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Effects of adding ketamine to dexmedetomidine on smooth recovery from
isoflurane anesthesia in adults undergoing endoscopic sinus surgery
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ABSTRACT
Background: Recovery from general anesthesia after endoscopic sinus surgery can abruptly
become dangerous and having serious complications leading to lost intravenous cannulas,
disconnected cables, self extubation, physical injury, increased pain and hemorrhage. This
study aimed to evaluate the effects of adding ketamine to dexmedetomidine on smooth
recovery from isoflurane anesthesia in adults undergoing endoscopic sinus surgery.
Methods: A prospective double-blind randomized controlled study. Ten minutes before end-
ing of surgery, 94 patients were randomly divided into two equal groups: Group (KD) (n = 47):
received ketamine 0.5 mg/kg and dexmedetomidine 0.5ug/kg completed to 10 ml 0.9% normal
saline and Group (C) (n = 47): received 10 ml 0.9% normal saline.
Result: The extubation, recovery and discharge times were statistically significant prolonged in
KD group (6.82 ± 0.76, 8.68 ± 0.81 and17.63 ± 4.8) min compared to C group (4.34 ± 0.61,
6.3 ± 0.72 and14.8 ± 2.7) min respectively. The median Ricker Sedation-Agitation scale (RSAS)
score at the recovery time, at admission to PACU, at PACU and at discharge from PACU was
statistically significant lower in KD group compared to C group (p < 0.0001). The mean Visual
Analogue Scale (VAS) score on arrival to PACU, discharge from PACU, one hour, 2hs, 4hs, 8hs,
12hs and 24hs postoperative and pethidine requirements were statistically significant lower in
KD group compared to C group (p < 0.0001). No statistically significant difference in side-effects
between groups.
Conclusion: Adding 0.5 mg ketamine to 0.5ug dexmedetomidine provides smooth recovery
from isoflurane anesthesia in adults undergoing endoscopic sinus surgery.
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1. Introduction

Endoscopic sinus surgery is considered the most effec-
tive surgery for treatment of rhinosinusitis. General
anesthesia is essential to provide optimal operating
conditions. Awake extubation after endoscopic sinus
surgeries is preferred as the airway is contaminated by
blood and the nasal airway is blocked by surgical packs
that cause sense of suffocation. Awake extubation and
nasal packs are triggering causes of adverse effects on
recovery from anesthesia [1,2].

Isoflurane is a rapid emergence inhaled anesthetic
drug with minimal muscle relaxant effect. Thus, it is
usually used in most nasal surgeries anesthesia but
often linked with high incidence of emergence agita-
tion [3].

Dexmedetomidine is a selective α2 adrenoceptor
agonist. It has sedative, hypnotic, anxiolytic, analgesic,
sympatholytic properties and opioid sparing effect
without respiratory depression. Ketamine is N-methyl-
D-aspartate receptor antagonist; it has anesthetic,
sedative and analgesic effects. Some studies had
shown the protective effects of adding ketamine to

dexamedetomidine on smooth recovery in children
[4–6], meanwhile, scanty studies in adults.

Addition of low dose of ketamine to dexmedetomi-
dine is supposed to produce less toxicity compared to
each drug alone by decreasing the required doses, this
can decrease some of the pitfalls occurring when use
dexmedetomidine as a sole agent [7]. To the best of
our knowledge this study was the only one that was
conducted to evaluate the effects of adding ketamine
to dexmedetomidine on smooth recovery from isoflur-
ane anesthesia in adults undergoing endoscopic sinus
surgery.

2. Patients and method

This study was approved by the university’s
Institutional Review Board (IRB #6017-9-3-2019) and
written informed consent was obtained from all sub-
jects participating in the trial. The trial was registered
prior to patient enrollment.

A prospective double-blind randomized controlled
clinical study, conducted on 94 patients from
March 2019 to February 2020.
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The patients included in this study were of either sex,
age between 21 and 60 years, belonging to American
Society of Anesthesiologist (ASA) I, II physical status with
body mass index (BMI) 25–35 kg/m2 scheduled to elective
endoscopic sinus surgery under general anesthesia.
Patients with chronic pain, altered mental status or with
severe hepatic, cardiovascular, renal and neurologic disor-
ders or on psychoactive, B agonist and painkiller drugs and
pregnant women were excluded from this study.

