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Abstract 
Sixty Thai patients, ASA class I-II, Glasgow coma score of 15 undergoing elective intra­

cranial surgery were randomly assigned to 2 groups. In group I, 30 patients were induced with 
thiopental 3-5 mglkg, intubation with succinylcholine 1-2 mglkg and then maintained with 60 per 
cent N

2
0 in 0

2
, isoflurane and vecuronium as a muscle relaxant. In group II, 30 patients received 

fentanyl 50 Jlg, propofol 1.0-2.5 mglkg for induction and vecuronium 0.08 mg!kg for intubation 
then maintained with 60 per cent N

2
0 in 0

2
, continuous infusion of propofol 2-12 mglkg/h and 

vecuronium as a muscle relaxant. Controlled ventilation in both groups was set to maintain PET 
C0

2 
in the range of 28-35 mmHg. 3 patients (1 in group I and 2 in group II) were excluded from the 

study due to surgical problems. There was no statistical difference in age, sex, ASA status, 
weight, duration of anesthesia. Group II had a more stable systolic BP, Diastolic BP and Pulse 
rate than Group I during induction and emergence from anesthesia. Glasgow coma scores in the 
recovery period, Group II had higher scores than Group I at 5 and 15 minutes but not at 30 minutes. 
Mean recovery times (eye opening) was 14.03±4.85 minutes in group I which is significantly 
different from 10±5.17 minutes in group II. The cost of anesthesia in group II was 1.3 times that 
of group I. In conclusion, although neurosurgical anesthesia for Thai patients with fentanyl­
propofol technique produces more stable blood pressure during intubation and emergence, rapid 
recovery from anesthesia and a higher Glasgow coma score, the cost of anesthesia IS more 
expensive. Furthermore, this technique is more difficult and needs more experience. 

The use of thiopental-isoflurane for neuro­
surgical patients has been widely accepted. Isoflu­
rane is frequently used due to its rapid onset of 
action and recovery. However, isoflurane increases 
cerebral blood flow via cerebral vasodilatation 
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which is dose dependent(l ,2). This effect ele­
vates intracranial pressure. The increase of intra­
cranial pressure can be compensated by hyperven­
tilation to keep PC0

2 
between 25-35 mmHg. 

Nevertheless, hyperventilation can cause cerebral 
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ischemia from excessive cerebral vasoconstric­
tion(3). In addition, respiratory alkalosis from 
hyperventilation may cause coronary vasoconstric­
tion, cardiac arrhythmia, decrease in ionized plasma 
calcium ion and shift to the left of Hb-0

2 
dissocia­

tion curve. 
Intravenous anesthetic agents except keta­

mine decrease cerebral 0
2 

consumption which 
appear to be beneficial for neurosurgical patients. 
However, there is the disadvantage of prolonged 
recovery from most intravenous anesthetic agents. 
Propofol, the relatively new intravenous sedative -
hypnotic agent seems to be promising. It has rapid 
onset of action and recovery. Furthermore, propofol 
dose-dependently reduces cerebral blood flow and 
cerebral metabolic rate and may thus reduce intra­
cranial pressure while cerebral autoregulation and 
vascular response to PC0

2 
are still maintained. 

Therefore, it should be appropriate for neuroanes­
thesia. 

The purpose of this study was to compare 
the use of propofol - fentanyl with thiopental - iso­
flurane for neurosurgical anesthesia in Thai patients 
at Ramathibodi Hospital in terms of hemodyna­
mics, recovery and cost of anesthesia. 

METHOD 
After approval of the study protocol by the 

institutional ethics committee at Ramathibodi Hos­
pital, we studied 60 consenting adult patients un­
dergoing neurosurgery. All patients had ASA phy­
sical status I or II, aged between 15-60 years old. 
These patients had no history of diabetes melli­
tus, hypertension, heart disease, asthma, chronic 
obstructive pulmonary disease, liver or kidney 
diseases. They had a Glasgow coma score of 15 and 
were randomly allocated into 2 groups. 

Group I 
In 30 patients, with each patient breathing 

100 per cent 0
2 

by mask for 3-5 minutes, anesthe­
sia was induced with thiopental 3-5 mg/kg intra­
venously titrated till the patient had lost eyelash 
reflex. The patient was then intubated with succi­
nylcholine 1-2 mg/kg and anesthesia was main­
tained with N20 : 0 2 = 2 : 1 and isoflurane. Blood 
pressure was controlled to maintain the change 
within ± 20 per cent of baseline values. Vecuro­
nium 6 mg was given intravenously then 1-2 mg 
was given intermittently as needed by using peri­
pheral nerve stimulator. 

