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The Effects of Sevoflurane and Isoflurane on Intracranial
Pressure Following Diffuse BraIn Injury In Rats
Diffüz

Kafa Travmasi Sonrasi Siçanlarda Sevofluran
Intrakraniyal Basinca Etkileri
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Abstract: Twenty-four
adult Wistar rats weighting 220290 g were anesthetized
wIth an intraperitoneal
injection
of 30 mg/kg sodium thiopental and a tracheostomy
was
performed.
Following diffuse impact-acceleration
brain
injury (BD, animals were paralyzed
and mechanically
ventilated with %30 0i in NiO. The rats were randomly
assigned to two groups. Each group received one of the
two volatile anesthetic agents which were administered
in 0.5,0.75, 1.0 and 1.25 MAC end-tidal concentrations
for
30 minutes each, respectively. Anesthesia was maintained
with 0.75 MAC during la st hour of the study period. rcp,
MAP, rectal and intrahemispheric
temperature
and endtidal volatile anesthetics
concentration
were monItored
continuously
for 3 hours. At baseline,
there were no
significant differences between two groups with regard
to the monitored
physiologic
variables. MAP decreased
in the sevoflurane group af ter 45 minutes and in isoflurane
group af ter 30 minutes (p<0.05, p<O.Ol, p<O.OOl). ICP rose
significantly
at 30 minutes
in the sevoflurane
group
(p<0.05) and remain elevated until the end of the study
period (p<0.05). ICP did not change significantly
in the
group that received isoflurane. CPP changed in parallel
with MAP, with the reduction in the sevoflurane
group
being more pronounced
than that in the isoflurane group
(p<0.05, p<O.Ol, p<O.OOl). The results showed that, in the
presence of diffuse BI, animals that were anesthetized with
sevoflurane had higher ICP than those anesthetized
with
isoflurane.
This suggests
that, in the clinical setting
sevoflurane
should not be chosen above isoflurane for
anesthetic management
of the diffuse BI patient group.
Key Words:
Diffuse brain injury, intracranial pressure,
isoflurane, rat, sevoflurane.
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Özet: Eriskin 220-290 g 24 Wistar siçanina, 30 mg/kg
Na-tiyopental
ile anesteziyi
takiben trakeostomi
açildi.
Diffüz kitle-akselerasyon
kafa travmasindan
sonra
hayvanlar
paralizi
edildi ve % 30 0,+% 70 N,O ile
mekanik
ventilasyona
baslandi.
Siçanlar
rastgele iki
gruba ayrildi. Volatil anestezik ajanlar sirasiyla 0.5, 0.75
1 ve 1.25 MAC end-tidal degerlerinde
30 dk araliklarla
uygulandi.
Son 1 saatte ise anestezi idamesi 0.75 MAC
degeri ile gerçeklestirildi.
Üç saat süresince ortalama arter
basinci (OAB), intrakraniyal
basinç (iKB), rektal ve
intrahemisferik
isi, end-tidal
volatil
anestezik
konsantrasyonlari
sürekli monitörize
edildi. Iki grup
karsilastirdiginda,
takip edilen parametrelerde
kontrol
degerleri arasinda
anlamli bir fark saptanmadi.
OAB,
sevofluran
grubunda
90. dk, izafluran
grubunda
60.
dk'dan
itibaren
anlamli
derecede
azaldi
(p<O.Ol;
p<O.OOl). IKB artisi sevofluran
grubunda
45. dk'dan
itibaren basladi (p<0.05) ve 3. saatin sonuna kadar sürdü
(p<O.Ol; p<O.OOl). lzofluran grubunda
anlamli farklilik
gözlenmedi
(p<0.05). SPB'da iki grupta
da OAB ile
benzer dönemlerde
azaldi. Iki grup karsilastirildiginda
azalmanin
sevofluran
grubunda
daha fazla oldugu
saptandi (p<0.05; p<O.Ol; p<O.OOl). Sonuç olarak, diffüz
kafa travmali siçanlarda, izofluranla karsilastirildiginda,
sevofluran IKB'1 arttirdigi için klinik uygulamada
uygun
bir ajan olmadigi, izofluranin
tercih edilmesi gerektigi
sonucuna varilmistir.

