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Abstract: Introduction: Decompressive craniectomy (DC) in severe traumatic brain injury (TBI) is associated with
acute and late complications. To avoid these complications, we proposed a technical modification in DC. In this
paper analyze a series of patients underwent to surgical treatment for acute subdural hematoma (ASDH). Methods:
We perform a prospective cohort with TBI patients undergoing DC for treatment of diffuse hemispheric brain swell-
ing and ASDH. The effect of modified craniectomy was assessed using postoperative CT. Clinical outcome was
evaluated at ICU mortality in 2 weeks. Results: Comparing the CT scans before and after surgery, the midline shift
decreases from median of 11 mm to 5.5 mm (P<0.001). Only one patient had presented uncontrolled intracranial
hypertension after surgery. Postoperative mortality in the intensive care unit within 14 days was 48.8%. Conclusion:
this is an interesting technical modification. In this pilot study, we observed ICP control, avoiding the complications

of classical decompression.
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Introduction

Severe traumatic brain injury (TBI) manage-
ment over the years has been disappointing
despite the progress and development of inten-
sive care units and new surgical techniques.
The unilateral decompressive craniectomy has
been held as a potential savior procedure and
remains in evidence since 1971, when Ran-
sohoff et al [1] achieved mortality reduction
from 80-90% to 60% for acute subdural hema-
toma (ASDH) patients undergoing surgery.
However, this procedure is associated with sev-
eral acute and late complications [1-4]. To avoid
early and late complications produced by
decompressive craniectomies (DC) in severe
TBI, mainly subdural hematoma and diffuse
injury, current literature suggests modifications
in surgical techniques in the acute phase, such
as durotomy instead of conventional dural
opening and preservation of bone flap [5-7].

Some authors consider that brain herniation
through the craniectomy is partly responsible
for the poor prognosis in severe TBI patients,
despite ICP reduction achieved by the craniec-
tomy and conventional dural opening [8, 9.
Burger et al [5] described a technique where
the dura was opened by three to four duroto-
mies from midline to the temporal base. Also,
Alves and Bullock [6] described the “Basal
durotomy” to prevent massive intraoperative
swelling. Aiming to preserve the bone, Tucci et
al [7] described a technique where the bone
flap is replaced and fixed only in the frontal
region. Ko et al [10] described a craniectomy (in
situ hinge craniectomy), fixing the bone in the
temporal region, including patients with stroke
and head trauma. Therefore, we propose a
modification of the traditional decompressive
craniectomy merging these two concepts:
durotomies and bone preservation to control
intracranial pressure but avoiding acute and
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cervical spine and plain chest
radiography, as well as head
computed tomography (CT).
During this period, 2241 trau-
ma patients were admitted
and, of these, 587 had severe
TBI. Excluded from the study
were those with prior neu-
rological disorders, diuretics
use, major systemic trauma
associated with important
blood loss and hemodynamic
instability and those with mid-
line shift smaller than subdu-
ral thickness.

Figure 1. Head CT of a 46 years-old male patient, victim of car accident,
admitted with 7 points on the Glasgow Coma Score, anisochoric pupils (left
> right). A: Preoperative CT. B: Postoperative CT with improvement in midline
shift.

late complications. We performed modified
Burger type durotomies, in which three to four
durotomies are performed from midline to the
projection of sylvian region and one or two
durotomies are performed parallel to the pro-
jection of the temporal gyri. The durotomies
were covered by the galea to avoid CSF leak.
The preservation of the bone was based on
Tucci’s technique, replacing the bone but fixing
it only superiorly along the sagittal line, allowing
for expansion of the temporal portion of the
bone flap and brainstem decompression. In
this paper, we describe a cohort of patients
with ASDH and brain swelling in which this tech-
nique was used for hematoma treatment,
decompression and ICP control.

Methods
Study population

We performed a prospective cohort study with
severe TBI patients undergoing decompressive
craniectomy for treatment of diffuse hemi-
spheric brain swelling and ASDH. All patients
underwent modified cranial decompression for
treatment of malignant intracranial hyperten-
sion.

