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INTRODUCTION

Perioperative use of dexmedetomidine as an adjunct 
to general anaesthesia has been shown to have a 
smooth and haemodynamically stable intraoperative 
and post-operative course because of its analgesic and 
anaesthetic sparing effect and cardiovascular stabilising 
effects without respiratory depression.[1,2] However, the 
slow onset and offset of action of dexmedetomidine 
is the major limitation of its use.[3] Hence, several 
drugs have been studied to be used as adjuvant to 
perioperative dexmedetomidine infusion. Fentanyl 
with dexmedetomidine has explicated a better 
clinical outcome compared to dexmedetomidine 

alone.[4] But the cardiorespiratory depressant effect of 
opioids can aggravate the well-known side effects of 
dexmedetomidine like bradycardia and hypotension.[5] 
On the other hand, ketamine [an N-Methyl-D-aspartate 
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ABSTRACT

Background and Aims: Intraoperative dexmedetomidine infusion decreases the concurrent 
anaesthetic and analgesic requirement. However, because of slow onset and offset, it is often 
used with other drugs. Opioids have a depressant effect on the cardiorespiratory system while 
ketamine has the opposite pharmacodynamics. Hence, it was hypothesised that ketamine will 
have a better intraoperative haemodynamic profile compared to fentanyl. This study compared the 
clinical effects and recovery characteristics of ketamine versus fentanyl when used as an adjuvant 
along with dexmedetomidine infusion intraoperatively. Methods: A total of 80 patients (18-60 years) 
undergoing major surgeries were divided into two groups: Group (D + K) received an intraoperative 
infusion of ketamine 0.5 mg/kg/h, while group (D + F) received fentanyl 0.5 µg/kg/h along with 
intravenous dexmedetomidine 0.5 µg/kg/h. Intraoperative heart rate (HR), mean blood pressure, 
and oxygen saturation were recorded at 0 min, 10 min of induction, and thereafter every 30 min 
throughout the procedure. Ramsay sedation score (RSS) and visual analogue scale (VAS) score 
were measured at the end of the surgery, at 2 hours, 4 hours, and 6 hours. Results: Reduction 
in HR and mean blood pressure was more with a tendency of developing hypotension in the 
fentanyl group compared to the ketamine group. Post-anaesthesia care unit (PACU) stay, need 
for muscle relaxant and VAS score for pain were also significantly lesser in the ketamine group. 
Conclusion: Dexmedetomidine with ketamine provided better haemodynamic stability and reduced 
PACU stay compared to dexmedetomidine with fentanyl.
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(NMDA) receptor antagonist] causes tachycardia, 
hypertension, salivation, nausea and emergence 
delirium but has a faster onset of action.[6,7] Thus, the 
antagonising adverse effect profile of the two drugs 
can have a synergistic combination allowing smoother 
anaesthesia and recovery profile. The use of ketamine 
allows faster onset of action, thereby eliminating the 
slower onset seen with dexmedetomidine alone.[8]

Dexmedetomidine has been studied for its effects via 
several routes like intravenous, intranasal, intrathecal, 
intramuscular and oral.[9] Also, it has been studied with 
several adjuvants for effect potentiation. However, there 
are no studies directly comparing the intraoperative and 
post-operative effects of fentanyl versus ketamine, when 
used with dexmedetomidine infusion. One recent study, 
compared dexmedetomidine and ketamine combination 
with dexmedetomidine, midazolam and fentanyl 
combination for procedural sedation in the adult 
population. This failed to show any significant difference 
between onset time, recovery time and cardiorespiratory 
variables. In that study, local anaesthetic was also 
infiltrated, probably requiring a lesser dose of 
intravenous drugs. Hence, the cardiorespiratory effects 
of adjuvants could not have been evident in that study.[8]

Therefore, this study was conducted to compare 
the clinical effects and recovery characteristics of 
intraoperative dexmedetomidine with ketamine 
versus dexmedetomidine with fentanyl infusion. The 
primary objectives were to compare haemodynamic 
parameters and recovery characteristics 
[emergence and agitation using Ramsay sedation 
scale (RSS), duration in post-anaesthesia care unit 
(PACU)] when using intraoperative dexmedetomidine 
infusion with ketamine versus fentanyl as an adjuvant. 
Secondary objectives were to compare the anaesthetic 
sparing effect, the need for post-operative rescue 
analgesia and adverse effects in post-operative periods 
like bradycardia, hypotension, nausea and vomiting 
between the two groups.