2.1. General anesthesia

After routine preoperative evaluation, the standard
monitors were attached to the patients: electrocardio-
gram, non-invasive blood pressure and pulse oximeter
and baseline parameters were recorded {Heart rate (HR),
mean arterial pressure (BP) and peripheral oxygen
saturation (SPO2)}. For all patients, intravenous (IV) line
was inserted and IV fluid had been started. Anesthesia
induced with IV fentanyl 2 ug/kg and IV propofol 2 mg/
kg, endotracheal tube placement was facilitated with
0.5 mg/kg IV atracurium. Following endotracheal intu-
bation, anesthesia was maintained on 2% isoflurane in
100% O2, incremental doses of atracurium 0.1 mg/kg
and fentanyl 1 ug/kg. Ventilation was adjusted to main-
tain the ETCO2 (end tidal CO2) at 30 to 35 mmHg. Ten
minutes before the end of surgical procedure, patients
were randomized into two equal groups by computer
generated random number sequence:

● Group (KD) (n = 47): Patients were received sin-
gle intravenous bolus of mixture of ketamine
0.5 mg/kg and dexmedetomidine 0.5ug/kg com-
pleted to 10 ml 0.9% normal saline in one syringe.

● Group (C) (control group) (n = 47): Patients were
received single intravenous bolus of 10 ml 0.9%
normal saline.

After ending of the surgery, the inhalational anesthetic
will be turned off, and the muscle relaxant will be
reversed by a combination of neostigmine 0.05 mg/

kg plus atropine 0.01 mg/kg. The patient will be extu-
bated after reach sufficient spontaneous breathing
(>12 breath/minute) facial grimaces, gag reflex and
purposeful motor movements [8], and then transferred
to the post anesthesia care unit (PACU).

In PACU, the patient on standard monitors and the
outcome assessor (the anesthesiologist who is blind to
the study) will assess the outcomes.

2.2. Assessment

(1) Extubation time in minutes: The time from dis-
continuation of isoflurane to extubation.

(2) Recovery time in minutes: The time from disconti-
nuation of isoflurane to first response to verbal
command.

(3) Discharge time in minutes: The time from arrival
to post-anesthesia care unite (PACU) to dis-
charge to the ward according to modified
Alderte score [9] (Table 1).

(4) The level of emergence agitation is assessed by
Ricker Sedation-Agitation scale (RSAS) [10] at
the recovery time, at admission to PACU, at
PACU and at discharge from PACU. RSAS is
seven scales; 1 = Unarousable (minimal or no
response to noxious stimuli, not follow com-
mands), 2 = Very sedated (arouses to physical
stimulus but not follow the commands),
3 = Sedated (difficult to arouse but awaken to
verbal stimulus or gentle shaking), 4 = Calm,
cooperative (calm, awakens easily and follows
commands), 5 = Agitated (anxious or restless, try
to sit down and calms down to verbal instruc-
tions), 6 = Very agitated(does not calm despite
frequent verbal reminding of limits, require phy-
sical restraint, biting the endotracheal tube),
7 = Dangerous agitation (pulling at endotra-
cheal tube, thrashing side to side and striking
at staff). Agitation was defined as ASAS score ≥

5. Patients with score > 5 will be given 2 mg
midazolam.

Table 1. Modified Aldrete score.
Parameter Description of patients Score

● Activity level Move all extremities voluntarily/on command
Move 2 extremities
Cannot move extremities

2
1
0

● Respiration Breath deeply and cough freely
Dyspnea, with shallow and limited breathing
Apnea

2
1
0

● Circulation(blood pressure) 20 mmHg> pre-anesthetic level
20–50 mmHg> pre-anesthetic level
50 mmHg> pre-anesthetic level

2
1
0

● Consciousness Fully awake
Arousal on calling
Not responding

2
1
0

● Oxygen saturation(As determined by pulse oximetry) Has level> 90% when breathing room air
Requires supplemental oxygen to maintain level>90%
Has level<90% with oxygen supplementation

2
1
0

Patient had a score of 9 or higher was discharged
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(5) Postoperative pain will be evaluated using
Visual Analogue Scale (VAS) [11]. A commonly
used scale is a 10-cm line labeled with “worst
pain imaginable” on the right border and “no
pain” on the left border. The patient is instructed
to make a mark along the line to represent the
intensity of pain currently being experienced. It
was assessed on arrival to PACU, discharge from
PACU, one hour, 2hs, 4hs, 8hs, 12hs and 24hs
postoperative. Paracetamol 1 gm IV was given
every 6 hours as a protocol for pain manage-
ment, and IV pethidine 50 mg (rescue analgesic)
was given if VAS≥3.