Setting

All patients included in the study had our hospi-
tal as initial care center, a level | trauma center,
located in the largest city in South America. All
patients underwent neurosurgical examination,
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Technique

The modified vertical linear

durotomies (one or two frontal
and two parietal, approx. 5 cm) and horizontal
durotomies (two temporal, approx. 5 cm). Au-
tologous tissue of subgaleal on durotomies,
hermetic suture with prolene 4.0 points in sep-
arate, in order to avoid direct contact of the
cerebral cortex with bone flap or cerebrospinal
fluid fistula. Modified hinge craniotomy 12 cm
in diameter in the major axis with fixing the
bone flap in three frontoparietal points with
mononylon 2.0 wires (Figures 1 and 2).

Outcomes

The effect of the modified technique was
assessed by imaging (midline shift improve-
ment) and clinical (ICP control rate and 14-day
mortality) outcomes. The institution ethics com-
mittee approved the study protocol.

Results

The sample is composed of 43 patients with a
mean age of 45.9 + 20.1 years and 35 (81.4%)
were male. The most common mechanism was
traffic accident (69.8%). All patients were ad-
mitted between 30 minutes and 6 hours after
trauma, 22 had isochoric pupils, 18 had unilat-
eral anisochoric pupil and three had ocular
trauma that did not allow evaluation. Midline
shift in the initial CT was less than 5 mm in
11.6%, 39.5% ranged from 5 to 10 mm and
48.8% had more than 10 mm deviation. The
volume of the hematoma was less than 30 ml
in 30.2% of the patients, between 30 and 50
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Figure 2. Proposed surgical technique modification. A: Large fronto-temporo-parietal craniotomy. B: Linear duroto-
mies to allow brain expansion and evacuation of the hematoma. C: Replacement of the bone flap, to be fixed only
on the frontal bone to allow post-operative brain expansion.

Table 1. Traumatic brain injury sample char-
acterization, complications and outcomes
(n=43)

Variables n (%)
Male gender 35 (81.4)
Trauma mechanism

Traffic accident 35 (69.8)

Aggression 10 (23.3)

Fall from height 5(7.0)
Hematoma volume

<30 ml 13 (30.2)

30-50 ml 18 (41.9)

> 50 ml 12 (27.9)
Midline shift

<5 mm 5 (11.6)

5-10 mm 17 (39.5)

>10 mm 21 (48.8)
Complications

Infection 2(4.7)

Hemispheric edema 1(2.3)

Postoperative epidural hematoma 1(2.3)

Contralateral hematoma 1(2.3)
Outcomes

ICP control 42 (97.7)

ICU 14-day mortality 21 (48.8)

ICP: Intracranial pressure; ICU: Intensive care unit.

ml in 41.9% and more than 50 ml in 27.9%
(Table 1).

Operation was performed in less than 4 hours
in eight cases, from 4 to 6 hours in ten and
more than 6 hours in 25 patients. Comparing
the CT scans before and after surgery, the mid-
line shift decreased from a median of 11 mm to
5.5 mm (P < 0.0001) (Figure 3). ICP was con-
trolled on all patients but one (97.7%) and the
ICU 14-day mortality was 48.8%.
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We observed complications in 5 patients: 2 sur-
gical site infections (with removal of bone flap),
1 with progressive hemispheric edema (with
removal of bone flap), 1 postoperative ipsilat-
eral epidural hematoma and 1 contralateral
subdural hematoma. ICP was controlled on all
patients but one (97.7%) and the ICU 14-day
mortality was 48.8%.

Discussion

Decompressive craniotomy is considered a
second-tier therapy on the Brain Trauma Fo-
undation guidelines and, according to the Eur-
opean Brain Injury Consortium, the final thera-
py level to control intracranial hypertension. A
well-defined threshold to indicate the decom-
pression does not exist. Several studies indi-
cate that dural opening is crucial for an effec-
tive ICP reduction and there are many tech-
niques available [11].

