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ORIGINAL ARTICLE

Decompressive craniectomy as treatment 
for a rat model of „malignant“ middle 
cerebral artery infarction

Dekompresní kraniektomie jako léčba pro krysí model
„maligního“ infarktu střední mozkové tepny
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Abstract
We investigated the effects of decompressive craniectomy in a rat model of „malignant“ mid-
dle cerebral artery (MCA) infarction. A total of 55 male Sprague-Dawley rats weighing 290–340 g
were allocated to the following groups: (1) Sham operated group (group 1, n = 14, as controls);
(2) MCA occlusion (MCAO) group (group 2, n = 26, remained untreated after right permanently
MCAO); (3) Decompressive craniectomy group (group 3, n = 15, received right decompression
at 1 hour after MCAO). 48 hours later we found that decompressive craniectomy can offer
a clear survival benefit, a better neurological score as well as a reduced infarct volume after
MCAO in rats. It significantly decreases neuronal death in cortex but not in deep structures such
as hippocampus and striatum.

Souhrn
Zkoumali jsme účinky dekompresní kraniektomie u krysího modelu „maligního“ infarktu střední
mozkové tepny (ACM). Celkem 55 samců krys Sprague-Dawley o váze 290 až 340 g bylo roz-
děleno do těchto skupin: 1) simulovaně operovaná skupina (skupina 1, n = 14, jako kontrolní);
2) skupina s okluzí ACM (OACM) (skupina 2, n = 26, zůstala neléčená po permanentní OACM);
3) skupina s dekompresní kraniektomií (skupina 3, n = 15, vhodná dekomprese do 1 hodiny po
OACM).   Po 48 hodinách bylo zjištěno, že dekompresní kraniektomie může znamenat jedno-
značný přínos z hlediska přežití, lepších neurologických výsledků, jakož i menšího rozsahu in-
farktu po OACM u krys. Výrazně snižuje odumírání neuronů v kůře, ne však v hlubokých struk-
turách, jako je hippocampus a striatum. 
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Introduction
There is still a subset of patients who dete-
riorate rapidly after hospital admission for
cerebral infarction, with a mortality approa-
ching 80% when treated conservatively
[1,2]. This occurs in 10 to 15% of supra-
tentorial infarction cases and is involved in
the entire middle cerebral artery (MCA) ter-
ritory. Patients with this „malignant“ MCA
infarction suffer from coma or death be-
cause of large space-occupying brain edema
and brain herniation. They may have con-
comitant anterior cerebral artery (ACA) or
posterior cerebral artery (PCA) territory
involvement. Thereby, this „malignant“ MCA
infarction is also called large space-occu-
pying infarction [1,2]. This patient subpopu-
lation is a particularly difficult challenge for
clinicians in charge. In the management of
such cases, decompressive craniectomy has
been recommended and indeed may be an
appropriate, lifesaving procedure [1/3].
Our previous study also suggests patients'
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mortality may be better after surgery [3].
However so far, few experimental data have
been published about the effects of decom-
pressive craniectomy on neuronal death
after acute stroke. The aim of this study, in
which we used an endovascular model for
the occlusion of MCA (MCAO) in rats, is to
show the effects of decompressive craniec-
tomy on mortality, infarct size, neurologi-
cal score and the density of neurons. These
findings may offer rich experimental data
for the clinical management of malignant
MCA infarction.        

Materials and methods
Animal preparation
The study was approved by the local ani-
mal protection committee. Fifty-five male
Sprague-Dawley rats weighing 290–340 g
were allocated to 3 groups (group 1 to
group 3). All animals were anesthetized
with chloral hydrate (10%) by intra-perito-
neal injection. MCAO was induced in 41 ani-
mals by an endovascular occlusion techni-
que first described by Koizumi et al [4].
Briefly, the right common carotid artery and
the right external carotid artery were expo-
sed through a midline neck incision. A 4-0
monofilament nylon suture, whose tip had
been coated with silicone, was then inser-
ted through an arteriotomy of the common
carotid artery and gently advanced into the
internal carotid artery to a point approxi-
mately 18 mm distal to the carotid bifurca-
tion. The common carotid artery was loo-
sely ligated just distal to the arteriotomy,
and after that the neck wound was closed.
Sham-operated rats were used as control
(group 1, n = 14,). Rats in group 2 remained
untreated after permanent MCAO (n = 26).
Animals received decompressive craniectomy
at 1 hour after MCAO were enrolled in
group 3 (n = 15). 

Decompressive cranioctomy
In group 3, right decompressive craniec-
tomy was performed as described by Fors-
ting et al [5]. A bone flap (10 × 5 mm) was
created in the parietal and temporal bone,
and additional bone was removed down to
the floor of the middle cerebral fossa. The
dura covering the frontal, parietal, and tem-
poral lobes was then opened by a large in-
cision. At the end of the operation the tem-

poralis muscle and skin flap were adapted
and sutured in place.

