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Evaluation of prognostic factors of decompressive craniectomy in
the treatment of severe traumatic brain injury

Avaliacdo dos fatores progndsticos da craniectomia descompressiva no
tratamento do traumatismo cranioencefalico grave
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ABSTRACT

Objective: to determine predictive factors for prognosis of decompressive craniectomy in patients with severe traumatic
brain injury (TBI), describing epidemiological findings and the major complications of this procedure. Methods: we conducted
a retrospective study based on analysis of clinical and neurological outcome, using the extended Glasgow outcome in 56
consecutive patients diagnosed with severe TBI scale treated in the emergency department from February 2004 to July 2012.
The variables assessed were age, mechanism of injury, presence of pupillary changes, Glasgow coma scale (GCS) score on
admission, CT scan findings (volume, type and association of intracranial lesions, deviation from the midline structures and
classification in the scale of Marshall and Rotterdam). Results: we observed that 96.4% of patients underwent unilateral
decompressive craniectomy (DC) with expansion duraplasty, and the remainder to bilateral DC, 53.6% of cases being on the
right 42.9% on the left, and 3.6% bilaterally, with predominance of the fourth decade of life and males (83.9%). Complications
were described as transcalvarial herniation (17.9%), increased volume of brain contusions (16.1%) higroma (16.1%),
hydrocephalus (10.7%), swelling of the contralateral lesions (5.3%) and CSF leak (3.6%). Conclusion: among the factors
studied, only the presence of mydriasis with absence of pupillary reflex, scoring 4 and 5 in the Glasgow Coma Scale, association
of intracranial lesions and diversion of midline structures (DML) exceeding 15mm correlated statistically as predictors of poor
prognosis.
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INTRODUCTION

he technique of decompressive craniectomy (DC) has

been known for over a century and its usefulness was
guestioned throughout history. It was first described by
Kocher in 1901 7, and since 1968 several studies #* have
shown that decompressive craniectomy is a viable strategy
for the treatment of refractory intracranial hypertension in
patients with severe traumatic brain injury, although the
results regarding recovery discourage its use > In 1971, after
the introduction of Computerized Tomography, Ransohoff
et al. demonstrated 40% survival, with 27% of patients
returning to their activities despite the technical and
aesthetic problems of the method °. Its use reappeared
after the work of Guerra et al, in 19987, being used also in
cerebrovascular diseases &°.

A decompressive craniectomy involves removing
alarge bone flap, associated with durotomy and expansion
duraplasty, preferably using an autologous aponeurotic
galea graft, promoting reduction of intracranial pressure in

an immediate and lasting way '®'"", accommodating the
swollen brain and preventing the development of
intracranial brain hernias, being considered a rescue
measure in cases of acute intracranial hypertension. The
bone flap can be temporarily housed in the abdominal
subcutaneous tissue, kept in a bone bank or be prepared
for subsequent cranioplasty with heterologous materials.

In the last decade there has been renewed interest
in the use of decompressive craniectomies, but questions
remain about patient selection, surgical time and technique,
time interval until completion of cranioplasty, method-
related complications, prognosis and quality of life of
patients who are subjected to this treatment 2. The
European Brain Injury Consortium (EBIC) and the guidelines
of the Brain Trauma Foundation '3 refer to decompressive
craniectomy as a second level measure of for the treatment
of refractory intracranial hypertension. Because it is
considered as a rescue procedure, it is of paramount
importance to study its predictors of prognosis, with the
aim to rationalize therapeutic indications.

1. Department of Neurosurgery, Faculty of Medical Sciences, Irmandade da Santa Casa de Misericordia de Sao Paulo.
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The goal of this study was to determine the
predictive factors for prognosis of decompressive
craniectomy in patients with severe traumatic brain injury,
describing the epidemiological findings and the major
complications associated with the method.