The duraplasty has some major disadvantages
such as increased surgical time, parenchymal
hemorrhage (41.6%), infarcts adjacent to the
craniectomy limits (28.4%) and rapid brain ex-
pansion [4]. Burger et al [5] proposed linear
durotomies associated with DC. Burger et al [5]
described mean ICP decrease by 44% after
removal of the bone flap and another 26% after
the durotomies. Within 24-72 h after DC, the
ICP became stable (< 20 mmHg). In this study,
3-4 durotomies were performed and allowed
removal of any subdural or parenchimal hema-
toma. Besides, the duration of surgery was
around 90 minutes, which is shorter than clas-
sic DC with duraplasty. Thus, preliminary results
indicate that this technique has the potential to
overcome the disadvantages of craniectomy
with conventional duraplasty. Guilburg and Gil
[12] advocate that ASDH requiring DC has high-
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craniotomy, as a way to pre-
vent herniation and extrusion
of brain tissue and, conse-
quently, to prevent the compli-
cations of acute and chronic
bone defect [18]. In our study,
we merge these concepts with
some technical modifications:
3-4 longitudinal durotomies in

the frontal and parietal region
and 1-2 durotomies in the

temporal region. We believe
that with this modification we
can avoid sudden cerebral her-

I

niation and allow decompres-

[ pre-opmis [ |Post-op MLS

Figure 3. Preoperative (median 11 mm) and postoperative (median 5,5 mm)

midline brain shift (MLS).

er mortality and poor functional recovery. So
far, these patients are undergoing early surgi-
cal decompression and intensive care manage-
ment. One of the factors contributing to the
deterioration can be the rapid surgical decom-
pression leading to extrusion of the brain
through the bone defect and secondary axonal
lesion. To avoid the adverse effect of decom-
pression and abrupt disruption of brain tissue,
Guilburg and Gil [12] have adopted a new tech-
nique for removal of ASDH, especially when the
midline shift was greater than the thickness of
hematoma. Their results showed lower mortal-
ity and good functional recovery using this tech-
nique. In 2012, Feng [13] demonstrated in a
comparative study between craniotomy with
classic durotomy and lattice durotomy that the
latter method had better results in the preven-
tion of cerebral herniation and avoidance of
encephalomalacia, without worsening cerebral
perfusion. On the other side, there was signifi-
cant worsening infusion herniated tissue via
the classical craniectomy, as measured by
common CT perfusion and CT 3 weeks after
surgery.

Kano et al [14], using hinge craniotomy tech-
nique, a modification of DC, shown in a retro-
spective study of patients operated from 2004
to 2011 that this technique allows proper and
safe control of ICP in both TBI and stroke, allow-
ing skull expansion in response to brain
swelling.

None of these studies put together these two
concepts of 1) linear durotomies and 2) hinge
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sion of the brainstem. The
second modification was the
replacement of the bone flap,
similar to studies of Goettler
and Tucci [7] and Ko & Segan
[10]. However, we propose to
fix the bone flap in the upper region (next to the
sagittal suture) which allows gradual expansion
of the temporal lobe, avoiding the need for sub-
sequent cranioplasty.

In our series, we observed a mortality rate of
48.8%, which is not unexpected considering
patients’ severity. Stone et al [15] studied 206
surgical patients with ASDH and they described
a mortality up to 62%. Haselsberger et al [17]
studied a large patient series with ASDH finding
an overall mortality of 57%. Seelig et al [15]
using the conventional technique reported a
mortality up to 95% in patients with ASDH
depending on the time between trauma and
surgery.

This is an interesting surgical technique modifi-
cation, aiming ICP control and avoiding acute
and late complications. We observed similar
results in mortality compared to series using
the so-called standard technique of decom-
pression in severe TBI with satisfactory ICP
control rates. However, randomized clinical tri-
als are still needed to draw more definite
conclusions.

Disclosure of conflict of interest
None.

Address correspondence to: Wellingson Silva Paiva,
Department of Neurology, Division of Neurosurgery,
Hospital das Clinicas, University of Sao Paulo-Sao
Paulo-SP, 255 Alves Guimaraes St., Ap. 93, Pin-

Int J Burn Trauma 2020;10(3):76-80



New technique for surgical decompression in traumatic brain injury

heiros-Sao Paulo-SP, Brazil-05410-000. E-mail:
wellingsonpaiva@yahoo.com.br

References

(1]

(6]

80

Ransohoff J, Benjamin MV, Gage EL Jr, Epstein
F. Hemicraniectomy in the management of
acute subdural hematoma. J Neurosurg 1971,
34: 70-76.

