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Abstract Introduction The increase in intracranial pressure (ICP) is a neurological complication
resulting from numerous pathologies that affect the brain and its compartments.
Therefore, decompressive craniectomy (DC) is an alternative adopted to reduce ICP in
emergencies, especially in cases refractory to clinical therapies, in favor of patient
survival. However, DC is associated with several complications, including hydrocepha-
lus (HC). The present study presents the results of an unusual intervention to this
complication: the implantation of an external ventricular drain (EVD) in the intra-
operative period of cranioplasty (CP).
Methods Patients of both genders who presented with HC and externalization of the
brain through the cranial vault after decompressive hemicraniectomy and underwent
EVD implantation, to allow the CP procedure, in the same surgical procedure, were
included.
Results Five patients underwent DC due to a refractory increase in ICP, due to
automobile accidents, firearm projectiles, falls from stairs, and ischemic strokes. All
evolved with HC. There was no uniform time interval between DC and CP. The
cerebrospinal fluid (CSF) was drained according to the need for correction of cerebral
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Introduction

The increase in intracranial pressure (ICP) is a neurological
complication resulting from numerous pathologies that af-
fect the brain and its compartments, including intracranial
factors, like expansive mass lesions – such as tumors and
hematomas –, or extracranial events – such as hyponatremia,
hypotension, and hypoxia.1

Decompressive craniectomy (DC) is a surgical procedure
adopted in emergencies as an alternative to reduce ICP,
especially in cases refractory to clinical therapies, in order
to improve patient survival.2 However, DC is associated with
several complications, which can develop quickly – such as
hemorrhages, extracranial brain herniations, cerebrospinal
fluid fistulas, postoperative infections, convulsions – or later,
such as subdural hygromas, motor trephine syndrome, and
hydrocephalus (HC).2

Regarding HC after DC, it can be said that this is a common
complication, with an incidence of 0.7 to 86% of cases,
depending on the diagnostic criteria,3,4 so that � 8 to 11%
of the patients need a measure of therapeutic intervention.4

One of theways tomanage the HC developed after DC is to
perform the implantation of a ventriculoperitoneal shunt
(VPS) followed by the definitive cranioplasty (CP). This
conduct can be carried out simultaneously or in two pro-
grammed stages, with experiences varying according to each
center.5

Thus, the present studyaims to add to the literature on the
topic of the descriptive presentation of the results of an
unusual surgical method: the implantation of an external
ventricular drain (EVD) for the management of consecutive
HC of decompressive hemicraniectomy in the transoperative
of CP, which evolved with a positive prognosis in a series of
five patients.

herniation in each patient, before undergoing cranioplasty. All patients progressed
well, without neurological deficits in the immediate postoperative period.
Conclusion There are still several uncertainties about the management of HC
resulting from DC. In this context, other CP strategies simultaneous to the drainage
of CSF, not necessarily related to ventriculoperitoneal shunt (VPS), should be consid-
ered and evaluated more deeply, in view of the verification of efficacy in procedures of
this scope, such as the EVD addressed in this study.

Resumo Introdução O aumento da pressão intracraniana (PIC) decorre de inúmeras patolo-
gias que acometem o encéfalo e seus envoltórios. Diante disso, a craniectomia
descompressiva (CD) é uma alternativa adotada para redução da PIC nas emergências,
especialmente em casos refratários a terapias clínicas, em prol da sobrevida dos
pacientes. Entretanto, existem diversas complicações associadas à CD, entre as quais
está a hidrocefalia (HC). O presente estudo apresenta resultados de uma intervenção
incomum para essa complicação: o implante de derivação ventricular externa (DVE) no
intraoperatório de cranioplastia (CP).
Métodos Foram incluídos pacientes de ambos os gêneros que apresentaram HC e
exteriorização encefálica da abóbada craniana após hemicraniectomia descompressiva
e foram submetidos a implante de DVE, para possibilitar a CP, no mesmo ato
operatório.
Resultados Cinco pacientes foram submetidos a CD pelo aumento refratário da PIC,
decorrente de acidentes automobilísticos, projéteis de arma de fogo, quedas de escada
e acidentes vasculares cerebrais isquêmicos. Todos evoluíram com HC. Não houve
uniformidade de intervalo de tempo entre a CD e a CP. O líquido cerebroespinal (LCE)
foi drenado de acordo com a necessidade de correção da herniação cerebral em cada
paciente, antes da CP. Todos os pacientes evoluíram bem, sem déficits neurológicos no
pós-operatório imediato.
Conclusão Ainda existem inúmeras incertezas sobre o manejo da HC consequente de
CD. Assim, outras estratégias de CP simultânea à drenagem de LCE, não necessaria-
mente relacionadas à derivação ventriculoperitoneal, devem ser consideradas e
avaliadas mais profundamente, tendo em vista a constatação de eficácia em procedi-
mentos desse âmbito, como a DVE abordada no presente estudo.

Palavras-chave

► cranioplastia
► dreno ventricular

externo
► hidrocefalia pós-

traumática
► neurocirurgia
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Methods

This is an observational, cross-sectional and descriptive
study of patients seen at the Neurosurgery Department of
the Hospital da Restauração, Recife, PE, Brazil, from Febru-
ary 2016 to October 2019.

Patients of both genders who presented HC and external-
ization of the brain through the cranial vault after decom-
pressive hemicraniectomy and underwent EVD
implantation, to allow the CP procedure, in the same surgical
procedure, were included. Patients who did not meet the
inclusion criteria were excluded.

All patients and relatives involved filled out a consent
form, authorizing participation in the present study, as well
as disclosure to the scientific community.

The cases were evaluated regarding sex, age, etiology,
initial complication, time elapsed between theDC and the CP,
and the volume of cerebrospinal fluid (CSF) drained in the
EVD. This information is summarized in ►Table 1.

The reconstruction of the skullcap was guided by a
customized three-dimensional (3D) technique, using poly-
methylmethacrylate (PMMA).6–9 After CP, the EVD was
closed and removed in an interval of 24 to 48hours, with
the patient still in the intensive care unit (ICU).

An integrative literature review on the topic was devel-
oped, seeking to relate the scientific discussion to the find-
ings of the present study. The research was conducted in the
PubMed platform, using the descriptors decompressive cra-
niectomy AND hydrocephalus, and cranioplasty AND external
ventricular drain.

Results

A total of 5 patients, 4 (80.0%) males and 1 (20.0%) female,
whose ages ranged from 24 to 48 years old, with a median of
33 years old, underwent DC due to refractory increase of the
PIC. The etiologies of this entity were automobile accidents,
firearm projectiles, falls from stairs, and ischemic strokes.

As an initial complication, the victims of traumatic brain
injury developed acute subdural hematoma, and the cases of
stroke involved cytotoxic edema, both with increased ICP
refractory to clinical therapies. After undergoing DC, all
patients developed HC in the postoperative period.

For the management of post-DC HC, an EVD was
implanted in the same surgical procedure that the CP was
performed. Between 150 and 650ml of cerebrospinal fluid
(CSF) was drained, according to the need for correction of
cerebral herniation in each patient, before undergoing cra-
nioplasty. The time elapsed between the DC and the CP
ranged from 17 to 54 months, with an average of 31.4
months, with no uniformity in this interval.

All patients evolved well, without neurological deficits in
the immediate postoperative period, and were referred to
routine outpatient follow-up (►Figs. 1–5).

Discussion

In the emergency environment, DC has consolidated itself as
an effective measure to decrease the ICP, which rises due to
several scenarios, such as infections, tumors, hemorrhages,

Table 1 Clinical profile, etiology, initial complication, time elapsed between decompressive craniectomy and cranioplasty and
volume of cerebrospinal fluid drained in the external ventricular drain of the reported patients

Patient Gender Age
(yyearold)

Etiology Initial
complication

Volume of CSF
drained in the EVD

Time elapsed between
DC and CP

1 M 24 Motorcycle
accident

ASDH 650mL 18 months

2 M 27 FAP ASDH 200mL 38 months

3 M 33 FFS ASDH 150mL 30 months

4 M 40 IS CE 150mL 54 months

5 F 48 IS CE 150mL 17 months

Abbreviations: ASDH, acute subdural hematoma; CE, cytotoxic edema; CP, cranioplasty; CSF, cerebrospinal fluid; DC, decompressive craniectomy;
EVD, external ventricular drain; F, female; FAP, firearm projectile; FFS, fall from stairs; IS, ischemic stroke; M, male.

Fig. 1 Patient 1. Comparatively, the visual and tomographic aspects
of the pre- (A, B) and postoperative (C, D) of the EVD.
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strokes, and traumatic brain injuries.1,2,10–12 In this proce-
dure, the opening of the cranial vault and of the dura mater
allows the distribution of the brain component, relieving the
ICP and favoring patient survival.2,10–12

However, like any other surgical procedure, DC is not free
of possible complications. In this regard, progressive neuro-
logical decline can be mentioned,10,13 in addition to hemor-
rhages, infections, inflammations and, also, disorders of the
ventricular system,14 where the CSF flows. Among the latter
complications, there is HC, which, according to the literature,
is triggered by changes in pulse wave pressure through the

convexity of the brain15,16 and by a reduction in venous flow
in the medial margin of the craniectomy.16–18 Some studies
also point to the extension of the craniectomy as a predis-
posing factor for HC.4,16,18,19

The HC developed after DC has a very variable incidence
rate, according to scientific studies, in view of the difference
in the criteria adopted by the centers for diagnosing this
condition.3,4 Some authors consider necessarily the clinical
manifestations of HC, while others only analyze the expand-
ed ventricular morphology by computed tomography (CT),
converging on the concept of ventriculomegaly.16,17,20

In view of the post-DC HC, � 1 in 10 cases requires
intervention.4,14 In this scenario, CP is discussed as an

Fig. 3 Patient 3. Comparison of the pre- (A) and postoperative (B)
visual aspect of the EVD followed by CP, in view of the HC developed
after decompressive craniotomy.

Fig. 4 Patient 4. Comparison of the pre- (A) and postoperative (B)
visual aspect of the EVD followed by CP, in view of the HC developed
after decompressive craniotomy.

Fig. 5 Patient 5. Comparatively, the visual and tomographic aspects
of the pre- (A, B) and postoperative (C, D) of the EVD.

Fig. 2 Patient 2. Comparatively, the visual and tomographic aspects
of the pre- (A, B) and postoperative (C, D) of the EVD.
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alternative for a better prognosis for patients, considering
the therapeutic potential21–23 and neurological recov-
ery,21,22 as well as the aesthetic advantage.23 However,
some authors claim that there are still no strong scientific
correlations between cranioplasty and better neurological
results.23

Regarding CP, moreover, it is known that there is a
predisposition to other complications, especially after
DC.12,14,21,23 Among these complications, in addition to
those associated with the postoperative period of DC, the
possible impasses linked to the consolidation of the boneflap
are added.14 In this sense, the scientific community debates
strategies to mitigate these obstacles, analyzing issues such
as the clinical conditions of the patients and their comorbid-
ities, the method of preservation of the bone flap, the
material used for cranial reconstruction, the moment
when CP should be indicated, and the surgical technique
addressed.10,21,23

Regarding the profile of the patients (age, sex, presence of
comorbidities, clinical history), preservation of theboneflap,
and the material used for CP, the studies did not find
associations with greater risk of complications.10,21,23 How-
ever, the use of autologous bone – which is more common,
especially in centerswith less resources – seems to be related
to higher probabilities of bone flap resorption and implant
failure when compared with heterologous materials.23

For the procedures of the present study, in fact, the
diversity of patient profiles did not imply different predis-
positions to possible risks. As for the material adopted in the
plastic surgery, the customized PMMA prosthesis was cho-
sen, by 3D printing – due to the accessibility and reproduc-
ibility of the technique, in addition to the therapeutic and
aesthetic results –, according to the experience with these
operations of our center.6–9

There is also no consensus on the appropriate time for CP
intervention. On the one hand, there are a number of studies
that associate late reconstruction with unfavorable
results.2,12,20,23 In view of this, there are authors who
suggest using a period of � 2 weeks after DC as a reference,
when, generally, cerebral edema can already be seen exteri-
orizing the cranial vault by CT, which is compatible with the
clinical examination of the patient during this period.20,23

Other researchers also point to a period of up to 12 weeks
after craniectomy, in order to avoid the need for new
interventions.2 On the other hand, there are several other
evidence that contradict this aspect.Within this controversy,
the systematic review developed by De Cola et al. indicated
that an interval of 3 to 6 months between DC and CP is
favorable to better motor and cognitive recoveries.24

Regarding the surgical technique, CP, by itself, is already
presented as a therapeutic approach, and is even considered
sufficient, in the circumstances in which the brain is flac-
cid.25–27 There are even reports in the literature of patients in
whom the mechanism of deviation of CSF proved to be
unnecessary.22 However, in conditions of tension and brain
herniation, CSF drainage may be required,16 correcting the
exteriorization of the brain and enabling the reconstruction
of the skull. About these situations, there is awide discussion

in scientific studies as to the most effective and safe ventric-
ular drainage conduct.

Regarding the VPS derivation strategy, commonly per-
formed in various centers, there are several articles that
associated CP in the same operative act as this procedure as a
factor for obtaining complications – such as infection and
bone resorption –, suggesting intervention in stages as most
appropriate.5,28–30 Despite this, a study showed positive
evaluations of a “single-stage surgical technique with tem-
porary occlusion of the distal shunt catheter”, associated
with a slow reduction in the pressure of the programmable
VPS valve.31

The effectiveness of using the programmable VPS tech-
nology in the management of CP after DC is reiterated by
other authors,25,31–33 especially when compared with the
permanent VPS, which may even involve excessive drainage
and subdural collections.16,34 However, this is an expensive
approach and, therefore, inaccessible to the socioeconomic
conditions of most patients.16 Still, as an alternative for
performing simultaneous CP to the management of post-
DC HC, a study obtained better results from simultaneous
ventriculostomy to CP, followed, in a few days, by the
implantation of VPS.25

On the other hand, considering the impasses related to the
use of permanent shunt, for patients who need CSF drainage
in the act of CP, the temporary lumbar or ventricular drainage
presented themselves as valid and effective strategies.16,22

Performing an aspiration procedure at the CP, the study by
Kutty et al. could avoid the use of VPS in 10 of 11 patients
with ventriculomegaly due to DC, with therapeutic suc-
cess.16 Following this trend, the execution of EVD in the
intraoperative period of CP, through the HC developed after
DC, draining CSF according to the need to correct cerebral
herniation, proved to be a viable alternative.

Conclusion

The scientific community still deals with countless uncer-
tainties about the conduct of intervention to HC resulting
from DC. Despite this, studies have already found the effec-
tiveness of CP, either alone or associated with a method of
draining CSF, when necessary. There is a requirement for
drainage by thorough technique, such as programmable VPS,
in the search to avoid further complications. However, this
procedure requires resources that are inaccessible to most
patients.

Studies on the use of permanent VPS reveal other risks
linked to this conduct, such as excessive drainage and
subdural collections. Furthermore, the indication of the
procedure, in stages, using VPS, requires the performance
of more than one surgical act and, therefore, a constant
monitoring of the clinical evolution of the patient tomitigate
the impasses of these interventions.

Hence, other CP strategies simultaneous to the manage-
ment of post-DC HC, not necessarily related to VPS, should be
considered and evaluated more deeply, in view of the verifi-
cation of the effectiveness in procedures of this scope, such as
the EVD addressed in this study.
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Abstract Introduction Traumatic brain injuries (TBIs) are a public health problem with high
economic impact, as well as an important cause of death and sequela in polytrauma
patients, affecting mainly young adults.
Objective To analyze the temporal trend of TBI incidence in Brazil between 2008 and
2019, according to age group and gender.
Methods An ecological study, based on secondary data from hospital admissions for
TBI in all Brazilian states between 2008 and 2019. The numbers were collected using
the hospital information system of the Unified Health System in Brazil. We performed a
descriptive analysis using the data obtained. Linear regression models were used to
measure the incidence trend of TBI in the period adopted.
Results The state of Piauí had the highest increase in the incidence of TBI in the
country in the last 10 years (coefficient β¼ 63.43 e p¼0.002). The main concern,
though, is the increase in the incidence of TBI amongst children (0–4 years old) in the
states of Ceará (β¼31.22 and p< 0.001 for boys; β¼42.20 and p<0.001 for girls),
Paraná (β¼ 37.26 and p¼0.011 for boys; β¼25.90 and p¼0.015 for girls), Pernam-
buco (β¼20.08 and p¼0.016 for girls), Mato Grosso (β¼18.76 and p¼0.005 for boys;
β¼ 16.11 and p¼0.035 for girls), and Distrito Federal (β¼48.87 and p¼0.004 for
girls; β¼48.28 and p¼ 0.006 for boys).
Conclusion The analysis of the results is able to point out improvements that can be
made. Besides that, it is remarkably important to redirect public polices to preventive
medicine since many of the TBI causes are avoidable through awareness and education
of the population.
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Introduction

Traumatic brain injuries (TBIs) are a public health problem
with high economic impact. They are an important cause of
deaths and sequela in polytrauma patients,1 affectingmainly
young adults.2,3 The World Health Organization (WHO)
estimates that TBIs are responsible for one third to half of
trauma deaths worldwide.1 Their incidence changes accord-
ing to country and region, and there is an estimation that
almost 90% of deaths from injuries occur in countries with
lowandmiddle incomes.1Moreira Jr et al.mentioned that car
accidents, being run over, cycling and motorcycle accidents,
physical aggressions, falls, and firearm injuries are the main
causes of TBI.4

The actual incidence of TBI changes according to place due
to underdiagnosis, lower assistance to patients, and lack of
monitoring and registration systems in many health care
units.5–7 The incidence of TBI is approximately
538.2/1,000.00 inhabitants in the USA,1 322/1,000.00 in
Australia,1 and 235/1,000.00 in the European Union,1 with a
remarkable variability in the last one. Germany had an inci-
dence of 340/1,000.00 inhabitants2; Finland, 101/1,000.00,2

and Italy, 212-372/1,000.00.2 The mortality rate also varies
worldwide from 15 to 24.6/1,000.00.2,8,9 In Brazil, the South-
east (42.5%) and Northeast (25.8%) areas of the country have
the highest incidence of cases in the country.1,10

TBI is an anatomical and/or functional lesion that affects
brain, meninges, neurovascular components, skull and even

scalp,1 occurring due to physical impact.1,2 Traumatic brain
injury can cause temporary or permanent sequela in cogni-
tive, behavioral, emotional and physical performances. The
clinical features of a TBI patient are represented by conscious
changes; neuromuscular function, sensory, language, per-
sonality and visual disorders; epilepsy; incontinence; cranial
nerve palsy; changes in the autonomic function and abnor-
mal postures, which may be the signs of decortication or
decerebration.4,11 TBI classification depends on the severity
(mild, moderate or severe), morphology (extra or intracra-
nial injuries) and on the mechanism of trauma (blunt or
penetration).1

The diagnosis of TBI involves an extensive neurological
examination. The Glasgow coma scale is used to evaluate the
severity of the trauma.3 The interventionsmay vary between
postural measures, pharmacological therapies, monitoring,
induced coma and even craniotomy.3

In Brazil and in other Latin American countries, little is
known about this topic. In Brazil, there is an estimative of
100,000 deaths per year, furthermore over onemillion people
became disabled between the years of 2007 and 2017,1which
has a massive impact in the countrýs socioeconomics.

Considering this scenario, this study aims to analyze the
temporal trend of TBI incidence in Brazilian states between
2008 and 2019, according to age group and gender. This
research aims to help the development of preventive meas-
ures and hospital interventions that may reduce TBI inci-
dence and its sequelaes.12

Resumo Introdução O traumatismo cranioencefálico (TCE) é um problema de saúde pública
com alto impacto econômico, além de uma importante causa de morte e sequela em
pacientes politraumatizados, afetando principalmente adultos jovens.
Objetivo Analisar a tendência temporal da incidência de TCE no Brasil entre 2008 e
2019, segundo faixa etária e sexo.
Método Estudo ecológico, baseado em dados secundários de internações hospita-
lares por TCE em todos os estados brasileiros entre 2008 e 2019. Os números foram
coletados por meio do sistema de informações hospitalares do Sistema Único de Saúde
do Brasil. Realizamos uma análise descritiva a partir dos dados obtidos. Modelos de
regressão linear foram utilizados para medir a tendência da incidência de TCE no
período adotado.
Resultados O estado do Piauí apresentou o maior aumento na incidência de TCE no
país nos últimos dez anos (coeficiente β¼ 63,43 e p¼0,002). A principal preocupação,
porém, é o aumento da incidência de TCE entre crianças (0-4 anos) nos estados do
Ceará (β¼ 31,22 e p< 0,001 para meninos; β¼42,20 e p<0,001 para meninas),
Paraná (β¼37,26 e p¼0,011 para meninos; β¼25,90 e p¼0,015 para meninas),
Pernambuco (β¼ 20,08 e p¼0,016 para meninas), Mato Grosso (β¼ 18,76 e p¼0,005
para meninos; β¼16,11 e p¼0,035 para meninas) e Distrito Federal (β¼48,87 e
p¼0,004 para meninas; β¼48,28 e p¼0,006 para meninos).
Conclusão A análise dos resultados é capaz de apontar melhorias que podem ser
feitas. Além disso, é extremamente importante redirecionar as políticas públicas para a
medicina preventiva, uma vez que muitas das causas do TCE são evitáveis por meio da
conscientização e educação da população.
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► traumatismo
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► trauma
► incidência
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► Brasil
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Methods

This ecological study was conducted based on secondary data
fromhospital admissions for TBI in all Brazilian states between
2008 and 2019. Data was collected from the Department of
Informatics of the Unified Health System (DATASUS). The
Department of Informatics of the Unified Health System is
theofficialdatabaseof theBrazilianHealthMinistryandcanbe
visited for free on the website www.datasus.gov.br.

We searched DATASUS for the number of hospital admis-
sions between 2008 and 2019, including female/male
patients in different age groups, from 0 to 80 years old, all
identified by the ICD 10-S09. To collect these data, the
demographic census from 2010 and the Iinter-census pro-
jections (2011–2019) of the Brazilian Institute of Geography
and Statistics (IBGE, in the Portuguese acronym) were used.
This demographic information can also be found in the
DATASUS system.

The incidence rates of TBI were calculated using the
formula: number of hospital admissions divided by the total
population per 1,000.00 inhabitants, considering age groups,
Brazilian states, gender, and years adopted in this study.
Since we calculate the incidence of TBI in the general
population stratified by the variables above, the population
at risk of TBI was the total one of that state, in that year, age,
and gender. The formula used is as follow:

Furthermore, hospital admission rates were used in a
standard form and fitted to the age groups according to
the direct method proposed by The World Health Organiza-
tion (WHO), according to Ahmad et al.13

Ethics Committee

The present survey used secondary data available with
unrestricted access on the DATASUS database. For this
reason, there was no need to register this research with
the Human Research Ethics Committee, according to the
stipulated resolution 510/2016 of the Brazilian Health
Ministry.

Statistical Analysis

Weperformed a descriptive analysis using the data obtained.
Linear regression models were used to measure the inci-
dence trend of TBI in the period adopted. This trend was
estimated according to national standard rates by state and
age group, with a 95% confidence interval, using the Stata
software version 11.0 (StataCorp., College Station, TX, USA).

Results

With the information obtained from DATASUS and IBGE, we
calculated the incidence rates of hospital admissions due to
TBI in Brazil from 2008 to 2019. The obtained data may be
found in ►Table 1 and ►Table 2. The results found in each
region of the country, outlining themain data regarding each
state, are described below.

The North Region (Acre, Amapá, Amazonas, Pará,
Rondônia, Roraima, Tocantins)
In Acre, there was a statistically significant reduction in the
incidence of hospital admissions for both female and male
patients (β coefficient: -2.09 e -0.86, respectively). The
largest reduction was observed in men in the 30 to 40 years
old age group (β coefficient: -51.15).

In Amazonas, the total incidence of admissions increased
in the female gender (β coefficient: 0.66), mainly in the age
extremes (0–4 and � 75 years old). In the male gender, the
global increase of the incidence of TBI in 2.5 times (β
coefficient: 2.53) was a result of the higher number of cases
in practically all groups, with the exception of the age groups
5 to 9, 10 to 14, and 35 to 39 years old.

In Amapá, there was a higher reduction in male (β
coefficient: -5.35), when compared to female (β coefficient
– 2.54). In Pará, therewas an increase in the incidence in both
genders, though more significant in the male gender (β
coefficient 3.05).

In Roraima,males� 80 years oldwere the only individuals
that obtained a statistically significance result, with an
expressive increase in the hospital admissions of approxi-
mately 31 times (β coefficient: 31.04). Similarly, in Rondônia,
men � 65 years old presented an increase in admissions (β
coefficient: 21.17–26.12).

InTocantins,men in the 25 to 29 (β coefficient: - 40.35), 30
to 34 (β coefficient: - 26.68) and 60 to 64 years old (β
coefficient: - 16.98) age groups presented an important
reduction in hospital admissions for severe TBI.

The Northeast Region (Alagoas, Bahia, Ceará,
Maranhão, Paraíba, Pernambuco, Piauí,
Rio Grande do Norte, and Sergipe)
Alagoas showed an increase in the incidence of admissions
for TBI, mainly among seniors � 80 years old, of both
genders; however, the increase was higher in males (β
coefficient: 7.01 and 2.91, males and females, respectively).

In Bahia, it was noticed an increase in the incidence of TBI
inmen of all age ranges ˃ 50 years old, beingmore expressive
in those 55 to 59 years old (β coefficient: 7.34). Inwomen, the
increase was also restricted to the older groups (50–54, 65–
69, and � 75 years old).

The group in the pediatric age range from 0 to 4 years old
had a significant increase in the rate of admissions for TBI in
Ceará, presenting a rise from 30 to 40 times (β coefficient :
31.22 and 42.20, girls and boys respectively). Curiously, there
was a reduction among the boys from 10 to 14 years old (β
coefficient: - 8.32). Among men, practically all age ranges
from 40 years old on presented an increase in the incidence
of TBI (β coefficient : 2.42). In women, the incidence in-
creased in the group � 70 years old.

In Maranhão, all age ranges in both genders presented an
increase in the admissions, with the highest value found
among men in the 20 to 24 age group (β coefficient : 56.40).
Comparing men and women, the increase was more expres-
sive inmen (approximately five times against once and a half
in women).
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Table 1 Analysis of the age-adjusted incidence of TBI in the male population in each state of Brazil (2008–2019)

Age group (years old) R squad�� P� β CI 95

Acre

0–4 0.0795 0.375 5.10547 (-7.136651; 17.34759)

5–9 0.3554 0.041 -9.542892 (-18.59855; -0.4872313)

10–14 0.2099 0.134 -7.208869 (-17.06214; 2.644406)

15–19 0.1077 0.298 -9.344817 (-28.29793; 9.608292)

20–24 0.7267 < 0.001 -39.35719 (-56.36322; -22.35116)

25–29 0.1212 0.267 -13.43727 (-38.93176; 12.05723)

30–34 0.6173 0.002 -51.1543 (-79.53651; -22.77209)

35–39 0.0034 0.857 -2.807886 (-36.72276; 31.10699)

40–44 0.0132 0.722 -5.012117 (-35.56998; 25.54575)

45–49 0.4549 0.016 -25.22307 (-44.67879; -5.767353)

50–54 0.1564 0.203 -18.45109 (-48.63944; 11.73726)

55–59 0.0096 0.761 -1.843246 (-15.00416; 11.31767)

60–64 0.0401 0.533 -9.045007 (-40.23392; 22.14391)

65–69 0.3056 0.062 -29.3718 (-60.57087; 1.827269)

70–74 0.1480 0.217 11.9816 (-8.273395; 32.23659)

75–79 0.0867 0.353 -9.318702 (-30.62933; 11.99193)

� 80 0.0329 0.573 4.783482 (-13.49278; 23.05975)

Total 0.3835 0.032 -2.092477 (-3.961977; -0.2229762)

Alagoas

0–4 0.0881 0.349 2.979944 (-3.775536; 9.735423)

5–9 0.0671 0.416 -1.890463 (-6.858497; 3.07757)

10–14 0.0013 0.910 0.3706837 (-6.760287; 7.501654)

15–19 0.2874 0.072 20.96181 (-2.296971; 44.2206)

20–24 0.2738 0.081 22.5201 (-3.318983; 48.35919)

25–29 0.1167 0.277 14.76384 (-13.85724; 43.38491)

30–34 0.2225 0.122 14.51405 (-4.604401; 33.63251)

35–39 0.0830 0.364 9.19833 (-12.34906; 30.74571)

40–44 0.2874 0.072 9.412445 (-1.030397; 19.85529)

45–49 0.6947 0.001 13.54793 (7.219659; 19.8762)

50–54 0.3221 0.054 13.23871 (-0.292886; 26.7703)

55–59 0.1332 0.243 5.881362 (-4.688915; 16.45164)

60–64 0.1376 0.235 5.211926 (-3.981128; 14.40498)

65–69 0.1879 0.159 5.824383 (-2.706355; 14.35512)

70–74 0.3011 0.065 8.920001 (-0.655728; 18.49573)

75–79 0.2838 0.075 7.407483 (-0.8836607; 15.69863)

� 80 0.3534 0.042 7.015065 (0.3284547; 13.70167)

Total 0.2778 0.078 1.598776 (-0.2174201; 3.414972)

Amapá

0–4 0.0108 0.748 -1.047774 (-8.117716; 6.022168)

5–9 0.1249 0.260 -6.154093 (-17.63206; 5.323877)

10–14 0.1455 0.221 -6.406707 (-17.34478; 4.531366)

15–19 0.4625 0.015 -34.86841 (-61.35306; -8.383762)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

20–24 0.6243 0.002 -66.53081 (-102.8953; -30.16635)

25–29 0.6369 0.002 -65.25679 (-99.97742; -30.53616)

30–34 0.3497 0.043 -35.47139 (-69.55122; -1.391551)

35–39 0.2278 0.117 -33.24859 (-76.38113; 9.883956)

40–44 0.1837 0.164 -25.44084 (-63.22208; 12.34041)

45–49 0.6592 0.001 -59.22816 (-89.2335; -29.22282)

50–54 0.5130 0.009 -40.15096 (-67.71369; -12.58823)

55–59 0.3221 0.054 -40.47169 (-81.83799; 0.8945964)

60–64 0.0405 0.531 -6.782712 (-30.05815; 16.49273)

65–69 0.3782 0.033 -48.56186 (-92.43133; -4.692402)

70–74 0.3702 0.036 -24.12211 (-46.29181; -1.952409)

75–79 0.2632 0.088 -33.21057 (-72.36543; 5.944293)

� 80 0.1616 0.195 -8.176361 (-21.2969; 4.944174)

Total 0.5351 0.007 -5.351298 (-8.86571; -1.836887)

Amazonas

0–4 0.6825 0.001 11.65 ( 6.052592; 17.2515)

5–9 0.1506 0.213 3.97 (-2.673814; 10.614)

10–14 0.2290 0.116 3.097 (-.965813 ; 7.100647)

15–19 0.4573 0.016 17.588 (4.086702; 31.08998)

20–24 0.6572 0.001 19.802 (9.725824 ; 29.87979)

25–29 0.6295 0.002 23.886 (10.97499; 36.79889)

30–34 0.5296 0.007 18.261 (6.133773; 30.38902)

35–39 0.2160 0.128 9.667 (-3.310196; 22.64535)

40–44 0.4661 0.014 15.111 (3.716433; 26.50563)

45–49 0.3693 0.036 9.819 (0.7768351; 18.86172)

50–54 0.3349 0.049 11.417 (0.0799973; 22.75599)

55–59 0.7250 < 0.001 21.117 (11.95378; 30.282)

60–64 0.4952 0.011 18.394 (5.307926; 31.4802)

65–69 0.5703 0.005 20.945 (8.134567; 33.75685)

70–74 0.5636 0.005 18.730 (7.117275; 30.34407)

75–79 0.3802 0.033 15.767 (1.584023; 29.95156)

� 80 0.5274 0.007 14.128 (4.705697; 23.55171)

Total 0.6972 0.001 2.533 (1.357071; 3.710116)

Bahia

0–4 - - - (-; -)

5–9 0.2680 0.085 -8.119917 (-17.57465; 1.334813)

10–14 0.0783 0.378 -3.9424 (-13.47426; 5.589457)

15–19 0.0768 0.383 8.756811 (-12.62989; 30.14351)

20–24 0.0342 0.565 5.398646 (-14.8236; 25.6209)

25–29 0.0272 0.608 5.08918 (-16.34899; 26.52735)

30–34 0.0013 0.912 .9988316 (-18.54002; 20.53768)

35–39 0.2494 0.098 9.278475 (-2.064558; 20.62151)

40–44 0.1288 0.252 7.128707 (-5.935531; 20.19294)

(Continued)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

45–49 0.1340 0.242 6.946344 (-5.49442; 19.38711)

50–54 0.6170 0.002 14.59765 (6.494072; 22.70123)

55–59 0.7060 0.001 13.47724 (7.349769; 19.60472)

60–64 0.6329 0.002 10.50595 (4.868658; 16.14323)

65–69 0.4287 0.021 8.885459 (1.65776; 16.11316)

70–74 0.6737 0.001 9.83829 (5.013689; 14.66289)

75–79 0.5022 0.010 8.232186 (2.457533; 14.00684)

� 80 0.7868 < 0.001 10.1985 (6.457938; 13.93906)

Total 0.1973 0.148 1.137583 (-.4791081; 2.754273)

Ceará

0–4 anos 0.9255 < 0.001 42.20498 (33.77054; 50.63941)

5–9 anos 0.1931 0.153 4.953222 (-2.180051; 12.08649)

10–14 anos 0.3611 0.039 -8.326455 (-16.13106; -.5218486)

15–19 anos 0.0125 0.730 6.826819 (-35.95155; 49.60519)

20–24 anos 0.0010 0.924 1.668725 (-36.1252; 39.46265)

25–29 anos 0.0110 0.745 4.83647 (-27.4152; 37.08814)

30–34 anos 0.2234 0.121 18.97648 (-5.953305; 43.90627)

35–39 anos 0.3043 0.063 18.08948 (-1.181372; 37.36033)

40–44 anos 0.3546 0.041 17.00559 (.8398597; 33.17131)

45–49 anos 0.2897 0.071 20.09378 (-2.077912; 42.26548)

50–54 anos 0.7235 < 0.001 28.55369 (16.11681; 40.99056)

55–59 anos 0.6508 0.002 18.92031 (9.154007; 28.68661)

60–64 anos 0.4718 0.014 11.65432 (2.966171; 20.34248)

65–69 anos 0.5317 0.007 17.87934 (6.055608; 29.70308)

70–74 anos 0.6238 0.002 13.10129 (5.932703; 20.26987)

75–79 anos 0.8032 <0.001 15.22768 (9.916159; 20.53921)

80 anos e mais 0.8001 < 0.001 11.26754 (7.299529; 15.23555)

Total 0.3674 0.037 2.429333 (.183355; 4.67531)

Distrito Federal

0–4 0.5528 0.006 48.28478 (17.68379; 78.88576)

5–9 0.3190 0.056 17.52021 (-.5150385; 35.55545)

10–14 0.1987 0.146 10.8635 (-4.506086; 26.23308)

15–19 0.2848 0.074 -13.28613 (-28.12191; 1.54965)

20–24 0.2313 0.113 -23.96799 (-54.75799; 6.822001)

25–29 0.3269 0.052 -20.67096 (-41.57064; 0.2287196)

30–34 0.1895 0.157 -16.22486 (-39.86602; 7.416303)

35–39 0.0061 0.810 -2.959132 (-29.64374; 23.72547)

40–44 0.1359 0.238 -14.25478 (-39.57936; 11.0698)

45–49 0.0334 0.570 -7.526415 (-36.04835; 20.99552)

50–54 0.0246 0.627 6.272453 (-21.57553; 34.12044)

55–59 0.0351 0.560 7.980733 (-21.49313; 37.45459)

60–64 0.1761 0.174 -11.91843 (-30.08431; 6.247448)

65–69 0.0183 0.675 -4.589693 (-28.27049; 19.0911)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

70–74 0.0030 0.866 1.376055 (-16.28522; 19.03733)

75–79 0.0181 0.677 3.840688 (-16.07957; 23.76094)

� 80 0.3716 0.035 17.91251 (1.498385; 34.32663)

Total 0.0000 0.993 -0.0134746 (-3.328418; 3.301469)

Espírito Santo

0–4 0.2495 0.098 8.605444 (-1.910125; 19.12101)

5–9 0.4607 0.015 -11.7434 (-20.69503; -2.79177)

10–14 0.5838 0.004 -13.10745 (-20.90578; -5.309118)

15–19 os 0.0060 0.811 -2.956416 (-29.77303; 23.86019)

20–24 0.2565 0.093 -21.90075 (-48.17601; 4.374519)

25–29 0.1998 0.145 -18.36249 (-44.25595; 7.530971)

30–34 0.0795 0.375 -10.25081 (-34.82746; 14.32584)

35–39 0.0413 0.527 -7.748253 (-34.06466; 18.56815)

40–44 0.0629 0.432 -9.351442 (-34.77878; 16.0759)

45–49 0.0091 0.769 3.960317 (-25.22172; 33.14236)

50–54 0.0004 0.950 .7846021 (-26.2464; 27.8156)

55–59 0.0163 0.692 3.529023 (-15.77818; 22.83623)

60–64 0.0517 0.477 4.951812 (-9.993854; 19.89748)

65–69 0.5987 0.003 17.80595 (7.535183; 28.07672)

70–74 0.2782 0.078 12.88594 (-1.73772; 27.5096)

75–79 0.3922 0.029 13.28996 (1.633018; 24.94691)

� 80 0.6340 0.002 12.72639 (5.912973; 19.53982)

Total 0.0022 0.884 -0.1688155 (-2.675465; 2.337834)

Goiás

0–4 0.3730 0.035 9.210891 (.7973597; 17.62442)

5–9 0.1719 0.180 -4.726419 (-12.03689; 2.584047)

10–14 0.6916 0.001 -10.02397 (-14.74016; -5.307778)

15–19 0.5722 0.004 -18.00162 (-28.96969; -7.033548)

20–24 0.6801 0.001 -19.42995 (-28.81834; -10.04156)

25–29 0.4230 0.022 -17.15218 (-31.26806; -3.036304)

30–34 0.2811 0.076 -9.407014 (-20.00648; 1.192457)

35–39 0.1819 0.167 -6.438802 (-16.05991; 3.182308)

40–44 0.0020 0.889 -.8957415 (-14.8523; 13.06082)

45–49 0.0210 0.653 2.40813 (-9.180696; 13.99696)

50–54 0.0630 0.431 4.267537 (-7.331111; 15.86619)

55–59 0.0061 0.810 1.197741 (-9.591894; 11.98738)

60–64 0.7146 0.001 18.88126 (10.47422; 27.2883)

65–69 0.2395 0.106 6.455586 (-1.649954; 14.56113)

70–74 0.6730 0.001 18.32539 (9.32532; 27.32547)

75–79 0.6243 0.002 19.59943 (8.887206; 30.31166)

� 80 0.7724 < 0.001 17.07358 (10.54316; 23.604)

Total 0.0051 0.825 .1134388 (-1.003239; 1.230116)

(Continued)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

Maranhão

0–4 0.4083 0.025 13.40847 (2.036438; 24.7805)

5–9 0.3564 0.040 9.084977 (0.4821196; 17.68783)

10–14 0.3616 0.039 8.37904 (0.5342843; 16.2238)

15–19 0.7583 < 0.001 55.00458 (33.12122; 76.88794)

20–24 0.8263 < 0.001 56.40574 (38.1846; 74.62689)

25–29 0.7626 < 0.001 54.83187 (33.27512; 76.38862)

30–34 0.8773 < 0.001 45.05807 (33.18498; 56.93116)

35–39 0.8851 - - (-; -)

40–44 - < 0.001 44.77721 (33.40696; 56.14745)

45–49 0.9015 < 0.001 39.74757 (30.48813; 49.00702)

50–54 0.9000 < 0.001 34.90037 (26.70416; 43.09658)

55–59 0.8044 < 0.001 27.21981 (17.76357; 36.67605)

60–64 0.6769 < 0.001 21.77253 (11.1726; 32.37246)

65–69 0.8087 < 0.001 25.08413 (16.48673; 33.68153)

70–74 0.8528 < 0.001 26.66924 (18.86176; 34.47672)

75–79 0.8586 < 0.001 19.27253 (13.76119; 24.78388)

� 80 0.8549 < 0.001 15.48653 (10.99124; 19.98183)

Total 0.9389 < 0.001 5.384739 (4.416786; 6.352693)

Mato Grosso

0a 4 0.5591 0.005 18.7699 (7.025052; 30.51476)

5–9 0.4416 0.018 -12.65769 (-22.68686; -2.628515)

10–14 0.2833 0.075 -10.38622 (-22.02477; 1.252334)