METHODS

After approval from the institutional research and ethical 
committee (ECR/Bhu/Inst/UP/2013/Re-registration-2017 
dated 2018 Feb 23), this double-blinded, prospective, 
randomised controlled trial was conducted from July 
2018 to December 2019 at a tertiary care hospital. The 
study was conducted according to the Declaration 
of Helsinki principles. After taking written informed 
consent, American Society of Anesthesiologists (ASA) 

physical status I and II patients, aged between 18 and 
60 years, undergoing major abdominal or head and 
neck onco-surgeries were included. Patients with ASA 
grade III or more; heart block, arrhythmias, basal heart 
rate less than 60/min, patients on beta-blockers or 
calcium channel blockers, known allergy to study drug, 
lack of consent, known chronic use of analgesics and 
sedatives, renal and hepatic dysfunction; psychiatric 
disorders; and respiratory disorder and sleep apnoea 
were excluded [Figure 1].

A sample size of 34 in each group was calculated 
at 90% power with a significance level (α) of 
0.05, and an effect size of 0.8, using a two-tailed 
independent t-test (G*Power software ver. 3.1.9.4; 
Heinrich-Heine-Universität Düsseldorf, Düsseldorf, 
Germany). Several previous similar studies have effect 
sizes between 0.4 and 0.9. Hence, we chose the large 
effect size (0.8) for sample size calculation, so that 
even if a statistically significant result is obtained, it 
must be large enough to be of practical significance 
to be implied in our clinical applications. The sample 
size was increased to 40 patients per group assuming 
15% intraoperative exclusions/dropouts. Patients 
were randomly divided into two study groups using 
computerised randomisation using a 1:1 allocation 
ratio. Allocation concealment was done using white 
sealed envelopes containing the study drug for the 
unblinded team. To maintain uniformity throughout 
the study, each drug was from one brand – ketamine 
hydrochloride (Ketamine 50 mg/ml, Themis Medicare 
Limited, India), fentanyl (Fent 50 µg/ml, Neon 
Laboratories Ltd) and dexmedetomidine hydrochloride 
(Dexem 100 µg/ml, Themis Medicare Limited, India). 
Randomly allocated coded syringes containing 
either fentanyl or ketamine were prepared by an 
anaesthesiologist not involved in either conducting 
the case, data recording or for monitoring during the 
intra-and post-operative periods. The method of drug 
dilution was as follows: In one group, intravenous (IV) 
fentanyl (50 µg per ml) at 0.5 µg/kg/h was started 
(2 µg per ml). The other group received ketamine IV 
infusion at 0.5 mg/kg/h (50 mg per ml and 2 mg per ml). 
Dexmedetomidine was prepared in a standardised 
manner in the concentration of 4 µg/ml (200 µg diluted 
in 50 ml normal saline) for both groups. Baseline 
demographic and cardiorespiratory parameters were 
noted in both groups upon arrival of the patient in 
the operating room. The patients were pre-oxygenated 
and pre-medicated with intravenous fentanyl 1.5 µg/kg 
and midazolam 30 µg/kg IV, induced by administering 
injection propofol (till loss of verbal command) 
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and injection vecuronium 0.1 mg/kg as muscle 
relaxant. The patient was intubated when there was 
a disappearance of three (T1) or all twitches (T0) after 
train of four (TOF) stimuli, and clinical conditions 
were satisfactory like relaxed jaw, absence of coughing, 
gagging, swallowing, etc. Maintenance of anaesthesia 
was done with isoflurane and nitrous oxide in both 
groups. Immediately after intubation, intraoperative 
infusion of the following agents was started: Group 1: 
D + K Group – Intraoperative infusion of intravenous 
(IV) dexmedetomidine 0.5 µg /kg/h in combination 
with ketamine 0.5 mg/kg/h. Group 2: D + F 
Group - Intraoperative infusion of IV dexmedetomidine 
0.5 µg/kg/h in combination with fentanyl 0.5 µg/kg/h.

