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ABSTRACT

Background: Following spine surgery, different types of inhalational anesthetic agents can result in postoperative
delirium (POD) that can increase perioperative/postoperative morbidity. Here, we compared the incidence of
POD in adults undergoing spine surgery anesthetized with isoflurane versus desflurane.

Methods: A prospective randomized double-blind clinical trial for patients undergoing spinal surgery was

*Corresponding author: performed in 60 adults (aged 18-65 years); they were randomized to receive isoflurane or desflurane. On
Dr. Hemant Bhagat, postoperative days 1 and 3, the diagnosis and severity of POD utilized 3D-Confusion Assessment Method (CAM)
Department of Anaesthesia and and CAM-severity delirium severity scores to assess patients” status. Multiple other variables which may have
Intensive Care, Postgraduate influenced the frequency/severity of POD were also studied.

Institute of Medical
Results: For the two groups, the incidence of POD utilizing isoflurane and desflurane was similar on postoperative
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Conclusion: A significant number of patients undergoing spine surgery experience POD. However, the incidence
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Quick Response Code: Postoperative delirium (POD) occurs between 24 and 72 h after any surgery and can persist for

months.'>!) The reported incidence of POD specifically following spine surgery ranges from
3.3% to 3.8%.14%

Desflurane and isoflurane are two commonly used inhalational anesthetic agents. While animal
studies have shown prolonged exposure to isoflurane may be neurotoxic, clinical series have reported
faster emergence and less postoperative cognitive dysfunction (POCD) utilizing desflurane. 11121417
Here, in a prospective, randomized double-blind clinical trial involving 60 patients undergoing
spine surgery, we compared the incidence of POD at 24 (day 1) and 72 h (day 3) utilizing isoflurane
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versus desflurane. We also evaluated whether various other
perioperative factors differentially influenced the incidence of
POD utilizing these two anesthetics.

MATERIALS AND METHODS

A prospective randomized double-blind clinical trial was
conducted (2016-2017) in 60 patients, ages 18-65 years old,
scheduled to undergo spine surgery; they provided written
informed consent [Figure 1]. They were randomly divided
into two equal groups; Group I (Isoflurane; n = 30) and
Group D (Desflurane; n = 30) utilizing computer-generated
random numbers. There were multiple exclusion criteria
[Figure 1]. Further, both the patients and the investigators
assessing for POD were blinded to the allocation groups.

Anesthetic technique

Patients were screened for cognitive dysfunction
preoperatively using the Mini-Cog Test.'! All patients were
monitored intraoperatively with five lead electrocardiogram,
pulse oximetry, and non-invasive blood pressure assessment.
Anesthesia was induced with intravenous (IV) propofol
(2-2.5 mg/kg) and fentanyl (2 pg/kg) followed by vecuronium
(0.1 mg/kg) (e.g., for endotracheal intubation). Anesthesia
was maintained with either isoflurane or desflurane.
Fentanyl infusion (0.5-2 pg/kg/h) and intermittent doses of
vecuronium (0.06 mg/kg) were administered intraoperatively.
State entropy was maintained at 40-60 for adequate depth
of anesthesia. After completion of surgery, neuromuscular

108 patients were
screened

60 patients met the
inclusion criteria and
were enrolled

Randomisation

30 patients were
assigned to isoflurane
group

No patients lost to
follow up or excluded
in the postoperative
period

Analysed
n=30

Figure 1: Patient recruitment.
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blockade was reversed with IV neostigmine 0.05 mg/kg and
glycopyrrolate 0.01 mg/kg.

Postoperative assessment of POD

The diagnosis and severity of POD utilized the 3D-Confusion
Assessment Method (CAM) and CAM-severity (CAM-S)
long-form delirium severity score, respectively, on
postoperative days 1 and 3.1

Statistical analysis

The results of a previously conducted study on POCD
comparing isoflurane and desflurane were used to calculate the
sample size in our study to prove the superiority of desflurane
over isoflurane with a margin of at least 5% using an alpha error
of 0.05 and power of 85%.!'"! The estimated sample size was 60
with 30 in each arm. All statistical analysis was done using SPSS
version 22 (SPSS Inc., Chicago, IL, version 16.0 for Windows).