15–19 0.0091 0.768 3.186886 (-20.20129; 26.57506)

20–24 0.4619 0.015 -34.71405 (-61.11214; -8.315949)

25–29 0.0077 0.786 -2.607459 (-23.46181; 18.24689)

30–34 - - - (-; -)

35–39 0.0247 0.626 -5.032936 (-27.30889; 17.24301)

40–44 0.0388 0.539 -4.795879 (-21.61225; 12.0205)

45–49 0.0047 0.832 1.520364 (-14.03587; 17.0766)

50–54 0.0070 0.796 -1.401018 (-13.14505; 10.34302)

55–59 0.1308 0.248 6.210128 (-5.070401; 17.49066)

60–64 0.0584 0.449 7.322759 (-13.40256; 28.04808)

65–69 0.0800 0.373 6.411983 (-8.909456; 21.73342)

70–74 0.5258 0.008 20.48129 (6.775247; 34.18733)

75–79 0.1568 0.203 9.408353 (-5.965013; 24.78172)

� 80 0.2589 0.091 6.591994 (-1.265852; 14.44984)

Total 0.0000 0.999 0.0013807 (-1.912672; 1.915433)

Mato Grosso do Sul

0–4 0.0197 0.664 3.42112 (-13.583; 20.42524)

5–9 0.4857 0.012 -16.37614 (-28.24894; -4.503346)

10–14 0.0312 0.583 -2.337702 (-11.5185; 6.843096)

15–19 0.0470 0.499 -6.845818 (-28.56967; 14.87803)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

20–24 0.0777 0.380 -8.730684 (-29.92216; 12.46079)

25–29 0.2756 0.080 -23.87068 (-51.14018; 3.398824)

30–34 0.1372 0.236 -12.84976 (-35.55432; 9.854804)

35–39 0.0001 0.978 -.2373176 (-18.58611; 18.11148)

40–44 0.1559 0.204 -10.23964 (-27.028; 6.548727)

45–49 0.0252 0.622 2.97225 (-10.04937; 15.99387)

50–54 0.0245 0.627 -3.059208 (-16.65438; 10.53596)

55–59 0.1390 0.233 9.67001 (-7.291056; 26.63108)

60–64 0.1215 0.267 9.08854 (-8.130843; 26.30792)

65–69 0.2607 0.090 16.14349 (-3.01254; 35.29952)

70–74 0.3556 0.041 17.94235 (0.9225824; 34.96212)

75–79 0.3285 0.051 12.97876 (-0.0945184; 26.05204)

� 80 0.8016 < 0.001 19.00386 (12.34153; 25.66619)

Total 0.0006 0.941 .0667343 (-1.893257; 2.026726)

Minas Gerais

0–4 0.1821 0.167 6.961586 (-3.435487; 17.35866)

5–9 0.3518 0.042 -6.873006 (-13.44667; -.2993408)

10–14 0.7957 < 0.001 -13.08791 (-17.76114; -8.414676)

15–19 0.1053 0.303 -5.992335 (-18.30038; 6.315707)

20–24 0.4254 0.022 -12.05901 (-21.93353; -2.18449)

25–29 0.3025 0.064 -9.181918 (-19.00538; .6415395)

30–34 0.6510 0.002 -13.43748 (-20.37043; -6.50453)

35–39 0.0736 0.394 -2.554975 (-8.939744; 3.829794)

40–44 0.0383 0.542 1.991558 (-5.037854; 9.02097)

45–49 0.0701 0.406 2.364434 (-3.705249; 8.434118)

50–54 0.5473 0.006 7.337322 (2.635892; 12.03875)

55–59 0.7332 < 0.001 12.63894 (7.267076; 18.01081)

60–64 0.6021 0.003 9.05285 (3.867699; 14.238)

65–69 0.7943 < 0.001 11.15101 (7.152702; 15.14931)

70–74 - - - (-; -)

75–79 0.7754 < 0.001 11.06995 (6.872554; 15.26734)

� 80 0.9356 < 0.001 14.06956 (11.46953; 16.6696)

Total 0.0835 0.362 0.2751456 (-0.3672378; 0.9175289)

Pará

0–4 0.7933 < 0.001 21.84819 (13.99122; 29.70516)

5–9 0.3665 0.037 5.924406 (.4363277; 11.41248)

10–14 0.2175 0.126 6.177389 (-2.077839; 14.43262)

15–19 0.4179 0.023 32.01537 (5.390975; 58.63977)

20–24 0.4921 0.011 35.32087 (10.03745; 60.6043)

25–29 0.2174 0.127 23.45804 (-7.903151; 54.81922)

30–34 0.2684 0.084 22.75911 (-3.718781; 49.237)

35–39 0.5816 0.004 29.55384 (11.89267; 47.21502)

40–44 0.6504 0.002 23.17685 (11.20419; 35.1495)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

45–49 0.7736 < 0.001 26.46024 (16.37502; 36.54547)

50–54 0.5886 0.004 17.85489 (7.338146; 28.37163)

55–59 0.6247 - - (-; -)

60–64 - 0.002 15.76658 (7.155296; 24.37786)

65–69 0.5293 0.007 10.33715 (3.468329; 17.20598)

70–74 0.2305 0.114 6.495517 (-1.867382; 14.85842)

75–79 0.5831 0.004 11.3059 (4.569893; 18.04191)

� 80 0.6372 0.002 9.641141 (4.515114; 14.76717)

Total 0.5704 0.005 3.059595 (1.188541; 4.930649)

Paraíba

0–4 0.4742 0.013 -35.99264 (-62.69471; -9.290564)

5–9 0.6930 0.001 -38.71377 (-56.87086; -20.55669)

10–14 0.6678 0.001 -39.00649 (-58.39056; -19.62242)

15–19 0.7003 0.001 -87.61793 (-128.0089; -47.22699)

20–24 0.6987 0.001 -92.7525 (-135.6656; -49.83945)

25–29 0.6665 0.001 -83.84856 (-125.6361; -42.061)

30–34 0.7276 < 0.001 -70.63522 (-101.091; -40.17941)

35–39 0.7657 < 0.001 -67.82586 (-94.25835; -41.39336)

40–44 0.6273 0.002 -44.03293 (-67.94999; -20.11588)

45–49 0.5887 0.004 -36.91202 (-58.65259; -15.17145)

50–54 0.4293 0.021 -28.51988 (-51.68832; -5.351439)

55–59 0.5995 0.003 -21.73153 (-34.24592; -9.217132)

60–64 0.5604 0.005 -24.0388 (-39.03881; -9.038789)

65–69 0.4485 0.017 -15.63875 (-27.85832; -3.419171)

70–74 0.5616 0.005 -14.20204 (-23.04254; -5.36154)

75–79 0.4731 0.013 -12.52148 (-21.83144; -3.211509)

� 80 0.2718 0.082 -8.599393 (-18.51825; 1.319466)

Total 0.6963 0.001 -7.225898 (-10.58822; -3.863579)

Paraná

0–4 0.4938 0.011 37.26343 (10.68098; 63.84587)

5–9 0.0545 0.465 -5.110262 (-20.11331; 9.89279)

10–14 0.4548 0.016 -16.30144 (-28.87669; -3.726195)

15–19 0.0980 0.322 -12.57734 (-39.4572; 14.30251)

20–24 0.0225 0.642 -4.754975 (-26.83866; 17.32871)

25–29 0.0439 0.514 -4.132378 (-17.72856; 9.4638)

30–34 0.1196 0.271 -9.18386 (-26.74326; 8.375539)

35–39 0.2290 0.116 9.932479 (-2.907918; 22.77288)

40–44 0.1718 0.180 7.846936 (-4.291423; 19.9853)

45–49 0.4261 0.021 13.53267 (2.467152; 24.59819)

50–54 0.8138 < 0.001 22.97141 (15.22881; 30.71402)

55–59 0.7691 < 0.001 26.91298 (16.52331; 37.30264)

60–64 0.8907 < 0.001 18.99117 (14.30481; 23.67752)

65–69 0.8290 < 0.001 20.51924 (13.95269; 27.08579)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

70–74 0.9027 < 0.001 26.11186 (20.07215; 32.15157)

75–79 0.7660 < 0.001 19.94069 (12.17498; 27.70639)

� 80 0.9277 < 0.001 24.35314 (19.56269; 29.14359)

Total 0.4158 0.024 1.763157 (0.2904611; 3.235854)

Pernambuco

0–4 0.2961 0.067 18.14129 (-1.566685; 37.84927)

5–9 0.3267 0.052 -8.088987 (-16.27101; 0.0930329)

10–14 0.4377 0.019 -10.57062 (-19.01214; -2.129102)

15–19 0.0860 0.355 12.28324 (-15.92832; 40.49481)

20–24 0.0903 0.343 16.19489 (-20.02578; 52.41556)

25–29 0.0973 0.324 10.80126 (-12.37683; 33.97935)

30–34 0.0256 0.619 5.42487 (-18.15235; 29.00209)

35–39 0.1225 0.265 8.5803 (-7.59937; 24.75997)

40–44 0.1783 0.172 9.634181 (-4.940764; 24.20913)

45–49 0.1557 0.204 9.533999 (-6.11064; 25.17864)

50–54 0.1002 0.316 6.663475 (-7.402355; 20.7293)

55–59 0.4510 0.017 10.13703 (2.256587; 18.01748)

60–64 0.4023 0.027 14.35866 (2.026321; 26.691)

65–69 0.3257 0.053 11.03945 (-0.1514642; 22.23037)

70–74 0.7400 < 0.001 15.21134 (8.858736; 21.56394)

75–79 0.4535 0.016 9.951957 (2.254806; 17.64911)

�80 0.7151 0.001 10.0646 (5.587967; 14.54124)

Total 0.1768 0.174 1.49361 (-0.7773257; 3.764545)

Piauí

0–4 0.2296 0.115 6.075597 (-1.765201; 13.91639)

5–9 0.0004 0.951 -0.2927463 (-10.68402; 10.09853)

10–14 0.0471 0.498 3.380113 (-7.337003; 14.09723)

15–19 0.2785 0.078 40.48692 (-5.433354; 86.4072)

20–24 0.6509 0.002 63.43446 (30.70179; 96.16714)

25–29 0.4999 0.010 55.80504 (16.47574; 95.13434)

30–34 0.6292 0.002 52.08474 (23.91067; 80.2588)

35–39 0.6306 0.002 48.24226 (22.22772; 74.25681)

40–44 0.7516 < 0.001 57.07575 (33.95903; 80.19247)

45–49 0.7483 < 0.001 40.42415 (23.90564; 56.94265)

50–54 0.7788 < 0.001 40.06484 (25.01891; 55.11077)

55–59 0.6599 0.001 25.97404 (12.8361; 39.11198)

60–64 0.5391 0.007 20.49497 (7.143766; 33.84618)

65–69 0.6338 0.002 28.70731 (13.33298; 44.08164)

70–74 0.6275 0.002 25.38844 (11.60576; 39.17111)

75–79 - - - (-; -)

� 80 0.6185 0.002 15.00641 (6.701436; 23.31138)

Total 0.7308 < 0.001 5.380512 (3.079627; 7.681396)

(Continued)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

Rio de Janeiro

0–4 0.7448 < 0.001 31.26287 (18.3676; 44.15815)

5–9 0.0181 0.677 1.252736 (-5.253708; 7.759181)

10–14 0.0251 0.623 1.805437 (-6.130486; 9.741359)

15–19 0.3805 0.033 13.74597 (1.387978; 26.10397)

20–24 0.5775 0.004 22.64667 (8.997514; 36.29582)

25–29 0.5605 0.005 14.21013 (5.344407; 23.07585)

30–34 0.4974 0.010 11.23959 (3.278907; 19.20027)

35–39 0.7979 < 0.001 17.20162 (11.10217; 23.30107)

40–44 0.5798 0.004 10.84132 (4.338807; 17.34382)

45–49 0.6990 0.001 14.02548 (7.540148; 20.51081)

50–54 0.7519 < 0.001 15.97452 (9.508284; 22.44076)

55–59 0.8127 < 0.001 17.71869 (11.72554; 23.71184)

60–64 0.9534 < 0.001 17.55152 (14.81644; 20.28659)

65–69 0.9487 < 0.001 20.26889 (16.94838; 23.58941)

70–74 0.9336 < 0.001 16.62608 (13.5008; 19.75135)

75–79 0.9227 < 0.001 14.33734 (11.41289; 17.26178)

� 80 0.8565 < 0.001 12.006 (8.543407; 15.46859)

Total 0.7933 < 0.001 2.527149 (1.618105; 3.436192)

Rio Grande do Norte

0–4 0.6042 0.003 11.86768 (5.099782; 18.63558)

5–9 0.0027 0.873 .2571334 (-3.241539; 3.755806)

10–14 0.0214 0.650 1.438548 (-5.421406; 8.298502)

15–19 0.1533 0.208 9.421095 (-6.182316; 25.02451)

20–24 0.0140 0.714 4.433893 (-21.79364; 30.66142)

25–29 0.0055 0.818 -2.167655 (-22.65635; 18.32104)

30–34 0.1047 0.305 8.272677 (-8.770621; 25.31597)

35–39 0.1014 0.313 8.271281 (-9.079859; 25.62242)

40–44 - - - (-; -)

45–49 0.3546 0.041 16.5471 (.8189716; 32.27522)

50–54 0.6948 0.001 20.65614 (11.00932; 30.30296)

55–59 0.4065 0.026 16.56427 (2.462803; 30.66573)

60–64 0.1065 0.301 5.646568 (-5.878394; 17.17153)

65–69 0.5202 0.008 15.37487 (4.970457; 25.77928)

70–74 0.5093 0.009 17.87559 (5.512058; 30.23912)

75–79 0.4007 0.027 7.670452 (1.061139; 14.27976)

� 80 0.5948 0.003 10.88143 (4.553646; 17.20922)

Total 0.3578 0.040 1.630702 (0.0913046; 3.170099)

Rio Grande do Sul

0–4 0.6969 0.001 -22.05091 (-32.29797; -11.80386)

5–9 0.8422 <0.001 -29.96878 (-39.10971; -20.82785)

10–14 0.9256 <0.001 -29.20466 (-35.03851; -23.37081)

15–19 0.7185 < 0.001 -26.69353 (-38.46568; -14.92137)

20–24 0.7218 < 0.001 -34.53079 (-49.63449; -19.42709)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

25–29 0.7947 < 0.001 -20.61702 (-28.00003; -13.234)

30–34 0.8291 < 0.001 -19.39893 (-25.60559; -13.19226)

35–39 0.6833 0.001 -14.8858 (-22.02558; -7.746012)

40–44 0.7851 < 0.001 -19.83451 (-27.14641; -12.52262)

45–49 0.6811 0.001 -17.85139 (-26.45821; -9.244562)

50–54 0.3599 0.039 -7.119917 (-13.8099; -.4299314)

55–59 0.0109 0.746 -0.743476 (-5.724769; 4.237817)

60–64 0.0000 0.988 -0.0284309 (-4.074809; 4.017947)

65–69 0.0255 0.620 -0.8417308 (-4.50924; 2.825778)

70–74 0.5248 0.008 6.759869 (2.22781; 11.29193)

75–79 0.3979 0.028 5.220151 (0.6959262; 9.744376)

�m80 0.7898 < 0.001 4.562996 (2.904476; 6.221517)

Total 0.8132 < 0.001 -2.272268 (-3.039517; -1.505019)

Rondônia

0–4 0.3054 0.062 43.02182 (-2.69612; 88.73976)

5–9 0.0094 0.765 3.247585 (-20.26745; 26.76262)

10–14 0.0014 0.907 -0.6795796 (-13.31137; 11.95221)

15–19 0.0423 0.521 -8.948426 (-38.93841; 21.04156)

20–24 0.0092 0.766 5.734106 (-36.08463; 47.55284)

25–29 0.2131 0.131 -25.45637 (-59.91858; 9.005836)

30–34 0.0053 0.822 -3.547277 (-37.84045; 30.7459)

35–39 0.0023 0.883 -2.2987 (-36.11083; 31.51343)

40–44 0.0000 0.988 .2421229 (-34.24932; 34.73356)

45–49 0.0502 0.484 10.55388 (-21.77585; 42.88362)

50–54 0.0516 0.478 10.42449 (-21.08054; 41.92951)

55–59 0.1352 0.240 16.99913 (-13.29733; 47.29559)

60–64 0.0314 0.582 7.512004 (-21.89156; 36.91557)

65–69 0.5055 0.010 26.1204 (7.915564; 44.32524)

70–74 0.3207 0.055 17.58742 (-0.4462037; 35.62104)

75–79 0.7654 < 0.001 21.1701 (12.91084; 29.42936)

� 80 0.6408 0.002 24.77988 (11.70642; 37.85334)

Total 0.0716 0.401 1.464626 (-2.252476; 5.181728)

Roraima

0–4 0.0277 0.605 12.86429 (-40.86586; 66.59444)

5–9 0.1175 0.275 -21.05591 (-61.71881; 19.607)

10–14 0.0096 0.762 3.5116 (-21.58209; 28.60529)

15–19 0.0006 0.938 1.060959 (-28.37494; 30.49686)

20–24 0.0556 0.461 8.188362 (-15.58648; 31.96321)

25–29 0.0289 0.598 12.45662 (-38.44482; 63.35805)

30–34 0.0430 0.518 11.47874 (-26.66178; 49.61926)

35–39 0.0000 0.988 -.3329741 (-46.70785; 46.0419)

40–44 0.0747 0.390 14.91072 (-22.06766; 51.8891)

45–49 0.0823 0.366 -16.0201 (-53.72331; 21.68311)

(Continued)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

50–54 0.0004 0.952 -.9046439 (-33.77657; 31.96728)

55–59 0.2772 0.079 19.0456 (-2.62515; 40.71635)

60–64 0.1216 0.267 19.01485 (-16.99041; 55.02012)

65–69 0.1013 0.313 21.23019 (-23.31962; 65.78)

70–74 0.3070 0.062 21.60614 (-1.267012; 44.4793)

75–79 0.2282 0.116 53.43766 (-15.81028; 122.6856)

� 80 0.4808 0.012 31.04696 (8.315454; 53.77847)

Total 0.2334 0.112 1.915391 (-.5304348; 4.361216)

Santa Catarina

0–4 0.1563 0.203 10.17735 (-6.481488; 26.83619)

5–9 0.2460 0.101 -8.157149 (-18.21996; 1.905664)

10–14 0.5858 0.004 -14.32318 (-22.80979; -5.836566)

15–19 0.4687 0.014 -24.34532 (-42.6102; -6.080434)

20–24 0.4766 0.013 -24.87304 (-43.238; -6.508085)

25–29 0.2841 0.074 -11.10234 (-23.52064; 1.315954)

30–34 0.3182 0.056 -11.73384 (-23.83483; .367142)

35–39 0.2070 0.137 -6.471365 (-15.39588; 2.453153)

40–44 - - - (-; -)

45–49 0.3714 0.035 -8.851694 (-16.96595; -0.7374419)

50–54 0.0139 0.716 2.095916 (-10.36343; 14.55526)

55–59 0.1078 0.297 3.897368 (-4.000752; 11.79549)

60–64 0.3265 0.052 10.36606 (-0.1252432; 20.85736)

65–69 0.2089 0.135 6.724965 (-2.496781; 15.94671)

70–74 0.3337 0.049 3.852307 (.0168896; 7.687725)

75–79 0.6821 0.001 13.79607 (7.159966; 20.43218)

� 80 0.5499 0.006 10.76667 (3.903044; 17.6303)

Total 0.0972 0.324 -.5525308 (-1.739186; .6341243)

São Paulo

0–4 0.4019 0.027 -18.84617 (-35.04672; -2.645624)

5–9 0.9713 < 0.001 -30.80917 (-34.54242; -27.07593)

10–14 - - - (-; -)

15–19 0.7647 < 0.001 -23.2388 (-32.32247; -14.15513)

20–24 0.8650 < 0.001 -28.24621 (-36.1103; -20.38212)

25–29 0.8314 < 0.001 -25.00119 (-32.93499; -17.06738)

30–34 0.8619 < 0.001 -22.51058 (-28.85862; -16.16253)

35–39 0.8620 < 0.001 -18.72853 (-24.00947; -13.44759)

40–44 0.7259 < 0.001 -18.12083 (-25.96603; -10.27563)

45–49 0.6504 0.002 -13.35748 (-20.257; -6.457969)

50–54 0.4089 0.025 -8.606852 (-15.89853; -1.315178)

55–59 0.1094 0.294 -3.631847 (-10.93369; 3.669995)

60–64 0.0149 0.706 1.09651 (-5.188218; 7.381239)

65–69 0.0382 0.542 1.496552 (-3.791265; 6.784368)

70–74 0.0750 0.389 2.21944 (-3.272787; 7.711668)
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Table 1 (Continued)

Age group (years old) R squad�� P� β CI 95

75–79 0.5138 0.009 4.482028 (1.409971; 7.554085)

� 80 0.5468 0.006 5.065513 (1.816483; 8.314543)

Total 0.7461 < 0.001 -2.220774 (-3.133521; -1.308027)

Sergipe

0–4 0.3958 0.028 16.80084 (2.175946; 31.42573)

5–9 0.0585 0.449 3.170491 (-5.795267; 12.13625)

10–14 0.0081 0.782 -1.360546 (-12.00007; 9.278984)

15–19 0.1325 0.245 9.234521 (-7.415501; 25.88454)

20–24 0.3218 0.054 22.27177 (-0.5121089; 45.05565)

25–29 0.0294 0.594 6.73735 (-20.53732; 34.01202)

30–34 0.1664 0.188 15.60095 (-9.000182; 40.20208)

35–39 0.1184 0.274 9.745295 (-8.994871; 28.48546)

40–44 0.1960 0.149 11.43506 (-4.882783; 27.75291)

45–49 0.3376 0.048 18.72637 (0.2424035; 37.21034)

50–54 0.1704 0.182 10.3418 (-5.738716; 26.42232)

55–59 0.2305 0.114 12.73528 (-3.661189; 29.13174)

60–64 0.3947 0.029 10.9791 (1.39947; 20.55874)

65–69 0.1744 0.177 7.349407 (-3.91936; 18.61817)

70–74 0.2338 0.111 11.01448 (-3.033541; 25.0625)

75–79 0.0516 0.478 4.953654 (-10.01557; 19.92288)

� 80 0.2689 0.084 6.095157 (-0.9869454; 13.17726)

Total 0.3880 0.031 1.75831 (0.2022819; 3.314338)

Tocantins

0–4 0.0403 0.532 5.83771 (-14.24548; 25.9209)

5–9 0.0395 0.536 -3.49895 (-15.66093; 8.663035)

10–14 0.2414 0.105 -9.582572 (-21.55088; 2.385732)

15–19 0.0188 0.671 4.52645 (-18.52391; 27.57681)

20–24 0.1669 0.187 -17.95299 (-46.21285; 10.30686)

25–29 0.5149 0.009 -40.35708 (-67.95664; -12.75752)

30–34 0.4300 0.021 -26.68918 (-48.34112; -5.037246)

35–39 0.0059 0.812 -3.062352 (-30.95675; 24.83204)

40–44 0.2851 0.074 13.61374 (-1.576256; 28.80373)

45–49 0.2540 0.095 -7.518968 (-16.5988; 1.560868)

50–54 0.0055 0.819 -2.246457 (-23.50182; 19.00891)

55–59 0.0336 0.568 5.983982 (-16.61707; 28.58503)

60–64 0.4268 0.021 -16.98793 (-30.8603; -3.115563)

65–69 0.2260 0.118 -9.908295 (-22.82922; 3.01263)

70–74 0.0749 0.389 12.11104 (-17.88476; 42.10684)

75–79 0.0138 0.716 -3.402011 (-23.67377; 16.86975)

� 80 0.1335 0.243 9.553773 (-7.597712; 26.70526)

Total 0.1780 0.172 -0.895801 (-2.252156; 0.4605544)
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Table 2 Analysis of the age-adjusted incidence of TBI in the female population in each state of Brazil (2008–2019)

Age group (years) R squad�� P� β CI 95

Szsz

0–4 - - - (-; -)

5–9 0.4899 0.011 -9.640286 (-16.57082; -2.709748)

10–14 0.6157 0.003 -7.263633 (-11.30695; -3.220314)

15–19 0.2628 0.088 -9.410898 (-20.51674; 1.694946)

20–24 0.1755 0.175 -7.70003 (-19.45788; 4.057818)

25–29 0.0236 0.633 -1.663256 (-9.199069; 5.872557)

30–34 0.3267 0.052 -6.539606 (-13.15462; 0.075404)

35–39 0.5181 0.008 -7.450187 (-12.51289; -2.387485)

40–44 0.0032 0.862 -.5330526 (-7.208636; 6.142531)

45–49 0.0004 0.951 -.2849064 (-10.3524; 9.782588)

50–54 0.3524 0.042 -10.44079 (-20.41326; -.4683075)

55 a 59 0.0911 0.340 -5.438387 (-17.54201; 6.665235)

60–64 0.1725 0.179 -4.480862 (-11.39539; 2.433668)

65–69 0.1608 0.196 4.175292 (-2.54566; 10.89624)

70–74 0.0497 0.486 -4.686002 (-19.11841; 9.746404)

75–79 0.0034 0.857 -.8548896 (-11.16229; 9.452509)

� 80 0.3376 0.048 -11.19307 (-22.23947; -.146666)

Total 0.4496 0.017 -.8627143 (-1.535267; -.1901619)

Alagoas

0–4 0.2165 0.127 3.507815 (-1.193722; 8.209352)

5–9 0.0600 0.443 -.7221193 (-2.735413; 1.291174)

10–14 0.0311 0.584 .7669556 (-2.24945; 3.783362)

15–19 0.1811 0.168 3.633634 (-1.8115; 9.078767)

20–24 0.1697 0.183 2.755433 (-1.538275; 7.049141)

25–29 0.0541 0.467 .9650897 (-1.879577; 3.809757)

30–34 0.2329 0.112 2.295807 (-.6395447; 5.231158)

35–39 0.0008 0.930 -.1368907 (-3.532384; 3.258603)

40–44 0.0060 0.810 -.2019196 (-2.02733; 1.623491)

45–49 0.0035 0.854 .28787 (-3.112872; 3.688612)

50–54 0.1531 0.208 1.948217 (-1.28022; 5.176654)

55–59 0.0347 0.562 .9667461 (-2.626933; 4.560425)

60–64 0.0932 0.334 1.261954 (-1.510996; 4.034903)

65–69 0.0054 0.821 -.3569733 (-3.775757; 3.06181)

70–74 0.0094 0.764 .5403979 (-3.361631; 4.442427)

75–79 0.0955 0.328 3.51014 (-4.099831; 11.12011)

� 80 0.4304 0.021 2.913811 (.5519346; 5.275688)

Total 0.2368 0.109 .2393597 (-.063446; .5421653)

Amapá

0–4 0.0407 0.529 2.062617 (-4.99289; 9.118124)

5–9 0.2022 0.142 -4.555661 (-10.93155; 1.820232)

10–14 0.5113 0.009 -9.144175 (-15.44291; -2.845441)
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Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

15–19 0.1218 0.266 -10.28843 (-29.75654; 9.179667)

20–24 0.1799 0.169 -8.892631 (-22.27198; 4.486716)

25–29 0.4149 0.024 -13.67505 (-25.11652; -2.233582)

30–34 0.0708 0.403 -4.619878 (-16.41577; 7.176009)

35–39 0.3997 0.027 -23.6096 (-43.99557; -3.223641)

40–44 0.5197 0.008 -20.60429 (-34.56028; -6.648298)

45–49 0.5033 0.010 -32.27142 (-54.85898; -9.683858)

50–54 0.4710 0.014 -37.53286 (-65.55977; -9.505945)

55–59 0.0655 0.422 3.451958 (-5.735439; 12.63935)

60–64 0.6127 0.003 -42.0611 (-65.62453; -18.49767)

65–69 0.2410 0.105 -14.3564 (-32.30588; 3.59308)

70–74 0.4325 0.020 -26.68285 (-48.22031; -5.145388)

75–79 0.1354 0.239 -11.21422 (-31.18402; 8.755573)

� 80 0.0013 0.912 -0.5636354 (-11.67384; 10.54657)

Total 0.5170 0.008 -2.545576 (-4.279361; -0.8117918)

Amazonas

0–4 0.5165 0.008 8.118629 (2.584474; 13.65278)

5–9 0.0080 0.783 .5615153 (-3.851824; 4.974855)

10–14 0.1741 0.177 1.733952 (-.9267592; 4.394663)

15–19 0.3032 0.064 5.030686 (-.3427634; 10.40414)

20–24 0.0556 0.461 1.99757 (-3.802133; 7.797272)

25–29 0.1418 0.228 2.67253 (-1.959724; 7.304785)

30–34 0.0003 0.959 -0.1129691 (-4.914523; 4.688585)

35–39 0.2390 0.107 4.74971 (-1.221692; 10.72111)

40–44 0.0294 0.594 1.172425 (-3.573821; 5.918672)

45–49 0.0140 0.714 0.578578 (-2.836598; 3.993754)

50–54 0.1874 0.160 5.252169 (-2.454004; 12.95834)

55–59 0.1355 0.239 4.094851 (-3.193533; 11.38324)

60–64 0.2115 0.133 6.748003 (-2.432457; 15.92846)

65–69 0.3085 0.061 6.991178 (-.3834059; 14.36576)

70–74 0.0436 0.515 2.230024 (-5.125422; 9.58547)

75–79 0.3889 0.030 5.982722 (0.6989311; 11.26651)

� 80 0.3798 0.033 8.995458 (0.8963964; 17.09452)

Total 0.4059 0.026 0.6679703 (0.0985558; 1.237385)

Bahia

0–4 - - - (-; -)

5–9 0.2370 0.109 -3.806058 (-8.618401; 1.006285)

10–14 0.2134 0.131 -2.222832 (-5.230155; .7844901)

15–19 0.0155 0.700 1.055109 (-4.868402; 6.978619)

20–24 0.0154 0.700 0.9724115 (-4.499277; 6.4441)

25–29 0.0228 0.639 0.7382179 (-2.665531; 4.141967)

30–34 0.0157 0.698 0.6846784 (-3.135397; 4.504754)

35–39 0.0676 0.414 1.323999 (-2.140315; 4.788313)

(Continued)
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Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

40–44 0.1699 0.183 1.668083 (-0.9301996; 4.266366)

45–49 0.1941 0.152 1.89844 (-0.8275053; 4.624386)

50–54 0.5321 0.007 3.619254 (1.228115; 6.010393)

55–59 0.0019 0.894 0.1439377 (-2.200638; 2.488513)

60–64 0.1087 0.295 1.300524 (-1.323662; 3.92471)

65–69 0.5568 0.005 4.071976 (1.512327; 6.631624)

70–74 0.1823 0.166 2.078803 (-1.022925; 5.180531)

75–79 0.7687 < 0.001 3.493241 (2.143242; 4.843241)

� 80 0.7833 < 0.001 5.45145 (3.431327; 7.471574)

Total 0.1466 0.219 0.2581068 (-0.1806472; 0.6968607)

Ceará

0–4 0.8561 < 0.001 31.22963 (22.20926; 40.25)

5–9 0.0542 0.466 1.806035 (-3.508381; 7.120452)

10–14 0.0142 0.713 -.925012 (-6.364996; 4.514972)

15–19 0.0057 0.815 1.272492 (-10.51981; 13.06479)

20–24 0.0574 0.453 -2.626295 (-10.12268; 4.870087)

25–29 0.0116 0.739 .8881604 (-4.892694; 6.669015)

30–34 0.0280 0.603 1.429594 (-4.510157; 7.369345)

35–39 0.1011 0.314 1.793781 (-1.975349; 5.562911)

40–44 0.1717 0.180 3.284345 (-1.797733; 8.366423)

45–49 0.0746 0.390 1.217114 (-1.803187; 4.237415)

50–54 0.0006 0.937 -0.1605315 (-4.60202; 4.280957)

55–59 0.2009 0.144 3.814583 (-1.54512; 9.174286)

60–64 0.2078 0.136 2.319788 (-.8712304; 5.510807)

65–69 0.0145 0.710 0.8608601 (-4.145333; 5.867053)

70–74 0.5037 0.010 4.592762 (1.380598; 7.804925)

75–79 0.4751 0.013 5.882353 (1.525782; 10.23892)

� 80 0.6659 0.001 6.038874 (3.025206; 9.052542)

Total 0.3441 0.045 0.6271852 (0.0170956; 1.237275)

Distrito Federal

0–4 0.5719 0.004 48.87847 (19.08292; 78.67402)

5–9 0.2187 0.125 6.714877 (-2.226515; 15.65627)

10–14 0.0003 0.956 0.1085961 (-4.158923; 4.376115)

15–19 0.1623 0.194 4.129506 (-2.480444; 10.73945)

20–24 0.0105 0.751 1.508598 (-8.81313; 11.83033)

25–29 0.1298 0.250 -2.556543 (-7.219703; 2.106617)

30–34 0.0215 0.650 -1.226807 (-7.065095; 4.611482)

35–39 0.0001 0.980 .0534951 (-4.536171; 4.643161)

40–44 0.0546 0.465 2.351619 (-4.541663; 9.2449)

45–49 0.0859 0.355 2.04306 (-2.652666; 6.738785)

50–54 0.0743 0.391 2.217509 (-3.296344; 7.731361)

55–59 0.3952 0.029 5.316369 (0.6819925; 9.950745)

60–64 0.0288 0.598 1.385403 (-4.283945; 7.054751)
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Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

65–69 0.0418 0.524 1.875528 (-4.448395; 8.199452)

70–74 0.2565 0.093 6.793608 (-1.355956; 14.94317)

75–79 0.2726 0.082 6.35147 (-.9593008; 13.66224)

� 80 0.6430 0.002 9.530571 (4.526818; 14.53432)

Total 0.3818 0.032 0.9547533 (0.0986726; 1.810834)

Espirito Santo

0–4 0.2126 0.131 9.350548 (-3.327267; 22.02836)

5–9 0.3149 0.058 -4.784494 (-9.757419; 0.1884304)

10–14 0.3669 0.037 -3.894091 (-7.49841; -.2897721)

15–19 0.0025 0.877 -.3142266 (-4.738197; 4.109743)

20–24 0.0258 0.618 -1.312679 (-6.993866; 4.368507)

25–29 0.2139 0.130 -4.787623 (-11.25495; 1.679702)

30–34 0.1630 0.193 -5.410094 (-14.04801; 3.227823)

35–39 0.0230 0.638 -0.9397241 (-5.257829; 3.378381)

40–44 0.3581 0.040 -5.41451 (-10.52224; -0.3067834)

45–49 0.0971 0.324 -2.494233 (-7.85185; 2.863383)

50–54 0.0002 0.961 0.1265806 (-5.558383; 5.811545)

55–59 0.0986 0.320 2.610574 (-2.950107; 8.171256)

60–64 0.2222 0.122 -4.080831 (-9.459912; 1.298251)

65–69 0.0344 0.564 1.945182 (-5.314282; 9.204646)

70–74 0.1145 0.282 3.57045 (-3.426145; 10.56704)

75–79 0.1348 0.240 3.751684 (-2.945141; 10.44851)

� 80 0.5358 0.007 7.846299 (2.700858; 12.99174)

Total 0.0023 0.882 -0.0423119 (-0.662186; 0.5775622)

Goiás

0–4 0.6813 0.001 11.74701 (6.086501; 17.40751)

5–9 0.0461 0.503 -1.282979 (-5.395496; 2.829538)

10–14 0.7432 < 0.001 -6.121299 (-8.656828; -3.585769)

15–19 0.4217 0.022 -4.675575 (-8.533874; -0.817275)

20–24 0.2176 0.126 -3.314525 (-7.743117; 1.114068)

25–29 0.0846 0.359 -1.736174 (-5.759694; 2.287347)

30–34 0.4384 0.019 -4.832585 (-8.686143; -0.9790279)

35–39 0.3464 0.044 -2.963998 (-5.83281; -0.0951861)

40–44 0.0002 0.962 0.1107125 (-4.999881; 5.221306)

45–49 0.1972 0.148 -1.863849 (-4.513251; 0.7855516)

50–54 0.0266 0.612 0.856575 (-2.792351; 4.505501)

55–59 0.1384 0.234 1.504674 (-1.140637; 4.149986)

60–64 0.2386 0.107 1.67024 (-0.4320956; 3.772575)

65–69 0.2980 0.066 3.644382 (-0.2967489; 7.585512)

70–74 0.4851 0.012 7.101298 (1.945838; 12.25676)

75–79 0.6246 0.002 8.737753 (3.965034; 13.51047)

� 80 0.6192 0.002 8.985107 (4.020176; 13.95004)

Total 0.1191 0.272 0.1756676 (-0.1609894; 0.5123246)

(Continued)
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Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

Maranhão

0–4 0.5017 0.010 10.37098 (3.08819; 17.65378)

5–9 0.3241 0.053 4.689824 (-.0825611; 9.46221)

10–14 0.5179 0.008 5.438709 (1.74145; 9.135967)

15–19 0.6955 0.001 14.24277 (7.602113; 20.88343)

20–24 0.5723 0.004 9.57752 (3.74374; 15.4113)

25–29 0.3845 0.031 5.948034 (.6457083; 11.25036)

30–34 0.7432 < 0.001 11.47592 (6.722478; 16.22936)

35–39 0.7021 0.001 11.49936 (6.221312; 16.77742)

40–44 0.6771 0.001 8.019792 (4.117273; 11.92231)

45–49 - - - (-; -)

50–54 0.7073 0.001 8.524698 (4.660429; 12.38897)

55–59 0.5089 0.009 7.817553 (2.406162; 13.22894)

60–64 0.5195 0.008 8.023462 (2.586399; 13.46053)

65–69 0.8977 < 0.001 10.40719 (7.932214; 12.88217)

70–74 0.7468 < 0.001 9.892883 (5.834389; 13.95138)

75–79 0.4902 0.011 11.06561 (3.113979; 19.01724)

80 0.7339 < 0.001 14.34985 (8.261023; 20.43867)

Total 0.9068 < 0.001 1.568764 (1.214362; 1.923167)

Mato Grosso

0–4 0.3727 0.035 16.11461 (1.384131; 30.84508)

5–9 0.2242 0.120 -4.848429 (-11.20354; 1.506681)

10–14 0.4076 0.025 -10.74579 (-19.87406; -1.617525)

15–19 0.4481 0.017 -10.60045 (-18.88882; -2.312091)

20–24 0.0071 0.795 -1.092405 (-10.19218; 8.00737)

25–29 0.3858 0.031 -9.180187 (-17.34145; -1.018927)

30–34 - - - (-; -)

35–39 0.2871 0.073 -6.446691 (-13.60368; .7102961)

40–44 0.0007 0.933 -0.3095392 (-8.323214; 7.704135)

45–49 0.0557 0.460 -2.527613 (-9.857131; 4.801905)

50–54 0.0206 0.657 -1.203236 (-7.053678; 4.647207)

55–59 0.2776 0.078 -5.083865 (-10.86183; .6940999)

60–64 0.2131 0.131 -3.647757 (-8.586333; 1.290819)

65–69 0.0005 0.945 -0.1537923 (-5.009172; 4.701587)

70–74 0.0005 0.942 -0.1938531 (-6.031791; 5.644085)

75–79 0.3308 0.050 4.016834 (-.008386; 8.042054)

� 80 0.4822 0.012 5.768456 (1.556668; 9.980243)

Total 0.1429 0.226 -0.3582794 (-.976588; .2600292)

Mato Grosso do Sul

0–4 0.0429 0.518 -4.764701 (-20.62671; 11.09731)

5–9 0.0537 0.468 -2.876659 (-11.38268; 5.629361)

10–14 0.2093 0.135 -5.683861 (-13.46722; 2.099497)

15–19 0.4869 0.012 -11.60097 (-19.99198; -3.209957)
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Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

20–24 0.0903 0.342 -5.60849 (-18.14757; 6.930589)

25–29 0.3107 0.060 -7.941243 (-16.2762; 0.3937146)

30–34 0.0337 0.568 -2.894659 (-13.82018; 8.030861)

35–39 0.3951 0.029 -5.067434 (-9.485543; -0.6493257)

40–44 0.1462 0.220 -3.336418 (-9.016733; 2.343898)

45–49 0.0037 0.850 0.6069821 (-6.384124; 7.598089)

50–54 0.0017 0.899 -0.353155 (-6.372434; 5.666124)

55–59 0.3323 0.050 4.526225 (0.0057693; 9.046681)

60–64 0.0115 0.740 -0.7571834 (-5.694233; 4.179866)

65–69 0.0000 0.996 0.0152821 (-6.354052; 6.384617)

70–74 0.0475 0.496 2.203911 (-4.749383; 9.157206)

75–79 0.0038 0.849 0.6175715 (-6.415179; 7.650322)

� 80 0.3829 0.032 5.007343 (0.5286203; 9.486066)

Total 0.1423 0.227 -0.3790746 (-1.034735; 0.2765856)

Minas Gerais

0–4 0.4528 0.016 7.947021 (1.791886; 14.10216)

5–9 0.1374 0.236 -1.925525 (-5.324604; 1.473553)

10–14 0.5833 0.004 -3.957313 (-6.314069; -1.600558)

15–19 0.0000 0.996 .0056472 (-2.216268; 2.227563)

20–24 0.0074 0.791 .2135994 (-1.532338; 1.959536)

25–29 0.1762 0.174 -1.004814 (-2.535704; .5260765)

30–34 0.0206 0.656 -.5293417 (-3.101702; 2.043019)

35–39 0.0024 0.880 -.1668899 (-2.567324; 2.233544)

40–44 0.0022 0.884 -.1736082 (-2.753668; 2.406452)

45–49 0.0189 0.670 0.4260096 (-1.736471; 2.58849)

50–54 0.1149 0.281 1.045418 (-0.9990412; 3.089878)

55–59 0.1534 0.208 1.462447 (-0.9579588; 3.882853)

60–64 0.5276 0.007 2.672733 (0.8907879; 4.454677)

65–69 0.4303 0.021 2.966774 (0.5613986; 5.372149)

70–74 - - - (-; -)

75–79 0.6651 0.001 4.785735 (2.393157; 7.178313)

� 80 0.9655 < 0.001 9.113131 (7.900097; 10.32617)

Total 0.4908 0.011 0.264662 (0.0747153; 0.4546088)

Pará

0–4 0.6614 0.001 18.10461 (8.977609; 27.2316)

5–9 0.4410 0.019 5.933646 (1.226817; 10.64047)

10–14 0.1087 0.295 1.745147 (-1.776441; 5.266735)

15–19 0.4457 0.018 10.02838 (2.147755; 17.909)

20–24 0.6706 0.001 12.86556 (6.511727; 19.21939)

25–29 0.5837 0.004 7.83695 (3.173694; 12.50021)

30–34 0.3067 0.062 4.950075 (-.2935067; 10.19366)

35–39 0.6336 0.002 9.088037 (4.219052; 13.95702)
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Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

40–44 0.3176 0.056 6.329298 (-0.2083517; 12.86695)

45–49 0.2869 0.073 3.392679 (-0.3756766; 7.161034)

50–54 0.4334 0.020 4.639125 (0.9014347; 8.376816)

55–59 0.0454 0.506 1.115735 (-2.487202; 4.718673)

60–64 - - - (-; -)

65–69 0.5608 0.005 5.866574 (2.208725; 9.524424)

70–74 0.2580 0.092 2.913897 (-0.5674948; 6.395289)

75–79 0.2614 0.089 3.076177 (-0.5676788; 6.720032)

� 80 0.4600 0.015 4.142049 (0.9796474; 7.304452)

Total 0.6473 0.002 1.041866 (0.499994; 1.583738)

Paraíba

0–4 0.3428 0.045 -18.22192 (-36.00035; -.4434915)

5–9 0.5617 0.005 -14.51401 (-23.54803; -5.479985)

10–14 0.6608 0.001 -9.429877 (-14.18992; -4.669832)

15–19 0.7566 < 0.001 -25.20392 (-35.27776; -15.13008)

20–24 0.6944 0.001 -16.3593 (-24.00518; -8.713408)

25–29 0.6740 0.001 -14.44363 (-21.52075; -7.366516)

30–34 0.7361 < 0.001 -15.01083 (-21.34293; -8.678734)

35–39 0.4425 0.018 -11.06812 (-19.8219; -2.314332)

40–44 0.4906 0.011 -6.802076 (-11.68597; -1.918182)

45–49 0.3687 0.036 -4.199669 (-8.071472; -.3278662)

50–54 0.5479 0.006 -7.502873 (-12.30547; -2.700277)

55–59 0.2902 0.071 -6.463661 (-13.58669; 0.6593715)

60–64 0.5004 0.010 -5.815274 (-9.909421; -1.721128)

65–69 0.5442 0.006 -5.808066 (-9.553055; -2.063078)

70–74 0.3992 0.028 -8.039083 (-14.98858; -1.089584)

75–79 0.5322 0.007 -7.892527 (-13.1059; -2.679154)

� 80 0.3458 0.044 -5.475623 (-10.78247; -.1687798)

Total 0.6593 0.001 -1.822505 (-2.745552; -.8994569)

Paraná

0–4 0.4633 0.015 25.90506 (6.258565; 45.55156)

5–9 0.0063 0.807 -1.220284 (-12.04901; 9.60844)

10–14 0.3767 0.034 -6.41554 (-12.23003; -0.6010457)

15–19 0.0031 0.864 -0.8178631 (-11.16461; 9.528888)

20–24 0.1585 0.200 5.366183 (-3.346346; 14.07871)

25–29 0.2206 0.123 6.264064 (-2.033255; 14.56138)

30–34 0.0914 0.340 2.682787 (-3.276839; 8.642413)

35–39 0.5297 0.007 4.775075 (1.605089; 7.945061)

40–44 0.3054 0.062 5.900596 (-0.3696609; 12.17085)

45–49 0.4876 0.012 6.102894 (1.695088; 10.5107)

50–54 0.6135 0.003 7.046785 (3.105967; 10.9876)

55–59 0.3507 0.042 5.260538 (0.2170208; 10.30406)

60–64 0.1668 0.188 3.24758 (-1.867253; 8.362412)

Arquivos Brasileiros de Neurocirurgia Vol. 40 No. 4/2021 © 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.

