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ABSTRACT
Objectives: Surgeries can trigger stress responses including metabolic and hormonal changes. It is important
to suppress stress response during surgery. We compared the effects of isoflurane and sevoflurane on surgical
stress in intracranial tumor surgery. 
Methods: Thirty ASA physical status I, II, III patients, scheduled for elective craniotomies, were enrolled in
this prospective, randomized study. Anesthesia was induced with sodium thiopental fentanyl and vecuronium
bromide and maintained with a 50% oxygen-air mixture along with isoflurane or sevoflurane. Venous blood
was sampled to measure cortisol, ACTH and prolactin levels 24 hours before surgery, 1 min before anesthesia
induction, during tumor removal, 1 min after extubation, at 3, 6, 12, 24, 48 hours. 
Results: There was no statistically significant difference between two groups regarding demographic
characteristics of patients. In group I, ACTH levels were significantly higher 1 min after extubation, at 3 and
6 hours. In Group S, significant increases were observed during tumor removal, 1 min after extubation, at 3
and 6 hours. Cortisol levels were significantly higher in both group after tumor removal, 1 min after extubation,
at 3, 6, 12 and 24 hours. Prolactin levels were significantly higher in Group I during tumor removal, after
extubation, at 3 and 6 hours. In group S, significant increase in prolactin level was observed only during tumor
removal and 1 min after extubation. There were no significant differences in ACTH, cortisol and prolactin
values between the two groups. 
Conclusions: Using isoflurane or sevoflurane for anesthesia during intracranial tumor surgery are not superior
to each other regarding hemodynamic and hormonal stress response.
Keywords: surgical stress, isoflurane, sevoflurane, catecholamines, ACTH, cortisol

General anesthetic agents, opioids, local anesthet-
ics and various regional anesthesia techniques

have been tried to suppress the excessive stress re-
sponse which may be caused by surgical intervention
[1, 2]. One of the important aims of the search for new
anesthetic agents is to find the ideal anesthetic agent
that suppresses stress response and limits the neuroen-

docrine, inflammatory and immune response [3]. It is
stated that an anesthetic agent with these properties
may contribute to the improvement of the postopera-
tive period and the shortening of hospital stay [3]. 
      The potent volatile anesthetics all induce myocar-
dial depression with dose-dependent reductions in
blood pressure and cardiac output, although the mech-
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anisms for decline in blood pressure and the degree of
myocardial depression [4]. 
      Isoflurane is suppress the excessive stress response
mechanisms include metabolic suppression, inhibition
of sympathetic activity, reduction of glutamate recep-
tors which are prevent calcium flow and suppression
of excitotoxicity of calcium cascade [5]. Isoflurane
and sevoflurane have primary vasodilatory properties,
thereby reducing systemic vascular resistance with rel-
atively little initial effect on cardiac inotropy [4]. 
      Most elective neurosurgical interventions are per-
formed because of intracranial mass lesions. Although
pathological reasons for these lesions are different,
anesthesia applications are similar [6]. 
      In this study, we aimed to assess the effects of
isoflurane and sevoflurane on hemodynamics and hor-
monal responses to elective intracranial tumor surgery.
The secondary objective was the investigate suppres-
sion of the adrenergic response by monitoring hemo-
dynamic parameters: systolic and diastolic arterial
pressure and heart rate. 

METHODS

      After the approval of the Ethics Committee of
Uludag University School of Medicine (Decision
number: 04.04.2003-2783); thirty American Society
of Anesthesiologists (ASA) classification I-II-III, pa-
tients were enrolled, for an intracranial intracranial
tumor surgery under elective conditions. Written in-
formed consents were obtained from all patients. 
      The exclusion criteria were as follows: Patients
who were previously had an operation for the same
tumor, whom had pituitary adenomas, have allergies
to anesthetic drugs, developed an air embolism during
the operation, were taken into the surgery within 48
hours after the operation and pregnancy. 
      The patients were randomly divided into two
groups. Isoflurane (Group I; n = 15) and sevoflurane
(Group S; n = 15) group by sealed envelope (Fig. 1).
Prior to induction arterial catheter was inserted for
continuous blood pressure monitoring and blood sam-
pling. Three-lead electrocardiogram (ECG), peripheral
oxygen saturation (SpO2), the end-tidal concentrations
of the volatile anesthetics and the ETCO2 were moni-
tored continuously. 
      Before the induction of anesthesia, 1 mg. kg-1 li-

