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Abstract
Background Usually, decompressive craniectomy (DC) in
patients with increased intracranial pressure (ICP) is
combined with resection of the dura and large-scale
duroplasty. However, duroplasty is cumbersome, lengthens
operation time and requires heterologous or autologous
material. In addition, the swelling brain could herniate into
the duroplasty with kinking of the superficial veins at the
sharp cutting edges and subsequent ICP exacerbation.
Several longitudinal durotomies avoid these limitations,
but it remains a matter of discussion if durotomies reduce
ICP sufficiently.
Methods DC was performed in ten patients (mean age 45
years) with increased ICP after head trauma or subarach-
noid hemorrhage. After craniectomy, the dura was opened
by three to four durotomies from midline to the temporal
base. Duration of surgical procedure and ICP during each
surgical step and postoperatively were recorded.
Findings Mean duration of surgery was 90±10 min. ICP
prior to skin incision was 39±12 mmHg and dropped to 22±
9 mmHg after craniectomy. During durotomy ICP decreased
stepwise and reached stable values of 12±6 mmHg at the end

of surgery. On days 1–10 after surgery, ICP values ranged
between 12–17 mmHg.
Conclusion This study showed that durotomy is a fast and
easy, but likewise effective method to lower ICP further
after craniectomy.
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Introduction

Initially, decompressive craniectomy (DC) was introduced
to lower the intracranial pressure (ICP) in patients with
inoperable brain tumors [8]. Since the late sixties DC has
been performed in uncontrollable ICP after traumatic brain
injury [2, 5]. It was implemented in the Guidelines of the
Brain Trauma Foundation [3] as one of the “second tier
therapies” of increased ICP when first level options have
failed. The European Brain Injury Consortium considered
DC as “ultima ratio” after failure of other treatment options
[22]. In the literature a wide variety of surgical techniques
could be found either for location and extent of craniec-
tomy, dura opening and duroplasty had been reported.
Unilateral or bilateral [6, 7, 10, 11, 18, 20, 21, 24, 27, 31,
32], bifrontal [14, 15, 19, 26, 34, 35], subtemporal [8, 12,
33] or circumferential [4] bony decompressions had been
proposed. However, unilateral hemicraniectomies and
bifrontal craniectomies have gained the widest acceptance
[29]. Dura opening after bone removal is considered to be
mandatory [8]. The majority of centers prefer extensive
dura resection and subsequent duroplasty. However, dur-
oplasty is cumbersome, lengthens operation time in these
critically ill patients and requires heterologous or autolo-
gous material. Longitudinal durotomies avoid these limi-
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tations. However, it is a matter of discussion if mere
durotomy indeed lowers the ICP over time. Thus, it was the
aim of the present study to investigate the effect of simple
longitudinal durotomies on intra- and postoperative ICP.

Materials and methods

DC was performed in ten patients (traumatic brain injury
[TBI] n=8; subarachnoid hemorrhage [SAH], n=2; six
males, four females; mean age 45±5 yrs.) with ICP>30
mmHg for 30 min or longer despite ventricular drainage.
Glasgow coma scale score at admission [34], TBI classifi-
cation [3], Marshall computed tomography (CT) grade [23],
Hunt and Hess grade [13] and Fisher CT classification [9] in
SAH patients, pre- peri- and postoperative ICP and Glasgow
outcome scale (GOS) scale were assessed [17], (Table 1).

All patients were fixed in a Mayfield clamp. A question
mark shaped skin incision from the preauricular to the frontal
region was performed. Galea, periostium, and temporal
muscle were mobilised from the skull. A bone flap of a size
of 10×12 cm was removed, bone resection was extended to
the temporal base. The dura was opened by straight incisions
(n=4; lenght 6–8 cm) from parasagitally to the lower inferior
temporal gyrus (Fig. 1).