Brazilian Incidence of TBI Takahashi et al.324



Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

65–69 0.8020 < 0.001 9.342576 (6.072279; 12.61287)

70–74 0.7081 0.001 11.83228 (6.480057; 17.18449)

75–79 0.7253 < 0.001 11.8577 (6.716543; 16.99885)

80 0.8689 < 0.001 14.17468 (10.29459; 18.05477)

Total 0.5165 0.008 1.113051 (.3542937; 1.871808)

Pernambuco

0–4 0.4587 0.016 20.08197 (4.711813; 35.45213)

5–9 0.1356 0.239 -2.230095 (-6.1978; 1.73761)

10–14 0.2002 0.145 -2.807771 (-6.76172; 1.146178)

15–19 0.0078 0.785 -0.8289618 (-7.417808; 5.759884)

20–24 0.0201 0.660 1.271014 (-4.976499; 7.518526)

25–29 0.0286 0.599 -1.40957 (-7.199286; 4.380146)

30–34 0.0281 0.603 -0.8938983 (-4.601126; 2.813329)

35–39 0.0029 0.869 -0.3303159 (-4.670242; 4.00961)

40–44 0.0000 0.989 -.0235981 (-3.877981; 3.830785)

45–49 0.0102 0.755 0.3945688 (-2.340793; 3.129931)

50–54 0.0349 0.561 1.09215 (-2.95232; 5.136619)

55–59 0.5155 0.009 3.420278 (1.083794; 5.756763)

60–64 0.0841 0.361 1.828415 (-2.423135; 6.079965)

65–69 0.6943 0.001 4.835337 (2.574829; 7.095845)

70–74 0.4248 0.022 5.095157 (0.9176525; 9.272662)

75–79 0.4940 0.011 4.149871 (1.190355; 7.109386)

� 80 0.7648 < 0.001 6.297119 (3.836662; 8.757576)

Total 0.1806 0.168 0.3994168 (-0.2000696; 0.9989032)

Piauí

0–4 0.2228 0.121 2.721498 (-.8602594; 6.303255)

5–9 0.0020 0.890 .2298699 (-3.381449; 3.841189)

10–14 0.0078 0.785 -.764485 (-6.850879; 5.321909)

15–19 0.0006 0.941 .4824942 (-13.77715; 14.74214)

20–24 0.1249 0.260 5.518982 (-4.772871; 15.81083)

25–29 0.0727 0.397 3.959472 (-6.007446; 13.92639)

30–34 0.4526 0.017 8.87165 (1.996943; 15.74636)

35–39 0.7422 < 0.001 11.23719 (6.571171; 15.9032)

40–44 0.3386 0.047 8.859709 (0.1344589; 17.58496)

45–49 0.6257 0.002 8.866163 (4.034433; 13.69789)

50–54 0.4652 0.015 7.177585 (1.755195; 12.59997)

55–59 0.5469 0.006 5.05763 (1.814148; 8.301112)

60–64 0.6501 0.002 8.002505 (3.865528; 12.13948)

65–69 0.2702 0.083 6.217586 (-0.9823044; 13.41748)

70–74 0.4629 - - (-; -)

75–79 - 0.015 5.052122 (1.217552; 8.886692)

� 80 0.5969 0.003 5.340481 (2.248443; 8.432518)

Total 0.6548 0.001 0.9228835 (0.4507541; 1.395013)

(Continued)
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Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

Rio de Janeiro

0–4 0.6318 0.002 25.39181 (11.7352; 39.04842)

5–9 0.0235 0.634 1.044656 (-3.699089; 5.788402)

10–14 0.1143 0.282 1.274517 (-1.22543; 3.774465)

15–19 0.3635 0.038 3.07803 (0.2080303; 5.94803)

20–24 0.3429 0.045 3.044268 (0.0750017; 6.013534)

25–29 0.4372 0.019 3.283671 (0.6587477; 5.908594)

30–34 0.4502 0.017 3.546657 (0.7853276; 6.307986)

35–39 0.6022 0.003 2.727076 (1.165361; 4.28879)

40–44 0.7576 < 0.001 3.944793 (2.372393; 5.517194)

45–49 0.4223 0.022 2.177646 (.3829085; 3.972383)

50–54 0.6801 0.001 3.636395 (1.879112; 5.393679)

55–59 0.6668 0.001 3.609583 (1.811849; 5.407318)

60–64 0.8359 < 0.001 3.613389 (2.485259; 4.741519)

65–69 0.8193 < 0.001 3.776679 (2.52709; 5.026268)

70–74 0.8414 < 0.001 6.629559 (4.601678; 8.657439)

75–79 0.7519 < 0.001 5.432895 (3.234131; 7.63166)

� 80 0.9472 < 0.001 6.980942 (5.81968; 8.142204)

Total 0.7483 < 0.001 0.8319257 (0.4920033; 1.171848)

Rio Grande do Norte

0–4 0.6933 0.001 10.57031 (5.617228; 15.5234)

5–9 0.1215 0.267 -1.689138 (-4.889686; 1.51141)

10–14 0.3000 0.065 2.557076 (-0.1952337; 5.309386)

15–19 0.0164 0.692 -0.7450692 (-4.811971; 3.321833)

20–24 0.0021 0.887 -0.2904265 (-4.747529; 4.166676)

25–29 0.4388 0.019 5.454346 (1.107963; 9.800728)

30–34 0.0187 0.672 0.8518794 (-3.497694; 5.201453)

35–39 0.1257 0.258 2.526231 (-2.167559; 7.220022)

40–44 - - - (-; -)

45–49 0.1494 0.215 1.848374 (-1.259065; 4.955814)

50–54 0.2019 0.143 2.947943 (-1.181405; 7.077291)

55–59 0.2493 0.098 3.207276 (-0.7140284; 7.128581)

60–64 0.0402 0.532 1.209508 (-2.952159; 5.371175)

65–69 0.1228 0.264 2.21825 (-1.958507; 6.395007)

70–74 0.3081 0.061 3.545573 (-0.1981379; 7.289283)

75–79 0.2432 0.103 2.211293 (-0.5371806; 4.959767)

� 80 0.4372 0.019 3.840803 (0.7700599; 6.911545)

Total 0.4736 0.013 0.4305558 (0.1107277; 0.7503838)

Rio Grande do Sul

0–4 0.6408 0.002 -15.62972 (-23.8758; -7.383646)

5–9 0.8498 < 0.001 -16.04933 (-20.80282; -11.29584)

10–14 0.8773 < 0.001 -12.84923 (-16.23496; -9.463509)

15–19 0.5200 0.008 -10.64526 (-17.8522; -3.438316)
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Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

20–24 0.8795 < 0.001 -9.085543 (-11.45504; -6.716045)

25–29 0.7025 0.001 -7.737712 (-11.28574; -4.189688)

30–34 0.6437 0.002 -5.588676 (-8.51844; -2.658913)

35–39 0.6304 0.002 -5.775711 (-8.891471; -2.65995)

40–44 0.4033 0.027 -3.233923 (-6.005833; -.4620137)

45–49 0.5362 0.007 -4.088295 (-6.767621; -1.408969)

50–54 0.6640 0.001 -3.668585 (-5.507228; -1.829941)

55–59 0.3108 0.060 -2.873776 (-5.888748; .1411961)

60–64 0.0133 0.721 -0.2090245 (-1.477763; 1.059714)

65–69 0.1683 0.185 -1.66058 (-4.2615; .9403401)

70–74 0.0345 0.563 -0.483826 (-2.287273; 1.319621)

75–79 0.0020 0.891 .1759333 (-2.613862; 2.965728)

� 80 0.6114 0.003 2.547342 (1.116432; 3.978252)

Total 0.7975 < 0.001 -0.9685592 (-1.31249; -0.6246284)

Rondônia

0–4 0.3065 0.062 28.20931 (-1.687353; 58.10597)

5–9 0.0039 0.847 -1.592208 (-19.48467; 16.30025)

10–14 0.0007 0.937 -0.4604056 (-13.17863; 12.25782)

15–19 0.0689 0.410 -5.530191 (-19.84996; 8.789579)

20–24 0.1434 0.225 -5.613616 (-15.27948; 4.052251)

25–29 0.0003 0.960 -.3173445 (-14.16972; 13.53503)

30–34 0.2578 0.092 -9.258983 (-20.32845; 1.810484)

35–39 0.0037 0.851 -1.411464 (-17.75854; 14.93561)

40–44 0.0009 0.927 -.6901954 (-17.07034; 15.68995)

45–49 0.0003 0.960 0.1828823 (-7.719023; 8.084788)

50–54 0.0001 0.975 0.1269122 (-8.52944; 8.783264)

55–59 0.0076 0.788 -1.758457 (-15.93503; 12.41812)

60–64 0.0116 0.739 -1.321833 (-9.925556; 7.28189)

65–69 0.0801 0.373 3.339795 (-4.632843; 11.31243)

70–74 0.0003 0.956 -0.2438034 (-9.765434; 9.277827)

75–79 0.0863 0.354 4.349799 (-5.622149; 14.32175)

� 80 0.0072 0.794 1.106092 (-8.071634; 10.28382)

Total 0.0019 0.892 0.0911629 (-1.362938; 1.545264)

Roraima

0–4 0.0318 0.579 12.59852 (-36.3679; 61.56495)

5–9 0.1765 0.174 -21.73233 (-54.81348; 11.34883)

10–14 0.1959 0.150 -7.627372 (-18.51471; 3.259968)

15–19 0.0302 0.589 2.354127 (-7.03812; 11.74637)

20–24 0.1593 0.199 -7.963637 (-20.8541; 4.926824)

25–29 0.0404 0.531 -4.672425 (-20.72019; 11.37534)

30–34 0.0628 0.432 -5.990188 (-22.29562; 10.31524)

35–39 0.0060 0.811 1.880183 (-15.14247; 18.90284)

40–44 0.0028 0.870 -1.073967 (-15.30852; 13.16058)

(Continued)
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Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

45–49 0.0058 0.815 1.593803 (-13.16806; 16.35566)

50–54 0.0049 0.829 1.350862 (-12.19512; 14.89684)

55–59 0.0583 0.450 5.349706 (-9.805478; 20.50489)

60–64 0.0163 0.692 2.459791 (-11.00169; 15.92128)

65–69 0.1636 0.192 10.59231 (-6.279842; 27.46447)

70–74 0.1079 0.297 10.04858 (-10.31028; 30.40744)

75–79 0.1872 0.160 12.98364 (-6.078913; 32.0462)

� 80 0.2349 0.110 18.71883 (-5.083237; 42.5209)

Total 0.0293 0.595 0.3087045 (-0.9438428; 1.561252)

Santa Catarina

0–4 0.4635 0.015 12.65893 (3.063181; 22.25469)

5–9 0.3392 0.047 -8.596053 (-17.04961; -0.1424936)

10–14 0.5455 0.006 -9.097414 (-14.94826; -3.246571)

15–19 0.5179 0.008 -7.544919 (-12.67437; -2.415466)

20–24 0.1140 0.283 -2.681096 (-7.947777; 2.585585)

25–29 0.4706 0.014 -6.58917 (-11.51294; -1.665403)

30–34 0.3523 0.042 -3.423314 (-6.693576; -0.1530515)

35–39 0.0000 1.000 0.0013251 (-4.842894; 4.845544)

40–44 - - - (-; -)

45–49 0.1935 0.152 -2.002779 (-4.884084; .8785263)

50–54 0.0745 0.391 1.445936 (-2.144637; 5.03651)

55–59 0.2682 0.085 -3.431889 (-7.425865; 0.5620873)

60–64 0.0299 0.591 -0.9098262 (-4.560401; 2.740748)

65–69 0.1565 0.203 2.267853 (-1.442422; 5.978128)

70–74 0.2297 0.115 2.738095 (-.7951677; 6.271359)

75–79 0.1945 0.151 1.88174 (-.8167319; 4.580211)

� 80 0.6404 0.002 4.605765 (2.173735; 7.037796)

Total 0.1172 0.276 -0.2215164 (-0.6499815; 0.2069486)

São Paulo

0–4 0.2979 0.066 -11.80236 (-24.5696; 0.9648859)

5–9 0.7969 < 0.001 -13.134 (-17.80647; -8.461533)

10–14 - - - (-; -)

15–19 0.8327 < 0.001 -8.932508 (-11.75412; -6.110899)

20–24 0.6317 0.002 -5.863624 (-9.018595; -2.708652)

25–29 0.8142 < 0.001 -5.255633 (-7.024561; -3.486705)

30–34 0.8528 < 0.001 -4.714968 (-6.09494; -3.334996)

35–39 0.7227 < 0.001 -3.524217 (-5.062283; -1.986151)

40–44 0.7159 0.001 -4.451312 (-6.427005; -2.475619)

45–49 0.5225 0.008 -3.060081 (-5.121413; -0.9987495)

50–54 0.4941 0.011 -2.921354 (-5.004346; -0.838363)

55–59 0.3333 0.049 -1.424822 (-2.844774; -0.0048694)

60–64 0.4114 0.025 -2.385287 (-4.395558; -0.3750159)

65–69 0.4697 0.014 -2.966908 (-5.188291; -0.7455247)
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Table 2 (Continued)

Age group (years) R squad�� P� β CI 95

70–74 0.3305 0.051 -1.660837 (-3.326523; 0.0048494)

75–79 0.1847 0.163 -1.225717 (-3.040147; 0.5887135)

� 80 0.0446 0.510 0.5650213 (-1.278493; 2.408535)

Total 0.7856 < 0.001 -0.8349991 (-1.142387; -0.5276114)

Sergipe

0–4 0.2919 0.070 7.947441 (-.7733108; 16.66819)

5–9 0.0370 0.549 1.732965 (-4.498552; 7.964483)

10–14 0.0214 0.650 0.8503887 (-3.20365; 4.904428)

15–19 0.0108 0.748 -0.8747333 (-6.766463; 5.016996)

20–24 0.1134 0.284 2.246873 (-2.179173; 6.67292)

25–29 0.0007 0.937 -0.1429845 (-4.072993; 3.787024)

30–34 0.0653 0.423 1.24914 (-2.081931; 4.580211)

35–39 0.0179 0.678 -0.8271689 (-5.141921; 3.487583)

40–44 0.0230 0.638 -1.12413 (-6.286454; 4.038194)

45–49 0.3672 0.037 -4.632597 (-8.917899; -0.3472946)

50–54 0.0359 0.556 0.9140053 (-2.425486; 4.253497)

55–59 0.0011 0.918 -0.2288296 (-5.047579; 4.58992)

60–64 0.0983 0.321 -1.857997 (-5.821865; 2.105871)

65–69 0.0182 0.676 0.7564922 (-3.162062; 4.675047)

70–74 0.3549 0.041 4.111339 (0.2061061; 8.016572)

75––79 0.0083 0.778 0.7755065 (-5.19098; 6.741993)

� 80 0.0921 0.338 1.446853 (-1.753449; 4.647156)

Total 0.0714 0.401 0.1234257 (-0.1902398; 0.4370912)

Tocantins

0–4 0.0034 0.858 -1.215841 (-15.97209; 13.54041)

5–9 0.0188 0.671 -2.552168 (-15.54235; 10.43802)

10–14 0.0028 0.871 -0.4262147 (-6.128838; 5.276409)

15–19 0.0528 0.473 -4.152538 (-16.54989; 8.244811)

20–24 0.0521 0.475 -4.486744 (-17.96914; 8.995649)

25–29 0.1499 0.214 -5.246908 (-14.05069; 3.556878)

30–34 0.0863 0.354 -5.010362 (-16.49867; 6.477951)

35–39 0.1541 0.207 -6.409362 (-16.98886; 4.170133)

40–44 0.2963 0.067 -6.959401 (-14.51685; .5980507)

45–49 0.0015 0.906 -0.5955099 (-11.50913; 10.31811)

50–54 0.0018 0.895 -0.520531 (-9.048589; 8.007527)

55–59 0.0357 0.557 -1.48135 (-6.907307; 3.944608)

60–64 0.0395 0.536 -2.163091 (-9.678466; 5.352284)

65–69 0.0331 0.571 -3.530734 (-16.96922; 9.907754)

70–74 0.0103 0.753 1.229576 (-7.243053; 9.702204)

75–79 0.2603 0.090 6.372966 (-1.196761; 13.94269)

� 80 0.1538 0.207 -5.921126 (-15.70526; 3.863007)

Total 0.1291 0.251 -0.4306934 (-1.219056; 0.3576693)

�p: linear regression.
��r squad (r2): predictive ability of the study.
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However, in Paraíba, all age ranges from both genders
presented reduction in the admissions. The global reduction
was of approximately twice among women and 7 times
among men (β coefficient: - 1.8 and -7.2, respectively).

In Pernambuco, in the pediatric age range, there was a
reduction among the boys in the 10 to14 age group (β
coefficient: -10.5), and a relevant increase among the girls
in the 0 to 4 age group (β coefficient: 20.08). Among adults,
the ages ˃ 55 years old presented an increase in the incidence
in general, being more pronounced in the male gender.

In Piauí, there was a significant increase in admissions,
present in all age ranges ˃ 20 years old in men and 30 years
old in women. The group of men in the 20 to 24 age range
presented the highest increase in the incidence of hospital
admissions due to TBI in the country, with a β coefficient of
63.43.

Children from 0 to 4 years old were one of the most
affected groups in Rio Grande do Norte (β coefficient: 11.86
and 10.57, boys and girls, respectively). Men, as a whole,
presented a slight increase in the incidence (β coefficient:
1.63), more expressive from 50 to 54 years old (β coefficient:
20.65). In women, the variation was less significant, present-
ing only a small increase in the total incidence (β coefficient:
0.43).

In Sergipe, a reduction in the incidence of admissions was
seen amongwomen in the 45 to 49 age group (β coefficient: -
4.63); however, amongmen in the same age range, therewas
an important increase (β coefficient: 18.72). In general, only
the men obtained a statistically relevant increase in the
incidence (β coefficient: 1.75).

TheMidwest Region (Goiás, Mato Grosso, Mato Grosso
do Sul, and Distrito Federal)
In Distrito Federal, both male and female genders presented
an increase in the number of admissions in the age groups
between 0 to 4 years old (β coefficient: 48.28 and 48.87,
respectively) and � 80 years old (β coefficient: 17.91 and
9.53, respectively). In women, it was also observed an
increase in the global incidence, considering all age groups
(β coefficient: 0.95).

In Goiás, there was an increase in the incidence among
males in the 10 to 29 (β coefficient: 10.02; 18.00; 19.42;
17.15 respectively) and� 70 age groups (β coefficient: 18.32;
19.59; 17.07, respectively). In women, there was an increase
in the group between 0 and 4 years old (β coefficient: 11.74)
and � 70 years old (β coefficient: 7.10; 8.73; 8.98, respec-
tively); on the other hand, there was a decrease in the age
ranges from 10 to 19 years old (β coefficient: -6.12; - 4.67,
respectively) and 30 to 39 years old (β coefficient: - 4.83; -
2.96, respectively).

In Mato Grosso, there was an increase in the number of
admissions inmen from 0 to 4 years old (β coefficient: 18.76)
and 70 to 74 years old (β coefficient: 20. 48), although there
was a decrease in the range from 5 to 9 years old (β
coefficient: -12.65). In women, there was also an increase
in the ranges from0 to 4 years old (β coefficient: 16.11) and�
75 years old (β coefficient: 4.01 and 5.76, respectively),
though there was a decrease in the age ranges from 10 to

19 years old (β coefficient: -10.74 and 10.60, respectively)
and 25 to 29 years old (β coefficient: -9.18).

In Mato Grosso do Sul, it was noticed a decrease among
women in the following age ranges: 15 to 19 years old (β
coefficient: - 11.60) and 35 to 44 years old (β coefficient:
-5.06 and -3.33); on the other hand, there was an increase in
the groups 55 to 59 years old (β coefficient: 4.52) and �
80 years old (5.00). In men, it was noticed a decrease in the
range from 5 to 9 years old (β coefficient: - 16.37) and an
increase in the ranges 70 to 74 years old (β coefficient: 17.94)
and � 80 years old (19.00).

The Southeast Region (São Paulo, Rio de Janeiro,Minas
Gerais, and Espírito Santo)
In Minas Gerais, there was an increase in the number of
admissions among themale gender in the age ranges from 50
to 69 years old (β coefficient: 7.33; 12.63; 9.05; 11.15,
respectively) and � 75 years old (β coefficient: 11.06 and
14.06, respectively); on the other hand, there was a decrease
in the 5 to 14 age group (β coefficient: - 6.87 and – 13.43,
respectively). In the female gender, there was a decrease in
the ranges from 10 to 14 years old (β coefficient: -3.95) and
an increase in the ranges: 0 to 4 years old (β coefficient: 7.94),
60 to 69 years old (β coefficient: 2.67 and 2.96, respectively),
75 or more years old (β coefficient: 4.78 and 9.11 respective-
ly) and in the total (β coefficient: 0.26).

In Espírito Santo, therewas, in themale gender, a decrease
in the ranges from 5 to 14 years old (β coefficient: - 11.74 and
– 13.10, respectively) and an increase in the ranges from 65
to 69 years old (β coefficient: 17.80) and 75 to more than
80 years old (β coefficient: 13.18 and 12.72 respectively). In
women, therewas a decrease in the ranges from 10 to 14 and
40 to 44 years old (β coefficient: -3.89 and -5.41, respective-
ly) and an increase in the range of 80 years old or more (β
coefficient: 7.84).

In Rio de Janeiro, there was an increase in the number of
admissions ofmen in all age ranges, except from5 to 14 years
old, including the total (β coefficient vary from2.52 to 22.64).
In women, there was an increase in all age ranges, except
from 5 to 14 years old.

In São Paulo, there was a decrease in the incidence among
men in the 0 to 54 age group and in the total (β coefficient: -
2.22); on the other hand, there was an increase in the �
75 years old group (β coefficient: 4.48 and 5.06, respectively).
In women, there was a decrease in all age ranges, including
the total, except in the 0 to 4 and 75 ormore years old groups.

The South Region (Paraná, Santa Catarina, and Rio
Grande Do Sul)
In Paraná, it was noticed an increase in the number of
admissions among men in the groups 0 to 4 years old (β
coefficient: 37.26) and 45 to more than 80 years old (β
coefficient: 13.53, 22.97, 26.91, 18.99, 20.51, 26.11, 19.94,
24.35, respectively) and in the total (β coefficient: 1.74),; on
the other hand, there was a decrease in the range from 10 to
14 years old (β coefficient: -16.30). In women, there was a
decrease in the range from 10 to 14 years old (β coefficient
-6.41) and an increase in the 0 to 4 years old (β coefficient:
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25.90), 35 to 39 years old (β coefficient: 4.77), 45 to 59 years
old (β coefficient: 9.34, 11.83, 11.85, 14.17, respectively), and
65 or more age groups (β coefficient: 9.34, 11.83, 11.85,
14.17, respectively) aswell as in the total (β coefficient: 1.11).

In Rio Grande do Sul, there was a decrease among men in
the ranges from 0 to 54 years old (β coefficient: -22.05,
-29.96, -29.20, -26.69, - 34.53, -26.69, -34.53, -20,61, -19.39,
-14.88, -19.83, - 17.85, - 7.11, respectively) and an increase in
the ages of 70 or more years old (β coefficient: 6.75, 5.22 and
4.56, respectively), besides the total decrease (β coefficient:
-2.27). In women, there was a decrease in all age ranges
except from 55 to 79 years old, including the total.

In Santa Catarina, in themale gender, therewas a decrease
in the age ranges from 10 to 24 years old (β coefficient: -
14.32, -24.34 and -24.87, respectively) and from 45 to
49 years old (β coefficient: -8.85); on the other hand, there
was an increase in the ranges from 70 to more than 80 years
old (β coefficient: 3.85, 13.79 and 10.76, respectively). In the
female gender, there was an increase in the age range from 0
to 4 years old (β coefficient: 12.65) and 80 years old or more
(β coefficient: 4.60) and a decrease in the ranges 5 to 19 years
old (β coefficient: -8.59, -9.09 and -7.54, respectively) and 25
to 34 years old (β coefficient: - 6.58 and – 3.42, respectively).

Discussion

For an efficient analysis of the incidence of TBI as well as to
correlate it to a possible growth or reduction in those
incidence numbers, it is necessary to understand its different
causes and their applicability in a thorough analysis, inwhich
age groups play a fundamental part. Not only to differentiate
the causes precisely, but also to propose preventivemeasures
that are suitable to each respective cause in a more effective
way, and thus prevent incapability and disability resulting of
TBI.14 Besides preventing injury, an efficient public policy is
mandatory for a great economy, since TBI generates immense
expenses.15–19 Our study found significant data, which will
be discussed in the following order:

1. Concerning the increase of TBI incidence in the Piaui and
Maranhão region among young adults;

2. Increase of TBI incidence in the North, Northeast, South,
and Midwest regions;

3. That increase was more pronounced on children (0–4
years old) and elderly (> 65 years old);

4. Paraíba has shown a significant decrease of TBI cases,
which is a positive contrast in comparison with others
Brazilian states.

In Brazil, the Southeast (42.5%) and Northeast regions
(25.8%) dictate the major incidence of TBI, with more than a
million cases of disability.1 The present paper’s results indi-
cate that the state of Piauí had the highest increase in
incidence of TBI in the country in the last 10 years (coefficient
β¼63.43 e p¼0.002). This increase in incidence was more
pronounced amongst men in the 20 to 24 age range. The
same age group among men had the highest increase in
incidence in the state of Maranhão (coefficient β¼56.40 e
p<0.001). This can be explained by a series of events.

According to a 2017 edition of The Lancet, TBI is the major
cause of mortality amongst young adults, and it is related to
automobile accidents, violence, sports, and military conflict
traumas.15 Therefore, the present study’s results show a
pressing need for more preventive campaigns, focusing on
the education of young adults of the dangers of TBI, as well as
ways to prevent it. The results also bring attention to how
urgently the Brazilian preventive medicine stands in need of
resources and incentive.

The main concern, though, is the increase in the TBI
incidence amongst children (0–4 years old) in the states of
Ceará (β¼31.22 and p<0.001 for boys; β¼42.20 and
p<0.001 for girls), Paraná (β¼37.26 and p¼0.011 for
boys; β¼25.90 and p¼0.015 for girls), Pernambuco
(β¼20.08 and p¼0.016 for girls), Mato Grosso (β¼18.76
and p¼0.005 for boys; β¼16.11 and p¼0.035 for girls), and
Distrito Federal (β¼48.87 and p¼0.004 for girls; β¼48.28
and p¼0.006 for boys). As for the older age groups, such as ˃
65 years old, a red light shows in the states of Roraima
(β¼31.04 and p¼0.012 for men older than 80 years old),
Rondônia (β between 21.17-26.12 and p< 0.05 formen older
than 65 years old), Mato Grosso do Sul (β¼19 and p<0.001
for men older than 80 years old), and the Distrito Federal
(β¼17.91 and p¼0.035 for men older than 80 years old;
β¼9.53 and p<0.002 for women older than 80 years old). In
developed countries, the highest incidences of TBI are
amongst the age groups of 0 to 4, 15 to 24 and>653 years
old. Those numbers are compatible with the numbers found
in Brazil, shown in this paper’s analysis. A Brazilian study
pointed out that among children under 10 years old, TBI’s
main external cause are falls (61.2%), followed by transpor-
tation accidents (21.1%).19As for the elderly, the demograph-
ic transition had a big impact in the incidence increase in the
country during the latest years;5,20 nevertheless, falls are still
the leading cause.

In this context, it is important to highlight primary
prevention as of great importance, since it is possible to
bring awareness through educational campaigns to parents
about the proper carewith children during childhood, aswell
as campaigns aimed at the elderly and their caregivers of how
to adequately prevent falls. A 30-year-experience study of a
north American program of awareness called ThinkFirst was
evaluated as very positive, since its implementation achieved
significant reduction of the incidence in the pediatric popu-
lation, as well as in adults and elderly.21According to another
study, after implementation of primary preventionprograms
in a medical reference center, a reduction of 22% of TBI
amongst children was achieved.22 Therefore, programs such
as this ought to be implemented in Brazil in order tomitigate
the risks and, thus, diminish the national TBI incidence
numbers.

Despite the alarming results in Northeast, the state of
Paraíba stands out in a positiveway. Thiswas the only state in
the Brazilian Northeast to show decreasing numbers in the
incidence of TBI amongst men and women (coefficient β¼ -
18 and p¼0.004 for men; coefficient β¼ -7.2 for women).
Such results indicate an efficient and effective public health
policy when it comes to TBI’s precaution, and a functional
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notification system. The dissemination of these policies to
other Brazilian states is important, and it can be imple-
mented after any duly needed alterations based on each
state’s respective epidemiological profile.

Conclusion

The Brazilian Hospital Information System proves its funda-
mental importance, once it allows important studies such as
the current one to be written, whose result’s analysis might
point out improvements that can be made. Besides that, it is
remarkable the importance of redirecting public polices to
preventive medicine since many of the TBI causes are avoid-
able through awareness and public health education of the
population.

Place or Institution where the Work was Developed, City,
and Country
Faculdade de Medicina do ABC, Santo André, SP, Brazil.

Sources of Funding
None.

Ethics Approval and Consent to Participate
The National Health Council of Brazil, by resolution
466/2012, exempts this type of study from the research
ethics committee, since it is a transversal study and all
data is available on the internet free of charge and
anonymously.

Conflict of Interests
The authors have no conflict of interests to declare.

References
1 Lira TML, Filho CRNL, Cavalcanti CAT, Lopes IMSS. As ciências

biológicas nas dimensões humanista, crítica e reflexiva 2. Ponta
Grossa: Editora Atena 2020. Available in https://www.atenaedi-
tora.com.br/post-ebook/3151

2 Oliveira E, Lavrador JP, Santos MM, Lobo Antunes J. Traumatismo
crânio-encefálico: abordagem integrada. Acta Med Port 2012;25
(03):179–192

3 GalganoM, Toshkezi G, Qiu X, Russell T, Chin L, Zhao LR. Traumatic
Brain Injury: Current Treatment Strategies and Future Endeavors.
Cell Transplant 2017;26(07):1118–1130

4 Dantas IEF, Oliveira TT, Neto CDM. Epidemiologia do traumatismo
crânio encefálico (TCE) no nordeste no ano de 2012. REBES 2014;4
(01):18–23

5 Kleiven S, Peloso PM, von Holst H. The epidemiology of head
injuries in Sweden from 1987 to 2000. Inj Control Saf Promot
2003;10(03):173–180

6 Winn HR, Bullock M, Hovda D, et al. Youmans Neurological
Surgery. Epidemiol Traumat Brain Injury 2011;4(323):
3270–3275

7 Santos ME, De Sousa L, Castro-Caldas A. Epidemiologia dos
traumatismos crânio-encefálicos em Portugal. Acta Med Port
2003;16(02):71–76

8 Tagliaferri F, Compagnone C, Korsic M, Servadei F, Kraus J. A
systematic review of brain injury epidemiology in Europe. Acta
Neurochir (Wien) 2006;148(03):255–268, discussion 268

9 Rutland-Brown W, Langlois JA, Thomas KE, Xi YL. Incidence of
traumatic brain injury in the United States, 2003. J Head Trauma
Rehabil 2006;21(06):544–548

10 Constâncio JF, et al. Perfil clínico-epidemiológico de indivíduos
com histórico de traumatismo cranioencefálico. Rev Baiana
Enferm 2018;32:1–10

11 Winn HR, Bullock M, Hovda D, et al. Youmans Neurological
Surgery: Chapter 327–Neurochemical Pathomechanisms in Trau-
matic Brain injury. Elsevier Saunders; 201143305–3324

12 Eaton J, Hanif AB, Grudziak J, Charles A. Epidemiology, Manage-
ment, and Functional Outcomes of Traumatic Brain Injury in Sub-
Saharan Africa. World Neurosurg 2017;108:650–655

13 Ahmad OB, et al. GPE Discussion Paper Series: N°.31 (ed World
Health Organization) 1-14. 2001

14 Scholten AC, Haagsma JA, Panneman MJ, van Beeck EF, Polinder S.
Traumatic brain injury in the Netherlands: incidence, costs and
disability-adjusted life years. PLoS One 2014;9(10):e110905

15 Te Ao B, Brown P, Tobias M, et al; BIONIC Study Group. Cost of
traumatic brain injury in New Zealand: evidence from a popula-
tion-based study. Neurology 2014;83(18):1645–1652

16 Spitz G, McKenzie D, Attwood D, Ponsford JL. Cost prediction
following traumatic brain injury: model development and vali-
dation. J Neurol Neurosurg Psychiatry 2016;87(02):173–180

17 Cassidy JD, Carroll LJ, Peloso PM, et al; WHO Collaborating Centre
Task Force on Mild Traumatic Brain Injury. Incidence, risk factors
and prevention ofmild traumatic brain injury: results of theWHO
Collaborating Centre Task Force on Mild Traumatic Brain Injury. J
Rehabil Med 2004(43, Suppl):28–60

18 Maas AIR, Menon DK, Adelson PD, et al; InTBIR Participants and
Investigators. Traumatic brain injury: integrated approaches to
improve prevention, clinical care, and research. Lancet Neurol
2017;16(12):987–1048

19 Koizumi MS. Crianças Internadas por Traumatismo Crânio-Ence-
fálico, no Brasil, 1998: Causas e Prevenção. Informe Epidemiol
Brasília 2001

20 Brazinova A, Rehorcikova V, Taylor MS, et al. Epidemiology of
traumatic brain injury in Europe: a living systematic review. J
Neurotrauma 2016

21 Youngers EH, Zundel K, Gerhardstein D, et al. Comprehensive
review of the ThinkFirst injury prevention programs: a 30-year
success story for organized neurosurgery. Neurosurgery 2017;81
(03):416–421

22 Wehner DE, Sutton L. An interactive, hospital-based injury pre-
vention program for first-, second-, and third-grade students. J
Emerg Nurs 2005;31(04):383–386

Arquivos Brasileiros de Neurocirurgia Vol. 40 No. 4/2021 © 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.

Brazilian Incidence of TBI Takahashi et al.332

https://www.atenaeditora.com.br/post-ebook/3151
https://www.atenaeditora.com.br/post-ebook/3151


Thermocoagulation as a Surgical Approach for the
Treatment of Obsessive-Compulsive Disorder in
Refractory Patients: Systematic Review

Termocoagulação como abordagem cirúrgica para o
tratamento de transtorno obsessivo-compulsivo em
pacientes refratários: revisão sistemática
Lucas Praxedes Chaves1 Álef Ribeiro Souza1 Ledismar José da Silva1 Laura de Lima Crivellaro2

Marina Ferreira da Silva2

1Escola de Ciências Médicas, Farmacêuticas e Biomédicas, Pontifícia
Universidade Católica de Goiás (PUC-Goiás), Goiânia, GO, Brazil

2 Faculdade de Medicina, Universidade Católica de Brasília, DF, Brazil

Arq Bras Neurocir 2021;40(4):e333–e338.

Address for correspondence Ledismar José da Silva, MSc,
Escola de Ciências Médicas, Farmacêuticas e Biomédicas, Pontifícia
Universidade Católica de Goiás (PUC-Goiás), Avenida Universitária
1.440, Setor Universitário, 74605-010, Goiânia, GO, Brazil
(e-mail: ledismarsilva@gmail.com).