METHODS

We conducted a retrospective analysis of
medical charts 56 consecutive patients seen in the
Emergency Room of the Santa Casa de Sao Paulo in the
period from February 2004 to July 2012, undergoing
decompressive craniectomy with diagnosed severe brain
injury, defined as those with GCS scores between 4 and 9
points, after the initial treatment based on ATLS (Advanced
Trauma Life Support) protocol. The evolution was assessed
using scale extended Glasgow (GOSE)™. The factors
assessed were age, mechanism of injury, presence of
pupillary changes, GCS score on admission, CT findings
(volume, type and association of intracranial lesions,
deviation of the midline structures and classification on
the scale of Marshall and Rotterdam). Inclusion criteria
were age between 18 and 65 years, start of treatment
until 72 hours after trauma, evidence of diffuse, severe
traumatic brain injury, with or without focal lesion,
undergoing unilateral or bilateral decompressive
craniectomy.

Exclusion criteria were: extra-axial intracranial
hematoma with thickness > 3cm; cerebral contusion e” 5cm
on the major axis; prior craniectomy; cardiopulmonary
arrest; GCS score 3 with non-fotoreactive, mydriatic pupils;
Severe coagulopathy defined as prothrombin activity lower
than 50% and/or platelet count < 70,000; severe TBI
associated with systemic trauma.

As for the admission GCS, we considered the
first score described by the neurosurgeon on the medical
records of hospitalization. In the case of a patient who
arrived intubated and sedated, with no description of the
GCS in subsequent assessments, we accepted the scoring
described by the pre-hospital staff before intubation. As for
the CT data, we classified the preoperative findings in:
epidural hematoma (EDH), traumatic subarachnoid
hemorrhage (TSAH), intracerebral hematoma (ICH), brain
swelling (BS), diffuse axonal injury (DAI). Concerning
operative data, we recorded the time interval between
admission and surgery.

To reduce the number of variables in the statistical
evaluation, we grouped GOSE 1, 2, 3 and 4 as unfavorable
outcome, and GOSE 5, 6, 7 and 8 as favorable outcome.
We tried to correlate factors for prognosis unfavorable to
discharge (GOSE) using the chi-square test of Independence
and the Fisher exact test.

The study was approved by the Ethics in Research
Committee of the Irmandade da Santa Casa de Misericor-
dia de Sao Paulo (opinion number 242543).

RESULTS

We observed that 96.4% of patients underwent
unilateral CD with expansion duraplasty, 53.6% of the ca-
ses being on the right, 42.9% on the left, and 3.6%
bilaterally, with predominance of the fourth decade of life
and male gender (83.9%). The predominant mechanism
of trauma was motor vehicle-pedestrian collision, with
35.7% of cases, followed by fall from height, with 19.6%
(Figure 1).

The GCS at admission showed that 44.6% of
patients had 4 points, 7.1% 5 points, 12.5% 6 points, 14.3%
7 points, 8.9% 8 points and 12.5% of patients had 9 points.
Due to the severity of the clinical condition on admission,
71.4% of patients underwent definitive surgical treatment
in less than six hours.

The evaluation of symmetry and pupillary
reactivity at admission showed that 27 (48.2%) had
anisocoria, ten patients (17.9%) with bilateral mydriasis
and absent fotoreactivity, and in 19 (33.9%) the pupils
were isochoric and fotoreactive. Regarding the distribution
of intracranial lesions, 78.6% of patients had acute
subdural hematoma evidenced by admission CT scan,
followed by brain contusion in 28.6%, epidural hemato-
ma in 17.9%, traumatic subarachnoid hemorrhage in
17.9%, traumatic intracerebral hematoma in 8.9%, brain
swelling in 7.1% and diffuse axonal injury in 3.6% of
cases. Associated intracranial lesions were present in 50%
of patients.

The deviation of midline structures (DML) to the
septum pellucidum level was above 15mm in 39.3% of
patients. The classification of Marshall and Rotterdam
showed 69.6% patients with score 4, but there was only a
trend to an unfavorable prognosis with higher scores when
using the Marshall scale (p = 0.06).

