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Abstract

Purpose Surgery for aneurysmal clipping after subarachnoid haemorrhage (SAH) poses a unique anaesthetic challenge.
However, data on the influence of anaesthetic agents in these patients are lacking. The study aims to evaluate the superiority
of propofol over desflurane for postanaesthetic morbidity in patients undergoing surgery following aneurysmal SAH.
Methods Seventy World Federation of Neurosurgeons Grade I and II patients were randomized into propofol (n = 35) and
desflurane groups (n = 35). Anaesthesia was maintained with propofol/fentanyl in propofol group and desflurane/fentanyl in
the desflurane group. Jugular venous oxygen saturation (SjVO,) and brain relaxation were assessed intraoperatively. Time
to eye opening, response to verbal commands, and extubation were noted from the time of discontinuing the anaesthetic
agent. Duration of postoperative hospital stay and modified Rankin score (MRS) at discharge were subsequently compared.
Results Median postoperative hospital stay was 9 (6, 14) days with use of propofol and 9 (7, 12) days in desflurane group
(P =0.671). 18 patients in the propofol group and 14 patients in the desflurane group had good outcome (modified Rankin
score 0—1; P = 0.453). Both the anaesthetics were similar in terms of intraoperative haemodynamics, brain relaxation, time
to eye opening, response to verbal commands, and extubation time (P > 0.05). Emergence hypertension was more in the
desflurane group (P = 0.007). The intraoperative SjVO, values were significantly higher in the desflurane group (P < 0.05).
Conclusion Propofol and desflurane are comparable in terms of postoperative morbidity in patients undergoing aneurysm
neck clipping following SAH.
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Introduction

Annual incidence of subarachnoid haemorrhage (SAH)
following rupture of cerebral aneurysms is approximately
5-11/100,000 [1]. Case fatality is approximately 50% and
one-third of survivors remain dependant [2]. The patients
04 Hemant Bhagat scheduled for clipping of aneurysmal neck following SAH

hembhagat@rediffmail.com undergo early surgery to prevent rebleeding [3]. During this
period, there are ongoing consequences of acute neurologi-
cal insult [4]. Since intravenous and inhalational anaesthetics
have variable effects on cerebral physiology, they have the
potential to influence the outcome in patients undergoing
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facilitate prompt awakening and neurological assessment
following surgery. Both inhalational as well as intravenous
agents are being used for maintenance of anaesthesia but
data comparing the two in terms of outcome in this subset
of patients is lacking.

Propofol has been a popular drug for neurosurgery since
its first clinical trial in 1977 [5]. Rapid return to conscious-
ness after discontinuation of continuous infusion is a major
advantage in comparison with other agents. Propofol reduces
the Cerebral metabolic requirement of oxygen (CMRO,),
reduces the cerebral blood flow (CBF), preserves cerebro-
vascular reactivity to changes in carbon-di-oxide levels, and
offers neuroprotection [6, 7]. Desflurane has been in use for
maintenance of anaesthesia since 1992. Its solubility char-
acteristics and potency permit rapid achievement of anaes-
thesia as well as prompt awakening. Desflurane also reduces
the CMRO,, preserves cerebrovascular reactivity, and has
been found to offer neuroprotection in various in vivo and
in vitro models [8, 9]. However, it is seen that the reduction
in CBF caused by desflurane due to concomitant reduction
in CMRO, may be offset by direct cerebral vasodilatory
properties [10]. This property of desflurane may increase
the ICP and aggravate preexisting neurological insult when
compared to propofol which has cerebral vasoconstrictive
properties. One study comparing perioperative outcome with
the use of burst suppression doses of propofol and desflu-
rane found similar brain conditions and awakening times
in patients undergoing clipping following aneurysmal SAH
[11]. However, when used at maintenance doses for anaes-
thesia, the neurological outcome at hospital discharge is
improved with the use of propofol [12].

