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ABSTRACT: BACKGROUND: Tracheal extubation and emergence is associated with significant
haemodynamic alterations and is poorly tolerated by patients with co-morbid conditions. We
compared the efficacy of fentanyl and dexmedetomidine in mitigating haemodynamic stress response
and assessed extubation quality in study groups. MATERIALS AND METHODS: One fifty patients of
either sex, ASA grade I & Il normotensive patients, aged 18-55 years undergoing elective surgeries
under general anaesthesia were randomized into 3 equal groups. Anaesthetic technique was
standardized. 10 minutes prior to extubation, patients in Group N, F and D received intravenous
bolus infusion of 0.9% normal Saline, Fentanyl 1pg /kg and Dexmedetomidine 1ug /kg respectively
over 10 minutes period. Heart Rate (HR), Systolic BP (SBP), Diastolic BP (DBP) and Mean Arterial
Pressure (MAP) were noted at extubation, 2, 4, 6, 8, 10 min and at regular interval thereafter for a
period of two hours. Extubation quality was evaluated on 5-point extubation quality scale [ scale 1 =
no coughing, 2 = smooth extubation, minimal coughing (1 or 2 times), 3 = moderate coughing (3 or 4
times), 4 = severe coughing (5-10 times) and straining, 5 = poor extubation, very uncomfortable
(laryngospasm and coughing >10 times)]. Ramsay sedation score and Aldrete’s recovery score were
recorded. Any adverse events, use of rescue drugs and postoperative analgesics were noted.
RESULTS: All the measured haemodynamic parameters were significantly elevated at extubation and
at various points of observation in normal saline group than fentanyl and dexmedetomidine group
(p=0.000). Tachycardia response was seen in 84% patients in group N, compared to 36% and 8% in
group F & D respectively (p=0.000). Statistically significant hypertensive response was noticed in
43(86%) patients of group N, 9(18%) of group F and 3(6%) of group D (p=0.000). Duration of
tachycardia and hypertensive response was significantly longer in control group. Three groups
differed with regard to overall extubation quality (p<0.001). Groups D (1.50+0.58) and F (1.94+0.55)
had lower scores compared to group N (2.68+0.47) implying smoother extubation. Use of rescue
drugs to treat acute hypertensive response was more in group N (34%) than group F (2%) and group
D (0%). Sedation and recovery scores were similar in all the three groups. CONCLUSION:
Dexmedetomidine 1 pg/kg IV was most effective followed by fentanyl 1 pg/kg IV in attenuating
haemodynamic stress responses during emergence with no clinically significant differences in
sedation and recovery profile. Dexmedetomidine group had smoother and best extubation quality.
KEYWORDS: Dexmedetomindine, fentanyl, emergence, extubation quality.

INTRODUCTION: Securing airway with endotracheal intubation forms the mainstay of standard
general anesthetic practice. Similar to intubation, extubation is also associated with various
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circulatory and airway responses due to reflex sympathetic activity following stimulation of

epipharyngeal and laryngo-pharyngeal structures leading to coughing, agitation, bronchospasm,
tachycardia, hypertension, arrhythmias, myocardial ischemia and raised intracranial and intraocular
pressures.!

These transient but significant changes, which may be well tolerated by healthy individuals,
may prove to be deleterious in patients with hypertension, coronary artery disease or intracranial
pathologies.

Respiratory complications resulting in serious consequences (hypoxic brain injury and death)
following tracheal extubation have been thrice more common than those occurring during intubation

Clinical research is still on to find an ideal drug with good safety margin, which attenuates
most of the hemodynamic alterations in response to airway manipulation at extubation without
delaying recovery and causing adverse events (sedation, respiratory depression, hypotension etc).

