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Evaluation of Admission Brain Computed Tomography
Findings to Predict the Long-term Outcomes of
Patients with Traumatic Brain Injury

Avaliação de achados em tomografia de crânio
admissional para predizer o prognóstico a longo prazo
de paciente com trauma cranioencefálico
Rafael de Souza Dantas1 Thais Cristina de Souza Melo1 Isabella Fontes de Santana Lins1
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Abstract Objective To evaluate the admission brain computed tomography (CT) scan findings
in patients with traumatic brain injury (TBI) in a low- andmiddle-income country (LMIC)
to predict long-term neurological outcomes.
Materials and Methods Patients admitted to a tertiary emergency hospital between
March 2017 and April 2018 who had suffered a TBI and had undergone a brain CT scan
within 12 hours of the trauma were prospectively evaluated. All of the patients who
were hospitalized for at least 24 hours were contacted by phone after 12 months to
evaluate their neurological condition.
Results We achieved a 12-month follow-up with 180 patients, most of them male
(93.33%). The brain changes identified by CT, such as brain contusion (BC; p¼ 0.545),
epidural hemorrhage (EDH; p¼0.968) and skull base fracture (SBF; p¼0.112) were not
associated with worse neurological outcomes; however, subdural hemorrhage (SDH;
p¼0.041), subarachnoid hemorrhage (SAH; p � 0.001), brain swelling (BS; p �0.001),
effacement of cortical sulci (ECS; p¼0.006), effacement of basal cisterns (EBC; p
�0.001), depressed skull fracture (DSF; p¼0.017), and a brain midline shift>5mm
(p¼0.028) were associated with worse outcomes.
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Introduction

Traumatic brain injury (TBI) is defined as a change in brain
function or other evidence of encephalopathy caused by an
external force.1 These injuries can be caused bya bump, blow,
or jolt to the head, or they may be penetrating head injuries
that disrupt the normal function of the brain.2 They repre-
sent an important public health problem, and are a signifi-
cant cause ofmorbidity andmortality, especially amongmen
and young adults.3–5 Data from the TBI Model Systems
National Data and Statistical Center (TBINDSC) in the United
States, show that, in 2017, the cases among male patients
greatly outnumbered those among female patients, account-
ing for more than 73% of all TBIs reported.6 Patients who
survive a moderate to severe TBI often experience a broad
spectrum of cognitive and behavioral changes due to diffuse
injury. These deficits include slow information processing, as
well as impaired long-term memory, attention, functional
memory, executive functions, social cognition, and self-
awareness.1

Upon admission to the hospital, the severity of the TBI is
commonly graded according to the Glasgow Coma Scale
(GCS), a measure of the level of consciousness. This is purely
a descriptive scale; it does not provide any structural infor-
mation on potential intracranial lesions.7,8 Due to its acces-
sibility and speed, computed tomography (CT) is the routine
imaging modality used to assess structural lesions in acute

TBI;8 it is important in the early identification of patients
with significant intracranial damage at risk of deterioration,
but CT can also identify lesions that are relevant to the
patient’s prognosis and rehabilitation but do not necessarily
require neurosurgical intervention.9 Knowledge of the rela-
tionship between the clinical signs presented by the patient
in the first hours after trauma and the morphological
changes identified by brain CT is important for the early
diagnosis of TBI; however, CT has to be usedwith caution due
to the increased risk of developing cancer resulting from
exposure to ionizing radiation, especially in children.10

In 1991, Marshall et al.11 used tomographic findings to
classify patients with TBI. Initially, the purpose of the classifi-
cationwas descriptive; however, it also started to be used as a
predictor of mortality. The study11 used the term diffuse brain
injury, which was divided into four categories: Marshall I,
without any changes on brain CT; and Marshall II, III and IV,
with certain degrees of brain damage. In the original study, the
authors11 noticed a direct relationship between the diagnosis
of TBI and themortality rate; however, other studies12–15have
shown that the status of the basal cisterns, the midline shift,
traumatic subarachnoid or intraventricular hemorrhage, and
the presence ofdifferent types ofmass lesions could produce a
more accurate prognostic prediction. Other classifications
were later created, such as the Rotterdam CT score (2005),
which reweighted the components of theMarshall CT classifi-
cation and added traumatic subarachnoid hemorrhage (tSAH)

Conclusion Findings such as SAH, BS and DSF were independent predictors of worse
neurological outcomes. The rate of 70% of patients lost to follow-up shows the
difficulties of conducting long-term research in LMICs.

Resumo Objetivo Avaliar as variáveis de tomografia computadorizada (TC) cerebral admissi-
onal em pacientes com trauma cranioencefálico (TCE) em um país de baixa e média
renda (PBMR) para prever os resultados neurológicos de longo prazo.
Materiais e Métodos Foram avaliados prospectivamente pacientes admitidos em um
hospital terciário de emergência entre março de 2017 e abril de 2018, que sofreram
TCE e realizaram tomografia de crânio em até 12 horas após o trauma. Todos os
pacientes que permaneceram internados por pelo menos 24 horas foram contatados
por telefone após 12 meses para avaliação de sua condição neurológica.
Resultados Conseguimos um acompanhamento de 12 meses com 180 pacientes, a
maioria deles do sexo masculino (93,33%). As alterações cerebrais identificadas pela
TC, como contusão cerebral (CC; p¼0,545), hemorragia peridural (HPD; p¼ 0,968) e
fratura da base do crânio (FBC; p¼0,112) não foram associadas a piores desfechos
neurológicos; no entanto, hemorragia subdural (HSD; p¼ 0,041), hemorragia suba-
racnóidea (HSA; p �0,001), edema cerebral (EC; p �0,001), apagamento de sulcos
corticais (ASC; p¼0,006), apagamento de cisternas (AC; p �0,001), fratura craniana
deprimida (FCD; p¼ 0,017) e desvio da linha média do cérebro> 5mm (p¼0,028)
foram associados a piores resultados.
Conclusão Achados como HSA, EC e FCD foram preditores independentes de piores
desfechos neurológicos. A taxa de perda de acompanhamento de 70% indica as
dificuldades de se conduzir pesquisas de longo prazo em PBMRs.

Palavras-chave

► lesão cerebral
traumática

► tomografia
computadorizada

► prognóstico
► países em
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and intraventricular hemorrhage, becoming part of the Inter-
nationalMission for Prognosis andAnalysis of Clinical Trials in
TBI (IMPACT) outcome model for TBI patients.12,13 More
recently, new CT classifications have emerged, including the
Stockholm CT score, in 2010,14 and the Helsinki CT score, in
2014.15 However, none of these scales have been extensively
evaluated.

To objectively assess the functionality of patientswith TBI,
Jennett and Bond16 (1975) developed the Glasgow Outcome
Scale (GOS),7,16,17whichwasmodified over time to provide a
more detailed categorization, becoming the Glasgow Out-
come Scale-Extended (GOSE),17,18 a global scale for the
functional evaluation of TBI patients.19

The purpose of the present study was to evaluate the
potential association between morphological brain changes
identified through CT and the long-term functional neuro-
logical outcomes of patients with TBI.

Materials and Methods

Study Design
We conducted a prospective cohort study of TBI patients
admitted to a Brazilian tertiary hospital – Hospital de
Urgências de Sergipe Governador João Alves Filho. Patients
were recruited between March 2017 and April 2018 and
were followed up until 12 months after the injury.

Sample
The study included patients who had suffered a TBI, were
referred to the emergency unit to undergo a brain CT scan
within 12hours of the injury, and were then admitted to the
hospital for at least 24 hours. After 12 months, we attempted
to contact all the patients by phone.

Exclusion Criteria
We excluded patients who: reported or presented CT
changes from a previous TBI; had other neurological or
neurosurgical conditions, were aged � 18 years; did not
agree to participate in the study (or whose legal
guardian/next of kin did not agree); and had suffered the
head trauma more than 12hours before the Brain CT scan.