RESULTS
POD results

There were no statistically significant differences utilizing
isoflurane versus desflurane on the incidence of POD between
the two groups on postoperative days 1 (10% vs. 13.3%)
and 3 (6.6% vs. 0%), respectively [Tables 1-3]. There
were also similar CAM-S delirium severity scores for
isoflurane versus desflurane groups on postoperative days

Inclusion criteria-
= Patients scheduled for spine surgery
= Age between 18-65 years
= ASA Grade | and Il patients
= GCS score of 15
= Postoperative Aldrette score greater than 9
Exclusion criteria-
= Cardio-respiratory disorders
= Cerebral disease
= Associated psychiatric illness
= Hormonal and electrolyte imbalance
= History of drug abuse
= Postoperative meningitis
= Administration of high dose steroids

30 patients were
assigned to
desflurane group

No patients lost to
follow up or excluded
in the postoperative

period

Analysed
n=30
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1 (1.5 vs. 1) and 3 (0.5 vs. 0.5), respectively. Further, the
respective postoperative pain scores on day 1 and day 3 were

comparable. The median ages of those who tested positive
for delirium were also similar; 36 years for postoperative

Table 1: Demographic and clinical characteristics.
Variable

Sex (M/F)
Age (years)
Education
Uneducated/Secondary (5%-12% grade)/Graduate
Weight (kg)
ASA status (1/2)
Substance abuse (Alcohol/Smoking/Both)
Comorbidities
Diabetes mellitus/Hypertension/Both
Diagnosis
Fracture/IDEM/PIVD/Others
Preoperative biochemical abnormalities-
Hyperkalemia (>5.1 mEq/L)/
Anemia (Hemoglobin<12 g/dl)/
Hyponatremia (<135 mEq/L)/
Hypernatremia (>145 mEq/L)
BUN/creatinine ratio (preoperative)
Pain score-NRS (preoperative)
Nature of injury
Non trauma/Trauma
Preoperative cognitive dysfunction

Isoflurane (n=30)

23/7
35.5 (27.5-40)

0/21/9
62 (55-70)
28/2
4/2/5

1/1/0
14/7/8/1

1
14
4
0
14.6 (12.1-18.4)
4.5(1-6.2)

16/14
7

Desflurane (n=30)

20/10
37.5(25.5-47.2)

1/20/9
62 (54.5-82)
26/4
6/0/1
1/1/2

11/4/11/4

16.8 (14.2-22.8)
2.5 (1-5.5)

19/11

Values are presented as number of patients/median (IQR). ASA: American society of anesthesiology, IDEM: Intradural extramedullary tumor,

PIVD: Prolapse intervertebral disc, IQR: Interquartile range

Table 2: Intraoperative anesthetic and surgical variables.

Variable

Surgical procedure
Laminectomy/LD/PSF

Level of surgery
Cervical/Dorsal/Dorsolumbar/Lumbar/Lumbosacral

Position of patient
Prone/Supine/Lateral
Duration of anesthesia (min)
Duration of surgery (min)

Intraoperative hypertension
(1/2/3 episodes)

Intraoperative hypotension
(1/>1 episode)

Median emergence time (min)

Median extubation time (min)

Intravenous fluids (ml)

Fentanyl dose (ug)

Blood loss (ml)

Blood transfusion (1 unit/2 unit)

Pain score-NRS (POD 1)

Pain score-NRS (POD 3)

Isoflurane (n=30)

Desflurane (n=30)

717116 8/9/13
4/7/3/13/3 2/6/4/13/5
26/2/2 29/1/0

195 (140-258)
138 (97.5-196.2)

185 (148.7-217.5)
138 (108.7-166.2)

2/2/0 6/0/1
6/3 4/4
9.8 (6.8-14.2) 7 (5-10)
9.5 (6.9-17.2) 9 (6-13.2)

1500 (1500-2500)
240 (170-290)
300 (200-400)