docaine was given intravenously to reduce hemody-
namic response to the intubation. All patients were in-
duced with sodium thiopental according to ideal body
weight (3-5 mg. kg-1), fentanyl (2 μg. kg-1) and vecuro-
nium bromide (0.1 mg. kg-1). In the maintenance, the
volatile anaesthetic (0.8-1.2 MAC) was given in a
mixture of 50% oxygen-air according to the study
group. Ventilation was controlled mechanically in
order to achieve an end-tidal CO2 between 30-35
mmHg. 
      Each patient was treated with fentanyl 2μg. kg-1 5
min prior to placement of the skull clamp. The vecuro-
nium bromide (0.02 mg. kg-1) was administered as the
neuromuscular blocking drug according to train -of -
four monitoring. Hemodynamic response of at least
one minute in duration were defined as hypertension
(mean arterial pressure > 20% from the baseline meas-
urement), tachycardia (heart rate > 20% from the base
line measurement), and bradycardia (heart rate <
45/minute). Hypertension and tachycardia were
treated with bolus fentanyl (1μg. kg-1 ) as arescue drug
to prevent pain and increased hemodynamic response.
Hypotension was treated fluid bolus. Hypotension un-
responsive to a fluid bolus was treated by ephedrine
sulfate 5-10 mg intravenous bolus injection. For
bradycardia, anticholinergic drugs were administered.
After the operation, patients were extubated and trans-
ferred to Neurosurgical Intensive Care Unit.Pain re-
quiring rescue medication (Visual Analog Scale above
5) were treated with non-steroidal anti-inflammatory
agent. 
      Hemodynamic data were monitored throughout
the operation. Heart rate (HR), systolic arterial pres-
sure (SAP), diastolic arterial pressure (DAP) and mean
arterial pressure (MAP) were recorded in 12 different
times: one minute before anesthesia induction (T1),
one minute after intubation (T2), during skull clamp-
ing (T3), skin incision (T4), craniotomy (T5), dura in-
cision (T6), tumor removal (T7), dural closure (T8),
bone closure (T9), skin closure (T10), one minute be-
fore extubation (T11) and one minute after extubation
(T12). Peripheral blood samples were collected 24
hours before surgery (P1), one min before anesthesia
induction (P2), during tumor removal (P3), one minute
after extubation (P4), at 3 hours (P5), at 6 hours (P6),
at 12 hours (P7), at 24 hours (P8), and at 48 hours (P9)
(Fig. 1). 
      Five cc peripheral blood samples were taken and
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placed into 2.5 cc. dry tubes and 2.5 cc. citrated tubes.
Samples were centrifuged at 5000 rpm for 10 minutes
and separated from their shaped components as
plasma and serum. Plasma and serum samples were
taken with an automatic pipette and placed in separate
plastic ependymoma tubes and coded. It was frozen at
– 500 oC for further processing. 
      After all samples were collected, serum samples
were brought to room temperature to measure Pro-
lactin, Cortisol and ACTH levels. The measurements
were made at the Uludag University School of Medi-
cine Central Laboratory. For ACTH measurements,
IMMULITE®ACTH (Siemens, Germany) measure-
ment kit was used. Quantitative ACTH measurements
were performed on plasma samples with this kit. The
ADVIA®CentaurTM (Siemens, Germany) system was
used to measure the prolactin levels. In this system,
prolactin levels in serum samples were detected by
two-stage immuno analysis technique. For cortisol

measurement, COAT-A-COUNT® (Siemens, Ger-
many) Cortizol measurement kit was used. Using this
kit, radioimmune analysis technique was used for the
quantitative determination of cortisol level in serum.
COAT-A-COUNT®Cortisol measurement kit is 98%
sensitive and highly specific. 

