
Egyptian Journal of Anaesthesia 33 (2017) 227–231
Contents lists available at ScienceDirect

Egyptian Journal of Anaesthesia

journal homepage: www.sciencedirect .com
Research article
Effect of dexmedetomidine infusion on desflurane consumption and
hemodynamics during BIS guided laparoscopic cholecystectomy: A
randomized controlled pilot study
http://dx.doi.org/10.1016/j.egja.2017.05.008
1110-1849/� 2017 Publishing services by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer review under responsibility of Egyptian Society of Anesthesiologists.
⇑ Corresponding author.

E-mail address: hanan_khafagy@yahoo.com (H.F. Khafagy).
Hanan F. Khafagy a,⇑, Reeham S. Ebied a, Ahmed H. Mohamed a, Mohamed H. El-said b,
Ahmed M. El-haddad b, Abla S. El-Hadidi a, Yasser M. Samhan a

aDepartment of Anesthesiology, Surgical Intensive Care and Pain Management, Theodor Bilharz Research Institute, Ministry of Higher Education and Scientific Research, El Nile St.,
Warrak El Hadar, P.O. Box 30, Imbaba, Giza 12411, Egypt
b Faculty of Medicine, Cairo University, Ministry of Higher Education and Scientific Research, Kasr Al Ainy St., Al Manial, Cairo 11562, Egypt

a r t i c l e i n f o
Article history:
Received 1 March 2017
Revised 26 April 2017
Accepted 20 May 2017
Available online 8 June 2017

Keywords:
Consumption
Desflurane
Dexmedetomidine
Hemodynamics
Laparoscopy
a b s t r a c t

Background: Dexmedetomidine is an a-2 adrenoceptor agonist with sedative and analgesic properties.
Desflurane is the most rapidly washed volatile anesthetic agent allowing rapid recovery with minimal
metabolism. Having a MAC of 6 vol % made it important to look for an adjuvant that would minimize
its consumption. This study was undertaken to analyze desflurane consumption when combined with
dexmedetomidine infusion guided by bispectral index as well as calculating intraoperative fentanyl
requirements and recording hemodynamic changes associated with this technique.
Methods: Forty adult patients ASA class I and II of either sex scheduled for elective laparoscopic cholecys-
tectomy were included in this study. Patients were randomized to one of two groups: Group ‘D’
(Dexmedetomidine group) receiving 1g/kg over 10 minutes followed by an infusion at 0.5 lg/kg/hr
and Group ‘P’ (Placebo group) who received same volumes of normal saline. Desflurane was started at
a concentration of 6% then adjusted to keep BIS level within the range of 40-50. Desflurane consumption,
fentanyl requirements as well as hemodynamics were either calculated or recorded.
Results: Desflurane consumption and total fentanyl usage were significantly lower in group D versus
group P with P value < 0.001. As regards hemodynamics, group D showed statistically significant lower
readings versus the preoperative levels (P<0.05) as well as versus group P at the same timings (P<0.05)
for most of the readings.
Conclusions: Continuous intravenous administration of dexmedetomidine resulted in significant
reduction of desflurane consumption and intraoperative fentanyl requirements with attenuation of
hemodynamic response to intubation, pneumoperitoneum and extubation.
� 2017 Publishing services by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Dexmedetomidine is an active pharmacological d-isomer of
medetomidine. It is a potent selective agonist of a2 adrenoceptor
compared to clonidine and having sedative, amnestic, sympa-
tholytic and pain-relieving properties [1,2]. Thus it can be used
in relatively high doses for sedation and analgesia without hemo-
dynamic derangements [3].

Desflurane exhibits very low solubility in water with a corre-
sponding low blood/gas partition coefficient. It is the most rapidly
washed volatile anesthetic agent allowing rapid recovery with
more flexibility in controlling the anesthetic depth. It undergoes
minimal metabolism (0.02%) and is eliminated via the lungs [4].
Having a MAC of 6 vol.%, adding an adjuvant is beneficial to mini-
mize its consumption and reduce adverse effects.