Data Collection
All data about the admission brain CT scan were collected
during the study period, including the grade on the Marshall
classification and 12 radiological variables (brain contusion,
epidural hemorrhage, subdural acute hemorrhage, subarach-
noid hemorrhage, brain swelling, basal cistern effacement,
cortical sulci effacement, brain midline shift>5mm, brain
midline shift<5mm, skull fracture, depressed skull fracture,
andskullbasefracture). Twelvemonths later, thepatients/next
of kin were contacted by phone and assessed through a
structured questionnaire to obtain the GOSE score: 1–death;
2–vegetative state; 3–severe disability (low); 4–severe disabil-
ity (high); 5–moderate disability (low); 6–moderate disability
(high); 7–good recovery (low); and 8–good recovery (high).
They were then divided into 2 groups: good recovery (GOSE
score � 7) and poor recovery (GOSE score<7).

Statistical Analysis
Data were systematized, analyzed, and statistically tested
using the IBM SPSS Statistics for Windows (IBM Corp.,
Armonk, NY, United State) software, version 23.0. The
variables were expressed as absolute and relative frequen-
cies, and median, arithmetic mean, and standard deviation
(SD) values. The results of interest were analyzed using the
Chi-squared (χ2) test and logistic regression. A multivariate
analysis was performed to create a model of the CT
variables regarding the functional outcomes at the 12-
month follow-up. Values of p<0.05 were considered sta-
tistically significant.

Results

From the initial 600 subjects who had suffered a TBI and had
undergone CT, we achieved a 12-month follow up with 180
(30%) patients (►Fig. 1). Most patients were male (93.3%),
with amean age of 36 (SD:�16.2) years. As aforementioned,
the patients were divided into two groups: good recovery
(42.7%), defined by a GOSE score � 7; and poor recovery
(56.3%), defined by a GOSE score<7 (38.9% had moderate to
severe disability, 0.56% were in a vegetative state, and 17.8%
had died). At baseline, 168 patients (93.3%) presented path-
ological findings on the brain CT and 12 (6.7%) prresented
completely normal images. Among the patients with TBI-
related CT alterations, 99 (58.9%) had a good recovery (GOSE
score � 7), while 69 patients had disability or death (GOSE
score<7). The distribution of the patients in terms of
functionality is shown in ►Table 1.

Fig. 1 Flowchart of the data cohort and the 180 patients included in
the study.
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Brain CT and Neurological Prognosis
There were no significant associations regarding brain con-
tusions (p¼0.545), epidural hemorrhage (p¼0.968), skull
base fractures (p¼0.112), and a worse outcome. In patients
with a GOSE score<7 there was an increased frequency of
subdural hemorrhage (p¼0.041) and subarachnoid hemor-
rhage (p � 0.001). Conditions that are related with increased
intracranial pressure and a worse neurological prognosis,
such as brain swelling (p�0.001), effacement of cortical sulci
(p¼0.006), effacement of basal cisterns (p � 0.001), and
brain midline shift>5mm (p¼0.028) were also observed.
Skull fracture (p¼0.011) and depressed skull fracture
(p¼0.017) were also associated with worse outcomes at

12 months. A summary of all changes in the brain CT scans
(including the Marshall grade) and the associations with
neurological outcomes are shown in ►Table 1.

After a multivariate analysis of the CT variables, only
the presence of subarachnoid hemorrhage, swelling, and
depressed skull fracture were independent predictors of
outcomes (►Table 2).

Secondary Analysis
Age, baseline GOSE scores, and the main baseline CT
variables were analyzed for the group of patients lost to
follow-up, and no statistically significant differences were
found (►Table 3).

Table 1 Demographics, changes in computer tomography in the patients included, and associations with neurological outcomes

Variable Included patients:
GOSE score<7
(n¼ 103)

Included patients:
GOSE score � 7
(n¼77)

p-value

Ages in years: mean� standard
deviation

36.6�16.2) 36.06� 16.2) 0.738

Sex: n (%) 0.637

Male 87 (84) 63 (82)

Female 16 (16) 14 (18)

Changes on CT: n (%) 99 (96) 69 (90) 0.083

Contusion 57 (56) 39 (51) 0.545

EDH 23 (22) 17 (22) 0.968

SDH 33 (32) 14 (18) 0.041

SAH 69 (67) 30 (39) < 0.001

Swelling 23 (22) 03 (04) < 0.001

Effacement of cortical sulci 44 (43) 18 (23) 0.006

Effacement of basal cisterns 17 (17) 01 (01) < 0.001

Brain midline shift> 5mm 20 (19) 06 (08) 0.028

Brain midline shift< 5mm 15 (15) 05 (07) 0.084

Skull fracture 65 (63) 34 (44) 0.011

Depressed skull fracture 17 (17) 04 (05) 0.017

Skull base fracture 60 (59) 36 (47) 0.112

Marshall grade 1 13 (13) 15 (19) 0.219

Marshall grade 2 51 (50) 52 (67) 0.019

Marshall grade 3 21 (20) 04 (05) 0.003

Marshall grade 4 17 (17) 11 (15) 0.040

Abbreviations: CT, computed tomography; EDH, epidural hemorrhage; GOSE, Glasgow Outcome Scale-Extended; SDH, subdural hemorrhage; SAH,
subarachnoid hemorrhage.
Note: p-values in bold indicate statistical significance.

Table 2 Computed tomography variables that were independent predictors of outcome after a multivariate analysis

Variable Odds ratio 95% confidence interval p-value

Subarachnoid hemorrhage 2.38 1.24–4.55 0.009

Swelling 4.39 1.20–15.99 0.025

Depressed skull fracture 3.30 1.02–10.70 0.046

Arquivos Brasileiros de Neurocirurgia Vol. 43 No. 3/2024 © 2024. Sociedade Brasileira de Neurocirurgia. All rights reserved.

Admission Brain CT Findings and Long-term Outcomes of TBI Patients Dantas et al.160



Discussion

The present study investigated the associations involving
morphological changes in the brain identified by CT and the
functional outcomes after 12 months measured through the
GOSE, which was chosen because it is the most cited and
accepted scale to measure functional outcomes following
TBI. A simplified Portuguese version of the scale has been
validated for use in Brazil.20–22 It is a very flexible scale that
can help to improve follow-up, as it can be applied face to face
or by telephone. McMillan et al.19 found no differences
between these two interview modalities in terms of results.
Rainer et al.,23 in 5-year prospective cohort, reported that the
best functional improvement occurs 6 to 12 months after
the TBI, data that supports the time chosen by us to conduct
the follow-up. In the present study, 12 months after the TBI,
we found that 42.7% of the patients had good recovery, a
figure that is in agreement with the results of the study by
Samanamalee et al.24

Regarding the Marshall CT classification in a study with a
large sample (n¼2269), Mass et al.13 (2005) confirmed that
it had a good predictive value, although they recommended
making more use of the characteristics underlying the
classification and including other predictors, such as intra-
ventricular and traumatic subarachnoid hemorrhage, as well
as a clearer differentiation between basal and mass lesions,
to produce a better prognostic tool. The results of the present
study are in line with most of the results found by Mass
et al.,13 showing the importance of including the effacement
of basal cisterns (p<0.001), midline shift>5mm (p<0.028)
and subarachnoid hemorrhage (p<0.001); however, unlike

Mass et al.,13 we did not find epidural hemorrhage to be
associated with better outcomes and intravascular hemor-
rhage to be related to worse outcomes. In fact, we found a
similar percentage of patients with these abnormalities in
both groups in the present study, with no association with
the outcomes.13 According to Gennarelli et al.,25 the worst
TBI theyobservedwas subdural hematoma, as it was not only
responsible for the majority of all deaths in their series of
patients, but it was associated with the greatest impact on
quality of life among the survivors. Another study, also
conducted in Brazil, Amorim et al.26 reported an associations
regarding epidural, subdural, subarachnoid, and intracere-
bral hemorrhage and higher levels of mortality in 14 days, as
well aswithworse GCS scores,findings similar to those of the
present study.