Statistical Analysis 

      A power analysis was performed prior to the study.
According to the power analysis 15 patient per group
should be enrolled to detect at least 20% difference in
MAP measurement among the groups. The 𝛼 error was
set a 0.05 and the type II error was set at 0.20. All data
was coded and evaluated on a computer and statistical
analyzes were obtained from the SPSS for Windows
Version 22.0 Statistics module. Continuous values
were presented in the form of mean and standard de-
viation or median (minimum - maximum). Categorical
data were presented as frequency (n, %). The normal
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Fig. 1. Flow diagram and peripheral blood samples. P = period, min = minute, I = isoflurane, S = sevoflurane
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distribution of continuous data was primarily tested
using the Kolmogorov-Smirnov test. Kruskal-Wallis
test was used for comparisons not normal distribution.
Bonferroni test was used for pairwise comparisons
when their significance. Pearson chi- square test was
used to compare the ratios in the groups. The t-test was
used to compare group ratios and the Mann-Whitney
U test was used to compare group percent changes.
The measurement averages over time in the drug
groups were compared with the Variance Analysis in
Repeated Measurements. The significance of the
changes over time was investigated by paired t-test
and Wilcoxon rank sum tests. In all statistical ana-
lyzes, p < 0.05 significance level was accepted. 

RESULTS

      There was no significant difference between two
groups in terms of age, sex, weight, height. Duration
of operation in isoflurane group was 352.6 ± 92 min-
utes and operation time in sevoflurane group was
300.0 ± 87.6 minutes. There was no significant differ-
ences in operation time between two groups (p =
0.642) (Table 1). 
      There was no significant differences regarding
MAP between the two groups. However, in within
groups comparison, MAP were statistically lower one
minute after intubation, during skin incision, cran-
iotomy, dural incision, tumor removal, dural closure,
bone closure and skin closure (p - values are p < 0.05,
p < 0.01, p < 0.01, p < 0.01, p < 0.01, p < 0.01, p <
0.01, p < 0.01) (Fig. 2). 
      Heart rates were significantly lower one minute
after intubation, during skin incision, craniotomy,
dural incision, tumor removal, dural closure, and skin

closure. (p - values are p < 0.05, p < 0.01, p < 0.01, p
< 0.01, p < 0.01, p < 0.01, p < 0.01, p < 0.05) (Fig. 3). 
      ACTH levels were significantly increased one
minute after extubation, at 3 and 6 hours in group I (p
< 0.01). In Group S, significant increases were ob-
served during tumor removal, one minute after extu-
bation, at 3 and 6 hours. (p < 0.05, p < 0.01, p < 0.01,
p < 0.01) (Fig. 4). 
      Cortisol levels were significantly higher in both
groups during tumor removal, one minute after extu-
bation, at 3, 6, 12 and 24 hours. (Group I: p < 0.01, p
< 0.01, p < 0.01, p < 0.01, p < 0.01, p < 0.01; Group
S: p < 0.01, p < 0.01, p < 0.01, p < 0.01, p < 0.01, p <
0.05) (Fig. 5). 
      Prolactin levels significantly increased in Group I
during tumor removal, one minute after extubation, at
3 and 6 hours. (p < 0.01, p < 0.01, p <0.05, p < 0.05).
In group S, significant increases in prolactin level were
observed only during tumor removal and one minute
after extubation (p < 0.01, p < 0.01) (Fig. 6). No sig-
nificant differences were found between the two
groups in ACTH, cortisol and prolactin levels. 

DISCUSSION

      It has been reported that response to surgical
stress, increased metabolism, catabolism, and other
physiological changes predispose to severe post-oper-
ative complications such as myocardial infarction, pul-
monary infection, thromboembolism [7]. Suppression
of surgical stress responses can lead to shorter healing
duration, shorter hospitalization duration after the sur-
gery and reduce the hospital costs especially for pa-
tients with malnutrition, suppressed immune system,
elderly patients and ASA III-IV patients. For these rea-
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Fig. 3. Heart rate (HR) (mean±SD). Within group *p < 0.05, **p < 0.01. SD = Standard deviation. Periods: T1 = one minute

before induction, T2 = one minute after intubation, T3 = during skull clamping, T4 = skin insicion, T5 = craniotomy, T6 =

dural incision, T7 = tumor removal, T8= dural closure, T9= bone closure, T10 = skin closure, T11 = one minute before extu-

bation, T12 = one minute after extubation. 