Various pharmacological agents like fentanyl, clonidine, esmolol and lignocaine have been
used to attenuate extubation response.10.11,12,13

Fentanyl, an opioid agonist, may blunt cardiovascular and airway reflexes during emergence
without prolonging the recovery.l® Dexmedetomidine an alpha-2 agonist, which has sedative,
analgesic, sympatholytic and anxiolytic effects, mitigates most of the cardiovascular responses in the
perioperative period.141516

We conducted a prospective randomized controlled clinical trial with primary aim to assess
the efficacy of fentanyl and dexmedetomidine in attenuating emergence stress response and
compared extubation quality in study groups under standard anaesthetic condition using entropy
and neuromuscular monitors. We also assessed sedation score, recovery score and other
complications amongst the three groups in post anesthesia care unit over a period of 2 hours.

MATERIALS AND METHODS: STUDY DESIGN AND PARTICIPATION: One hundred and fifty
patients (both male and female) of American Society of Anesthesiologists grades 1 or 2, aged 18-55
years, coming for elective surgeries lasting for 90-240 minutes, under general anesthesia requiring
endotracheal intubation were enrolled for the study. Written informed consent was taken from
patients. Data was collected over a period of 6 months (Nov 2012-May 2013) at a corporate tertiary
care center with postgraduate training facility. The study was approved by the institutional review
board (Hospital Ethics Committee for Human Research), which supervised the data collection and
safety issues.

Exclusion criteria were patients with cardiorespiratory abnormalities ( Hypertension,New
York Heart Association heart failure grades 3 and 4, bronchial asthma, chronic obstructive pulmo-
nary disease, and restrictive lung disease), renal insufficiency (serum creatinine more than 1.6
mg/dl) and liver dysfunction (liver enzymes-serum glutamic oxaloacetic transaminase/ serum
glutamic pyruvic transaminase values elevated by more than 50% of normal). Patients with difficult
airway, severe obesity (body mass index greater than 35), and undergoing surgeries on neck and oral
cavity and emergency procedures were excluded from the study.

SAMPLE SIZE ESTIMATION: Sample size was calculated on the basis of an earlier research which
studied the effect of dexmedetomidine on extubation response conducted by D Jain and coworkers,!?
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who observed an increase in SBP of 32.3+11 mmHg in the control group during extubation. We
hypothesized that 20% reduction in extubation stress response in the study drug group would be
clinically significant. Group size was determined by using the sample size estimation “for two group
mean method” with 90 % power and 1 % significance, based on which we needed to study 43
patients in each group. Adding 10% compensation for ‘loss to follow up’ and for inclusion of a third
group into the study, we recruited 50 patients in each group.

RANDOMIZATION: Based on a computer generated random number table using Microsoft Excel
(created using Microsoft Excel 2003 software, Redmond, WA), all the patients were randomized into
3 groups, with 50 patients in each group. Group N, F and D received intravenous bolus infusion (over
a period of 10 minutes) of 0.9% Normal Saline, 1pg /kg Fentanyl and 1pg /kg Dexmedetomidine
respectively, 10 minutes prior to extubation.

PREOPERATIVE MANAGEMENT: Patients were assessed and evaluated as per the routine
preoperative protocol. All the patients were kept nil by mouth 6 hours before the surgery.

INTRAOPERATIVE PERIOD: In addition to standard monitors (Electrocardiography, non-invasive
blood pressure, pulse oximetry and temperature probe), neuromuscular monitor TOF-watch
(organon Teknika Corporation) and entropy monitors (GE health care) were used during the
intraoperative period. Pre-induction heart rate (HR), systolic blood pressure (SBP), diastolic blood
pressure (DBP), mean arterial blood pressure (MAP) and oxygen saturation were noted.

After pre-oxygenation for 3 minutes, all the patients were induced with intravenous propofol
2 mg/kg, fentanyl 2ug/kg and lignocaine 1.5mg/kg. Muscle relaxation was achieved with atracurium
0.5mg/kg. Intravenous paracetamol 1 gm infusion was given to all the patients. After achieving TOF
count of zero, a gentle laryngoscopy and endotracheal intubation was performed with appropriate
size endotracheal tube. Anaesthesia was maintained with isoflurane (0.8-1.5%) in oxygen and air
(50:50). Muscle relaxation was maintained with atracurium 0.3mg/kg/hr infusion. Intra-operative
analgesia was maintained by using fentanyl 0.5-1 pg/kg/hr IV infusion.