Increased intracranial pressure due to a mass effect from
swelling or hematoma can lead to displacement of the brain
parenchyma into a different compartment, resulting in a
worse prognosis. The signs of increased pressure that were
analyzed on the CT scans in the present study included brain
swelling, effacement of cortical sulci and basal cisterns, and
brain midline shift>5mm. These alterations were related to
functional decline, especially basal cistern effacement,
which was the variable most associated with poor recovery.
Cordobés et al.27 found a mortality rate of 76% in the
presence of basal cistern effacement. Murphy et al.28 showed
that basal cistern effacement had a close relationship with
increased intracranial pressure, being an important inde-
pendent prognosis factor in first hours after a TBI.

Vascular injury with hemorrhage is an important compli-
cation in TBI, and it can be caused by several mechanisms.

Table 3 Comparison of baseline clinical and radiological findings of the patients recruited regarding loss or not to follow-up

Variable Not lost to follow-up
(n¼180)

Lost to follow-up
(n¼ 420)

p-value

Ages in years: mean� standard deviation 36.5�16.1) 34.75� 16.5) 0.23

Sex: n (%) 0.77

Male 354 (84.3) 150 (83.3)

Severe traumatic brain injury: n (%) 159 (37.9) 66 (36.7) 0.81

Changes on computed tomography: n (%)

Subdural hemorrhage 119 (28.3) 47 (26.2) 0.70

Subarachnoid hemorrhage 217 (51.7) 99 (55.0) 0.45

Swelling 50 (11.9) 26 (14.4) 0.56

Effacement of cortical sulci 148 (35.2) 62 (34.4) 0.79

Effacement of basal cisterns 77 (18.3) 39 (21.7) 0.59

Brain midline shift> 5mm 49 (11.67) 26 (14.4) 0.52

Skull fracture 233 (55.5) 99 (55.0) 0.79

Depressed skull fracture 62 (14.8) 22 (12.2) 0.46

Marshall grade 1 72 (17.1) 28 (15.56) 0.89

Marshall grade 2 250 (59.52) 103 (57.22) 0.78

Marshall grade 3 47 (11.2) 25 (13.9) 0.72

Marshall grade 4 50 (11.9) 22 (12.2) 0.93

Arquivos Brasileiros de Neurocirurgia Vol. 43 No. 3/2024 © 2024. Sociedade Brasileira de Neurocirurgia. All rights reserved.

Admission Brain CT Findings and Long-term Outcomes of TBI Patients Dantas et al. 161



Arterial lesions as a result of a direct laceration or skull base
fracture are among the most common causes, leading to
other complications, such as cerebrospinal fluid leak, which
increases the risk of developing meningitis or orthostatic
headaches months to years after the lesion.29 Although a
basilar skull fracture was not associated with either good or
poor recovery in the data (p¼0.112) of the present study, we
found that depressed skull fracture, which could indicate a
high-energy trauma and a possible parenchyma lesion, was
associated with poor recovery (p¼0.017). Most of the stud-
ies on TBI prognosis10,11,13 do not report skull fracture as an
important indicator of neurological prognosis. In the present
study, among the CT variables, depressed skull fracture was
found to be an independent predictor of outcome; however,
this anomalous finding should be interpreted with caution,
and needs to be better evaluated in future studies.

The present cohort study has some limitations which
could reduce the impact of our findings. The successful
follow-up rates were lower than expected when compared
with other studies, such as that the one by Rainer et al.,23

which reported a loss of only 56% with the same follow-up
period, against the rate of 70% observed in the present study.
The main reason for the low level of successful follow-up in
the present studywas the lack of correct contact information
in medical records and difficulty accessing the patients’ data
in general. In low- middle-income countries (LMICs), long-
term follow-up may be more challenging than in high-
income countries, since telecommunication networks,
including mobile phone use and the internet, are not as
developed.26 Moreover, the regular contact that may be
maintained by patients visiting rehabilitation centers in
countries with better resources is more difficult in LMICs
such as Brazil, where the health infrastructure is less devel-
oped, as described by Conforto et al.30,31 Despite the rate of
patients lost to follow-up, no statistically significant differ-
ences were observed regarding the baseline characteristics
of the individuals in the follow-up group and lost to follow-
up group. A final limitation is the fact that external factors,
such as socioeconomic condition, level of schooling, access to
a multidisciplinary team (physiotherapist, physiatrist, or
occupational therapist), which could affect functional recov-
ery in the long term, were not assessed in the present study.
These important variables could be included in future stud-
ies. One important strength of the study was the fact that we
used self-reportedmeasures, such as the GOSE, in the follow-
up. These are important, as they introduce the direct per-
spective of the patients, which is often missing in studies
which only include provider-drivenmeasures, thus introduc-
ing a potential bias.

Conclusion

The present study showed that subarachnoid hemorrhage,
brain swelling, and depressed skull fracture were the main
morphological abnormalities identifiedon admissionCTscans
and the strongest independent predictors of functional out-
comes measured at follow-up 12 months after the TBI. Al-
though there was an important rate of patients lost to follow-

up, a common difficulty in studies in LMICs, there were no
statistically significant differences at baseline regarding the
characteristics of the overall sample and the follow-up group.
Further studies with larger samples and longer follow-up are
warranted to provide a higher level of evidence regarding the
important variables identified in the present study.
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Abstract Introduction Upper middle-income countries have epidemiological peculiarities that
should be considered to identify the main predictive factors of intrahospital mortality
regarding traumatic brain injury (TBI) to address modifiable problems.
Objective To assess the in-hospital survival of patients with TBI and to identify the
predictors of in-hospital death.
Methods This is a retrospective dynamic cohort study of victims of TBI who were
admitted to the Hospital de Urgência de Sergipe (HUSE, in the Portuguese acronym)
betweenMarch 1, 2017 and April 29, 2018. The outcome consideredwas in-hospital death
from any cause. Cox regression was used to assess predictors of in-hospital mortality.
Results The sample comprised 596 patients, with a median age of 31.0 (12–94) years
old, 504 (84%) of whom were men. Regarding TBI severity, 250 had mild TBI; 121 had
moderate TBI; and 225 had severe TBI. The average follow-up was 20.6�4.0 days, with
60 in-hospital deaths and a 30-day mortality of 22.9%. Four independent predictors of
in-hospital death were identified: acute subdural hemorrhage (ASDH) (risk ratio
[RR]¼1.926; 95% confidence interval [CI]¼1.15–3.22; p¼0.013), swelling (risk ratio
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Introduction

Trauma is one of the main causes of global morbidity and
mortality, and traumatic brain injury (TBI) is responsible for
more global death and disability than any other traumatic
injury,1 especially among adolescents and young adults.2,3

The rates are highest in low- and middle income countries
(LMICs), such as Brazil, mainly for socioeconomic reasons.3

Moreover, TBI victims put great pressure on health services,
not only regarding their initial emergency treatment, but
also the treatment of long-term sequelae such as motor and
cognitive deficits. In Brazil, the estimated incidence of TBI
ranges from 26.2 to 65.7 per 100,000 inhabitants, with
overall lethality rate estimated at 7.7%, and 33.3% for those
with severe TBI.4Hospitalmortality has been estimated to be
5.1 per 100,000 inhabitants per year.3

The hospital considered in the present study is located in
the Northeast of Brazil, an area which is marked by poor
education, poverty, and increased levels of violence. The
incidence of traffic accidents in the region is high and is
the main cause of TBI. Frequent cases of driving while

intoxicated by alcohol or riding a motorcycle without a
helmet result in significant levels of severe TBI cases. Despite
efforts to reduce these behaviors, limited resources mean
that the oversight of traffic is still poor. Furthermore, the
Northeast of Brazil is the most violent region in the country,
which results in more cases of TBI caused by aggression and
the use of firearms.

Another important factor in LMICs is the lack of resources
in health units, such as the equipment required to undertake
a computed tomography (CT) scan, especially outside major
urban centers, where there is less access to healthcare and
emergency medical services. Patients, therefore, have to be
transferred to referral hospitals, which can delay treatment,
resulting in reduced survival rates when compared with
high-income countries.

