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Abstract Background Decompressive craniectomy is a consolidatedmethod for the treatment
of malignant ischemic stroke (iS) in the territory of the middle cerebral artery. Thus,
factors contributing to mortality constitute an important area of investigation.
Objective To evaluate the epidemiological clinical profile and predictors of mortality
in a single-center population of patients undergoing decompressive craniectomy for
the treatment of malignant iS.
Methods A single-center retrospective study was performed in 87 patients with
malignant iS subjected to emergency decompressive craniectomy from January 2014
to December 2017. Age, gender, laterality, aphasia, time interval between disease
onset and treatment, and clinical and neurological outcomes using the Glasgow coma
scale were assessed. The patients were stratified by age: a group of participants
60 years old or younger, and a group of participants older than 60 years old for
assessment of survival andmortality by the Kaplan-Meier test and log-rank comparison.
The intensity of the association between demographic and clinical variables was
evaluated by multivariate Cox regression.
Results Ischemic stroke was prevalent in patients with hypertension (63.29%). Seventy-
seven (84%) patients had some type of postoperative complication, mostly pneumonia
(42.8%). The risk of death was 2.71 (p¼0.0041) and 1.93 (p¼0.0411) times higher in
patients older than 60 andwith less than 8 points on the Glasgow coma scale, respectively.
Conclusion Malignant iS has a significant mortality rate. Age above 60 years and
Glasgow coma scale values below 8 were statistically correlated with unfavorable
prognosis.
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Introduction

Malignant Stroke
Ischemic stroke (iS), the most common and serious form of
ischemic brain injury is a loss of neural function resulting
from a critical reduction in cerebral blood flow.1Up to 10% of
iSs are associated with massive space-occupying swelling
(e.g., malignant middle cerebral artery [MCA] infarct). Typi-
cally, these patients deteriorate over 48 to 96 hours, with a
progressive decline in the level of consciousness, ultimately
succumbing to cerebral herniation, often despite medical
treatment.2

The term “malignant hemispheric cerebral infarction”
was introduced in 1996 andwas described as a high morbid-
ity and mortality clinical entity. It is an infarction that
involves an area that covers at least two thirds of the MCA.3,4

The mortality of malignant infarction can be as high as
80%without neurosurgical intervention.4 Infarctions inMCA
territory are clinically well described.5,6 Theworkof Foix and
Levy, in the early 20th century, alludes to these infarctions.7,8

Currently, the description of malignant iS is a cerebrovas-
cular stroke affectingmore than 50% of theMCA territory seen
on computed tomography and/or cranial magnetic resonance
imaging, consonant with clinical presentation.9–11

The rationale for decompressive surgery is to reduce
intracranial pressure (ICP) and the vicious circle of extensive
edema and further infarction.11 The best available evidence
from recent randomized, controlled trials indicates that

decompressive craniectomy is certainly a lifesaving opera-
tion in the setting of malignant stroke.12

The analysis of 3 published randomized studies (DECI-
MAL,13DESTINY14 ANDHAMLET15) showed that the survival
rate of the group subjected to decompressive surgery (78%)
more than doubled compared with that of the group treated
conservatively (29%).16,17 This staggering absolute risk re-
duction of 49% was highly significant.18

Despite the unquestionable efficacy of decompressive
surgery, patient selection for this procedure is, to this date,
a matter of discussion. Many studies were published trying
to identifymortality predictors, helping the decisionmaking
about whom to operate. However, their results varied
significantly.19–22

The present study took place in one of the many low- and
middle-income countries where resources and scientific
data are much scarcer. Highlighting this reality brings
uniqueness to this article, making it meaningful in the
literature.

Materials and Methods

This study involved a retrospective analysis of medical
records of patients subjected to decompressive craniectomy
for the treatment of malignant iS in a tertiary hospital in
Distrito Federal, from January 2014 to December 2017. This
research was approved by the research ethics committee of
the Faculty of Medicine of Universidade de Brasília (CEP