Laparoscopic cholecystectomy is considered as the ‘‘gold stan-
dard” treatment of cholelithiasis. Carbon dioxide (CO2) is the gas
of choice to produce pneumoperitoneum (PP) during laparoscopic
surgical procedures [5]. Hypercapnia and PP lead to stimulation
of the sympathetic nervous system, with release of catecholamine
and vasopressin [6], leading to alteration in acid-base balance as
well as cardiovascular and pulmonary physiology. These cardiovas-
cular changes lead to decrease in cardiac output which is further
aggravated by the reverse Trendelenburg position during laparo-
scopic surgery. The hemodynamic derangement compromises tis-
sue perfusion, increases mean arterial pressure and predisposes
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to myocardial ischemia in susceptible patients [7]. Hence, a2

adrenergic receptor agonist can be a good choice for prevention
of hemodynamic responses associated with laparoscopic surgery
[8].

Previous studies reported the usage of dexmedetomidine with
sevoflurane, isoflurane and total propofol intravenous anesthesia
[9–13] but no researches were performed to calculate desflurane
consumption on using dexmedetomidine adjuvant in laparoscopic
cholecystectomy.

Thus we hypothesized that the use of dexmedetomidine infu-
sion can decrease desflurane consumption and preserve hemody-
namic stability during laparoscopic cholecystectomy. The
primary outcome of the present study was to calculate desflurane
consumption when combined with dexmedetomidine infusion
guided by bispectral index (BIS). Secondary objectives were calcu-
lating intraoperative fentanyl requirements and monitoring intra-
operative hemodynamic changes.
2. Patients and methods

This randomized prospective double blind controlled study was
performed at Theodor Bilharz Research Institute (TBRI) in the per-
iod from 07/2016 till 11/2016, after obtaining the institutional
board ethics committee approval and patient informed written
consent. The study was registered in a public trial register
(www.clinicaltrials.gov) under the identification number:
NCT02652312. Forty patients aged from 15 to 60 years American
Society of Anesthesiologists status I and II of either sex enlisted
for elective laparoscopic cholecystectomy were recruited in the
study. Patients with cardiovascular, neurological, psychiatric disor-
der and hypertension were excluded.

Randomization was performed using computer generated ran-
dom numbers that patients were alienated to one of two groups:
Group ‘D’ (Dexmedetomidine group) and Group ‘P’ (Placebo group).
Intravenous 0.15 mg/kg ondansetron was administered as a pre-
medication. Fluid regimen consisted of Ringer’s acetate solution
was given at a rate of 6–8 ml/kg/h infusion throughout the
procedure.

Monitoring was achieved by continuous electrokardiogram
(EKG), pulse oximetry (SpO2), non-invasive blood pressure (NIBP),
end tidal CO2 (ETCO2), desflurane inspired fraction (FIdes), and des-
flurane expired fraction (ETdes) (Infinity Kappa, Dräger, Lübeck,
Germany) as well as BIS for detection of consciousness level (Infin-
ity� BISxTM Smart Pod�, VF5).

All patients received 3 L/min oxygen using a nasal cannula as
preoxygenation. Group D, patients received IV dexmedetomidine
in a dose of 1 lg/kg over 10 min using a syringe pump prior to
anesthetic induction (2 ml; 200 mg dexmedetomidine diluted with
saline in 20 ml syringe) so the patient was given 0.1 ml/kg while
group P, patients received similar volume of normal saline over
10 min. Both study drug and placebo infusions were set by an anes-
thetist not involved in the study.

Anesthetic induction was obtained via I.V. fentanyl 1.5 lg/kg
followed by propofol titration (10 mg every five seconds) until
BIS value decreased to 60 and confirmed with loss of verbal
response. Then, atracurium 0.5 mg/kg IV was injected slowly fol-
lowed by tracheal intubation. Fresh gas flow was started at a rate
of 3 L/min mixture of 30–40% O2/air for 10 min then decreased to
1 L/min through closed system while ventilation was controlled
to keep ETCO2 at 30–35 mmHg.

