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Intravenous infusion of ketamine–propofol can be 
an alternative to intravenous infusion of fentanyl–
propofol for deep sedation and analgesia in 
paediatric patients undergoing emergency short 
surgical procedures
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ABSTRACT

Background: Paediatric patients often present with different painful conditions that require 
immediate surgical interventions. Despite a plethora of articles on the ketamine–propofol 
combination, comprehensive evidence regarding the suitable sedoanalgesia regime is lacking 
due to heterogeneity in study designs. Methods: This prospective, randomized, double-blind, 
active–controlled trial was conducted in 100 children, of age 3–14 years,  American Society of 
Anesthesiologist physical status IE-IIE, posted for emergency short surgical procedures. Patients 
were randomly allocated to receive either 2 mL of normal saline (pre-induction) plus calculated 
volume of drug from the 11 mL of ketamine–propofol solution for induction (group PK, n=50) or 
fentanyl 1.5 μg/kg diluted to 2 mL with normal saline (pre-induction) plus calculated volume of 
drug from the 11 mL of propofol solution for induction (group PF, n=50). In both the groups, the 
initial bolus propofol 1 mg/kg i.v. (assuming the syringes contained only propofol, for simplicity) 
was followed by adjusted infusion to achieve a Ramsay Sedation Scale score of six. Mean 
arterial pressure (MAP) was the primary outcome measurement. Results: Data from 48 patients 
in group PK and 44 patients in group PF were available for analysis. Hypotension was found in 
seven patients (14.6%) in group PK compared with 17 (38.6%) patients in group PF (P=0.009). 
Intraoperative MAP was significantly lower in group PF than group PK when compared with 
baseline. Conclusion: The combination of low-dose ketamine and propofol is more effective and 
a safer sedoanalgesia regimen than the propofol–fentanyl combination in paediatric emergency 
short surgical procedures in terms of haemodynamic stability and lesser incidence of apnoea.
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INTRODUCTION

Paediatric patients often present to the emergency 
department with different painful conditions that 
require immediate surgical interventions. The choice of 
anaesthetic agent to provide deep sedation and analgesia 
in these patients varies highly. Ketamine has already 
played a safe and effective role as a sole anaesthetic 
agent with a few limitations like delayed recovery, 

emergence phenomenon and nausea and vomiting.[1] 
Subsequently, there is an increase in the use of propofol 
due to its favourable pharmacokinetics.[2] However, 
propofol is associated with dose-dependent respiratory 
depression, hypotension and no intrinsic analgesic 
property. Addition of fentanyl to propofol compliments 
the analgesic property. Concomitant opioid use reduces 
the dose requirements of each other, but the respiratory 
depression is supposed to be heightened. Theoretically, 
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the combination of ketamine and propofol would allow 
a reduction in dose requirement of each agent, like the 
combination of fentanyl and propofol.

Despite a plethora of articles on the ketamine–propofol 
combination, a comprehensive evidence is still lacking 
probably due to heterogeneity of clinical studies and 
various study designs.[3-10] Among these, a few authors 
have studied the mixture of ketamine–propofol[3-5,10] in 
the form of infusion. To the horizon of our knowledge, 
only one case series (of four patients) has compared 
continuous infusion of the ketamine–propofol mixture 
with propofol alone[10] in paediatric patients. Another 
study[7] has compared ketamine–propofol versus 
fentanyl–propofol, where the investigators used 
propofol infusion alone throughout the procedure in 
both the groups after the bolus administration of the 
respective mixtures in the designated groups.

This study was carried out to compare the effectiveness 
and safety of intravenous infusion of the ketamine–
propofol combination with the conventional fentanyl–
propofol combination for emergency short surgical 
procedures in paediatric patients. We hypothesised 
that infusion of the ketamine–propofol combination 
would have more favourable haemodynamics and 
a better recovery profile than the infusion of the 
fentanyl–propofol combination in case of emergency 
short surgical procedures in the healthy paediatric 
patient population.

