3 graph 3).

Table 3 Showing The Comparison Of Respiratory Rate In
The Two Groups

Respiratory rate
Duration KP group P group p-value
0 minutes 21.1+2.40 [20.8+2.40 0.630
5 minutes 21.5+2.16 |20.5+2.35 0.09
10 minutes  [21.0+2.29  [20.0+1.73 0.06
15 minutes  [20.3+1.99 [19.5+1.74 0.102
20 minutes  [19.7+1.47 [19.4+2.06 0.519
25 minutes  [19.5+1.59 [19.0+1.79 0.257
30 minutes  [18.7+1.51 18.0+2.00 0.131
35 minutes  [18.5+1.48 [17.6+2.50 0.095
Recovery 19.2+1.42 [18.7+2.71 0.374
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Graph 3: Line Diagram Showing The Comparison Of
Respiratory Rates

Respiratory rates of the two groups didn't vary much before
induction, after induction and after recovery (p>0.05). None of
the patients in either group developed bradypnoea during
scanning Oxygen saturation of two groups didn't vary much
before induction, after induction and after recovery (p>0.05)
(Table 4 Graph 4). 2 patients in Propofol developed
desaturation at TS (Spo2 95%) and they are corrected with
increase of Oxygen flow rate (3 lt/min). No patients were
required external manipulation of airway or supraglottic
airway or tracheal intubation for hypoxemia. No patients in
Ketofol group developed hypoventilation or desaturation.
Eight patients in Propofol group (26.6%) and 1 patient in
Ketofol group (3.3%) developed apnoeic episodes during
procedure.

Table 4: Showing The Comparison Of SpO2 In The Two
Groups

SpO,
Duration KP group P group p-value
0 minutes 97.9+1.05 97.7+1.28 0.511
5 minutes 97.7+0.52 97.2+1.34 0.06
10 minutes 97.4+0.63 96.9+1.68 0.132
15 minutes 98+0.76 97.6+1.10 0.107
20 minutes 97.8+0.94 98.2+0.66 0.06
25 minutes 97.8+0.83 97.2+1.56 0.068
30 minutes 97.5+0.57 97.2+0.85 0.114
35 minutes 97.6+0.67 97.5+0.78 0.596
Recovery 98.8+0.61 98.2+1.93 0.110
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Graph 4: Line Diagram Showing The Comparison Of SpO2

DISCUSSION

Propofol (2,6 di-isopropylphenol) is a highly lipophilic
compound that exhibits rapid distribution from the blood to
the subcutaneous fat and the central nervous system
compartments with subsequent redistribution and metabolic
clearance. It is considered to be a short acting anaesthetic
that is both rapid in its onset and short in duration after
cessation. Because of these pharmacokinetic and dynamic
characteristics, propofol became a frequently administered
drug for induction and/or maintenance of anaesthesia in
children and more recently, in neonates.”’

Owing to side effects of propofol in children ] Vanderhaegen et
al®. strongly dissuade the use of continuous administration of
propofol in the first weeks of life and suggest to limit its use in
this specific population to single bolus administration for
induction of anaesthesia or single bolus administration for
procedural sedation. In contrast, a single intravenous bolus
administration might be a very useful tool for short time
procedural sedationKetofol is the combination of ketamine
and propofol in various concentrations which is used for
several procedures. Ketamine, a neuroleptic anesthetic agent,
works on thalamocortical and limbic N-methyl-D-aspartate
(NMDA) receptors™".

It can be given through intravenous or intramuscular routes.
Ketamine stimulates the cardiorespiratory system. A direct
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effect increases cardiac output, arterial blood pressure, heart
rate and central venous pressures. Therefore, it is a valuable
agent for hypotensive or hypovolemic patients, but a less
desirable agent in patients with ischemic heart disease or
raised pulmonary vascular pressure.

The dose regimen of ketofol used in our study were similar to
that used by Divya Sethi, Madhu Gupta et al '. Group KP
(Ketofol group; n=30) - received inj.ketamine 1lmg/kg and
inj.propofol 1mg/kg as loading dose followed by 0.5 mg/kg iv
boluses of propofol when it required. The dose regimen of
propofol used in our study were similar to that used by Eun
Jung Kim et al "'. Group P (Propofol group; n=30) — received 2
mg/kg of loading dose of Propofol followed by 0.5 mg/kg iv
boluses when it required.