Regarding the final outcome after six months,
there was a high mortality, recorded in 58.9% of cases.
The unfavorable prognosis, characterized by scores 1-4,
occurred in 78.5% of cases, and those considered favorable
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Figure 1 - Frequency distribution of the main mechanisms of

trauma.
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prognosis, with scores 5-8, were observed in 21.5%.
Complications of decompressive craniectomy for treatment
of traumatic intracranial hypertension are presented in Fi-
gure 2. There was no statistical significance between age
and prognosis.

Taking into account only the final outcome as
death, there was statistical significance after analysis with
the Fisher exact test (0.02) and the chi-square test (0.01)
when comparing the group with score d” 5 with the group
with score > 5 at admission (Table 1).

The distribution related to the estimated time
between hospital admission and definitive treatment
showed a predominance of unfavorable prognosis in cases
where there was an early institution of definitive treatment
because, in reality, these cases correspond to those with
low GCS at admission (Table 2).

When evaluating the correlation between the
pupil changes and prognosis, there was significance only
in the presence of mydriasis and absent pupillary reflex,
and, in all cases, the score was equal to one,
corresponding to death (p <0,01). There was statistical
significance (p = 0.05) between the presence of multiple
intracranial lesions and prognosis evaluated by the GOSE
(Table 3).

There was no correlation between the prognosis
and the type of focal intracranial lesion evidenced by CT at
admission. We observed a statistically significant correlation
between the deviation of the midline structures at CT and
prognosis (Table 4). The deviation of the midline structures,
when > 15mm, proved to be a predictor of poor prognosis
(p <0.01).
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Figure 2 - Distribution frequency of postoperative complications

in the 56 patients who underwent decompressive
craniectomy.

DISCUSSION

Decompressive craniectomy (DC) consists of a
second level surgical procedure used for the treatment to
control refractory intracranial hypertension, of traumatic
etiology or not. The benefit of this therapy is associated
with improved brain oxygenation, cerebral perfusion
pressure and brain compliance due to control of intracranial
hypertension (ICH) '>. Despite CD has been used for over a
century, the effects on clinical outcome are not well known,
requiring prospective and randomized studies. There are
reports of favorable prognosis in selected patients '°, but in
Brazil few studies have predictive prognostic factors in order
to rationalize the indications in cases of severe cranial trau-

Table 1 - Correlation between GCS scores and death.
Outcome Total (%)
Death (%) No death (%)
Glasgow 4/5 critical 23 (79.3) 6 (20.7) 29 (100)
Glasgow > 5 10 (37%) 17  (63) 27 (100)
Total 33 (58.9) 23 (41.1) 56 (100)
Source: SAME ISCMSP
Table 2 - Correlation between time of admission, definitive treatment and prognosis.
Time (hours) Prognosis Total (%)
Unfavorable (%) Favorable (%)
1a6 34 (85) 6 (15) 40 (100)
6al2 7 (63.6) 4 (36.4) 11 (100)
12 a24 2 (66.7) 1 (33.3) 3 (100)
Over 24 1 (50) 1 (50) 2 (100)
Total 44 (78.6) 12 (21.4) 56 (100)

Source: SAME ISCMSP
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Table 3 -  Correlation between prognosis and the presence of multiple intracranial lesions.

Intracranial lesion Prognosis Total (%)
Unfavorable (%) Favorable (%)

1 lesion 19 (69.9) 9 (32.1) 28 (100)

> 1 lesion 25 (89.3) 3 (10.7) 28 (100)

Total 44 (78.6) 12 (21.4) 56 (100)

Source: SAME ISCMSP

Table 4 -  Correlation between the prognosis and the deviation of midline structures.

DML Prognosis Total (%)
Unfavorable (%) Favorable (%)

Up to 15mm 23 (67.6) 11 (32.4) 34 (100)

> 15mm 21 (95.5) 1 (4.5) 22 (100)

Total 44 (78.6) 12 (21.4) 56 (100)

Source: SAME ISCMSP

ma . In the present study, as for the final outcome after
six months, using the Extended Glasgow Outcome Scale
(GOSE) "4, there was high mortality, recorded in 58.9% of
cases. The unfavorable prognosis, characterized by scores
1-4, occurred in 78.5% of cases and those deemed as
favorable prognosis, with scores 5-8, were observed in
21.5%. These findings are similar to already demonstrated
poor prognosis results ™.