Considering the above factors, it appears that at anaes-
thetic doses, propofol may offer better neuroprotection than
desflurane in influencing the postoperative outcome of these
patients. The aim of the present study is to evaluate the supe-
riority of propofol for short-term outcome when compared
to desflurane in patients undergoing surgery for clipping of
cerebral aneurysm following SAH. The comparison of dura-
tion of postoperative hospital stay as a surrogate marker of
morbidity was the primary outcome. Comparison of intra-
operative haemodynamics, brain relaxation, jugular venous
oxygen saturation (SjVO,), emergence characteristics, and
neurological outcome at discharge were the secondary out-
comes of the study.

Methods

After approval from institutional ethical committee, this
prospective randomized study was conducted in patients
undergoing aneurysmal neck clipping following spontane-
ous rupture of intracranial aneurysm in the anterior cerebral
circulation. Patients included were between 18 and 65 years

of age, World Federation of Neurosurgeons (WFNS) Grade
I-II, ASA physical status I-III, diameter of ruptured aneu-
rysm less than 25 mm and duration of surgery less than 5 h.
Patients with aneurysm in the posterior circulation and also
the ones with illness like coronary artery disease, valvular
disorder, hepatic, and renal impairment were not included
in the study. 70 patients were randomized into propofol
(n = 35) and desflurane (n = 35) groups using computer
generated random tables and concealment done using
opaque sealed envelope by the corresponding author who
was not involved in conduct of anaesthesia for the included
patients. Written informed consent was taken from the
patient or next of kin. The trial was registered with Clinical
Trials Registry, India (http://ctri.nic.in. Unique identifier:
CTRI/2014/10/005118).

Preinduction monitoring included noninvasive blood
pressure, electrocardiography, pulse oximetry, and urine
output. The patients were administered fentanyl 2 ng/kg
prior to induction followed by 0.5-2 ug/kg/h as infusion.
Propofol was used for induction of anaesthesia with the dose
titrated to loss of response to verbal command. Lignocaine
1.5 mg/kg was administered prior to laryngoscopy to attenu-
ate the hemodynamic stress response. Vecuronium was used
for intubation in the doses of 0.1 mg/kg and subsequently
0.02 mg/kg to maintain less than two twitches on the ‘Train
of Four’ neuromuscular monitor. For beat to beat monitoring
of blood pressure and blood gas analysis, an arterial catheter
was placed in the radial artery. Nasopharyngeal thermom-
eter probe was placed to measure the body temperature and
normothermia (36-37 °C) maintained in all the patients
with the help of forced air-warming blankets. The patients
were maintained with either propofol infusion or desflurane.
ENTROPY™ (Datex-Ohmeda) was used to maintain com-
parable depth of anaesthesia in both the groups. Propofol
and desflurane were titrated to maintain state entropy values
between 40 and 60.

Normal saline was used as intraoperative fluid. Packed
red blood cells were administered if hematocrit reduced
to less than 30. Mannitol 0.5 gm/kg was administered at
the time of skin incision. PaCO, was kept between 32 and
35 mmHg, but patients were hyperventilated to a PaCO,
of 28-32 mmHg if the brain swelling persisted despite
osmotic therapy. Ventilation was maintained with 100%
oxygen in all the patients. Fentanyl infusion was stopped at
the beginning of scalp closure, whereas anaesthetic agents
were stopped after application of staples for skin closure.
Neuromuscular blockade was reversed with a combination
of neostigmine 50 pg/kg and glycopyrrolate 10 pg/kg. The
patients were extubated if (1) they were haemodynamically
stable; (2) there was adequate reversal of neuromuscular
blockade; (3) return of spontaneous and regular respira-
tion with adequate tidal volume; (4) ability to maintain
adequate oxygen saturation; and (5) there was spontaneous
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eye opening or response to verbal commands. Total dura-
tion from the time of induction until the time of cessation
of the anaesthetic agent (i.e., after the application of skin
staples for scalp closure) was noted as duration of anaes-
thesia. This included the time required for insertion of
intra arterial and jugular bulb catheter, positioning of the
patient and complete duration of surgery. The duration of
surgery was the time from scalp incision until the time of
complete closure of scalp incision.