Patients in both groups received desflurane at a concentration
of 6% which was then adjusted to keep BIS level within the range
of 40–50. A maintenance dose of dexmedetomidine 0.5 lg/kg/h
(0.05 ml/kg/h) was infused to group D while Group P received a
similar volume of normal saline. Fifteen to twenty minutes before
the end of the procedure, the infusion was stopped. A top up dose
of atracurium 0.1 mg/kg was repeated every thirty minutes to
maintain the neuromuscular block. Any rise in heart rate (HR)
andmean arterial blood pressure (MABP) exceeding 20% of the pre-
operative level in spite of adequate anesthetic level guided by BIS
was treated with fentanyl 0.5 lg/kg while any decrease of MABP
or HR exceeding 20% was treated by IV ephedrine 5 mg or atropine
0.5 mg respectively. At the end of the procedure, desflurane was
discontinued and diclofenac sodium 1 mg/kg was given IM.
Neostigmine 0.05 mg/kg and atropine 0.02 mg/kg were given to
reverse residual neuromuscular blockade which was followed by
extubation and transfer to the recovery room.

The following parameters were studied: demographic data as
age, height, weight, body mass index, gender and ASA classification
a well as duration of surgery and anesthesia. HR and MABP values
were documented before and after induction, after intubation,
before pneumoperitoneum (before pp), 5 min (after pp 5), 10 min
(after pp 10), 15 min (after pp 15), 30 min (after PP 30), 45 min
(after pp 45), 60 min after pneumoperitoneum (after pp 60), after
release of CO2 and after extubation. Total intraoperative fentanyl
requirement was also recorded. The calculation of desflurane con-
sumption was done as follows [14]:

Duration of volatile anesthesia was detected from starting time
of ET control (t = 0) till the end of procedure as the vaporizer was
switched off (t = end).

Desflurane fluid volume ðmlÞ

¼ Fresh gas flow ðl=minÞ � vaporizer ð%Þ � 1000
Conversion factor

� period of each instance

A conversion factor is the resultant of the amount of vapor
derived from every ml volatile anesthetic fluid: 209 for desflurane,
obtained as follows [15]:

Conversion factor ¼ ½density of volatile fluid ðg=mlÞ
� volume at ambient pressure and temperature ð24;000 mlÞ�
=molecular weight ðgÞ:

A total volatile anesthetic fluid usedwas calculatedby adding the
multiplying product of usage rate by the period of each instance.

Average volatile anesthetic ðml=hÞ

¼ total volatile anestetic fluid used ðmlÞ
time of volatile anesthesia ðhÞ
3. Statistical analysis

As no previous study up the time of registering this work was
available to evaluate the anesthetic consumption of desflurane
co-administered with dexmedetomidine to calculate sample size,
we considered this research as a pilot study and 20 patients in each
group was suitable.

Data were analyzed via the statistical enclose SPSS version 22.
Data were presented using mean and standard deviation in quan-
titative data and using frequency (count) and relative frequency
(percentage) for categorical data. Unpaired t-test was used to com-
pare between groups [16]. For comparison of serial measurements
within each group, ANOVA repeated measures were done with
simple contrast used to assess significant difference between pre-
operative value and each other value measured at different times
[17]. Chi square (v2) test was done to compare categorical data.
When expected frequency is <5, exact test was performed instead
[18]. Result was considered statistically significant when P-value
was less than 0.05.

http://www.clinicaltrials.gov
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4. Results

Concerning age, height, weight, BMI, ASA status, sex prevalence
as well as the surgical and anesthetic duration, they were compa-
rable in both groups (Table 1).

The average consumption of desflurane and intra operative fen-
tanyl were significantly less in group D versus group P with P value
<0.001 (Table 2).

In placebo group,MABP valueswere significantly decreased after
inductionof anesthesia andbeforepneumoperitoneum(PP)while in
dexmedetomidine group, all MABP readings throughout the proce-
dure were lower versus the preoperative reading (P < 0.05) being
significantly lower in dexmedetomidine groupversus placebogroup
(P < 0.05) at all timings except 10 min after PP (Fig. 1).

