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Abstract

Background: Surgical treatment of lumbar intervertebral disc herniation is a critical procedure due to the proximity of the op-
eration field to neural structures. Providing a bloodless field and optimizing surgeon vision is of high value in this regard. Total
intravenous anesthesia with propofol and inhalation anesthesia with isoflurane are both used in spine surgeries. Both of these
agents have vasodilator properties that could be benefited in inducing controlled hypotension as a blood sparing technique. We
sought to compare propofol and isoflurane anesthesia in terms of intraoperative bleeding and hemodynamic changes.
Methods: After obtaining ethics approval and informed consent, 88 Iranian patients with American society of anesthesiology score
1 and 2 were randomly divided into two groups. The ISO group received isoflurane and the PRO group received propofol as the main
anesthetic agent. Hemodynamic changes, intraoperative bleeding, urinary output, and surgeon satisfaction score were recorded.
Results: The two groups were similar in demographic characteristics (for age P = 0.072; for gender P = 0.286). The ISO group had
significantly lower blood pressure after 30 minutes of anesthesia (P = 0.01). Intraoperative bleeding in terms of qualitative and quan-
titative measures was lower in the ISO group (P = 0.001). Isoflurane anesthesia was also associated with a higher surgeon satisfaction
score (P = 0.01).
Conclusions: Our findings showed that isoflurane as a volatile agent provides a bloodless field better than does propofol through
TIVA.

Keywords: Isoflurane, Propofol, Laminectomy, Anesthesia, Inhalation

1. Background

Providing a bloodless field is important during surg-
eries under general anesthesia in order to optimize the vis-
ibility of surgeon and maintain patients’ hemodynamic
stability. These may affect the duration and technical accu-
racy of procedures, which are of high importance in spinal
surgeries, considering the proximity of operation field to
neurological structures (1). Different methods have been
used to minimize the operation field hemorrhage, includ-
ing the use of local vasoconstrictors or inducing deliber-
ate hypotension by means of antihypertensive agents, va-
sodilators, or the anesthetic drugs (1, 2).

Total intravenous anesthesia (TIVA) and volatile inhala-
tion anesthesia are both standardized techniques for lum-
bar laminectomy and discectomy procedures (3). Propofol
is commonly used in TIVA as an agent for both induction
and maintenance of anesthesia (3, 4). It provides rapid and
predictable onset of action and can decrease blood pres-

sure by vasodilation (4, 5). Isoflurane is an inhalation al-
ternative to the intravenous agent, which also has good va-
sodilatory properties (5, 6).

The effects of isoflurane and propofol anesthesia on
patients’ hemodynamics and bleeding of operation field
have been assessed in previous studies. However, there are
contradictory data, for instance, deliberate hypotension
with propofol did not decrease total blood loss and the op-
eration duration. This is while due to the very low qual-
ity of the evidence, this conclusion is not definitive (7) and
necessitates additional trials on this topic. In this study,
in order to address the missing points and provide ad-
ditional material for evidence-based decision-making, we
compare hemodynamic status and surgical field bleeding
in patients who endure laminectomy surgery under gen-
eral anesthesia using recommended doses of either propo-
fol or isoflurane.
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2. Methods

