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Abstract

Background: Sevoflurane and propofol are commonly used anaesthetic agents for general anaesthesia. It
has not been established which of them is more suitable for maintaining general anaesthesia during brain
aneurysm treatment with endovascular coiling.
Objective: We studied an effect of two anaesthetic maintenance agents on perioperative hemodynamic
stability and the rate of complications in patients undergoing brain aneurysm coiling.
Design: Prospective randomised trial. 
Setting: The tertiary level university hospital. 
Patients: 110 patients with brain aneurysms treated by endovascular coiling under general anaesthesia.
Interventions: Patients were randomised into 2 groups. The first group (S, 55 patients) received sevoflurane,
the second group (P, 55 patients) received propofol infusion to maintain general anaesthesia. Induction into
anaesthetic was the same in both groups. 
Measurements and Main Results: Group S patients were significantly more hemodynamically stable in the
term of mean arterial pressure (p = 0.001). Recovery time was shorter in S group. Perioperative bradycardia
occurred in the Group P more often (P = 0.039) meanwhile hypertension was more frequent in the Group S
(P = 0.001).
Conclusions: Our results suggest that sevoflurane can be better choice than propofol infusion for patients
with brain aneurysms treated by endovascular coiling under general anaesthesia.
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Abstrakt

Propofol vs. sevofluran jako hlavní anestetikum u pacientů podstupujících coiling mozkového
ane urysmatu – randomizovaná prospektivní studie

Cíl studie: Cílem studie bylo posoudit vliv dvou udržovacích anestetik na oběhovou stabilitu a výskyt
komplikací u nemocných podstupujících coiling mozkového aneurysmatu.
Typ studie: Randomizovaná prospektivní studie.
Typ pracoviště: Univerzitní nemocnice 3. typu.
Materiál a metoda: Soubor tvořilo 110 nemocných s mozkovým aneurysmatem léčených endovaskulárním
coilingem v celkové anestezii. Ti byli rozděleni do dvou skupin: buď do skupiny S (Sevoflurane, 55
nemocných) nebo do skupiny P (Propofol, 55 nemocných). Úvod do anestezie byl proveden u všech stejně.
Výsledky: U nemocných ve skupině S byl pokles středního arteriálního tlaku významně nižší (p = 0.001),
s častějším výskytem hypertenze (p = 0.001) než ve skupině P. Bradykardie byla častější ve skupině P (0,039).
Probouzení bylo ve skupině S kratší. 
Závěr: Naše výsledky naznačují, že inhalační Sevofluran je možná lepší volbou pro udržování anestezie nežli
infuze propofolu u nemocných s mozkovým aneurysmatem léčených endovaskulárním coilingem.
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aGlasgow Coma Scale
bWorld Federation of Neurosurgeons Scale
cNumber

aNumber
bMeans ± SD 
cAPACHE II, the Acute Physiology and Chronic Health Evaluation II
dAmerican Society of Anaesthesiologists physical status classifi-
cation system
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Introduction 

A brain aneurysm, also called a cerebral or
intracranial aneurysm, is enlargement, distension,
dilation or bulging of the wall of a cerebral artery. It is
estimated that up to one in 15 people will develop
brain aneurysm during their lifetime [1]. Brain
aneurysms are often discovered when they rupture,
causing bleeding into the brain tissue or into the
subarachnoid space. Aneurysms that rupture can
result in brain damage, severe disability or death. 

Brain aneurysms occur in all age groups, but
aneurysm sufferers are rarely young. Incidence of
aneurysm is low in those under 20 years of age. In
contrast, aneurysms are relatively common in people
over 65 years of age. Women are more likely to get
brain aneurysm than men, with a ratio of 3 : 2 [2]. 

In the past, brain aneurysms were treated mainly
by surgical clipping via craniotomy. Now, due to rapid
advances in diagnostic and interventional radiology
and neuroradiology in last two decades [3], most of
intracranial vascular pathologies can be successfully
managed with endovascular approach, thus either
avoiding surgical intervention or making it safer for the
patient [4].

The use of endovascular techniques, especially
Guglielmi detachable coils, represents a major
technological advance in aneurysm treatment, though
they are not suitable for treatment of all aneurysms.
Coiling is now firmly established as a treatment option
for management of cerebral aneurysm [5]. Never -
theless, it is not established yet what kind of anae -
sthetic technique is preferable for treatment of brain
aneurysms by endovascular coiling. 

The anaesthetist has a crucial role in facilitating
neuroradiological procedures, understanding the
procedures, their risks, side effects and complications
like intracranial haemorrhage and thromboembolic
stroke with incidence rate of 2.4% and 3.5% res -
pectively [6], their management and treatment.

Sedation is an option but some authors point out
high incidence of its failure to provide suitable
conditions for the patient and radiographer and
suggest to use general anaesthesia instead. General
anaesthesia seems to be a better choice because it
provides an immobile patient with improved image

quality, patient comfort, and better control of the
respiratory and hemodynamic profile. Nevertheless,
most endovascular procedures are done in the
interventional radiology suite and it has been shown
that patients undergoing endovascular coiling have
generally worse monitoring than those undergoing
surgical treatment in operating theatre. Among main
disadvantages of general anaesthesia belong an
inability to perform neurological assessment peri -
operatively, and consequences of endotracheal
intubation like hypertension, coughing or straining
which can cause raised intracranial pressure.