METHODS

This prospective, randomized, double-blind, active-
controlled trial was conducted after getting the 
permission from the Hospital Ethics Committee. 
Children aged 3–14 years, of American Society of 
Anesthesiologist (ASA) physical status IE-IIE, posted 
for emergency short surgical procedures like reduction 
of fracture dislocation, incision and drainage of 
abscess and dressing-debridement of wounds, were 
included in this study. The exclusion criteria were 
known allergy or contraindication to either study drug, 
patient’s/parent’s refusal, head injury, seizure disorder, 
psychological disorders, ingestion of psychotropic or 
sedative medication, congenital heart disease, severe 
obesity (body mass index >35 kg/m2) and full stomach 
patients. Written informed consent was obtained from 
the guardian of the patients after proper discussion 
of the study procedure and risk benefits in the 
language they understand. We performed a pilot study 
to calculate the sample size. We found hypotension 

in 50% of the patients in the propofol–fentanyl group 
compared to with 20% in the ketamine–propofol 
group. Considering the level of significance (α) as 
0.05, power of the study (1-b) as 80% and expecting 
an improvement in the incidence of hypotension of 
about 30% between the two groups, the sample size 
was estimated to be 40 in each group. Considering 
a dropout ratio of 25%, a total of 100 patients were 
included in the study. Patients were randomly 
allocated by the “sealed envelope technique” to one of 
two groups pre-operatively, and received either of the 
following two regimens:
1. In group PK (n=50): 2 mL of normal saline 

(pre-induction) and calculated volume of drug 
from 11 mL of the ketamine–propofol solution 
for induction

2. In group PF (n=50): fentanyl 1.5 μg/kg diluted 
to 2 mL with normal saline (pre-induction) and 
calculated volume of drug from 11 mL of the 
propofol solution for induction.

In case of group PK, a ketamine–propofol solution 
(1:2) was prepared by mixing 1 mL ketamine 
(50 mg/ mL) with 10 mL propofol 1% (10 mg/mL) so 
that each milliliter of the ketamine–propofol solution 
was contained of 9.0909 mg propofol and 4.5454 mg 
ketamine (approximately rounded off to 9 mg of 
propofol and 4.5 mg of ketamine, respectively). In case 
of group PF, 10 mL propofol 1% was mixed with 1 mL of 
normal saline so that each milliliter was contained of 
9.0909 mg of propofol (rounded off to 9 mg/mL).

The anaesthesiologist who gave the drugs and 
assessed the parameters was blinded to the study 
drugs because the drugs were prepared by a separate 
anaesthesiologist who was not involved in the study 
procedures, and the colours of the prepared drugs 
were the same.

After taking the weight, the patient was transferred 
to the operating room. Monitors [electrocardiography 
non-invasive blood pressure (NIBP) and pulse 
oximeter] were attached and the baseline values 
were noted. An intravenous (iv) line was made and 
infusion with lactated Ringer’s solution was started. 
Inj. ranitidine (1 mg/kg) and inj. metoclopramide 
(0.15 mg/kg) iv were slowly given as premedication, 
30 min before starting the procedure.

Group PK received 2 mL of normal saline iv and group 
PF was given inj. fentanyl 1.5 μg/kg iv, the volume 
of which was made to 2 mL. Both the interventional 
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drugs were given as an initial bolus dose of 1 mg/kg 
propofol iv (considering the syringes contained only 
propofol for simplicity). Then, infusion was started 
at the rate of 50 μg/kg/min. The level of sedation was 
assessed at 1-min intervals and the infusion rate was 
adjusted accordingly with a backup plan provided to 
the anaesthesiologist to achieve a Ramsay Sedation 
Scale (RSS) score of 6. As soon as the desired level of 
sedation was achieved, an appropriate size of laryngeal 
mask airway (LMA) was inserted and patients were 
maintained on spontaneous respiration. An end tidal 
carbon dioxide concentration (EtCO2) probe was 
attached between the LMA and the breathing system. 
Increase in heart rate, blood pressure, respiratory 
rate or body movement on initiation of the surgical 
procedure was considered as inadequate analgesia and 
were managed accordingly by increasing the study 
drug infusion rate, and noted.

NIBP and heart rate were measured before induction 
(baseline), after induction and then at every 5-min 
interval for 15 min and then at every 15-min interval 
till the completion of the procedures. EtCO2 and oxygen 
saturation were monitored continuously throughout 
the perioperative period and intermittently recorded. 
The patients were also assessed for desaturation 
or apnoea, which can be defined as a 10% decrease 
in SpO2 when compared with baseline or cessation 
of respiration for 15 s or more, respectively, and 
were managed accordingly by assisting ventilation. 
Hypotension was considered when the mean arterial 
pressure (MAP) dropped by >20% of the baseline 
MAP and managed accordingly by fluid bolus or 
vasopressors. Bradycardia was defined as heart rate 
less than 60 beats/min and managed with atropine 
20 mcg/kg iv. Any movement of the patient suggestive 
of pain was treated with increase in the study drug 
infusion rate, and was noted.