Entropy was maintained between 40-60 by titrating isoflurane between 0.8-1.5 percent. Vital
parameters were maintained within 20% of baseline values. Atracurium and fentanyl infusion were
stopped 20-30 minutes before expected time of extubation. Isoflurane was discontinued at skin
closure and HR, SBP, DBP and MAP were recorded as ‘Baseline’ value.

Groups N, F and D received intravenous bolus infusion of 0.9% Normal Saline, 1pg /kg of
Fentanyl, and 1ug /kg of Dexmedetomidine respectively, infused over a period of 10 minutes starting
10 minutes prior to extubation. After onset of spontaneous breathing, intravenous neostigmine
0.04mg/kg and glycopyrrolate 0.01mg/kg was administered to antagonize the effect of muscle
relaxants. Patients were extubated when the extubation criteria were fulfilled.18 HR, SBP, DBP and
MAP were recorded at reversal, at extubation, every 2 min for 10 mins, every 5 mins for first 30 mins,
and every 30 min for next 1 hour 30 minutes after extubation.

Extubation quality was evaluated on 5-point extubation quality scale!®19 [scale 1 = no
coughing, 2 = smooth extubation, minimal coughing (1 or 2 times), 3 = moderate coughing (3 or 4
times), 4 = severe coughing (5-10 times) and straining, 5 = poor extubation, very uncomfortable
(laryngospasm and coughing >10 times)]. Ramsay sedation score.2021 Aldrete’s recovery score,222324
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were recorded every 15 min after extubation for 2 hours. Adverse events like hypertension,
tachycardia, hypotension, bradycardia (< 30 % of base line value), desaturation, bronchospasm were
noted and treated accordingly (Intravenous Esmolol 30 mg for hypertension). Postoperative pain was
treated with combination of NSAIDS and opioids.

OPERATIONAL DEFINITIONS: Baseline value: Haemodynamic variables such as HR, SBP, DBP, and
MAP measured prior to administration of study drug and after cessation of Isoflurane administration,
was defined as baseline value.
e Peri-extubation period in our study was defined as period from administration of reversal agent
to first 10 minutes after extubation.
e Tachycardia response in our study was defined as increase in heart rate = 30 beats per minute
from baseline value.
e Hypertensive response was defined as increase in systolic blood pressure = 30 mmHg from
baseline value.
e Bradycardia response was defined as decrease in heart rate < 30 beats per minute from
baseline value.
e Hypotensive response was defined as decrease in systolic blood pressure < 30 mmHg from
baseline value.

STATISTICAL ANALYSIS: Continuous data were expressed as mean SD. Categorical data were
expressed as number (%). Analysis of variance (ANOVA) was used to compare study parameters
among the three groups. Post-hoc Tukey test was used to find pair wise significance. Chi-square/
Fisher Exact test was used to compare categorical data among the three groups. p < 0.05 was
considered statistically significant. Multiple paired t-test was used for within group data analysis and
p <0.003 was considered as significant after application of Bonferroni’s correction.

RESULTS: We recruited total 150 patients, randomly divided into 3 groups of 50 each, receiving
normal saline (group N), fentanyl (group F) and dexmedetomidine (group D) 10 minutes prior to
extubation. One patient was excluded from analysis in group D because of incomplete collection of
hemodynamic data. The three groups were demographically well matched with respect to age, sex,
weight, ASA grade and duration of surgery. (Table 1)