As regards HR, placebo group showed significantly lower values
before PP and 10 min after PP but was higher after extubation
while in dexmedetomidine group, they were significantly lower
Table 1
Demographic data and surgical & anesthetic time.

Group P
(n = 20)

Group D
(n = 20)

P-value

Age (year) 38.85 ± 8.52 39.90 ± 7.56 0.683
Weight (kg) 75.25 ± 11.18 76.00 ± 7.54 0.805
Height (cm) 159.65 ± 7.07 159.80 ± 4.48 0.937
BMI (kg/m2) 29.29 ± 3.31 31.09 ± 2.81 0.071
Gender (M/F) 8/12(40/60%) 9/11(45/55%) 0.749
ASA class (I/II) 15/5 (75/25%) 16/4 (80/20%) 1.000
Duration of surgery (min) 71.5 ± 11.37 71.5 ± 13.09 1.000
Duration of anesthesia (min) 84.1 ± 10.01 83.75 ± 12.1 0.921

Data are expressed as mean ± SD or number (%). Group P: placebo group, group D:
dexmedetomidine group, BMI: body mass index, ASA: American Society of Anes-
thesiologists. P-value >0.05.

Table 2
Intraoperative consumption of desflurane and fentanyl.

Group P
(n = 20)

Group D
(n = 20)

P-value

Desflurane (ml/h) 22.47 ± 1.71 16.47 ± 1.65 <0.001*

Fentanyl (mg) 197.5 ± 28.45 152 ± 15.08 <0.001*

Data are expressed as mean ± SD. P: placebo group, group D: dexmedetomidine
group.

* P-value <0.001.

Fig. 1. Mean value of MABP (mmHg). Data are expressed as mean (SD). MABP: mean arte
pneumoperitoneum.*P-value <0.05 relative to group P. #P-value <0.05 relative to preope
throughout the procedure versus the preoperative value
(P < 0.05), except after extubation. The reductions were signifi-
cantly greater in group D versus group P after induction, after intu-
bation, and one hour after PP up to after extubation (P < 0.05)
(Fig. 2). Only one patient out of 20 (5%) in group D had bradycardia
that necessitated intravenous administration of 0.5 mg atropine.
5. Discussion

The current study estimated the impact of dexmedetomidine
infusion on consumption of desflurane and intraoperative fentanyl
as well as hemodynamics during laparoscopic cholecystectomy.

This study revealed that the average consumption of desflurane
was significantly lower by 27% being 16.47 ml/h in group D com-
pared to 22.47 ml/h in group P. Similar results were obtained by
Harsoor et al. [10] who found 28% reduction in the mean hourly
sevoflurane requirement when using dexmedetomidine as an adju-
vant with entropy-guided general anesthesia during abdominal
surgery. This similarity could be due to applying the same regimen
of dexmedetomidine bolus and infusion rate despite different
inhalational anesthetic agent. Also Kim et al. [19] found significant
reduction of end tidal sevoflurane by 23.8–67% when using
dexmedetomidine in children undergoing ambulatory surgery.
The discrepancy in reduction values from the current study may
be attributed to different age group, type of surgery as well as sup-
plemental caudal block.

Other studies showed that continuous intra-operative infusion
of dexmedetomidine decreased isoflurane requirements by 32–
90% in healthy patients [20,21]. This wide range of reduction com-
pared to the present study may be due to different anesthetic
agent, type of surgery or variable drug regimens.

In this study, intraoperative fentanyl consumption was signifi-
cantly lowered by 23% in dexmedetomidine group as compared
to placebo group. Scheinin et al. [22] found that dexmedetomidine
combined with 70% N2O/O2 and additional enflurane produced 31%
reduction of intraoperative fentanyl requirements during various
surgical procedures. Vora et al. [21] reported fewer patients (1%)
needed intra-operative fentanyl on using dexmedetomidine com-
bined with isoflurane versus placebo group (31%).