Intermittent muscle relaxant requirement was 
assessed by a TOF response. Mechanical ventilation 
was maintained by volume control mode to keep the 
end-tidal carbon dioxide (EtCO2) between 30 and 
35 mmHg. After the induction of anaesthesia, mean 
arterial pressure (MAP) and heart rate (HR) were 
maintained at 20% above or below the baseline values. 
Hypotension (MAP value <60 mmHg), not responding 
to a decrease in the inspired isoflurane concentration, 
was managed with fluid challenges or mephentermine 
5 mg IV boluses. Bradycardia (HR <60 beats per min) 
persisting for >2 min was treated with atropine 
20 µg/kg. Infusion of study drugs was terminated 

after skin closure and neuromuscular block were 
antagonised with neostigmine (50 µg/kg) and 
glycopyrrolate (20 µg/kg). The patient was extubated 
once appropriate extubation criteria were met. The 
duration between the termination of anaesthetic gases 
and the extubation was defined as ‘extubation time’.

The primary outcome measured has intraoperative HR, 
MAP, peripheral capillary oxygen saturation (SpO2), 
EtCO2, which were recorded at 0 min, 10 min of 
induction and thereafter every 30 min throughout 
the procedure; and also measured after extubation, 
5 min after extubation and 2 h in the post-operative 
period. On arrival at the PACU, RSS was assessed at 
admission to PACU as well as 60 min later. Secondary 
outcomes included were pain assessment on 10-point 
visual analogue scale (VAS) at the end of the surgery, 
at 2 hours, 4 hours and 6 hours. IV tramadol (1 mg/kg, 
maximum three times a day) was administered for 
rescue analgesia. It was administered if the VAS score 
was	≥4	at	rest	or	≥5	at	movement.	After	arrival	in	the	
PACU, oxygen saturation, MAP and HR were noted. 
Duration of PACU stay, time of administration of 
first analgesic for each patient, emergence delirium 
and any adverse events like post-operative nausea 
and vomiting (PONV), bradycardia, hypotension, 
hypertension, pain, shivering and delirium were noted.

Assessed for eligibility (n = 98)

Excluded  (n = 18)
• Not meeting inclusion criteria (n = 16)
• Declined to participate (n = 2)
• Other reasons (n = 0)

Randomised (n = 80)

Allocation

Enrolment

Allocated to intervention D+F (n = 40)
• Received allocated intervention (n = 40)
• Did not receive allocated intervention

(give reasons) (n = 0)

Allocated to intervention D+K (n = 40)
• Received allocated intervention (n = 40)
• Did not receive allocated intervention

(give reasons) (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons)
(n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons)
(n = 0)

Analysed  (n = 40)
• Excluded from analysis (give reasons)
(n = 0)

Analysed  (n = 40)
• Excluded from analysis (give reasons)
(n = 0)

Follow-Up

Analysis

Figure 1: Consolidated standards of reporting trials (CONSORT) flow diagram
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Qualitative data were analysed with Chi-square 
test, while quantitative data were presented as 
mean ± standard deviation (SD), or as the median 
for skewed data. For normally distributed data, t-test 
was used, while for skewed data, Mann–Whitney 
U-test was used for assessing the significance. All 
statistical analyses were performed with Statistical 
Package for Social Sciences (SPSS) version 21.0 
(International Business Machines, Armonk, NY, USA).

RESULTS

Both groups had comparable demographic and 
baseline clinical profiles [Table 1]. In both groups, 
HR increased immediately after intubation and then 
decreased gradually below the baseline value at 10, 
40, 70, 100 and 130 minutes. However, there was a 
greater reduction in HR in the D + F group at all points 
of time post-intubation (P = 0.000) [Figure 2].

After intubation, the mean blood pressure (BP) 
was 96.62 ± 12.04 and 97.28 ± 5.22 mm Hg in 
group D + K and D + F, respectively, and both were 

Table 1: Baseline demographic and clinical profile
Mean±SD n=40 P

Group 1 Group 2
Age (years) 45.72±10.643 43.30±11.567 0.332
Height (cm) 156.62±3.705 157.48±3.850 0.317
Weight (kg) 59.25±6.159 60.98±4.532 0.158
M: F (ratio) 5:3 2.3:1.7 0.648
ASA grade 1:2 (ratio) 7:3 2.1:1.9 0.108
Baseline heart rate (beats/min) 72.68±8.11 74.85±5.52 0.165
Baseline MBP (mmHg) 84.68±8.33 82.58±2.05 0.121
Baseline SpO2 (%) 99.35±0.7 99.5±0.5 0.275
Baseline EtCO2 (mmHg) 31.68±1.51 31.12±1.34 0.09
ASA: American Society of Anesthesiologists; SpO2: Peripheral oxygen 
saturation; EtCO2: End‑tidal carbon dioxide; M: Male; F: Female; SD: Standard 
deviation; n: Number