This single-blind clinical trial study was performed be-
tween September 2015 and March 2016 in Imam Reza hos-
pital, AJA University of Medical Sciences, Tehran, Iran. The
project was registered in Iranian randomized clinical trial
site (registration No. IRCT2015070723098N1). The study
was conducted in military patients at a military hospital.
After obtaining approval from the ethics committee of the
university, 88 patients, who were candidates for lumbar
vertebral laminectomy surgery due to intervertebral disc
herniation, were recruited. All patients had American So-
ciety of Anesthesiology physical status 1 and 2. No age
or sex restrictions were applied. Exclusion criteria were
as follows: known allergy to anesthetic drugs propofol or
isoflurane, hypersensitivity to egg and soybean products,
known or suspected susceptibility to malignant hyperther-
mia, renal impairment, and hyperkalemia, coagulopathy
disorders, refused patients. After taking written informed
consent, the patients were randomly allocated to one of
the two pathways of anesthesia methods either with in-
travenous infusion of propofol (PRO) or with inhalational
isoflurane (ISO). Randomization was performed by select-
ing an unmarked envelope by patients (simple randomiza-
tion) just before induction, which contained ISO or PRO
cards. All surgical procedures and anesthesia were per-
formed by the same neurosurgery team and anesthesiol-
ogy specialist. The surgeon and examiner were unaware
of the allocation of patients to ISO or PRO groups and the
same examiner was used for all subjects. The propofol infu-
sion pump was also set to all patients in either ISO or PRO
groups but without the infusion running in the ISO group
in order to conceal the method of anesthesia from surgical
team.

Patients were monitored for heart rate, brachial sys-
tolic/diastolic blood pressure (non-invasive), Electrocar-
diography, pulse oximetry, end-tidal CO2, and urine out-
put.

All patients were primarily ventilated with 100% oxy-
gen. Anesthesia was induced by intravenous infusion of
thiopental 5 - 7 mg kg-1 in the ISO group and propofol 2
mg kg-1 in the PRO group. Thereafter, Atracurium at a dose
of 0.6 mg kg-1 was administered for muscular paralysis.
Orotracheal intubation was performed and lungs were me-
chanically ventilated with 50% N2O in Oxygen to maintain
the end-tidal CO2 concentration of 35 - 40 mmHg. The pa-
tients were turned to the prone position and surgical field
prepared. Anesthesia was maintained in the ISO group by
isoflurane inhalation at a dose of 1 - 1.5 maximum alveo-
lar concentration (MAC) in 50% O2-N2O mixture. PRO pa-
tients received a continuous infusion of propofol 150 µg
kg-1 min-1 for maintenance of anesthesia.

Demographic data were recorded before the anesthe-
sia induction. The duration of anesthesia was recorded
from the induction up to the patients’ eye-opening. The
heart rate, systolic, and diastolic blood pressure were mea-
sured before the induction of anesthesia and in every 15-
minutes intervals during the maintenance of anesthesia.

We assessed the qualitative state of surgical field bleed-
ing during the operation using a 0 - 5 grading scale previ-
ously described as Boezaart criteria (Table 1) for endoscopic
sinus surgeries (8).

Table 1. Category Scale for Intraoperative Surgical Field Bleeding- Boezaart Criteria

Bleeding

0 No bleeding (Cadaveric conditions)

1 Slight bleeding No suctioning required

2 Slight bleeding occasional suctioning required

3 Slight bleeding Frequent suctioning required. Bleeding threatens
surgical field a few seconds after suction is
removed.

4 Moderate bleeding Frequent suctioning required. Bleeding threatens
surgical field directly after suction is removed.

5 Severe bleeding Constant suctioning required. Bleeding appears
faster than it can be removed by suction; surgical
field severely threatened and surgery usually not
possible.

The overall surgeon satisfaction with anesthesia and
surgical condition was assessed through a 1 - 5 scored scale
in which, score 1 represented the lowest satisfaction and 5
indicated the complete satisfaction of the surgeon. This pa-
rameter was inquired from the surgeon 30 minutes after
the end of the operation.

Bleeding volume was calculated as the total fluid vol-
ume in suction bottle minus the amount of irrigation so-
lution used during the surgery added to the blood volume
absorbed to gauzes. Wet gauzes were counted after the
operation and each was considered to contain nearly 30
milliliters of blood. We assumed each long gauze to hold
about 50 milliliters of blood.