The study drug infusion was discontinued at 
the end of the surgical procedure, and total drug 
consumption was noted. After reaching the RSS score 
of 3, LMA was removed after proper suctioning of the 
oropharynx if required. The recovery time (i.e., the 
time from discontinuation of infusion of the study 
drug and achievement of RSS score of 3) was noted 
and patients were transferred to the recovery room. 
The recovery room anaesthesiologist was blinded to 
the study medication received by the patients. The 
incidence of any episode of post-operative nausea and 
vomiting (PONV) or any other adverse events (e.g., 
hallucinations, agitation or pain) were noted by the 

recovery room anaesthesiologist and were managed 
accordingly. The patients’ vital signs were assessed at 
5-min intervals for the first 15 min and then at every 
15-min intervals. Any incidence of desaturation or 
hypotension was managed by giving oxygen through 
nasal prong or fluids and vasopressors, respectively. 
Patients were discharged from the recovery room after 
attaining an Aldrete Recovery Scale Score of 9. Time 
taken to achieve this score was noted.

RESULTS

Both the groups were comparable demographically 
[Table 1]. Six patients in group PF and two patients in 
group PK were excluded due to violation of the study 
protocol.

In our study, hypotension was found in seven patients 
(14.6%) in group PK compared with 17 (38.6%) in group 
PF (P=0.009). Bradycardia was found in 10 patients 
(22.7%) in group PF compared with none in group 
PK (P<0.000). Emergence reaction occurred in five of 
48 patients (10.42%) in group PK, who were managed 
with i.v. midazolam 0.05 mg/kg. PONV occurred in 
five of 48 patients (10.42%) in group PK and in three 
of 44 (6%) patients in group PF. This was controlled 
with iv ondansetron 0.1 mg/kg. Apnoea occurred in 
4.16% patients (two of 48) in group PK compared with 
18.18% patients (eight of 44) in group PF (P=0.031) 
[Figure 1]. Lower EtCO2 value was observed in group 
PK than in group PF [Figure 2].

Intraoperative MAP was significantly higher in group 
PK than in group PF when compared with baseline. 
Intraoperative MAP was significantly lower in group 
PF than in group PK when compared with baseline. 
Although MAP decreased in both the groups after 
induction as well as during the intraoperative period, 
the decrease was much more significant in group PF 
[Table 2, Figure 3].

Table 1: Demographic parameters
Parameters Group-PK 

(n=48)
Group-PF 

(n=44)
Age (yr) 8.44±2.39 8.75±2.89
Weight (kg) 20.63± 4.81 21.36± 6.24
ASA physical status (I/II)$ 24/24 29/15
Sex (male: female)$ 32:16 27:17
Type of surgery (DD/FRM/ID)$ 10/27/11 9/24/11
Duration of surgery (min) 35.48±7.12 34.11±7.03
Data are expressed as mean±SD except marked $which are categorical. 
Group-PK, ketamine-propofol combination (1:2); Group-PF, fentanyl-propofol 
combination. DD: Dressing and debridement; FRM: Fracture reduction and 
manipulation; ID: Incision and drainage of abscesses; ASA: American Society 
of Anesthesiologist
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DISCUSSION

In the present study, hypotension occurred in 17 
of 44 patients (38.63%) in group PF compared with 
seven of 48 patients (14.58%) in group PK. The 
ketamine–propofol combination is thought to act by 
counteracting the side-effects of each other, preserving 
the sedative efficacy. The present study also showed 
that the amount of propofol needed to achieve a deep 
sedation level was much lower in case of the ketamine–
propofol group than in case of the fentanyl–propofol 
group, which contributed to the lower incidence of 
hypotension and apnoea. Akin and colleagues found 
better maintenance of MAP without prolonging 
recovery in the ketamine–propofol (3:1) combination 
group than in the propofol monotherapy group.[11]

In the current study, continuous infusion was used 
to maintain a steady state sedation level. To quantify 
the level of sedation, the RSS score has been used. 
This score is simple, easy to use and especially 
useful in any set-up where monitors measuring the 
consciousness level like electroencephalography (EEG) 
and bispectral index (BIS) are absent. It is difficult to 
maintain moderate sedation due to inter-individual 
variation in central nervous system sensitivity and 
drug-redistribution. Antisialogogue was avoided to 
prevent drying up of bronchial gland secretion and 
undue increase in dead space. LMA, like tracheal 
tube, bypasses the physiological humidification. 
Maintenance of normal salivary secretion was used 
as a natural lubricant for LMA insertion. Regular 
checks for any abnormal accumulation of secretions 
were performed. No immediate post-operative 
adverse events like breath holding, laryngospasm, 
bronchospasm or peripheral arterial haemoglobin 
oxygen desaturation have been observed in the present 
study in spite of not using any antisialogogue.