Demography Cill'l(;us%;\l (Z;(:;%)F G(:::l_%;) p-Value
Age (yrs) 35.46+10.07 | 35.80+10.06 35.86+9.73 0.977
Sex ‘ Male: Female (%) | 17:33 (34:66) | 20:30 (40:30) | 22:28 (44:56) | 0.588
Weight (kg) 63.36+11.41 | 63.88+11.23 | 63.68+12.09 0.975
ASA-Grade ‘ 1:2(%) 43:7 (86:14) 48:2 (96:4) 41:9 (82:18) >0.05
Duration of surgery (hrs) 2.13+0.63 2.15+0.63 2.29+0.62 0.414

Table 1: Demographics

HAEMODYNAMIC PARAMETERS (FIG-1, TABLE -2): Baseline value: Haemodynamic variables such
as HR, SBP, DBP, and MAP measured prior to administration of study drug, after cessation of
isoflurane. The 3 groups were well matched with respect to baseline HR, SBP, DBP and MAP.
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HEAT RATE: Maximum heart rate observed in Group N was 108+10 bpm, which was significantly
higher compared to other two groups (p=0.000). The average increase in HR above baseline noticed
in group N (34+11bpm) was significantly more (p=0.000). Tachycardia response was seen in 84%
patients in group N, compared to 36% and 8% in group F & D respectively (p=0.000). Duration of
tachycardia was significantly longer (18+20 min) in group N compared to group F (54 min) and
group D (3£2 min) (p=0.000).

Maximum values of SBP, DBP and MAP attained in groups N, F and D was statistically
significant (p=0.000). Magnitude of increase in SBP, DBP and MAP above baseline was highest in
Group N which was statistically significant (p=0.000).

SYSTOLIC BLOOD PRESSURE: Maximum SBP observed in group N, F and D were 159+11, 13613
and 130+9 mmHg which was statistically significant (p=0.000). Statistically significant Hypertensive
response was noticed in 43(86%) patients of group N, 9(18%) of group F and 3(6%) of group D
(p=0.000). Average duration of hypertension also remained significantly highest in group N (p<0.05).

DIASTOLIC BLOOD PRESSURE: Maximum rise in DBP in groups N, F, and D was 88+10, 83+6 and
80+8 mmHg respectively, which was statistically significant (p=0.000). Magnitude of increase in DBP
above the baseline was 1911 mmHg (29%) in group N, 11+8 mmHg (17 %) in group F and 11+8
mmHg (16%) in group D, which was statistically significant (p=0.000).

Fig. 1: Graph showing changes in Heart Rate, Systolic Blood Pressure, Diastolic Blood Pressure, and
Mean Arterial Blood Pressure during study period. * indicates maximum value recorded. (p=0.000)

12 Systolic Blood Pressure

MEAN ARTERIAL BLOOD PRESSURE: Maximum value of MAP observed in groups N, F, and D were
110£10, 99+80 and 96+x9 mmHg respectively (p value). The magnitude of increase above baseline in
groups N, F, and D was 2710 (32%), 13+80 (16%) and 11+9 (13%), mmHg respectively which was
statistically significant. (p=0.000).

Acute haemodynamic perturbation during extubation necessitating the use of rescue drug
(Esmolol 30 mg) as seen in Figure-3, was more in group N (34%) compared to group F (2%) and
group D (0%) which was statistically significant (p<0.001).
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Heart Rate Group N Group F Group D | P value
Baseline 74+10 729 73+8 0.54
Max. value (bpm) 108+10 91+11 8319 0.000
Magnitude of increase 34+11 19£10 10£10 0.000
above baseline (%) (49+19) (27+14) (15+15)
No of patients 42 18 4 0.000
having Tachycardia & % (84%) (36%) (8%)
Average Duration 18420 544 3+2 0.000
of Tachycardia (min)
Systolic Blood Pressure
Baseline 112+10 112413 113+11 0.88
Max. value (mmHg) 159+11 136+13 13049 0.000
Magnitude of increase 47+13 2414 17+13 0.000
above baseline (%) (43£13) (23+13) (16x14)
g;p";‘z:::izf ;Z‘)’mg 43(86%) 9(18%) 3(6%) | 0.000
Average Duration 2027 17439 645 0.032
of Hypertension (min)
Diastolic Blood Pressure
Baseline 69+8 71+8 69+7 0.32
Max. value 88+10 83+6 80+8 0.000

