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ABSTRACT
Objective: Propofol is an intravenous agent used extensively in total venous anesthesia (TIVA),
but its acquisition cost is nearly 1 to 3 folds higher than other intravenous or inhalation agents.
Thiopental is an ultra short acting barbiturate which can reduce the cost of induction to one
seventh of Propofol induction cost. In this study, by BIS monitoring of the depth of anesthesia,
we evaluated maintaining anesthesia with Propofol while Thiopental has been used for
induction of anesthesia and the aim of study was to find a cost effective method.
Methodology: In a single blind clinical trial, 82 patients with ASA II & I scheduled for cataract
surgery were randomized in two groups. In the first group (A), induction of anesthesia was done
with Propofol 2 mg/kg and then anesthesia maintained with Propofol 100 micro/kg. In the
other group (B), induction was Thiopental 5 mg/kg and anesthesia maintained with Propofol
160 micro/ kg. BIS monitored depth of anesthesia throughout the procedure. We compared the
BIS values in each step of the procedure in both groups.
Results: After extubation, mean of BIS score were 87.53(±2.52) and 88.79(±2.07) for groups A
and B respectively. This difference was not clinically significant. Multiple linear regression
analysis, identified decreased maintenance dose of Propofol and duration of surgery as
independent predictors for BIS span 40-60.(P<0.000,r2 =0.558). Cost effectiveness (acquisition
cost/percent of 40-60 BIS span) for groups A and B were 2.95 $ and 1.03 $ respectively.
Conclusion: Minor surgeries like ophthalmic surgery can be conducted with maintenance of
Propofol while induction is with Thiopental. Monitoring the depth of anesthesia with BIS showed
that if we choose 160 micro/kg Propofol for maintenance then it is not necessary to have a
loading dose and induction can be done by Thiopental. Further studies with different type of
surgery and different maintenance doses of Propofol must be done.
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INTRODUCTION

Total intravenous anesthesia (TIVA) is one of the
most accepted techniques for maintaining anesthe-
sia. Lower chance of post operative nausea and vom-
iting (PONV) and other complications of volatile
anesthetics in addition to more turnover of opera-
tion rooms, made TIVA a popular technique in out-
patient anesthesia. For this purpose, various induc-
ing anesthetics and methods have been advocated.
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Two anesthesia techniques and comparison of cost-effectiveness

The drugs and techniques have been chosen regard-
ing the ease, speed and cost of induction. The ideal
method would be easy to implement, have a rapid
onset, be inexpensive and provide rapid post anes-
thetic recovery with little nausea and vomiting.

Propofol is an agent which is used extensively in
day case surgery because of its benefits such as rapid
onset of action and quick recovery but its acquisi-
tion cost is nearly 1 to 3 folds higher than other intra-
venous or inhalation agents.1 Then it is an expensive
agent.2 It has been shown that about 5% of hospital
pharmacy budget is assigned for anesthetics drugs.
There is a serious consideration to substitute expen-
sive drugs with less costly alternatives3 or use com-
bination of them to minimize the use of expensive
drugs.4 Pentothal is a short acting barbiturate which
can reduce the cost of induction to one seventh of
Propofol induction cost.5 Some experts believe that
although Propofol and Pentothal affect different ar-
eas on the brain but their pharmacologic effect are
the same.6,7

This study hypothesized that in day case surger-
ies, it is appropriate to induce anesthesia with Thio-
pental and maintain with proper dose of Propofol
infusion. We compared the values of BIS as a moni-
tor for sufficient depth of anesthesia and delivering
the smallest effective dose in two methods of induc-
tion and maintenance. In these two methods anes-
thesia is maintained with Propofol while it is induced
with Propofol in one group and Thiopental in
another.

The aims of this study were: first to evaluate the
effect of these two induction techniques on depth of
anesthesia and second to compare drug acquisition
cost of them.