Anahtar
Kelimeler:
Diffüz kafa travmasi,
basinç, izofluran, sevofluran,
siçan.
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INTRODUCTION

Sevoflurane (fluoromethyl 2,2,2-trif1uoro 1[trifluoromethyl] ethyl ether) is a commonly used,
non-flammable volatile anesthetics that has a low
blood-gas partition coefficient of 0.63, which is lower
than that of many other volatile anesthetics (1). As
an added benefit, this agent is not a respiratory
irritant. These favorable properties lead to smooth
and rapid anesthetic induction recovery with this
agent. In particular, use of sevoflurane would seem
to be of particular advantage in neurosurgical
patients, since intra- or postoperative awakening is
required for neurologic evaIuation during many
neurosurgical procedures. Animal experiments have
shown that sevoflurane is similar to isoflurane in its
effects on cerebral blood flow (CBF), cerebral
metabolism rate of oxygen (CMR02), intracranial
pressure (ICP), and electroencephalography (EEG)
(2,3). it decreases CMROi and causes a minimal to
moderate increase in CBF and ICP in rabbits and
dogs. As has been reported for isoflurane, it is
possible to prevent this increase in ICP for any
anesthetic concentration with prior establishment of
hypocapnia (4,5). However, these studies were
performed in animals that had normal intracranial
compliance, and may not necessarily reflect the
responses that would occur in the presence of
compromised intracranial compliance or in an
abnormal brain. We designed this study to
investigate the effects of sevoflurane on mean arterial
pressure (MAP), ICP, and cerebral perfusion pressure
(CPP) in a diffuse brain injury (BI) rat model, and
compared these effects to those seen with isoflurane.
MATERIALS

AND

METHOD S

This study was reviewed and approved by the
Animal Care and Use Committee at the Uludag
University School of Medicine. Twenty four adult
male Wistar rats, weighting 220-290 g were fasted
overnight with free access to water.
Minimum alveolar anestetic concentration
(MAC) for sevoflurane and isoflurane (Sevorane and
Forane, Abbott Lab. Country) were determined in
16 rats using the up and down method with a tailclamp technique (6,7).The expired volatile anesthetic
concentration (Datex, Capnomac-ultimate, Finland)
was then changed by 0.2% increments depending on
the presence or absence of purposeful movement of
the animaL. MAC was considered the concentration
midway between the highest concentration that
allowed movement and the lowest concentration that
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prevented movement.
Af ter anesthetic
induction
with
an
intraperitoneal
injection of 30 mg/kg sodiumthiopental, A tracheostomy was performed. All
surgical procedures were performed following
infiltration of the tissue with 2% lidocaine. The diffuse
BI was delivered according to the weight-drop
traumatic BI model described by Marmarou et al (8).
A midline incision was made in the skin over the
cranium and the periosteum covering the vertex was
reflected. We dried the area, and then, using dental
acrylic, fixed a 10 mm diameter metallic disk to the
central portion of the rat' s cranial vault between the
coronal and lambdoid sutures. The animal was
placed in prone position on a foam bed (of known
spring constant) contained within a Plexiglass frame,
and was secured in place with two belts. The lower
end of the Plexiglass tube was then positioned
directly above the helmet. The moderate BI was
induced using a 450 g weight that fell freely by
gravity through the 1 m vertical section of the
transparent Plexiglass tube (held in place with a ring
stand) onto the fixed heIrnet.
Following the BI, the animals were ventilated
mechanically with 70% nitrous oxide (N,O) and 30%
02 (Harvard Rodent Ventilator-model 683, USA).
The femoral artery was cannulated to measure blood
pressure and sample arterial blood gases. A femoral
vein catheter was inserted for administration of fluid
(0.9% NaCl solution was infused 2-3 ml/h during
the study) and drugs. Vecuronium infusion (0.1 mg/
kg/h) was used for neuromuscular block and 0.02
mg/kg atropin was administered intramuscularly to
reduce trachael secretions. ICP was monitored with
an intraparenchymal fiberoptic transducer which
was placed through a smail burr-hole 3 mm to the
left of midline and 2 mm posterior to the bregma
(Camino V420, USA). Another burr-hole was drilled
on the controlateral side for intraparenchymal
temperature monitoring (Mallinckrodt, Mon-ATherm, 6510, USA). Rectal temperature (Protocol,
Propaq-l04, USA) and the end tidal concentrations
of volatile anesthetics,
were also monitored.
Normothermia
(36-37°C) was maintained using
radiant heating lamp and normocapnia
(36-40
mmHg) was maintained by adjusting tidal volum e
and respiratory frequency during the study period.
Increments of sodium bicarbonate of 0.25 mEq were
administered intravenously as necessary to maintain
arterial pH > 7.30.
The animals

were left undisturbed

for 15
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recorded. They were than randomly assigned to one
of two groups
to receive isoflurane
(n=12) or
sevoflurane
(n=12).
The respective
volatile
anesthetics were administered
at 0.5, 0.75, 1.0 and
1.25 MAC end-tidal concentrations
for 30 minutes
each. In the third ho ur, the anesthesia was maintained
at 0.75 MAC.
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Measured variables included MAP, ICP, endtidal concentrations
of volatile
anesthetics,
intrahemispheric
and rectal temperature all of which
were recorded every 15 minutes. CPP was calculated
as the difference between MAP and ICP. Arterial
blood gases were analyzed

iep

15

Figure

at 1-hour intervals.