2.1. Statistical Analyses

We used SPSS-20 software for statistical analysis of
the parameters.The Chi-squared test was used to compare
male/female ratio in the two groups of patients. The In-
dependent T-test was used for analysis of age, heart rate,
and mean bleeding volume between the two groups, and
systolic and diastolic blood pressure before the induction
and during the maintenance of anesthesia. The analysis
of variance (ANOVA) was performed for comparing heart
rate and blood pressure in time intervals after anesthe-
sia induction. Boezaart grade and surgeon satisfaction
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scores with nonparametric distribution were analyzed us-
ing Mann-Whitney U test. P value < 0.05 was considered
for statistical significance of correlations.

3. Results

There were no significant differences between the two
groups of patients in demographic characteristics includ-
ing gender ratio and mean age (Table 2).

Table 2. Demographic Parameters in the Two Groups

Isoflurane Propofol P Value

Agea , b 54.159 ± 5.3307 52.091 ± 5.3258 0.072

Genderc 0.286

Male 20 26

Female 24 18

aValues are expressed as mean ± Std. deviation.
bT-Student test.
cChi-Square test.

The ISO group showed a significantly higher duration
of anesthesia and surgeon satisfaction score (P = 0.001)
with less intraoperative bleeding from the surgical field (P
= 0.001). The overall mean (± SD) of Boezaart grading scale
and surgeon satisfaction scores was 3.44 (± 0.50) and 2.59
(± 0.49), respectively (P = 0.01) (Table 3).

Table 3. Comparison of Variables Between Two Groups

Variable Isoflurane Mean Rank Propofol Mean Rank

Boezaart Grading
Scale

37.00 52.00

Surgeon’s
satisfaction

53.50 35.50

P Valuea 0.01 0.01

aMann-Whitney U.

Heart rate and values of systolic and diastolic blood
pressure were comparable between the groups before the
induction of anesthesia. During anesthesia maintenance,
heart rate was significantly higher in PRO patients 15 min-
utes after induction, compared to patients in the PRO
group. At 30 and 45 minutes of anesthesia, the heart rate
was comparable in the two groups. At 15 minutes of anes-
thesia, patients in both groups had a similar mean systolic
and diastolic blood pressure. However, systolic and dias-
tolic blood pressure remained lower in the ISO group af-
ter 30 minutes of induction until the end of the anesthe-
sia (Table 4). Urinary output was comparable between the
two groups (P = 0.65). However, intraoperative bleeding
volume was significantly lower in the ISO group (P = 0.001)
(Table 5).

Table 4. Comparison of Hemodynamic Variables Between the Two Groupsa

Variable Isoflurane Propofol P Valueb

Heart rate 15 min 74.7727 ± 4.51799 77.1364 ± 5.28090 0.027

Heart rate 30min 69.9545 ± 3.38227 70.1364 ± 3.96256 0.817

Heart rate 45 min 67.7500 ± 3.51822 66.9773 ± 3.22410 0.286

Systolic blood
pressure 15 min

108.1818 ± 4.60673 107.8182 ± 4.69672 0.715

Systolic blood
pressure 30 min

96.3182 ± 3.44912 99.5455 ± 2.81569 0.01

Systolic blood
pressure 45 min

94.1591 ± 2.83617 96.7273 ± 3.30865 0.01

Diastolic blood
pressure 15 min

72.5455 ± 3.74448 73.5455 ± 3.55328 0.202

Diastolic blood
pressure 30 min

66.5227 ± 3.30249 68.6818 ± 1.97393 0.01

Diastolic blood
pressure 45 min

63.1136 ± 3.42505 65.9318 ± 3.00695 0.01

aValues are expressed as mean ± Std. deviation.
bAnalysis of variance (ANOVA) test.

Table 5. Comparison of Variables Between the Two Groupsa

Variable Isoflurane Propofol P Valueb

Bleeding volume 741.1364 ±
87.90100

806.8182 ±
87.59773

0.001

Urine output 320.4545 ±
59.37483

326.1364 ±
55.49841

0.644

aValues are expressed as mean ± Std. deviation.
bIndependent Samples test.

