
Abstract. – OBJECTIVE: To verify if the size
of the bone flap and the bone window area may
have an impact on the outcome of decompres-
sive craniectomy.

PATIENTS AND METHODS: From February
2012 to February 2014, 42 patients with acute in-
tracranial hypertension were enrolled in this
study. We conducted standard craniotomy and
decompressive hemicraniectomy on all patients.
The intracranial pressure was measured before
the hemicraniectomy operation, at the time of
bone flap removal, at the time of the incision of
the dura mater and 24 hours after the operation.

RESULTS: Intracranial pressure readings at the
time of bone flap removal, incising dura mater
and 24 hours postoperation were significantly
lower than the pressure measured before the op-
eration. The highest pressure was recorded at the
time of the dura mater incision followed by pres-
sure recorded at 24 hours post-operation and at
the time of bone flap removal. The lowest pres-
sure was recorded during the preoperative peri-
od. Postoperative GOSE and GCS scores were
significantly higher than those scores recorded
before the operation. A positive correlation be-
tween the diameter of the bone disc and the
amount of drop in pressure at 24 h post-operation
was detected. Also, the bone window area
showed a positive correlation with the amount of
drop in pressure at 24 h post-operation.

CONCLUSIONS: The bone flap decompressive
craniectomy is safe and effective, and the de-
pressurizing range has a positive correlation
with the diameter of the bone disc and the area
of the bone window.
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Introduction

An increase in intracranial pressure can pose a
serious health risk and need to be treated as fast
as possible. Increased intracranial pressure can
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be the result of a pressure rise in the cere-
brospinal fluid which may cause serious damages
to brain or spinal cord. This condition usually
creates confusion and even death. The effect of
conservative treatment is often unsatisfactory
and the mortality rate after the routine surgical
operation is often high, while the long-term prog-
nosis is relatively poor1. Appelboom2 showed
that the mortality rate in the cases of heavy cran-
iocerebral injuries was about 34 % to 56.2 %
while the recovery rate was reported to be just
below 20%. In 10% to 15% of cases, medication
or routine surgery cannot relieve the intracranial
pressure. Currently, the best course of action for
these cases is decompressive craniectomy (DC)
which is a procedure that removes a section of
the skull to relieve pressure on the brain.
It has been reported that standard large bone

flap decompressive craniectomy can produce sat-
isfactory results in cases of acute traumatic brain
injuries, brain tumors, cerebrovascular diseases
and diffuse inflammation in brain. In many coun-
tries, decompressive hemicraniectomy surgery is
the standard treatment procedure for acute brain
injuries3,4. In this study, we verified if the size of
the bone flap and the bone window area may
have an impact on the outcome of decompressive
craniectomy.

Patients and Methods

Patients
From February 2012 to February 2014, 42 pa-

tients with acute cranial pressure were enrolled
in this study. There were 29 males and 13 fe-
males with ages ranged from 30 to 69 years. Du-
ration of the disease ranged from 10 hours to 12
days. There were 26 patients with medium trau-
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Step-down
Intracranial amplitude

Time pressure (%)

Before surgery 48.9 ± 6.2 –
When cut the bone flap 25.6 ± 7.4 59.1 ± 7.6
When cut the dura mater 13.8 ± 6.3 67.3 ± 9.4
24h after the surgery 17.2 ± 4.8 61.7 ± 7.9

Table I. Comparison of cranial pressure at each time point
(mmHg).
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closely. The removed bone flap area was calcu-
lated, and correlation between the area and the
pressure during the intraoperative was analyzed.

Observation Target
Patients’ intracranial pressure was recorded at

different time points: (1) before the operation;
(2) at the time of bone flap removal; (3) at the
time of dura mater incision; (4) 24 h after opera-
tion. Correlation between the removed bone flap
area and the intracranial pressure at each time
point was analyzed. Preoperative, as well as
postoperative GOSE and GCS scores, were ana-
lyzed.