Group II 
In 30 patients, following preoxygenation, 

anesthesia was induced with propofol 1-2.5 mglkg 
and fentanyl 50 ug until loss of eyelash reflex was 
achieved. A continuous infusion of propofol 7 
mglkg/h was started and adjusted to maintain the 
c~ange in blood pressure within 20 per cent of 
baseline. The patient was intubated with vecuronium 
0.8 mglkg and additional 1-2 mg as needed inter­
mittently by the use of a nerve stimulator. 

The patients in both groups had not re­
ceived premedication. All patients had controlled 
ventilation to keep end tidal C0

2 
between 28-36 

mmHg. 
Intravenous fluids such as 5 per cent 

D/N/2, 0.9 per cent NSS, RLS, acetar, colloid and 
blood were given as required. After the end of sur­
gery 1.2 mg atropine and 2.5 mg neostigmine were 
given for the reversal of muscle relaxant. 

During maintenance of anesthesia, if mean 
arterial pressure was less than 50 mmHg ; metara­
minol (Aramine) 0.5- 1 mg would be given to main­
tain blood pressure. Conversely, if mean arterial 
pressure and pulse rate persistently increased > 20 
per cent of baseline value despite the administra­
tion of isoflurane higher than 2.5 per cent or pro­
pofol infusion more than 12 mg/kglh ; incremental 
1-2 mg doses of intravenous propanolol or sub­
lingual nifedipine (Adalat) 5-10 mg or intravenous 
hydralazine (Nepresol) 5 mg dose was given as 
appropriate. 

Monitoring 
Monitoring during anesthesia included 

non-invasive blood pressure (Dinamap), pulse oxi­
meter, end tidal C02 (ET C0

2
), ECG, direct arterial 

pressure at radial artery or dorsalis pedis artery and 
nerve stimulator at ulnar nerve. Pulse rate and 
blood pressure were recorded every 5 minutes and 
were assessed at preinduction, postintubation and at 
the end of surgery. 

Recovery period (starting from the end of 
surgery till the time patients opened their eyes as 
commanded) was recorded. Glasgow coma score 
was assessed at 5, 15 and 30 minutes after surgery. 

Statistical analysis 
Unpaired t tests were utilized to compare 

demographic (age, weight, duration of surgery, 
recovery period and volume of intraoperative fluid) 
data between groups. 
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X2 test was used to compare ASA physi­
cal status and sex. Data for systolic and diastolic 
blood pressure, heart rate, Glasgow coma score 
(GCS) were analyzed by analysis of variance 
(ANOV A) with Tukey test for multiple compa­
nsons. 

All values were considered significantly 
different if P < 0.05 

RESULTS 
We excluded one patient in Group I (iso­

flurane) and two patients in Group II (propofol -
fentanyl) since they had surgical problems (one 
patient with intraoperative rupture of aneurysm and 
two patients with bleeding tumors). Those three 
patients had mechanical ventilatory support post­
operatively. Indication for intracranial surgery is 
shown in Table l. 

There was no significant difference in age, 
sex, weight, ASA physical status and duration of 
anesthesia. However, fluid replacement in the pro­
pofol-fentanyl group was significantly higher than 
the Isoflurane group (Table 2 ) (P<0.05). 

Prior to induction, no significant difference 
in baseline pulse rate was found between the two 
groups. During induction and emergence of anes­
thesia, pulse rates increased significantly in Group I 
patients compared to preinduction. The patients in 
Group II had a significantly elevated pulse rate 
during intubation compared to preinduction but 
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we found no elevation of pulse rate during emer­
gence. (Fig 1) 

Systolic and diastolic blood pressure in 
Group I patients increased significantly during intu­
bation and emergence from anesthesia but not in 
Group II patients. (Fig. 1) 

Table 1. Indication for intracranial surgery. 

Diagnosis 

Tumor 
Aneurysm 
AVM 
Trigeminal neuralgia 
Hemifacial spasm 

Group I (cases) 

23 

4 

Group II (cases) 

23 
3 

2 
2 

Table 2. Demographic datas and duration of anes­
thesia (Mean±S.D). 

Age (year) 
Weight (kg) 
Physical status (1/II) 
Sex (F/M) 
Duration (min) 
Fluid (ml) 

* p < 0.05 

Group I 
(lsoflurane) 

42.75±14.53 
58.60±11.57 
8/21 
15/14 
259.10±89.29 
1437.91± 665.27 * 

• Pulse Gr. I 

Group II 
(Propofol) 

45.00±14.62 
56.28±07.13 
10/18 
15/13 
219.73±81.12 
2325.35± 1228.17 * 

• Pulse Gr. II 
-Systolic Gr. I 
--+-Systolic Gr. II 
--Diastolic Gr. I 
--Diastolic Gr. II 

0 +---------~---------r---------, 
Preinduction Intubation Emergence PERIOD 

Fig. 1. Pulse rate, systolic, diastolic B.P. (mmHg) at preinduction, intubation and emergence. 
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Fig. 2. Glasgow coma score at 5, 15, 30 minutes after the end of surgery. 