Keywords

► obsessive compulsive
disorder

► refractory
► thermocoagulation
► neurosurgery

Abstract Obsessive-compulsive disorder (OCD), a disabling chronic neuropsychiatric disease,
entails high economic costs to society and has high morbidity and mortality rates. The
first-line treatments for OCD are selective serotonin reuptake inhibitors and cognitive-
behavioral therapy. However, this disorder has the highest refractory index to
noninvasive treatment. Alternatively, ablative thermocoagulation neurosurgical tech-
niques have shown efficacy and few adverse effects. The present systematic review
aimed to identify validated protocols to observe the effectiveness of ablative proce-
dures in the treatment of severe and refractory OCD, as well as their possible adverse
effects and benefits. This review supports the effectiveness of ablative methods by
presenting them as a safe non-experimental therapeutic option for cases of highly-
refractory OCD. Additional relevant findings were the improvement in cognitive
function, functional capacity, affective orientation, and quality of life, which contribute
to the destigmatization of this surgical technique. Further controlled studies may lead
to the individualization of recommendations of targets for ablative thermocoagulation.
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Introduction

Obsessive-compulsive disorder (OCD) is a debilitating chron-
ic neuropsychiatric disorder that is marked by distress and
anxiety. The diagnosis is based on the presence of obsessions
(recurrent and persistent thoughts, urges, behaviors, intru-
sive and unwanted images) and/or compulsions (repetitive
behaviors or mental acts the individual feels driven to
perform, following rigid rules, to reduce or neutralize the
discomfort), which are strictly regulated, demand time from
the person, cause impaired social behavior, and are not
explained by the physiological effects of any substance in
use or an existing medical condition.1–4

The symptoms of OCD usually start from themiddle of the
third to the early fourth decades of life, and the proportion of
women affected is slightly higher than that ofmen. However,
the adolescent-onset disease inverts this trend, and its
prevalence is three times higher in males than in females.1,5

International multicentric studies suggest annual and
lifetime prevalences ranging from 1.1% to 1.8% and from
1.9% to 2.5% respectively,5 making it the fourth most com-
monpsychiatric disorder in theworld.1 It is estimated that 50
million people suffer from OCD worldwide.6

The disorder may be accompanied by other psychiatric
syndromes such as generalized anxiety disorder and major
depressive disorder. In addition, OCD has a high mortality
rate, given that 10% to 27% of the people that have this illness
attempt suicide at some point in life. It corresponds to the
tenth cause of health-related absenteeism due to incapacity
to work. This reduces the active workforce and increases the
costs in the areas of social security and health.3

The annual costs of treatments for OCD in the United
States reach�10.6 billion dollars, but one third of this budget
is not efficiently used. Additionally, � 40 billion dollars are
annually invested by the American government in sickness
insurance coverage for OCD patients on leave.6

The pathophysiology of OCD has not yet been fully eluci-
dated. It is currently considered amultifactorial disorder (with
genetic alterations standing out) associatedwith neuroimmu-
nological disorders. A literature review7 showedagreementon
the importance of genetic factors for the expression of OCD,
which ranges from 52% to 80% in monozygotic twins against
21% to 25% in dizygotic twins, contributing to the genetic
hypothesis in the pathogenesis of OCD. This hypothesis, which
is still under analysis, questions the participation of polygenic
modifiers, involved polymorphisms, and linkage mechanisms
in serotonergic genes such as HTR2A and 5-HTTLPR, as well as
dopaminergic receptor genes such as DRD2 and DRD3. In a
systematic review,8 autoimmune diseases were related to the
outbreak of OCD, in particular group A β-hemolytic strepto-
coccal infection in children, in addition to systemic lupus
erythematosus and thyroid dysfunction in adults. The auto-
antibodies related to these disorders may cause immunomo-
dulation of cytokines, mainly tumor necrosis factor α and
interferons γ andα, which activate enzymes in the tryptophan
cycle, therefore reducing the production of serotonin.7,8

The first-line treatment for OCD includes the use of
selective serotonin reuptake inhibitors (SSRIs) or tricyclic
antidepressants associated with cognitive-behavioral thera-
py. Nevertheless, this psychiatric disorder has the highest
refractoriness to non-invasive treatment (40% to 60%).9

The symptoms are more prominent in refractory patients,
who are characterized by not showing improvement in the
condition and presenting with all of the following refracto-
riness criteria: use of at least three SSRIs at full dose for at
least 12 weeks; use of at least two atypical antipsychotics;
and combined psychotherapeutic treatment over a period of
more than 30 hours.3

In the late 1930s, ablative psychosurgeries emerged in the
United States for the treatment of psychiatric disorders,
especially OCD and major depressive disorder, in patients

Resumo O transtorno obsessivo-compulsivo (TOC), uma doença neuropsiquiátrica crônica e
incapacitante, acarreta altos custos econômicos para a sociedade e tem taxas altas de
morbidade e mortalidade. Os tratamentos de primeira linha para TOC são inibidores
seletivos de recaptação da serotonina e terapia cognitivo-comportamental. No
entanto, esse transtorno apresenta o índice refratário mais alto ao tratamento não
invasivo. Alternativamente, as técnicas neurocirúrgicas de termocoagulação ablativa
têm demonstrado eficácia e poucos efeitos adversos. Esta revisão sistemática teve
como objetivo identificar protocolos validados para a observação da eficácia dos
procedimentos ablativos no tratamento de TOC grave e refratário, bem como seus
possíveis efeitos adversos e benefícios. Esta revisão apoia a eficácia dos métodos
ablativos, apresentando-os como uma opção terapêutica não experimental e segura
para casos de TOC altamente refratários. Outros achados relevantes foram a melhora
de função cognitiva, da capacidade funcional, da orientação afetiva, e da qualidade de
vida, que contribuem para a desestigmatização dessa técnica cirúrgica. Outros estudos
controlados podem levar à individualização das recomendações de alvos para termo-
coagulação ablativa.

Palavras-chave
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resistant to conventional treatments.10 This technique has
been improved with the use of a stereotactic approach and
imaging tests such aspositron emission tomography (PET) and
single photon emission computed tomography (SPECT). These
advances made the scenario favorable to conduct studies that
prove the efficacy and few adverse effects of the procedures,
which have already crossed the experimental barrier.

The ablative thermocoagulation technique is based on
strong evidence for the involvement of the corticostriato-
pallidothalamocortical tract in pathophysiological changes,
especially the orbitofrontal cortex, anterior cingulate cortex,
ventral striatum, anterior limb of the internal capsule, and
medial dorsal thalamic nucleus. Postoperative images ac-
quired using a PET/SPECT/computed tomography (CT) scan-
ner were employed to evaluate the metabolism of brain
areas, and showed that previous anomalous activities in
specific brain circuits improved as a result of the neurosur-
gery.11 Such findings contribute to reiterate the targets
recommended in the four main ablative surgeries performed
for OCD: anterior capsulotomy, anterior cingulotomy, sub-
caudal tractotomy, and limbic leucotomy.12

In the long run (more than 2 years), 43% to 75% of the
patients who undergo these procedures show improvements
and satisfactory results.10 Most adverse effects, such as head-
ache, weight gain, urinary incontinence, cognitive dysfunc-
tions, neurological focal deficits, hemorrhages, and seizures,
are transient, lasting from 3 to 6 months.10 Permanent and
severe adverse effects are restricted to 5.6% of the cases.3 Thus,
ablative neurosurgery is an effective and extremely advanta-
geous method for the treatment of refractory OCD, with few
adverse effects.

Therefore, the present systematic review aimed to identify
validated protocols to observe the effectiveness of ablative
neurosurgeries in the treatmentof severe and treatment-refrac-
tory OCD, their possible adverse effects, and clinical/imagolog-
ical predictors of response and secondary benefits.

Methods

A systematic review was performed to investigate the use of
ablative neurosurgical techniques for the treatment of re-
fractory OCD. The search was carried out by four indepen-
dent researchers, and followed the steps proposed in the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.

The search was performed on the Medical Literature,
Analysis, and Retrieval System Online (MEDLINE) and on
the Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior (CAPES, in Portuguese) databases. The following
descriptors, retrieved from the Medical Subject Heading
(MeSH) terms, were combined in each database using Bool-
ean operators: (obsessive-compulsive disorder or obsessive
compulsive disorder) and (ablative or cingulotomy or capsu-
lotomy or tractotomy or leucotomy) and (neurosurgery or
psychiatric surgery or neurofunctional surgery).

For the selection of the articles, the following inclusion
criteriawere adopted: 1) studies that correlate refractory OCD
and ablative surgery as a treatment strategy, and studies that

present OCD treatment using ablative techniques by thermo-
coagulation and other techniques, as long as the participants
who underwent non-ablative surgery can be excluded; 2)
humanstudies that evaluate theefficacyofablative techniques
by thermocoagulation in OCD based on changes in the Yale–
Brown Obsessive Compulsive Scale (Y-BOCS); 3) individuals
diagnosedwithOCD according to theDiagnostic and Statistical
Manual of Mental Disorders1 and the International Statistical
Classification of Diseases and Related Health Problems;2 and 4)
minimum follow-up time of 12 months.

Additionally, the following exclusion criteria were ap-
plied: 1) duplicate studies; 2) articles exclusively on other
surgical interventions; 3) articles exclusively on other psy-
chiatric disorders; 4) editorials; 5) reviews on the use of
ablative thermocoagulation techniques for OCD that do not
provide results for new patients; 6) comments; 7) discus-
sions on related ethical issues; 8) case reports; 9) studies that
do not use the Y-BOCS; and 10) articles on indications for
ablative techniques other than OCD.

As a primary outcome, the clinical improvement of OCD
symptoms after the intervention, measured by a change in
the Y-BOCS score, was analyzed. The secondary outcomes
included changes in depression and anxiety scores, and we
also retrieved additional information that each article could
contribute to the theme. Such secondary outcomes did not
affect the eligibility of the studies.

Results

A total of seven articles were selected for the present
systematic review (►Fig. 1, ►Table 1). The studies selected
included 149 patients, with a mean age at surgery of 34.6
years (range: 28.9 years to 40.8 years; standard deviation
[SD]: 4.2 years), who had the diagnosis of OCD following the
international criteria,1,2 and were considered refractory to
the conventional treatment. In four4,13,14,17 of the six studies
that specified the gender of the patients, males predomi-
nated slightly in the sample, while in the two other studies,
females represented 66.6%16 and 63.1%3 of the participants.
Only one study15 comprised two types of surgical procedure
and did not specify the gender of the patients. The partic-
ipants were individualized according to the type of surgery
performed, and the number of patients lost to follow-upwas
reported for each of the types.

Regarding the thermocoagulation techniques performed,
122 patients underwent bilateral anterior capsulotomy; 3,
unilateral anterior capsulotomy; 17, bilateral cingulotomy;
and 7, a combination of bilateral anterior capsulotomy and
bilateral cingulotomy. After the surgeries, the participants
were followed for an average of 25.5 months (range: 12 to
60 months; SD: 15.2 months). The total follow-up time was
considered themoment of the last evaluation of the patients.

Clinical improvement was analyzed using the Y-BOCS. The
mean preoperative score on the Y-BOCS was of 31.9 (range:
21.2 to 38.2; SD: 5.4). A significant decrease in Y-BOCS scores
was observed 12 months after surgery, with a mean value of
16.8 (range: 5.4 to22.9; SD: 6.4). ThefinalY-BOCS score, that is,
the one evaluated at the endof the proposed follow-up period,
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continued to decrease, reaching an average of 15.9 (range: 4.4
to 22.9; SD: 6.3). This determined an average reduction of 52%
(range: 34.3% to 79.2%; SD: 15.1%) in the Y-BOCS at the end of
the evaluation, based on an average of 63.5% of responders
(range: 36.8% to 85.7%; SD: 15.8%). The lowest percentage of
responders (36.8%) and the lowest percentage of decrease in
the Y-BOCS score (34.3%) were found by D’Astous et al.3 In
contrast, they reported the highest average age among the
participants (40.8 years). The lowest average ages were regis-
tered by Liu et al.14 and Zhan et al.:17 29.6 years and 28.9 years
respectively, while they had the highest rates of responders
(85.7% and 77.3% respectively).

Csigó et al.16 evaluated and implemented neuropsychologi-
cal tests in their research to assess whether the cognitive
functions of OCD patients who underwent ablative neurosur-
gery improved or worsened after the procedure. They observed
a significant recovery of cognitive-functional deficits that re-
fractory OCD patients characteristically have, mainly related to
attention and spatial memory. In addition, a significant im-
provement in executive functions such as verbal fluency, deci-
sion making, and intelligence was registered. However, they
found an increase in intrusion errors. These findings are cor-
roborated by the results obtained by Jung et al.,13 who did not
identify any neurofunctional deficit in the areas of learning,
verbal memory, and visuospatial construction, but observed an
improvement in perseveration errors.

Rück et al.15 confirmed the efficacy of thermocoagulation
in the treatment of refractory OCD, but emphasized that
multiple or very large lesions should be avoided due to the
increased risk of side effects. In turn, Zhang et al.4 attributed

the response of the participants in their study to the associ-
ation of bilateral cingulotomy and capsulotomy.

Discussion

Thermocoagulation for the treatment of refractory OCD is a
non-experimental technique that is effective and has been
validated by previous studies. This perspective was con-
firmed in the present review, since the articles selected
showed significant clinical improvement documented by
changes in the Y-BOCS score. This surgical technique may
be the last tool available for these patients to achieve
functionality.

In the present review, the average number of responders
was of 63.5%, very satisfactory, considering the severity and
chronicity of the disease. Mostly, the scores on the Y-BOCS
12 months postoperatively and in the longest follow-up (60
months) were similar. This shows that the 12-month results
are close to the permanent results, and also indicates a stable
response to treatment over time.

A greater response to the neurosurgical approach was
perceived in younger patients compared with a lower re-
sponse in older patients, which raises the hypothesis of an
ideal time window to propose this approach. Comparing
responders and non-responders, D’Astous et al.3 concluded
that the effectiveness of the surgery is inversely proportional
to the duration of the disease. Neuroimaging studies have
demonstrated hypermetabolism profiles, especially in the
anterior cingulate gyrus, orbitofrontal cortex, and caudate
nucleus, areas related to the pathophysiology of OCD which

Fig. 1 Articles selected for the systematic review.
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have shown statistically significant improvements in the
postoperative follow-up.14,17

The comorbidities associated with OCD, such as anxiety
and depression, have already been well specified applying
the Hamilton Depression Rating Scale (HAM-D) and the
Hamilton Anxiety Rating Scale (HAM-A). They have also
been analyzed in the postoperative period, showing signifi-
cant improvement. This fact becomes relevant, considering
that these comorbidities have an impact on the quality of life
of these patients.12 In general, an improvement was also
observed in the neurophysiological and cognitive aspects in
subjects who underwent this type of surgical treatment,
with few long-term adverse effects resulting from the pro-
cedure.16 However, one study15 showed a mild impairment
in executive functions in the group studied as a whole.

Despite the reduced number of studies selected, the
current systematic review included a significant number of
patients (149), and a certain standardization was noticed
with regard to the inclusion criteria (every study enrolled
refractory patients who had the diagnosis of OCD based on
the international criteria),1,2 the criterium for responders
(patients showing an improvement rate of>35% in the Y-
BOCS in the longest follow-up were considered responders),
the rating scale (all of them used the Y-BOCS), the total of
follow-up time (all of them included a 12-month cutoff), as
well as the analysis of secondary outcomes such as depres-
sion and anxiety (the studies that performed it used the
HAM-A and HAM-D). In addition, the definition of refractory
OCD is currently well-established.

The interinstitutional heterogeneity in the surgical tech-
nique employed was evident in the studies, such as the
amplitude of the lesion and the time and temperature
used, even regarding the same type of approach. This fact
must be taken into account when generalizing the findings,
since this lack of standardization may affect the responses.12

Thus, the results of the present systematic review must be
interpreted in the context of the strengths andweaknesses of
the studies included here.

Conclusion

Obsessive-compulsive disorder is a debilitating disorder
with the highest refractoriness rates among psychiatric
disorders. Even with the limited number of studies selected
in the present systematic review, the results show that
thermocoagulation is a safe and effective method for the
regression of the symptoms of this disease. Considering the
proportion of responders, both for the primary outcome and
for the comorbidities, determining safe clinical predictors of
response would be of great value in the application of
targeted approaches. Nonetheless, to this date, no evidence
is available to determine reliable predictors of imaging
studies or the clinical response to the treatment for those
patients who are known to have a surgical indication due to
severe and refractory OCD. Systematic, double-blinded, con-
trolled studies are feasible (considering the similar response
to the different techniques employed) and necessary to

overcome this barrier and take a new step toward individu-
alizing surgical indications, especially within the spectrum
of those already validated.

Conflict of Interests
The authors have no conflict of interests to declare.

References
1 American Psychiatric Association. Diagnostic and statistical man-

ual of mental disorders. 5th ed. Arlington, VA: American
Psychiatric Association; 2013

2 World Health Organization. International statistical classification
of diseases and related health problems. 10th revision, 5th
edition. Geneve: World Health Organization; 2015

3 D’Astous M, Cottin S, Roy M, Picard C, Cantin L. Bilateral stereo-
tactic anterior capsulotomy for obsessive-compulsive disorder:
long-term follow-up. J Neurol Neurosurg Psychiatry 2013;84(11):
1208–1213

4 Zhang QJ, Wang WH, Wei XP. Long-term efficacy of stereotactic
bilateral anterior cingulotomy and bilateral anterior capsulotomy
as a treatment for refractory obsessive-compulsive disorder.
Stereotact Funct Neurosurg 2013;91(04):258–261

5 Weissman MM. Cross-national epidemiology of obsessive-com-
pulsive disorder. CNS Spectr 1998;3(S1):6–9

6 Hollander E, Doernberg E, Shavitt R, et al. The cost and impact of
compulsivity: A research perspective. Eur Neuropsychopharma-
col 2016;26(05):800–809

7 Fernandez-Egea E, Worbe Y, Bernardo M, Robbins TW. Distinct
risk factors for obsessive and compulsive symptoms in chronic
schizophrenia. Psychol Med 2018;48(16):2668–2675

8 Marazziti D, Mucci F, Fontenelle LF. Immune system and obsessive-
compulsive disorder. Psychoneuroendocrinology 2018;93:39–44

9 Pollack MH, Van Ameringen M, Simon NM, et al. A double-blind
randomized controlled trial of augmentation and switch strate-
gies for refractory social anxiety disorder. Am J Psychiatry 2014;
171(01):44–53

10 Sharma M, Saleh E, Deogaonkar M, Rezai A. DBS for obsessive-
compulsive disorder. In: Sun B, Salles A, editors. Neurosurgical
treatments for psychiatric disorders. Dordrecht: Springer
Netherlands; 2015:113–123

11 Suetens K, Nuttin B, Gabriëls L, Van Laere K. Differences in
metabolic network modulation between capsulotomy and
deep-brain stimulation for refractory obsessive-compulsive dis-
order. J Nucl Med 2014;55(06):951–959

12 Brown LT, Mikell CB, Youngerman BE, Zhang Y, McKhann GM II,
ShethSA.Dorsal anterior cingulotomyandanterior capsulotomy for
severe, refractory obsessive-compulsive disorder: a systematic
review of observational studies. J Neurosurg 2016;124(01):77–89

13 JungHH, Kim CH, Chang JH, Park YG, Chung SS, Chang JW. Bilateral
anterior cingulotomy for refractory obsessive-compulsive disor-
der: Long-term follow-up results. Stereotact Funct Neurosurg
2006;84(04):184–189

14 Liu K, Zhang H, Liu C, et al. Stereotactic treatment of refractory
obsessive compulsive disorder by bilateral capsulotomy with
3 years follow-up. J Clin Neurosci 2008;15(06):622–629

15 Rück C, Karlsson A, Steele JD, et al. Capsulotomy for obsessive-
compulsive disorder: long-term follow-up of 25 patients. Arch
Gen Psychiatry 2008;65(08):914–921

16 Csigó K, Harsányi A, Demeter G, Rajkai C, Németh A, RacsmányM.
Long-term follow-up of patients with obsessive-compulsive dis-
order treated by anterior capsulotomy: a neuropsychological
study. J Affect Disord 2010;126(1-2):198–205

17 Zhan S, LiuW, Li D, et al. Long-term follow-up of bilateral anterior
capsulotomy in patients with refractory obsessive-compulsive
disorder. Clin Neurol Neurosurg 2014;119:91–95

Arquivos Brasileiros de Neurocirurgia Vol. 40 No. 4/2021 © 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.

Thermocoagulation for the Treatment of OCD Chaves et al.338



Anatomy of the Middle Meningeal Artery

Anatomia da artéria meníngea média
Marco Aurélio Ferrari Sant’Anna1 Leonardo Luca Luciano2 Pedro Henrique Silveira Chaves3

Leticia Adrielle dos Santos4 Rafaela Gonçalves Moreira5 Rian Peixoto6 Ronald Barcellos7,8

Geraldo Avila Reis7,8 Carlos Umberto Pereira8 Nícollas Nunes Rabelo9

1Hospital Celso Pierro, Pontifícia Universidade Católica de
Campinas, Campinas, SP, Brazil

2School of Medicine, Universidade Federal de Alfenas, Alfenas, MG,
Brazil

3Centro Universitário Atenas, Paracatu, MG, Brazil
4Universidade Federal do Sergipe, Aracaju, SE, Brazil
5 Faculdade Atenas, Passos, MG, Brazil
6School of Medicine, Faculdade Santa Marcelina, São Paulo, SP, Brazil
7Neurosurgery Department of the Hospital de Urgência de Sergipe
Governador João Alves Filho, Aracaju, SE, Brazil

Arq Bras Neurocir 2021;40(4):e339–e348.

Address for correspondence Nicollas Nunes Rabelo, MD, Department
of Neurosurgery, Faculdade Atenas, Passos, Minas Gerais, Rua Oscar
Cândido Monteiro, 1000, jardim Colégio de Passos, Passos, MG,
37900, Brazil (e-mail: nicollasrabelo@hotmail.com).

8Neurosurgery Department of the Fundação de Beneficência
Hospital de Cirurgia Aracaju, SE, Brazil

9Neurosurgery Department, Neurosurgery Service of HGUSE and
the Benefit Foundation Hospital of Surgery, Aracaju, SE, Brazil

10Department of Neurosurgery, Faculdade Atenas, Passos, MG, Brazil

Keywords

► neurosurgery
► neuroanatomy
► middle meningeal

artery
► meningeal artery

Abstract Introduction The middle meningeal artery (MMA) is an important artery in neuro-
surgery. As the largest branch of the maxillary artery, it provides nutrition to the
meninges and to the frontal and parietal regions. Diseases, including dural arteriove-
nous fistula (DAVF), pseudoaneurysm, true aneurysm, traumatic arteriovenous fistula
(TAVF), Moya-Moya disease (MMD), recurrent chronic subdural hematoma (CSDH),
migraine, andmeningioma, may be related to the MMA. The aim of the present study is
to describe the anatomy of the MMA and to correlate it with brain diseases.
Methods A literature review was performed using the PubMed, Scielo, Scientific
Direct, Ebsco, LILACS, TripDataBase and Cochrane databases, with the following
descriptors: neurosurgery, neuroanatomy, meninges and blood supply.
Discussion The MMA is embedded in a cranial groove, and traumatic or iatrogenic
factors can result in MMA-associated pseudoaneurysms or arteriovenous fistulas
(AVFs). In hemodynamic stress, true aneurysms can develop. Arteriovenous fistulas,
pseudoaneurysms, and true aneurysms can be effectively treated by endovascular or
surgical removal. In MMD, the MMA plays a role in the development and in the
improvement of collateral circulation. Finally, in cases of CSDH, when standard surgery
and drainage fail, MMA embolization can constitute a great alternative.
Conclusion The MMA is a relevant structure for the understanding of neurosurgical
diseases. In conclusion, every neurosurgeon must know the anatomy of the MMA
sufficiently to correlate it with the diagnosed pathology, thus obtaining treatment
effectiveness and preventing brain lesion.
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Introduction

The middle meningeal artery (MMA) is the larger of the two
terminal branches of the external carotid artery, and it is a
significant branch of the internalmaxillary artery. It is respon-
sible for the nutrition of the meninges, as well as of the
temporal and parietal regions. Its anatomy plays a role in
the planning of endovascular and surgical interventions in the
skull base. Due to its complex embryology, it is expected that
anatomical variations and anomaliesmayoccur. In fact, anom-
alies andvariations of theorigin, thebranches and theposition
of the MMA have been well-documented in the literature.1–3

Since theseanatomyvaiationshowclinical importance incases
of fractures in the skull base, of bypass procedures and of
epidural hematomas,4 they should be considered in the diag-
nosis and treatment of pathologies that affect the MMA.5,6

Accordingly, Kresimir Lukic et al. reported that the knowledge
about the anatomical position and branches of the MMA is
extremely important in radiology and surgery.7

Considering its unique anatomical characteristics and its
exposure at the temporal bone region, theMMA is vulnerable
to skull damage that results in the development of posttrau-
matic pseudoaneurysm or epidural bleeding.8 Some large
extracerebral vessels and the MMA (or its branches) are
involved in the mechanisms that associate migraine with
arterial vasodilation or neurogenic inflammation and ex-
plain migraine-associated headache.9,10 Other diseases that
may affect the MMA are aneurysm, recurrent chronic sub-

dural hematoma, dural arteriovenous fistula (DAVF), trau-
matic arteriovenous fistula (TAVF), and Moya-Moya disease
(MMD).11,12 Therefore, detailed and precise knowledge of
the anatomy of the MMA is essential to support neurosurgi-
cal, neuroendoscopic, and neurovascular approaches. There-
fore, the main objective of the present study is to review this
knowledge under the clinical perspective.

Methods

To achieve the main goal, the present study employed a
literature review using the following databases: PubMed,
Scielo, Scientific Direct, Ebsco, LILACS, TripDataBase and
Cochrane. The descriptors used were: middle meningeal
artery, neurosurgery, neuroanatomy, dura mater, and blood
supply. A total of 68 articles that met the inclusion criteria of
being published between 1896 and 2017 were selected. The
images were made in Adobe Photoshop CC 2019, version
20.0.10 (Adobe, San Jose, CA, USA), and our team drew by
hand the figures representing the anatomy of the MMA.

Discussion

Anatomical Description and its Variations
Themeningeal arteries comprise arterial branches that rise up
between the dura mater and the bone, supplying both struc-
tures. There are three meningeal arteries: posterior (PMA),
middle (MMA), andanterior (AMA) (►Fig. 1,►Fig. 2). TheAMA

Resumo Introdução A artéria meníngea média (AMM) se configura como um importante vaso
arterial na neurocirurgia. É o maior ramo da artéria maxilar e fornece nutrição às
meninges e às regiões frontal e parietal. Doenças, incluindo fístula arteriovenosa dural
(FAVD), pseudoaneurisma, aneurisma verdadeiro, fístula arteriovenosa traumática
(FAVT), doença de Moya-Moya (DMM), hematoma subdural crônico (HSDC) recorrente,
migrânea e meningioma podem estar relacionadas à AMM. O objetivo do presente
estudo é descrever a anatomia da AMM e sua correlação com as doenças envolvidas.
Métodos Uma revisão da literatura foi realizada utilizando as bases de dados PubMed,
Scielo, Scientific Direct, Ebsco, LILACS, TripDataBase e Cochrane, com os seguintes
descritores: neurocirurgia, neuroanatomia, meninges e irrigação sanguínea.
Discussão A AMM está inserida em um sulco do crânio, e fatores traumáticos ou
iatrogênicos podem resultar em pseudoaneurismas ou em fístulas arteriovenosas
(FAVs) associadas. Quando o estresse hemodinâmico aumenta, aneurismas verdadei-
ros podem se desenvolver. Fístulas arteriovenosas, pseudoaneurismas e aneurismas
verdadeiros podem ser efetivamente tratados por remoção endovascular ou de forma
cirúrgica. Na DMM, a AMM desempenha um papel muito importante no desenvolvi-
mento e na compensação da circulação colateral. Em casos de HSDC recidivante,
quando a cirurgia convencional e drenagem falham, a embolização da AMM pode ser
uma ótima opção.
Conclusão A AMM é uma estrutura anatômica importante no entendimento das
doenças neurocirúrgicas. Portanto, todo neurocirurgião deve conhecer a anatomia da
AMM e estar apto a correlacioná-la com a patologia envolvida, obtendo, assim,
efetividade no tratamento e prevenção de lesão cerebral.

Palavras-chave

► neurocirurgia
► neuroanatomia
► artéria meníngea

média
► artéria meníngea
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originates from the anterior ethmoidal artery and supplies a
short region on the Galli crest13–15 (►Fig. 2C). The PMA starts
from the vertebral, ascending occipital or pharyngeal arter-
ies,15 and supplies the medial portions of the dura of the
posterior fossa, the cerebellar sickle, the posterior segment of
the brain scythe, and the adjacent tentorium. The MMA, in
turn, irrigates agreater surfaceof theoccipital, parietal, frontal,
and temporal regions (►Fig. 2B).

The maxillary artery consists of a primary terminal
branch of the external carotid artery16 and originates poste-
riorly to the mandibular branch. The MMA is the most
common branch of themandibular segment of the maxillary
artery and originates at a variable distance from the external
carotid artery and the superficial temporal artery17

(►Fig. 2A, ►Fig. 3A). The MMA then irrigates the cranial
dura mater and, via its perforating branches, provides blood
supply to the periosteum of the inner lamina of the cranial
bones.18 After entering the middle cranial fossa, the MMA
performs a right-angled curve to assume a horizontal course,
and then runs forward and laterally through the floor of the
lateral piece of the middle cranial fossa, the dura, and the
inner part of the cranial vault17,19,20 (►Fig. 3A, ►Fig. 3B).

Fig. 1 Skull lateral view highlighting the temporal fossa. The frontal,
occipital, parietal and temporal bones were omitted, and the dura
mater is represented by the gray shading in figure A. (A) -
representative 3D cranial image obtained from an oblique view
showing vascularization (in red) by the middle meningeal artery (MM)
and its branches, as well as by the external carotid artery (CE)
ramifications. The MM is a branch of the maxillary artery (AM), and the
posterior meningeal artery (MP) is a branch of the FA (ascending
pharyngeal artery); (B) - representative 2D drawing of the MM and its
branches, from a coronal view. CC: common carotid artery; CI: internal
carotid artery; CE: external carotid artery; FA: ascending pharyngeal
artery; AM: maxillary artery; MM: middle meningeal artery; FA:
posterior meningeal artery.

Fig. 2 Represents the anterior, middle and posterior meningeal
artery. (A) - Side view. Middle meningeal artery and its frontal and
parietal branches. (B) - Lateral-inferior view. Posterior meningeal
artery and its vascular territory. The MP artery is a branch of the FA. (C)
- Front view. Evidence of ethmoid bone (anterior ethmoidal cells).
Anterior meningeal artery. which is a branch of the EA.CC: common
carotid artery; CI: internal carotid artery; CE: external carotid artery;
AM: maxillary artery; MM: middle meningeal artery; MMF: middle
meningeal frontal branch; MMP: middle meningeal artery parietal
branch. AF: ascending pharyngeal artery; MP: posterior meningeal
artery; AO: ophthalmic artery; EA: anterior ethmoidal artery; MP:
anterior meningeal artery.

Fig. 3 Middle meningeal artery pathway without anatomical
variation. Figure shows contact with bone projections. (A) - Bottom
view. (B) - penetration of the middle meningeal artery into the skull by
the spinous shape (FS), extracranial, intraosseous and intracranial
portion. The MM issues two branches, MMP and MMF. TS is a branch of
AM. (C) - relationship between the middle meningeal artery and the
pterio (PT). CC: common carotid artery; CI: internal carotid artery; CE:
external carotid artery; AM: maxillary artery; MM: middle meningeal
artery; TS: superficial temporal artery; MMP: middle meningeal artery
parietal branch; MMF: middle meningeal artery frontal branch.
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TheMMA then changes its path after reaching the pterion
mark, extending by the inner area of the frontal and parietal
bones (►Fig. 3C). The second change in its course may occur
at the bone canal or groove on the pterion of the cerebral
surface.17 Therefore, the MMA can be divided into inteross-
eous, extracranial, and intracranial segments (►Fig. 3B). The
extracranial portion of the MMA runs superiorly from its
origin and reaches medially the external face of the skull
base, following a right course in most cases. It is worth
reminding that the dura mater does not attach to this
segment (►Fig. 4, ►Fig. 5). The intraosseous portion of the
MMA extends by the outer and inner orifices of the foramen
spinosum of the higher wing of the sphenoid bone, crossing
it. Finally, the intracranial segment of the MMA is observed
after the artery enters the skull. This portion is characterized
as the origin for most MMA branches, and arises in the
surface of the middle cranial fossa, opposite to the pterion8

(►Fig. 3C, ►Fig. 4, ►Fig. 5, ►Fig. 6).
This anatomical description is important to identify var-

iations that affect the extracranial (►Fig. 7A, 7B) and intra-
cranial MMA branches portions (►Fig. 8A, 8B, 8C). After
MMA extension through the foramen spinosum, the petrous
branch goes through the canal of the greater petrous nerve,
being basically divided into two branches: 1) the medial or
cavernous branch, which contributes to irrigate the Gasser
ganglion, the third portion of the trigeminal nerve and the
dura mater around the foramen ovale, thus having an essen-
tial involvement in the origin of dural fistulas in cavernous
sinus region18; and 2) the basal tentorial branch, which
irrigates the cerebellum tent and may underlie dural fistulas
of the lateral sinus, even irrigating tumors located in the

Fig. 4 Representation of the external carotid artery and its branches.
(A) - Side view. (B) - Latero-posterior view. Evidence is MM, which is a
branch of AM and MMRp, derived from MM. CC: common carotid
artery; CI: internal carotid artery; CE: external carotid artery; Ts:
superior thyroid artery; AL: lingual art; AF: facial artery; AF: ascending
pharyngeal artery; AP: posterior auricular artery; AOc: occipital
artery; TS: superficial temporal artery; AM: maxillary artery; MM:
middle meningeal artery. B: Latero-posterior view. MMA: accessory
middle meningeal artery; MMRp: middle meningeal artery petrous
branch.

Fig. 5 Side view. (A) - arteriography showing branches of the external
carotid artery. Evidence for MM and MMP that are branches of AM.
Topographic view of CI. (B) - 3D schematic drawing in the topography
of the arteriography of figure A. CI: internal carotid artery; CE:
external carotid artery; AOc: occipital artery; AM: maxillary artery;
MM: middle meningeal artery. MMA: accessory middle meningeal
artery; MMF: middle meningeal artery frontal branch; MMP: middle
meningeal artery parietal branch; CA: anterior cerebral artery; CM:
middle cerebral artery; CP: posterior cerebral artery.

Fig. 6 Top view. (A) - bilateral middle cranial fossa, with folded
parietal bone, representing the MM ascending the FS and following
the middle fossa. (B) - 2D schematic drawing showing the anterior,
middle and posterior fossa of the skull. FS: spinous foramen; MM:
middle meningeal artery.

Fig. 7 Side view. Anatomical variations of the middle meningeal
artery in the extracranial segment. A - branching distal to themaxillary
artery (AM). B - schematic representation of MMA variation.
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pontocerebellar angle, through branches that run under the
upper petrosal sinus to achieve that angle.