Tufanogullari et al. [23] evaluated different IV infusions of
dexmedetomidine 0.2, 0.4 or 0.8 mg/kg/h IV during laparoscopic
bariatric surgery. They concluded that fentanyl requirement in
the post anesthesia care unit (PACU) was reduced by 36–42%versus
rial blood pressure, Group P: placebo group, group D: dexmedetomidine group, PP:
rative value in each group.



Fig. 2. Mean value of HR (beat/minute). Data are expressed as mean (SD). HR: Heart rate, Group P: placebo group, group D: dexmedetomidine group, PP: pneumoperitoneum.
*P-value <0.05 relative to group P. #P-value <0.05 relative to preoperative value in each group.
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the placebo group. Their study was unlike ours being conducted on
morbidly obese patients with different pharmacokinetic effects on
drugs, ASA physical status II and III, dissimilar regimen of
dexmedetomidine infusion rate as well as they calculated fentanyl
consumption on admission to PACU.

El Tahan et al. [24] studied dexmedetomidine effects on hemo-
dynamic response in parturients scheduled for elective caesarean
delivery. They used varying infusion doses of dexmedetomidine
(0.2, 0.4 or 0.6 lg/kg/h) or placebo infusion 20 min before induc-
tion of anesthesia. They reported minimal increases in heart rate
compared to placebo after anesthetic induction. However, higher
doses of dexmedetomidine (0.4 and 0.6 lg/kg/h) resulted in
slower heart rates and lower mean arterial pressures which
matched with the results of the present study. In addition, Vora
et al. [21] noted significant lowering of MABP and HR with
dexmedetomidine when compared to control group in patients
undergoing elective laparoscopic surgeries. Moreover, an exagger-
ated effect of dexmedetomidine on heart rate (episode of brady-
cardia) occurred in three patients with the need of rescue drug
administration. In this study, hemodynamic parameters were
within clinically acceptable range except one patient had brady-
cardia that necessitated intravenous atropine administration. This
bradycardia may be referred to the effect of dexmedetomidine on
the ventrolateral medulla via a2-adrenoceptors, imidazoline
receptors, or both of them [25].

The results of Lawrence and De Lange [11] study agreed with
this study in the attenuation of hemodynamic response to both
intubation and extubation on using dexmedetomidine. They used
a single dose of dexmedetomidine 2 lg/kg given over five minutes
before induction of anesthesia. They observed bradycardia after 1
and 5 min, which may be due to rapid administration of high bolus
dose since cardiovascular side effects correlate to both the dosage
and speed of drug administration. Song et al. [26] studied the effect
of various infusion rates of dexmedetomidine 0.25, 0.5, 1 lg/kg, or
saline infused intravenously in pediatric patients undergoing elec-
tive strabismus and found that the mean systolic pressure was not
significantly different among groups. The highest dose of
dexmedetomidine showed significantly lower HR readings than
the control group after PACU arrival but not to the extent of requir-
ing medication.

Ghodki et al. [27] results were more or less similar to the pre-
sent study as they used 1 lg/kg dexmedetomidine intravenously
over 15 min before induction of general anesthesia in laparoscopic
cholecystectomy and continued by infusion of 0.2 lg/kg/h and
reported attenuation in vasopressor response during laryngoscopy
with minimal changes in blood pressure after pneumoperitoneum.

Limitation of this study is the small sample size as it is consid-
ered as a pilot study so larger number may be required to verify
such results.
6. Conclusion

This study concluded that intravenous administration of
dexmedetomidine in a dose of 1 lg/kg over 10 min before induc-
tion of anesthesia followed by intraoperative infusion of 0.5 lg/
kg/h resulted in statistically significant reduction of desflurane
consumption and intraoperative fentanyl requirements as well as
attenuation of hemodynamic response to intubation, pneumoperi-
toneum and extubation.

Further study on larger scale is required to prove the advantage
of this combination and also revise its financial benefit.
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