Statistical Analysis
SPSS18.0 statistical software (SPSS Inc.,

Chicago, IL, USA) was used for statistical analy-
sis. Measurement data were expressed as
mean±standard deviation (X±S). Repeated mea-
surement data were used to analyze intracranial
pressure at each time point. Variance analysis
was used for comparison between groups, and t-
test was adopted for GOSE, GCS scores. Count-
ing data were expressed as cases or percentage
and X2 test was used for comparison between
groups. Pearson test was used for correlation
analysis. p < 0.05 represented a statistically sig-
nificant difference.

Results

Cranial Pressure at Each Time Point
The intracranial pressure measured before the

operation was significantly higher than all other
time points. The intracranial pressure increased
in the following order: preoperative period > at
the time of bone flap removal > 24 h postopera-
tion > at the time of incising dura mater. Differ-
ences were statistically significant (F = 4.342, p
= 0.015; F = 4.715, p = 0.012) (Table I).

matic brain injuries caused by cranial pressure,
11 cases of acute cerebral hemorrhage, and 5
cases of heavy meningitis.
Before being admitted in our hospital, none of

the patients experienced severe chest compound
injury or cardiac attack. In those cases that in-
tracranial pressure could not be relieved effec-
tively with standard treatment, large bone flap
decompressive craniectomy was applied. The pe-
riod between the admission and the surgery
ranged from 1 to 7 days. This research was ap-
proved by Ethic Committee in our hospital, and
informed consent was obtained from patients and
their family members.

Inclusion criteria: (1) Intracranial pressure of
30 mmHg for at least 30 min; (2) unobvious
neurological function improvement; (3) basic
drug dehydration step-down could not reduce
the intracranial pressure; (4) head CT showed
the presence of diffuse brain edema on one
side of the brain; (5) universal sylvius pool or
midline structure was shifting; (6) patients
were delirious; (7) GCS (Glasgow Coma
Scale) score was between 3 to 8 points.

Exclusion criteria: (1) Patients with open brain
injury and intracranial bleeding of over 20 ml;
(2) patients who needed surgery to remove the
hematoma; (3) patients with bilateral or unilater-
al bone flap craniotomy in more than one place.

Therapeutic Methods
All patients received neurosurgical care in-

cluding ECG, breathing stability, vital signs and
circulation monitoring. They also received med-
ications for dehydration and intracranial pressure
lowering medications such as furosemide, man-
nitol and glycerin fructose. Colloidal and hyper-
tonic solutions were used to enhance osmotic
pressure and avoid brain edema when necessary.
Agitated patients were calmed down by adminis-
tration of propofol or stabilizing agent. Ice was
used to drop the temperature when needed.
Patients with preoperative coma or late-onset

of increased intracranial pressure were monitored
by pressure monitor probe implantation (Codman
company, basic one) and intracranial pressure
monitor. Results obtained from nerve function,
head CT and pressure monitoring were used to
decide for bone flap decompressive craniectomy.
2 cm to 3 cm on the patient’s frontal was cut ac-
cording to the craniotomy plan, and craniotomy
was performed along the incision line, while in-
tracranial pressure changes were monitored

3680



GOSE score GCS score

Before surgery 2.2 ± 0.3 4.3 ± 1.4
After surgery 4.2 ± 1.5 7.6 ± 1.3
t 3.825 3.715
p < 0.001 < 0.001

Table II. GOSE and GCS scores before and after surgery.

GOSE and GCS Scores
GOSE and GCS scores after the operation

were significantly higher than those before the
surgery. The difference was statistically signifi-
cant (p < 0.05) (Table II).

Relationship Between Bone Flap Size,
Area, and the Improvement of
the Intracranial Pressure
During the operation, 8.5 to 23.0 cm (average

= 12.0 ± 0.4 cm) of bone flap was removed.
Bone window covered an area between 15.7 to
44.8 cm2 (average = 23.0 ± 4.6 cm2). Correlation
analysis concluded that the bone disc diameter
had a positive correlation with the pressure drop
at 24 h after surgery (r = 0.321, p = 0.037). Also,
bone window area showed a positive correlation
with the pressure drop at 24 h after surgery (r =
0.564, p = 0.027).