 Fig. 2. Mean arterial pressure (MAP) (mean ± SD). Within group *p < 0.05, **p < 0.01. SD = Standard deviation. Periods:

T1 = one minute before induction, T2 = one minute after intubation, T3 = during skull clamping, T4 = skin insicion, T5 =

craniotomy, T6 = dural incision, T7 = tumor removal, T8= dural closure, T9= bone closure, T10 = skin closure, T11 = one

minute before extubation, T12 = one minute after extubation. 
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 Fig. 4. ACTH levels (mean ± SD). Within group *p < 0.05, **p < 0.01. SD = Standard deviation. Periods: P1 = 24 hours before

surgery, P2 = one minute before induction, P3 = during tumor removal, P4 = one minute after extubation, P5 = at 3 hours,

P6 = at 6 hour, P12 = at 12 hours, P24 = at 24 hours. P48 = at 48 hours.

 
Fig. 5. Cortizol levels (mean±SD). Within group *p < 0.05, **p < 0.01. SD = Standard deviation. Periods: P1 = 24 hours before

surgery, P2 = one minute before induction, P3 = during tumor removal, P4 = one minute after extubation, P5 = at 3 hours,

P6 = at 6 hour, P12 = at 12 hours, P24 = at 24 hours. P48 = at 48 hours.
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sons, suppression of stress responses has critical im-
portance [8]. 
      It has been shown that the hypothalamic–pitu-
itary–adrenal axis can be depressed with high dose
opioids during the surgical procedure and the stress re-
sponse can be partially controlled [9-11]. There are
also other studies that show that regional anesthesia
techniques and local anesthetics are successful in sup-
pressing stress response [9, 12-17]. 
      In the post-surgical period, the stress responses
can be controlled with a good pain therapy. It has also
been suggested that β-blocker, 𝛼-2 agonist, Ca+2 chan-
nel blockers may be used to reduce stress hormone se-
cretion and the effects of these hormones on target
organs in some cases [1, 18, 19]. 
      A few experimental studies have investigated the
effects of volatile anesthetic agents such as isoflurane
and sevoflurane on the hormonal and immunological
responses [20, 21]. The effects of usage of isoflurane
and sevoflurane during anesthesia on the hormonal
stress responses which develop as a result of surgical
traumas are still unclear [12]. 
      Sympathetic adrenergic response to surgical stim-
uli clinically manifests itself as hypertension, in-
creased heart rate and body temperature [1]. Opioids
suppress sympathetic adrenergic response [1, 10].
However, intravenous or volatile anesthetic agents

have not been able to suppress this response [22].
Segawa et al. [22] investigated the effects of sevoflu-
rane and isoflurane at different concentrations on
adrenaline and noradrenalin levels in blood during
liver transplantations. The reduction of blood pressure
increase due to surgical stimulation with volatile anes-
thetic agents was reported to be the result of suppres-
sion of the effects of catecholamines on vascular
smooth muscles and myocardium [22]. 
      Ura et al. [23] studied serum noradrenalin levels
in patients who received sevoflurane anesthesia at dif-
ferent concentrations to determine the concentration
of sevoflurane that could prevent the adrenergic re-
sponse to surgical incision and the increase in mean
arterial pressure. 
      Stress hormone levels in blood have been reported
to suddenly increase up to 10 to 100 times of normal
levels due to endotracheal intubation and surgical
stimulation and gradually decrease to baseline levels
within hours or days [24, 25]. Murakawa et al. [26]
investigated the effects of sevoflurane anesthesiaon
serum cortisol levels in gastrointestinal and gynecol-
ogical surgeries. They found that there was no change
in serum cortisol levels after anesthesia induction with
sevoflurane, but cortisol levels increased 2-3 times of
the pre- anesthetic levels during and after surgery [26].
We also found a rapid increase in ACTH, cortisol, and
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Fig. 6. Prolactin levels (mean±SD). Within group *p < 0.05, **p < 0.01. SD = Standard deviation. Periods: P1 = 24 hours

before surgery, P2 = one minute before induction, P3 = during tumor removal, P4 = one minute after extubation, P5 = at 3