The petrosquamous branch, through its basal tentorial
branches, runs posterolaterally along the petrosquamous
sulcus of the temporal bone and gives blood supply for the

basal ⅔ of the cerebellar tent. Besides, it come up with
branches to the posterior fossa and may even irrigate lateral
sinus fistulas.21

Finally, it divides into two terminal branches: 1) the
frontal branch, which irrigates the bones that constitute

Fig. 8 Representation of common anatomical variations of the middle meningeal artery (MM) after penetrating the skull through the spinous
foramen (intracranial segment). A - bifurcation in the ore, 25% of the cases; B - bifurcation when leaving the spinous foramen (FS), 50% of the
cases (most common); C- association of the bifurcation in the ore with the exit of the FS, 13% of cases.
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the anterior cranial fossa and the anterior part of the middle
cranial fossa. Nevertheless, this branchmayalso originate the
marginal artery of the cerebellum tent, which is responsible
for the irrigation of the anterosuperior third of the cerebel-
lum tent, contributing to supply the trochlear and oculomo-
tor in the cavernous sinus roof; and 2) the posterior branch,
which runs away more horizontally towards the posterior
segment, supplying the supratentorial portion of the poste-
rior cranial fossa and the posterior region of the middle
cranial fossa. Perforating branches, belonging to the posteri-
or and anterior branches, cross the arterial sulcus and
originate abundant lateral pathways that also reach the
dipole and, eventually, the outer skull layers.18,20–22

There are also 1) the ganglion branches or the trigeminal
ganglion branch, which provide blood to the trigeminal
ganglion and associated roots; 2) the upper tympanic artery,
which runs through the semicanal to the tensor tympani
muscle, supplying the muscle itself as well as the mucosa
lining the semicanal; 3) temporal branches, which traverse
tiny foramens in the greater wing of the sphenoid bone,
anastomosing with the deep temporal arteries; and, finally,
4) an orbital branch, which anastomoses with the recurrent
meningeal branch of the lacrimal artery.18,19,23

The accessorymeningeal artery is a branch that can comes
from the extracranial MMA segment or from the internal
maxillary artery22 (►Fig. 4B, ►Fig. 5B). It promotes the
vascularization of the pterygoid, veli palatine tensor muscle,
as well as to the auditory chanel.19 It exhibits an endocranial
branch, namely cavernous branch, which crosses over the
foramen ovale or the Versalius foramen, and contributes to
the irrigation of the mandibular branch of the trigeminal
nerve, the dura adjacent to the thallus saddle and the
semilunar ganglion.24,25 Their extracranial branches are
also valuable, since they are involved in skull base diseases
such as angiofibromas, dural fistulas, and meningiomas,
originated from anastomoses with the ascending, mandibu-
lar, pterygovian arteries and ascending and descending
palatine arteries.21

The posterior superior alveolar artery commonly appears
just before the maxillary artery entry in the pterygopalatine
fossa, and often shares a communal trunk with the infraor-
bital artery, but it may also arise from the MMA. The reason
for that phenomenon could be the altered return of the
plexiform anastomoses between the stapedial artery and the
maxillary artery, resulting in the fusion of the posterior
superior alveolar artery with the medial meningeal artery.7

This feature bring severe surgical implications to the proce-
dures involving intransantral radical maxillectomy, lateral
approach of the infratemporal fossa and pterygopalatine,
manipulations of the medial and anterior parts of the skull
base (including the management of oropharynx and naso-
pharynx lesions), as well as to the dorsocaudal management
of the medial skull base.2,26,27

It has been established that the Krönlein method, the
surgical procedure based on the orbit approach through the
temporal fossa, mobilizing the malar bone, may constitute
the simplest way to localize themain trunkof theMMA, since
there is lack of accurate topographic information defining its

pathway.22,27,28 To localize the frontal branch, two imagi-
nary lines should be used: an upper horizontal line, guided
by the top edge of the orbit, and an anterior vertical line,
which crosses the middle of the zygomatic arch. To establish
the location of the parietal branch, one must find the
intersection of two lines: an upper horizontal line and a
posterior and vertical line, the latter running immediately
beside the back of the mastoid process.20

Furthermore, several authors have shown that the anteri-
or branch of the MMA, or the pterion segment, which passes
by the pterion and arises along the coronal suture, may be
surrounded by a canal-like bone structure.5,29–31 This canal,
which is found in between 49 and 75% of the skulls,4,32 is
formed mainly when the anterior MMA branch, which runs
through the dura of the sphenoidal fontanelle, is surrounded
by bone in the closure of the fontanelle during bone forma-
tion. It is always located around the pterion, posterior to the
coronal suture, at a lower level of the superior temporal
bounder, but never below the frontal bone. In cases where
the anteriorMMAbranch is located in a bone canal, theMMA
may be damaged during removal of the bone flap during
neurosurgical surgeries. Therefore, to preserve its integrity
during frontotemporal craniotomy, it must be exposed by a
perforation around the pterion.30

In this regard, Kornieieva et al. demonstrated that the
morphological features of the MMA may be related to the
individual characteristics of the skull. Patients showing a
mesocephalic skull shape provide the most favorable ana-
tomical conditions for the endovascular approach of MMA-
associated pathologies, whereas the brachycephalic skull
shape is characterized by a more negative anatomical prog-
nosis. Thismakes this latter kind of formation undesirable for
MMA interventional manipulations, being the conventional
surgery the preferred method in these cases.8

The embryogenic MMA origin consists of the stapedial
artery, the main trunk derived from the hyoid artery at the
level of the stapes, which is divided into maxillofacial and
supraorbital divisions. Together, these branches supply the
orbit and provide the intracranial MMA portion.19,33 After
the ophthalmic artery assimilates the intraorbital branches
of the stapedial artery, its proximal and retro-orbital
branches evolve and are assimilated by the intracranial
MMA portion. Subsequently, the branches belonging to the
maxillofacial division of the stapedial artery are absorbed by
the developing external carotid artery and originate the
internal maxillary artery (including the extracranial MMA
segment). At this step, the proximal (trunk) segment of the
stapedial artery involutes around the 3rd month of gestation,
and the remaining structure becomes the tympanic MMA
branch.3,33–38 Accordingly, there are anatomical variations
that can be explained by this particular embryology. Among
the anomalous origins of the MMA is the posteroinferior
cerebellar artery.39 The embryological basis for this variation
is still unknown, but, from a neurosurgical point of view, this
knowledgewill certainly avoid destruction of blood supply to
structures located at the posterior cranial fossa during MMA
embolization.19 Another rare origin comprises the basilar
artery or one of its branches.23 The precise origin location is
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always speculative, but it can be associated with persistent
anastomosis around the trigeminal ganglion, as well as
between the intracranial elements of the stapedial artery
and of the lateral pontine artery.19

A more common variant is the MMA originated from the
internal carotid artery, which occurs close to the lacerated
foramen19 (►Fig. 9). The MMA may be generated from the
extradural portion of the carotid siphon, a feature that is
possibly explained, under the embryological point of view, as
an aberrant origin (more distal or more caudal) of the hyoid
artery from the internal carotid artery. In this case, the union
between the hyoid artery with the remaining parts of the
first branchial arch, to form the stapedial artery, does not
occur, or occurs unrelated to the stapes level. This abnormal-
ity is characterized, therefore, by the absence of an undevel-
oped extracranial MMA. Another possible origin for the
MMA is the petrous segment of the internal carotid artery.
The basis of this anomaly is the persistence (defective
involution) of the embryonic stapedial artery.40 In this
case, the internal carotid artery runs inside the carotid canal
along with the internal carotid artery, and then enters the
lacerated foramen, without going through the middle ear
cavity or perforating the stapes. When it reaches the lacerat-
ed foramen, it crosses the cavernous sinus just below the

trigeminal ganglion. Subsequently, it follows a regular
course, being divided into posterior and anterior branches.41

Finally, the MMA may also originate from the ophthalmic
artery, which comes, after the assimilation of branches from
the supraorbital segment of stapedial artery (that is, the
extraocular and intraorbital branches), by the early ophthal-
mic artery, which initially only fills the eyeball. This feature
occurs due to a development failure of the intraorbital
proximal branches and of the retro-orbital stapedius, so
the intracranial segment of the MMA remains connected
to the intraorbital branches of the stapes. Besides the invo-
lution failure of the maxillofacial portion of the stapedial
artery, the extracranial MMA portion is not formed.40

The remaining anatomical variations reported in the
literature account for cases in which the MMA enters the
middle cranial fossa through the foramen ovale, close to the
mandibular nerve (as long as the spine foramen is ab-
sent),41,42 being originated at the third part of the maxillary
artery (pterygopalatine).43 In this case, theMMA reaches the
median cranial fossa by the lateral extremity of the superior
orbital cleft. The MMA can also be generated from the
ascending pharyngeal artery, crossing the lateral margin of
the superior orbital fissure or through the meningo-orbitary
foramen of the greater wing of the sphenoid bone, as a
branch of the persistent stapedial artery.44–46

The persistent stapedial artery generally originates from
the petrous segment of the internal carotid artery.47,48 It
enters anteromedially into the hypotympanum, running
next to the promontory. Then, it goes cranially through the
stapes obturator foramen, reaching the facial canal by dehis-
cence, just behind the cochleariform process, going subse-
quently to themiddle cranial fossa.49.50–52 Their anastomotic
branches enter the orbit through the superior orbital fissure
(meningo-ophthalmic artery) or through a foramen on the
greater wing of the sphenoid bone, called meningo-orbital
foramen,50 Hyrtl canal, or cranio-orbital foramen.50,52 The
branch that goes through the foramen is known as the
meningolacrimal artery. Furthermore, it is worth mention-
ing that the vascular system of the MMA is commonly
confounded with the anterior vascular network that goes
by the superior orbital fissure (sphenoidal artery) and
through the meningo-orbital foramen (meningolacrimal
artery).50

Clinical Considerations
The MMA that comes from the dura mater is incorporated in
the groove or drip of the internal surface of the skull and
presents a straight, direct path.8 Pseudoaneurysm can be
formed when a hematoma or a secondary connective tissue
formation occurs following an injury to the temporal area.
According to Kawaguchi et al.,53� 70% of theMMA traumatic
pseudoaneurysm cases are related to trauma fractures af-
fecting the temporal region. Post-traumatic MMA pseudoa-
neurysms can suddenly rupture after repair of the brain
lesion, and the time elapsed between the initial lesion and
the aneurysm development varies from 4 to 30 days.53–55

Therefore, the mortality can be notably reducedwhen the
postpseudoaneurysm is promptly diagnosed and treated.56

Fig. 9 Side view. Parietal, occipital, zygomatic and temporal bone
folded. Evidence of the internal carotid artery. Anatomical variation of
the middle meningeal artery (MM). Branch adjacent to the lacerated
foramen (FL). CC: common carotid artery; CE: external carotid artery;
CI: internal carotid artery; AO: ophthalmic artery.
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The MMA may, therefore, be important for postsurgical
revascularization, except for indirect shunt, such as the
encephalo-dura-arterio-synagiosis. It stimulates collateral
circulation between the temporal muscle and the dura
mater, leading to angiogenesis.1 The MMA is also frequently
used as an endovascular embolization for conditions such as
FAVD, pseudoaneurysm, true aneurysm, and meningio-
ma.57,58 Suzuky et al.59 reported that MMA endovascular
embolization is currently the most effective method to acute
bleeding. To avoid complications in open cranial surgeries,
endovascular access is the choice procedure due to the
extracranial origin and to the direct course of the MMA to
the cranial cavity.60

The rate of acute epidural hematomas and posttraumatic
pseudoaneurysms of theMMA subjected to nonconventional
endovascular therapies is increasing in emergency room
settings.58,59 As in post-traumatic MMA pseudoaneurysm,
cranial fracture is commonly associated to fistulas commu-
nicating the parallel middle meningeal vein and the diploic
vein.54,55 The MMA FAVD represents the second most fre-
quent traumatic arteriovenous dural fistula originated from
posttraumatic carotid-cavernous sinus fistula. The clinical
symptoms include consciousness changes and headache, and
resection by craniotomy and embolization are the alterna-
tives therapies.61

Migraine is generally considered a neurovascular disorder
characterized by unilateral, pulsatile headache pain, associ-
ated with photophobia, nausea, vomiting, and dizziness.
According to the described pathophysiology, vasodilatation
lead by vasodilator agents, such as the peptide related to the
gene of calcitonin, nitric oxide and serotonin, may constitute
the mechanism underlying the stimulation of the cerebral
and middle meningeal arteries.62

Furthermore, during cranial surgery, to avoid visible
damage to a possible anastomosis between the MMA and
the ophthalmic artery pathway to the ethmoidal artery, the
MMA needs to be preserved. Meningeal vessels attach to the
inner part of the bony vault of the skull and, in case they are
fractured, the MMA can be damaged, causing epidural he-
matoma in up to 85% of the cases.63 Patients with cranial
fractures that affect the meningeal vessels are more com-
monly affected by epidural hematomas and recurrent epi-
sodes of hematoma-related bleeding, so damage to the MMA
may also be involved in recidivated chronic subdural hema-
toma.31 Finally, theMMA also has an important impact in the
treatment and prognosis of MMD. As already known, MMD
consists of an unusual cerebrovascular disorder featuring
progressive obstruction of the last portion of the internal
carotid artery and its main branches within the Willis circle
(mainly middle and anterior cerebral arteries), resulting in
the development of a vascular network (Moya-Moya vessels)
in thebrain.31,64–67 It is therefore crucial to know the surgical
anatomy of the MMA around the pterion, to keep intact its
anterior branch during the surgical MMD management
surgery. Not surprisingly, in MMD patients, the anterior
branch may potentially originate essential collateral
branches that provide blood supply to the anterior cerebral
artery area.31 In fact, the MMA plays an essential role in the

progress and compensation of collateral circulation in MMD.
In the case of recurrent chronic subdural hematoma, when
conventional surgery and drainage fail, MMA embolization
may constitute an alternative. Finally, we consider that every
neurosurgeon must know the anatomy of the MMA suffi-
ciently to correlate it with the diagnosed pathology, thus
obtaining treatment effectiveness and preventing
iatrogenies.

Conclusion

TheMMA is a clinically significant anatomical structure to be
considered during the treatment of neurosurgical diseases. It
is inserted into a skull sulcus, and iatrogenic factors or
trauma may lead to pseudoaneurysms, MMA DAVF or dam-
age. In addition, true MMA aneurysms can develop in re-
sponse to increased hemodynamic stress. Surgical or
endovascular removal can efficiently treat true aneurysms,
pseudoaneurysms, and DAVF.
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Abstract Introduction Three-dimensional (3D) printing technologies provide a practical and
anatomical way to reproduce precise tailored-made models of the patients and of the
diseases. Those models can allow surgical planning, besides training and surgical
simulation in the treatment of neurosurgical diseases.
Objective The aim of the present article is to review the scenario of the development
of different types of available 3D printing technologies, the processes involved in the
creation of biomodels, and the application of those advances in the neurosurgical field.
Methods We searched for papers that addressed the clinical application of 3D
printing in neurosurgery on the PubMed, Ebsco, Web of Science, Scopus, and Science
Direct databases. All papers related to the use of any additivemanufacturing technique
were included in the present study.
Results Studies involving 3D printing in neurosurgery are concentrated on threemain
areas: (1) creation of anatomical tailored-made models for planning and training; (2)
development of devices and materials for the treatment of neurosurgical diseases, and
(3) biological implants for tissues engineering. Biomodels are extremely useful in
several branches of neurosurgery, and their use in spinal, cerebrovascular, endovas-
cular, neuro-oncological, neuropediatric, and functional surgeries can be highlighted.
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Introduction

Thecontinuousadvances incomputer sciencesbrought several
perspectives to thefield ofmedicine. The possibility of visuali-
zation of internal organs using ultrasound (US) and computed
tomography (CT)was followed by a significant progresswith a
better definition of the images through magnetic resonance
imaging (MRI), and themedical horizons becamewider. More
recently, the virtual database could be changed in format, and
the two-dimensional (2D) data became three-dimensional
(3D) images. Ever since,with the improvementof thehardware
and software myriad, the 3D virtual medical image became
more convenient, easier to use, andwith better resolution and
interaction with the user.1,2

The technological advances have been driven by the needs
of the industry and have been put forward by the advent of
additive manufacturing (AM) techniques. This, in the field of
the medicine, allows the production of 3D models of human
structures, named as biomodels, beginning with data ac-
quired from imaging exams.1,3

Currently, AM has been used by physicians to improve the
precision of the diagnosis and of surgical planning and as a

teaching tool for medical students and residents. It is partic-
ularly useful the surgeons, since 2D images cannot be easily
understood in relation to the anatomical structures and
complex anatomical irregularities.4

The available imaging exams can ensure a good visualiza-
tion of the morphology of the organs to the surgeons;
however, on some occasions, they are not effective for an
appropriate surgical planning. Although digital graphs have
become very similar to reality, the simulation of a surgical
procedure remains difficult and is far from being applied,
evenwhen advanced technologies are adopted. Virtual reali-
ty simulators were developed for neurological surgery in an
attempt to solve this problem. However, they are based on an
extensive use of graphswith limited tactile feedback. Despite
supplying 3D virtual images, the interpretation of these
images depends on the rationale of the surgeon, who needs
to transform the 2D images into 3D virtual images. On the
other hand, real models of cerebral structures can provide a
fertile tactile expression with no need of any visuospatial
capacity of the surgeon to process the 2D images, since a
touchable and real 3D model is available.5

Conclusions Three-dimensional printing technologies are an exclusive way for direct
replication of specific pathologies of the patient. It can identify the anatomical
variation and provide a way for rapid construction of training models, allowing the
medical resident and the experienced neurosurgeon to practice the surgical steps
before the operation.

Resumo Introdução as tecnologias de impressão 3D proporcionam uma forma prática e
anatômica de reproduzir modelos precisos e feitos sob medida dos pacientes e das
doenças. Estes modelos podem permitir o planejamento cirúrgico, além de treina-
mento e simulação cirúrgica no tratamento de doenças neurocirúrgicas.
Objetivo o objetivo do presente artigo é revisar o cenário de desenvolvimento de
diferentes tipos de tecnologias de impressão 3D disponíveis, os processos envolvidos
na criação de biomodelos e a aplicação destes avanços no campo neurocirúrgico.
Métodos Procuramos por estudos que abordaram a aplicação clínica da impressão 3D
em neurocirurgia nas bases de dados PubMed, Ebsco, Web of Science, Scopus e Science
Direct. Todos os artigos relacionados ao uso de qualquer técnica de fabricação aditiva
foram incluídos no presente estudo.
Resultados Estudos envolvendo impressão 3D em neurocirurgia estão concentrados
em três áreas principais: (1) criação de modelos anatômicos adaptados para planeja-
mento e treinamento; (2) desenvolvimento de dispositivos e materiais para o
tratamento de doenças neurocirúrgicas, e (3) implantes biológicos para a engenharia
de tecidos. Em vários ramos da neurocirurgia, os biomodelos são extremamente úteis.
Pode-se destacar o uso em cirurgias de coluna, cerebrovasculares, endovasculares,
neuro-oncológicas, neuropediátricas e funcionais.
Conclusões As tecnologias de impressão 3D são uma forma exclusiva de replicação
direta das patologias específicas do paciente. Elas podem identificar a variação
anatômica e fornecer uma maneira para a construção rápida de modelos do treina-
mento, permitindo que o residente médico e o neurocirurgião experiente pratiquem as
etapas cirúrgicas antes da operação.

Palavras-chave

► impressão
tridimensional

► biomodelos
► neurocirurgia
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In the surgical field, AM application reaches specialties
such as bucomaxillofacial surgery, otolaryngology (ORL),
orthopedics, cardiac surgery, and neurosurgery.

Bucomaxillofacial surgery applies 3D models for surgery
planning in orthognathic patients, since the anatomy and the
procedures in this area are quite complex. Three-dimension-
al printing technologies provide better functional and es-
thetic results, and increased satisfaction of patients due to a
precise surgical planning.6–9

In the ORL field, the procedures can represent significant
challenges, even for the most experienced surgeons, during
resection of infiltrative tumor diseases and for the recon-
struction of anatomical structures, mainly in the endoscopic
approach and for skull base diseases. The use of AM allows
the production of specificmodels from the patient, providing
better surgical planning and preoperative simulation.10

In orthopedics, this technology affected mainly the surgi-
cal planning, being applied to spine, hip, pelvis, and shoulder
lesions. Tailor-made prostheses are able to be adapted to the
anatomy of each individual.11

Cardiovascular diseases also obtain benefits, since the
biomodels can play an important role in the diagnosis and
treatment. The technology is particularly useful to surgical
and endovascular interventions, such as arterial endopros-
thesis implantation. Likewise, in the literature, many reports
described the use of biomodels in the treatment of valvar
diseases.12–14

In neurosurgery, AM has numerous applications, which
will be presented in detail.

Methods

We searched for papers that addressed the clinical applica-
tion of 3D printing in neurosurgery. All articles related to the
use of any AM technique were included in the present study.
The exclusion criteria were: studies with no surgical or
clinical relevance, not relevant to 3D printing, editorial com-
ments, and image submissions. Articles were searched using
the PubMed, Ebsco, Web of Science, Scopus, and Science
Direct databases on December 30, 2018. Both Mesh terms
and key terms were used to capture any publications not yet
indexed. As keywords for the search, the following terms
were used: Printing, Three-Dimensional [Mesh], 3D Printing,
Three-Dimensional Printing, andNeurosurgery. Therewere no
limits for the time of publication. A total of 159 articles were
retrieved, from which 68 were excluded. Finally, 91 articles
were selected for review (►Fluxogram 1).

Results and Discussion

Additive Manufacturing: Concept
Since its beginning, in the 1980s, AM was revolutionary in
the development of objects. The term AM, formerly called
rapid prototyping, is popularly known as 3D printing. It
designates a gathering of technologies for manufacturing
physical objects directly from a database that was generated
by computer-aided design (CAD). These methods are quite

peculiar, since the materials can be joined or bound, layer by
layer, aiming to constitute the projected object.3

The term “rapid” associated to those processes is relative,
since the construction of some prototypes can take from 2 to
72hours, depending on the size and complexity of the
object.15–17

A specific software that consists of the interface between
the 3D model (CAD) and the AM machine decomposes the
CAD model into several thin layers, which are piled one by
one. The process of AM combines layers of material with the
purpose of creating a solid object. The creation of objects
with complicated internal characteristics is performed by
the additive nature of this process, which cannot be achieved
through other processes such as, for instance, machining,
milling, and drilling, which are subtractive processes.18,19

Three-dimensional printing consists of a process to build
3D objects starting from a digital file. In this process, a 3D
digital object is created using the design software (CAD).
These virtual 3D objects are saved in a file whose format is
recognized by the 3D printer (usually, in the STL format).20

All existing AM processes, until now, consist of five basic
stages (►Figs. 1, 2 and 3):

1. Creation of a CAD model of the object that is being
projected;

2. Conversion of the CAD file into an STL file;
3. Decomposition of the STL file into thin transversal layers;
4. Physical construction of the model, piling up one layer on

another;
5. Cleaning and finishing of the model.

In this technology, several different processes of produc-
tion are involved. Depending on the 3D printing process, the
production of the model can be classified into 7 categories,
according to the ISO/ASTM 52900 standard (2015)19,21–23:

1. Binder jetting: when a liquid bonding agent is selectively
deposited to join powder materials;

2. Directed energy deposition: a process in which focused
thermal energy is used to fuse materials by melting as
they are being deposited;

3. Material extrusion: when a material is selectively dis-
pensed through a nozzle or orifice;

Fluxogram 1
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4. Material jetting: a process in which droplets of build
material are selectively deposited;

5. Powder bed fusion: when thermal energy selectively
fuses regions of a powder bed;

6. Sheet lamination: a process in which sheets of material
are bonded to form a part;

7. Vat photopolymerization:when a liquid photopolymer in a
vat is selectively cured by light-activated polymerization.

Additive Manufacturing in Neurosurgery
Surgical procedures in neurosurgery can represent substan-
tial challenges even for the most experienced surgeons,
mainly in vascular and skull base surgeries. These challenges
rise when handling lesions located inside or near the critical
structures of the brain, or anatomically complex lesions.

Since its introduction in neurosurgery in 1999,24 3D print-
ing has demonstrated its ability to aid in neurosurgical pro-
cedures. The comprehension of the brain structures is
enhanced with the use of 3D biomodels before surgery.
Moreover, 3D printing configures a promising opportunity
for the preoperative training of the neurosurgeon. It is known
that the excessive manipulation of intracranial nerves or
vessels during the resection of a brain tumor, for instance,
delays the surgery and constitutes a factor that can lead to
neurological deficits, which, sometimes, are irreversible.25

Today, in surgical practice, the availability of an image-
guided surgery configures a component in the development
of surgical skills.26 The virtual reality (VR) systems for
surgical simulation demonstrate promising results.27

Fig. 1 (a) Creation of a CAD model of the object that is being
projected; (b). Conversion of the CAD file into .STL extension.

Fig. 3 (a and b) Cleaning and finishing of the model.

Fig. 2 (a) Decomposition of the .STL file into thin transversal layers. (b) Physical construction of the model, piling up one layer on another.
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However, these systems are usually expensive, and supply
only limited tactile feedback. In Brazil, the use of cadaver
specimens it is still very restricted, since it depends on the
availability of resources and biohazard issues. Studies in
animals raise ethical questions and cannot always provide
a realistic representation of the human anatomy.10

The projecting and manufacturing of anatomical biomo-
dels aremotivated by the need for realistic and reproductible
models for surgical planning, training, and simulation. The
development of 3D models has the potential to provide a
series of advantages for neurosurgery, such as an educational
perspective to both physicians and patients, and even to
enable a surgical simulation.

Studies involving 3D printing in neurosurgery are con-
centrated on three main areas: (1) creation of anatomical
tailor-made models for planning and training; (2) develop-
ment of devices and materials for the treatment of neurosur-
gical diseases; and (3) biological implants for tissues
engineering.28

Biomodels are extremely useful in several branches of
neurosurgery. We can highlight the use in spinal, cerebro-
vascular, endovascular, neuro-oncological, neuropediatric,
and functional surgeries.

Ideal guidelines for the acquisition of CT images were
evaluated and determined that the acquired images should
have a thickness of 2mm, and this data was adapted for the
creation of 3D models.29,30

However, with the advances in CT and 3D printer tech-
nologies, the acquired images have thinner slices (0.6mm),
as presented elsewhere by one of the authors (Leal A. G.) of
the present article,17 and can generate models with more
details and precision.

Also, MRI was evaluated for 3D data acquisition, but the
resultingmodels were of lower quality when comparedwith
the biomodels derived from CT. However, when the brain is
prototyped, MRI images are more suitable due to the low
definition of CT for soft tissues.31

Biomodels of intracranial aneurysms (IAs) have been
studied for preoperative planning and surgical training.32–34

Some published studies reported that the biomodels were
anatomically precise when compared with the real anatomy
of the patient acquired through images of cerebral angiog-
raphies.35–37 Among these studies, one of the authors of the
present study (Leal A. G.) can be cited (►Fig. 4).17

It is known that one of the main difficulties during the
microsurgical treatment of IAs consists in the appropriate
choice of the clip to be used, due to anatomical variabilities
and to the peculiarities of each aneurysm. It is also common
knowledge that IAs present wide and/or complex necks and
that surgical planning is essential38 to avoid excessive ma-
nipulation of the intracranial vessels and an extended surgi-
cal time, which are factors that can predispose to
intraoperative aneurismatic rupture.39 Therefore, preopera-
tive planning in touchable models that reproduce the surgi-
cal anatomy is enormously useful (►Figure 5).

Although published studies40–42 have already demon-
strated the usefulness of biomodels in the preoperative
election of the surgical clip, studies with an objective evalu-

ation of the effectiveness of 3D modelling for surgical plan-
ning and training are still lacking. This project was recently
published by the authors of the present study
(►Fig. 6). ►Table 1 lists the experience of the main author
of the present study (Leal A. G.) in the use of IAs models.43

Fig. 5 Aneurysm model for preoperative election of the surgical clip.
Flexible (red arrow) and hard (blue arrow) portions.

Fig. 4 Anterior communicating artery aneurysm (arrow) model.
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Regarding cerebrovascular diseases, a study with 3D bio-
models and arteriovenous malformations (AVMs) demon-
strated that the intraoperative timewas reduced, confirming
that the printed models contributed to the surgical plan-
ning.44 Additive manufacturing technology is used to manu-
facture 3D models of the AVM and to facilitate the
preoperative conversation with the patient and to serve as
medical education for young surgeons.45,46

Carotid endarterectomy (CE) has also entered the AM era.
Before the advent of AM, CE depended on the patients’Fig. 6 Aneurysm model before (a) and after clip application (b).

Table 1 Experience of the main author in the use of intracranial aneurysms models43

Case Age
(years old)

Gender IA location IA size (�)

1 38 M R ICA (Bifurcation) 7.3� 5.1mm

2 65 F L MCA (Bifurcation) 3.6� 3.9mm

3 71 M ACoA 4.3� 3.4mm

4 73 F R ICA (Bifurcation) 3.3� 4.5mm

5 70 F L ICA (Bifurcation) 5.9� 5.6mm

6 69 F R ICA (Bifurcation) 7.6� 3.9mm

7 64 M R ICA (Segment C7) 2.6� 3.1mm

8 63 F L ICA (Bifurcation) 3.8� 2.4mm

9 55 F R ICA (Bifurcation) 4.8� 2.5mm

10 67 F R ICA (Segment C7) 1.3� 2.0mm

11 43 F L ICA (Segment C4) 4.5� 6.0mm

12 66 F L MCA (Bifurcation) 5.1� 4.5mm

13 54 F MCA (Bifurcation) 4.9� 4.4mm

14 56 F ACoA 4.1� 2.1mm

15 55 M L MCA (Bifurcation) 2.4� 2.8mm

16 69 F L ICA (Segment C7) 2.8� 7.6mm

17 71 M ACoA 4.6� 6.8mm

18 50 F R AChA 2.7� 3.2mm

19 63 M L MCA (Bifurcation) 4.4� 5.9mm

20 74 F ACoA 3.4� 4.6mm

21 66 F R ICA (Segment C4) 7.4� 15.7mm

22 66 F L ICA (Segment C4) 3.8� 5.2mm
5.9� 8.1mm

23 39 F R MCA (Bifurcation) 4.0� 1.8mm

24 66 F L ICA (Bifurcation) 4.1� 4.0mm

25 66 F ACoA 4.1� 2.8mm

26 74 F ACoA 4.3� 3.7mm

27 62 F R ICA (Segment C6) 3.5� 6.3mm

28 51 F R MCA (Bifurcation) 3.0� 3.1mm

29 57 F R MCA (Bifurcation) 6.3� 7.7mm

Abbreviations: AchA, anterior choroidal artery; ACoA, anterior communicating artery; CMA, middle cerebral artery; IA, intracranial aneurysm; ICA,
internal carotid artery; L, left; R, right.
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surgical exposition. This procedure demands an experienced
surgeon with a very low incidence of complications. The
high-risk nature of this procedure, as well as the decline in
the number of these surgeries performed annually due to the
advent of the endovascular technique, created a gap in the
training of young neurosurgeons and vascular surgeons.
Additive manufactured models for the simulation of CE
have demonstrated that they provide comprehensive train-
ing and allow the residents to obtain skills before operating
on a patient.47

In the same way, biomodels were also validated for
preoperative planning in the endovascular treatment of
vascular diseases with microcatheter molding48,49 and in
the endovascular treatment of intracranial arterial
stenosis.50

Three-dimensional models were used in brain tumors to
evaluate the association between healthy and adjacent neo-
plastic tissues and to help delineating the resection borders.
Three-dimensional printing of brain tumors uses the fusion
of CT and MRI images as its basis, improving anatomical
comprehension.

Currently, neuro-oncological preoperative planning is
based on imaging exams, mainly on MRI, since it provides
more detailed images of the brain tissues. The use of perfu-
sion techniques and tractography can also provide important
details for the choice of the approach to be used by the
neurosurgeon. In the same way, stereotaxis and neuronavi-
gation came to facilitate pre- and intraoperative planning,
since they provide the location of intracranial structures, in
real time, on the previously acquired imaging exams.51

However, even if these images supply important details for
the preoperative planning, some difficulties still persist in
the differentiation between tumor lesions and the underly-
ing cerebral structures. Additive manufacturing technology
allowed the MRI data to be transduced into tailor-made
biomodels describing the relationship between tumor, vas-
culature, and cerebral tissue, facilitating the understanding
and, consequently, resulting in the planning of the most
effective treatment.52

The validity of this technique was confirmed by reports
of preoperative planning using tractography in 3D models,
mainly when used in complex tumor resection surgeries,
such those of gliomas. Diffuse low-grade gliomas are
infiltrative tumors that pervade cortical and subcortical
structures in the brain. The understanding of the anatom-
ical relationships, case by case, is fundamental for a
successful neurosurgical therapy. Additive manufacturing
based on tractography images can improve the skills of
the surgeon to plan and to treat these types of lesions.
This process can reduce surgical time and contributes to
increased safety to the patient in tumor resection surger-
ies when nerve tracts are involved or are part of the tumor
approach.53

Skull base tumors surgeries also benefit from the use of
AMdue to the extreme difficulty of the surgical approach and
to the anatomical complexity.54,55 In these lesions, deeper
areas are not visible in prototyped models manufactured
with opaque materials. Additive manufacturing techniques

were refined through the years and, now, translucent mate-
rials can be printed providing a better visualization of the
structures involved with the lesion.56

The use of 3D printing has brought the development of
simulators created from the construction of the skull, with all
its components, using a variety ofmaterials with consistency
and density very close to reality. Polyjet technology has
become the preferred method to print devices for this
purpose.57

One of the simplest indications of the AM technology
was in the development of molds for the reconstruction of
cranial bone defects. In neurosurgery, the need for large
craniectomies for cerebral decompression in cases of trau-
mas or extensive ischemic strokes when the edema can
cause expressive increase of the intracranial pressure is
well-known. As a routine, after the acute phase, the closure
of the bone defect (cranioplasty) is performed with metil-
metacrilate, which is manipulated by the surgeon intra-
operatively.58–61 However, the cranioplasty of large bone
defects does not always result in suitable esthetic outcomes.
Therefore, 3D tailor-made molds for cranioplasty are very
useful.

Recently, 3D printing has also been used in pediatric
neurosurgery, as in the case of surgical correction of the
meningoencephalocele. These are rare diseases, and few
pediatric neurosurgeons are comfortable with performing
this kind of surgery. In this context, the use of biomodels is
fundamental to establish reliable and safe surgical techni-
ques for each case. The anatomical relationship between the
brain and the skull can be represented by biomodels, clearly
demonstrating the involved lesions. Additive manufacturing
technology allows the previous planning of the surgical
approach and the development of strategies to deal with
several intraoperative high-risk. Three-dimensional printed
models offer not only a better view of the planning process,
but also provide substantial information to enhance the
precision of surgical reconstruction in meningoencephalo-
cele surgeries.62

In pediatric neurosurgery, a short anesthetic time, as well
as reduced radiological exposure and blood loss, are very
important. It was observed that, with the use of 3D models,
the duration of surgery was reduced when compared with
procedures that did not use this technology.63

Like surgical correction of meningoencephalocele, sur-
geries for skull reconstruction due to craniosynostosis also
benefit from manufactured models (►Fig. 7). Frequently,
craniosynostosis is a complex disease, usually involving
orbital and facial bones along with cranial deformity.
Sometimes, surgical treatment is challenging, and it almost
always requires a multidisciplinary approach, with associa-
tion of a neurosurgeon and a plastic surgeon. The complex-
ity of this surgery lies in the multiple possibilities of
reconstructions, which would benefit from pre- and intra-
operative definitions of biometrics and esthetics. Three-
dimensional printing transforms the virtual planning into
anatomical replicas of the cranium, which can be manipu-
lated and fitted, as a jigsaw puzzle, to find the best recon-
struction form.64,65
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Surgeries for resection and cranial reconstruction due to
fibrous dysplasia, a benign pathological development of the
bone, can also have their planning aided by 3D models.66

Another common neurosurgical procedure of interest for
the development of simulation using AM is endoscopic third-
ventriculostomy (ETV).

Endoscopic third-ventriculostomy and intraventricular
biopsy surgeries are procedures whose training is particu-
larly complicated due to the relatively small number of cases
and to the involved techniques that are different from those
used in conventional neurosurgery. Three-dimensional
printed models can simulate the scenario for neuroendo-
scopic procedures, allowing safe and effective teaching in a
realistic and repetitive way.67 An important advance in some
of these simulation devices is the addition of a ventricular
system full of liquid that can provide variable ventricular
pressures.68

Endoscopic transnasal surgeries have also been another
important and pioneering area in the integration of 3D
printing in the development of surgical simulation. A physi-
cal simulation can reproduce the complex anatomy of the
anterior fossa and provide useful ways to apprehend the
necessary abilities in a safe and effective scenario.69,70

Using implantable electrodes, the surgeon evaluates the
epileptogenic cortical area and can also have the location of
the implant defined through 3D models.71

In the literature, a growing number of papers describe the
use of 3D printing for spine surgeries in the last years. A
recent systematic review on the applications of AM in spine
surgery found>2,400 articles on the subject. It concluded
that 3D printing is rapidly becoming intimately integrated
with surgical interventions in the spine. Currently, it is used
for surgical planning and intraoperative guidance, besides
aiding the production of tailor-made prostheses. The tech-
nology allows the reduction of the surgical time and better
surgical results (►Fig. 8).72–74

Clinical benefits such as improved diagnosis, reduction of
the time of fluoroscopy, reduction of the surgical time,
decrease of intraoperative bleeding, better communication

of the surgical team, and a lower index of malpositioning of
screws were reported.8,74,75

Pedicular screws are routine for spine neurosurgeons,
since they are the most effective way to stabilize the verte-
brae.76However, the traditional implantation techniques are
associated with many problems and present a high risk of
violation of the pedicle, with the possibility of causing
potentially fatal neurovascular damages.77

Three-dimensional guidance can offer an alternative,
simple, convenient, and low-cost way to improve the preci-
sion of the positioning of pedicular screws.

Currently, one of the most important applications of 3D
printing in spine surgery is the capacity to manufacture the
tailor-made implants for the patient. First, an imaging exam
is performed and a specific prosthesis for the patient can be
prototyped. Despite its innovation, this process is still very
expensive.78,79

Three-dimensional printing with a material based on
plaster was used to create n touchable anatomical model
of the lumbosacral spine according to the CT image. These
models can be used to perform a variety of procedures,
including interventions in pain management, such as epidu-
ral and nerve roots blockades, facets injections, and blood
patching in cases of cerebrospinal fluid (CSF) hypotension.80

Craniovertebral joint anomalies can be very difficult to be
treated surgically. The preoperative information on bone
anomalies, the pathway of the vertebral arteries, the size
of bone pedicles, and the location of the transverse foramens

Fig. 7 Craniostenosis model.

Fig. 8 Spine model.
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are important for the surgeons. The sizes of the plates and
screws to be used, as well as the angle of screw insertion, can
be calculated based on the data of the models.81,82

Also, this technique can be applied in the treatment of
atlantoaxial basilar invagination and displacement. Three-
dimensional printing can give detailed information about the
abnormalities of the bone structure and of the vertebral
artery pathway. It is useful to configure the surgery strategy
and to project the access point and the pathway of the screw,
consequently avoiding lesions of the vertebral artery and of
the bone marrow.83

Neuromodulation techniques can provide an analgesic
treatment for patients with chronic pain. Sometimes, these
treatment techniques can fail due to a mistake in the access
to the peridural space. Three-dimensional printing can pro-
vide additional information to improve the odds of access
when the anatomy is distorted.84

3D Printing in Neurological Clinical Practice
While 3D printing is intuitively attractive, several barriers
exist for its widespread implementation. The process of
construction of the model can be partially automated, but
for clinical use, some care should be taken during this
process. The final quality of the biomodels depends on the
quality of the acquired image from cerebral imaging exams. A
careful analysis is required when segmentation is made
manually, due to the complexity, the reduced sizes, and
irregular pathways of the brain structures. The specialized
manipulation of the segmentation programs byAM, imaging,
3D files generation technicians in is of extreme importance.
Technical knowledge of operating systems and segmentation
software is of crucial importance.

The final quality of the biomodel depends on the several
stages of its production, from the acquisition of images
through CT and MRI to the actual final printing. The quality
of the equipment used also influences the final result of the
pieces. The largest discrepancies of the production of bio-
models correspond to their dimensions, which are related to
the thickness of each printed slice. Taft et al.85 described that
the absolute magnitude of error was small and within the
tolerance range generally accepted for the treatment of a
patient. Therefore, the stages of quality control or the vali-
dation of the model are crucial when the printed models in
3D are used for the sizing of the device. A survey of evalua-
tions of the models should always be considered, for in-
stance, by means of the evaluation of the images of the
biomodels with the same imaging techniques from which
they were originated. In the case of IA biomodels, the
evaluation can be processed by comparing the measure-
ments of the neck, of the height of the aneurysm, and of
the diameter of the involved cerebral arteries.43

Also, another important factor is the high cost of 3D
printers, in addition to the fact that almost all of them still
depend on technicians for handling. The materials used to
build the object also involve high prices and are difficult to be
obtained.

One of the main limitations of AM is that the current
technologies cannot print directly ultramalleable materials,

such as human cerebral tissues. A newmethodwas proposed
to create a 3D model – both anatomical and tactile – of the
human brain based on MRI and CT images. The production
process consists of three stages and uses the solid 3D model
of thebrain, followed by the construction of a negative silicon
mold of the first model and using it as a model for the
creation of a piece produced with a jelly that resembles the
original consistence of the human brain.86,87

The production of tailor-made biomodels, which initiates
with the acquisition of the images and ends with the
impression of the piece, is time-consuming. The time re-
quired to produce a model varies, on average, from a few to
12hours, depending on the size of the printed object, and can
take up to 24 hours if the desired object is a complete skull. In
this context, the use of biomodels is only possible in elective
cases, and their use in emergencies remains very
restricted.16,17

Only one paper described the use of emergency 3D
printing in neurosurgery. The authors developed a method
to produce solid models of cerebral aneurysms, with a
shorter time of impression than those of the conventional
methods, using a compact 3D printer with acrylonitrile-
butadiene-styrene (ABS) resin.88

Three-dimensional printers are developing quickly; con-
sequently, due to their popularity, their cost is decreasing.
The generation of 3D files, such as the files with ‘.STL’
extension derived from Digital Imaging and Communica-
tions in Medicine (DICOM) data, is being recognized as a
clinical need, and this ability is being introduced in the
software of several imaging diagnosis medical equipment.
Currently, CT and MRI equipment that automatically gener-
ate ‘.STL’ files already exist, enabling the presentation of the
results of the exams both in 2D and in 3D printing.

Tailor-made production of biomaterials is already a fact.
However, the envisioned future is the printing of human
tissues. Bioprinting has achieved thin layers of tissues that
are biologically active and can be used for pharmaceutical
tests. A promising development area is 3D bioprinting of
neurovascular units and the contribution of the different
types of cells for the neurovascular function. Also, dysfunc-
tions can be studied at the molecular and cellular
levels.20,89–92

Conclusions

Additivemanufacturing in neurosurgery with educational and
clinical purposes is highly promising and will probably widen
itsuseandapplication.Althoughchallengesstill existdueto the
cost of production of 3Dprinting, aswell as to the limitations in
the available materials, these current barriers shall be over-
come with new research and technological progress.

Until now, 3D printing has focused on the increase and
demonstration of the applicability of this technology, show-
ing its usefulness in preoperative planning and training, as
well as in the acquisition of neurosurgical skills, besides in
the improvement of the education of physicians and patients.

To establish the use of AM in the neurosurgical practice,
further studies focusing on demonstrable clinical results
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and on suiting them to the use of this technique will be
needed. For instance, the choice of surgical materials in
preoperative planning can avoid unnecessary expenses and
reduce manipulation of the cerebral structures. Given the
path of the 3D printing technology and its usefulness
already demonstrated in multiple clinical scenarios, its
widespread application in neurosurgery, in the future,
seems to be inevitable.

Additive manufacturing provides an exclusive way for
direct replication of the specific pathologies of the patient.
It can identify the anatomical variation and provide away for
rapid construction of training models, allowing the medical
resident and the experienced neurosurgeon to practice the
surgical steps before the operation.

As a future perspective, it is necessary to move beyond
the current state of 3D biomodels that represent actual 3D
anatomical reconstructions. These models still do not
provide simulations of more delicate maneuvers, which
involve real blood consequences. The use of materials with
a consistency similar those of the cerebral and spinal
tissues, as well as the simulation of bleeding, should be
developed. Therefore, the next steps must overcome these
challenges.
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Introduction

Traumatic dislocation of the mandibular condyle to the
cranial fossa is a rare event that occurs after maxillofacial
trauma. Themain reason for this rare occurrence is that high-
impact injuries to the chin usually cause a fracture of the
condylar neck, which prevents the violation of the fine
glenoid fossa.1

The prevalence of such an occurrence may be underrepor-
ted, since such an event occurs in cases of accidents with high

energy dissipation, which consequently are associated with
severe neurological damage and high mortality rates of
patients.2

The clinical features for the diagnosis include ear pain,
bleeding from the ear, posterior open and posterior cross-
bite and limited mouth opening or inability to open the
mouth.3

For the treatment of this condition, an inter- and multi-
disciplinary intervention between the neurosurgeon, maxil-
lofacial surgeon, physical therapist, and nutritionist is

Palavras-chave

► fossa infratemporal
► côndilo mandibular
► luxações articulares

Resumo O deslocamento do côndilo mandibular para dentro da fossa craniana é um evento
pouco comum; quando ocorre, existe a necessidade de intervenção cirúrgica imediata
e multidisciplinar. Devido ao seu advento raro, ainda não existe uma dinâmica
consolidada de atendimento, visto que tal condição ainda não se mostra descrita de
forma sedimentada nos bancos de dados literárias. No presente artigo fizemos uma
revisão de literatura de luxação condilar para fossa intracraniana descritas nos últimos
10 anos nas bases de busca PubMed e Lilacs.

Keywords

► infratemporal fossa
► mandibular condyle
► joint dislocation

Abstract The displacement of the mandibular condyle into the cranial fossa is an uncommon
event; when it occurs, there is a need for immediate and multidisciplinary surgical
intervention. Due to its rare advent, there is still no consolidated service dynamics, as
this condition has not yet been described in a sedimented way in the literature
databases. In the present article, we performed a literature review of condylar
dislocation for the intracranial fossa described in the past 10 years in the PubMed
and Lilacs search databases.
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required, which makes the management of the case
challenging.4

The aim of the present study was to conduct a compre-
hensive literature review of the past 10 years, referring to
traumatic dislocation of the mandibular condyle to the
cranial fossa within 2 search platforms to elucidate more
this condition within the medical field.