With the patients lying undisturbed in the operative room,
the preinduction heart rate and blood pressure were recorded
thrice at 1 min interval. The mean of the three readings was
taken as the baseline value of heart rate and blood pressure
for a particular patient. Subsequently, patient’s heart rate and
blood pressure were kept as close to baseline as possible dur-
ing the conduct of the procedure. Prior to application of tem-
porary clip, the mean blood pressure was increased to 20%
of the baseline values to augment collateral blood flow. Any
sustained increase or decrease in blood pressure during the
course of surgery which was more than 20% than the base-
line was managed aggressively with the use of beta-blockers
(Metoprolol) for hypertension and vasopressors (Dopamine)
for hypotension. Any adverse intraoperative event leading to
major haemodynamic instability resulted in exclusion of the
patient from the study. After craniotomy, scoring for brain
relaxation was done by the neurosurgeon who was unaware
of the agent used for maintenance of anaesthesia. Brain
relaxation was graded as Grade 1—relaxed brain, Grade
2—tense brain with mild but acceptable swelling, Grade
3—tight brain with moderate brain swelling but no specific
change in management required, and Grade 4—bulging
brain with severe swelling requiring some specific change
in management (e.g., administration of additional doses of
mannitol, boluses of propofol, etc.).

Jugular bulb oximetry was done using a 5 Fr, 20 cm, sin-
gle lumen central venous catheter (CVC), inserted in the
internal jugular vein (IJV) ipsilateral to the lesion. The tip
of the CVC was placed in the jugular bulb by retrograde can-
nulation of IJV following tracheal intubation. Intermittent
sampling was done immediately after insertion and there-
after following craniotomy, permanent clipping, closure of
duramater and following extubation. Confirmation of correct
placement was done postoperatively by skull and neck radi-
ography. If the tip of the catheter was not in correct position,
the data of SjVO, values were excluded but the patient con-
tinued to be a part of the study for other parameters.

Following discontinuation of anaesthetic agent, time to
eye opening, response to verbal commands and extubation
were compared. Incidence of emergence hypertension (mean
arterial pressure more than 20% of baseline sustained for
more than 1 min and requiring administration of intravenous
Esmolol) and the number of patients who were extubated
were noted.
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All the patients were reviewed 24 h after surgery for
any neurological deficits and the Glasgow Coma Score.
Subsequently, they were followed up until the time of dis-
charge from hospital or death. The criterion for discharge of
patients were neurological stability (no alteration in the GCS
for five successive days), haemodynamic stability, spontane-
ous breathing, and the ability to maintain oxygen saturation
> 95% on room air, accepting feeds either orally or through
nasogastric tube and when the patients were free of any
infection. The incidence of vasospasm, infarction, decom-
pressive craniectomy, and tracheostomy was also noted. The
hospital stay in days after the surgery was compared for both
the groups. Patients at the time of discharge were assessed
for functional neurological status as per modified Rankin
score (MRS) by the neurosurgical residents who were una-
ware of the agent used for maintenance of anaesthesia.
Patients with MRS of 0 and 1 at discharge were considered
to have a good outcome, whereas those with MRS of 2—-6
were considered to be poor outcome.

Duration of mean hospital stay after clipping is 13.5 days
in our institution. Our study hypothesized that propofol
could be better than desflurane for outcome in these group
of patients. We assumed mean hospital stay to be 13 days
when propofol is used and 15 days when desflurane is used.
With SD of + 2.5, a sample size of 25 cases was considered
adequate for a study with 80% Power and 95% confidence
interval. Adjusting for dropouts, we decided to include 35
patients per group.

Statistical analysis

Normality of quantitative data was checked by measures
of Kolmogorov—Smirnov tests of normality. For nor-
mally distributed data, means have been compared using
unpaired 7 test and presented as mean + standard deviation
(SD). The variables with skewed data were analysed using
Mann—Whitney tests and presented as median and interquar-
tile range (IQR). Categorical variables were analysed using
Chi-square test and presented as number and percentages.
All calculations are two sided and were performed using
Statistical Package for Social Sciences (SPSS Inc. 2013,
version 22.0 for Windows, Armonk, NY, USA). A ‘p’ value
of < 0.05 has been considered statistically significant.