hours, P6 = at 6 hour, P12 = at 12 hours, P24 = at 24 hours. P48 = at 48 hours. 
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prolactin levels during surgery, reaching 6-7 times of
pre-anesthetic levels in both groups in our study. 
      Roth-Isigkeit et al. [27] reported that plasma
ACTH and cortisol levels increased during the study
in patients who underwent coronary artery bypass
graft surgery. They found that while ACTH levels de-
creased to baseline levels after 24 to 48 hours postop-
eratively, cortisol levels remained significantly higher
at 72 hours in postoperative period compared to pre-
operative period. In our study, we also found that cor-
tisol levels were significantly higher at the 24th post-
operative hour compared to baseline levels in both
groups. However, ACTH levels were returned to their
baseline levels at the 12th postoperative hour in both
groups. 
      Hase et al. [25] studied the effects of isoflurane
and sevoflurane, with combination of epidural anes-
thesia during the gastric surgery in elderly patients.
They looked at the ACHT, cortisol, adrenaline and no-
radrenaline levels during and after surgery. They found
that there was no statistically significant difference be-
tween the two groups. Marana et al. [28] compared
TIVA with propofol versus sevoflurane anesthesia.
TIVA inhibited ACTH-cortisol axis and reduced NE,
E and GH levels but it enhanced prolactin as compared
with sevoflurane. 
      Marane et al. [29] compared the effects of desflu-
rane versus sevoflurane anesthesia on intra and post-
operative release of the stress hormones and
inflammatory cytokines in laparoscopic surgery. Al-
though a decrease in cortisol concentration level was
observed in both groups, only in the DES group there
was a significant difference in intraoperative cortisol
levels as compared to the baseline levels. The conse-
quent increase of ACTH level was significantly higher
in the SEVO group at 30 minutes after the beginning
of surgery and at 4 hours after the end of surgery. They
concluded that desflurane and sevoflurane produced a
different stress response in the setting of laparoscopic
surgery [29]. In our study, there was no statistical dif-
ferencebetween isoflurane and sevoflurane group in
terms of hormone levels. The surgical stress levels are
known to be relatively lower in laparoscopic surgeries
compared to intracranial tumor surgeries. 
      Krog’s study [30] showed that Cortisol and ACTH
levels are statistically lower in laparoscopic aorta-
bifemoral bypass group than open aorta-bifemoral by-
pass group. The patients operated with a laparoscopic

aorta-bifemoral bypass achieved earlier hormonal
homeostasis after surgery compared to open group
[30]. Minimally invasive surgery seems to reduce hor-
monal stress response to surgery. 
      There are few comparative studies of stress hor-
mone changes during long surgeries under general
anesthesia. Nishiyama et al. [31] showed that isoflu-
rane-nitrous oxide and sevoflurane-nitrous oxide had
the same effects on stress hormone changes except for
epinephrine, norepinephrine, and ADH levelsduring
inhalation anesthesia with the duration of more than
10 hours. We also found that there were no statistically
significant differences in ACTH, cortisol and prolactin
levels in blood; before, during and after the surgery
between the two groups. We think that our results
might have been affected because intracranial tumor
surgery are longer and highly stressful operations. 
      Miura et al. [24] administered isoflurane, keta-
mine and fentanyl - N2O anesthesia to the rats with in-
complete cerebral ischemia and looked at noradrenalin
levels in the carotid and hippocampus. They found that
the noradrenalin levels in blood and brain were
changed independently of each other and the anesthe-
sia method [24]. Partial ischemia may occur during in-
tracranial mass surgery. Depending on the localization
of the tumor, this can lead to changes in the secretion
of the hypophyseal hormones. In our study, we found
a very high ACTH level in one patient during tumor
removal in sevoflurane group (Fig. 4). We attributed
this to the tumor localization and therefore the surgical
field’s closeness to the pituitary gland. 
      Mustolo et al. [32] compared the effects of
sevoflurane-fentanyl and isoflurane-fentanyl on the
surgical stress index. They found that surgical stress
index was higher in sevoflurane-fentanyl group. 

Limitations 

      The limitation of our study was relatively small
number of patients the power analyze. In our study we
used special laboratory kit. Because of our limited fi-
nancial resource we could not Increase the number of
patients. Thus more patients needed in future studies
to confirm our results. 

CONCLUSION

      As a result, isoflurane or sevoflurane anesthesia
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has similar effects in terms of hemodynamic and hor-
monal stress response during intracranial tumor sur-
gery. 
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