Materials and Methods

The present review was performed by searching on the
following electronic databases: PubMed and Lilacs, with
the following descriptors: condyle, intracranial dislocation,
trauma, temporomandibular joint and cranial fossa fracture.
Data collection was performed at different times. First, all
references have been exported to the software Mendeley
Desktop 1.13.3 (Mendeley Ltd. London, England) to track
possible duplicate records. Studies classified as systematic
reviews, original articles, literature reviews, case series, and
case reports were included. There was no language restric-
tion and, regarding the publication period, only articles
published in the last 10 years (between 2011 and 2021)
were selected. The articles whose title and the abstract did
not present sufficient information had the full text analyzed,
to decide on its eligibility. Those that presented a title within
the theme, but the abstracts were not available, were also
obtained and analyzed in full. Articles of interest, present in
the references of included studies, and which met the
eligibility criteria, were also included in the present study.

Results

The presented flowchart (►Table 1) demonstrates our selec-
tion scheme. After performing applying the inclusion and
exclusion criteria adopted for the present review, we arrived
at the total of 12 articles that allowed to carry out the present
review of the literature on the subject. Of the total number of
articles included in the present review, there were two
original articles, two case reports, and nine literature
reviews associated with a clinical case report. The two
original articles bring a broad study on the subject, and
even propose an algorithm for the care of patients suffering

from condylar dislocation for the intracranial fossa. Two case
reports address the open treatment of the lesion. And the
other eight articles bring in a concise and objectivewayabout
what the literature has on the subject correlating with the
presented clinical case, making associative bridges of simi-
larities and differences.

Based on the approach to this issue in the literature, the
surgical approach is said to be the choice for all cases, given the
associated neurological condition. There is a predilection of
occurrence inyoungmales. As it is a high-energyoccurrence, it
is known that these cases are not always reported because the
patient affected by such a condition often presents an unfa-
vorable outcome, considering other associated injuries.

Discussion

Given the limited number of reported cases, intervention for
mandibular dislocation in the middle cranial fossa continues
to follow an individualized approach.5

The consequences of an impact on the temporomandibu-
lar region with condyle intrusion into the cranial fossa may
vary due to factors such as the shape or size of the condylar
head, pneumatization of the temporal bone, or congenital
anomalies of the condyle or glenoid fossa.6

On physical examination and imaging, the presence of
these fractures is often subtle, therefore, they go unnoti-
ced2,4. About 60% of patients had at least 1 sign associated
with a possible injury such as this, including loss of con-
sciousness, impairment of hearing, cranial nerves and asso-
ciation with other cranial fractures. Early diagnosis is
essential to avoid unnecessary intracranial management,
but also to ensure that the neurosurgery team is available
for a possible craniotomy if there is leakage or bleeding of
brain fluid, hematoma, or dural rupture.5,7–9

The literature mentions that a closed reduction under
anesthesia should be considered before an open reduction,
especially among young patients. Closed reductions are
thought to see more success within between 2 and 4 weeks
after the injury, and can minimize growth disorders.6,7

The preferred strategy is determined by the age of the
patient, age of the injury, degree of penetration and proxi-
mity to vital structures. The subsequent reduction can be

Table 1 Search strategy

Database Search Strategy (February, 2019) Results

PubMed
http://www.ncbi.nlm.nih.gov/pubmed

trauma [all fields] AND condyle [all fields] AND intracranial dislocation
[all fields]

9

cranial fossa fracture [all fields] AND condyle [all fields] AND intracranial
dislocation [all fields]

8

temporomandibular joint [all fields] AND condyle [all fields] AND
intracranial dislocation [all fields]

3

LILACS
http://lilacs.bvsalud.org/

trauma AND condyle AND intracranial dislocation AND (db:(“LILACS”)) 3

cranial fossa fracture AND condyle AND intracranial dislocation AND (db:
(“LILACS”))

8

temporomandibular joint AND bone AND cyst AND (db:(“LILACS”)) 5

intrusion AND condyle AND intracranial dislocation AND (db:(“LILACS”)) 1
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achieved by the options of open manipulation, condylec-
tomy, and condylotomy, usually depending on the extent of
the lesion.4,8

The crucial importance of accurate andprompt diagnosis in
planning the treatment of these cases requires that computed
tomography (CT) scans are ideally performed in these cases to
assess the type of displacement.9,10

In cases of condyle displacement into the cranial fossa, all
require multidisciplinary intervention because they require
expertise frommaxillofacial and neurological surgeons (espe-
cially those with experience in skull base surgery). Long-term
monitoring is important, and regardless of the treatment
option chosen, the surgeon must be alert to the development
of neurological symptoms after open treatment.11,12

Conclusion

In conditions where intracranial condylar dislocation is pre-
sent, it is of fundamental importance that advanced imaging
studies are mandatory for exact diagnosis and successful
treatment, and individualized management is recommended,
considering the clinical condition of the patient and the risk-
benefit component of a surgical intervention, taking into
account the neurological condition and functional deficits of
the patient, and even the risk of transoperative injuries .
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Introduction

Pituitary apoplexy (PA) is a clinical diagnosis comprising a
sudden onset of headache, neurological deficits, endocrine
disturbances, altered consciousness, visual loss, or ophthal-
moplegia.1 It is often characterized by infarction and/or

hemorrhage within a pituitary tumor, usually a macroade-
noma, followed by a sudden expansion and subsequent
compression of surrounding structures.2

However, PA is known to have a protean manifestation
and can be difficult to diagnose.1 Meningitis and cerebral
infarcts are by themselves serious diseases. They are rarely

Keywords

► pituitary apoplexy
► stroke
► cerebral infarct
► meningitis

Abstract Pituitary apoplexy (PA) is a clinical diagnosis comprising a sudden onset of headache,
neurological deficits, endocrine disturbances, altered consciousness, visual loss, or
ophthalmoplegia. However, clinically, the presentation of PA is extremely variable and
occasionally fatal. While meningitis and cerebral infarcts are themselves serious
diseases, they are rarely seen as manifestations of PA and are exceedingly rare when
present together.
We present the case of a 20-year-old male with a rapid progression of symptoms of
meningitis, PA and stroke. The present article seeks to emphasize a rare manifestation
of PA with an attempt to understand the intricacies of its evaluation and management.

Palavras-chave

► apoplexia pituitária
► derrame
► enfarte cerebral
► meningite

Resumo A apoplexia hipofisária (AP) é um diagnóstico clínico que compreende um início súbito
de dor de cabeça, déficits neurológicos, distúrbios endócrinos, alteração da consciên-
cia, perda de visão ou oftalmoplegia. No entanto, clinicamente, a apresentação de PA é
extremamente variável e ocasionalmente fatal. Embora a meningite e os infartos
cerebrais sejam eles próprios graves doenças, eles raramente são vistos como
manifestações de PA e são extremamente raros quando presentes juntos.
Apresentamos o caso de um homem de 20 anos com uma rápida progressão dos
sintomas de meningite, PA e acidente vascular cerebral. O presente artigo busca
enfatizar umamanifestação rara. da AP na tentativa de compreender as complexidades
de sua avaliação e manejo.
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seen as separate manifestations of PA, with only one case
report describing both occurring simultaneously.3 When
meningitis and cerebral infarcts occur with PA, they signifi-
cantly complicate the disease progression and its manage-
ment. The management of PA is not standardized and
consists of conservative management with intravenous flu-
ids and steroids, and judiciously chosen trans-sphenoidal
surgery.1,2 As it is often a medical emergency, identifying PA
and managing it adequately to prevent its complications is
paramount.2

Case Report

Patient data was collected after obtaining patient consent
and Institutional Ethics Committee clearance. A 20-year-old
male presented with complaints of acute onset headache for
2 days, which was progressively worsening and was associ-
ated with vomiting and 1 day history of fever. He was
conscious and alert with no neurological deficits but had
mild neck rigidity. A working diagnosis of meningitis was
reached, and a guarded lumbar puncture (LP) was per-
formed. Cerebrospinal fluid (CSF) studies showed gram-
negative bacilli, glucose 32mg/dl, protein 636mg/dl, total
count of 400 cells/mm3 (80% polymorphs). Hewas started on
empirical antibiotics and a CSF culture was ordered.

Within a few hours, his headache worsened and was fol-
lowed by the development of bitemporal hemianopia, bilateral
papilledema, and right lateral rectus palsy.Magnetic resonance
imaging (MRI) demonstrated a large pituitary macroadenoma
(3.5�2�2.5 cm) with regions of hemorrhage (►Fig. 1), and a
diagnosis of PA was reached. The endocrinological evaluation
was significant only for raised levels of growth hormone, at
8.07 ng/ml (0.15–5.0ng/ml). The 8 AM serumcortisol levelwas 3
mcg/dl (5–25mcg/dl). As the patient was neurologically stable,
conservativemanagementwasopted for, andhewasstarted on
hydrocortisone.

On the 2nd day of admission, he suddenly deteriorated,
becoming obtunded, and developed left hemiplegia. An
urgent MRI with MR angiogram (MRA) revealed enlarged
areas of hemorrhage and infarct within the tumor, with an
overall mild increase in the size of the tumor. Large areas of

infarct were noted over the bilateral basifrontal regions
extending to the right internal capsule and the basal ganglia.
The anterior communicating arteries were noted to be
splayed over the tumor with a mild decrease in diameter.
(►Fig. 2) As the patient continued to have fever; surgical
decompression was planned but was deferred due to higher
risks.

Over the next few days, he was stable, and his conscious-
ness improved; however, the CSF culture did not show any
growth. Hence, a repeat LP was performed, and CSF cultures
were sent again along with a meningitis syndrome evalua-
tion system test (Xcyton SES panel, Bangalore, India), which
also did not show any offending organism. During this
period, he developed diabetes insipidus, whichwasmanaged
conservatively.

On the 6th day postadmission, his vision abruptly deteri-
orated, with loss of perception of light in the right eye, and
with the left eye only detecting hand movements. A rapid
decline in vision, along with remission in fever, prompted an
endoscopic transsphenoidal pituitary tumor excision. Fol-
lowing surgery, he regained the ability to perceive light in the
right eye and was able to walk with support at the end of
3 months. A postoperative MRI revealed that the tumor was
completely excised and the patient was started on hydrocor-
tisone for postoperative hypopituitarism.

Fig. 1 T2W MRI with (a) coronal image (b) saggital image showing
heterogenous intensity sellar-suprasellar tumor displacing the
optic chiasm and anterior cerebral arteries bilaterally, right more
than left.

Fig. 2 (a) T2W MRI saggital image showing altered intensity of the tumor suggestive of an intratumoral bleed; (b) and (c) MRI DWI
images showing diffusion restriction in basal bilateral anterior lobes extending to the right putamen, lenticular nucleus and internal capsule;
(d) MRA showing narrowing of the anterior cerebral arteries, right more than left.
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Discussion

Pituitary apoplexy is known to present with chemical men-
ingitis and, rarely, may present concurrently with bacterial
meningitis, which itself has been suspected to precipitate
PA.4–9 Pituitary apoplexy has, infrequently, even been mis-
diagnosed as bacterial meningitis7,8 due to a very similar
clinical picture. Cerebrospinal fluid findings such as pleocy-
tosis and erythrocytosis are nonspecific in cases of PA with
suspected meningitis, with demonstration of bacteria in CSF
being a key finding in distinguishing between chemical and
pyogenic meningitis.4 Although the initial screening CSF
studies showed gram-negative bacteria in our patient, the
culture and meningitis polymerase chain reaction (PCR)
panel did not show any causative organism. Traditional
culture techniques are the gold standard for diagnosis, but
may not always be reliable due to a relatively restricted
sensitivity,10,11 and even polymerase chain-based tests such
as the Xcyton SES panel may not have a 100% positive
predictive value.12 Given this, we decided that bacterial
meningitis could not be ruled out completely, and empirical
antibiotics were continued. Hydrocortisone was continued
in view of the PA, as well as for meningitis.13

Cerebral infarction (without meningitis) associated with
PA has been reported uncommonly. In a recent literature
review of cerebral infarction associated with PA, the patho-
genesis was reported as being due to direct intracranial
vascular compression or vasospasm, either separately or
together.14 Mechanical compression was most commonly
unilateral, but rarely bilateral. Vasospasm has been postulat-
ed as being due to vasoactive substances being released by
the tumor itself or by the compressed hypothalamus, or due
to subarachnoid hemorrhage (SAH) from the tumor.14 Cere-
brovascular accident (CVA) in patients with bacterial menin-
gitis is an important complication, often portending a poor
prognosis, and its etiology is uncertain. Vasculitis, reversible
vasospasm, embolism, and intra-arterial thrombosis have all
been implicated as various causes.15 In our patient, we
suspect that he developed infarcts secondary to vasospasm,
affecting predominantly the anterior cerebral artery territo-
ry, as the MRA did not show any evidence of vasculitis or
thromboembolism. The etiology of the vasospasm itself is
uncertain and could be secondary to meningitis or PA in our
patient. It may be reasonable, based on the rapid succession
of symptoms of meningitis, later PA, and CVA, that these
pathologies may be linked.

There is no universally accepted protocol for the manage-
ment of cerebral infarction associated with PA. Antiplatelet
therapy is the cornerstone of ischemic stroke management.
However, in PA, unlike the standard treatment of ischemic
stroke, antiplatelet therapy may aggravate or worsen the
outcome, whereas surgical tumor decompression along with
hormone replacement is thought to be associatedwith better
outcomes.14 Hence, antiplatelet therapy was not considered
for our patient in the acute phase. Nimodipine, which has
some evidence for use in post-SAH vasospasm, has not shown
benefit in stroke related to meningitis and was also not used
in our patient.15

Surgery in our patient was delayed due to the risks
associated with infection during the febrile phase as well
as due to the acute CVA. Delayed rather than early surgery
in PA with cerebral infarction is associated with better
outcome, although infarction itself is not an indication for
surgery.14,16 This may be due to the poorer outcome
associated with the infarct itself in the immediate phase,
and patients surviving long enough to undergo surgery may
have better outcomes.

To the best of our knowledge, the simultaneous presen-
tation of both meningitis and cerebral infarction in a single
patient has been documented in only one report. Jeon et al.
reported a case of a 41-year-old male presenting with
pituitary apoplexy and chemical meningitis who developed
left hemiparesis due to stroke 7 days later.3 In our patient,
the sequence of events escalated within 48hours, increasing
the likelihood that the events were not disparate,
but related phenomena, as has been suggested in the
literature.3

It is imperative to understand that the standard treat-
ments related to cerebral infarcts may not be useful in these
patients and may even exacerbate their conditions.

Conclusion

Concurrent meningitis and cerebral infarction aggravating
the clinical course of PA, which is itself an often-fatal disease,
is a rare clinical entity. Meningitis is difficult to diagnose in
the setting of PA, as the CSF picturemay be extremely similar.
Adequate clinical suspicionmust bemaintained for its timely
treatment. The present report seeks to emphasize the pre-
carious nature of PA and the importance of its rapid diagnosis
and management.
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Abstract Glioblastoma multiforme (GBM) is the most frequent and most aggressive primary
brain tumor in adults, mainly located in the cerebral hemispheres. In the literature, few
cases of primary GBM have been reported to have radiographic and intraoperative
features of extra-axial lesions, leading to a diagnostic dilemma. Despite the advances in
imaging modalities, the diagnosis of GBM can be challenging, and it is mainly based on
the histopathologic confirmation of the excised tumor. We describe the case of a 76-
year-old previously healthy female patient who presented to our hospital due to speech
disturbances and cognitive impairment. The diagnosis of the tumor type on magnetic
resonance imaging (MRI) was difficult, as the findings were suggestive of a malignant
meningioma due to the heterogeneous enhancement of a dural-based mass with a
dural tail sign. Moreover, the intraoperative findings revealed an extra-axial mass
attached to the dura. A histological examination confirmed the diagnosis of glioblas-
toma with arachnoid infiltration. The patient underwent adjuvant radiotherapy and
concomitant temozolomide treatment, she had clinical improvement postoperatively,
and was stable during the six months of follow-up. Glioblastoma should be considered
in the differential diagnosis of primary extra-axial mass with atypical and malignant
features, especially in elderly patients.

received
December 12, 2020
accepted
February 22, 2021
published online
August 3, 2021

DOI https://doi.org/
10.1055/s-0041-1730373.
ISSN 0103-5355.

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Thieme Revinter Publicações Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil

Case Report | Relato de Caso
THIEME

368

https://orcid.org/0000-0002-3534-7229
mailto:baraa.dabboucy@gmail.com
https://doi.org/10.1055/s-0041-1730373
https://doi.org/10.1055/s-0041-1730373


Introduction

Glioblastoma multiforme (GBM) is the most common and
aggressive primary malignant brain tumor in adults, ac-
counting for 14.6% of all tumors and 48.3% of malignant
tumors.1 It is usually located intra-axially in the deep white
matter of the supratentorial region, mainly in the frontal and
temporal lobes.2 Several neoplastic and nonneoplastic (gran-
ulomatous, lymphoproliferative, autoimmune) dural-based
entities are reported to clinically and radiographicallymimic
meningioma.3,4 Glioblastoma multiforme with primary ex-
tra-axial involvement has rarely been reported in the litera-
ture.5 Here, we report a case of left temporal GBM with
extra-axial features.

Case Report

A 76-year-old, previously healthy, nonsmoker, and nonalco-
holic female patient, presented with verbal paraphasia and
attention deficit that had begun in the month prior to her
visit. Upon neurological examination, expressive aphasia
was noted, and the three-word recall test, along with the
backward digit span test, was impaired. There were no other
neurological signs, such as focal deficits, motor weakness,
cranial nerve deficit, gait instability, or pronator drift.
The vital signs and the initial laboratory testing were
unremarkable.

A brain magnetic resonance imaging (MRI) scan per-
formed upon admission showed a 5.1-cm left temporal
tumor broadly abutting the dural surface at its anterior
inferior and medial aspects, with heterogeneous enhance-
ment and surrounded by extensive vasogenic edema. The
dura showed a thickened appearance and enhancement
(dural tail sign, DTS) surrounding the middle cranial fossa.

A mass effect was produced by the tumor, with compression
of the left lateral ventricle and shift of the midline structures
to the right by � 3mm (►Fig. 1). The mass also presented a
cerebrospinal fluid (CSF) cleft sign (►Fig. 2).

A computerized tomography (CT) scan of the chest, abdo-
men, and pelvis was performed, and failed to reveal a
primary tumor. The patient was submitted to appropriate
intravenous (IV) hydration, and dexamethasone 8mg IV
every 6 hours to decrease the edema.

The casewas discussed in a tumor boardmeeting, and the
main differential diagnoses considered were malignant me-
ningioma and glioblastoma multiforme. The decision was
made to proceed with craniotomy to resect the lesion. The
patient received standard preoperative medication, includ-
ing valproate, dexamethasone, cefazolin, and mannitol on
the morning of the surgery. Intraoperatively, the tumor was
soft, gray, round, extra-axial, and attached to the dura of the
left middle cranial fossa inferiorly, and it was indenting but
easily resectable from the temporal lobe superiorly and
medially. A gross total resection was performed under mi-
croscopic magnification.

A postoperative brain MRI showed complete resection of
the middle cranial fossa tumor (►Fig. 3). The postoperative
course was smooth, and the patient demonstrated progres-
sive clinical improvement in her neurological status. The
histopathological result of the specimenwas consistent with
an isocitrate dehydrogenase 1 (IDH1) mutated glioblastoma
with arachnoid infiltration (►Fig. 4). Moreover, there was a
glial proliferation of the neoplastic cells within the arach-
noid, along with fibrous and angiomatous components,
containing necrotic sites, pleomorphism, and a multinucle-
ate and amoderate tomarked anisonucleosis with important
mitotic activity. The neoplastic cells expressed glial fibrillary

Abstrata O glioblastoma multiforme (GBM) é o tumor cerebral primário mais frequente e
agressivo em adultos, localizado principalmente nos hemisférios cerebrais. Na litera-
tura, poucos casos de GBM primário foram relatados com características radiográficas e
intraoperatórias de lesões extra-axiais, o que leva a um dilema diagnóstico. Apesar dos
avanços nas modalidades de imagiologia, o diagnóstico de GBM pode ser desafiador, e
é baseado principalmente na confirmação histopatológica do tumor excisado. Descre-
vemos o caso de uma paciente do sexo feminino, de 76 anos, previamente hígida, que
se apresentou em nosso hospital devido a distúrbios da fala e alterações cognitivas. O
diagnóstico do tipo de tumor na ressonância magnética foi difícil, pois os achados eram
sugestivos de meningioma maligno devido ao realce heterogêneo de uma massa dural
com um sinal de cauda dural. Além disso, os achados intraoperatórios revelaram uma
massa extra-axial aderida à dura-máter. O exame histológico confirmou o diagnóstico
de glioblastoma com infiltração aracnoide. A paciente foi submetida a radioterapia
adjuvante e tratamento concomitante com temozolomida, apresentou melhora clínica
no pós-operatório, e manteve-se estável durante os seis meses de seguimento. O
glioblastoma deve ser considerado no diagnóstico diferencial de massa extra-axial
primária com características atípicas e malignas, especialmente em pacientes idosos.
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Fig. 1 Axial (A), sagittal (B), and coronal (C) T1-weighted MRI scans with contrast demonstrating a heterogeneously-enhancing mass (asterisk)
with broad dural contact anteroinferiorly (red arrow) with a dural tail sign (yellow arrow).

Fig. 2 Coronal (A) and axial (B) T2-weighted MRI scans showing CSF cleft sign (red arrows).

Fig. 3 Sagittal (A) and coronal (B) T1-weighted MRI scans with contrast showing complete surgical resection of the left middle fossa tumor with
thickened enhancing dura at the site of dural invasion (yellow arrow).
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acidic protein (GFAP), and 30% were expressing p53. They
were positive for S-100 protein and IDH1. The IDH1mutation
was assessed by immunohistochemistry (►Fig. 4).

After the surgery, the patient was treated with radiother-
apy and concomitant temozolomide followed by adjuvant
temozolomide. The last examination six months after the
surgery confirmed that the patient was doing well.

Discussion

Extra-axial brain tumors, which are responsible for approxi-
mately half of all intracranial neoplasms in the United States,
include a wide spectrum of pathologic tumors grouped by
their primarily extraparenchymal involvement, typically
involving the meningeal layers of the brain.6 According to
the most recent data from The Central Brain Tumor Registry
of the United States (CBTRUS, 2012–2016), the most com-
monly occurring malignant brain tumor was glioblastoma
(14.6% of all tumors), and the most common non-malignant
tumor wasmeningioma (37.6% of all tumors).1 Besides, 1% to
3% ofmeningiomas are classified asmalignant meningiomas,
which are characterized by higher rates of recurrence, mor-
bidity, and mortality.7 Meningioma exhibits a broad-based
dural contact, inward displacement of the cortical gray
matter, and DTS.8

On the other hand, glioblastoma is usually an intra-axial
tumor located in the subcortical white matter of the brain
hemispheres.9 Moreover, GBM can extend to the dura, and
rarely shows dural thickening and DTS.10,11 The onset of
GBMs occurs at a median age of 64 years, but they can occur
at any age, including during childhood. Ionizing radiation is
one of the few known risk factors to showan increased riskof
glioma development. Radiation-induced GBM typically
occurs years after therapeutic radiation for another tumor
or disease, or due to environmental exposure to vinyl chlo-
ride, pesticides, smoking, petroleum refining, and synthetic
rubber.12 Around 10% of all GBMs are IDH-mutant, which
develop secondarily to progression from a World Health
Organization (WHO) grades II or III astrocytoma.13 The
vast majority of IDH-mutated gliomas occur in persons
younger than 55 years of age. In a study cinducted by
Robinson and Kleinschmidt-DeMasters,14 from a total of
578 gliomas tested for IDH1 mutation, 88 were IDH-mutant

gliomas, and only 4 occurred in persons aged 70 or older. The
median overall survival in cases of IDH-mutant GBMs carry is
significantly better than that of IDH-wildtype GBMs follow-
ing the standard treatment (31 months versus 15 months
respectively).15 The standard treatment for GBM is surgery,
which consists of maximum surgical resection of tumor
tissue, even if complete resection is not possible, followed
by a course of chemotherapy and/or radiotherapy. Currently,
temozolomide, which is approved by the US Food and Drug
Administration (FDA), is the preferred chemotherapeutic
agent for GBM, and it can be tailored based on the character-
istics of the patient.16

As therapeutic options remain scarce and prognosis, poor,
alternative options such as targeted therapies and immuno-
therapy are actively examined in clinical trials. Apart from
prolonged progression-free, but not overall, survival
afforded by the vascular endothelial growth factor antibody,
bevacizumab, no pharmacological intervention has been
demonstrated to change the course of the disease.17–19

The classic imaging feature of GBM is a ring-enhancing
intra-axial lesion on MRI or CT; however, peripheral lesions
rarely present dural thickening and DTS.9–11 “Dural thicken-
ing”, “DTS”, “flare sign,” and “meningeal sign” are synonyms
referring to the thickening of the dura adjacent to an intracra-
nial neoplasm on contrast-enhanced T1-weighted MRI scans.
Originally thought to be pathognomonic for meningioma, DTS
was reported in CNS lymphoma, metastasis, multiple
myeloma, GBM, chordoma, schwannoma, pleomorphic xan-
thoastrocytoma, hemangiopericytoma, medulloblastoma, eo-
sinophilic granuloma, and pituitary adenoma.11 Additionally,
gliosarcoma, which accounts for 1% to 8% of glioblastomas and
demonstrates both glial and sarcomatous differentiation,
when it’s located peripherally in the brain, may simulate
meningiomabyhaving DTS andhomogenous enhancement.20

TheCSF cleft sign,which isdefinedasa thin rimofCSFbetween
the tumor body and the brain parenchyma, may be more
advantageous in differentiating intracranial extra-axial
tumors from intra-axial tumors.21 However, malignant or
grade-III meningioma may lack the CSF cleft sign or clear
demarcation between the tumor and the brain parenchyma.22

In the literature, there is limited data regarding the
diagnostic confusion between malignant meningioma and
GBM, and primary extra-axial involvement of GBM is rarely

Fig. 4 (A) Fibrous and vascular connective tissue (arachnoid: green arrow) invaded by astrocytes with marked atypia and mitotic figures
(hematoxylin and eosin stain, original magnification: X200); (B) cluster of invasive cells positive for GFAP infiltrating the connective tissue
(arachnoid) (GFAP immunoperoxidase staining, original magnification: X100); (C) immunohistochemical staining reveals strongly positive
results for the anti-IDH1 R132H mutation (original magnification: X400).
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reported. Patel et al.5 described two cases of glioblastoma
mimicking meningioma, with the first case being a hetero-
geneous-enhancing right temporoparietal mass with broad
contact along the right tentorium, CSF cleft sign, andDTS, and
the second, a case of a left parasagittal, heterogeneous-
enhancing mass abutting the falx with DTS. Moreover, Gheyi
et al.23 reported a case of right frontoparietal mass with both
extra- and intra-axial components causing inward displace-
ment of the adjacent dura and calvarial destruction. Derrig at
al.24 also presented a case of GBM involving the cavernous
sinus and Gasserian ganglion with retrograde extension
along the trigeminal nerve. Taghipour Zahir et al.25 described
a case of GBM presenting as a right frontal calvarial mass.
Additionally, two cases of primary extra-axial GBM within
the cerebellopontine angle were reported by Wu et al.26 and
Lee et al.27 Lastly, Karthigeyan et al.28 described a case of
extra-axial left petroclival giant-cell GBM. ►Table 1 summa-
rizes the major characteristics of the aforementioned cases
of primary extra-axial GBM.

The case herein reported reveals that GBMmay present as
an extra-axial mass based on imaging and intraoperative
findings, which render the diagnosis challenging, while the
gold standard of diagnosis is still made through surgical
pathology. Because of the scarcity of reports of cases of extra-
axial GBM in the literature, further studies have to be

conducted to define this new entity and whether the prog-
nosis differs from that of intra-axial GBM.

Conclusion

The present report demonstrates that, although GBM is the
most common primary intra-axial malignant brain tumor, it
could present as an extra-axial mass with infiltration of the
meningeal layers despite the absence of a history of previous
trauma, surgery or radiotherapy. Glioblastoma should be
considered in the differential diagnosis of extra-axial masses
with atypicalmalignant features, especially in elderly patients.
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Abstract Objective To report three cases of vein of Galen aneurysmal malformation (VGAM) in
pediatric patients treated at the hemodynamics lab of Hospital Santa Isabel (HSI) in
Blumenau, state of Santa Catarina, Brazil, from 2006 to 2020. Clinical presentation,
endovascular treatment, and postprocedure evolution to date are included.
Case description Three children aged 5 to 12 months with cardiac, respiratory, or
neurological damage in the neonatal stage, were referred to the neurosurgery service
and diagnosed with VGAM. The three patients underwent endovascular embolization
of the malformation, with different clinical evolution throughout outpatient follow-up.
Conclusion Vein of Galen aneurysmal malformations are uncommon vascular abnor-
malities that, until the advent of endovascular embolization, were associated with high
morbidity and mortality rates. Its prognosis is linked with initial clinic, early diagnosis,
and timely surgical correction.

This study took place at FURB and Santa Isabel Hospital at
Blumenau, Santa Catarina- Brazil.
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Introduction

Vein of Galen aneurysmal malformation (VGAM) is a rare
vascular anomaly occurring during the embryonic stage that
accounts for� 30% of pediatric vascular diseases and 1% of all
cerebrovascular malformations.1 It is characterized by mul-
tiple arteriovenous fistulas (AVFs) between arterial branches
and a median prosencephalic vein (MPV), the embryonic
precursor of the vein of Galen (VG).2 It is believed to occur
between the 6th and 11th week of fetal formation.3 Genetic
predisposition and association has been reported, such as
RASA 1 mutation.4 Clinical manifestations include cardiac
alteration such as high output heart failure, and neurological
ones due to venous congestion and abnormal cerebrospinal
fluid (CSF) flow.5

Despite its low incidence, it is an important morbidity and
mortality factor in newborn babies (NBs) and can also be
diagnosed in infants, children and, less frequently, adults.2

Differences in its clinical evolution, angioarchitecture, and
effects on systemic physiology make its approach complex
and challenging.5 In the absence of treatment, these malfor-
mations are fatal in almost 100% of the cases due to multiple
organ failure in the first weeks of life or to complications of
hydrocephalus in the first years of life.6

Lasjaunias et al. differentiate malformations involving
dilatation of the VG from the MPV, this latter being true
VGAM.5 Two types of angioarchitecture are described for
true VGAM: choroidal – the most common type and with
worse prognosis – and mural. Yasargil also proposed a
classification dividing these malformations into four types.
He distinguished the malformations with pure AVF (types I–
III) from the arteriovenous malformations with drainage to
the VG (type IV); the author also takes into account the exact
origin of the feeding arteries in each type.3

Advances in neuroimaging devices and endovascular ac-
cess materials have enabled the development of effective
techniques for VGAM embolizationwith a positive impact on
the prognosis of these patients. Coils or Histoacryl (Labo-
ratórios B. Braun S. A., São Gonçalo, Rio de Janeiro, Brazil)

(NBCA- N-Butilcianoacrylate) can be used and the endovas-
cular procedure is usually performed through the arterial
pathway.1 Previous studies showed that the transvenous
approach is associated with a higher rate of postemboliza-
tion hemorrhage compared with the transarterial approach.
Ventriculoperitoneal shunting (VPS) is an alternative that
reverses the pressure gradient from the subarachnoid space
to the superior sagittal sinus. In clinically stable patients, it is
preferable to delay embolization until 5 to 6 months of the
age,4 although some cases require emergency intervention in
the NB.7 At this age, aggressive endovascular embolization
reduces hydrodynamic pressure and allows to reserve CSF
diversion procedure for refractory cases.4

In most cases, multiple interventions are required,1 from
clinical stabilization to complete resolution of the malforma-
tion. During the staged treatment by endovascular emboliza-
tion, a new parenchymal angiogenetic network of vessels can
be developed, needing a new approach for obliteration of the
dilated venous sac. Dural feeders to the VGAM may be ob-
served on initial or follow-up angiogram during staged embo-
lization, which happens in � 30% of cases.4

The objective of the current study is to present cases of
VGAM treated at the hemodynamics lab of theHospital Santa
Isabel (HSI), Blumenau, SC, from 2006 to 2020, reporting the
clinical history, diagnostic and therapeutic interventions,
and each patient’s evolution throughout the outpatient
follow-up to date.

Case Reports

Case 1
A baby girl delivered at 38 weeks of gestation by cesarean
section, 33 cm head circumference, Apgar score of 9 at
1minute and 10 at 5minutes. No gestational history. She
required hospitalization for 18 days in a neonatal intensive
care unit (ICU) and intermediate care unit (IMCU) due to
heart failure and seizures. Diagnosis of congenital heart
disease by echocardiography. At 3 months of age, a brain
magnetic resonance imaging (MRI) showed right cerebral

Resumo Objetivo Relatar três casos de malformação aneurismática da veia de Galeno (MAVG)
em faixa etária pediátrica atendidos no setor de hemodinâmica do Hospital Santa Isabel
(HSI) de Blumenau, SC no período de 2006 a 2020, relatando a apresentação clínica, o
tratamento endovascular bem como a evolução pós-procedimento até o presente ano.
Descrição do caso Os relatos descrevem 3 crianças entre 5 e 12 meses de idade que
apresentaram alterações cardíacas, respiratórias ou neurológicas no período neonatal,
encaminhadas para o serviço de neurocirurgia e diagnosticadas com MAVG. Os três
casos foram submetidos à embolização endovascular da malformação, diferindo na
evolução clínica ao longo do seguimento ambulatorial.
Conclusão As MAVGs são anomalias vasculares incomuns de elevada taxa de
morbimortalidade até o advento da embolização endovascular. O seu prognóstico
está ligado à clínica inicial, ao precoce diagnóstico e à correção cirúrgica no momento
adequado.
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hemiatrophy and Galenic cerebral arteriovenous malforma-
tion (AVM). At 5months of age, she underwent digital cerebral
angiography, which showed a right thalamic, fistulous, cho-
roidal type AVM with several afferences and venous drainage
to theVGwith significant associateddilatation, Yasargil type 4.
Then, a transarterial endovascular embolization of themenin-
geal branch and two choroidal branches with direct afference
to theAVMwasperformedwithHistoacryl. Theprocedurewas
well tolerated and without complications.

At 7 months of age, the patient required a ventriculoper-
itoneal shunt (VPS) on the left side of the brain. At 13months,
she underwent control angiography, which detected a rem-
nant of the Galenic fistulous AVM, involving all cerebral
arteries, type 4 Yasargil, and was subjected to a new venous
and arterial embolizationwith Histoacryl. At 2 years of age, a
subdural hygroma was identified on a computed tomogra-
phy (CT) image of the skull, which was followed by the
placement of a VPS on the right side of the brain. She was
on Depakene (Abbott Laboratórios do Brasil Ltda,, São Paulo,
São Paulo Brazil). (Valproic Acid), Tegretol (Novartis Bio-
ciências S. A., São Paulo, São Paulo, Brazil) (Carbamazepine)
and Rivotril (Produtos Roche Químicos e Farmacêuticos S. A.,
Rio de Janeiro, Rio de Janeiro, Brazil) (clonazepan), having
achieved complete control of seizures at 6months of age. At 4
years of age, she developed spasticity, dysphagia and delayed
neuropsychomotor development, aphasia, and absence of
ambulation. In the same year, she had a control cranial CT
scan, which showed the persistence of non-hypertensive
hydrocephalus, with intracranial calcifications.

During her 5th year of life, she had an improvement in her
social and communication skills reported by family members
and confirmed by medical evaluation, as she was able to say
her name and interact by means of smiles and laughter. In
subsequent consultations at 6, 9, and 10 years old, her symp-
toms remained unchanged. She had no new seizures and
maintained good neurological stability. At 14 years and 6
months old, she still had tetraparesis and global spasticity,
and had had a recent motor seizure. The patient was pre-
scribed botulinum toxin, and Trileptal (Novartis Farma S.P.A.,
Naples, NA, Italy) (oxcarbazepine) was added to her anticon-
vulsants. The patient is stable and with no new complaints to
date.

Case 2
A baby girl, born at term at 37 weeks by cesarean section,
Apgar score 8 at 1minute and 9 at 5minutes, 35 cm head
circumference, and heart murmur. She was referred to a
neurosurgeon at 6months and 18 days of age due to a venous
protrusion in the open fontanelles, which had already been
investigated by means of a skull CT. A family member
brought a chest X-ray showing a cardiomegaly finding, an
echocardiogram indicating heart failure, and a cranial CT
showing VGAM. The child was pale, had prominent frontal
veins, and was hypoactive on neurological examination. We
decided to treat the venous malformation endovascularly.

At 7 months of age, on her preoperative evaluation, she
had a 44 cm head circumference. Digital cerebral angiogra-
phy revealed mural type VGAM, with afference to thin

branches of the posteromedial choroidal artery and venous
drainage to a giant aneurysm of the VG – 50�40mm (►Fig.

1: A-E). Subsequently, endovascular embolization of the VG
aneurysmwasperformed byarterial and venous routes using
platinum spirals (coils). During the embolization, the mon-
itors did not show any changes, and the patient tolerated the
procedurewell. At 8months, her evolutionwasgood, shewas
sitting unsupported, active, had handgrip and plantar
reflexes, and presented improved engorgement of facial
vessels and cardiac symptoms. A control CT scan performed
1 month after the procedure showed a dilation of the
bilateral frontal horns with no signs of intracranial hyper-
tension (ICH).

At 14 months, a neurosurgery service in her hometown
placed a VPS on the right side. At 15months, shewas referred
to us because shehad a right head tilt, left hemiparesis, 50 cm
head circumference, and she was not crawling or sitting up.
In the following month, a new digital cerebral angiography
was performed, which showed the remainder of the VGAM,
with residual aneurysm, measuring 30�20mm, with coils
inside it (►Fig. 1: F-H). A newembolizationwasperformed by
arterial access through the posteromedial choroidal artery
using Histoacryl, achieving complete occlusion. At 1 year and
5months, her left subdural hematomawas drained. Amonth
later, a skull MRI was performed, showing a small subdural
residual collection, a functioning VPS on the right, and a cast
of coils and Histoacryl inside the venous malformation.

In consultation at 2 years of age, she was active, could
utter words, eat well, and walk with support, despite visual
impairment with incomplete III nerve palsy on the left side.
At the age of 3, she returned for a VPS review, whose valve
wasworking. Her heart symptoms had improvedwithout the
use of medication, and she had no motor deficit or peculiari-
ties in the neurological exam other than divergent strabis-
mus. Her mother reported that she had started attending a
dedicated school.

Case 3
A baby boy born at term by cesarean section, Apgar 7 at
1minute, and 8 at 5 minutes. No adequate antenatal check-
ups in his hometown. In the neonatal period, he had conges-
tive heart failure, respiratory failure, and hydrocephalus.
State of convulsive illness. At 12 months of age, the patient
was referred to us from a different neurosurgical service due
to failure in a previous attempt for endovascular treatment of
VGAM, diagnosed, along with hydrocephalus, by skull MRI.

A family member reported progressive head circumfer-
ence increase associated with drowsiness and apathy. We
placed a medium pressure VPS on the right side; two days
postsurgery, the patient had significant respiratory distress.
After performing an echocardiogram that showedmild heart
failure, he needed to be transferred to a pediatric ICU.

A digital cerebral angiography was performed, which
showed VGAM, with a giant VG aneurysm of 40�30mm,
with venous drainage to the sickle sinus, extremely dilated
and engorged (►Fig. 2: A-E). At 14 months of age, he under-
went his first session of endovascular treatment by arterial
and venous routes, when platinum spirals (coils) were
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placed, achieving partial occlusion of the aneurysm (►Fig. 2:

F-I). During embolization, monitors showed that the patient
was undergoing alterations. It was decided to discontinue
the procedure and schedule a new session. However, the
patient developed aggressive infectious complications –

pneumonia – progressing to sepsis and death.