Mortality, neurological score 
and infarction volume
At 48 hours after MCAO, we calculated
three groups' mortality and examined all
surviving animals neurologically using an
established scoring system first introduced
by Menzies et al6. The detailed are as the
following: 0, no apparent deficits; 1, con-
tralateral forelimb flexion; 2, decreased grip
of contralateral forelimb while pulled by
tail; 3, spontaneous movement in all direc-
tions „or“ or „and“ contralateral circling
only if pulled by tail; 4, spontaneous con-
tralateral circling; 5, death. 

Part of animals were then killed, the
brains were rapidly removed, and 2-mm
brain slices were incubated for 30 minutes
in a 4% solution of 2,3,5-triphenyltetra-
zolium chloride (TTC) at 37°C and fixed by
immersion into 10% buffered formalin so-
lution before photographed. TTC stains nor-
mal brain tissue (intact cellular membranes)
red, while ischemic tissue turns pink and
necrotic tissue turns grayish. After the digi-
tization of the photographs, we quantified
the size of infarction. To avoid the overes-
timation of the infarction volume, we used
the corrected infarction volume (CIV) de-
scribed by Lin et al [7] as the indicator. The
ischemic lesion volume was expressed as
absolute volume (mm3).

Neuronal density
At 48 hours later other sacrificed animals
were perfused through the ascending aorta
with saline followed by a solution of para-
formaldehyde 4% in 0.1M phosphate
buffer (PB). Twelve-micrometer thick brain
coronal sections were cut by a freezing
microtome and stored in PB at 4 °C. Sec-
tions were prepared with toluidine blue
staining for light microscopic studies. They
were examined by a pathologist who was
blinded to the groups. Neuronal densities
in cortex, hippocampus and striatum were
respectively counted. 

Data analysis
All values are expressed as mean ± SD.
Data analysis was performed using SPSS
version 10.0 for windows (SPSS Inc., Chicago,

Figure 1. Infarction volume
in the three groups. 

Group 1 Group 2 Group 3
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IL, USA). Rates were compared by the Fish-
er exact test. Kruskal-Wallis test was used
to compare means between groups. Statis-
tical significance was assigned to a P value
of less than .05.

Results
Animal mortality at 48h after MCA occlu-
sion was 46.2% (group 2), however, it was
significant lower in the rats received
decompression (group 3) (p<0.05). Mean-
while, rats in group 3 had better (ie. lower)
neurological score (3.1 ±1.0 vs 4.0 ± 1.1, p
< 0.05) and less infarct volume (172.28 ±
74.40 mm3 vs 253.22 ± 60.19 mm3, p < 0.05)
(Figure 1). Decompressive craniectomy also
significantly decreases neuronal death in
cortex but not in deep structure such as
hippocampus and striatum (Table 1). 

Discussion
Decompressive craniectomy with duroto-
my is usually performed as a last resort in
patients with malignant brain edema cau-
sed by infarction or trauma [1/3]. Although
decompressive craniectomy for supraten-
torial infarction has been done in a few
patients sporadically over 4 decades, it is
only in the last 2 decades that the treatment
has been studied systematically. Several au-
thors worldwide have shown encouraging
results both in survival rate and functional
outcome [1/3]. Despite these encouraging
results, decompressive craniectomy has not
gained widespread acceptance, especially
in developing countries like China, where
the incidence of stroke is much higher. Fur-
thermore, few experimental findings have

been published thus far about the effects
of decompressive craniectomy on neuronal
death after acute stroke.

In this study, we used a rat model of
endovascular occlusion to simulate MCA
occlusion nearly perfectly in humans. In its
correct position the intraluminal suture rea-
ches the proximal segment of the ACA. At
this point the suture has blocked the origin
of the MCA, occluding all sources of col-
lateral blood flow from the ACA and PCA,
resulting in large hemispheric ischemia le-
sions [4]. We found the mortality of rats
with permanent MCA occlusion for 48 hours
(46.2%) was really high which is very simi-
lar to the situation of clinical setting. So we
choices this time point to examine decom-
pression's value while other authors per-
formed biopsy not early than 5 days [5/8].
We found decompressive surgery could also
show its merit after 2 days. Craniectomy was
performed at 1 hour because early surgery
has shown satisfying neurological outcome
[8] The mortality rate in our experimental
study was 6.7% for all animals treated by
decompressive craniectomy versus 46.2%
in the MCAO group. Meanwhile our study
validates the previous findings which sug-
gest that neurological score and infarct vo-
lume may be better after surgery. The me-
chanism of better neurological outcome after
decompression is that craniectomy can re-
duce ICP and the vicious circle of extensive
edema, and can improve cerebral perfu-
sion [5,9]. However, are there any changes
at cellular level after decompressive craniec-
tomy? We then analyzed neuronal densi-
ties of three sites through twelve-microme-

ter thick brain coronal sections. We found
that decompressive surgery made an increase
of survival cortical neurons from 866.67 ±
± 233.81/mm2 to 1533.33 ± 307.68/mm2