In the present study, improved ventilation (evident 
by lower EtCO2 value) was seen in case of the 

Table 2: Intraoperative MAP between the two groups
MAP (mm Hg) Group-PK (n=48) Group-PF (n=44)
Baseline 77.60±5.62 76.91±5.93 
After induction 69.19±4.98 63.20±3.50 
5 min 71.27±4.68 64.23±4.68 
10 min 70.58±4.55 63.98±4.43 
20 min 70.06±4.30 64.73±4.41 
30 min 69.95±4.20 65.35±4.11 
45 min 68.17±1.47 63.60±2.30
P<0.05 – considered significant. Data are expressed as mean±SD; Group-
PK: Ketamine-propofol combination (1:2); Group-PF: Fentanyl-propofol 
combination. MAP: Mean arterial pressure
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Figure 1: Incidences of adverse events
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Figure 2: Trend of end tidal carbon dioxide concentration values 
throughout the intraoperative period
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Figure 3: Intraoperative mean arterial pressure between the two groups

Total drug consumed in terms of calculated propofol 
was higher in group PF compared with group PK 
(93.08±23.31 mg and 57.71±16.97 mg, respectively, 
P=0.000). Recovery times were significantly longer in 
group PK compared with group PF (10.19±2.59 min and 
8.43±1.23 min, respectively, P=0.000). But, the time to 
achieve Aldrete Recovery Scale Score of 9 is significantly 
higher in group PF than in group PK (16.48±5.42 min 
and 13.48±5.04 min, P=0.007) [Table 3].
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ketamine–propofol group than in case of the fentanyl–
propofol group. This may be due to ketamine-induced 
sympathoadrenal activation. Simultaneous use 
of EtCO2 and pulse oximeter helped us to quickly 
detect the incidences of apnoea and thus prevent 
any significant desaturation. Capnography has been 
recommended as a mandatory monitoring during 
sedation.[12]

Ketamine and propofol have been shown to be 
pharmaceutically compatible when mixed together 
in the same syringe.[13] The mixture of ketamine and 
propofol into a single syringe in a 1:2 ratio offers 
a simple and practical approach to medication 
preparation and use. Several authors[3,14,15] have 
used ketamine–propofol combinations in various 
ratios (1:1 to 1:5). All such combinations maintained 
haemodynamic stability. Increased discharged time 
was found where a higher proportion of ketamine was 
used. In the present study, the recovery time in group 
PK was within the acceptable range apparently but 
was significantly longer than that of group PF. Slower 
clearance of ketamine in comparison with fentanyl 
is probably responsible for this. Higher incidence of 
apnoea has been observed intraoperatively in group 
PF. This higher incidence of respiratory depression and 
hypotension in group PF might have contributed to 
the late achievement of the Aldrete score of 9, because 
this score consists of parameters like respiration 
and circulation besides other parameters (activity, 
consciousness and colour).

Emergence reactions and vomiting are considered to be 
significant adverse effects of ketamine usage, occurring 
more often in adults than in children.[16] Although there 
is a higher incidence of emergence reaction and PONV 
in group PK compared with group PF, this incidence 
rate is lower than the usual incidence rate of ketamine 
alone. Emergence phenomena as high as 50% in adults 
has been reported by others.[17] This can probably be 
explained by the counteraction of propofol, with its 
sedative and antiemetic properties, which reduced the 
overall incidence rates of both these adverse events of 
ketamine.[15,16] Nil per oral (NPO) is usually a part of 
sedation policies. But, the emergency department did 

not have the luxury of prolonged NPO status. Recent 
studies also found no association between the period 
of fasting and the incidence of adverse events.[1,18]

Positive outcome of this study can be expressed in 
the form of number-needed-to-treat (NNT). While 
calculating NNT, it was approximately four. Therefore, 
four extra patients in group PF would need to be 
treated with newer regimen ketamine–propofol (1:2) 
to achieve prevention of hypotension in one patient.

CONCLUSION

The current study concludes that the ketamine–
propofol combination provides better sedoanalgesia 
and decreases the incidence of hypotension than the 
fentanyl–propofol combination. Low-dose ketamine–
propofol infusion is a more effective and a safer 
sedoanalgesia regimen than propofol–fentanyl infusion 
in paediatric emergency short surgical procedures in 
terms of haemodynamic stability and lesser incidence 
of apnoea. Although the compatibility of the ketamine–
propofol mixture in the same syringe has been studied 
by other authors previously, the physical stability of 
ketamine–propofol mixtures of different ratios and 
maintenance of that stability over time are yet to be 
elucidated.
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