Choice of anaesthetic drugs depends mainly on
local practice and policy. They are also used, apart
from anaesthesia and analgesia, to ensure brain
protection from ischemia, decrease brain metabolism,
and keep cardiovascular stability. Short-acting
anaesthetics are preferred due to ability to assess
patient’s neurological status early after intervention.
Clinical studies dealing with the choice of anaesthetics
brought some recommendations. Nevertheless, there
is a lack of clinical data to support decision. Our study
compared two frequently used short-acting anae -
sthetic agents, sevoflurane and propfol, to find out their
effect on perioperative hemodynamic stability, rate of
complications, and recovery time from anaesthesia. 

Patients and methods 

Patients
The study was approved by the Ethical Committee

of the Martin University Hospital.

Table 1. General characteristics of the patients at baseline 

Group P Group S P-value 

Gender M/Fa 20/35 19/36 NS

Age (y)b 64 ± 15 66 ± 14 NS

ASA IIa,c 13 (23.6%) 11 (20%) NS

ASA IIIa,c 42 (76.4%) 44 (80%) NS

APACHE IIb,d 12 ± 6 11 ± 8 NS

Table 2. Patients‘ neurology and aneurysm status on admission

Patients with Total Group S Group P P-value

GCSa 15 (WFNSb 1)c 41 (37.2%) 18 (16.3%) 23 (20.9%) NS

GCSa 9-14 (WFNSb 2-4)c 69 (62.7%) 37 (33.6%) 32 (29%) NS

Neurological deficitc 73 (66.3%) 40 (36.3%) 33 (30.3%) NS

Unruptured asymptomatic aneurysmsc 11 (10%) 7 (6.3%) 4 (3.6%) NS

Unruptured symptomatic aneurysmsc 32 (25.4%) 12 (10.9%) 20 (18.1%) NS

Ruptured aneurysmsc 67 (60.9%) 36 (32.7%) 31 (28.1%) NS
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Suitable patients were randomly divided into two
groups using quasi method. Exclusion criteria were:
age below 18 years, pregnancy, severe heamodyna -
mical instability requiring inotropic infusion pre   ope ra -
tively, and Glasgow Coma Scale below nine. Patients
with uncontrolled hypertension, chronic anticoa -
gulation therapy and coagulation disorders were also
excluded from the study.

Their informed consent was aquired during pre-
operative consultation. The Acute Physiology and
Chronic Health Evaluation (APACHE II) and The
American Society of Anaesthetists physical status
classification system (ASA) were performed before the
operation. All patients were treated by the same
therapeutic protocol. Study physicians did not
participate in clinical decisions. Study patients were
not involved in other trials. Patient’s demographic and
clinical state data are in the Table 1.

Patients‘neurology and aneurysm status on admis-
sion is in the Table 2.

Patient’s underlying medical condition is in the Tab-
le 3.

Method
All patients enrolled in the study were given

nimodipine infusion continuously 20 mcg/kg/h to
prevent vasospasm.

All patients were given heparin infusion
continuously at a standard therapeutic dose sufficient
to prolong the APTT ratio to twice that of normal.

We measured noninvasive or invasive blood
pressure via catheter in radial artery of non-dominant
hand, ECG, CVP via internal jugular or subclavian
vein, SpO2, and diuresis.

All patients received 50 mg of tramadol IM 1 hour
before operation. 

All patients received 2 mg/kg of propofol, 1 mcg/kg
of fentanyl, and 0.5 mg/kg of atracurium IV for
induction of anaestesia. All were intubated and
ventilated with volume control ventilation, tidal volume
of 8 ml/kg, respiratory rate of 9–13/min according to
ETCO2 (targeted to 4.5 kPa), and with PEEP of 4 cm
of H2O.

Both groups were ventilated with a mixture of O2
and air in the ratio of 1 : 1. For maintance of anae -
sthesia, Group P patients were given 6 mg/kg/h of
propofol IV in continuous infusion. Group S patients
were given sevoflurane via inhalation in concentration
of 1.1 MAC. Analgesia was done with fentanyl infusion
of 1 mcg/kg/h, and we used  atracurium infusion of
0.4 mg/kg/h for maintenance of neuromuscular block.

Fentanyl and atracurium infusions were stopped
30–40 min before the end of surgery. Propofol and
sevoflurane were discontinued immediately after the
end of the procedure. All patients were extubated
when protective functions of airways were restored.

None of the patients had any neurological
monitoring during the procedure.

9 patients were excluded from the study (4 from
Group P and 5 from Group S) during or after the
operation due to urgent postoperative transfer to ITU
and use of treatment influencing this study. It was due
to cardiac failure (2 patients, one in each group),
prolonged muscle paralysis (4 patients, 1 in Group
P and 3 in Group S) and subarachnoid haemorrhage
(3 patients, 2 in Group P and 1 in Group S). All of
mentioned patients were excluded from the study due
to urgent transfer to ITU and use of medications, which
influence our study.