In the study conducted by Divya Sethi, Madhu Gupta etal ',
they had given midazolam 0.05mg/kg iv to the child 30 min
before the scan similar to our study which was given as
premedication to calm the children and allay any anxiety
while waiting for their scan and however, it is possible that
midazolam premedication could have also enhanced the
success of the sedation regimen. It also helps to decrease the
induction doses of propofol and ketamine.

In present study the onset of sedation was rapid in ketofol
group when compared to propofol group (31.1+3.09 sec vs
44.76+5.76 sec) and it was statistically highly significant (P =
0.0001). Vesna Marjanovi¢, Ivana Budié¢ et al ? in their study got
the similar finding with regards to onset of action. Before start
of the scan, two groups didn't show significant difference with
respect to mean arterial pressure (p>0.05). After induction, at
every minute, group P showed significantly very low mean
arterial pressure than KP group. (p<0.001)

At the end of the procedure, mean arterial pressure was
significantly lower in propofol group when compared to
ketofol group (74.6+4.52 mm of Hgvs 82.4+5.58 mm of Hg, p =
0.0001). After recovery from the drug influence again two
groups mean arterial pressure didn't show significant
difference. (p>0.05)

In this study four (13.3%) patients in propofol group and no
patients in Ketofol group developed hypotension. All episodes
of hypotension were treated with 10ml / kg of crystalloid
boluses in propofol group. None of the patients required
vasopressors for correction of hypotension. Similar changes
in mean arterial blood pressure were observed in a study
conducted by Gamal T. Yousef, Khalid M. Elsayed et al.,” on
clinical comparison of ketofol (ketamine and propofol
admixture) versus propofol as an induction agent on quality of
laryngeal mask airway insertion and haemodynamic stability
in children where they found that the mean blood pressure
was significantly decreased in the P group compared to the KP
group at all measurement points (P < 0.05) and was
significantly lower than the basal level in the P group (P <
0.005).

In our study one patient in propofol group (3.3 %) developed
bradycardia during scan and none of the patients in Ketofol
group developed bradycardia. It was corrected with
inj.Atropine 0.2 mg iv. In our study none of the patients in either
group developed tachycardia during the procedure. Similar
changes in heart rate were observed in a study conducted by
Gamal T. Yousef, Khalid M. Elsayed et al.,’® on clinical
comparison of ketofol (ketamine and propofol admixture)
versus propofol as an induction agent on quality of laryngeal
mask airway insertion and haemodynamic stability in
children where they found that the heart rate was significantly
decreased in the P group (P < 0.05), while it remained
comparable to basal level in the KP group at all measurement
points. The difference between the two groups was found to be
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statistically significant (P < 0.005).

In previous studies conducted by Akin A, Esmaoglu A, Tosun Z,
et al.," showed that there were no cases of desaturation in the
ketofol group, but in the propofol group 4/30 experienced
desaturation and 6/30 had apnea and our study results
correlate with these studies with regards to respiratory rate
variations.

In our study results were in line with those reported in studies
by Vesna Marjanovi¢, Ivana Budic et al.,” where they observed
that the shortest period of recovery after performing deep
sedation was registered in propofol group (p <0.001) when
compared to ketofol group Bradycardia was observed in one
patient (3.3%) in propofol group and none in ketofol group
which was similar to that of studies conducted by Burton JH, et
al.,” and Gamal T. Yousef & Khalid M. Elsayed et al.,” and
was corrected with inj.Atropine 0.2 mg iv.

In present study, eight patients in Propofol group (26.6%) and
one patient in Ketofol group (3.3%) developed apnoeic
episodes during procedure which was statistically significant
(P = 0.03) And similar results were obtained in the study
conducted by Gamal T. Yousef & Khalid M. Elsayed et al.,” (P
< 0.05). Two patients in Propofol group developed
desaturation at TS (Spo2 95%) and they were corrected by
increasing oxygen flow rate to 5 lit/min.

CONCLUSION

Ketofol is an attractive combination for procedural sedation as
it results in improved haemodynamic stability with less
prolonged apnoea, better sedation, and enhanced patient
comfort and safety when compared to propofol alone.
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