Results

Out of 118 patients assessed for eligibility, 70 patients were
enrolled and randomized into Propofol and Desflurane
groups. Both the groups had 35 patients. 2 (5.7%) patients
in the propofol group and 4 (11.4%) patients in the Des-
flurane were excluded during the course of study (Fig. 1).
In propofol group, both the patients were excluded due to
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Fig. 1 Flow diagram showing
patient distribution
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intraoperative rupture of aneurysm leading to major haem-
orrhage and hemodynamic instability. Out of the 4 patients
excluded in the desflurane group, 3 were excluded due to
intraoperative aneurysmal rupture leading to major haemor-
rhage and hemodynamic instability, whereas 1 patient was
excluded due to duration of surgery exceeding 5 h. Hence,
33 patients in the propofol group and 31 patients in the des-
flurane group were considered for final analysis (Fig. 1).
Patient population in both the groups were compared for
baseline characteristics and no significant differences were
noted (Table 1).

There was no significant difference in variables recorded
intraoperatively (Table 2). Data for SjVO, could be obtained
in 13 patients in propofol group and 14 patients in the des-
flurane group. Sampling was done at five different instances
as mentioned in the methodology. The mean values obtained
at these five points were analysed for any difference within
the individual group as well as in between the two groups.
Values in desflurane group were higher than propofol group
at all instances when sampling was done. The mean SjVO,
values were 74% or more at any of the five occasions in the
desflurane group. However, the values reached statistical sig-
nificance between the two groups following craniotomy and
after clipping of the neck of aneurysm (Fig. 2). Analysing
the mean values within the same group, no significant dif-
ference was seen at any time when compared to the baseline
values which were recorded immediately after insertion of
the jugular bulb catheter.

20 patients (60.6%) in the propofol group and 23 patients
(74.2%) in the desflurane group were extubated in the opera-
tion theatre after the end of surgery. Consequently, the data
for emergence characteristics were analysed for 20 patients
in propofol group and 23 patients in desflurane group
(Table 3). Both the groups were comparable for time to eye
opening, time to extubation and time to obeying of verbal
commands. The incidence of emergence hypertension was
significantly higher in the desflurane group (Table 3).

Patients were evaluated at 24 h after surgery and no sta-
tistical difference was found in between the groups in terms
of GCS and appearance of new neurological deficits. More
number of patients had postoperative mechanical ventila-
tion after 24 h in the propofol group than the desflurane
group, but this difference was also statistically insignificant
(Table 4). Both the groups were similar for adverse postop-
erative events which included vasospasm, origin of a new
infarct, need for tracheostomy or decompressive craniectomy
(Table 4).

Median hospital stay of patients in the propofol group was
9 (6, 14) days which was similar to desflurane group which
also had a median hospital stay of 9 (7, 12) days (Table 4).
Patient’s condition at the time of discharge was assessed
in both the groups using MRS. The distribution of patients
in both the groups is shown in Table 4. There is no differ-
ence in between the two groups as far as distribution among
MRS is considered. The number of patients discharged
with good outcome (MRS 0-1) is numerically better in the
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Table 1 Patient characteristics

Patient characteristic Propofol (N = 33) Desflurane (N = 31) P value
Age (years) 437 +12.2 453 +11.2 0.575
Weight (kg) 65.3 +8.9 643+ 113 0.711
Sex® (male/female) 18/15 16/15 0.814
Site of ruptured aneurysm® 18/9/3/2/1 16/9/3/2/1 0.550
ACOM/MCA/ACA/PCOM/ICA

Comorbidities® 8/1/1/1 6/1/1/2 0.330
HTN/DM/COPD/OBESITY

ASA grade® 19/13/1 20/11/0 0.568
IE/IE/IIE

Baseline heart rate (bpm) 68.1 +12.6 66.74 + 12.9 0.667
Baseline systolic BP (mmHg) 141.8 £23.8 146.5 +22.3 0.426
Baseline diastolic BP (mmHg) 799 +13.7 81.6+10.3 0.589
Time from SAH to clipping (days)* 3(2,6) 5(1,7) 0.396
Hunt and Hess grade® 0/24/9 1/18/12 0.320
/I/III