Duration of surgical procedure, mean arterial blood
pressure (MABP), endexpiratory etpCO2 and ICP were
recorded during each surgical step with possible effect on
ICP (beginning of surgery, during burrhole placement,

removal of the bone flap, each durotomy and skin closure).
In the postoperative period, ICP was recorded until day 10.
ICP, MABP, etpCO2, and duration of surgery are presented
as absolute values with mean and standard deviation. One-
Way Repeated Measures Analysis of Variance was
employed to compare intracranial pressure, MABP and

Table 1 Demographic data of study patients

Impact TBI
grading

H & H
scale

GCS Marshall
CT grading

CT Fisher
scale

Level of ICP
[indication for DC]
(mmHg)

Surgery (DC)
[days after
impact]

GOS
[3 months]

Comments

TBI fall from stairway III 4 DI 3 ~50 8 4
TBI fall from stairway III 4 DI 3 ~35 2 3
TBI car accident III 3 DI 4 ~35 1 2 Anisocoria

before DC
TBI public bus accident III 3 DI 4 ~58 1 3
TBI bicycle accident III 4 DI 3 ~70 0 2 Anisocoria

before DC
TBI fall from stairway III 3 DI 3 ~21 3 3 Early DC due

to CAT scan
TBI fall from scaffolding III 3 DI 3 ~42 0 1
TBI car accident III 4 DI 3 ~25 4 3
SAH ICA–aneurysm IV 3 IV ~38 3 3 No ischemia,

massive brain
edema

SAH PCA–aneurysm IV 3 III ~41 5 3 PCA infarction,
brain edema

TBI Traumatic brain injury, GCS Glasgow coma scale [34], DC decompressive craniectomy, DI diffuse injury, H & H Hunt and Hess grading [13],
GOS Glasgow outcome scale [17]
TBI grading by Bullock et al. [3]; Fisher grading I–IV post SAH [9]; Marshall CT grading after TBI [23].

Fig. 1 Schematic illustration of bone flap size (bold line) and contour
of sylvian fissure (scattered line). After decompressive craniectomy
intracranial pressure was significantly decreased by widening of
durotomies without bulging of edemateous brain (modified illustration
from Yarsagil M.G., Microneurosurgery Part I, Thieme Verlag,
Stuttgart, New York, 1984)
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etpCO2 values over time in the study group. The Kolmo-
gorov–Smirnov test (with Lilliefors’ correction) was used
to test data for normality. The significance level was p<
0.05. Statistical analysis was performed with SigmaStat 2.0
(Jandel Scientific®, SPSS Inc., Chicago, IL, USA).

Results

Before surgery, the mean ICP was 42±16 mmHg with a
range between 21–70 mmHg. Baseline ICP immediately
prior to skin incision was 39±12 mmHg. ICP showed high
or sometimes slightly increased values during burrhole
placement and dropped significantly for the first time after
removal of the bone flap to 22±9 mmHg (p<0.001). The
first durotomy reduced the mean ICP to 16±6 mmHg (p=
0.018). After the third durotomy, an ICP of 10±3 mmHg
(p=0.003) was reached and remained stable until skin
closure (mean value of 12±6 mmHg (p>0.05). Mean
duration of operative procedure was 90±10 min. Mean
arterial blood pressure was 80±18 mmHg and the mean
endexpiratory pCO2 was 34±4 mmHg. During surgery, these
values did not show statistically significant differences. In
the postoperative period (days 1 to 10 after DC) ICP values
ranged between 12±9 and 17±5 mmHg (p=0.031).

The outcome 3 months after admission was assessed by
the GOS scale. One patient made a good recovery (GOS 4),
6 patients remained moderately disabled (GOS 3), one
patient remained in a vegetative status (GOS 2) and one
patient died 10 days after DC due to sepsis and multiorgan
failure (GOS 1).

Discussion

Decompressive craniectomy is considered as a second tier
therapy in the Guidelines of the Brain Trauma Foundation
[3] and as last tier therapy in the European Brain Injury
Consortium [22]. A well-defined ICP trigger for DC does
not exist. ICP thresholds between 20 mmHg [26, 32] and
40 mmHg [31] were reported. However, many authors
propose to perform DC in patients with medically uncon-
trollable ICP of 30 mmHg and higher or with a cerebral
perfusion pressure below 70 mmHg with further neurolog-
ical detoriation [7, 20, 21]. In accordance with these data,
we proceed to DC in medically refractory ICP of 30 mmHg
and higher. In selected patients with acute subdural
hematoma, massive brain swelling and signs of herniation,
we performed DC even if the registered ICP did not reach
30 mmHg.