In general, there is a lack of studies on TBI in LMICs,
including in Brazil. The present study, therefore, aims to
assess the in-hospital survival of patients with TBI and to
identify the predictors of in-hospital death from any cause in
a reference hospital in Northeastern Brazil.

[RR]¼3.706; 95%CI¼2.21–6.19; p<0.001), skull fracture (RR¼2.551; 95%CI¼1.36–
4.75; p¼ 0.003), and severe TBI (RR¼2.039; 95%CI¼1.29–4.12; p¼0.005).
Conclusions Acute subdural hemorrhage, swelling, skull cap fracture, and a Glasgow
Coma Scale score of<9 at admission were independent predictors of in-hospital
mortality in patients with TBI.

Resumo Introdução Os países de renda média alta possuem peculiaridades epidemiológicas
que devem ser levadas em consideração para identificar os principais fatores preditivos
de mortalidade intrahospitalar por traumatismo cranioencefálico (TCE) a fim de
abordar problemas modificáveis.
Objetivo Avaliar a sobrevida hospitalar de pacientes com TCE e identificar os
preditores de óbito hospitalar.
Métodos Trata-se de um estudo de coorte dinâmico retrospectivo de vítimas de TCE
que deram entrada no Hospital de Urgência de Sergipe (HUSE) entre 1° de março de
2017 e 29 de abril de 2018. O desfecho considerado foi óbito hospitalar por qualquer
causa. A regressão de Cox foi usada para avaliar os preditores de mortalidade
hospitalar.
Resultados A amostra foi composta por 596 pacientes, com idade mediana de 31,0
(12–94) anos, sendo 504 (84%) homens. Em relação à gravidade do TCE, 250 tiveram
TCE leve; 121 tiveram TCEmoderado, e 225 tiveram TCE grave. O seguimentomédio foi
de 20,6�4,0 dias, com 60 óbitos hospitalares e mortalidade em 30 dias de 22,9%.
Quatro preditores independentes demorte hospitalar foram identificados: hemorragia
subdural aguda (ASDH, na sigla em inglês) (risk ratio [RR]¼ 1,926; intervalo de
confiança [IC] 95%¼ 1,15–3,22; p¼ 0,013), inchaço (RR¼3,706; IC95%¼ 2,21–6,19;
p<0,001), fratura de crânio (RR¼ 2,551; IC95%¼1,36–4,75; p¼0,003) e TCE grave
(RR¼2,039, IC95%¼1,29–4,12; p¼0,005).
Conclusões Hemorragia subdural aguda, edema, fratura da calota craniana e pon-
tuação na Escala de Coma de Glasgow<9 na admissão foram preditores independen-
tes de mortalidade hospitalar em pacientes com TCE.

Palavras-chave

► país em
desenvolvimento

► mortalidade
► sobrevivência
► traumatismo

cranioencefálico
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Methods

Study Design
This is a dynamic retrospective cohort study comprising 596
TBI patients admitted to the Hospital de Urgência de Sergipe
(HUSE, in the Portuguese acronym), a tertiary care center in
the city of Aracaju, state of Sergipe, in Northeastern Brazil,
between March 1, 2017, and April 29, 2018. The survival of
patients suffering from acute TBI was investigated using
demographic, clinical, and tomographic parameters. The
outcome was in-hospital death from any cause. Patients
were censored at discharge.

Data Collection
For each patient, their clinical and tomographic records at
admission and during hospitalization were evaluated. Epide-
miological data and information on the trauma mechanism
werealso collected. TheGlasgowComaScale (GCS) assessment
was performed by the neurosurgeon at the initial assessment
and TBIwas consideredmildwhen theGCS scorewas 14 to 15,
moderate when between 9 and 13, and severe when � 8.

Headache, nausea, vomiting, and dizziness were not eval-
uated in patients who arrived at the hospital with an altered
level of consciousness andwithout companions, unless it was
reported in the prehospital evaluation record. Alcohol and
drug intoxication were considered positive when reported
by the patient or described in the medical record by a
companion. Hypoxia at admission was measured by pulse
oximeter and only considered when saturation was<92%.

Data that could not be obtained in the initial interview or
from medical records were considered missing values. Mild
cases who did not require hospitalization or patients who
lacked tomographic data were excluded from the study.

Statistical Analysis
Categorical variables were presented as percentages and
continuous variables were represented by means� standard
deviation (SD). Cox regression in a univariate and multivari-
atemannerwasused to assess the risks factors for in-hospital
death from any cause. The variables included in the multi-
variate model were all those with p<0.05 in the univariate
analysis. Any multicollinearity problems were solved before
the variables were inserted in the model. The backward
method of variable selection was used. The variables that
remained in the model were tested for possible interactions.
The risk proportionality assumption was tested using
Schoenfeld residues for each of the variables that remained
in the final model. The method that was used to estimate the
probabilities of survival was the Kaplan-Meier method.
Values of p<0.05 were considered significant. IBM SPSS
Statististics for Windows, version 25.0 (IBM Corp., Armonk,
NY, USA) was used for the statistical analysis.

Results

The median age of the patients was 31.0 (12–94) years old,
504 (84%) being male. Out of the total of 596 patients, 225
were considered severe on admission (►Table 1).

The direct photomotor reflex (DPR) was absent in at least
1 eye in 76 (12.7%) cases, but it was not an independent
predictor of in-hospital mortality (►Table 2).

Regarding tomographic data, therewere 316 (52.5%) cases
of traumatic subarachnoid hemorrhage (SAH), 125 (20.9%)
cases of epidural hematoma (EDH), 166 (27.8%) cases of acute
subdural hematoma (ASDH), 76 (12.7%) cases of swelling,
332 (55.3%) of skull cap fractures, and 315 (52.8%) skull base
fractures.

Using Cox regression, potential risk factors for in-hospital
death from any cause were identified (►Table 2). After
multivariate analysis, the study identified 4 independent
predictors of in-hospital death in this cohort: ASDH (risk
ratio [RR]¼1.926; 95% confidence interval [CI]¼1.15–3.22;
p¼0.013); swelling (RR¼3.706; 95%CI¼2.21–6.19;
p<0.001), skull cap fracture (RR¼2.551; 95%CI¼1.36–
4.75; p¼0.003), and severe TBI (RR¼2.039; 95%CI¼1.29–
4.12; p¼0.005) (►Table 3).

Most clinical data were not independent predictors of
death, except for severe TBI. The mean follow-up was
20.6�4.0 days, with a death rate in 30 days of 22.9%. At
the end of the period, there were 60 in-hospital deaths.
(►Fig. 1). The median survival of patients suffering from
ASDHwas 58 days with a standard error of 49 days (►Fig. 2);
from skull cap fracture, it was 172 days with a standard error
of 82 days (►Fig. 3); from swelling, it was 41 days with a
standard error of 20 days (►Fig. 4); and from severe TBI, it
was 172 days with a standard error of 62 days (►Fig. 5).

Discussion

The present dynamic cohort study aimed to analyze the in-
hospital survival of TBI victims, aswell as themainpredictors
of in-hospital mortality from any cause. The 30-day survival
rate was 22.9%. Independent predictors of death were both
variables associatedwith primary damage (skull cap fracture
and ASDH), and characteristics related to secondary injury
(swelling). In addition, severe TBI proved to be a predictor of
death in these patients, being an important indicator of
severity on admission.

The number of cases of TBI increases each year in Brazil;
the main cause is automobile accidents, both in adolescents
and young adults,1,5 and in the age group from 21 to 60 years
old. Falls are the second major cause, affecting mainly the
pediatric and geriatric population.5 Some studies indicate
that there is a relationship between older age and higher
mortality,6,7 even in cases of mild TBI.6 However, there is no
consensus on an appropriate cutoff; an age between 45 and
50 years old is generally suggested, with higher mortality in
the first 14 days in this age group.8,9 In other studies, age has
beenmore related to functional recovery thanmortality.10 In
the present cohort, age was not a significant predictor of
mortality, even when different extracts were explored. This
may result from the limitations of the power of the study’, or
it may correspond to particular characteristics of the popu-
lation. In Northeastern Brazil, it is common for young people
to drive at high speed, to drive when intoxicated, and to not
use a helmet when riding amotorbike; this is reflected in the
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cohort of the present study, with 41% of the patients being
intoxicated at the time of admission. This may lead to more
severe traumas than those caused by falls in older adults.