WENS grade® 23/10 23/8 0.680
/I

Fisher grade® 3/10/15/5 1/6/13/11 0.228
/v

GCS* 15 (14, 15) 15 (IQR 0) 0.508

Values are mean =+ SD, median (IQR)* and number®

ACOM anterior communicating artery, MCA middle cerebral artery, ACA anterior cerebral artery, PCOM
posterior communicating artery, /CA internal carotid artery, HTN hypertension, DM diabetes mellitus,
COPD chronic obstructive pulmonary disease

Table 2 Intraoperative

o Characteristic Propofol (N = 33) Desflurane (N = 31) P value
characteristics

Duration of anaesthesia (min) 2174 +37.2 213.7 +46.7 0.728
Duration of surgery (min) 182.8 +41.1 174.7 + 44.8 0.448
Total fentanyl used (ug) 297.9 +46.9 284.7 + 67.2 0.369
Intravenous fluids® (ml) 3500 (3000, 3500) 3500 (3000, 4000) 0.592
Urine output (ml) 1190.9 + 283.2 1329.1 £ 578.1 0.236
Intraoperative rupture of aneurysm® 7 6 0.854
Blood loss (ml) 519.1 £ 171.1 487.1 + 140.2 0.418
Blood transfusion® 1 1 0.964
Brain relaxation® grade 15/10/7/1 11/13/7/0 0.584
imyv

Temporary clip application (min) 59+50 45+3.8 0.282
Hypotension® 2 0.518
Hypertension® 3 1 0.333

Values are mean + SD, median (IQR)? or number”

propofol group but this difference is statistically not signifi-
cant (Table 4).
Discussion
Both intravenous as well as inhalational agents have been

used for maintenance of anaesthesia during neurosurgery
[13—15]. However, the data comparing various anaesthetic
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agents specifically for outcome following surgery for aneu-
rysmal neck clipping after SAH is lacking except for a
retrospective analysis which found better outcome with the
use of propofol [12]. The present study is the first prospec-
tive randomized clinical trial which compares the effect of
an intravenous with an inhalational anaesthetic for postop-
erative outcome in patients undergoing surgery following
an acute neurological insult due to aneurysmal SAH.
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Table 3 Emergence

o Emergence characteristic Propofol (N = 20) Desflurane (N = 23) P value

characteristics
Time for eye opening (in min) 13.6+5.6 11.8+45 0.246
Time for extubation (in min) 147+ 6.1 12.8 +4.7 0.234
Time for obeying verbal commands 16.8 + 6.8 13.5+49 0.073

(in min)

Emergence hypertension® 2 (10%) 11 (53.5%) 0.007
Values are mean + SD or number (%)*

Table 4 lf’ogoperative Characteristic Propofol (N ==33) Desflurane (N = 31) P value

characteristics and outcome

parameters Vasospasm® 3.1 6(19.4) 0.238
Infarct® 7(21.2) 10 (32.2) 0.317
Tracheostomy® 5(15.2) 5(16.1) 0.914
Decompressive craniectomy® 2(6.1) 2(6.4) 0.949
New onset neurological deficit® 5(15.2) 5(16.1) 0.914
Postoperative hospital stay# (in 9 (6, 14) 9(7,12) 0.671

days)

MRS at discharge® 7(21.2)/11(33.3)/4(12.1)/2(6.  5(16.1)/9(27.3)/4(12.9)/4(12.  0.909
0/1/2/3/4/516 1)/3(9.1)/5(15.1)/1(3.1) 9)/4(12.9)/3(9.7)/2(6.4)
MRS at discharge” 1(1,4) 2(1,4)
Outcome® Good/Poor 18(54.5)/15(45.5) 14(45.2)/17(55.8) 0.453