Since the procedure is a rescue one for the
treatment of ICH refractory to the conventional measures,
little is known about the functional results in the long-
term. Danish et al. ® carried out a systematic literature
review to assess the quality of life of patients undergoing
CD and conclude that, on average, the mortality rate is
28.2%, but the functional results are not good. Bor-Seng-
Shu et al. " showed through a meta-analysis the beneficial
effects of CD in relation to reduction of ICH and increased
ICP; similarly the results of the multicenter study DECRA
demonstrate shorter ICU stay and reduced ICH, but with
unfavorable functional outcomes'®. Another study currently
being finalized is the RESCUEicp questioning the analysis
of the results of the DECRA, differing from the latter in
the limit of the ICP (25 mmHg vs. 20 mmHg), moment for
surgery (any time after injury versus 72 hours after injury),
inclusion of cerebral contusions, and longer follow up (two
years). The cohort profiles and criteria for inclusion and
randomization between the DECRA and the RESCUEicp
are therefore very different and thus the results of the
DECRA study should not influence the results of
RESCUEicp.

Regarding epidemiological data, there was
predominance of young people up to the fourth decade of
life and males (83.9%), being consistent with that reported
in other series %, due to the fact that this population is

more exposed to traumatic incidents. TBI affects the young
and productive portion of the population, causing enormous
medical and socioeconomic repercussions. As for the
correlation between age and prognosis evaluated in the
sample by the Extended Glasgow Outcome Scale, we used
the Student t test and statistical significance was not
observed, unlike other studies in the literature that present
mortality of 19.2% in patients under 35 years of age,
reaching 80% in patients older than 65 years 2'. Despite
some contradictions, it is reported that children with severe
brain injury have better outcomes than adults, even when
the use of decompressive craniectomy is assessed '°. The
significant influence of age on the outcome is not explained
by the increased frequency of systemic complications or
intracerebral hematomas. Most studies indicate that age is
a strong independent prognostic factor, with a significant
increase in adverse outcomes over 60 years of age.

The mechanism of trauma observed more
frequently in 35.7% of cases was trampling, showing a
higher susceptibility to severe traumatic brain injury to
pedestrians, especially in large urban centers of developing
countries with exponential vehicle fleet growth. The national
study of Martins et al., carried out according to the
Traumatic Coma Data Bank, highlights the same dominance
in relation to the trauma mechanism 2, while the original
analysis of the TCDB  points to automobile accidents.
Updated data from the Centers for Disease Control and
Prevention of the United States put the falls (35.2%) and
motor vehicle accidents (17.3%) as the main causes. This
difference also occurs because the present study only
stratified patients with severe TBI. The World Health
Organization (WHO) estimates that by 2020 traffic accidents
will contribute to the third leading cause of traumatic inju-
ries.
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The distribution observed for the initial GCS score,
respecting the inclusion criteria, had 44.6% of patients with
score 4, confirming the extreme seriousness of cases that
underwent decompressive craniectomy. In general, the GCS
has an inversely proportional relationship between its score
and the prognosis of patients with TBI. Narayan et al. have
shown an unfavorable prognosis in 77% of patients with
scores between 3 and 5 %, Potts et al. argue that the GCS
has no significant predictive value in patients undergoing
CD, except those in the specific age group between 35
and 49 years, with statistical significance (p = 0.011) ?'. The
present study showed unfavorable prognosis in 89.7% of
cases with GCS score 4 and 5, considering only the final
outcome as death, having significance when compared
with the group with score 6-9.

We observed that due to the severity of disease
at admission, 71.4% of patients underwent surgical
treatment for a maximum period of six hours, most severe
cases (GCS up to 5) receiving definitive treatment during
this period, totaling 57.5%. This explains the
predominance of unfavorable prognosis in cases where
there was an early institution of definitive treatment
(85.6%), since these cases correspond to those that scored
low on the GCS at admission. Therefore, one should not
interpret the cases submitted to delayed treatment had
better prognosis.