Otherwise, the elderly seem to have the worst recovery from
TBI.11

Traumatic brain injury is responsible for 30% of trauma
deaths, and thosewho survive may remain extremely debili-
tated.1 Survival and life expectancy in patients suffering from
TBI are reported as being significantly reduced when com-
pared with the general population.12 It depends on preho-
spitalization and treatments that can control intracerebral
pressure.13,14 A study in Finland that included 5 neurosur-
gery intensive care units (ICUs), showed 30-day mortality
rates after TBI of 18%,15 ranging from 23 to 26% in cases of
moderate-to-severe TBI. Falls were themain cause of trauma
in this study, followed by traffic accidents. Age and GCS
scores were the strongest predictors of mortality rates.15 A
study that used data from the Brain Trauma Foundation
database in New York showed that 23% of the patients died
within 14 days of the TBI,16with older age, unreactive pupils,
and poor GCS motor scores being associated with mortality.
In contrast, a study of a Chinese cohort of 13,138 patients
showed that the overall 30-day mortality rate was 5%, and
20% in cases of severe TBI.17 A study performed in São Paulo,
Brazil’s largest city, located in the Southeastern region of the
country, showed intrahospital mortality rates from TBI of
10.2%,18 with 1-to-7-day mortality of 60.9%, with falls being
themain cause. In the present study, themortality rateswere
of 10.6%, and the 30-day mortality was of 22.9%, with
mortality being associatedwith four factors: ASDH, swelling,
skull cap fracture, and severe TBI with swelling being the
factor with the strongest association with mortality. Severe
TBI may be more related to traffic accidents and violence,
factors that are more prevalent in the Northeast region of
Brazil. This can be seen in another study from the state of
Maranhão, in which 58.1% of hospital admissions were for
TBI resulting from a traffic accident, and 14.5% resulting from
aggression.19

The incidence of TBI is around five times higher in men
than in women.1,3 This is because men have greater risk
behaviors for TBI, such as traffic accidents and violence.20

However, some studies show that women have higher mor-
tality rates.21 The influence of gender on survival remains
controversial, and does not appear to be a significant predic-
tor of mortality, as was found in the present study. Likewise,
despite the well-known association between intoxication
and TBI, the use of drugs and alcohol was not reflected in
increased mortality, which was also reported in a study by
Signorini9 undertaken in the United Kingdom.

Among the clinical prognostic factors, pupillary reaction,
hypoxemia, and arterial hypotension have previously been
shown to be significant prognostic factors in several stud-
ies.8,22–24 These factors are highly prevalent, occurring in �
80% of cases, both before and after hospital admission.24 The
absence of pupillary reaction, for example, is an important
sign of severity in clinical practice,23,24 being a clinical
indication of intracranial hypertension. This is especially
significant in cases of bilateral mydriasis, which is associated
with increasedmortality at 48 hours, 6months, and 1 year.25

Hypoxemia is also related to higher mortality. This, per-
haps, is due to the fact that it is frequently accompanied by

Table 1 Characteristics of the population hospitalized by TBI

Characteristics Value

Number of patients 596

Age (median) 31.0 (12–94) Years old

Sex

Male 504

Female 92

GCS at admission

Mild (14–15) 250 (41,7%)

Moderate (9–13) 121 (20,2%)

Severe (3–8) 225 (37,5%)

Pupillary reactivity

Absence of DPR 76 (12,7%)

Anisocoria 68 (11,3%)

Alcohol 246 (41,0%)

Loss of consciousness 481 (80,2%)

Hypoxemia 275 (46,1%)

OTI 250 (41,7%)

Racoon Sign 119 (19,8%)

Battle Sign 31 (5,2%)

Eyelid edema 307 (51,2%)

Otorrhagia 153 (25,5%)

Rhinorrhagia 192 (32,0%)

CT findings

EDH 125 (20,9%)

AHSD 166 (27,8%)

SAH 316 (52,5%)

Swelling 76 (12,7%)

Skull cap fracture 332 (55,3%)

Skull base fracture 315 (52,8%)

Depressed skull fracture 83 (13,8%)

MLS>5mm 75 (12,5%)

Unlit Cisterns 61 (10,2%)

Unlit Sulcus 210 (35,0%)

Marshall

I 100 (16,7%)

II 353 (58,8%)

III 72 (12,0%)

IV 72 (12,0%)

Neurological surgery 110 (18,3%)

Abbreviations: ASDH, acute subdural hemorrhage; CT, computed to-
mography; DPR, direct photomotor reflex; EDH, epidural hematoma;
GCS, glasgow coma scale; MLS, midline shift; OTI, orotracheal intuba-
tion; SAH, subarachnoid hemorrhage.
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hypercapnia, which, in turn, promotes cerebral edema, and
consequently increases intracranial pressure.24 A previous
study showed that patients who are submitted to endotra-
cheal intubation have higher mortality rates compared with
patients who do not need such measure.26

Arterial hypotension was not evaluated in the present
cohort, but has been shown to be a relevant predictor of
survival in other studies, and is strongly associated with
worse outcomes.7 In some studies, it has been reported to be
the clinical parameter most strongly associated with mor-
tality.23,24 In our study, the absence of DPR and hypoxemia
were predictors of mortality in the univariate analysis, but
did not remain as such in the multivariate analysis. This may
be due to the fact that the absence of DPR and hypoxemia are
closely related to the severity of TBI variable, which ended up
performing better in the statistical model. In other words,
DPR and hypoxemia, in this population, did not confer an
additional mortality risk to the proposed statistical model.

Although GCS is one of the main tools for assessing
patients with |TBI, some studies suggest that it is not a

good predictor of mortality, with an area under the receiver
operating characteristic (ROC) curve of 0.64.8However, some
studies show that the GCS has an almost linear relationship
withmortality in the first 14 days of TBI,8 and there seems to
be a clear association between a decreased GCS score and
lethality in polytrauma patients.9,27 A GCS of 15 would be
equivalent to 1% lethality. In those with an GCS of 4, we
would have a lethality of 27%,27 with an increase in continu-
ous and almost linear lethality over the entire scale.7 In our
cohort, GCS severity proved to be an independent predictor
of mortality and was an easy clinical parameter to obtain.
Patients who had a GCS score<9 had a 2-fold greater risk of
dying during hospitalization.

Tomographic aspects have also been shown to be good
predictorsofmortality in the literature.7Theappearanceof the
subarachnoid cisterns, the number of contusions, the appear-
ance of the 4th ventricle, swelling, midline deviation, the
presence of subdural hematoma, subarachnoid hemorrhage
or intraventricular hemorrhage, and the volume of cranial
injury have already been described as predictors of death

Table 2 Univariate analysis of predictors of in-hospital death from any cause (Cox regression)

Variable RR CI 95% p-value

GCS 0.87 0.82–0.92 < 0.001

Severity 1.91 1.36–2.67 < 0.001

Hypoxemia 3.27 1.72–6.24 < 0.001

OTI 3.51 1.91–6.42 < 0.001

Face trauma 0.62 0.40–0.96 0.034

Presence of DPR 0.27 0.16–0.43 < 0.001

Contusion 1.91 1.20–3.05 0.006

ASDH 1.92 1.15–3.22 0.013

SAH 2.56 1.50–4.38 0.001

Skull cap fracture 2.55 1.36–4.75 0.003

Depressed skull fracture 1.71 1.02–2.88 0.041

MLS> 5mm 3.24 2.05–5.12 < 0.001

Unlit sulcus 2.46 1.55–3.91 < 0.001

Swelling 3.70 2.21–6.19 < 0.001

Conduct 1.67 1.05–2.65 0.028

Neurosurgical conduct 1.65 1.03–2.63 0.036

Severe TBI 2.03 1.29–4.12 0.005

Abbreviations: ASDH, acute subdural hemorrhage; CT, computed tomography; DPR, direct photomotor reflex; EDH, epidural hematoma; GCS,
glasgow coma scale; MLS, midline shift; OTI, orotracheal intubation; SAH, subarachnoid hemorrhage; TBI, traumatic brain injury.