Values are number (%)? or median (IQR)*
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In our study, the duration of postoperative hospital stay
has been used as a surrogate marker of short-term outcome.
The effect of an individual anaesthetic on the cerebral physi-
ology and neuroprotection can influence the morbidity and
postoperative course of a patient. In our study, no appreci-
able difference was noted in the postoperative hospital stay
between the propofol and desflurane groups. The MRS at
discharge was also similar among the two groups. Numeri-
cally, more patients had good outcome (MRS 0-1) in the
propofol group than the desflurane group, but the difference
is not statistically significant. Mortality was also similar in
both the groups. We also looked at the short-term outcome,
in terms of GCS of the patient and presence of any fresh
neurological deficit at 24 h after surgery as we felt that early
outcome is important in context of the anaesthetic agents
used. Majority of the patients in both the groups had a GCS
of 15. However, more patients continued to be on ventilator
support at 24 h in the propofol group than in the desflurane
group. The fact that propofol reduces regional CBF preferen-
tially in the regions implicated for arousal and its elimination
half life being 4—7 h may have a minor contributory effect
in this regard [16, 17]. Five patients in each group had fresh
neurological deficits. Location of the ruptured aneurysm
and the surgical technique may be the probable causes for
these deficits. The incidence of postoperative complications
like cerebral vasospasm, cerebral infarction and those who
underwent decompressive craniectomy were also similar
among the groups.

An important goal of neuroanaesthesia is to maintain
haemodynamic stability and provide a relaxed brain dur-
ing surgery. Propofol reduces the CMRO, as well as CBF
and is likely to provide a relaxed brain during surgery [18].
Desflurane also reduces CMRO,_ but it may not cause a
proportionate decrease in CBF, and hence, it appears less
favourable for use in neurosurgery [10]. However, our results
did not show any difference in the grades of brain swelling in
both the group. Majority of patients in both the groups had
either a relaxed brain or mild brain swelling. Cheng et al.
compared propofol with desflurane for brain relaxation in
patients undergoing aneurysm neck clipping surgeries. They
found that all the patients in both the propofol and desflurane
groups had Grade I brain relaxation when burst suppres-
sion dose of anaesthetics were used [11]. In our study, we
used propofol and desflurane, for maintenance of anaesthesia
as measured by ENTROPY™, keeping the values of State
Entropy between 40 and 60. It is unlikely that burst suppres-
sion can be achieved at the above-mentioned values of State
Entropy. In spite of the above, it will be safe to assume that
even though there is a difference in pharmacodynamics of
propofol and desflurane on CBF and ICP but still both the
agents are similar in terms of providing identical brain relax-
ation in “good grade” aneurysmal SAH patients. The effect
of two anaesthetics on intraoperative haemodynamics was
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also similar. Less than 10% of patients in both the groups
had haemodynamic variation which required corrective
measures.

Another major endeavour of neuroanaesthesia is to have
smooth and early awakening. Smooth emergence is vital to
prevent the development of hematomas, whereas early awak-
ening facilitates early neurological assessment [19]. How-
ever, one major drawback of early emergence is the hyper-
tension which accompanies it and predisposes the patient to
development of hematoma [20]. Both propofol and desflu-
rane can facilitate early emergence from anaesthesia. Since
our patients were WENS grade I and II (“‘good grade”), our
plan was to reverse the residual neuromuscular blockade and
extubate the trachea after surgery except in those patients
who had some intraoperative event or had a “tight” brain
at the time of dural closure. 60.6% patients in the propofol
group and 74.2% in the desflurane group were extubated in
the operation theatre after the end of surgery. Even though
the percentage of patients extubated in the propofol group
is less than that in the desflurane group, the difference is
statistically not significant. Discontinuation of anaesthetics
towards the end of surgery leads to stress caused by arousal
and this compounded by the presence of an endotracheal
tube leads to catecholamine surge which manifests as emer-
gence hypertension [21]. In our study, greater number of
patients in the desflurane group had emergence hypertension
requiring use of a beta blocker when compared to propofol
group, which was significant. The observations are similar to
a study in which the use of inhalational agents in neurosurgi-
cal patients has greater incidence of emergence hypertension
when compared to intravenous agents [19]. In our study, the
mean time to eye opening, extubation, and obeying verbal
commands after stopping the anaesthetic agent are similar
in both the groups. The results are comparable to two trials
conducted in supratentorial surgeries which compared emer-
gence and extubation time with the use of an intravenous and
an inhalational agent [15, 22].