METHODOLOGY

After obtaining approval of the ethics committee
of the Shiraz University of Medical Sciences, and
written informed consent, in a single blinded ran-
domized clinical trial, 82 adult patients, ASA I or II,
scheduled for elective cataract surgery under gen-
eral anesthesia were enrolled. Exclusion criteria com-
prised massive obesity, CNS stimulants, CNS depres-
sants, or Tricyclic antidepressants assumption and
any known adverse reaction to the study drugs.

Patients were randomized into two groups. Forty
patients in first group (A) and forty two patients in
second group (B).In group A (Propofol-Propofol),
induction of anesthesia was done with Propofol 2
mg/kg and then anesthesia maintained with
Propofol 100 micro/kg/min. In group B (Thiopental
-Propofol), induction was performed with Thiopen-

tal 5 mg/kg and anesthesia maintained with Propofol
160 micro/ kg/min. We monitored Depth of anes-
thesia by BIS monitor A (A-2000 XP, version 3.11) in
both groups. We captured values of BIS in different
stages of anesthesia: before premedication, after pre-
medication, before induction, one minute after in-
duction, before intubation, after intubation and ev-
ery five minutes until the end of operation. In case of
insufficient depth of anesthesia (BIS>60), we injected
0.5 mg/kg Propofol as a rescue medication to have
sufficient depth of anesthesia. Moreover, if depth of
anesthesia was more than expected (BIS<40), we
decreased 20% of the rate of Propofol infusion until
we had sufficient surgical anesthesia (60 e” BIS e”
40). We also recorded how many times and at what
time, we had to change the rate of infusion based on
BIS values. End tidal co2 (Pet co2) and temperature
kept normal during general anesthesia. Anesthesi-
ology resident who monitored BIS values were blind
in to the induction and maintenance method.

Drug costs were estimated from whole sale prices,
as reported by the hospital pharmacy: Propofol ($10
per vial 500 mg) and Thiopental ($ 2.5 per vial 1 g).
The differences were analyzed using T test for con-
tinuous variables and chi-square or fisher exact tests
for discrete variables. Thirteen recorded BIS scores
for every patient were categorized into three category
(A: 1-40; B: 40-60; C: 60-100) then percent of each
category for every subject and every group were com-
puted. Because the distribution was not normal
(evaluated with Kolmogrov- Smirnov test) Mann-
Whitney test (non parametric test) was used. Results
are presented as mean±SD and mean ranks. Multiple
linear regression analysis was used for evaluation of
the simultaneous effect of confounding variables
such as age, duration of surgery and decreased or
increased maintenance dose of Propofol.

Statistical analysis was performed with the SPSS
program (version 13, Chicago, IL, USA), two side p
value <0.05 was considered significant.

RESULTS

A total of 82 patients were enrolled. Forty patients
were assigned in group A (Propofol-Propofol) and
42 patients in group B (Thiopental-Propofol). Patients
in groups A and B were similar with respect to age,
sex, and ASA classification (Table-I). As shown in
Table-II, in relation to BIS categories (<40, 40-60 and
>60) there were no statistically difference between
studied groups (p>0.05).

In group A, maintenance dose of Propofol was
increased three times (two times in 20th and once in
25th minutes of surgery). In group B there was no
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increased dose of Propofol maintenance. There was
no statistically significant difference between two
groups regarding this matter (P>0.05).This figure for
decreasing dose of Propofol maintenance was once
in 5th minute for group A and once in 25th minute for
group B.

After extubation, mean of BIS score were
87.53(±2.52) and 88.79(±2.07) for groups A and B re-
spectively which was statistically different. Multiple
linear regression analysis gave that decreased main-
tenance dose of Propofol and duration of surgery in-
dependently associated with percent of 40-60 BIS
span (P<0.0001, r2=0.558) (Table-III).Anesthesia mo-
dality, Age and increased maintenance dose of
Propofol were not significantly associated with
percent of 40-60 BIS span.
The final equation was:

Percent of 40-60 BIS span=117.95-25.09(decreased
maintenance dose of Propofol)-0.043 (duration of
surgery)

In order to evaluate cost-effectiveness of two an-
esthesia induction modalities, we calculated mean
drug acquisition cost and percent of 40-60 BIS span
per patient for induction of anesthesia (Table IV)
.Cost effectiveness (acquisition cost/percent of 40-
60 BIS span) for groups A and B were 2.95 $ and 1.03$
respectively.