Table 3 Multivariate analysis of predictors of in-hospital death from any cause (Cox regression)

Variable RR 95%CI p-value

ASDH 1.926 1.150–3.224 0.013

Skull cap fracture 2.551 1.368–4.755 0.003

Swelling 3.706 2.218–6.192 < 0.001

Severe TBI 2.039 1.292–4.127 0.005

Abbreviations: ASDH, acute subdural hemorrhage; CI, confidence interval; RR, risk ratio; TBI, traumatic brain injury.
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associatedwith higher mortality in thefirst 48hours after the
injury.8,9 In addition, cerebral edema detected on initial CT is
considered an independent predictor of intrahospital mortal-
ity.28 In the current study, skull cap fracture, swelling, and
ASDH were important independent predictors of mortality in
the multivariate analysis that were identified by tomography.
Probably the skull cap fracture implies aworse prognosis, as a
factor equivalent to a trauma of greater energy.

Other predictors of outcome scores are available, such as
the Injury Severity Score (ISS), the CRASH basic score and the
IMPACT core score, which have already proved effective in
other populations. The ISS has been shown to present great
sensitivity and specificity to predict in-hospital death in
patients suffering from severe TBI, with AUC of 0.76 on the
ROC curve.25 Regarding the CRASH and IMPACT scores, a
study by Maeda et al., which researched the applicability of
these scores in the Japanese population in victims of severe
TBI, found that they were both effective, with AUC scores of
0.86 and 0.81, respectively.29

Fig. 5

Fig. 3

Fig. 1

Fig. 2

Fig. 4
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De Silva et al. showed in their study using the CRASH score
that patients in LMICs had a greater chance to die following a
TBI than patients in high-income countries, with patients
with severe TBI being twice (OR 2,23; 95%CI) as likely to
die.30Unfortunately, a lackof informationmade it impossible
to use these scores in this cohort. The applicability of these
scores in northeastern Brazilmust be tested in future studies.

Despite not being investigated in this cohort, laboratory
parameters deserve due attention, since serum glucose,
platelet count, and hemoglobin levels have also been shown
to be independent predictors of survival.23

Conclusion

Understanding the independent predictors of mortality is of
fundamental importance for the survival of patients suffer-
ing from TBI, in addition to serving as a substrate for clinical
practices and informing public health policies. Acute sub-
dural hematoma, swelling, skull cap fracture, and a GCS
score<9 at admissionwere independent predictors of intra-
hospital mortality from any cause in in patients hospitalized
for TBI at the HUSE.
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Abstract Alcohol consumption is an important risk factor for traumatic brain injury (TBI), and it
has a great impact on its incidence and severity. However, studies suggest potential
beneficial effects of alcohol during hospitalization and in the prognosis of moderate or
severe TBI, with conflicting results. The objective of the present study was to associate
alcohol consumption and helmet use in TBI patients, as well as the prognostic variables
and patterns of injuries secondary to TBI. We analyzed 109 medical records of patients
who suffered TBI due to a motorcycle accident. We evaluated data on alcohol
consumption, helmet use, TBI severity, and tomographic findings on admission. The
subjects with moderate or severe TBI were evaluated regarding hospitalization,
mortality and prognosis variables. Patients who wore a helmet at the time of trauma
had lower rates of skull fracture and extradural hematoma (EDH), but an increased
incidence of subarachnoid hemorrhage (SAH). Furthermore, patients withmoderate or
severe TBI who were those under alcohol intoxication had a greater need for Intensive
Care Unit (ICU) admission and a tendency to have a lower in-hospital mortality rate and
a higher score on the Glasgow Prognostic Score (GPS). Thus, although the consumption
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Introduction

Traumatic brain injury (TBI) consists of any aggression that
causes anatomical or functional injury to the scalp, skull,
meninges, or brain. According to the World Health Organi-
zation (WHO), this type of trauma is themain determinant of
death and sequelae in polytrauma patients.1 It has a high
socioeconomic impact and is responsible for high rates of
morbidity, mortality and disability.2 In Brazil, � 100 thou-
sand hospitalizations due to TBI were registered in the
Unified Health System (Sistema Único de Saúde, SUS, in
Portuguese) in 2020.3

The etiology of TBI is diverse and varies according to age
group. In children, there is a prevalence of domestic acci-
dents, sports accidents, and falls; among adolescents and
young adults, traffic accidents prevail – especially motorcy-
cle accidents –, as well as aggressions, whereas in the elderly,
falls and domestic accidents are the main causes.4 There is
still a territorial distribution in Brazil in relation to the
etiology of the trauma even in the adult population: the
Northeastern region of the country has the second highest
number of accidents involvingmotorcyclists, only behind the
Southeastern region.3

Among the several risk factors for TBI, the consumption of
alcohol has a great impact on its incidence and severity. In

relation to traffic accidents, mainly involving motorcycles,
alcohol consumption is associated with high driving speed
and reduced ability to process information, such as road
signs and traffic lights. Although it constitutes a crime under
Brazilian legislation, driving under the influence of alcohol
remains one of the main factors responsible for the high
incidence of accidents with victims, and for � 70% of fatal
accidents.1

Despite the association involving alcohol consumption
and the incidence and severity of TBI, some studies5,6 suggest
that alcohol has a beneficial effect on patients withmoderate
or severe TBI, reducing the incidence of complications and in-
hospital mortality. Therefore, the literature is conflicting
regarding such associations; hence, cross-sectional studies
can enrich knowledge on this field of study.

The first reports of the neuroprotective effects of alcohol
after TBI were highlighted in animal and laboratory stud-
ies.7–9 Other studies10,11 contradict this thesis, and claim
that the neuroprotective role of alcohol in TBI needs further
clarification.

Thus, there is a need to know the real impact of alcohol
during hospitalization and on the prognosis of patients with
moderate or severe TBI. Thus, the present study aims to
associate alcohol consumption and the use of helmets in TBI
patients, as well as the prognostic variables and patterns of

of alcohol has an impact on the incidence and severity of TBI at admission, it seems to
be related to a lower in-hospital mortality rate and a better prognosis. In addition,
helmet use is essential to prevent injuries from direct head-to-shield impact, but no
similar reduction in the incidence of injuries caused by indirect forces was observed.

Resumo O consumo de álcool é um importante fator de risco para o traumatismo cranioence-
fálico (TCE), e tem grande impacto em sua incidência e gravidade. Entretanto, estudos
sugerem potenciais efeitos benéficos do álcool durante a internação e no prognóstico
do TCE moderado ou grave, com resultados conflitantes. Neste estudo, objetivou-se
associar o consumo de álcool e o uso de capacetes em pacientes com TC, além das
variáveis prognósticas e dos padrões de lesões secundárias ao TCE. Analisamos 109
prontuários de pacientes com TCE por acidente de motocicleta. Avaliamos dados
relativos ao consumo de álcool, uso do capacete, gravidade do TCE, e achados
tomográficos admissionais. Os pacientes com TCE moderado ou grave foram avaliados
em termos das variáveis de internação, mortalidade e prognóstico. Os pacientes que
utilizavam capacete nomomento do trauma apresentarammenores índices de fraturas
cranianas e hematoma extradural (HED), e aumento da incidência de hemorragia
subaracnóidea (HSA). Além disso, os pacientes com TCE moderado ou grave que
haviam consumido álcool apresentaram maior necessidade de internação em Unidade
de Tratamento Intensivo (UTI) e tendência a apresentar menor taxa de mortalidade
intra-hospitalar e maior pontuação no Escore Prognóstico de Glasgow (EPG). Assim,
apesar de o consumo de álcool ter um impacto na incidência e na gravidade do TCE à
admissão, ele parece estar relacionado a uma menor taxa de mortalidade intra-
hospitalar e a um melhor prognóstico. Além disso, o uso do capacete é fundamental
para a prevenção de lesões por contato direto cabeça–anteparo, mas não foi observada
similar redução da incidência das lesões por forças indiretas.