The Shapiro-Wilk W test was used for testing
normality of distribution. This distribution was not
normal so non-parametric methods were used for
statistical analysis. Subjects’ baseline characteristics
data (see Table 1) were analysed by contingency table
or Kolmogorov-Smirnov’s test. Paired sample
comparison was tested by Signed-Rank test. Diffe -
rences between groups were examined by Mann-
Whitney’s (Wilcoxon’s) test. P values less than 0.05
were considered significant.

Results

Study patients 
110 patients were enrolled into the study and

randomly divided into two groups. There was no
statistical difference between the two study groups. 

Parameters of hemodynamic
Mean arterial pressure in Group P was

significantly lower then in Group S since the 10th

minute of anaesthetics (Graph 1) till the end. This
difference was statistically significant (P = 0.045).

Heart rate varied more in Group S than in Group P
but these differences were not statistically significant
(See Graph 2). 

Central venous pressure differences were without
statistical significance between groups. 

Parameters of ventilation
There were no significant differences in mean

airway pressure and SpO2 between groups. 

aNumber

Table 3. Underlying comorbidities

Comorbidity Total Group S Group P P-value

Hypertensiona 42 (38.1%) 20 (47.6%) 22 (52.4%) NS

Ischemic Heart Diseasea 15 (13.6%) 8 (53.3%) 7 (46.7%) NS

Respiratory pathologya 9 (8.1%) 3 (33.3%) 6 (66.6%) NS

Hypercholesterolemiaa 11 (10%) 7 (63.6%) 4 (36.3%) NS
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smooth emergence, rapid awa -
kening, and early neurological
assessment of the patient in
the postoperative period. 

Balanced general anesthe -
sia with sevoflurane or propofol
has been widely accepted as
anaesthetic management for
patients undergoing neurosur -
gical procedures. Both agents
demonstrate similar characte -
ristics for anaesthetic induc -
tion, maintenance, emergence
time, and early cognitive
function [7, 8] although their
cerebral effects are still matter
of debate.

Propofol is one of the most
used anaesthetic agents for
induction. It is also used for the
anaesthetic maintenance as
total intravenous anaesthesia.
There are some theoretical
advantages of propofol over
sevoflurane in brain protection.
It posses anticonvulsive ac -
tivity and decreases brain
metabolism. Propofol is not
associated with a significant
modification of cerebral he -
modynamics and demon stra -
tes possible avoidance of
undesirable effects in neuro -
anesthesia [9, 10]. On the
other hand, its negative ino -
tropic effect on blood pressure
is well known. Its negative
impact on blood pressure may
lead to decreased intracranial
pressure (ICP) and cerebral
perfusion pressure (CPP). 
Sevoflurane effect on cardio -

vascular system is dose depending. In com parison to
other anaesthetic drugs, autoregulation of brain
perfusion is well preserved with sevoflurane. Dilation of
brain vessels is dose dependent and less evident in
comparison with other inhalational agents [11] but may
cause increased CPP and ICP during spontaneous
ventilation.

In this study, propofol anaesthesia showed
unfavourable decrease of mean arterial pressure and
higher incidence of bradycardia in comparison to
sevoflurane. Nevertheless, some pitfalls of this study
should be mentionted. First, it is a lack of neurological
monitoring of the depth of anaesthesia, for example
by measuring Bispectral Index. Second, metabolic
activity of the brain was not estimated, for example by
SvjO2 measurement. We didn’t measure brain blood
flow either, for example by transcranial Doppler
ultrasound examination. The reason is that at the time

aNumber
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Perioperative complications
The study analysed complications  occurring

perioperatively only.
Higher incidence of bradycardia (defined as HR

below 60 bpm) was seen in the Group P (P = 0.05).
Higher incidence of hypertension (defined as systolic
blood pressure over 150 torr) was seen in the Group
S (P = 0.05). 

For incidence of all complications see Table 4. 

Discussion

Anaesthesia for endovascular treatment of brain
aneurysms must provide hemodynamic stability,
maintenance of cerebral perfusion pressure, control
of intracranial pressure, as well as good conditions for
the patient and the surgeon. An anaesthetist must plan
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Graph 1. Changes in MAP in the first 60 min after induction

Graph 2. Changes in heart rate in the first 60 min after induction

Table 4. Incidence of perioperative complications

Group P Group S P-value 

Bradycardiaa 13 (23.6%) 5 (9.1%) 0.05

Systemic hypertensiona 13 (23.6%) 34 (61.8%) 0.05

Intracranial 5 (9.1%) 2 (3.6%) NS

Intracranial vasospasma 14 (25.5%) 10 (18.2%) NS
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of this study, there were not any of the equipments
available in the hospital.

Conclusion

Our study results suggest that maintenance of
general anaesthesia performed with sevoflurane may
be more suitable anaesthetic option than anaesthesia
with propofol infusion in patients undergoing brain
aneurysm coiling. Nevertheless, larger study with
perioperative neurological monitoring would be
necessary to decide whether one of these anaesthetic
agents is more preferable in neuroanaesthesia.
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