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Abstract 

Background: Inhalational anaesthetic agents like Desflurane and Sevoflurane are beneficial for early recovery 

after surgery, particularly in ambulatory procedures. The primary aim of this study was to compare the early 

recovery profiles of desflurane and sevoflurane in patients undergoing laparoscopic surgeries using a BIS monitor 

to assess the depth of anesthesia. Material and Methods: ASA I, II patients of 18-65 yrs. age undergoing 

laparoscopic surgeries were randomly allocated to received esflurane (n = 30) or sevoflurane (n = 30), using 

Bispectral Index System (BIS) to determine the depth of anesthesia. The study was conducted in Alluri Sitarama 

Raju Academy of Medical Sciences (ASRAM) over a period of one year, from February 2022 to January 2023. 

An in dependent adjudicator, who was blinded to the agent used, recorded the events during the recovery phase. 

The time required for spontaneous eye opening, response to painful stimuli, extubation, recall of name, and 

achievement of a modified Aldrete score of 9 were recorded. Results: The time required for an eye-opening and 

extubation was significantly shorter in the Desflurane group as compared to the Sevoflurane group [3.2 min ±0.71 

versus6.13 min ±0.81, P = 0.001 and 5.7 min ± 0.81 versus9.3 min±1.2, P = 0.001]. A significantly higher mean 

modified Aldrete score was seen at extubation [9.6 min±0.81 vs 15.5 min ±1.54, P < 0.001] in the Desflurane 

group, which also achieved a modified Aldrete score of ≥9 significantly sooner [9.6 min ±0.81 vs 15.5 min ±1.54, 

P < 0.001] than the Sevoflurane group. The frequency of adverse effects was not significantly different in either 

of the groups. Conclusion: The usage of a BIS monitor reduces the incidence of intraoperative awareness, and 

also reduces the inhalational agent consumption by proper titration while maintaining BIS values of 40-60. 

Desflurane anesthesia enhances rapid emergence and recovery than sevoflurane anesthesia and facilitates early 

ambulation and discharge in laparoscopic surgeries. 
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Introduction 

Ambulatory surgeries contribute to a large proportion of all surgeries carried out nowadays because of the addition 

of rapid onset, short-acting anaesthetic agents with faster metabolism and availability of new minimally invasive 

surgical techniques 1. 

These surgeries enable the patients to resume oral intake within a few hours of surgery, reduced medical costs, 

less postoperative pulmonary and cardio-vascular complications, and early ambulation at discharge. 

Newer inhalational agents like Desflurane and Sevoflurane havelow blood gas partition coefficients (0.42 and 

0.69 respectively) that facilitate erapid induction of anesthesia, precise control of end-tidal concentrations during 

maintenance of anaesthesia, and early recovery making them suitable for ambulatory anesthesia2. 

The measurement of anesthesia depth3 is an unsolved problem because there is not yet a proper definition of the 

depth of anesthesia. Commonly used parameters like hemodynamic changes during anesthesia, skin incision 

response, or clinical signs like diaphoresis, and lacrimation do not correlate directly to the consciousness level 

and their limitations have been well documented. 
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Hence a monitor that measures the physiological changes associated with an unconscious state during anesthesia 

would be an improvement over the conventional clinical methods. Such systems include Bispectral analysis of 

electroencephalogram and Entropy. The Bispectral index is used to interpret partial EEG recordings to predict the 

level of sedation and loss of consciousness in patients undergoing general anaesthesia4. 

Aim and Objectives 

In this study, we aimed to compare the efficacy and recovery profiles of desflurane and sevoflurane in ambulatory 

surgeries and titration of inhalational agents to maintain adequate depth of anesthesia and early recovery by using 

the Bispectral index to prevent awareness and over-dosage of drugs5. 

 

Material and Method 

Study Design and Area:a comparative clinical study conducted at Alluri Sitarama Raju Academy of Medical 

Sciences (ASRAM) in Eluru District, Andhra Pradesh 

Study Population: The study population consisted of 60 ASA I & II patients, aged between 18 and 65 years posted 

for laparoscopic surgeries selected randomly. 

They were allocated randomly into two groups of 30 each, by computer-generated randomization method. Group 

D (Desflurane 3-6%) and Group S (Sevoflurane 1-2%). 

Exclusion criteria included ASA III & IV patients, patients who had a history of drug allergy or abuse, malignant 

hyperthermia, psychiatric disorders, and patient refusal. 

The study was undertaken after obtaining ethical committee clearance as well as informed consent from all 

patients. All patients were examined on the day before surgery, & pre-anesthetic counselling was done. 