All data were expressed as mean ± SEM. The
data were compared
within groups using the
Wilcoxon
test, and between
two group s at
equianesthetic MAC values using unpaired t-test. For
all analyses, p<0.05 was considered
statistically
significant.
RESULTS
The baseline
values of the physiological
variables recorded immediately after diffuse BI were
similar in both groups (Table I). We found no
differences between the two anesthetic groups with
regard to mean arterial pH, arterial carbon dioxide
and oxygen pressures, base excess, hematocrit, or
rectal and intrahemispheric
temperature
values in
any of the measurement
periods. The MAC value for
sevoflurane was 2.18% ± 0.05, and for isoflurane was
1.37% ± 0.07.
We found that increasing the percentage ofboth
volatile anesthetics caused a drop in MAP (Figure
1). In animals receiving 0.5 MAC isoflurane, MAP
was significantly
decreased
at 30 minutes. This
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1: Mean changes
in mean art eri al pressure
(mmHg) with isoflurane and sevoflurane
·p<O.05; ··p<O.Ol; ···p<O.OOl, compared with
control. +p<O.05 compared intergroup
MAC: Minimal alveolar anesthetic concentration

reduction

continued

until the end of the third hour

(p<0.05, p<O.Ol, p<O.OOl). The same changes were
observed in the sevoflurane
group starting at 45
minutes (p<0.05, p<O.Ol, p<O.OOl). The MAP values
at 150 min, 165 min, and 180 min were significantly
lower in the sevoflurane group than in the isoflurane
group (p<0.05).
We observed onlyaminimal
increase in ICP in
the isoflurane group throughout
the whole study
period, but the rise did not differ significantly from
baseline values (Figure 2). In contrast, ICP began to
increase at 30 minutes in the animals receiving
sevoflurane,
and this elevation in pressure grew
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Table i: The physiological
control values of both groups
(mean±SEM).
No significant
difference
was
found between the groups.
37.4
0.2
0.9
7.44
36.5
39.0
± ±±
0.9
2.8
1.2
36.4
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13.7
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±0.04
6.6