Discussion

Hydrodynamic and CSF disorder explain the pathophysiolo-
gy of VGAM presentation. The absorption of the CSF occurs
mostly through the arachnoid granulations in the matured
brain, driven by the sump effect due to negative pressure in
the dural sinuses. The high-flow shunts cause increased
pressure in the venous sinus, resulting in CSFmalabsorption.
Additional factors, such pulmonary hypertension and skull

base maturation, can aggravate the condition. Venous ische-
mia of the brain over time induces bilateral subcortical white
matter calcification and atrophy of brain, manifested by
psychomotor developmental delay and seizures.4

The three patients described above are cases of VGAM
diagnosed in the postnatal period, considerably different
from each other in neonatal clinical presentation and post-
procedure evolution. The first patient had unfavorable initial
clinical presentation of congestive heart failure and seizures,
requiring intensive care unit (ICU) admission. Case 2
describes a patient with no neurological or respiratory
alterations in the neonatal period, with isolated impairment
of cardiac function. The third one reports a critical NB with
congestive heart failure, respiratory failure, a state of con-
vulsive illness and hydrocephalus, which progressed to
coma. In all cases, endovascular treatment was performed,

Fig. 1 Images of patient 2 exams. A: Cerebral angiotomography revealing a 50 mm� 40mmmural-type VGAM with afference to thin branches
of the posteromedial choroidal artery and associated giant aneurysm; BC: Cerebral computed tomography angiography with 3D reconstruction,
confirming a 50 mm� 40mm mural-type VGAM; IN: Arteriography of the right vertebral artery (presence of more pronounced tortuosity)
showing VGAM mural type with afference through thin branches of the posteromedial choroidal artery and venous drainage to a giant vein of
Galen aneurysm (arterial phase).; FH: Arteriography revealing VGAM occlusion after the 1st session of endovascular transarterial embolization
with the use of coils; I: Arteriography revealing total VGAM occlusion after the 2nd session using Histoacryl (NBCA- N-Butylcyanoacrylate).
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with the first malformation embolization session taking
place between 5 and 14 months of age.

Endovascular treatment is the conduct of choice for VGAM,
since conventional surgical alternative is associated with
significantmortality. In the long term, it is ultimatelyexpected
to achieve total obliteration of the malformation, with conse-
quent normal neurological development and absence of def-
icits, which usually requires several stages and yet it is not
always feasible. The immediate therapeutic goal at each stage
varies according to the patient’s clinical presentation and age.
In NBs, the goal is to relieve congestive heart failure, while in
infants and early childhood it is to restore the hydro-venous
balance allowing normal brain development.4

The prognosis for NBs with VGAM can be established
based on the Bicêtre score for the evaluation of the new-
born, which is based on clinical and radiological findings
related to cardiac, respiratory, neurological, hepatic, and
renal function. A score lower than 8 suggests a near-fatal

prognosis, and no treatment is proposed. A score between 8
and 12 indicates the need for urgent embolization, and
between 12 and 21, a more stable condition, which allows
the endovascular treatment to be postponed for 5 months,
the age at which it is best tolerated.8 We can give the 1st
patient a Bicêtre score of 14, the 2nd, of 20, and the 3rd a
score of 10, which, indeed, is consistent with the outcome
in each case. It was not possible to offer patient 3 an early
treatment, since he was referred to the neurosurgery ser-
vice at 1 year of age.

Regarding surgical intervention, in the 1st case, a single
surgical approach was performed at 5 months by arterial
route with NBCA, in which complete occlusion of the mal-
formation was not achieved. For patient 2, the 1st emboliza-
tion performed at 7 months by arterial and venous routes
with platinum coils (coils) did not achieve total occlusion of
the VGAM; this was achieved in the 2nd approach with
Histoacryl, by arterial access, at 1 year and 4 months. Patient

Fig. 2 Images of patient 3 exams. A: Arteriography via the left Vertebral Artery revealing a 40mm� 30mmVGAM of the choroidal type (arterial
phase: A and B; venous phase: C); D-E: Arteriography via the right internal carotid artery showing 40 mm� 30mm choroidal VGAM (arterial
phase); F-I: Arteriography after endovascular transarterial embolization revealing coils inside the aneurysm where aneurysm thrombosis and
slow venous return are observed. Partial exclusion.

Arquivos Brasileiros de Neurocirurgia Vol. 40 No. 4/2021 © 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.

Reports of Vein of Galen Aneurysmal Malformations Zimmermann et al.378



3 was treated at 1 year and 3 months by transarterial
embolization with platinum coils, achieving partial aneu-
rysm occlusion; subsequent interventions were not possible
because the patient died.

Two hundred and thirty-three patients out of a series
(published by Lasjaunias et al.) of 317 individuals with VGA
underwent endovascular embolization; their overallmortality
was10.6%, being higher inNBs (52%). Of the survivors, 74%had
no neurological sequelae during follow-up, 15.6% had moder-
ate neuropsychomotor retardation, and 10.4% had severe
retardation.9 In the present study, the patient who died had
presumably unfavorableprognosis due toclinical presentation
anddelayed referral. The 1st surviving patientwas followedup
until the age of 14 and progressed with motor impairment,
delayedneurodevelopment, and seizureswell-controlledwith
medication. As to the 2nd patient, who was followed up until
3 years of age, he had no neurological alterations other than
visual impairment, with good overall evolution.

The natural history of VGAM has been modified by
endovascular techniques, which are the first choice of
treatment, highly effective and safe when performed at
the right time and with the appropriate indications.10

Recent studies report that endovascular treatment of
VGAM in neonates can reduce the severity of pulmonary
hypertension and intracranial hydrodynamic pressure, thus
lowering the risk for developing critical heart failure, mul-
tiple organ failure and ventricular enlargement.11 However,
some authors concluded that the presence of normal deep
venous drainage into the venous sac of the VGAM, excessive
embolization of the venous outflow, treatment of more
proximal fistulae before treating distal fistulae, and the
use of larger microcatheters in neonates can contribute to
an unexpected outcome.12 It is important to consider that
despite the technological evolution leading to early diagno-
sis and more favorable treatments, the prognosis of these
patients remains associated with their clinical conditions at
birth.10
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Abstract Intoduction The pathways of the facial nerve are variable, and knowledge of that is
essential. The worst impact caused by facial paralysis is related to quality of life,
especially regarding the self-esteem and social acceptance on the part of the patients,
leading to social isolation and disruption on their mental health.
Case Report A 33-year-old female patient, with a stage-T3 acoustic neurinoma,
presented with a moderate dysfunction (grades II to III) according to the House-
Brackmann (HB) Facial Nerve Grading System. A 43-year-old male patient, with a stage-
T4B trigeminal schwannoma, underwent a resective surgery and presented grade-VI
dysfunction according to the HB scale. And a female patient with a stage-T4A acoustic
neurinoma presented grade-IV dysfunction according to the HB scale.
Discussion We performed a literature review of papers related to surgeries for
masseteric-facial nerve anastomosis and compiled the results in table; then, we
compared these data with those obtained from our cases.
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Introduction

The facial nerve (CN VII), is a mixed cranial nerve with motor,
parasympathetic, and sensory branches;1 it is made up of four
nuclei that serve different functions, such as: movement of
muscles that produce facial expression; parasympathetic
innervation to the lacrimal, submaxillary, and submandibular
glands; the sensation of the external ear; and the sensation of
taste.2 The pathways of the facial nerve are variable, and that
knowledgement is essential to perform an accurate physical
diagnosis and safe and effective surgical intervention in the
head and neck.

This nerve is vulnerable to several injuries which can
result in facial paralysis. Facial paralysis is one of the most
common cranial neuropathies, and its main clinical reper-
cussion in patients is a dysfunction in facial expression3. The
facial paralysis can range from the slightest asymmetry to
complete paralysis on one or both sides of the face, and can
be classified through the House-Brackmann (HB) Facial
Nerve Grading System, which was developed as an indicator
of severity; however, it is also used as a progress record for
facial paralysis treatments. The grades of involvement on this
scale range from I to VI (►Table 1); grades I and II have good
outcomes, grades III and IV represent moderate dysfunction,
and grades V and VI have bad outcomes.4

The worst impact caused by facial paralysis is related to
quality of life, especially regarding the self-esteem and social
acceptance on the part of the patients, leading to social

isolation and disruption in their mental health. Moreover,
facial paralysis increases the risk of corneal damage and
infection.5 Therefore, several treatment options have
emerged, including reanimation surgery via anastomosis.
The surgical reanimation of facial movements and, above all,
of the facial expression are a challenge for all microsurgeons,
and knowledge of the surgical techniques becomes funda-
mental to provide the best treatment. In patients with facial
paralysis, the local cranial nerves represent a good source of
motor axons that can be redirected for facial reanimation.6

Besides that, masseteric-facial nerve anastomosis has been
shown to be an excellent surgical treatment for the facial
paralysis in the recent academic literature.

Masseteric-facial nerve anastomosis can be performed
througha surgery to redirect themotor axonsof the trigeminal
cranial nerve (masseteric motor branch), which is extremely
abundant in motor axons, to reverse and resuscitate the facial
muscles, recovering facial expression. In the present paper, we
report three cases of masseteric-facial anastomosis, and com-
pare the data obtained from them with the data from a
literature review on facial-anastomosis surgeries (►Table 2).

Methods

Surgical Technique
Under general anesthesia, a modified rhytidectomy incision is
marked (as it provides good exposure and has the advantage
of resulting in less complications and better cosmetic

Conclusion The masseteric nerve is the one that shows the best prognosis among all
the cranial nerves that could be used, but it is also necessary to perform well the
surgical technique to access the facial branch and consequently achieve a better
masseteric-facial nerve anastomosis.

Resumo Intodução As vias do nervo facial são variáveis, e o conhecimento delas é essencial. O
pior impacto causado pela paralisia facial está relacionado à qualidade de vida,
principalmente no que se refere à autoestima e aceitação social dos pacientes, e
leva ao isolamento social e a transtornos na saúde mental.
Relato de caso Paciente do sexo feminino, de 33 anos, com neurinoma acústico de
estágio T3, apresentou disfunção moderada (graus II a III) na escala de nervo facial de
House-Brackmann (HB). Paciente do sexo masculino, de 43 anos, portador de
schwannoma trigeminal de estágio T4B, foi submetido a cirurgia de ressecção do
tumor e apresentou, no pós-operatório, disfunção de grau VI na escala de HB. E
paciente do sexo feminino com neurinoma acústico de estágio T4A, apresentava
disfunção de grau IV na escala de HB.
Discussão Realizamos uma revisão da literatura sobre os principais trabalhos rela-
cionados às cirurgias de anastomose massetérico-facial, compilamos os resultados em
uma tabela, e, em seguida, comparamos os dados obtidos com nossos casos.
Conclusão O nervo massetérico é o que apresenta melhor prognóstico entre todas os
nervos cranianos que poderiam ser utilizados; entretanto, para isso é necessário
realizar uma boa técnica cirúrgica para garantir um adequado acesso ao ramo facial
e, consequentemente realizar uma melhor anastomose massetérico-facial

Palavras-chave

► paralisia facial
► anastomose facial
► nervo massetérico
► enxerto de nervo
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outcomes7), and epinephrine (dilution: 1:200,000) is infiltrat-
ed subcutaneously along the incision line. A point 3 cm anteri-
or to thetragusand1 cminferior to thezygomaticarch (surface
landmark for the masseteric nerve) is also marked. Skin flaps
are elevated anteriorly to this point, and the greater auricular
nerve is delineated in its entire course until its entry into the
parotidgland (►Figure 1). If theneedarises, this canbeusedas
an interposition nerve graft. The parotid gland is cut in half,
and the entire facial nerve trunk, from its exit from the
stylomastoid foramen and the first 2 cm of the main branches
after bifurcation to the bucinator and obicularis oculi muscles,
is exposed and divided close to the exit from the stylomastoid
foramen (to gain additional nerve length for the anastomosis).
The masseteric nerve is then identified with the zygomatic
arch, the posterior border of the masseter muscle, and the
lower part of the temporal nerve as standard landmarks. It is
advisabletoenter themasseter�1 cmanterior to theposterior
border. As thenerve lies deep at the level of the lower border of
the zygomatic arch, detachment of the masseter from the
zygomatic arch is not necessary. Care must be taken to
preserve the branches of the facial nerve over the masseter.
The masseteric nerve lies 1.5 cm to 2.0 cm deep from the
muscle surface within its belly closer to its internal surface
than its external surface. Gentle dissection of the muscle
fibers usually reveals the nerve, which courses from its origin
deep into the zygomatic arch pointing toward the oral
commissure. For the anastomosis, the proximal branches

can be spared, preventing total denervation of the masseter
muscle.8 The masseteric nerve is sectioned, and the anasto-
mosis is performed directly to themost affected portion of the
facial nerve (the mouth, the eye or even the main trunk).
(►Figure 2)

Case Report

First Case
A 33-year-old female patient, with a stage-T3 acoustic neu-
rinomaaccording totheSamii classification.9Thepatienthada
grade-IV to V facial paralysis on the right side, according to the
HB scale (►Table 1). She was submitted to an elective surgery
for tumor removal and radiotherapy (radiosurgery) in the
meatal lesion, which decreased the grade of the paralysis to
II to III according to the HB scale. After 9 months, she under-
went another elective surgery for masseteric-facial nerve
anastomosis, which resulted in full recovery of function four
months postoperatively (►Figure 3).

Second Case
A 43-year-old male patient, with a stage-T4B trigeminal
schwannoma. The patient underwent a resective surgery and
presented grade-VI paralysis according to the HB scale. After
sixmonths of the resective surgery, the patient underwent a
hypoglossal-facial anastomosis surgery to improve facial func-
tion, which was not possible due to the technical conditions.

Table 1 Categorization of facial lesion through the House-Brackmann Facial Nerve Grading System

Grade Description Characteristics

I Normal Normal facial function in all areas

II Mild
dysfunction

Gross: Slight weakness noticeable on close inspection;
may have very slight synkinesis

At rest: Normal symmetry and tone

Motion: Forehead: moderate to good function
Eye: complete closure with minimal effort
Mouth: slight asymmetry

III Moderate
dysfunction

Gross: Obvious but no disfiguring difference between two sides; noticeable
but not severe synkinesis, contracture, and/or hemifacial spasm

At rest: Normal symmetry and tonus

Motion: Forehead: slight to moderate movement
Eye: complete closure with effort
Mouth: slightly weak with maximum effort

IV Moderately severe
dysfunction

Gross: Obvious weakness and/or disfiguring asymmetry

At rest: Normal symmetry and tone

Motion: Forehead: none
Eye: incomplete closure
Mouth: asymmetry with maximum effort

V Severe
dysfunction

Gross: Only barely perceptible motion

At rest: Asymmetry

Motion: Forehead: none
Eye: incomplete closure
Mouth: slight movement

VI Total paralysis No movement
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Subsequently, a masseteric-facial anastomosis surgery was
attempted, which, unfortunately, even after 2 years, did not
achieve good results, and the patient remained with altered
facial function, with grade-VI paralysis on the HB scale.

Third Case
A female patient with a stage-T4A acoustic neurioma; after the
resective surgery, she presented grade-IV paralysis on the HB
scale, that is, a significant impairment in facial function. Shewas

submitted to a masseteric-facial nerve anastomosis surgery,
and, two months postoperatively, presented grade-III paralysis
on the HB scale, being able to close the eyes more and smile
somewhat more widely, expressing excellent surgical results.

Discussion

Incomplete facial paralysis still remains a surgical challenge.
Techniques such as masseteric-facial anastomosis are

Table 2 Summary of the literature review

Author (year) Preoperative
HB grade (n)

Results Conclusion

Bianchi et al.11

(2018)
HB VI (6) 4 patients were evaluated as grade III in the

scale and 2 patients were evaluated as
grade II.

The masseteric/cross facial nerve grafting
might be used in patients with palsies for
20 to 24 months and achieve great results.

Altamami et al.12

(2019)
HB VI (7) The masseteric anastomosis of the facial

nerve did not show improvement on
forehead movements; however, there was
some improvement in the movement of
the mouth and smile.

The masseteric-facial nerve anastomosis is
a viable option for patients with facial
nerve paralysis.

Biglioli et al.15

(2018)
HB VI (24) 11 patients were HB grade II postopera-

tively; 11 patients were HB grade III post-
operatively; and 2 patients were HB grade
IV postoperatively.

This surgical technique showed to be safe
and effective, improving the degree of
paralysis.

Lee et al.10

(2020)
Not available 3 patients had an excellent resting

symmetry postoperatively, and all 4 had
good eye closure. 3 had good oral
excursion, and 1 had excellent. 3 patients
were evaluated with good smiles.
2 patients were evaluated with excellent,
and 1, with good oral continence.

The masseteric anastomosis shows good
results when it comes down to dynamic
facial motion.

Vincent et al.13

(2019)
HB III or
IV (7)

HB scores ranged from II to III After masseteric facial nerve transfer, the
patients evolved with significant improve-
ment in smile symmetry and lower facial
synkinesis asmeasuredwith the eFace tool.

Sakthivel et al.8

(2020)
HB VI (6) 1 HB I, 2 patients HB II and 3 patients

HB V
Compared to other techniques masseteric
facial nerve anastomosis is a versatile
powerful early facial dynamic reanimation
tool with almost negligible morbidity for
patients with complete facial nerve
paralysis.

Gray et al.17

(2020)
HB V or VI (8) Preoperative smile deviation in commis-

sure excursion of 8.8mm, and a postop-
erative deviation of 3.8mm. The deviation
angle of the smile improved from
10.3 degrees to 5.2 degrees.

Single-stage masseteric-zygomatic nerve
transfer is a useful procedure for patients
with synkinesis caused by facial nerve
paralysis.

Hontanilla et al.16

(2018)
Not available Spontaneous recovery of the smile during

more than 50% of the patient’s daily life
was of 80% in the group submitted to
cross-facial nerve grafting, and of 55.5% in
group submitted tomasseteric-facial nerve
anastomosis, which, surprisingly pre-
sented a higher degree of satisfaction.

With the masseteric nerve, better sym-
metry, a higher degree of recovery, and an
increased level of satisfaction are achieved
in a single-stage operation. Furthermore,
both nerve sources are able to restore
spontaneity in more than 50% of the
patient’s daily life, with no significant
differences between them.

Mohanty et al.18

(2018)
HB VI (3)
IV (1)

Motion was observed 8 days after external
neurolysis of the neurovascular bundle in
patient 1, and 4 months in the second free
functional muscle transfer group (patients
2, 3, and 4). The average excursion and
philtral correction were of 11.2mm and
2.39mm respectively.

Reusing the masseteric nerve to innervate
another free functional muscle transfer is a
feasible and reliable option if there are no
obvious contraindications to another free
functional muscle transfer and masseter
muscle contraction is clearly demonstrable
preoperatively.

Abbreviation: HB, House-Brackmann Facial Nerve Grading System.
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gaining popularity and showing good results. We performed
a literature review on the main papers related to masseteric-
facial nerve anastomosis surgeries and compiled the results
obtained in ►Table 2.

We compared the data obtained from the literature with
the data from our cases. In our first case, the patient had a
moderate dysfunction (grades II to III on the HB scale), and,
just four months after the masseteric-facial anastomosis, she

evolved to complete recovery of function. Analyzing the third
case, one can see that an excellent evolution has also
occurred, for the patient, who had a moderately severe
dysfunction (grade IV on the HB scale), evolved to grade III
in two months, and was able to close the eyes more and
smile somewhat more widely. Unfortunately, this did not
happen with our second case, who, even after two years of
the masseteric-facial anastomosis, did not show a significant

Fig. 1 Representation of the surgical incision and the division of the branches of the facial nerve (CN VII) in the parotid gland.19

Fig. 2 (A) Surgical Approach using the modified rhytidectomy incision; (B) opening of the masseteric facia; (C) inspection of the masseteric
nerve; (D) anastomosis of the masseteric nerve; (E) inspection of the preservation of the other nerves; (F) sucture procedures.
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evolution. Considering the three cases herein reported, the
third had a good outcome, the first had an excellent outcome
and fast evolution, and the second presented bad outcome;
therefore two out of three patients presentedgood evolution.

Our results corroborate with those of Lee et al.10 (2020),
who reported that 75% of the patients who underwent
masseteric innervation obtained excellent results regarding
the symmetry of the face at rest. They also included in their
results an improvement in the ability to close the eyes, in the
movement of the mouth, and in the ability to smile. We can
also mention the studies by Bianchi et al.11 (2018) and
Altamami et al.12 (2019), in which recovery was successful,
with the patients evolving from grade VI preoperatively to
grades lower tahn IV on the HB scale after masseteric-facial
nerve anastomosis. However, Vincent et al.13 (2019) found
no statistically significant difference in their study, but
suggest that masseteric-to-facial nerve transfer with selec-
tive neurectomy provides a significant improvement in the
ability to smile, with a long-term decrease in synkinesis
among patients unresponsive to botulinum toxin therapy or
who, for other reasons, do not wish to continue with regular
injections.

In addition, Biglioli et al.14 (2018) presented a new surgical
technique for the treatmentof patientswith segmentalmidface
paresis (with or without synkinesis). This method comprises
two surgeries with a gap of one year between them, which
consist of amasseteric neurorrhaphy combinedwith cross-face
nerve grafting. Of the 20 patients in the study, 8 presented
muscular contracture at rest in the middle third of the
face preoperatively, and, postoperatively, partial-to-complete
relaxation of themiddle facewas observed in all of these cases.
In the preoperative period, synkinesis was present in 11 of the
20patients, and, after thesurgery, it was completely resolved in
7 patients; in 3 patients, synkinesis was reduced, although it
was still present in response tomore intense stimuli than in the
preoperative period; and, in 1 out of 11 patients, synkinesis

remained present and showed no improvement. Moreover, in
another study, Bigioli et al.15 (2018), analyzed 24 patients with
dense unilateral facial palsy (HB grade VI) who underwent
surgery between January 2013 and February 2016. The surgery
employed was a new technique with triple neural inputs: the
use of the masseteric nerve and 30% of the hypoglossus nerve
fibers as quantitative sources was associated with the contra-
lateral facial nerve (incorporated via two cross-face nerve
grafts) as a qualitative source. In all patients, the facial paralysis
improved, as did their grades on the HB scale. Recovery of the
facial paralysis showed it first signs two to eight months after
surgery, andcontinued throughtheentirepostoperativeperiod.
During an 18-month follow-up period, the median grade of
those 24 patients was III on themodified HB scale: 11 patients
(45.83%) were grade II; 11 patients (45.83%), grade III; and 2
(8.33%), grade IV. Both studies showed that other surgical
techniques can be used for the treatment of facial paralysis;
however,masseteric-facial anastomosis is still being performed
as an important step in the recovery of these patients. To
compare two different surgical techniques, the cross-facial
nerve grafting (CFNG) and the masseteric-facial nerve anasto-
mosis, mainly used in the aforementioned papers, Hontanilla
et al.16 (2018) divided the 28 patients in their sample into 2
groups: 10 in group 1 (patients submitted to CFNG) and 18 in
group 2 (patients submitted to masseteric-facial nerve anasto-
mosis). In total, 80% of the CFNG group had spontaneous
recovery of their smiles during more than 50% of their daily
lives. In contrast, in group 2, the recovery was of just 55.5%.
Nevertheless, satisfaction with the treatment was greater
among group 2. This paper also showed that, with the masse-
teric-facial nerve anastomosis, better symmetry can be
achieved, with a greater recovery and a higher degree of
satisfaction on the part of the patients.

Sakthivel et al.8 (2020) described the surgical technique
and the effectiveness of the masseteric nerve in early facial
reanimation. All patients in their sample underwent end-to-

Fig. 3 (A) Bilateral and harmonious movement of the facial muscles four months after the surgery; (B) normal movement of the face muscles on
the right side four months after the surgery; (C) normal movement of the muscles of the left side (unaffected side); (D) bilateral and harmonious
movement of the facial muscles four months after the surgery.
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end anastomosis, except for one, inwhom a greater auricular
interposition graft was used. In all cases, the facial muscles
showed signs of recovery in 2 to 5 months, when movement
of the cheek musculature was noticed when the patients
activated their masseter muscle. Eye movement started
appearing after 6 to 9 months (in 3 cases), and forehead
movements, after 18 months (in 1 case). According to the
modified HB scale, one patient had grade-I function, two
patients had grade-II function, and three had grade-V
function. There was no morbidity, except for one patient
who underwent interposition graft and had numbness in the
ear lobule. None of the patients could feel the loss of function
of the masseteric nerve. Additionally, in the study by
Gray et al.17 (2020), 8 patients with eye closure or smile
excursion synkinesis were submitted to the surgery, with
results that made the authors realize that the single-stage
masseteric-zygomatic nerve transfer is a useful procedure for
patients with synkinesis caused by facial nerve paralysis.

Conclusion

Due to the obstruction of the innervation of the facial
muscles by tumor growth, masseteric-facial nerve anasto-
mosis, after the removal of the tumor, had to be performed
for the total reinnervation of suchmuscles and the skin in the
cases herein reported. The masseteric nerve is the one that
shows the best prognosis among all the cranial nerve that
could be used, due to its efficient neuroplasticity, and the
rapid and effectivemotor rehabilitation of the facial muscles.
However, this fact alone does not lead to a better prognosis
when compared with the other cases in the literature, it
is also necessary to perform the surgical technique well to
access the facial branch, and consequently perform a better
masseteric-facial anastomosis.
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Abstract Introduction Endolymphatic sac tumor (ELST) is a slow-growing, low-grade, locally-
infiltrative tumor arising from the endolymphatic sac/duct, which is located in the
posterior part of the petrous temporal bone. It may be sporadic in origin, or may be
associated with Von-Hippel Lindau (VHL) syndrome.
Case description A 40-year-old female patient with an ELST without VHL syndrome
who was treated successfully by microsurgical extirpation of the tumor.
Discussion We discuss the radiological features and the histopathology of this rare
tumor and review the relevant literature.
Conclusion The case herein reported adds to the previously-reported cases of this
rare tumor.

Palavras-chave

► tumor do saco
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temporal

► doença de Von-Hippel
Lindau

Resumo Introdução O tumor do saco endolinfático (ELST) é um tumor localmente
infiltrativo, de baixo grau e crescimento lento, originado do ducto/saco endolin-
fático, que está localizado na parte posterior do osso petroso temporal. Pode ser
de origem esporádica ou pode estar associado à síndrome de Von-Hippel Lindau
(VHL).
Descrição do caso Paciente do sexo feminino, 40 anos, com ELSTsem síndrome de VHL,
tratada com sucesso por extirpação microcirúrgica do tumor.
Discussão Discutimos as características radiológicas e a histopatologia desse tumor
raro e revisamos a literatura relevante.
Conclusão O caso aqui relatado se soma aos casos previamente relatados desse tumor
raro.
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Introduction

Endolymphatic sac tumor (ELST) is a rare neoplasm originat-
ing from the structures of the inner ear, first described by
Hassard et al.1 in 1984. Heffner2 reported twenty cases of
ELST, and suggested the endolymphatic sac as the site of
origin of these tumors. Megerian et al.3 established its
association with Von-Hippel Lindau syndrome.

We report a case of a patient with this rare tumor and
review the relevant literature.

Case Description

A 40-year-old woman presented with headache, vertigo,
tinnitus, and decreased hearing in the left ear. An audiometry
showed severe sensorineural hearing loss. The function of
the cranial nerve was normal, and a fundus examination did
not show retinal angiomas. A magnetic resonance imaging
(MRI) scan showed a heterogeneous multilobulated lesion in
the left mastoid bone with cystic areas and septa. The lesion
was hypointense in T1, with few hyperintense areas
(►Fig. 1), heterogenously hyperintense in T2 (►Fig. 2),
with heterogenous contrast enhancement (►Fig. 3). The
lesion extended into posterior fossa, compressing the cere-
bellum. The possibility of a bone lesion (bone cyst, eosino-
philic granuloma, cholesteatoma) was considered
preoperatiely.

Operative Technique
The patient was operated by a combined retromastoid and
transmastoid approach. A curvilinear incision was made
2 cm behind the tip of the mastoid, curving anteriorly. The
mastoid bone was eroded by the lesion, with multiple holes
through which the tumor was visible. The tumor was found
eroding all the mastoid cells and the dural and sinus plate.

The Macewan triangle was exposed, and the tumor in the
mastoid was removed piecemeal, and the sinodural angle
wasgradually cleared. The dural and sinus plateswere drilled
and skeletonised. The rest of the mastoid cells were

Fig. 2 T2-weighted coronal image showing the hyperintense tumor
with few hypointense signals.

Fig. 1 T1-weighted sagittal showing ian sointense tumor with
scattered areas of hyperintensity.

Fig. 3 Postcontrast image showing heterogenous enhancement and
internal cystic non-enhancing areas.
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exenterated and the posterior canal wall was lowered until
the facial nerve. The middle-ear mucosa was cleared along
with the ossicles, and the canal skin was removed in a cuff
fashion and was closed like a cul-de-sac. The opening of the
Eustachian tube was plugged with muscle pieces. The mas-
toid cavity was obliterated with fat.

A retromastoid craniotomy was performed to expose the
dura of the posterior fossa. The dura was opened, and the
cerebrospinal fluid (CSF) was released from the cerebello-
medullary cistern to relax the cerebellum. The tumor was
debulked, and the capsule was dissected off the cerebellar
surface, preserving the arachnoid membrane. As the capsule
was dissected, the lower cranial nerves, aswell as the seventh
and eighth nerve complex, were visualized. The tumor could
be easily dissected off the nerve bundles because of thewell-
defined arachnoid plane. The whole tumor was removed. Fat
and the fascia latawere used to close the defect and achieve a
watertight closure. The muscles were approximated, and the
incision was closed in a standard fashion.

Postoperative Course
Postoperatively, the patient developed left-sided total facial
nerve palsy. On the fifth postoperative day, she developed
CSF otorrhea, for which she was reoperated. A vascularised
temporalis muscle flap was rotated and placed over the
external auditory canal and the middle-ear cavity to
completely seal off the middle- and external-ear defects.
The patient was discharged on the seventh day after
the second surgery. The stitches were removed on the 14th
postoperative day. Left-side tarsorrhaphy was performed in
the third month to protect the cornea.

Fig. 5 10x view of hematoxylin and eosin (H&E) stain showing
papillary structures with a fibrovascular core lined by a single layer of
cuboidal cells.

Fig. 4 Postoperative CT scan showing complete tumor removal.
Fig. 6 10x view showing cystic spaces lined by a single layer of
cuboidal cells.
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A postoperative CT scan showed total removal of the
lesion (►Fig. 4).

A histopathology exam revealed papillary and cystic
structures, lined by a single layer of cuboidal cells
(►Fig. 5–6) with areas of hemorrhage, fibrosis, and choles-
terol clefts. Hemosiderin-laden macrophages and cystic
glandular spaces were observed filled with a colloid-like
material, reminiscent of thyroid tissue (►Fig. 7). The immu-
nohistochemistry revealed positive staining for cytokeratin

Fig. 7 10x view showing thyroidisation.

Fig. 8 Immunohistochemistry slide showing positive staining for
cytokeratin.

Fig. 9 Immunohistochemistry slide showing positive staining for glial
fibrillary acidic protein.

Fig. 10 Immunohistochemistry slide showing positive staining for
epithelial membrane antigen.

Fig. 11 Immunohistochemistry slide showing positive staining for
neural cell adhesion molecule.
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(►Fig. 8), glial fibrillary acidic protein (►Fig. 9), epithelial
membrane antigen (►Fig. 10), neural cell adhesion molecule
(NCAM, also known as CD56) (►Fig. 11), and negative stain-
ing for thyroid transcription factor-1(►Fig. 12) (which is
positive in case of metastatic thyroid and lung carcinoma),
synaptophysin (►Fig. 13) and chromogranin (►Fig. 14)
(which is positive in cases of paraganglioma), confirming
the diagnosis of ELST.

Ultrasonography of the abdomen showed no renal and
pancreatic cyst. The fundus examination and the ultrasonog-
raphy findings ruled out VHL disease in this patient. A
computed tomography (CT) scan after four years showed
no recurrence of the tumor (►Fig. 15).

Discussion and Evaluation

With � 200 reported cases to date,4 ELSTs are rare, and most
commonly occur in the fifth and sixth decades of life. They
may be sporadic or associated with VHL syndrome.►Table 1

shows the difference between sporadic and VHL-associated
ELST. The estimated prevalence of ELST in VHL disease is

between 11% and 25%.4,5 Though distant metastasis has not
been reported, “drop metastasis” to the spinal column has
been reported.6,7 Radiologically, a preoperative diagnosis of
an ELST is challenging. The differentials include paragan-
glioma choroid plexus tumor, metastasis, eosinophilic gran-
uloma, meningioma, arachnoid granulation, aneurysmal
bone cyst, or a primary bone tumor.

Lo et al.8 and Mukherji et al.9 described the characteristic
radiological features of ELSTs. Upon CT, ELSTs are observed as
erosive lesions with central spiculated calcification and a
thin peripheral rim of calcification. Upon MRI, they have
areas of hyperintensity on T1-weighted images, with rim or

Fig. 12 Immunohistochemistry slide showing negative staining for
thyroid transcription factor 1.

Fig. 13 Immunohistochemistry slide showing negative staining for
chromogranin.

Fig. 14 Immunohistochemistry slide showing negative staining for
synaptophysin.

Fig. 15 Postoperative CT scan at 4 years of follow-up showing no
recurrence of the tumor.
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multiple foci of hyperintense signals. On T2-weighted
images, ELSTs are heterogeneously hyperintense, with het-
erogeneous contrast enhancement. Bambakidis et al.10 de-
vised a grading system to plan the surgical approach
(►Table 2).

Surgery remains the mainstay of treatment. Radical resec-
tion of the tumor, whenever possible, is the goal of surgery.

Friedman et al.11 reported a disease-free survival of 89%, and
a rate of preservation of the facial nerve of 83% following
surgery. Stereotactic radiosurgery is used in recurrent cases,
for subtotal resections, orwhenthepatient isunfit for surgery.12

Histologically, ELSTs show two distinct patterns on light
microscopy: papillary and follicular. Some tumorsmaydisplay
both the features, as in the case herein reported. Endolym-
phatic sac tumors are positive for cytokeratin and epithelial
membrane antigen (EMA), andmostly CD56-positive, but they
are negative for chromogranin and synaptophysin, as opposed
to paragangliomas, and also negative for thyroglobulin, which
differentiates them from metastatic thyroid cancer.

Conclusion

Endolymphatic sac tumors are rare tumors of the temporal
bone. Screening for them is recommended in patients with
VHL to detect the lesions at an early stage when hearing-
preservation surgery is possible.
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Introduction

Pierre Robin sequence (PRS) is a condition consisting of
three essential components: micrognathia or retrognathia,
cleft palate, and glossoptosis. Pierre Robin sequence occurs
as an isolated defect, part of a recognized syndrome, or a
complex of multiple congenital anomalies. In 2007, Steven-
son et al.1 reported two novel cases of multiple congenital
anomalies, mental disability syndrome with PRS and cere-
bellar hypoplasia, in two sisters. In 2008, Sasaki et al.2

described a case of Dandy-Walker variant with PRS. Brain
abscess (B.A.) is a focal central nervous system infection
involving the cerebral parenchyma.3 This condition is in-
frequent in the adult population and even rarer in the
pediatric age group.4 We present the case report of an
infant with PRS and Dandy-Walker variant, who presented
with a large right hemispheric brain abscess despite being
neurologically intact, the treatment stages, and eventual
outcome.

Clinical Presentation

Patient History
The patient is a full-term femalewhowas delivered vaginally,
with a birth weight of 2.2 Kg. The parents were healthy,
without any medical illnesses, and non-consanguineous;
they had an unaffected child; the mother (27 years old)
did not receive any medication during her pregnancy. After
delivery, the patient was diagnosed with PRS – the chromo-
somal study was normal 46 chromosomes XX – and, then,
immediately admitted into the neonatal intensive care unit
due to respiratory distress syndrome. A tracheostomy tube
was created as part of her management for the difficulty of
normal breathing due to the PRS, and, later, she developed
recurrent hospital-acquired chest infections.

At the age of 3 months, the patient was in the pediatric
intensive care unit for the treatment of chest infection; she
was clinically well, and her vitals were within normal limits
with no neurological symptoms, but regular laboratories

Keywords

► Pierre Robin
sequence

► Dandy-Walker variant
► brain abscess

Abstract Pierre Robin sequence (PRS) is a condition consisting of three essential components:
micrognathia or retrognathia, cleft palate, and glossoptosis. It can be part of multiple
congenital anomalies. We present the case and outcome of a 3-month-old clinically
stable patient who has PRS with Dandy-Walker variant – which is a rare presentation in
the literature – with a large right hemispheric brain abscess, treated with multiple
minimally-invasive surgical drainage procedures with adjuvant antibiotics.
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started to show an elevation in the acute phase reactants,
such as platelets raised significantly to 1,050�103/mm3,
white blood cell (WBC) count of 31.3�103/mm3, and C-
reactive protein 186mg/l. Therefore, a further investigation
looking for the underlying cause was performed, including a
Covid-19 test, which was negative, Echocardiogram was
normal with no vegetation’s seen, Chest, abdomen, and
pelvis computed tomography (CT) could not explain these
laboratory results. Lumbar puncture results for cerebrospi-
nal fluid analysis showed glucose 0.09mmol/l, protein 976.1
mg/dl, WBCs 5,280 cell/ul, red blood cells (RBCs) 110 cell/ul,
neutrophils 82%, negative culture, and no microorganism on
gram stain was seen. Other blood and sputum cultures were
negative.

Physical Examination
The patient was looking well, vital signs within the normal
range, active and interactive, cranial nerves were intact,
moved four limbs equally and symmetrically, anterior fonta-
nellewasflat and soft, and had features of PRS:micrognathia,
glossoptosis, and cleft palate.

Images
Chest, abdomen, and pelvis CT showedmultiple patchy areas
of ground-glass attenuation seen in the left upper lung lobe,
mostly infectious, few fibrotic bands seen in the left upper
and right middle lung lobes.

Magnetic resonance imaging (MRI) of the brain►Fig. 1

showed a largewell-defined thick-wall ring-enhancing intra-

axial multi-loculated cystic lesion in the right cerebral
hemisphere, measuring � 4.5�9.7�7.2 cm with surround-
ing vasogenic edema causing compression effect on the
adjacent brain parenchyma and right lateral ventricle, with
minimal midline shifting � 3mm to the left side. This lesion
appeared of heterogeneous high signal on T2 and FLAIR
images with a fluid level, showing central diffusion restric-
tion on diffusion-weighted images/apparent diffusion coef-
ficient (DWI/ADC)map, associatedwith diffuse right cerebral
hemisphere leptomeningeal enhancement. Overall findings
are consistent with intracerebral abscess. Also, there is a
cystic dilatation of the posterior fossa communicating with
the fourth ventricle with hypoplasia of the cerebellum more
on the left cerebellar hemisphere, and hypoplasia of the
cerebellar vermis consistent with the Dandy-Walker variant,
as seen in ►Fig. 2.

Treatment
The patient underwent multi-stage treatment with mini-
mally invasive surgical drainage and adjuvant antibiotics
therapy according to the pus culture; ►Fig. 3 explains the
antibiotics course’s timeline with the surgical intervention
dates. Antibiotics vancomycin (20mg/kg intravenously every
6hours) and meropenem (40mg/kg intravenously every
8hours) were started, followed by surgical intervention
(brain abscess drainage, with the drain being kept, and
specimen collected for culture), which showed a pus culture
of Klebsiella pneumonia sensitive to amikacin. Therefore,
amikacin (15mg/kg intravenously daily) was administered

Fig. 1 Brain magnetic resonance imaging. T1 with contrast; axial
view; right frontal, and parietal intra-axial multi-lobulated ring-en-
hancing lesions presenting brain abscess, effacing right lateral ven-
tricle with minimal midline shift.

Fig. 2 Brain magnetic resonance imaging. T1 with contrast; sagittal
view; right frontal, and parietal intra-axial ring-enhancing lesions
presenting brain abscess, cystic dilation of the posterior fossa com-
municating with the 4th ventricle consistent with Dandy-Walker
variant.
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for 6 weeks, after which it was discontinued, and the patient
went back to vancomycin and meropenem for another
4 weeks.

Surgical intervention stages, as seen in ►Fig. 3, the red
dots.Q5Q5

Q5The first surgery was an insertion of a drain to obtain
pus for culture and to drain the abscess slowly, and the drain
was inserted frontally, as seen in►Fig. 4. Pus culture resulted
in K. Pneumonia extended spectrum beta-lactamase (ESBL)
(positive), which is sensitive to meropenem, imipenem,
colistin, extended-spectrum of β-lactamase, tigecycline,

chloramphenicol, and amikacin. The drain was kept for
10 days, after which it was exchanged in the 2nd surgery
and then kept in place until the output was nil for 24hours
and brain CTshowed resolution of the frontal abscess. The 3rd

surgery was a parietal drain insertion; this drainwas kept for
2 weeks and removedwhen no output was seen for 24 hours.
Follow-up brain CT shows right-hemispheric subdural col-
lection. Therefore, a subdural drainwas inserted for drainage
and kept for another 2 weeks. ►Fig. 5 shows the patient’s
final brain CT .

Fig. 4 Brain computer scan, brain window with contrast, axial view,
post 1st surgical intervention, right frontal and parietal ring-en-
hancing lesions presenting brain abscess. Arrow: right frontal drain
inside right frontal abscess.

Fig. 5 Brain computer scan, brain window without contrast, axial
view, last follow-up imaging shows minimal right subdural collection,
dilated ventricles, no midline shift or mass effect, and resolved brain
abscesses.