Gennarelli TA. Cerebral Concussion and. Dif-
fuse Brain Injuries. In: Cooper PR, editor. Head
Injury. 3rd edition. Baltimore: Williams &
Wilkins; 1993. pp. 137-158.

Miller JD. Traumatic brain swelling and edema:
in Head Injury. 3rd edition. Williams & Wilkins;
1993.

Cooper PR, Hagler H, Clark WK, et al. Enah-
ancement of experimental cerebral edema fol-
lowing decompresive craniectomy: implica-
tions of the management of the severely head
injured. Neurosurgery 1979; 4: 296-300.
Burger R, Duncker D, Uzma N, Rohde V. De-
compressive craniotomy: durotomy instead of
duroplasty to reduce prolonged ICP elevation.
Acta Neurochir Suppl 2008; 102: 93-97.

Alves OL, Bullock R. “Basal durotomy” to pre-
vent massive intra-operative traumatic brain
swelling. Acta Neurochir (Wien) 2003; 145:
583-586;

Goettler CE, Tucci KA. Decreasing the morbidi-
ty of decompressive craniectomy: the Tucci
flap. J Trauma 2007; 62: 777-8.

Schmidt JH 3rd, Reyes BJ, Fischer R, Flaherty
SK. Use of hinge craniotomy for cerebral de-
compression. Technical note. J Neurosurg
2007; 107: 678-682.

Coelho F, Oliveira AM, Paiva WS, Freire FR, Ca-
lado VT, Amorim RL, Neville IS, de Andrade AF,
Bor-Seng-Shu E, Anghinah R, Teixeira MJ. Com-
prehensive cognitive and cerebral hemody-
namic evaluation after cranioplasty. Neuropsy-
chiatr Dis Treat 2014; 10: 695-701.

(10]

(11]

(12]

[13]

(14]

(15]

(16]

(17]

(18]

Ko K, Segan S. In situ hinge craniectomy. Neu-
rosurgery 2007; 60 Suppl 2: 255-258.
Sahuquillo J, Arikan F. Decompressive craniec-
tomy for the treatment of refractory high intra-
cranial pressure in traumatic brain injury. Co-
chrane Database Syst Rev 2006; CD0O03983.
Guilburg JN, Gil ES. Role of dural fenestrations
in acute subdural hematoma. J Neurosurg
2001; 95: 263-267.

Fen D, Day JD. The comparative analysis of
postoperative imaging features between lat-
tice duraplasty and routine method in decom-
pressive craniectomy. Congress of Neurologi-
cal Surgeons; Chicago I, Oct 6-10, 2012.
Kano T, Kurosaki S, Wada H. Retrospective
analysis of hinge technique for head trauma or
stroke. Neurol Med Chir (Tokyo) 2012; 52:
816-821.

Seelig JM, Becker DP, Miller JD, Greenberg RP,
Ward JD, Choi SC. Traumatic acute subdural
hematoma: major mortality reduction in coma-
tose patients treated within four hours. N Engl
J Med 1981; 304: 1511-1518.

Stone JL, Rifai MH, Sugar O, Lang RG, Older-
shaw JB, Moody RA. Subdural hematomas. I.
Acute subdural hematoma: progress in defini-
tion, clinical pathology, and therapy. Surg Neu-
rol 1983; 19: 216-231.

Haselsberger K, Pucher R, Auer LM. Prognosis
after acute subdural or epidural haemorrage.
Acta Neurochir (Wien) 1988; 90: 111-116.
Beer-Furlan A, Paiva WS, de Andrade AF,
Figueiredo EG. The boné flap dilema in acute
subdural hematoma surgery. World Neurosurg
2016; 88: 569-75.

Int J Burn Trauma 2020;10(3):76-80


mailto:wellingsonpaiva@yahoo.com.br