Resumo Contexto A craniectomia descompressiva é um método consolidado para o trata-
mento do acidente vascular cerebral isquêmico (AVCI) maligno no território da artéria
cerebral média. No entanto, os fatores envolvidos namortalidade constituem objeto de
investigação.
Objetivo Avaliar o perfil clínico epidemiológico e os preditores de mortalidade em
uma população unicêntrica de pacientes submetidos à craniectomia descompressiva
para tratamento de acidente vascular isquêmico maligno.
Métodos Um estudo retrospectivo unicêntrico foi realizado com 87 pacientes com
AVCI maligno submetidos à craniectomia descompressiva de emergência de janeiro de
2014 a dezembro de 2017. Idade, gênero, lateralidade, afasia, intervalo de tempo entre
o início da doença e o tratamento, e escala de coma de Glasgow foram avaliados. Os
pacientes foram estratificados por idade: um grupo com participantes com 60 anos de
idade ou menos, e outro com participantes com mais de 60 anos para avaliação de
sobrevida e mortalidade pelo teste de Kaplan-Meier e comparação log-rank. A
intensidade da associação entre variáveis demográficas e clínicas foi avaliada por
regressão multivariada de Cox.
Resultados Houve prevalência de hipertensos (63,29%). Setenta e sete (84%) dos
pacientes tiveram algum tipo de complicação pós-operatória, com predomínio de
pneumonia (42,8%). O risco de morte foi 2,71 e 1,93 maior em pacientes com mais de
60 anos e com menos de 8 pontos na escala de coma de Glasgow, respectivamente.
Conclusão O AVCI maligno ainda tem uma taxa de mortalidade significativa. Idade
acima de 60 anos e valores da escala de coma de Glasgow abaixo de 8 foram
estatisticamente correlacionados com um prognóstico desfavorável.
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–FM/UNB), having been approved on the Brazil Platform
under the CAAE registration protocol 13501018.7.0000.555.

The inclusion criteria were as follows: individuals older
than 18 years of age were included in the study, and the
following variables were considered: a) age, b) gender, C)
time between ictus and decompressive craniectomy, D)
laterality of the iS, E) presence of preoperative aphasia, F)
postsurgical complications, G) comorbidities, H) Glasgow
coma scale (GCS) score on admission, I) Glasgow coma scale
score in the preoperative period, J) preoperative pupillary
diameter and L) prior chemical thrombolysis.

The exclusion criteria were as follows: A) patients youn-
ger than 18 years old, B) iSwithout involvement of the MCA,
C) medical records with incomplete data, and D) traumatic
iS.

Multivariate Cox regression models were used, and haz-
ard ratios with 95% confidence intervals were calculated to
analyze the intensity of the association betweendemograph-
ic and clinical variables andmortality. In thismodel, after the
initial crude analysis, the variables associatedwithmortality,
that is, p<0.25, were included in the multivariate model.23

Kaplan-Meier estimators were used, and survival curves
were constructed comparing age and postoperative compli-
cations (one group with pneumonia and other groups with
pneumonia associated with other complications). Analyses
were performed using the SAS 9.4 software (SAS Institute,
Cary, NC, USA).

Results

The total sample had 87 patients, of whom 79 (90.8%) of the
medical records met the inclusion criteria. Eight (9.2%)
medical records were excluded (7 had incomplete data,
and iS was of traumatic origin in 1 case). Of the 79 cases,
there was a predominance of females, which corresponded
to 60.76% (48/79) of the sample, compared with 39.24%
(31/79) males; the mean age was 50.48�11.75 years old.

In the percentage distribution of patients per age, the
sample was 40% (32/79) in the group under 50 years; 35.44%
(28/79) between 50 and 59 years; 21.25% (17/79) between 60
and 69 years old; and 2.5% (2/79) were between 70 and
79 years old.

Regarding laterality, 51.95% (41/79) were located in the
left cerebral hemisphere, 46.75% (37/79) in the right cerebral
hemisphere, and 1.3% (1/79) in both brain hemispheres. Of
these, 49.37% (39/79) patients presented aphasia, and 8.86%
(7/79) patients presented with anisocoria on admission. As
for the cerebral dominance of 39 aphasic patients, 77% of the
patients had left dominance (30/39), while 23% of the
patients (9/39) had right dominance.

Fifty patients (63.29%) had hypertension, and 18 (22.78%)
patients had diabetesmellitus.Aminimal number of patients
underwent previous chemical thrombolysis for the treat-
ment of malignant stroke (9/79; 11.39%).

In the study, 39/77 patients (51%) were admitted to
intensive care units. There were two losses due to the
discontinuation of evolution in the medical record without
confirmation of intensive care unit (ICU) admission. The

mortality rate was 55.84% (43 cases). The interval between
ictus and surgery was 2.21�2.70 days.

Of the patientswhowere admitted to the ICU, 26% (10/39)
were under 40 years old; 26% (10/39) were between 40 and
49 years old; 28% (11/39) were between 50 and 59 years old;
and 20% of patients (8/39) were over 60 years old;

Sixty-seven (84%) patients experienced postoperative
complications. Thirty-three patients (42.86%) had pneumo-
nia, and 19 (24.68%) had sepsis. Fifteen patients had other
complications (10 patients progressed to surgical wound
infection, and 5 presented brain death).

Regarding the level of consciousness, a mean score of
12�3 was observed on admission, and, at the time of
surgery, the score was 10�3 points on the GCS. Survival
over 300 days was significantly lower in patients aged
60 years or older (p¼0.0229) (►Fig. 1); these patients had
a riskof death 2.71 times higher than that of patients younger
than 60 years old (p¼0.0041) (►Table 1).