Fig. 3 Timeline of the management of the patient. The red dots represent the surgical intervention dates and the blue box represents the
adjuvant antibiotics therapy. The horizontal axis represents the dates, and the vertical axis represents the treatment modality.
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During themanagement period, the patient was clinically
stable and did not show any neurological or vital deteriora-
tion; active and interactive; the cranial nerves were intact;
the patient moved the four limbs equally and symmetrically;
laboratory findings returned normal, and her brain CT fol-
low-up showed resolving of the brain abscess.

Discussion

Pierre Robin sequence (PRS) consists of a clinical triad of
micrognathia, glossoptosis, and compromised airway with
variable inclusion of cleft palate. When this constellation of
findings occurs in the absence of other congenital anomalies,
it is termed isolated PRS; however, PRS is sometimes found as
a component of a more complex syndromic picture.5

The Dandy-Walker malformation is the most frequent
cerebral malformation.6 It is defined by hypoplasia and
upward rotation of the vermis cerebelli, cystic enlargement
of the fourth ventricle, and, in total, an enlarged posterior
fossa with a cranially shifted position of the lateral sinus
tentorium and torcula herophili. This malformationwas first
described by Dandy and Blackfan7 in 1914, then supple-
mented again by Taggart and Walker in 1942.8

In 2007, Stevenson et al. were the first to describe two
novel multiple congenital anomaly cases—mental disability
syndrome with PRS and cerebellar hypoplasia—in two sis-
ters. So, it was the first report talking about PRSwith Dandy-
Walker variant, although Fryns et al.9 described multiple
congenital anomalies.

Again, in 2008, Sasakin-Adam et al.2 described a case of
Dandy-Walker variant with PRS. In 2011, Ramieri et al.10

described the case of a 5-month-old boy affected by multi-
malformative syndrome (PRS, Dandy-Walker variant, and
Seckle syndrome) with features of microdeletion 3q
syndrome.

The incidence of brain abscesses has been estimated at 0.3
to 1.3 per 100,000 people per year, but it can be considerably
higher in certain risk groups.11 The most common predis-
posing conditions in brain abscesses are contiguous foci of
infection: otitis or mastoiditis (33%), sinusitis (10%), menin-
gitis (6%), and odontogenic foci (5%). Metastatic infection
from a pulmonary focus, heart disease, or another source of
hematogenous spread was identified in 33% of patients.
Neurosurgical operation preceded brain abscess in 9% of
patients, and head trauma in 14%.12Matthijs et al. performed
a systematic review and meta-analysis of studies on brain
abscesses including 9,699 patients and found that the most
common causative microorganisms were those of the Strep-
tococcus and Staphylococcus species, comprising, respec-
tively, 260 (36%) and 128 (18%) of 5,894 cultured bacteria.
Only 11 cases of (2%) K. pneumonia were identified in the
pediatric group.12

In this case, we are presenting a unique first case in the
literature of a neurologically intact child who had a large
hemispheric brain abscess diagnosed with PRS and Dandy-
Walker variant. The source of the brain abscess was hema-
togenous from a lung infection, and the patient was a three-
month-old femalewhowas already in the pediatric intensive

care unit with tracheostomy and treated for recurrent chest
infections (hospital-acquired). Therewere no neurological or
clinical signs that would suggest brain abscess, other than
laboratory findings that showed an elevation in the acute
phase reactants; platelets were raised to 1,050�103/mm3,
her WBC count was 31.3�103/mm3, and C-reactive protein
was 186mg/l. All these findings suggested searching for a
source of infection other than the chest, as the chest images
could not explain this elevation. Computed tomography of
the brain showed a large right hemispheric brain abscess. A
brain MRI also showed the right lobar abscess reaching the
periventricular area.

The brain abscess has been treated in multi-stages of
minimally invasive surgical drainage with adjuvant antibac-
terial therapy based on the cultured microorganism, K.
pneumonia; the treatment therapy took 3 months; at the
end, her final brain CT showed resolving of the brain abscess,
and her laboratory findings returned normal. From the
beginning of the treatment until the discharge, the patient
was clinically and neurologically intact.

In conclusion, this is a novel syndrome of PRSwith Dandy-
Walker variant which had a large right hemispheric peri-
ventricular brain abscess cultured with the rare pathogen K.
pneumonia, treated inmulti-stages of drainagewith adjuvant
antibacterial therapy, and it showed good outcome (her
neurological exam was intact, and her laboratory findings
returned normal, and the abscess resolved on images), with
no need for invasive surgical intervention for excision of the
capsule and abscess in a single surgery.
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Complication of Anterior Cervical Corpectomy
and Fusion: A Case Report
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Abstract Introduction and Importance Neurological deterioration due to buckling of the
ligamentum flavum (LF) is an uncommon complication after anterior cervical corpec-
tomy or discectomy with fusion.
Case Presentation In this report, we present the case of a 66-year-old male who
underwent anterior cervical partial corpectomy of C5 and discectomy of prolapsed C5-
C6 with fusion. Postsurgery, the patient displayed signs of neurological deterioration.
Upon immediate cervical magnetic resonance imaging (MRI), posterior canal stenosis
and severe compression with cord signal due to LF buckling were detected. A posterior
laminectomy procedure and canal decompression at the C5-C6 level with bone fusion
were performed.
Clinical Discussion Patient presented with walking difficulty, then walking disability,
followed by bilateral upper and lower limb paresthesia with burning sensation.
Examination showed ⅘ muscle strength in both handgrips. Further investigation
showed brisk deep tendon reflexes, positive Hoffman sign unilaterally, equivocal
Babinski sign, and progressive quadriparesis. Magnetic resonance imaging showed
mild and diffuse building of some cervical discs, with spinal cord progression. We
performed an anterior cervical corpectomy and fusion (ACCF) and anterior cervical
discectomy and fusion (ACDF); a titanium mesh with plates and screws was used for
fusion, with removal of a calcified and herniated subligamentous disc. Postoperatively,
upper and lower limb strength deteriorated; immediate cervical and thoracic MRI
showed LF buckling, which caused canal stenosis and severe compression. Urgent
posterior laminectomy and canal decompression with bone fusion was scheduled on
the same day. The patient underwent physiotherapy and regained upper and lower
limb strength and his ability to walk.
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Introduction

Cervical spondylotic myelopathy (CSM) is one of the most
common forms of spinal injury in adults, especially in
patients above the age of 55. Cervical spondylosis is charac-
terized by degenerative changes of the spine, which cause
CSM due to compression of the spine.1 Although 85% of
adults older than 60 present radiological evidence of CSM
with risk of progression, only 10% of patients above 55 suffer
from clinical symptoms of CSM.2

In this regard, anterior cervical corpectomy and fusion
(ACCF) and anterior cervical discectomy and fusion (ACDF)
have been the most frequently used procedures for the
management of both single- and multi-level CSM. Com-
monly presented complications after ACCF include dys-
phagia, pneumonia, need for blood transfusion, and
formation of hematoma/seroma.3,4 Yet, buckling of the
ligamentum flavum (LF) has been rarely reported as a
postsurgical complication of anterior cervical corpectomy
or discectomy.

In this report, we present the case of a patient who
experienced lower limb weakness following C5 partial cor-
pectomy with C5-C6 discectomy and in whom laminectomy
was performed to relieve canal compression.

Case Presentation

A 66-year-old male experienced walking difficulty for
around 30 days, in which the patient could only walk with
assistance. Upon the end of the 4thweekof this complaint, his
condition eventually exacerbated to complete walking dis-
ability during the following week. During this 5-weeks
period, he experienced an increasing bilateral upper and
lower limb paresthesia and burning sensation, especially
over his feet (started from elbows to fingertips and from
upper thighs to toes). The patient had urine and stool
incontinence, and he reported having erectile dysfunction
2 years ago. The patient was diabetic, obese, hypertensive,
and hypercholesteremic.

Upon neurological examination, muscle strength was
5/5 in all extremities except in both the upper right and left
handgrips, where it was 4/5. The patient had brisk deep
tendon reflexes all over, positive Hoffman sign on the left
side, equivocal Babinski sign, and progressive quadripare-
sis. Digital rectal examination showed decreased power,
decreased tone, and intact sensation. Cervical magnetic
resonance imaging (MRI) showed mild disc bulging in
C3-C4 and C4-C5, and a diffuse disc bulging in C5-C6,
with an upward migration of the disc with spinal cord

compression, narrowing both neural exit canals. Abnormal
areas of T2 high signal intensity were seen in the spinal
cord opposite to this level representing compressive mye-
lopathy (►Fig. 1).

We performed an anterior cervical partial corpectomy of
C5, discectomy of prolapsed C5-C6, and inserted a titanium
mesh cage with plates and screws fusion. The subligamen-
tous disc was found to be herniated and was removed with
the calcified ligaments.

Upon surgery recovery, the patient was examined and
found to have bilateral lower limb power weakness (0/5), and
upper limb power was 3/5. Cervical and thoracic MRIs were
performed on the operation day and showed posterior canal
stenosis and severe compression with cord signal due to LF
buckling (►Fig. 2). This led to planning an urgent surgery the
next day, in which a posterior laminectomy procedure and

Fig. 1 Preoperative cervical magnetic resonance imaging shows mild
disc bulging in C3-C4 and C4-C5, and a diffuse disc bulging in C6-C7,
with upward margination of the disc.

Conclusion This indicates the possibility of neurological deterioration as a result of LF
buckling, which may be a result of LF thickening accompanied by hyperextension in the
cervical region. In this regard, immediate imaging following signs of neurological
complications after anterior cervical corpectomy or discectomy warrants early detec-
tion, which results in a better prognosis.
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canal decompression at the C5-C6 level with bone fusion
were performed.

Postoperation, both upper and lower limbs strength were
gradually recovered, and sphincters continencewas regained
within the following week after canal decompression. After-
ward, the patient started intensive physiotherapy, which
eventually enabled him to walk normally. Cervical MRI after
2 weeks demonstrated a decompressed spinal canal with no
compression on the spinal cord and a satisfactory position of
plates and screws (►Fig. 3).

Discussion

To our current knowledge, the current case presents one of
the first cases of LF buckling as anterior cervical partial
corpectomy and discectomy postsurgical complication in
the literature. The patient underwent anterior cervical C5
partial corpectomy with C5-C6 discectomy and mesh cage
insertion. Postsurgical examination showed bilateral motor
defects in the upper and lower limbs. As a result, cervicalMRI
was done on the day of the operation, which confirmed
posterior canal stenosis and severe compression with cord
signal due to LF buckling.

A reported casewas identified in similar settings.6 Yet, the
authors reported carrying out the laminoplasty procedure

after 13 months from the initial ACCF procedure. In our case,
laminectomy was done the following day after the first
procedure, this was mainly due to the postoperative profile
of the patient, which was instantly confirmed to be LF
buckling via MRI on the day of the initial procedure. This
further emphasizes the necessity of immediate imaging
following anterior cervical procedures to rule out any oper-
ative complications in case of any signs of neurological
deterioration.

A suggested explanation for such complication includes LF
hypertrophy, which occurs due to a decrease in the elastin-
to-collagen ratio.7 The elastin in the LF plays a critical role in
preventing the LF from buckling during cervical extension.
This role is compromised as a result of elastic fibers rupture
during LF thickening.8 The effect of LF thickening is most
prominent when accompanied by distance shortening be-
tween the adjacent vertebral arches in case of disc prolapse.
Additionally, the increase of the lordotic curvature, as sug-
gested by He L et al., plays a significant role in shortening the
distance between the attachment points of the LF.6 Thus,
considering the positioning of the patient during the surgery,
in which hyper-extension of the cervical region is imposed,
we believe this could potentially increase the risk of LF
buckling. Besides buckling of the LF, patients could present
withflavumhematomas, which are another possible cause of

Fig. 2 Postoperative cervical magnetic resonance imaging shows
posterior canal stenosis and severe compression with cord signal due
to ligamentum flavum buckling.

Fig. 3 Cervical magnetic resonance imaging after 2 weeks from the
laminectomy procedure shows a decompressed spinal canal with no
compression of the spinal cord and satisfactory positioning of the
plates and screws.
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limbweakness thatmayoccur spontaneously, due to trauma,
or due to bleeding tendencies.9

Commonly used procedures in cervical spondylotic mye-
lopathies are anterior cervical corpectomy and fusion (ACCF)
as well as anterior cervical discectomy and fusion (ACDF),
which may be favored over ACCF in single-level CSM.10 In
multi-level CSM, a meta-analysis compared both ACCF and
ACDF in terms of surgical outcomes and complications, and it
resulted in similar outcomes between both. However, fewer
complications were observed in the ACDF arm; this may be
owed to the shorter operation time that results in lower
blood loss as well as enhanced sagittal balance, which
eventually reduces axial symptoms.11,12

Taghvaei et al. reported a patient that underwent ACDF
surgery and experienced LF buckling following the initial
surgery; the patient, then, underwent posterior decompres-
sion with C4-C6 laminectomies.13 This further indicates the
role of hyperextension positioning in causing LF buckling,
which is seen in both ACCF and ACDF, thus supporting our
theory.

Preventative measures to avoid neurological deteriora-
tion associated with LF buckling include careful head han-
dling and positioning during surgery to avoid unnecessary
cervical hyperextension as well as the accuracy of cage
measurements based on preoperative CT scans to avoid
both over and underestimation of its height. In case of any
sign of neurological complications postoperatively, an in-
stant MRI should be performed since early diagnosis in such
settings results in a better prognosis.

Few cases reported in the literature support our theory,
which indicates that hyperextension during surgery could
cause LF buckling.Q7Q7

Q7Further studies and cases are needed to
investigate whether there are other possible contributing
factors.

Conclusion

Spinal cord compression could present after anterior cervical
corpectomy and discectomy due to LF buckling. Careful head
handling and positioning during surgery could prevent such
complication. Early detection via immediate MRI scan post-
surgery following signs of neurological deterioration is war-
ranted to provide better outcomes in similar settings.
Laminectomy and canal decompression were found to be
effective in managing LF buckling.

Highlights and Learning Points

• Neurological deterioration could present after anterior
cervical corpectomy or discectomy with fusion due to LF
buckling.

• Immediate imaging after surgery is necessary in case the
patient shows any signs of neurological decay for early
detection and better management.

• Preventative measures include careful head handling and
positioning during surgery to avoid hyperextension of the
cervical region.
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Abstract Introduction Low-velocity penetrating brain injury is not prevalent. In some con-
ditions such as childhood, and with the penetration of a pellet in weak spots of skull,
low-velocity penetrating brain injury is expected; however, high-velocity projectiles
have also been reported as the cause of severe brain injuries. One of the complications
of penetrating brain injury is infection, in which different types of microorganisms play
a role. The Streptococcus genus is the leading cause of abscess formation in non-
traumatic patients. Multiple brain abscesses are not common.
Case Presentation A 10-year-old boy with penetrating brain injury caused by an air
gun pellet, who developed signs and symptoms of high intracranial pressure 18 days
after the trauma. After the imaging scans and the detection of multiple brain abscesses
and severe brain edema, prompt surgical intervention was performed for all three
lesions in a single operation. The culture of a pus specimen was positive for
Streptococcus species, and, with adequate antibiotic therapy, the patient was dis-
charged from the hospital in good condition.
Conclusion Brain injurywithair gun shot is notprevalent. Thepenetrationof a low-velocity air
gun pellet in weak points of the skull (such as the orbit, the squamous portion of the temporal
bone, and the cranial suture), specially in children, can cause significant brain injuries.

Palavras-chave

► tiro de arma de ar
comprimido

► abscesso cerebral
► Shiraz

Resumo Introdução A lesão cerebral penetrante de baixa velocidade não é prevalente. Em
algumas condições, como na infância e com a penetração de bala em pontos fracos do
crânio, é esperada lesão cerebral penetrante de baixa velocidade; no entanto, projéteis
de alta velocidade também foram relatados como a causa de lesões cerebrais graves.
Uma das complicações da lesão cerebral penetrante é a infecção, na qual diferentes
tipos de microrganismos desempenham um papel. O gênero Streptococcus é a
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Introduction

Penetrating brain injury (PBI) is a less prevalent cause of
traumatic brain injury, which carries a significantly poor
prognosis. Both high-velocity (such as bullets and shell
fragments) and low-velocity (shot gun and air gun pellets)
projectiles may cause PBI.1

Various complications may occur in cases of PBI, such as
vascular complications (including traumatic intracranial
aneurysms, subarachnoid hemorrhage), traumatic cerebro-
spinal fluid leaks, and epilepsy, as well as infectious compli-
cations such as meningitis, cerebral abscess, and so on. The
high-velocity gunshots are more deadly, but patients who
suffer injuries from low-velocity projectiles require extra
attention due to the potential complications.

Infectious complications account for 1% to 5% of cases of
PBI in civilians, as compared with 4% to 11% of cases of PBI
among military personnel. Retained contaminated foreign
objects, skin, hair, and bone fragments in brain tissues are the
main causes of infectious complications. A variety of com-
plications, such as local wound infections, meningitis, ven-
triculitis, or cerebral abscess might also emerge.2–6

The origin of brain abscess are pericranial contiguous
focus, hematogenous spread fromadistant focus of infection,
and direct inoculation of a pathogen after neurosurgical
procedures or PBIs.7

Brain abscess is associated with a variety of symptoms,
such as headache, fever, irritability, confusion, muscle weak-
ness, hemiparesis, neck rigidity, lethargy, diplopia, nausea,
and vomiting.

Hereby, we present an interesting and rare case of a 10-
year old boy with PBI whose initital good condition deterio-
rated gradually with the onset of symptoms of progressive
headache, vomiting, and confusion. Imaging studies revealed
multiple brain abscesses.

Case Presentation

A 10-year-old boy with a PBI from a low-velocity air-rifle
pellet from amoderate distance presented to a local hospital

in Bandar-Abbas. His neurologic exam was unremarkable,
with a Glasgow Coma Scale (GCS) of 15.

A non-contrast computed tomography (CT) scan of the
head (►Fig. 1) revealed a gunshot wound on the left frontal
region, the path that the pellet took through the brain, and a
retained pellet in the right frontal region by mechanism of
ricochet injury. Regarding his intact neurologic exam and
stable hemodynamic state, we decided to monitor his status
with inpatient observation for a few days, and then outpa-
tient follow-up.

Eighteen days later, he presented to our outpatient clinic
with headache, nausea, vomiting, and confusion. The physi-
cal examination was positive for papilledema. A contrast CT
scan of the brain revealed three ring-enhancing lesions in the
frontal lobes bilaterally, which was suggestive of brain
abscesses, and the pellet retained in the brain (►Fig. 2).

In an emergency operation, bilateral burr-hole cranioto-
my was performed, and all the three abscesses were aspirat-
ed and irrigated (►Fig. 3). Moreover, necrotic tissue and
foreign bodies, such as hair and bone fragments, were
removed. He was transferred to the neurosurgery intensive
care unit (ICU). The following day, his condition was quite
good.

Broad-spectrum antibiotics, including vancomycin, mer-
openem, and metronidazole, were prescribed after the

Fig. 1 Non-contrast brain CT three days following the trauma,
showing multiple foreign bodies. No evidence of brain abscess is
observed in these sections.

principal causa de formação de abscesso em pacientes não traumáticos. Abcessos
cerebrais múltiplos não são comuns.
Relato do caso Um menino de dez anos com traumatismo cranioencefálico pene-
trante causado por projétil de arma de ar comprimido que desenvolveu sinais e
sintomas de pressão intracraniana elevada 18 dias após o trauma. Após os exames de
imagem e a detecção de múltiplos abscessos cerebrais e edema cerebral grave, a
intervenção cirúrgica imediata foi realizada para todas as três lesões em uma única
operação. A cultura de uma amostra de pus foi positiva para espécies de Streptococcus
e, com antibioticoterapia adequada, o paciente recebeu alta hospitalar em boas
condições.
Conclusão Lesões cerebrais por arma de ar comprimido não são comuns. A pene-
tração de uma bala de arma de ar comprimido de baixa velocidade em pontos fracos do
crânio (como a órbita, a porção escamosa do osso temporal e a sutura craniana),
especialmente em crianças, pode causar lesões cerebrais significativas.
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consultation with an infectious-disease specialist due to the
multiple abscesses and the patient condition, and were
continued for 21 days. The abscess culture was positive for
Streptococcus species five days after the antibiotic therapy
was started. Because the patient responded to the antibi-
otics, they were not discontinued or changed.

He was discharged as he was in a good condition, with no
sign of infection or neurological deficits. Three weeks later,
he was revisited. His physical examination was unremark-
able, with no signs or symptoms of neurological deficit.
Follow-up imaging studies also revealed no recurrence of
the abscesses (►Fig. 4).

Discussion

An air gun shot causing a low-velocity PBI is not prevalent. A
tangential and careening injury is more expected to result
from an air gun shot than other mechanisms of injury, such
as penetration, perforation and ricochet. The points of en-
trance that could be expected for an air gun poallet are the
weak spots of the skull, such as the orbit or the squamous
portion of the temporal bone. Given the short diameter of the
skull in children, penetration of the projectile is
expected.8–10 In the case of our patient, the entry wound
was on the coronal suture, a weak spot in children.

Although gram-positive pathogens such as Staphylococcus
aureus and those of the genus Clostridium spp. are the main

causes of posttraumatic brain abscess, and gram-negative
bacteria, such as those of the family Enterobacteriaceae, have
also been isolated.11,12 Streptococcus species is a common
cause of multiple brain abscesses with other causes rather
than penetrating injury;13,14 however, it was the cause in the
case herein reported.

Abscess after trauma usually formswithin 2 to 4weeks; in
the present case it formed 18 days after the trauma. In some
rare cases, abscess formation after trauma may take 2 to
3 months or even longer.15

Intracranial abscess is commonly observed in patients
with penetrating head trauma and retained projectiles.7 We
removed necrotic tissue, hair, and bone fragments from the
entry point of the pellet. The formation ofmultiple abscesses,
with risk factors such as congenital heart disease, endocar-
ditis, and immunodeficiency has been reported in some
studies; however, multiple brain abscesses after aPBI is not
prevalent. Prompt surgical intervention is needed for
patients with large brain abscesses accompanied by clinical
signs and symptoms of high intracranial pressure to achieve a
better surgical result and find the microorganism.16 The
laboratory evaluation is often normal in these patients, as
it was in our case.17

The case herein reported highlights the significance of
routine follow-up and complete evaluation in patients with
retained intracranial projectiles. Although there were no
neurological deficits or laboratory abnormalities, his unique
presentation prompted further evaluation which revealed
multiple lesions correlated to his symptoms.

Conclusion

Brain injury byan air gun shot is not prevalent. Penetration of
a low-velocity air gun pellet in weak spots of the skull (such
as the orbit, the squamous portion of the temporal bone, and
the cranial suture), specially in children, can cause significant
brain injuries.

Statement of Ethics
The patient’s parents have given their written informed
consent to publish the case (including the publication of
images).

Fig. 2 Multiple brain abscess in axial cut of intravenous (IV) contrast
brain CT scan 18 days after the trauma at the time of admission, with
typical ring enhancement.

Fig. 3 (A) The point of entry of the projectile was extended for the
removal of the foreign bodies and aspiration of the abscesses. (B) Two
bur holes for the aspiration of the right-side abscesses.

Fig. 4 Axial section of a non-contrast CT scan of the brain two weeks
after admission, showing improvement of the brain abscesses and
remnant foreign bodies.
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Abstract Background The ventriculoperitoneal shunt (VPS) procedure is still themost used technique
for management of hydrocephalus. This article reports a case of hepatic cerebrospinal fluid
(CSF) pseudocyst as a rare, but important, complication of the VPS insertion.
Case Description An 18-year-old male presented to the hospital complaining of
temporal headache and visual turbidity for approximately 3 months with a history of
VPS insertion for treatment of hydrocephalus and revision of the valve in adolescence.
The diagnosis was based on abdominal imaging, demonstrating an extra-axial hepatic
CSF pseudocyst free from infection. Following the diagnosis, the management of the
case consisted in the removal and repositioning of the catheter on the opposite site of
the peritoneum.
Conclusion The hepatic CSF pseudocyst is an infrequent complication of VPS proce-
dure, but it needs to be considered when performing the first evaluation of the patient.
Several techniques are considered efficient for the management of this condition, the
choice must be made based on the variables of each individual case.

Palavras-chave

► derivação
ventriculoperitoneal

► pseudocisto de
líquido
cefalorraquidiano

► cisto hepático

Resumo Introdução O procedimento de derivação ventriculoperitoneal (DVP) ainda é a
técnica mais utilizada para o tratamento da hidrocefalia. Este artigo relata um caso
de pseudocisto de líquido cefalorraquidiano (LCR) hepático como uma complicação
rara, mas importante, da inserção do shunt ventriculoperitoneal (VP).
Descrição do Caso Um homem de 18 anos deu entrada no hospital com queixa de
cefaleia temporal e turvação visual há aproximadamente 3 meses, com histórico de
inserção da DVP para tratamento de hidrocefalia e revisão da válvula na adolescência. O
diagnóstico foi baseado em exames de imagem abdominais, demonstrando um
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Introduction

Ventriculoperitoneal (VP) shunt remains the most used
technique for the treatment of hydrocephalus.1 With the
increased survival of patients undergoing the procedure, we
can identify some complications, such as abdominal cysts of
cerebrospinal fluid (CSF). These are rare complications of VP
shunt, accounting for only 0.25% of all cases with abdominal
disorders.2,3

This article aims to report a case of hepatic CSF pseudo-
cyst, an even more unusual example of abdominal compli-
cations after a VPS procedure, inwhich therewas perforation
of a massive organ. The literature review performed was
based on PubMed, using the keywords and Boolean operators
VP shunt complications OR ventriculoperitoneal shunt AND
hepatic pseudocyst OR CSF pseudocyst OR intrahepatic cyst,
restricting the search to articles in the English language. No
other limitations were included, and less than 50 cases
reporting this condition in the past 20 years were found.

Case Report

TJC, male, 18 years old, with VPS since childhood due to
hydrocephalus of idiopathic etiology, with history of revision
of the valve in adolescence, presented to the neurology
service of Hospital da Restauração, in Recife, Brazil, in
August 2020. The patient complained of severe temporal
headache associated with visual turbidity for approximately
3 months. He brought a recent brain computed tomography
(CT) scan with no abnormalities. Despite this, the examina-
tion of the eye fundus already showed papilledema, with
visual acuity of 20/20 bilaterally.

In a detailed investigation, it was evidenced that the
patient had visual turbidity associated with abdominal
pain. Therefore, a new brain CT scan without contrast was
requested, which did not show lesions or signs of hydro-
cephalus and, additionally, a brain magnetic resonance im-
aging (MRI) was performed, which showed no signs of
aqueduct stenosis (►Fig. 1). For better investigation, the
patient underwent abdominal CT and evaluation by the
ophthalmology and general surgery teams. On the abdomi-
nal CT scan, the presence of an intrahepatic abdominal
catheter was observed, forming a hepatic pseudocyst of
intracapsular CSF, due to the probable entry of the distal
VPS catheter through the hepatic capsule (►Fig. 2).

The surgical management of the patient was performed
with removal of the catheter from the liver capsule and
repositioning of the catheter, intraperitoneally, in another

site at the same surgical time, due to the absence of signs of
infection in surgery. Venous antibiotic therapy (vancomycin
and ceftriaxone) was performed for 14 days. The patient
evolved with stability and a positive prognosis. Control
abdominal CT was performed 8 days after the surgery,
showing resorption of more than 70% of the hepatic cyst
without need for further interventions (►Fig. 3). The patient
stayed in the hospital for 20 days, andwas dismissedwithout
any complications.

Discussion

The set of abdominal cysts are awell-recognized but uncom-
mon complications of the VPS procedure.4 However, the
hepatic CSF pseudocyst is an even less frequent condition
classified into intraaxial or extraaxial cases. Intraaxial cysts
happen when the tip of the shunt is lodged in the liver and
causes the cyst to grow within the organ parenchyma.5

Similar to the case reported, extraaxial cysts develop when
there is amigration of the distal catheter through the Glisson
capsule, resulting in the subcapsular accumulation of CSF.6 In
addition, a case report described a cyst whose smaller part

pseudocisto hepático extraaxial de LCR, livre de infecção. Após o diagnóstico, o manejo
do paciente se baseou na retirada e reposicionamento do cateter no sítio oposto do
peritônio.
Conclusão O pseudocisto hepático de LCR é uma complicação infrequente do
procedimento de DVP, mas deve ser considerado na primeira avaliação do paciente.
Diversas técnicas são consideradas eficientes para o manejo desta condição, a escolha
deve ser feita com base nas variáveis de cada caso individual.

Fig. 1 Brain computed tomography scan without contrast showing
no lesions or signs of hydrocephalus (upper). Brain magnetic reso-
nance imaging showing no fossa posterior.
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was inside the parenchyma and the largest part outside,
configuring a case of juxtahepatic CSF cyst.7

There are several etiologies for the development of hepat-
ic CSF pseudocysts. Among the possible etiologies, sterile or
infected inflammatory processes, such as peritonitis, reac-
tions against foreign bodies, and irritation of the peritoneum
due to continuous exposure to CSF,8 were considered the
most common phenomena that could cause this condition by
destabilizing the capsular structure of the liver.9 Further-
more, intraperitoneal fibrosis has a great role in the perfora-
tion process as it promotes the fixation of the tip of the distal
catheter and the continued mechanical irritation of the
organ’s periphery. Among other causes, multiple revisions
of the shunt in the abdomen as well as prior surgeries in that
location, CSF malabsorption, and history of intracranial
tumor are factors that predispose the formation of abdomi-
nal and hepatic pseudocysts.10,11

Image findings are essential for the diagnosis of this condi-
tion. Ultrasound examination, because it is simple, economi-
cal, and provides satisfactory diagnosis results, is the most
advisable method for the first evaluation in most cases. In
contrast, abdominal CT ensures an accurate diagnosis, espe-
cially when the CSF cyst grows to the point of deforming the
normal internal configuration of the abdomen12,13 or its
growth is extraaxial, in which the liver tissue cannot be
identified in the periphery of the cyst. With the CT exam, it
is possible to make differential diagnoses of conditions that
mimic the hepatic CSF pseudocyst symptoms (to exemplify,
appendicitis, diverticulitis, volvulos, among others). Finally, it
is emphasized that the efficient interpretation of the neuro-
logical deficits presented by the patient is indispensable.

Various types of treatment approaches have been
reported in the analyzed literature; however, only one case
has experienced recurrence.8Due to the scarcity of cases and
the fact that the treatment depends on the patient’s particu-
lar characteristics as well as on the surgeon’s experience and

findings during the procedure, there is no consensus in the
treatment of the hepatic CSF pseudocyst. After the possible
infection is treated,14 the most common procedures include
6 main categories (1) removal of the primary shunt, place-
ment of external ventricular shunt (EVD) followed by VP
shunt insertion15,16; (2) removal of the primary shunt,
placement of the EVD, followed by the insertion of a ven-
triculoatrial shunt (VAS)17,18; (3) removal of the primary
shunt and conversion to VAS19; (4) repositioning of the distal
catheter to the opposite side of the peritoneum18,20; (5)
exploratory laparotomy, removal of the primary shunt,
EVD followed by VAS or VPS17,21; (6) other treatment
modalities, such as aspiration, paracentesis or excision of
the pseudocyst.22–24 In the case demonstrated in this
report, due to the absence of infection and spontaneous
resorption of>70% of the CSF pseudocyst, the management
was repositioning the distal catheter on the opposite site of
the peritoneum.

Conclusion

The present case report describes a rare complication of the
VPS technique. Hepatic CSF pseudocysts should be suspected
in patients with a history of surgery for shunt placement for
hydrocephalus treatment, and the diagnostic approach
should be based on ultrasound and abdominal CT scans. In
the reported case, after confirming the absence of infection
and the natural resorption of the cyst, the surgical procedure
chosenwas to reposition the catheter on the opposite side of
the peritoneum.
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Abstract Background Fungal spondylodiscitis is not common but should be suspected in some
cases. Candida tropicalis infections are being more frequently diagnosed due to some
factors related to the microorganism.
Case Description A C. tropicalis spondylodiscitis is described in a 72-year-old man who
was treated with a combination of echinocandin (micafungin) and surgery.
Conclusion The presence of some risk factors should promptly raise the suspicion of
fungal spondylodiscitis. Treatment should be instituted as early as possible for the best
outcome for the patient.

Palavras-chave

► espondilodiscite
► candida tropicalis
► espondilodiscite

fúngica

Resumo Introdução A espondilodiscite fúngica é uma doença incomum, porém deve ser
suspeitada em algumas situações. As infecções por Candida tropicalis são cada vez mais
diagnosticadas devido a alguns fatores relacionados ao agente.
Descrição do Caso É descrito o caso de um homem de 72 anos, com diagnóstico de
espondilodiscite causada por C. tropicalis, o qual foi tratado por cirurgia associada a
uma equinocandina (micanfungina).
Conclusão A presença de alguns fatores de risco deve levantar a suspeita do
diagnóstico de espondilodiscite fúngica. O tratamento deve ser instituído o mais
precocemente possível, de maneira a obter melhor prognóstico aos pacientes.
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Introduction

Spondylodiscitis is a severe infection of the spine, and
fungal etiology is uncommon. The most prevalent yeasts
are Aspergillus and Candida.1,2 Despite being usually diag-
nosed in immunocompromised people, fungal invasive
infections may develop due to the presence of some risk
factors in immunocompetent people. Candida tropicalis
is a pathogen increasingly found in invasive fungal
diseases.3,4

In the present article, we report the case of a 72-year-old
man who presented with severe C. tropicalis spondylodiscitis.
We review the literature related to the etiology, diagnosis, and
treatment of fungal spondylodiscitis.

Case Report

A 72-year-old man developed low back pain associated with
weakness in the lower limbs with progressive worsening.
During the investigation, he was diagnosed with thoraco-
lumbar spondylodiscitis. Two months before, the patient
suffered intestinal perforation and peritonitis at the time
he underwent cholecystectomy. He evolved after surgery
with a severe abdominal infection and long-term use of
antibiotics.

Once spondylodiscitis was diagnosed, he was initially
treated with antibiotics (meropenemþvancomycin) at an-
other hospital. Since the neurological deficits of the patient
did not improve and the magnetic resonance imaging (MRI)
exam showedworsening of the spinal infection 8weeks after
treatment, he was forwarded for neurosurgical evaluation.
(►Figs. 1 and 2)

On neurological examination, motor weakness (grade ⅗

strength on both lower limbs) and hypoesthesia below T10
dermatome were observed.

Since the previous antibiotic treatment failed and there
were signs of instability, it was decided to perform surgery to
collect tissue for microbiological analysis and spinal
arthrodesis.

The patient underwent T9-L4 laminectomy, T9-L4 ar-
throdesis, and epidural abscess drainage. Microbiological
culture showed C. tropicalis yeasts. Micafungin was started
because the fungus was sensitive in vitro. He was tested for
HIV, which was negative.

Unfortunately, the patient developed sepsis and acute
renal failure and died 4 weeks after surgery.

Discussion

Spinal infections are usually classified according to the
etiologic agent or to the site of the infection. The most related
microorganisms are bacteria, mycobacterium tuberculosis,
and fungi. Some articles have also reported parasites (Echi-
nococcosis) as pathogens causing spondylodiscitis. Pyogenic
infections are the most common, mainly by Staphylococcus
aureus, Escherichia coli, Proteus, Klebsiella, and Enterobacter
spp.5–7 Related to location on spine structures infections may
be classified as discitis, spondylitis, spondylodiscitis, facet
joint infection, and epidural abscess.5 Spontaneous spondy-
lodiscitis is usually located on the thoracic and lumbar spine
and is rare on the cervical spine, although the incidence of
epidural abscesses is higher in cervical cases. Complications
and mortality are not related to spine site infection.5,8

Fig. 1 Contrast-enhanced T1-weighted MRI before antibiotic treat-
ment shows vertebral body and intervertebral disk infection.

Fig. 2 Eight weeks after treatment, MRI shows T12 and L1 vertebral
body collapse and epidural abscess.
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The incidence of fungal spondylodiscitis has been pro-
gressively increasing due to an elevation of exposure to risk
factors.1 The main risk factors for fungal invasive infections
are immunosuppression, sepsis, broad-spectrum antibiotics,
total parenteral nutrition, fungal colonization, mechanical
ventilation, and diabetes.9–11 The most common agents for
fungal spinal infections are Aspergillus fumigatus, Aspergillus
flavus and Candida albicans. C. tropicalis, Candida glabrata,
Candida parapsilosis, Candida krusei, and Cryptococcus are
other possible fungi that may cause spinal infections.1

C. tropicalis is one of the most common non-Candida
Albicans Candida (NCAC) yeast. Infections by this microorgan-
ism has been progressively increasing and, nowadays, it is
considered the second most virulent Candida species. Com-
pared with other NCACs, C. tropicalis is more virulent because
it exhibitsdimorphism,proteinases secretion, and it is a strong
biofilm producer. C. tropicalis infections are associated with
highermortality than othersNCACs and are usually diagnosed
in oncological patients with neutropenia.3,4

Gamal Tsou et al. observed that almost all fungal spondy-
lodiscitis cases present local symptoms such as pain, tender-
ness, and edema. Back and lumbar pain may occasionally
irradiate to the lower limbs. Fever is observed in half of the
patients suffering from pyogenic spondylodiscitis, and in
only � 30% of the fungal spine infections. One third of the
patients present neurological symptoms, such as motor
weakness and sensory deficits.5,12

Laboratory studies show leukocytosis, anemia, and eleva-
tion of C-reactive protein and erythrocyte sedimentation rate
levels.12

In a review of articles published up to 2016, Rami et al.
studied all cases of C. tropicalis spondylodiscitis. Sixteen
patients were>50 years old. They found one cervicothoracic
case; nine thoracic cases; four thoracolumbar cases; and five
lumbar cases. Regarding risk factors, nine patients had
received antibiotic therapy and six patients had previous
malignancy or chemotherapy. Six patients were treated with
antifungal agents; 11 were treated with drugs associated to
surgery; 1 patient underwent surgery alone; and treatment
was not reported in 1 case. Neurological deficits were not
reported, and only one patient died.13–19

The guidelines of the Infectious Diseases Society of Amer-
ica recommend fluconazole, 400mg for between 6 to
12 months or an echinocandin (spongin, micafungin or
anidulafungin) for at least 2 weeks followed by fluconazole,
400mg daily, for between 6 to 12 months as the first choice
for fungal spinal osteomyelitis.

Lipid formulation amphotericin B for at least 2 weeks
followed byfluconazole for between 6 and 12monthsmaybe
applied as an alternative regimen. Surgical treatment is
suggested for spinal instability, severe kyphosis, large epi-
dural abscesses, and for patients who have neurological
deficits and worsening or persistent symptoms despite ade-
quate treatment.1,6,20

Ganesh et al. observed that patients who underwent
antifungal therapy in combination with surgery presented
lower mortality in Candida and Aspergil’s infections.2

Conclusions

Spondylodiscitis is a life-threatening disease that must be
diagnosed and treated as soon as possible.

Although uncommon, fungal spondylodiscitis should be
suspected in patients with risk factors, that is, diabetes,
broad-spectrum antibiotics, immunosuppression, sepsis,
and others. The incidence of C. tropicalis infection increases
over the years because it is a biofilm producer and exhibits
proteinase secretion and dimorphism.

The combination of antifungal therapy and surgery tends
to have a better prognosis for the treatment of fungal
spondylodiscitis patients.
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nexar o seu próprio o formulário de confl itos de
interesse (disponível em: http:// www. icmje.
org/ confl icts-ofi nterest/); deve ser evitada a 
citação de marcas comerciais; os autores serão 
os únicos responsáveis pelas opiniões e concei-
tos contidos nos artigos publicados, bem como 
pela exatidão das referências bibliográfi cas 
apresentadas.

11. Os editores e Thieme combatem o plágio, du-
pla publicação, e má conduta científi ca atravé do 
uso do software CrossCheck distribuído por iThen-
ticate. Seu manuscrito pode estar sujeito a inves-
tigação e retratação caso haja suspeita de plágio.

12. Os autores devem divulgar qualquer relação 
fi nanceira no ato da submissão, e quaisquer di-
vulgações devem ser atualizadas pelos autores 

antes da publicação. Informações que podem 
ser percebidas como potencial (is) separar con-
fl ito (s) de interesse deve ser declaradas. Esta 
informação inclui, mas não se limita a, subven-
ções ou fi nanciamento, emprego, afi liações, 
patentes, invenções, honorários, consultorias, 
royalties, ou testemunho de especialista.

13. Outras informações: provas PDF serão envi-
adas aos autores correspondentes para resposta 
sobre eventuais dúvidas e/ou aprovação dentro 
de 72 horas; exceto para unidades de medida, 
abreviaturas devem ser evitadas; abreviatura 
utilizada pela primeira vez no texto principal 
deve ser expressa entre parênteses e precedida 
pela forma extensa que vai representar. 
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