7.44
1.2 ± 4.7
0.03
1.1
37.4
41.2
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Figure 2: Mean changes in intracranial pressure
with isoflurane and sevoflurane
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·p<O.05; ··p<O.Ol; ···p<O.OO1, compared with control. +p<0.05; ++p<O.Ol, compared intergroup.
MAC: Minimal alveolar anesthetic concentration
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constantly to the end of the study period (p<0.05).
The differences between the groups with regard to
ICP after 45 minutes were statistically significant
(p<0.05, p<O.Ol).
Like MAP, CPP fell in both groups (Figure 3).
The decrease began at 30 minutes in the isoflurane
group (p<0.05, p<O.Ol, p<O.OOl)and at 45 minutes
in the sevoflurane group (p<O.Ol, p<O.OOl), and
continued to the end of the third hour in both groups.
The rate of decrease in CPP in the sevoflurane group
was significantly greater than that observed in the
isoflurane group (p<0.05, p<O.Ol, p<O.OOl).
DISCUSSION
This study shows that both sevoflurane and
isoflurane have similar impact on MAP,ICP, and
CPP in rats that have sustained diffuse BI. As
anesthetic concentrations rose, ICP increased and
MAP and CPP decreased. However, the changes in
the sevoflurane group were more pronounced than
those seen in the isoflurane group. The MAC values
of volatile anesthetics determined in this studyare
in agreement with those noted in previous studies
(9,10).
Sevoflurane and isoflurane are commonly used
volatile anesthetics. Both agents reduce MAP in doserelated fashion. lncreasing
concentrations
of
sevoflurane progressively decrease blood pressure
in a manner similar to other volatile anesthetics, but
the reported changes in MAP have varied when
equianesthetic concentrations of isoflurane and
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Figure 3: Mean changes in cerebral perfusian
pressure
(mmHg) with isaflurane and sevoflurane
*p<O.05; **p<O.Ol; ***p<O.OOl,compared with control. +p<O.05; ++p<O.Ol compared intergroup.
MAC: Minimal alveolar anesthetic concentration
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sevoflurane have been compared (11,12,13). In our
study, the MAP reduction was similar in both
groups, apart from the final45 minutes of the study
period. it has be en reported that the decrease in
arterial pressure results from a decrease in systemic
vascular resistance rather than lower cardiac output
(3,13,14,15). In the pres en ce of intracranial
hypertension, increasing the MAP seems to be
beneficial in terms of improving CPP, but it has been
shown that increases in blood pressure are often
associated with further increases in ICP (16).
Animal experiments have demonstrated that
isoflurane increases ICP minimally in normal subjects
and in those with intracranial
hypertension
(15,17,18,19). However, a substantial increase in ICP
has been reported when isoflurane and N20 are used
in combination (20). ICP elevation with 1% isoflurane
was partially blocked by hypocapnia (5,20). Cerebral
blood volume (CBV), which is an indirect measure
of ICP, has been reported to be increased with the
use of isoflurane, eve n during hypocapnia (22).
Sevoflurane has similar effects to those of isoflurane
with regard to CMR02, CBF, ICP, and the EEG.
Scheller et aL. (3) showed that, like isoflurane,
increasing concentrations of sevoflurane (0.5, 1.5, and
2.15 MAC) had minimal effect on CBF but
significantly reduced CMR02 in dogs. They also
compared isoflurane and sevoflurane in rabbits, and
determined that, despite causing no change in CBF
and a decrease in CMR02 at 0.5-1.0 MAC, both
anesthetics increased ICP (2). Sevoflurane and
isoflurane at different MAC values (0.5, 1.0, 1.5,2.0)
caused cerebral arteriolar dilatation, as well as a
decrease in CBF, in rats with high ICP; however,
sevoflurane had a more profound effect at higher
MAC values (21).
The literature
contains
several animal
experiments that have compared the effects of
volatile anesthetics on ICP following acute BI. Smith
and Marque (23) observed that prolonged (5-hr)
administration of isoflurane, halothane, or enflurane
following cryogenic BI was associated
with
elevations of ICP above that associated with
intravenous anesthetic techniques. Scheller et aL.(19)
also demonstrated that significant increases in ICP
may occur following introduction of either 1 MAC
halothane or isoflurane in the presence of acute
cryogenic BI, resulting in elevated ICP. Kaieda et aL.
(17) compared the effects of halothane and isoflurane
on ICP and the development of cerebral edema after
cryogenic BI in rabbits. They observed ICP elevation
in all animals. In the present study, the administration
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of isaflurane
or sevoflurane
at different MAC
values (0.5, 0.75, 1.0, and 1.25) caused icr to rise.
In accordance with the results of previous studies,
the icr increase observed in the isaflurane group
was less than that in the sevoflurane group. icr
increased progressively in the sevoflurane group,
even though the sevoflurane concentration
was
reduced to 0.75 MAC during the last hour of the
study period. These significant changes in MAr
and icr
with sevoflurane
caused
a more
pronounced
decrease
with isaflurane.

in crr

than that observed
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The main limitatian
used
sevoflurane

of our study was that
and isaflurane
in

with NiO and sodium thiopental.
vasadilatar
that increases CBV
and icr (25,26,27,28); however, it is likely that the
effects of NiO on icr are attenuated
by prior
administration
of sodiumJhiopental.
combination

NiO is a patent

There are several possible explanations for
the observed difference in icr alteration caused
by these two agents. icr increases in response to
change in either CBF or Cerebrospinal fluid (CSP)
volume. Isaflurane increases CBV but decreases
CSF volume,
and, therefore,
prevents
major
increases in icr (29). Isaflurane has no effed on
CSF production
rate, and is known to decrease
resistance to the reabsorption
of CSF in the dog
(30). To date, the effed of sevoflurane on CBF has
been reported, but the effeds of this agent on CBV
and CSF dynamics remain unclear. Based on its
negligible influence on CBF, it is speculated that
sevoflurane
may increase CBV independent
of
changes in CBF, similar to the effect of isaflurane.
A second possibility
is that sevoflurane
and
isaflurane
may have different
effects on the
formatian and reabsorption of CSF. Alsa, the rate
of edema development
af ter traumatic BI may be
anather important fador. Thus, further studies are
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required
to identify the role of these factors in the
changes
in icr
that occur
under
sevoflurane
anesthesia.
In conclusian,
our findings
sustaining diffuse BI, animals that
have higher icr than animals
isaflurane. This suggests that, in
sevoflurane should not be chosen
isaflurane for the anesthetic
with diffuse BI.
Coorrespondence:

The inconsistency of experimental results to
date can be explained
in part by species
differences
and differences
in experimental
models, that is, intact versus injured brain. In this
study, we opted to use the diffuse BI model This
simple, reproducible weight-drop model of rodent
closed BI is capable of producing
a graded
traumatic BI without a focal lesion, a massive
hypertensive
surge, or excessive
brainstem
damage. it alsa produces a pronounced
diffuse
axonal injury consistent with features of human
diffuse axonal injury (24).

Effeets

show that, af ter
receive sevoflurane
anesthetized
with
the clinical setting,
as an alternative to

management

of patients
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