All cases with bilateral mydriasis an absence of
pupillary reflex on admission had an unfavorable prognosis,
with only one point in the GOSE, ie, death. There was
statistical significance (p <0.01) between this finding and
death as the final outcome. These findings are in line with
those described by Narayan et al. 22, with 70% unfavorable
prognosis, therefore, the absence of bilateral fotoreactivity
was factor predictive of prognosis in this study, and there
being statistical significance when death was used as
outcome.

As for the presence of intracranial lesions, half
of the sample had associated injuries, and there was clear
predominance (78.6%) of acute subdural hematoma,
followed by brain contusion in 28.6% of cases. After
applying the chi-square and Fisher exact tests, no correlation
between the prognosis and the type of focal intracranial
lesions was observed, but there has been a statistically
significant difference with regards to the presence of
associated injuries, 89.3% progressing to unfavorable
prognosis when compared with 67.9% of those who had a
single lesion. Literature data regarding these findings
indicate mortality of 85% for acute subdural hematoma
associated with unilateral contusion and 17% in the absence
of these . Studies with level | evidence show prognostic
predictive value of 67% for unfavorable outcome in the
presence of combination of intra and extra-axial brain inju-
ries 2.

Upon tomographic analysis, the sample had
39.3% of cases with more than 15mm deviation from the
midline. We observed a statistically significant correlation

between the deviation of the midline structures observed
in the tomography and prognosis. The deviation of more
than 15mm proved to be a predictor of poor prognosis
(p = 0.01). In these cases there was an unfavorable
prognosis in 95.5%, against 67.6% of those with
DML < 15mm. Some studies report that the deviation of
the midline structures is considered a predictor of prognosis
24 Traumatic Coma Data Bank data show that DML e” 3mm
was evidenced in 34% of patients, with 70% mortality when
the DML is 15mm or beyond 22, In both scales of Marshall
and Rotterdam, used for the classification of CT findings in
our study, there was a predominance (69.6 %) of the results
with four points. The analysis performed using Student t
and Fisher exact tests demonstrated a tendency to poor
prognosis in patients with higher scores on the Marshall
scale, whose findings were 66.7% with score 3, 76.9%
with score 4 and 85.7 % with score 5, but without statistical
significance (p > 0.05), perhaps due to sample size.
Similarly, it was not possible to establish any correlation
between the prognosis and the Rotterdam tomography scale
in patients undergoing DC. Huang et al. #’ concluded that
the Rotterdam scale has a great propensity to be an
independent predictor of poor prognosis in patients with
TBI undergoing CD. The relationship between score and
prognosis was quantified and the score was significantly
associated with mortality (p <0.001) and poor prognosis (p
<0.001).

The analysis of the series demonstrated
complications in 46.4% of cases, accounting for early and
late presentation. The most frequent was transcalvarian
hernia, in 17.9% of cases, followed by increased volume
of cerebral contusions, hygroma, hydrocephalus, increased
volume of contralateral lesions and cerebrospinal fluid fistula
(Figure 2). Compared with literature data, we have that
Faleiro et al. described 34.8% of patients with complications
related to CD in patients with TBI, distributed as subdural
collection in 11.2%, hydrocephalus in 7.9% and infection
in 15.7% . In this study the infectious complications,
evidenced in 8.9% of cases, were meningitis (5.3%) and
empyema (3.6%). In four cases (7.1%), we observed
delayed resorption of the bone flap previously stored in the
subcutaneous tissue of the abdomen.