Inside the operation theatre, the standard basic anestheticmonitors6- Pulse oximeter, Non-invasive blood pressure 

monitor (NIBP), and Electrocardiogram (ECG) were attached. A Bispectral index strip (BIS) was attached to the 

patient’s forehead. Baseline Heart rate, Systolic Blood Pressure, Diastolic Blood Pressure, Mean arterial pressure, 

and BIS values were recorded before induction of anesthesia. 

Intravenous line access was obtained with an 18/20 G cannula and crystalloid solution was started. All the patients 

were pre-medicated with Inj. Midazolam 0.05mg/kg IV, Inj. Glycopyrrolate 10μg/kg IV and Inj. Fentanyl 2μg/kg 

IV after pre-oxygenation with 100% O2 for 3-5 min. Anesthesia was with Inj Propofol 2 mg/kg IV, and 

neuromuscular blockade with Inj. Vecuronium 0.1mg/kg IV. The airway was secured with an appropriate size 

Endo Tracheal Tube after direct laryngoscopy and connected to the mechanical ventilator. 

The Heart rate (HR), Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), Mean arterial pressure 

(MAP), and BIS values seen at induction were recorded. Group D was maintained with Desflurane 3–6% and 

Group S with Sevoflurane 1–2% with 50% air in oxygen with the fresh gas flows at 2L/min. Ventilation was 

controlled to maintain End-tidal carbon dioxide (EtCO2) between 30and 40mm Hg. The maintenance dose of the 

anaesthetic agents was titrated to maintain a Bispectral index [BIS] value of 40–60.7 

Intra-operatively MAP was maintained within 20% of baseline values. Muscle relaxation was maintained using 

intermittent doses of Vecuronium 0.02mg/kg at appropriate intervals. Analgesia was provided with IV 

paracetamol 15 mg/kg BW 90 min, after intubation, and Inj. Ondansetron 0.1 mg/kg BW was given at the end of 

the surgery. The primary anesthetic was discontinued after the last skin suture. The Port site was infiltrated with 

0.25% bupivacaine. A coinvestigator, who was not a part of the team that administered anesthesia, was called in 

after the agent was turned off so that he/she was blinded to the agent that was being used for the maintenance of 

anesthesia. 

The neuro-muscular blockade was reversed with Inj. Neostigmine 0.05-0.07 mg/kg IV with Inj. Glycopyrrolate 

0.01 mg/kg IV and the patient was extubated when regular spontaneous breathing pattern was re-established and 

when they can open their eyes on command. 

The hemodynamic parameters (HR, SBP, DBP, MAP), and BIS values were recorded intraoperatively at 

induction, intubation, 1 min after intubation, and every 5min for the first 30 min after intubation, every 10 min till 

the end of surgery and at skin closure, dressing, reversal, and extubation. After extubation HR, MAP, and BIS 

values were recorded at 1, 3, 5 min, and every 5 min until the patient achieved a Modified Aldrete score of 9.  

Recovery times were written down from the time of discontinuation of the inhalational agent. They include Times 

to spontaneous movement, responseo painful stimuli, extubation, recall of name, hand grip, achieving Modified 

Aldrete Score8 of >9, and any untoward events, like nausea, vomiting, cough, and bronchospasm were also 

recorded. Patients were shifted to PACU after achieving a modified Aldrete score of 9 and nursed in a propped-

up position. 

 

Statistical Analysis 

The information collected regarding all the cases was recorded in a Master sheet. Data analysis was done with the 

help of a computer using MS Excel, SPSS 22.0 (Trail version). Using this software, frequencies, percentage, 
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range, mean, and standard deviation. Chi-test, ANOVA-test, and p-values were calculated. A p-value<0.05 is 

shown to have a significant relationship.  

 

Results 

In this study, on analyzing the demographic profile, the distribution of age and weight, and ASA physical status 

of the patients were comparable in Group D & Group S. (Table 1) 

Table 1 

There was no significant difference in the duration of surgery between the 2 groups. 

There was a highly significant change in the BIS Values at the time of induction in Group D (49.8±2.5) compared 

to Group S (67.4±2.1) & also at the time of extubation. BIS values were significantly higher in Group D (92.2±3.9) 

compared to Group S (73.3±3.3). These differences were statistically significant between the 2 groups (p<0.01). 