DISCUSSION

Cost control is no longer an option, but an impera-
tive. In this study we examined the efficacy of two
different techniques of anesthesia while we were
monitoring the depth of anesthesia by Bispectral in-
dex (BIS), In order to find out which one of them
was costly and more beneficial.

In the first group we maintained anesthesia with
Propofol 100m/kg/min while it was induced by 2

mg/kg Propofol. On the contrary, in the study group,
anesthesia was induced by STP 5 mg/kg and main-
tained by Propofol 160m/kg/min. We hypothesized
that if we could maintain the sufficient depth of an-
esthesia (40<BIS<60) in the study group, we were
able to reduce the cost of anesthesia induction by
substituting STP instead of Propofol which is ap-
proximately 2.8 times more expensive than STP in
our country.

The pharmacokinetics of Propofol is characterized
by rapid effect, rapid clearance and distribution into
the peripheral tissues leading to a short context sen-
sitive half time. Therefore Propofol is the drug of
choice for outpatient surgeries.8 Recommended dose
for induction in adults is 2-2.5mg/kg and depend
on the expected pharmacodynamic effect and
co-administrated anesthetic drugs, infusion dose var-
ies between 50-200m/kg/min. Maintenance dose as
a sole agent for a minor surgery (for example
cataract surgery) is usually 100m/ kg/min.9

Although cataract surgery is being done mostly by
regional anesthesia and conscious sedation10, we se-
lected those patients who needed general anesthesia
according to surgeon’s decision. We chose cataract
surgery because it is a non painful type of surgery
and does not make any bias for our study. We could
be sure that our protocol manages the depth of anes-
thesia according to pharmacokinetic and pharmaco-
dynamic (Hypnotic component) effects of anesthet-
ics on brain meanwhile intra operative pain percep-
tion by patient, does not make us increasing or
decreasing the depth of anesthesia.

It would be better to use target control infusion
(TCI) to maintain 2ng /cc blood level of Propofol,

Sina Ghaffaripour et al.

Table-I: Distribution of sex, age and
ASA score in two groups of patients.

Variable *Group A *Group B P value
(N=40) (N=42)

Sex 17/23 21/21 0.491

  (male/female)
Age 66±6.72 64.9±8.87 0.552

  (mean±SD)
ASA 15/25 16/26 0.951

  score(1/2)
1chi-sqaure tests
2two sample T test
3 *group A (Propofol-Propofol) ,
group B (Thiopental-Propofol).

Table-II: Percentage of BIS spans
in two groups of patients.

*Group A *Group B P value1

(N=40) (N=42)

BIS<40 Number 18 14 0.53
Mean 3.85 2.82
Mean rank 42.71 40.35

BIS:40-60 Number 432 461 0.21
Mean 95.52 97.18
Mean rank 38.92 43.95

BIS>60 Number 3 0 0.07
Mean 0.63 0
Mean rank 43.08 40

1Mann-Whitney test
*group A (Propofol-Propofol) , group B (Thiopental-
Propofol).
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which is required for this kind of operations, but we
used manually controlled administration of Propofol
according to BIS values. However, it is showed by
Morely et al that closed loop TCI does not have any
clinically advantages over conventionally
adjusted techniques of intravenous anesthetic
administration.11

Instead of induction by Propofol, we chose STP in
our study group and we maintained anesthesia by a
larger dose of Propofol (160m/kg/min) which is a
higher dose for such a minor surgery like cataract
surgery. We hypothesized that with this dose we can
maintain sufficient depth of anesthesia after discon-
tinuation of the effect of STP as the induction drug.
This hypothesis is mostly based on pharmacody-
namic similarity of Thiopental and Propofol (the ef-
fect of those drugs on GABA and glycine)6 instead of
pharmacokinetic rules which makes us using load-
ing dose before every drug infusion. Patients in both
groups did not experienced any significant too-deep
(BIS <40) or too- light (BIS >60) episodes. It means
that we were successful in maintaining proper level
of anesthesia.