Discussion

Headaches, vomiting, and visual papillary ede-
ma are the usual symptoms associated with in-
tracranial pressure increase. These symptoms
have higher occurrence rates in cases of acute
craniocerebral injury, intracranial tumor and in-
flammation. It has been shown that there is a sig-
nificant correlation between difficulties associat-
ed with relieving intracranial hypertension and
the survival rate5.

The Key Operation Points of
Standard Large Bone Flap
Decompressive Craniectomy
Incision points lie on the zygomatic arch, 1 cm

before of the tragus on auricle. For patients with
serious frontal damages, incision points can be
extended to the brow6. The free bone flap or tem-
poral musculoskeletal disc was chosen, and 2 cm
to 3 cm of the top bone flap (next to the midline
sagittal sinus) was cut. Bone window edge was
parallel to the skull flat and the middle skull

base. Skull base was carefully punched in and
the first, second and third holes were made on
the back of frontal zygomatic, on the desirable
nodules on the line direction and on the back of
the ear on the temporal ascend, respectively7.
The base of the skull was near the sphenoid ridge
and the bone window was expanded as much as
possible and epidural hematoma was removed.
For dura mater incision, we started from the front
of the temporal and made a “T” cut at dura mater
and exposed frontal, parietal and temporal lobes8.
The subdural intracerebral hematoma was re-
moved and hemostasis was conducted. Incisions
were layered sutured.

Standard Large Bone Flap
Decompressive Craniectomy
Several advantages can be attributed to de-

compressive craniectomy method9-11. To name a
few we should mention: (1) visible intracranial
hematoma on the unilateral ACTS and the sur-
rounding brain tissue contusion can be thor-
oughly removed; (2) decompressive hemi-
craniectomy can help to locate the bleeding le-
sion in the base of the skull, and stop bleeding
promptly; (3) decompressive hemicraniectomy
relieves intracranial hypertension and reduce
the incidence rate of secondary hematoma and
cerebral hernia caused by cerebral edema; (4) it
promotes blood circulation in brain and help pa-
tients to restore their nerve function; (5) bone
window position is relatively lower, and the
lower edge can reach the base of skull. Decom-
pression can be conducted from the underside
of temporal lobe in order to reduce the com-
pression between lateral fissure vein and brain
convex vein and accelerate the blood backflow
and avoid brain edema. The occurrence rate in
patients with large cerebral infarction area is
greatly reduced after this surgery.
There are a few disadvantages associated with

decompressive hemicraniectomy12,13: (1) risk is
high in patients with large trauma; (2) unstable
vital signs and multiple organ failure have been
reported; (3) in some cases, delayed cranial
hematoma after the surgery causing local cere-
bral edema have been reported; (4) poor long-
term effect causing various complications such
as brain softening, brain effusion or even brain
atrophy; (5) refractory encephalocele causing
brain shift, distortion and the nerve defect accel-
eration; (6) decompressive hemicraniectomy that
requires a second operation to repair the skull.
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The Correlation Among Bone
Flap Size, Area, and Intracranial
Pressure in the Large Bone Flap
Decompressive Craniectomy
Preoperative monitoring results showed that

only a small number of patients had intracranial
pressure under 40 mmHg, and their brain tissue
tension was on the low side. Bone disc decom-
pression significantly reduced the intracranial
pressure, but the antihypertensive effect was sig-
nificant14,15. This research concluded that the in-
tracranial pressure when cutting the bone flap,
dura mater and 24 hours after the surgery, were
significantly lower than those before the opera-
tion. GOSE and GCS scores before the surgery
were significantly higher than those after the
surgery. Correlation analyses showed that the
bone disc diameter was positively correlated to
pressure drop 24 hours after surgery. Bone win-
dow area and the pressure drop at 24 hours after
surgery demonstrated positive correlation. Prior
results suggested that the bone flap area was pos-
itively correlated to antihypertensive effect.
Choosing the appropriate bone area according to
patient’s condition can be a great help to effec-
tively relieve intracranial hypertension16.

Conclusions

The margin decompression had a positive cor-
relation with bone flap diameter and bone win-
dow area. In patients suffering from increased in-
tracranial pressure, standard bone flap decom-
pressive craniectomy is a safe and effective
method.
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