The time to the spontaneous movement (min) in Group D was 3.2±0.71 in comparison to Group S which was 

6.13±0.81 which was statistically significant. The time to respond to pain (min) was 4.5±0.89 in Group D and in 

Group S was 7.5 ± 1.01. The time to extubation (min) was 5.7 ± 0.81 in Group D in comparison to Group S which 

came to be 9.3±1.2 which was statistically significant (p < 0.001) (Table 2) 

 

Table 2 

Recovery Times Mean+/- SD p Value 

GROUP D GROUP S 

Time to Spontaneous 

movement (Min) 

3.2±0.71 6.13±0.81 0.001 

Time to Response to Pain 

(Min) 

4.5±0.89 7.5 ± 1.01 0.001 

Time to Extubation (Min) 5.7 ± 0.81 9.3±1.2 0.001 

 

 

 
 

Figure 1 

 

 

Patients from Group D needed 7.06 ±0.82 min for time to hand grip when compared to Group S who needed 

11.23±1.25 min which was statistically significant. Patients in the desflurane group achieved MAS>9at ( 9.6 

±0.81 minutes) whereas the patients in the sevoflurane group were able to achieve it only after (15.5 ±1.54 

minutes). This difference was statistically significant (p<0.05). (Table 3) 

 

 

 

 

Parameters Mean+/- SD p Value 

GROUP D GROUP S 

Age  46.9±11.4 50.9±13.8 >0.05 

Gender (M/F) 15/15 14/16 > 0.05 

ASA (I/II) 20/10 22/8 > 0.05 

Weight(kg) 59.1±5.61 61.5±5.07 >0.05 

Duration of surgery 87.0±9.0 89.7±5.9 >0.05 

BIS values at extubation 92.2±3.9 73.3±3.3 <0.05 
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Table 3 

Recovery Times Mean+/- SD p Value 

GROUP D GROUP S 

Time to Recall of Name 

(Min) 

7.06 ±0.82 11.23±1.25 0.001 

Time to Hand Grip (Min) 8.5 ±0.82 13.06 ±1.48 0.001 

Time to Achieve MAS > 

9 (Min) 

9.6 ±0.81 15.5 ±1.54 0.001 

 

 
Figure 2 

 

Discussion 

Laparoscopic procedures are associated with minimum tissue damage and very little postoperative morbidity. 

Faster convalescence, reduced hospital stays, and faster return to normal activity are the most evident advantages 

of laparoscopic surgery.9 Patients can potentially recover much earlier and be discharged from the care of the 

hospital. The pharmacokinetics of desflurane and sevoflurane favor better intraoperative control of anesthesia and 

a rapid postoperative recovery.10,11 Theyhave significantly lower blood/gas partition coefficients than the other 

inhalational agents. The lower fat/bloodpartition coefficient of desflurane favours its early elimination from the 

body resulting in early recovery.12 There are a few double-blind trials reported in the literature comparing 

desflurane and sevoflurane. Our randomized double-blinded study showed both statistically and clinicallythat the 

early recovery profile was better with desflurane than sevoflurane.13 

Here in this study, we monitored the depth of anesthesia with a BIS monitor. There was a highly significant change 

in the BIS Values at the time of induction in Group D (49.8±2.5) compared to Group S (67.4±2.1). Also, at the 

time of extubation, BIS values were significantly higher in Group D (92.2±3.9)compared to Group S (73.3±3.3). 

These differences were statistically significant between the 2 groups (p<0.01) 

Unlike the study conducted by Nathanson MH et al,14 we found that the recovery times were even faster with 

desflurane compared to sevoflurane. This difference might be because they titrated the inhalational agents based 

on clinical methods rather than the depth of anesthesia monitors. 

The results found by De Baerdemaeker et al,15 had shown that eye-opening occurred earlier in obese patients 

anesthetized with desflurane as compared to sevoflurane. This difference was because, in their technique of 

emergence, mechanical ventilation was continued for2 min after the end of surgery and cessation of volatile 

anesthetic agent. If the patient was not spontaneously breathing, then 1 rescue breath would be administered every 

30s. If a patient did not quickly resume spontaneous breathing, emergence would have been delayed by a 

decreased minute ventilation and alveolar washout of the anesthetic gas. 

In contrast to the study conducted by Palak A Chudasama et al,the recovery times were faster in our study as the 

depth of anesthesia was titrated by a BIS monitor rather than clinical methods.16,18 

Our study was comparable to the study conducted by Gauri R. Gangakedhkar et al,12where they compared the 

early recovery features of Desflurane (Group D- Desflurane 3- 6%) and sevoflurane (Group S-Sevoflurane 1-2%) 

in patients undergoing laparoscopic cholecystectomy using Bispectral Index system to determine the depth of 

anesthesia. The recovery times were comparable in both studies.17,19,20 

 

Conclusion 

We conclude that the usage of a BIS monitor reduces the incidence of intraoperative awareness, and also reduces 

the inhalational agent consumption by proper titration while maintaining BIS values of 40-60. Desflurane 

anesthesia enhances rapid emergence and recovery than sevoflurane anesthesia and facilitates early ambulation 

and discharge in laparoscopic surgeries. 



 
                           Journal of Cardiovascular Disease Research 

                                                 ISSN:0975-3583,0976-2833       VOL14,ISSUE05,2023 

 

1864 
 
 

 

References 

1. Whalen FX, Bacon DR, Smith HM. Inhaled anesthetics: a historical overview. Best Pract Res Clin 

Anaesthesiol. 2005 Sep;19(3):323-30. doi 10.1016/j.bpa.2005.02.001. PMID: 16013684. 