(6) Any Side effects as: nausea or vomiting, or any
other complication such as hypotension (mean
arterial blood pressure decreases by >20% of
basal reading), bradycardia (HR decreases by
>20% of basal reading) or respiratory depression
(RR < 8 breath/min).

2.3. Sample size

Assuming that the mean ± SD of postoperative pain
score was 3.1 ± 1.7 in control group versus 2.2 ± 1.4 in
dexmedetomidine group [1]. So the total sample size is
94 cases (47 in each group) using Open Epi Info with
confidence interval 95% and power of test is 80%.

2.4. Statistical analysis

All data were tabulated and statistically analyzed using
SPSS 20.0 for windows (SPSS Inc., Chicago, IL, USA).
Quantitative data were expressed as the mean ± stan-
dard deviation (SD) and analyzed by independent sam-
ple t test. While, qualitative data were expressed as
number and percentage and were analyzed by Chi-
Square test (χ 2). P-value was considered significant if
˂0.05 and highly significant if ˂0.001.

3. Results

One hundred patients were prepared for the study.
However, four patients refuse to complete the study
after their consent and for two patients their surgeries
were cancelled. So, 94 patients were randomly divided
among the two groups (47 patients for each) (Figure 1).
All the 94 participants in the two groups of the study
were comparable regarding the age, sex, BMI, ASA
physical status and the duration of surgery (Table 2).

The extubation, recovery and discharge times were
statistically significant prolonged in KD group
(6.82 ± 0.76, 8.68 ± 0.81 and17.63 ± 4.8) min compared
to group C (4.34 ± 0.61, 6.3 ± 0.72 and14.8 ± 2.7) min
(p < 0.001) (Table 3).

The median distribution of RSAS score was statisti-
cally significant lower in KD group compared to

Control group (p < 0.001) at the measured time points
(Figure 2).

The total pethidine dose requirement postoperative
was statistically significant lower in group KD
(86.4 ± 13.46 mg) compared to group C (228.7 ± 12.8)
(p < 0.001) (Table 3). As the mean of visual analogue
scale score for pain in all recorded times was statisti-
cally significant lower in the KD group compared to
C group (p < 0.001) (Figure 3).

There were no statistically significant side-effects
between groups. Only one patient (2.12%) had vomit-
ing in KD group compared to three patients (6.38%) in
the control group with no statistically significant dif-
ference (p = 0.3) (Table 3).

4. Discussion

No ideal drug provides effective analgesia and seda-
tion with stable hemodynamics, short recovery time
and less side effects after general anesthesia so the
anesthetists need to discover the ideal combination
[12]. In this study, we evaluate the effects of adding
ketamine to dexmedetomidine on smooth recovery
from isoflurane anesthesia in adults undergoing endo-
scopic sinus surgery.

In the present study, the extubation, recovery and
discharge times were statistically significant prolonged
in KD group compared to C group. Also, the median
RASS score of agitation was statistically significant
lower in KD group compared to C group. These find-
ings were well correlated with Xu et al. [1] and Jain
et al. [13] who reported prolongation of the extuba-
tion, recovery and discharge times when evaluating
the effects of dexmedetomindine on recovery from
general anesthesia but on contrary to Prasad et al. [5]
study as the time of discharge were significantly
shorter in dexmedetomidine group compared to con-
trol group. The longer time of discharge in KD group in
our study was related to augmentation of the sedative
effect of dexmedetomidine by ketamine.

Ketamine dissociates the cortex from limbic system
and has amnestic effects, analgesic effects at high
doses and hypnotic effects at sub-anesthetic doses
[14]. Besides many previous studies reported that keta-
mine reduced the incidence of emergence agitation
(EA) when compared to placebo [15,16] although, a lot
of those studies were done on pediatrics. Recently,
Demir and Yuzkat [8] investigated the effect of sub-
anesthetic doses of ketamine on EA in adult patients
undergoing rhinoplasty reported that EA incidence
was significantly reduced just after extubation and
during follow-ups in PACU.