Figure 2: Heart rate variability in the two study groups at different 
points of time. Pre = pre-operatively; intub = intubation; HR = heart 
rate; min = minutes; extub = extubation; hr = hours

comparable and statistically insignificant (P = 0.755). 
In both the groups, mean BP increased immediately 
after intubation, and then it gradually reduced below 
the baseline value at 10, 40, 70, 100 and 130 min. 
However, there was a tendency for the development of 
hypotension in the D + F group thus giving it a lesser 
favourable haemodynamic profile as compared to 
D + K group. Mean BP showed a significant difference 
between the two groups (P < 0.001) at all points of 
time post-intubation [Figure 3].

Group D + F showed statistically significant lower 
mean BP as compared to D + K group, and hypotension 
was observed in four patients in D + F group as 
compared to 1 patient in D + K group (P < 0.05). 
Bradycardia was seen in three patients in D + F group 
as compared to none in D + K group, which was 
statistically insignificant (P = 0.077). The incidence 
of nausea and vomiting was also comparable between 
the two study groups (one in D + K versus three in the 
D + F group). No differences in the SpO2 or sedation 
score among the two groups were observed.

The total intraoperative requirement of muscle 
relaxants in D + K group (3.50 ± 0.60 mg) 
was significantly lesser than in D + F 
group (4.05 ± 0.85 mg) [P < 0.001] [Figure 4]. There 
was no significant difference between the analgesic 
requirements among the two study groups during the 
first 6 hours in the post-operative period, but the pain 
score was significantly lesser in D + K group than D + F 
group at 4 and 6 hours post-operatively [P < 0.001]. 
Extubation time was 7.66 ± 2.22 minutes in the 
ketamine group and 7.25 ± 2.65 min in the fentanyl 
group which was statistically insignificant.

RSS in all the patients at admission to PACU was 
either 2 or 3 which became either 1 or 2, 60 minutes 

Figure 3: Blood pressure variability in the two study groups at different 
points of time. BP = blood pressure; min = minutes; hr = hours
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post-operatively. D + K group had 13 patients at 
score 2 and 27 patients at score 3, while D + F group 
had 19 patients at score 2 and 21 patients at score 
3 (χ2 = 1.875a; P = 0.171). The mean PACU stay in 
D + K group (1.12 ± 0.20 hours) was significantly lesser 
than D + F group (1.45 ± 0.14 hours) [P < 0.001].

DISCUSSION

Balanced anaesthesia with minimal haemodynamic 
variations is always desirable in anaesthesia practice. 
In our study, there was a decrease in intraoperative 
HR and BP in both groups, but a greater decrease was 
seen in the D + F group. Haemodynamic variations 
were easily managed in our study, with IV fluid 
therapy. One study comparing the haemodynamic 
effects of ketamine (1 mg/kg IV followed by 
0.25 mg/kg/h infusion)-dexmedetomidine (1.0 µg/kg 
over 20 min and then 0.2–0.7 µg/kg/h) with ketamine 
(1 mg/kg IV followed by 0.25 mg/kg/h infusion)-propofol 
(1 mg/kg bolus followed by 25–50 µg/kg/min) for sedation 
in post-coronary artery bypass grafting (CABG) patients 
showed no significant difference in the haemodynamic 
stability among the two groups, probably because 
ketamine which antagonises the hypotensive 
and bradycardic effect of dexmedetomidine, and 
propofol was common to both the groups.[10] Our 
findings were contrary to another study where there 
was no difference in cardiorespiratory variables, 
onset time, recovery time and rescue analgesia 
requirement among the dexmedetomidine 
(1 µg/kg dexmedetomidine over 10 min followed 
by 0.2–1.0 µg/kg/h) with ketamine (0.5 mg/kg) 
group versus dexmedetomidine (same dose) with 
midazolam (0.05 mg/kg) and fentanyl (0.5 µg/kg) 
group when used for chemo port insertion. Rather, 
sedation quality and patient satisfaction were more 

in the latter group. This might be possibly due to 
lesser opioid requirement as midazolam was also 
used in that group, and local anaesthetic was also 
infiltrated at the insertion site in both the groups. The 
use of opioids in very low doses might have stopped 
its cardiorespiratory side effects from being overtly 
manifested.[8]