4. Discussion

Minimizing the surgical field bleeding is very impor-
tant in spine surgery. However, few studies have addressed
this goal and the current practice in this regard seems to be
mostly based on expert opinions and believes rather than
evidence-based medicine (9).

Controlled hypotension is one of the techniques ben-
efitted to reduce operation field bleeding in various types
of surgical procedures. This technique has been frequently
studied in paranasal sinus surgeries that have compared
the effect of different anesthetic medication, alone or in
combination with other antihypertensive preparations (7,
10-12). Both inhalational anesthesia and total intravenous
anesthesia (TIVA) have been used in this regard (12). How-
ever, few studies have been performed to compare the
effect of these two techniques in musculoskeletal opera-
tions, in particular in spinal surgeries (3, 13).

In some studies, it has been shown that TIVA provides
a better bloodless field than inhalational anesthetics in
endoscopic mucosal sinus operations (14). Nevertheless,
a Cochrane systematic review published in 2013 did not
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support the hypothesis of less surgical bleeding associated
with TIVA and use of propofol (7). The results of spinal surg-
eries also seem to be heterogeneous (13).

Our patients in the two groups of anesthesia did not
show any difference in their demographic characteristics.
The two groups were also similar in mean values of heart
rate and systolic and diastolic blood pressure prior to the
anesthesia induction. We observed a decrease in heart rate
15 minutes after the induction in the ISO group; however,
this difference disappeared after few minutes, with grad-
ual reaching to the maximum effect of volatile anesthetic.
In a study by Gozdemir et al. in 2007, some occasional
changes in heart rate of patients undergoing inhalational
anesthesia were observed at the beginning of the opera-
tion (13). Ozkose et al. in 2001 also reported the increased
heart rate in the isoflurane group until 15 minutes of op-
eration, as compared with the propofol group (3). By con-
trast, our findings showed a decrease in heart rate in the
ISO group, which might be due to the different prepara-
tions and doses of administered agent. However, it is in a
way consistent with the results of the two aforementioned
studies, which represent the fact the peak and maximum
effect of volatile anesthetics would be reached a bit lately
after some minutes of tissue distribution of the agent (15).

We also observed a change in systolic and diastolic
pressure of patients in the ISO group after 15 minutes of
anesthesia. The mean blood pressure values were similar
in both groups at the beginning; but after 30 minutes of
induction, which could be considered as the time for the
maximum effect of the volatile agent, these values were
lower in the isoflurane group. Gozdemir et al. did not
report any significant difference between groups in this
hemodynamic parameter (13). However, a decrease in the
mean arterial pressure could be observed in results pub-
lished by Ozkose et al. in their group of patients undergo-
ing inhalational anesthesia (3). This finding is also consis-
tent with our results. Nevertheless, Ozkose et al. reported
a higher blood pressure, particularly at the beginning of
surgery in the ISO patients, as compared to our results.

Our finding showed less bleeding from the surgical
field in patients undergoing isoflurane anesthesia. We be-
lieve that this parameter has not been assessed in spinal
surgeries frequently and not much evidence is available in
this regard. Our result in some way opposed the findings
of lower intraoperative bleeding in TIVA group that was ex-
pected based on some studies of endoscopic sinus surgery
(10, 11, 14, 16). This finding was also consistent with our re-
sults of qualitative assessment of operation field bleeding
and overall surgeon satisfaction score. A lower Boezaart
grading score and higher surgeon satisfaction rate in the
ISO group may contribute to the lower volume of bleed-
ing in these patients, which provides a bloodless field and

a better vision for the surgeon. Additional studies appear
to be required in order to address the effect of these two
anesthetic methods on musculoskeletal operations.

4.1. Conclusions

TIVA and inhalational anesthesia are both used in var-
ious surgical operations and each provides its advantages.
Our findings showed that isoflurane as a volatile agent pro-
vides a bloodless field better than does propofol through
TIVA. Additional studies are advocated to specify the exact
effects of various anesthetics in different organs subject to
surgical operations.
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