Meanwhile, Garg et al. [17] revealed that dexmede-
tomidine was effective in reducing the incidence of EA
by 89.5% measured by RSAS when investigating effi-
cacy of dexmedetomidine for prevention of EA in
patients posted for nasal surgery.
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Hadi et al. [4] reported that low-dose ketamine
0.15 mg/kg followed by dexmedetomidine 0.3ug/kg i.v
(KETODEX), about 10 min before the end of surgery,
significantly lower the severity of post sevoflurane EA
compared to control group in children undergoing ade-
notonsillectomy. Also, an observational study done by

Yerramilli et al. [6] concluded that dexmedetomidine-
ketamine were ideal combination providing smooth
recovery with one improving the side-effects of the
others for day care anesthesia in pediatric surgery and
those were in context with the results of the current
study.

Enrolment

Assessed for Eligibility (n=100)

Allocation 

Excluded (n=6)

Patients refused to complete in the study 

after their consent (n=4)

Surgery was cancelled (n=2)

Randomized (n=94)

Allocated to KD group(n=47)

Received allocated intervention 

(n=47).

Did not receive allocated 

intervention (n=0)

Allocated to C group (n=47)

Received allocated intervention 

(n=47).

Did not receive allocated 

intervention (n=0)

Follow-up

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Analysis

Analyzed (n=47)

Excluded from analysis (n=0)

Analyzed (n=47)

Excluded from analysis (n=0)

Figure 1. Consort flow diagram.

Table 2. Patient’s characteristics and duration of surgery.
Group KD
(n = 47)

Group C
(n = 47) Test p

Age (year) 34.7 ± 6.92 32.6 ± 7.21 T = 1.44 0.15
Sex
Female

20(42.55%) 22(46.80%) χ 2 = 0.17 0.67

Male 27(57.44%) 25(53.19%)
BMI (kg/m2) 27.43 ± 7.41 26.84 ± 7.62 T = 0.38 0.7
ASA
I
II

39(82.97%)
8(17.02%)

40(85.10%)
7(14.89%)

χ 2 = 0.07 0.78

Duration of surgery(min) 90.32 ± 12.37 91.43 ± 11.82 T = 0.44 0.65

Data were expressed as mean±SD, no (%). P < 0.05 = significant. χ 2 = chi square test, T = independent sample t test.
ASA = American Society of Anesthesiologist, BMI = body mass index.
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Post-operative pain is one of the main triggering
factors of emergence agitation [18]. In this study, mean
VAS score and pethidine requirements were signifi-
cantly lower in KD group compared to C group. Our
findings were in accordance with Hadi et al. [4] study.

There were no significant side-effects between
groups in this study except only one patient had post-
operative vomiting in KD group and three patients in
control group. This can be related to small dose of
ketamine (<1 mg/kg) which has little effect on the
blood pressure, heart rate, incidence of post-
operative hallucination and less respiratory depression
[19–21]. Similarly, dexmedetomidine produces dose-

dependent sedation, analgesia and sympatholysis
without any effect on respiratory function [22].

5. Limitation

We did not estimate the preoperative anxiety and intrao-
perative depth of anesthesia by Bispectral Index (BIS)
although they are risk factors for smooth recovery but,
did not affect our results as we investigated the effects of
adding ketamine to dexmedetomindine at the end of the
surgery on smooth recovery profile from endoscopic
sinus surgery whatever the cause. So, we recommend
further studies.

Table 3. Comparison of the recovery data between groups.
Group KD
(n = 47)

Group control
(n = 47) Test P

Extubation time (min) 6.82 ± 0.76 4.34 ± 0.61 T = 17.44 <0.0001
Recovery time (min) 8.68 ± 0.81 6.3 ± 0.72 T = 15.05 <0.0001
Time of discharge from PACU (min) 17.63 ± 4.8 14.8 ± 2.7 T = 3.52 0.0007
Total pethidine requirement (mg) 86.4 ± 13.46 228.7 ± 12.8 T = 52.5 <0.0001
Side-effects
vomiting

1(2.12%) 3(6.38%) X2 = 1.037 0.3

Data were expressed as mean±SD, no (%). P < 0.05 was significant. χ 2 = chi square test, t = independent sample t test, PACU(postanesthesia care
unit).
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Figure 2. Median for Riker sedation – agitation scale (RSAS) scores in KD group and control group at measured time points.
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6. Conclusion

Adding 0.5 mg ketamine to 0.5ug dexmedetomidine
provides smooth recovery from isoflurane anesthesia
in adults undergoing endoscopic sinus surgery.
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