Magnitude of increase
above baseline (%)
No of patients having

19+11(29+22) 11#8(17+14)| 11+8(16+12] 0.000

15(309 7(149 2(49 0.002
value 230% of baseline (%) (30 %) (14%) (4%)
A D i

verage buration 33+48 22+45 6+4 0.002

of Hypertension (min)
Mean Arterial
Blood Pressure
Baseline 84+7 86+8 857 0.399
Max. value (mmHg) 110£10 99+8 96+9 0.000
Magnitude of increase 27£10 13+8 11+9 0.000
above baseline (%) (32+14) (16£11) (13+10) '
No of patients having

24(489 2(409 2(49 0.000
value 230% of baseline (%) (48%) (40%) (4%)
Average Duration 16+33 6+6 341 0.003

of Hypertension (min)

Table 2: Hemodynamics

Values are expressed as mean+SD or Number (%). N-Normal saline, F-Fentanyl, D-
Dexmedetomidine. Bpm- beats per minute,
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RECOVERY PROFILE: Lower the extubation quality scale smoother was the extubation. The groups
differed with regard to overall extubation quality (p<0.001). Groups D (1.50+0.58) and F (1.94+0.55)
had lower scores compared to group N (2.68+0.47) implying smoother extubation. Among group D
and F, group D had best extubation quality (Fig-2)

There was a statistically significant difference among the groups with regard to Ramsay
sedation score and Aldrete’s Recovery Score (p<0.003) for 25 min following arrival at PACU. Groups F
(2.08+0.34) and D (2.16+0.42) had higher sedation scores compared to group N (1.92+0.27). During
later part of observation there were no statistically and clinically significant changes among study
groups.

Fig. 2: Graph showing average extubation quality scale in 3 study groups.

Average Extubation Quality Scale

Extubation Quality Scale
N

L,

Group N
Group F
Group D

Over all p=<0.001

DISCUSSION: Tracheal extubation is a critical step during emergence from general anaesthesia.
Major airway complications, increased morbidity and mortality occur during extubation and
emergence or during recovery in approximately one third of the reported closed claims cases relating
to anaesthesia.2526

Fentanyl is used widely as an adjunct to general anaesthesia for attenuating hemodynamic
responses to nociceptive stimuli induced by tracheal intubation, extubation and surgical procedures.
Numerous studies,'0 have shown that a bolus dose of intravenous fentanyl 2ug/kg given at the end of
surgery attenuates the cardiovascular changes associated with tracheal extubation and emergence
from anaesthesia, without prolonging the recovery.

The alpha-2 agonist dexmedetomidine, a sedative and analgesic, reduces heart rate and blood
pressure dose dependently. Guler G27 and coworkers evaluated single-dose dexmedetomidine in
attenuating airway and circulatory reflexes during extubation. They concluded that a single-dose
bolus injection of dexmedetomidine administered 5 minutes before extubation attenuates airway-
circulatory reflexes without prolonging the recovery. Recep Aksu et al?8 have found that a single-dose
bolus injection of dexmedetomidine 0.5 pg/kg IV before tracheal extubation attenuates airway-
circulatory reflexes better compared to fentanyl 1 pg/kg IV without prolonging recovery.
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Fig. 3: Graph showing use of rescue drug (Esmolol 30 mg) in study groups. p < 0.001

Use of Rescue
Drugs

Percentage
3

a Yes
anNo

b

Group D

Group F

Group N

Various studies have shown that dexmedetomidine in dosage 0.5-1 pg/kg IV administered as
bolus infusion 10-15 minutes prior to extubation stabilizes haemodynamics and facilitates smooth
extubation compared to the control group.2930313233

In our study the control (normal saline) group, HR, SBP, DBP and MAP were significantly
increased at peri-extubation period and thereafter (p<0.003). All haemodynamic variables were
around the baseline value at extubation in fentanyl group, and remained so throughout the study
period. Whereas, in dexmedetomidine group, all haemodynamic variables were significantly
decreased below the baseline value at extubation (p<0.003) and remained so till the end of the study.
Despite decreased haemodynamic parameters after extubation, none of the patients in the
dexmedetomidine group required any clinical intervention.