The transcalvarian hernia observed in 17.9% of
cases is described in the literature in up to 26% of cases,
caused by the induced edema and increased capillary
perfusion and hydrostatic gradient after decompression
12 Potential adverse effects include compression of cortical
veins. Therefore, more extensive craniectomies reduce the
chance of venous ischemia. Changes of cerebrospinal fluid
circulation after decompressive craniectomy are among
the most frequent complications reported in the literature,
causing hydrocephalus and subdural collections. After CD,
there is experimentally reduced resistance in the circulation
of cerebrospinal fluid in half, while the brain complacency
increases. Kaen et al. described hydrocephalus in 27.4%
of cases, with statistical significance (p = 0.0001) when
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correlating cases with inter-hemispheric hygroma and
hydrocephalus?®. Choi et al. reported that the incidence
of post-traumatic hydrocephalus increases from 2.4% to
23.6% when treatment includes CD, being primarily
related to more extensive craniectomies and reoperations
29 Kaen et al. showed subdural hygromas in the first week
after CD, with gradual increase up to four weeks and
spontaneous resolution in 17 weeks?®. Rebound and
hydrodynamic phases are also described, not observed in
the present study.

Infectious complications are described in the
literature in 2-6% of cases submitted to CD* and usually
occur late, manifesting as meningitis and empyema. The
increase in infection rates may be related to dehiscence,
cerebrospinal fluid leak and early cranioplasty. In the present
study we used autologous bone in cranioplasty, stored in a
bone bank whenever possible. In this research, we found
lower complication rates when the period of realization of

RESUMDPO

cranioplasty occurs within at three months when compared
with those carried out after six months.

In conclusion, among the factors studied, only
the presence of mydriasis with absence of pupillary reflex,
GCS scores 4 and 5, association of intracranial lesions and
DM > 15mm correlated statistically as predictors of poor
prognosis.

Regarding the epidemiological data, 96.4% of
patients underwent unilateral CD with expansion duraplasty,
53.6% of the cases being on the right, 42.9% on the left,
and 3.6% bilaterally, predominantly in young people, until
the fourth decade of life, and males (83.9%). The most
common mechanism of trauma was trampling, followed
by fall from height. The main complications related to the
technique were transcalvarian herniation, followed by
increased volume of cerebral contusions, hygroma,
hydrocephalus, increased volume of contralateral lesions
(5.3%) and CSF leak.

Objetivo: determinar fatores preditivos de progndstico da craniectomia descompressiva, em pacientes com traumatismo
cranioencefdlico grave (TCE) descrevendo achados epidemiolégicos e as principais complicacées do método. Métodos: estudo
retrospectivo mediante analise da evolucao clinica e neuroldgica, utilizando a escala estendida de resultados de Glasgow em 56
pacientes consecutivos atendidos no Servico de Emergéncia no periodo de fevereiro de 2004 a julho de 2012, diagnosticados com
TCE grave. Os fatores avaliados foram a idade, o mecanismo de trauma, a presenca de alteracées pupilares, a pontuacao na escala
de coma de Glasgow (ECG) a admissdao, achado tomografico (volume, tipo e associacdo de lesées intracranianas, desvio das
estruturas da linha média e classificacdo na escala de Marshall e Rotterdam). Resultados: observou-se que 96,4% dos casos foram
submetidos a craniectomia descompressiva (CD) unilateral com duroplastia de expansdo e o restante, CD bilateral, sendo 53,6% dos
casos a direita, 42,9% a esquerda e 3,6% bilateralmente, com predominio até a quarta década de vida e sexo masculino (83,9%).
As complicagbes descritas foram a herniagdo transcalvarica (17,9%), aumento do volume de contusées cerebrais (16,1%), higroma
(16,1%), hidrocefalia (10,7%), aumento de volume de lesées contralaterais (5,3%) e fistula liqudrica (3,6%). Conclusdo: entre os
fatores estudados, apenas a presenca de midriase com auséncia de reflexo fotomotor, pontuacdo 4 e 5 na escala de coma de
Glasgow, associacdo de lesées intracranianas e desvio de estruturas da linha mediana (DLM) superior a 15mm correlacionaram-se
estatisticamente como fatores preditivos de progndstico destfavoravel.

Descritores: Craniectomia descompressiva. Hipertensdo intracraniana/etiologia. Hipertensdo intracraniana/cirurgia. Edema
encefalico/cirurgia. Traumatismos encefalicos/complicagoes.
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