1700 (1000-2625)
220 (175-300)
300 (200-500)

3/0 2/1
3.5 (1-6.25) 4.5 (2-7.25)
1.5 (1-5) 2.5 (1-5)

Pvalue

0.539

0.352

0.121
0.424
0.801

0.532

0.434
0.051
0.513
0.722
0.182
0.158
0.73
0.280
0.777

Values are presented as number/median (IQR). LD: Laminectomy and discectomy, PSF: Pedicle screw fixation, POD: Postoperative delirium, min:

Minutes, NRS: Numerical rating score. Emergence time (duration between cessation of anesthetic agent and first response to verbal commands) extubation
time (duration between cessation of anesthetic agent and extubation of trachea), intraoperative hypotension defined as systolic BP<30% of baseline.
Intraoperative hypertension defined as systolic BP of more than 30% of baseline BP. BP: Blood pressure, IQR: Interquartile range
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Table 3: Outcome data: Postoperative delirium.

Isoflurane (%) Desflurane P
(%) value
POD day 1 3 (10) 4(13.3) 0.694
POD day 3 2 (6.6) 0(0) 0.155
CAM-S delirium 1.5 (0.75-4.25) 1(0-2.5) 0.238
severity score day 1
CAM-S delirium 0.5 (0-2) 0.5 (0-1) 0.231

severity score day 3

Values are presented as number of patients (percentage of patients)
or median (IQR). POD: Postoperative delirium, CAM-S: Confusion
Assessment Method - Severity, IQR: Interquartile range

day 1 and 35.5 years for postoperative day 3. A univariable
and multivariable analysis was performed to look for the
association of the various perioperative factors with POD on
day 1 and day 3; there were none (P > 0.05) [Tables 1 and 2].

DISCUSSION

Comparable outcomes for POD with isoflurane versus
desflurane

Our original hypothesis was that isoflurane may be associated
with an increased incidence of POD versus desflurane in
patients undergoing spinal surgery. We found the incidence
and severity of POD in middle-aged adults undergoing spine
surgery were similar on postoperative days 1 and 3.

Animal studies

Animal studies have demonstrated different incidences
of neurotoxicity utilizing isoflurane and desflurane as
inhalational anesthetics; some studies showed isoflurane to
be neurotoxic, while others demonstrated both isoflurane
and desflurane were neuroprotective.>*!*12l In neonatal
mice, Kodama et al. demonstrated that desflurane was more
neurotoxic than sevoflurane and isoflurane.”’ Alternatively,
in newborn mice, Istaphanous et al. showed that equipotent
doses of isoflurane, sevoflurane, and desflurane were equally
neurotoxic.”

Prior incidence of POD in patients undergoing spine
surgery

Previous studies on POD following spine surgery showed
a higher incidence of delirium in patients older than
60 years.*®! In the studies by Gao et al. and Kawaguchi
et al, the incidence of POD was 3.3% and 3.8%,
respectively.**! However, Kawaguchi et al. found that all
patients who tested positive for delirium were older than
70 years of age (POD incidence of 12.5% in >70 years). A prior
study in our hospital showed that delirium was diagnosed in
53% of patients 16-45 years of age, 24% who were between
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46 and 60 years of age, but in only 19% of patients >60 years
of age.”! Here, we found a comparable overall incidence of
POD utilizing isoflurane versus desflurane on postoperative
days 1 (11.7%) and 3 (3.3%). Further, the median age of those
who tested positive for delirium in our study was 36 years for
postoperative day 1 and 35.5 years for postoperative day 3.
We also found no significant relationship between POD and
other perioperative factors studied.

Limitations

The study included only 60 patients randomized to two
different anesthetic groups, and the study was only continued
for 3 postoperative days. Further, the baseline incidence
of preoperative cognitive dysfunction was higher in the
isoflurane (n = 7) versus desflurane groups (n = 1).

CONCLUSION

The incidence and severity of POD in middle-aged patients
receiving either isoflurane or desflurane for spine surgery
were similar on postoperative days 1 and 3.
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