Changes in HR, SBP, DBP, and MAP like maximum increase, magnitude of increase, number of
patients having values = 30% above baseline and duration of this increased episode was more in
control group compared to fentanyl and dexmedetomidine group. Tachycardia response was
observed in 84% of control group compared to 36% of fentanyl group and 8% of dexmedetomidine
group (p=0.000). Hypertensive response was observed in 86% of patients in control group compared
to 18% in fentanyl group and 6% in dexmedetomidine group which was statistically significant
(p=0.000). Duration of tachycardia (p=0.000) and hypertensive response (p=0.032) was higher in
control group compared to other two groups.

Coughing and bucking (coughing on endotracheal tube) can result in hypertension,
tachycardia, increased intraocular and intracranial pressure, myocardial ischemia, bronchospasm,
surgical bleeding and wound dehiscence.3* These adverse events are undesirable in patients with
raised intracranial pressure, open globe injuries and aneurysmal surgeries etc.

We have used a 5 point extubation quality scale, where score 1 implies smooth extubation
and score of 5 was poor. The average extubation quality in groups N, F and D was 2.68, 1.94 and 1.41
respectively. (Fig-2) 54% patients in dexmedetomidine group and 16% patients in fentanyl group
had extubation quality scale of 1, while none in normal saline group. Dexmedetomidine group had
smoother extubation quality than fentanyl group.

Sedation is a known and expected adverse effect of dexmedetomidine and fentanyl. We have
followed our patients in the post-anaesthesia care unit for 2 hours following extubation, to ascertain
whether study drug dosages of fentanyl or dexmedetomidine caused any significant sedation
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requiring clinical intervention. Initial 25 minutes of observation dexemedetomidine group had
slightly higher Ramsay sedation score?l22 of 2.16+0.42 compared to other groups which was
statistically significant (p=0.003).

During later part of observation sedation score were comparable and none of patients in any
group required any clinical intervention apart from routine post-operative monitoring. Aldrete’s
recovery score232¢ was used to assess the recovery and preparedness for discharge from post
anaesthesia care unit (PACU) which was similar in the three groups studied.

All the patients, irrespective of their group, had a good recovery and were discharged from
post anaesthesia care unit uneventfully. Studies done by Guler et al,2” Recep Aksu et al?8 and Turan et
al3! showed that dexmedetomidine was associated with smoother extubation quality without
prolonging the recovery.

Acute haemodynamic perturbations which required use of rescue drug (Esmolol 30 mg) was
significantly higher is control group (34%) compared to fentanyl group (2%) and dexemedetomidine
(0%).

Our study shows that extubation and emergence from general anaesthesia was associated
with significant haemodynamic perturbations (hypertension and tachycardia) during peri-extubation
period in healthy patients which needs to be controlled. Both fentanyl and dexmedetomidine were
useful in mitigating this emergence stress response without prolonging recovery. Dexmedetomidine
had overall good control of haemodynamics, smoother extubation quality, uneventful recovery and
post anaesthesia discharge.

CONCLUSIONS: Dexmedetomidine 1 pg/kg intravenous or fentanyl 1 pg/kg intravenous bolus
infusion administered 10 minutes prior to extubation was effective in attenuating haemodynamic
stress response during extubation. Dexmedetomidine was efficacious compared to fentanyl in
mitigating emergence response. Extubation quality was superior with dexmedetomidine compared to
fentanyl or placebo. Sedation score and recovery profile were comparable. Attenuation of emergence
stress response should be routine than an optional entity in day to day clinical practice.
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