SjVO, provides an indirect assessment of cerebral oxygen
use and is used to guide management decisions in a variety
of clinical paradigms [23]. A constant SjVO, in the normal
range indicates coupling of cerebral blood flow and metabo-
lism. A low SjVO, indicates either an increase in oxygen
extraction due to increase in CMRO, or a reduction of CBF
while a high SjVO, indicates a decrease in oxygen extrac-
tion due to decrease in CMRO, or an increase in CBF. In our
study, data could be obtained only from 13 patients in propo-
fol group and 14 patients in the desflurane group. As evident
from our results, the SjVO, values at all times are within the
normal range (55-75%) in the propofol group. The mean
values of SjVO, in the desflurane group during surgery were
always higher (74% or more). In a couple of other studies,
the CMR reduction has been observed to be 48—-58% with
propofol, while it is 35-51% with desflurane while using



Journal of Anesthesia (2018) 32:250-258

257

anaesthetic dose of both the agents [8, 24]. Since the maxi-
mum reduction of CMR is almost similar with propofol and
desflurane, it would be logical to interpret that the increase
in SjVO, values with desflurane could be related to increase
in the CBF. The difference in values obtained after crani-
otomy and after application of clip is statistically higher in
the desflurane group when compared to propofol group. The
findings are consistent with the fact that the flow metabolism
coupling is preserved with propofol, whereas volatile agents
like desflurane leads to a state, wherein CMRO, is reduced,
but the CBF does not reduce in proportion to the reduction
in CMRO, [10]. In other studies as well, SjVO, values gen-
erally increased above baseline whenever a volatile agent
was used [25, 26]. A study was conducted in the subset of
SAH patients in the ICU for sedation, wherein propofol was
compared with isoflurane for the effect on regional CBF. An
increase in regional CBF was observed for the time when
isoflurane was used for sedation which is consistent with our
results for desflurane in terms of SjVO, [27]. Nevertheless,
this difference in the SjVO, values among the groups in our
study did not influence any of the clinical parameters like
intraoperative brain condition, incidence of postoperative
vasospasm or outcome.

We used 100% oxygen to ventilate the lungs of patients
in both the groups in our study. This was due to the unavail-
ability of medical air in the neurosurgical operating room
complex in which the aneurysm surgeries were undertaken.
We did not administer nitrous oxide as it causes increase in
CBF, CMRO, and ICP which are greater in proportion with
concomitant use of an inhalation agent than with the use
of propofol [28]. This could have confounded the observa-
tions of our study. Use of a high fraction of inspired oxygen
during surgeries has been suggested to cause a significant
reduction in the incidence of surgical site infection and post-
operative nausea and vomiting [29-31]. At the same time, it
has been found to increase the incidence of pulmonary com-
plications like atelectasis and airway inflammation [32, 33].
However, a large randomized trial did not find either a sig-
nificant reduction in the incidence of surgical site infection
or an increase in the frequency of pulmonary complications
with the use of high inspiratory oxygen concentration [34].
From the available literature, 100% O, can be used safely for
around 6 h in humans without causing any side effects [35].
Hence, only those patients who underwent surgery for 5 h
or less were included in our study.

In addition to the above, our study has a few other limi-
tations. First, our study included only good grade SAH
patients, whereas it is poor grade patients who are more
likely to have significantly raised ICP. In such patients, the
use of these two agents with different actions on cerebral
physiology might show up different results and is an area of
future research. The measurement of ICP would have been
ideal and an objective indication of the effect of anaesthetics.

Second, the SjVO, values were only intermittently measured
by jugular venous sampling in limited number of patients.
Moreover, the interpretation that there is increased CBF with
use of desflurane when compared to propofol is indirect and
based on the SjVO, values.

However, the intraoperative parameters and the neuro-
logical outcome at discharge were similar with the use of
both the anaesthetic agents. Desflurane when compared to
propofol has the potential to cause an increase in cerebral
blood flow. The study concludes that in patients with good
grade SAH, the post anaesthetic outcome as measured by the
duration of postoperative hospital stay is similar with use of
either propofol or desflurane.
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