The technical details of DC are not well defined. Uni-
and bilateral, subtemporal, bifrontal and circumferential
craniectomies had been performed. However, unilateral and

bilateral hemicraniectomies [6, 7, 10, 11, 18, 20–22, 27, 31,
32] as well as bifrontal craniectomies [14, 15, 19, 26, 35,
36] have gained the broadest acceptance. Several studies
have indicated that opening of the dura is crucial for
effective ICP reduction but again, a variety of methods had
been described, Stellate-, X-, Z -, question mark- or
fishmouth-shaped dura openings [1, 21, 24–27, 30, 36]
had been proposed followed by large-scale duraplasty with
heterologous or autologous material [1, 6, 10, 20, 21, 24–
27, 30, 35, 36]. Duroplasty has some major disadvantages:
(1) prolongation of the operative procedure, which might
have a negative effect on the outcome in a severely ill
patient; (2) use of heterologous or autologous material; (3)
herniation of the edematous brain into the duroplasty with
kinking of brain arteries and veins at the sharp cutting
edges of the resected dura which might result in ischemia or
venous congestion, thereby further contributing to brain
swelling. Therefore some authors [7] recommended to
create a vascular channel with small pillars on each side
of crossing vessels at the dural margin made of absorbable
gelatin (hemostatic sponge) combined with polyglycol acid
(absorbable suture); (4) Dura resection and duroplasty is a
cumbersome procedure for the neurosurgeon.

The present study shows that mere durotomy by dural
incisions avoids the disadvantages of dural resection and
duroplasty without having a diminished effect on ICP
control. ICP dropped by 44% after bone flap removal and
by another 26% after durotomy. This observation is in line
with other studies which monitored ICP during DC. In
these studies, ICP prior to surgery ranged between 29.2–
40.4 mmHg [20, 25, 30, 31, 35, 36] and dropped to values
below 20 mmHg [1, 20, 25, 28, 30, 31, 35, 36] after bone
flap removal. Some authors found a clear correlation
between the extent of bone removal and decline of ICP
[30]. However, a strong focus on the size of the bone flap is
not justifed as dura opening after DC likewise has a strong
effect on ICP [18]. Authors who monitored ICP and brain
p(ti)O2 showed that ICP continuously dropped to low
pathological values during DC and duroplasty whereas
brain p(ti)O2 tremendeously improved to normal values
[16, 27, 32]. Interestingly, brain p(ti)O2 was not related to
bone flap removal but to dura opening, which underlines
again that dura opening is the crucial factor in DC [27].
Within the next 24–72 h after DC ICP remained stable
below 20 mmHg in our and other studies [1, 25, 30, 36].
We measured ICP until day 10 post surgery, and did not see
any ICP rebound despite reduction of the sedation and anti-
edema drugs.

The lack of any ICP rebound suggests that secondary
brain swelling does not play a role in our modification of
DC, possibly because the dura stripes between the
durotomies avoid extensive brain herniation and, thereby,
any kinking of arteries and veins at the sharp cutting edges
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of the incised dura. It has to be pointed out that this
“protective” effect is not guaranteed with too many dura
incisions respectively with too small dural openings: In one
patient in whom several dural incisions had been performed
and who was re-operated due to a subgaleal hematoma, we
observed brain herniation between the small dural open-
ings. Thus, we believe that the number of durotomies
should be limited to three or four. This is supported by the
fact that in our study a further decrease of the elevated ICP
was not seen if more than three durotomies had been
performed.

In our study mean duration of surgery was 90 min which
is very short in comparison to DC surgery with duroplasty,
supporting again the concept of the modification of DC
presented here.

In conclusion, these preliminary results clearly indicate,
that unilateral craniectomy with durotomy has the potential
to overcome the disadvantages of craniectomy and dur-
oplasty: (1) the operation is shorter and less cumbersome
than conventional DC which might have a positive effect
on the outcome of the patient with increased ICP after brain
injury and subarachnoid haemorrhage; (2) heterologous or
autologous material for duroplasty after dura resection is
not required; (3) it is assumed that brain herniation with
vessel kinking and secondary brain swelling is avoided by
the dura stripes between the durotomies. However, these
positive preliminary results have to be further evaluated in a
larger series which is currently under way in our institution.
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