The log-rank test results showed that the survival proba-
bility of patientswho only had pneumonia as a postoperative
complication did not differ significantly from the survival
probability of those who had other types of complications
during the follow-up period (p¼0.9987).

Fig. 2 Survival curve by postoperative complications.

Fig. 1 Survival curve by age.
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Theuseofalteplaseshoweda riskofdeath4.45 timeshigher
thanwhen it was not used (p¼0.0012), andGCS score� 8was
associatedwith a riskofdeath1.93 timeshigher thanwhen the
GCS scorewas>8 (p¼0.0411) (►Table 1). Patients older than
60yearsof agehada riskofdeath2.71 timeshigher than thatof
patients younger than 60 years old (p¼0.0042). In turn,
patients with ictus � 2 presented a risk of death 2.35 times
greater than that of patients with ictus>2, but this increase
was not statistically significant (p¼0.0526).

Discussion

The present study evaluated the clinical-epidemiological
variables associated with morbidity and mortality in
patients undergoing decompressive craniectomy. These var-
iables were age, gender, hypertension, diabetes, time from

ictus to surgery, GCS score at surgery, previous infusion of
alteplase, postoperative complications, and hospitalization
or not in the ICU.

Vahedi, in a meta-analysis conducted in 2007, reported
that patients who underwent surgery within 48 hours from
ictus benefited from surgery and that the same benefit could
not be proven after this period. The study also showed there
was no additional benefit for the group operated on within
24 hours compared with the group operated on within
48 hours.16 In our study, patients who underwent surgery
within 48 hours after the event had a 2.35-fold higher
mortality rate than those who underwent surgery after
48 hours of the the event; this result was not statistically
significant (p¼0.0526). Most likely, those who underwent
surgery within 48 hours after the event were considered
more severe cases in the present study.

Table 1 Crude hazard ratio and adjusted hazard ratio for mortality by selected demographic and clinical variables (N¼73) - Cox
regression

Hazard ratio - HR (95% CI)

Crude P-value Adjusted P-value

Age 0.0294 0.0041

< 60 1 � 1 �
� 60 2.05 (1.07–3.92) 0.0294 2.43 (1.37–5.34) 0.0041

Gender 0.1020 � �
Female 1 � � �
Male 1.67 (0.90–3.10) 0.1020 � �

From ictus to surgery 0.1172 0.0526

� 2 1.93 (0.85–4.41) 0.1172 2.35 (0.99–5.57) 0.0526

> 2 1 � 1 �
Glasgow at surgery 0.0995 0.0411

� 8 1.68 (0.91–3.11) 0.0995 1.93 (1.03–3.65) 0.0411

> 8 1 � 1 �
Alteplase 0.0022 0.0012

No 1 � 1 �
Yes 3.83 (1.62–9.07) 0.0022 4.45 (1.81–10.97) 0.0012

Postoperative complication 0.9987 �
Pneumonia 1 � � �
Others complications 1.00 (0.50–1.98) 0.9987 � �

ICU admission 0.6406 � �
No 1.16 (0.63–2.14) 0.6406 � �
Yes 1 � � �

Systemic arterial hypertension 0.6668 � �
No 1 � � �
Yes 1.16 (0.60–2.24) 0.6668 � �

Diabetes mellitus 0.2455 � �
No 1 � � �
Yes 1.47 (0.77–2.82) 0.2455 � �

Abbreviations: CI, confidence interval; ICU, intensive care unit.
A - age-adjusted, adjusted ictus until surgery, Glasgow at surgery and alteplase.
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Regarding the mortality related to patient gender, our
study showed a hazard ratio of 1.67 for males; however,
p¼0.10, and the result was considered not significant. This
result is consistent with a study of Campos et al (2011), in
which they stated that gender does not have statistically
significant predictive value to determine the course of cere-
bral stroke.24

There are reports in the literature indicating that clinical
deterioration, evaluated by the decrease in GCS score from
admission to surgery,25 and age are relevant factors for worse
outcomes.26

Koh et al. showed that outcomeswere better when clinical
deterioration of the preoperative GCS score remained at 9 or
higher (66% favorable, 33% unfavorable) compared with
when the GCS deteriorated to 8 or less (28% favorable, 72%
unfavorable). The outcome was based on the Glasgow out-
come score (GOS); a favorable outcomewas a GOS between 4
and 5 (moderate or mild disability), and poor outcomewas a
GOS between 1 and 3 (death, vegetative state, or severe
disability).27

Kilincer et al. showed that a presurgical GCS score lower
than 8 is an important determinant of an unfavorable out-
come, and that modified rank between 0 and 3 was associat-
ed with favorable outcomes, and modified rank between 4
and 6 was associated with unfavorable outcomes.28

In our study, patients with GCS scores equal to or lower
than 8 had a risk of death 1.93 times higher than that of
patients with GCS scores above 8 (p¼0.0411). These data
have been important for not delaying the surgical approach
until neurological deterioration occurs. No functional evalu-
ation of the patients was performed; only a mortality vari-
able was considered as a poor outcome.