(p < 0.05),while lost its protection in the
field of deep cerebral structures such as
hippocampus and striatum. The possible
mechanism is that craniectomy can only
significantly improve cortical perfusion [9],
which may offer more survival chances for
cortical neurons as well as whole bodies.
On the other hand, the phenomenon that
the insulted deep brain structures can not
benefit from decompressive craniectomy
may explain why functional outcome and
level of independence of patients are poor
after surgery although survival rates are im-
proved in our clinical setting [3].

References
1. Schwab S, Steiner T, Aschoff A, Schwarz S,
Steiner HH, Jansen O. Early hemicraniectomy
in patients with complete middle cerebral ar-
tery infarction. Stroke 1998; 29: 1888–1893.  
2. Hacke W, Schwab S, Horn M, Spranger M,
De Georgia M, von Kummer R. „Malignant“
middle cerebral artery territory infarction: cli-
nical course and prognostic signs. Arch Neu-
rol 2003; 53: 309–315.
3. Yu Yao, Weiguo Liu, Xiaofeng Yang, Wei-
wei Hu, Gu Li. Is decompressive craniectomy
for malignant middle cerebral artery infarc-
tion any benefits for elderly patients? Surg
Neurol 2005; 64: 165–169.
4. Koizumi J, Yoshida Y, Nakazawa T, Oone-
da G. Experimental studies of ischemic brain
edema, I: a new experimental model of cere-
bral embolism in rats in which recirculation

Table 1. Comparison of mortality, neurological score, corrected infarction volume (CIV) and density of neurons
48 hours later between normal control group (group 1), MCAO group (group 2) and surgical decompression group
(group 3). 

Group 1 (n = 14) Group 2 (n = 26) Group 3 (n = 15)

Mortality (%) 0 (0%) 12 (46.2%) 1 (6.7%)*
Neurological score 0 4.0 ± 1.1 3.1 ± 1.0**
CIV (mm3) 0 253.22 ± 60.19 172.28 ± 74.40**
Density of neurons 
in cortex (/mm2) 2416.67 ± 479.24 866.67 ± 233.81 1533.33 ± 307.68**
Density of neurons in hippocampus (/mm) 301.67 ± 31.89 188.33 ± 23.17 196.67 ± 50.86
Density of neurons in striatum (/mm2) 2000 ± 178.89 933.33 ± 163.30 1183.33 ± 248.33

Values are mean ± SD. *P < 0.05 compared with group 2, Fisher exact test.
** P < 0.05 compared with group 2, Kruskal-Wallis test.

proLékaře.cz | 2.4.2025



391Cesk Slov Neurol N 2007; 70/103(4): 388–391

DECOMPRESSIVE CRANIECTOMY AS TREATMENT FOR A RAT MODEL OF „MALIGNANT“ MIDDLE CEREBRAL ARTERY INFARCTION

www.kardiologickarevue.cz

can be introduced in the ischemic area. Jpn J
Stroke 1986; 8: 1–8.
5. Forsting M, Reith W, Schaebitz WR, Hei-
land S, von Kummer R, Hacke W et al. De-
compressive craniectomy for cerebral infarc-
tion: an experimental study in rats. Stroke
1995; 26: 259–264.
6. Menzies SA, Hoff JT, Betz LA. Middle cere-
bral artery occlusion in rats: a neurological

and pathological evaluation of a reproducible
model. Neurosurgery 1992; 31: 100–107. 
7. Lin TN, He YY, Wu G, Khan M, Hsu CY.
Effects on brain edema on infarct volume in a
focal cerebral ischemia model in rats. Stroke
1993; 24: 117–121.
8. Engelhorn T, von kummer R, Reith W,
Forsting M, Doerfler A. What is effective in
malignant middle cerebral artery infarction:

reperfusion, craniectomy, or both? An experi-
ment study in rats. Stroke 2002; 33: 617–622.
9. Engelhorn T, Doerfler A, Kastrup A, Beau-
lieu C, de Crespigny A, Forsting M et al. De-
compressive craniectomy, reperfusion, or a com-
bination for early treatment of acute „Malig-
nant“ cerebral hemispheric stroke in rats?
Potential mechanisms studied by MRI. Stroke
1999; 30: 1456–1463. 

proLékaře.cz | 2.4.2025