2. P.H. Tonner MD, Balanced anesthesia today, Best Practice &Research Clinical Anaesthesiology Volume 19, 

Issue 3, September2005 

3. Rani DD, Harsoor S. Depth of general anesthesia monitors. Indian J Anaesth. 2012;56(5):437-441. 

doi:10.4103/0019-5049.103956 

4. Sandler NA. The use of Bispectral analysis to monitor out patients edation. Anesthesia Progress 

2000;47:72-83 

5. Pavlin JD, Souter KJ, Hong JY, Freund PR, Bowdle TA, Bower JO. Effects of bispectral index monitoring 

on recovery from surgical anesthesia in 1,580 inpatients from an academic medical center. Anesthesiology 

2005;102:566-73 

6. Merchant R, Chartrand D, Dain S, Dobson G, Kurrek MM, Lagacé A, Stacey S, Thiessen B, Chow L, Sullivan 

P. Guidelines to the Practice of Anesthesia - Revised Edition 2016. Can J Anaesth. 2016 Jan;63(1):86-112. 

doi: 10.1007/s12630-015-0470-4. PMID: 26576558. 

7. Prabhat Kumar Sinha, Thomas Koshy; Monitoring Devices for Measuring the Depth of Anesthesia – An 

Overview – IndianJournal of Anesthesia 2007; 51 (5): 365-381 

8. Aldrete JA. The post-anesthesia recovery score revisited. J Clin Anesth 1995;7(1):89-91 

9. Buia A, Stockhausen F, Hanisch E. Laparoscopic surgery: A qualified systematic review. World J Methodol. 

2015 Dec 26;5(4):238-54. doi: 10.5662/wjm.v5.i4.238. PMID: 26713285; PMCID: PMC4686422. 

10. Misha Perouansky, Robert A Pearce, Hugh C Hemmings JR, Inhaled Anesthetics: mechanisms of Action 

(p614-634), Miller’s Anesthesia 8th edition 

11. Thomas J Ebert, Larry Lindenbaum; Chapter 17, InhaledAnesthetics, (p451-457). Clinical Anesthesia, 7th 

edition 

12.  Stuart A. Forman, Yumi Ishizawa; Inhaled Anesthetic Pharmacokinetics: Uptake, Distribution, Metabolism, 

and Toxicity(p656-661), Miller’s Anesthesia 8th edition 

13. Gangakhedkar GR, Monteiro JN. A prospectiverandomized double-blind study to compare the early recovery 

profilesof desflurane and sevoflurane in patients undergoing laparoscopiccholecystectomy. J Anaesthesiol 

Clin Pharmacol 2019;35:53-7. 

14. Bansal T, Garg K, Katyal S, Sood D, Grewal A, Kumar A. A comparative study of desflurane versus 

sevoflurane in obese patients: Effect on recovery profile. J Anaesthesiol Clin Pharmacol. 2020 Oct-

Dec;36(4):541-545. doi 10.4103/joacp.JOACP_307_19. Epub 2021 Jan 18. PMID: 33840938; PMCID: 

PMC8022057 

15. Nathanson MH, Fredman B, Smith I, White PF. Sevoflurane versusdesflurane for outpatient anesthesia: A 

comparison of maintenance andrecovery profiles. Anesth Analg. 1995;81:1186–90 

16. De Baerdemaeker LE, Struys MM, Jacobs S, Den Blauwen NM, Bossuyt GR, Pattyn P, Mortier EP. 

Optimization of desflurane administration in morbidly obese patients: a comparison with sevoflurane using 

an 'inhalation bolus' technique. Br J Anaesth. 2003 Nov;91(5):638-50. doi: 10.1093/bja/aeg236. PMID: 

14570784. 

17. Ibrahim TH, Yousef GT, Hasan AM, Eldesuky HI. Effect of Bispectral index monitoring on desflurane 

consumption and recovery time in morbidly obese patients undergoing laparoscopic sleeve gastrectomy. 

Anesthesia, Essays, and Researches. 2013 Jan-Apr;7(1):89-93. DOI: 10.4103/0259-1162.114010. PMID: 

25885727; PMCID: PMC4173477. 

18. S Gergin, B Cevik, G Yildirim, E Ciplakligil, S Colakoglu. Sevoflurane Vs Desflurane: Haemodynamic 

Parameters And Recovery Characteristics. The Internet Journal of Anesthesiology. 2004 Volume 9 Number 

1 

19. Eger E. I, II New inhaled anesthetics. Anesthesiology1994;80:906-22 

20. Wilmore DW, Sawyer F, Kehlet H, Management of patients in fast-track surgery. BMJ 2001;322:473-6. 

 

 