Palavras-chave

► traumatismo
cranioencefálico

► capacete
► álcool
► motociclista
► prognóstico
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injuries secondary to moderate and severe TBI in a subgroup
analysis.

Materials and Methods

The present is a descriptive, quantitative, observational, and
retrospective study conducted through a review of the
medical records of patients with TBI due to motorcycle
accidents admitted to a reference emergency hospital in
the city of Teresina, state of Piauí, Northeastern Brazil.

The study sample was calculated according to the formula
for finite populations:

inwhich “n” is thenumberof individuals in thesample; “N” is
the population size (355 individuals; we performed a survey
on the admission of patients with TBI due to motorcycle
accidents in 2019 at the hospital where the study was
conducted); “Zα/2” is the critical value corresponding to
the 95% confidence level (1.96); “σ” is the population stan-
darddeviationof thestudiedvariable (σ� amplitude/4); and
“E” is the margin of error (15). The calculation yielded a
sample of � 98 patients.

The number of patients found exceeded the sample
initially stipulated, and we included 109 patients with TBI
due to motorcycle accident, aged between 18 and 70 years,
who were admitted to a referral emergency hospital in the
city of Teresina. Patients who did not report alcohol con-
sumption, helmet use, and for whom there was no data on
the Glasgow Coma Scale (GCS) score on admission were
excluded from the study, as well as those with associated
systemic trauma or who had previous neurological diseases.

Themedical records of the patientswere evaluated regard-
ing alcohol consumption, helmet use, TBI severity on admis-
sion (GCS score), and tomographic findings on admission.

A subgroup of patientswithmoderate (GCS scorebetween
9 and 12) and severe TBI (GCS score � 8, or who had a
reduction in the score� 3 points during hospitalization) was
established for secondary analyses. These were evaluated
regarding the need for intensive care unit (ICU) admission,
mean length of ICU stay, mean length of hospital stay, and in-
hospital mortality rate.

For the prognostic analysis of the subgroup of patients
with moderate to severe TBI, a prospective evaluation was
performed. The prognosis of these patients was assessed
using the Glasgow Prognostic Score (GPS): the patients who
were discharged were contacted by telephone between the
twelfth and fifteenth months after admission.

Regarding the tomographic findings on admission, the
patients were stratified into 4 groups according to the
dependent variables: helmet use and alcohol consumption
(present or absent for each). This enabled the individual
analysis of the correlation of these dependent variables with

the need for ICU stay, the mean length of stay in the ICU and
hospital, the in-hospital mortality rate, and the mean GPS as
independent variables.

The statistical analysis was performed using the SPSS
Statistics for Windows (SPSS Inc., Chicago, IL, United States)
software, version 17.0. The Chi-squared test (χ2) was used to
test the significance of the association regarding the cate-
gorical independent variables (use of helmet at the time of
trauma and alcohol consumption before TBI) and categorical
dependent variables (tomographic findings on admission,
need for ICU on admission). The Student t-test was used to
assess the significance of the association involving the cate-
gorical independent variables (helmet use at the time of
trauma and alcohol consumption before TBI) and quantita-
tive dependent variables (length of ICU and hospital stays, in-
hospital mortality, and GPS). The significance level was set as
p<0.05. Graphswere developed using theMinitab statistical
software (Minitab, LLC, State College, PA, United States).

Results

The study included 109 patients with TBI due to a motorcycle
accident; 93 (85.3%) of them were not wearing a helmet, and
63 (57.8%) were drunk at the time of the accident. The
subgroup of patients with moderate to severe TBI who could
be followed for 12 to 15months was composed of 39 patients,
23 of whom were intoxicated at the time of the accident.

When evaluating the impact of these variables alone on
the tomographic findings on admission, we observed that
head-to-shield direct-impact injuries corresponding to frac-
tures (p¼0.025) and extradural hematoma (EDH; p¼0.042)
presented thehighest rates among patientswhodid notwear
a helmet (►Table 1 and Graph 1A).

When comparing the presence of bruises in motorcycle
accidents according to the use or not of helmets, we found
that subjects who were negligent had a higher rate of EDH
than of acute subdural hematoma (SDH), at a proportion of
1:0.7. In patients who were wearing helmets during the TBI,
this proportionwas reduced to 1:3 (►Table 1 and Graph 1A).
In addition, a higher incidence of subarachnoid hemorrhage
(SAH) was observed in patients who were wearing a helmet
at the time of trauma (p¼0.033)

Regarding alcohol consumption, intoxicated patients had
proportionally higher rates of tomographic findings on ad-
mission in all categories, except for EDHs, when compared
with those who were not intoxicated (Graph 1B). We could
identify a trend, despite the lackof statistical relevance in the
data presented (p>0.05).

Regarding the data on hospitalization and prognosis of
patients with moderate or severe TBI, the group who was
intoxicated had a higher severity index in relation to the
greater need for ICU admission among the group of patients
who were not using a helmet (65.2% versus 62.5% respec-
tively; Graph 2A). However, they had a lower in-hospital
mortality rate (34.7% versus 43.7% respectively; Graph 2D)
and a higher GPS (2.7 versus 2.5 respectively; Graph 2E). It is
worthmentioning the lack of statistical relevance in the data
presented (p>0.05).
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Discussion

The present study aimed to evaluate the association regarding
alcohol consumptionandhelmetusewithprognosticvariables
and injury patterns secondary toTBI on admission; moreover,
weperformedaprospective subgroupanalysisofpatientswith
moderate to severe TBI to evaluate the prognosis.

As observed, 93 patients (85.3%) were not wearing a
helmet and 63 patients (57.8%) were intoxicated at the
time of the accident. These data reflect the urgency of public
policies aimed at raising awareness among the population, in
addition tomore effective inspection and punishment meas-
ures for those who fail to comply with these norms already
established in Brazilian legislation.

In the present study, intoxicated patients had a higher rate
of tomographic findings associated with greater severity on
admission. Similarly, in a study12 performed in Los Angeles
with 479 seriously-injured patients, a higher incidence of
severe TBI and lower GCS scores were observed in patients
with high blood alcohol levels on admission.

When comparing the presence of bruises in motorcycle
accidents according to helmet use, we observed that patients
whowere negligent presented a higher proportion of EDH in
relation to acute subdural hematoma (ASDH). There is a
statistical (p¼0.042) association between helmet use and
a lower incidence of EDH, which can alter the ratio of
hematomas (EDH and SDH), which have different injury
mechanisms. In addition, there was an increase in the
incidence of SAH in patients wearing a helmet at the time
of the trauma (p¼0.033).

Thus, helmet use has been shown to be associated with a
reduction in the incidence and severity of TBI in the motor-
cyclist population. It is believed that the reduction in mor-
bidity and mortality when using the helmet correctly is due
to the absorption and redistribution of kinetic forces during
the impact. However, according to the study by Richter et al.,
in which the mechanisms of brain trauma in motorcyclists
wearing helmets were evaluated, injuries caused by the
effect of indirect forces (acceleration, deceleration, and

Table 1 Correlation regarding tomographic findings on admission, helmet use, and alcohol consumption before a TBI

Variables Helmet (þ);
N¼ 16–n (%)

Helmet (-);
N¼93–n (%)

OR (p-value) Alcohol (þ);
N¼ 63–n (%)

Alcohol (-);
N¼ 46–n (%)

OR (p-value)

Skull fracture 7 (43.8%) 67 (72%) 0.3 (0.025) 44 (69.8%) 30 (65.2%) 1.2 (0.610)

Contusion 7 (43.8%) 43 (46.2%) 0.9 (0.854) 31 (49.2%) 19 (41.3%) 1.8 (0.414)

EDH 2 (12.5%) 36 (38.7%) 0.2 (0.042) 19 (30.2%) 19 (41.3%) 0.6 (0.228)

ASDH 6 (37.5%) 25 (26.9%) 1.6 (0.384) 19 (30.2%) 12 (26.1%) 1.2 (0.642)

SAH 10 (62.5%) 32 (34.4%) 3.1 (0.033) 26 (41.3%) 16 (34.8%) 1.3 (0.492)

Diffuse brain edema 1 (6.3%) 6 (6.5%) 0.9 (0.976) 5 (7.9%) 2 (4.3%) 1.8 (0.450)

Pneumocephalus 2 (12.5%) 14 (15.1%) 0.8 (0.790) 10 (15.9%) 6 (13.0%) 1.25 (0.680)

Abbreviations: ASDH, acute subdural hematoma; EDH, extradural hematoma; OR, odds ratio; SAH, subarachnoid hemorrhage; TBI, traumatic brain
injury.
Notes: “þ ” indicates the presence of the variable at the time of the trauma; “-” indicates absence of the variable at the time of trauma; statistical
significance was set at p< 0.05.