The studied group (group B) patients did not
receive the loading dose of Propofol, then, based on
pharmacokinetic properties, it was a probability of
awareness or too-light episodes during operation in
this group. But we didn’t have any awakening,
awareness or too light episodes in our subjects who
could be awake after diminishing the effect of STP.
It might be because of larger dose of Propofol infu-
sion (160m/kg/min) that we chose in this group,
which acted like a loading dose and continued to
reach the steady state while sodium Thiopental still

had hypnotized the patient. It sounded like a syner-
gistic or additive effect between Propofol and Thio-
pental which is described in other studies12,13 and we
used this property to decrease of induction cost.

In a study by Fleischmann et al, they showed that
induction with Propofol is much more expensive than
Thiopental or even sevoflurane inhalation14 (5.4±0.9
$ Vs 14.2±0.6 $). Other studies with different meth-
ods have shown that use of Propofol is more expen-
sive than other anesthetics.1,2,15 We showed that the
sum of costs in Thiopental group is much cheaper
than Propofol group.

The challenge for today’s anesthetists is wisely use
of newer drugs or combination of drugs to minimize
their expense without compromising the rate or qual-
ity of recovery. Propofol is one of those drugs with
proved benefits including shorter recovery time and
less nausea and vomiting episodes which can be used
to achieve this goal.

Longer recovery periods and nausea and vomit-
ing can increase costs by prolonging the time to dis-
charge from the post-anesthesia recovery unit.4 In our
study although BIS values at the time of extubation
were statistically different, but this difference was
judged clinically not important. In addition, both
groups received Propofol which is known as an anti
emetic agent, which may partly explains similar rates
of nausea and vomiting in both groups. We were able
to maintain the quality of recovery in our patients
and issues like delayed awakening and nausea and
vomiting did not add any cost to our control group.
The wholesale costs; cost in individual hospitals and
in other countries may vary, and the variation in
some cases may be substantial. It is reasonable to use

Two anesthesia techniques and comparison of cost-effectiveness

Table-III: Variables associated with 40-60 BIS span from multiple linear regressions.
Variables Coefficient Standard Error Confidence interval (%95) P value1

Constant 117.95 8.33 101.37,134.53 0.0001

Decreased maintenance dose of Propofol -25.09 4.49 -32.02 , -16.17 0.0001

Duration of surgery -0.043 0.159 -0.72 , -0.08 0.013
1multiple linear regression

Table-IV: Cost effectiveness of two anesthesia technique.
Drug cost($) cost/mg($) *mean drug acquisition Percent of       Cost

cost per patient 40-60 BIS span effectiveness**
for induction($) per patient

Propofol 10/vial 500mg 0.02 2.80 0.95 2.95

Thiopental 2.5/vial 1g 0.0025 1 0.97 1.03

*Induction dose for Propofol and Thiopental are 2mg/kg and 5mg/kg respectively.
** Cost effectiveness = mean drug acquisition cost/percent of 40-60 BIS span
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inexpensive drugs when there seems little benefit
from more expensive ones. The price of Thiopental
is lower than Propofol in our country; then induc-
tion drug cost was lower in Thiopental group. It is
logical to use this cheaper drug instead of Propofol
for induction of anesthesia. As it has been shown in
our study, this kind of induction – maintenance tech-
nique was appropriate in such a minor surgery like
cataract surgery and its efficacy in surgeries that are
more complicated must be studied in future re-
searches.  We focused on the cost of two different
types of anesthesia induction and a study to estimate
the whole cost of anesthesia and hospitalization is
recommended.
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