In the present study, patients 60 years old or older
presented a risk of death 2.71 times higher than that of
patients younger than 60 years old (p¼0.0041). According to
the log-rank test, the survival probability of patients 60 years
old or older over the follow-up period of 300 days was
significantly lower (p¼0.0229), which is in line with results
reported byArac et al. in 2009. In the reviewbyArac et al., the
mortality rate was significantly higher in the group older
than 60 years old (37 of 72 patients, 51.3%) than in the group
60 years old or younger (41 of 197 patients, 20.8%)
(p<0.0001).29

This fact can be explained by the following factors:
advanced age, that is, patients older than 50 years old, may
have an effect on the brain’s ability to compensate for the
effects of a stroke; however, these individuals tend to have
additional comorbidities that increase the risk of poor prog-
nosis and death. In turn, young patients can expect better
outcomes and receive aggressive care, and they are more
resilient to medical comorbidities that directly affect long-
term outcomes.30 However, the lack of atrophy may cause
intolerance to extensive edema.26,31,32

Age is the most important risk factor for the development
of a stroke. While the risk of stroke in the general population
is � 0.25% per year, this number doubles every decade for
individuals older than 50 years old. At the age of 85 years old,
the stroke incidence rate reaches 3.5%/year.33 Regardless of

other factors, age is an independent predictor of poor out-
comes. The upper age limit for performing decompressive
craniectomy has also been discussed considering the risk-
benefit of the procedure.26

In a prospective, randomized, controlled study, Zhao et al.
compared patients with malignant iS aged 18 to 80 years old
who underwent decompressive craniectomy with those in
the same age group who did not. Their results showed that
there was benefit of undergoing craniectomy within
48 hours, even for patients in more advanced age groups.34

However, approximately two thirds (18/29) of patients older
than 60 years old were between 61 and 70 years old. Only 11
patients (4 randomized for surgery) were in the oldest
subcohort, whose ages ranged between 71 and 80 years
old. Although there are several studies indicating less bene-
ficial effects for elderly patients, there has been a paucity of
controlled prospective randomized studies.35

Eighteen patients (22.78%) had diabetes mellitus, and 50
(63.29%) had systemic arterial hypertension (SAH). These data
are important because systolic anddiastolic pressure levels are
exponentially associatedwith the development of cerebrovas-
cular disease. 36 However, the results of the multivariate
analysis were not statistically significant in relation to the
mortality of patients with hypertension and diabetes.

Providing life-saving treatment for major infarcts in the
dominant hemisphere is a controversial topic in the litera-
ture. The main concern has been that heroic interventions
can leave patients with an unacceptably low quality of life
because of aphasia.26 Data from the literature review, Gupta
el al., however, do not restrict the surgical approach to the
nondominant hemisphere. The functional outcomes among
the 27 patients who underwent decompression of the domi-
nant hemisphere was noworse than among the 111 patients
who underwent decompression on the nondominant side.26

Among patients who suffer stroke, aphasia is the most
prevalent language disorder among the total number of
patients treated in the hospital environment.37 The frequen-
cy of aphasia among patients who have suffered stroke is 21
to 38%.38 There was a high prevalence of patients with
aphasia in the present study, that is, 40 patients, correspond-
ing to 50.63% of the patients, which is the largest result found
in the literature.

Patients who used alteplase exhibited a 4.45 times higher
risk of death than those who did not use the thrombolytic
agent (p¼0.0012). The risk of death was related to increased
bleeding and surgical morbidity. Nine patients underwent
thrombolysis prior to surgery, corresponding to 11.39%of the
total population studied. This percentage of patients with
thrombolysis was probably higher than expected, given that
extensive iSs are contraindicated for venous thrombolysis.
This can be explained by the unavailability of magnetic
resonance imaging (MRI) in the emergency department,
which is a more sensitive imaging test for the early diagnosis
of iS than computed tomography. 39 It is not possible to
determine from this study or from the existing literature
whether the increase inmortality caused by the previous use
of alteplase would lead this group of patients to be ineligible
for decompressive craniectomy.
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Conclusion

Decompressive craniectomy for the treatment of malignant
iS is a consolidated and effective surgical intervention;
however, this clinical entity still has a significant mortality
rate, despite this procedure increasing patient survival.

Age can be a tool to help guide surgical decisions because
elderly patients have a significantly higher mortality rate.
However, the treatment must be individualized, as a GCS
score lower than 8 is also associated with higher mortality.
Age over 60 years and GCS values below 8 were statistically
correlated with an unfavorable prognosis.
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