Times to eye opening was significantly 
faster in Group II ( 10.00±5 .17 min) than in Group I 
(14.03 ±4.85 min). Similarly, GCS was significantly 
higher in Group II (propofol - fentanyl) compared to 
Group I (isoflurane) at 5 and 15 minutes after sur­
gery but there was no difference at 30 minutes after 
surgery (Fig. 2). 

In view of anesthetic cost ; our hospital 
retail price for 
Isoflurane 
Fentanyl 
Propofol 

10m! 
2 ml/ampule 

20 ml/ampule 

is 
is 
is 

300 Baht. 
50 Baht. 

303 Baht. 

If we calculate the cost of anesthesia only 
in the maintenance phase ; the patient weighs 60 
kgs and the mean duration of anesthesia is 4 hours ; 
Group I consumed isoflurane 12 ml/hour, so it 
would cost 1,440 baht (US $ 56.92) and group II 
infused propofol 5.11±4.95 mg/kg/min combina­
tion with fentanyl I ampule. The anesthetic cost of 
Group II was 1,868 baht (US $ 73.83). Group II 
costed about 1.3 times of Group I. 

DISCUSSION 
The aims of neuroanesthesia are to main­

tain cardiovascular stability, to provide optimal 
conditions for surgery and to have rapid recovery 
so that neurological changes can be detected early. 

In addition, anesthetic agents should not decrease 
cerebral perfusion or increase cerebral blood 
volume which would cause an elevation of intra­
cranial pressure. 

Standard anesthetic agents for neurosur­
gery presently are inhalation agents which would 
increase cerebral blood volume and intracranial 
pressure dose dependently. With this limitation, 
propofol has been introduced for use in neuroanes­
thesia. Propofol does not increase intracranial pres­
sure, has rapid recovery and does not disturb cere­
bral autoregulation< 4,5). In addition, it gives more 
stable hemodynamic than inhalation agents(6). 

In our study, we found that patients in 
group II (propofol group) had a more stable pulse 
rate and blood pressure during intubation and 
emergence from anesthesia than group I (isoflurane 
group). This finding was similar to the study of 
Ravussin in neurosurgical patients(? ,8) and the 
study of Doze in general surgical patients(6). But 
Glass(9), Killian(IO) and Bayer-berger<II) found 
no difference in cardiovascular change between the 
two groups which is probably due to different drug 
dosage and patient selection. 

For the average surgical time of 4 h, 
Group II patients had a faster recovery time (10.00± 
5.17 min) than Group I (14.03±4.85 min). The dif­
ference was statistically significant (p < 0.05). This 
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finding shows that intravenous anesthesia provides 
a more rapid recovery than volatile agents which 
~as simi.lar to the previous studies in ge~eral sur­
gical patients(12-21). The rapid recovery m neuro­
surgical patients is very useful to evaluate neuro­
logical status after the surgery. However, Glass(9) 
and Killian( 10) found no difference in recovery 
period between intravenous anesthesia and inha­
lation anesthesia. In addition, the study of Todd(22) 
found that isoflurane produced faster recovery 
than propofol. Also Larsen(23) found that the 
patients who received isoflurane had better psycho­
motor recovery than propofol. The difference might 
reflect different drug dosage and study methods. 

In our study Glasgow coma scores of the 
propofol group were higher than the isoflurane 
group at 5 and 15 minutes which related to re­
covery characteristics. The patients who received 
propofol-fentanyl had faster recovery of cerebral 
function. 

In view of anesthetic cost, maintenance 
with propofol-fantanyl (Group II) was more expen­
sive than isoflurane (Group I). Nevertheless we 
think it is worth using, considering its rapid re­
covery. A previous study by Aitken<24) also found 
this similar finding. KillianClO) found that propofol 
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use was three times more expensive than the use 
of isoflurane. However, the study of Bolt(25) found 
no difference in the expense between the 2 groups. 
For the study of Gasagli(26), the expense in the 
propofol group was lower than the isot1urane group. 
These variations were probably due to the cost of 
drug in each hospital, duration of surgery and other 
anesthetic agents used for maintenance. 

SUMMARY 
The use of propofol for intracranial surgery 

in Thai patients produced more stable blood pres­
sure, pulse rate during intubation and emergence 
from anesthesia; faster recovery time and a better 
Glasgow coma score (GCS) at 5 and 15 minutes 
than the use of isot1urane. However, the expense of 
the propofol group was slightly higher than the 
inhalation group. Moreover, intravenous anesthesia 
needs careful drug titration to avoid overdosage ; 
special equipment for drug administration and ex­
perienced anesthesia personnel are also required. 
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