Dexmedetomidine causes sedation, analgesia, 
inhibition of central sympathetic outflow by activation 
of receptors in the vasomotor centre, reducing 
catecholamine levels, reducing norepinephrine 
turnover, resulting in alterations in sympathetic 
function enhanced vagal activity and decreased HR 
and BP through stimulation of the presynaptic α2 
receptors.[11] The cause of the bradycardia in the D + F 
group can be direct stimulation of the central vagal 
nucleus by fentanyl, as dexmedetomidine was common 
in both groups. Ketamine prevented bradycardia in 
the D + K Group. Similarly, the D + F group had a 
significant decrease in mean BP compared to the D + K 
group. Fentanyl is also known to cause hypotension 
indirectly by decreasing central sympathetic outflow, 
whereas ketamine may antagonise the bradycardia 
and hypotension, caused by dexmedetomidine. 
Thus, the dexmedetomidine with ketamine group of 
patients had better haemodynamic stability with easy 
arousability.[12]

Dexmedetomidine enhances specific components 
of anaesthesia requiring lesser doses of general 
anaesthetics with fewer side effects.[13-15] However, 
when the add-on effect of ketamine versus fentanyl 
with dexmedetomidine infusion was compared, the 
requirement of the muscle relaxant was lesser in the 
D + K group. Earlier cases have been reported where 
dexmedetomidine (1 µg/kg loading dose followed by 
infusion 0.5 µg/kg/h) and ketamine (2 mg/kg) were used 
along with inhalational anaesthetic agents without 
muscle relaxants for surgery.[16] Ketamine allows 
good intubating conditions without requiring muscle 
relaxants, and this has been shown in earlier studies 
also.[17] This finding is contrary to an earlier study 
where the investigators could not find the difference 
in muscle relaxation and intubating conditions 
between the ketamine (0.5 mg/kg) and alfentanil 
(20 µg/kg) groups.[18] Dexmedetomidine, ketamine and 
opioids are known for their analgesic effects. In our 
study, we found that the pain score was lesser in the 
D + K group compared to the D + F group, suggesting 
a better analgesic profile of dexmedetomidine with 
ketamine. A similar study comparing pain scores 

Figure 4: Muscle relaxant (vecuronium) requirement in milligrams 
(P < 0.001)
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in patients undergoing lower limb surgeries under 
spinal anaesthesia between two groups receiving 
dexmedetomidine with ketamine (1 mg/kg) or 
dexmedetomidine with fentanyl (1 µg/kg) found better 
analgesia in the ketamine group.[19,20]

No significant differences in the incidence of 
emergence delirium and extubation time were 
observed between the two groups in our study. 
Our findings were consistent with earlier studies 
where dexmedetomidine significantly reduced the 
incidence of emergence delirium with no significant 
effect on the extubation time.[21-23] However, another 
study has shown a longer recovery time with the 
dexmedetomidine–ketamine combination compared 
to the propofol–ketamine combination.[23] This 
difference in findings can be attributed to the differing 
pharmacodynamics and pharmacokinetics of propofol 
and dexmedetomidine as ketamine was common in 
both groups.

The limitations of our study were that we did not 
have an accurate measure of the degree of possible 
fall in BP and HR because in case more than desired 
fluctuation (>20%) was observed, corrective measures 
were taken in the form of decreasing the inhalation 
anaesthetic, fluid boluses, IV mephentermine or 
atropine. However, not taking corrective measures 
would have been ethically inappropriate in the study. 
Also, we did not use the bispectral index/entropy for 
assessing intraoperative awareness and the quality of 
sedation during anaesthesia due to non-availability. 
Another limitation of our study was that we could 
not compare the respiratory depressant effect of both 
drug combinations as the patient was on controlled 
mechanical ventilation intraoperatively with a target 
EtCO2 between 30 and 35 mmHg.

CONCLUSION

Both ketamine and fentanyl  when co-administered 
with dexmedetomidine attenuate the haemodynamic 
response to surgical stress, but dexmedetomidine 
along with ketamine provides better haemodynamic 
stability, and faster recovery in the post-operative 
period compared to dexmedetomidine and fentanyl 
group. A significant decrease in the requirement of 
muscle relaxants, analgesics and reduced PACU stay 
was seen in the dexmedetomidine with ketamine 
group. Hence, ketamine is recommended over fentanyl 
to be used as an adjuvant along with dexmedetomidine 
infusion.
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