Table 2 Correlation regarding hospitalization, prognosis data of motorcyclists with moderate or severe TBI, and alcohol
consumption before a TBI

Variables Alcohol (þ)
N¼ 23

ALcohol (-)
N¼16

OR p-value

Need for admission – n (%) 15 (65.2%) 10 (62.5%) 1.1 0.866

Average length of stay (days):

ICU
(N¼ 25) – mean� standard deviation

11.9�14.5 6.6� 5.03 0.277

Hospital 15.8�18.49 9.3� 8.25 0.197

In-hospital mortality rate (%) 34.8% 43.8% 0.6 0.583

Glasgow Prognostic Score
(N¼ 29) – mean� standard deviation

2.70�1.89 (N¼17) 2.5� 1.88 (N¼ 12) 0.775

Abbreviations: ICU, Intensive Care Unit; OR, odds ratio; TBI, traumatic brain injury.
Notes: “þ ” indicates the presence of the variable at the time of the trauma; “-” indicates absence of the variable at the time of trauma; statistical
significance was set at p< 0.05.
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rotation) continue to be a problem. This finding reflects the
inversion of the EDH and SAH/ASDH ratio.13

In an epidemiological study14performed in Cambodia, the
authors also observed a reversal in the proportion of bruises
related to helmet use or neglect. In this study, only 13% of the
patients used a helmet during the trauma. As observed, the
most common tomographic diagnosis was skull fracture. The
ratio of ASDH to EDH was of 1:1.05.

Agrawal and Dawar15 reported a strong association be-
tween tentorial hematomas and helmet use (89%). Thus, they
suggested that although the helmet offers protection against
direct brain injury, indirect transmission of rotational forces
is still present. Gupta et al.16 reported a lower rate of EDH in
patients wearing helmets. However, patients with and with-
out helmets presented similar rates of other types of intra-
cranial hemorrhage, as well as fractures.

Regarding alcohol consumption, it is noteworthy that
intoxicated patients had a higher incidence of all pathologi-
cal tomographic findings on admission, except for EDHs. A
correlation is suggested with the tendency of motorcyclists
to drive at higher speeds (mechanism of inertial trauma) and
to display greater neglect regarding helmet use (mechanism
of trauma by direct contact) when intoxicated. However,
such data were not statistically significant (p>0.05).

Regarding the data on hospitalization and prognosis of the
patients with moderate to severe TBI, antagonistic results
regarding severity and outcome were observed in the pres-
ent study. Although the intoxicated group of patients pre-
sented a higher severity index (with greater need for ICU
admission, for example), they presented a lower in-hospital
mortality rate, and a higher GPS. It is important to report the
longer length of stay in the ICU and in the hospital among the
intoxicated patients; their lower in-hospital mortality rate
made hospital stay longer, but this was not statistically
significant (p>0.05).

The increase in interest in the role of alcohol and its
repercussions on TBI outcome was based on laboratory
results and animal studies,8,9 which have demonstrated a
lower mortality rate, better motor function, reduced size of
intracranial lesions, and reduced cognitive dysfunction with
alcohol consumption before the lesion.

However, themechanism of this protective effect remains
unclear. The binding of ethanol to N-methyl-D-aspartate
receptors and the inhibition of the excitotoxicity pathway
are presumed to be responsible for the neuroprotective
effects of alcohol. The increase in postinjury hyperglycolysis
and the reduction in the levels of catecholamines and
inflammatory mediators have also been suggested as bene-
ficial effects of alcohol intoxication in TBI.7,17–19 Stud-
ies7,18,20 have reported that the critical period for the
benefits of alcohol in TBI occurs up to one hour after the
injury.

Evidence of the Benefits of Alcohol in Moderate or
Severe TBI
In 2009, the largest retrospective clinical study6 to date on
the relationship between alcohol and TBI was conducted; the
authors that high serum levels of alcohol are independently

associated with greater survival in patients with severe TBI.
After this first study, the authors expanded the results and
concluded that alcohol is also an independent factor for
greater survival in patients with moderate TBI.21

Talving et al.22 compared groups of patients with low and
high blood alcohol levels, and they concluded that, in TBI
patients, blood alcohol levels do not appear to be associated
with the severity of the injury according to the GCS on
admission, nor with the occurrence of major morbidities.
However, hospital mortality was significantly lower in
patients with high blood alcohol levels.

In a study conducted in Los Angeles,12 the authors divided
TBI patients according to blood alcohol levels into non-
alcohol, low-alcohol, and high-alcohol groups; they reported
an increase in the length of hospital stay in the low-alcohol
group, but the high-alcohol group presented significantly
better survival than the non-alcohol group.

In a retrospective study, Raj et al.23 included TBI patients
treated in the ICU of a large center, and they reported that
low levels of alcohol on admission independently reduced
the risk of long-termmortalitywhen compared no alcohol or
high levels of alcohol on admission. In addition, a trend
toward better neurological evolution was observed in
patients with some level of alcohol in their blood.23

On the contrary, Lin et al.24 compared the in-hospital
mortality rate of patients with blunt TBI with different blood
alcohol concentrations, and they concluded that patients
with moderate to high concentrations presented a lower
mortality rate than those with low alcohol concentrations.

Studies have also demonstrated systemic benefits in
patients with alcohol intoxication before a TBI. Lustenberger
et al.25 concluded that alcohol intoxication is associatedwith
a lower incidence of early coagulopathy and in-hospital
mortality. In addition, in a retrospective study,4 the authors
observed a significant decrease in the rate of pneumonia in
intoxicated patients with moderate to severe TBI. However,
Salim et al.6 related alcohol to an increase in the rate of sepsis
and in the indication for tracheostomy in intoxicated
patients with severe TBI.

Does Alcohol Really Have a Neuroprotective Effect?
In a study26 performed in a population of motorcyclists, the
authors observed an increase in mortality of up to 4 times in
the population who consumed alcohol before the TBI. An-
other study27 on the impact of substance abuse, including
alcohol, on the mortality of patients with severe TB found
that the use of amphetamine was associated with lower in-
hospital mortality; however, alcohol consumption did not
affectmortality. Shandro et al.11did not report an association
between alcohol consumption andmortality in patientswith
moderate or severe TBI.

Furthermore, in a study28 performed with 137,950 alco-
hol-positive and 262,618 alcohol-negative patients, no sta-
tistically significant differences were found in the mortality
rate between the two groups after a TBI.

In a retrospective study with patients included in
the United States National Trauma Data Bank (NTDB),
Pandit et al.10 concluded that alcohol consumption is an
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independent predictor of mortality in patients with TBI, and
it is associated with higher complication rates.

Conclusion

The negligence regarding helmet use and alcohol consump-
tion by motorcyclists is a serious health problem. Both
variables play a role in the incidence and severity of TBI.
Helmet use prevents brain injuries from direct contact,
especially fractures and EDHs, but its role in relation to
injuries caused by acceleration, deceleration or rotation is
yet to be established. In the present study, we could not
statistically correlate alcohol consumption before the TBI
with any specific tomographic findings. In addition, alcohol
consumption before a TBI seems to be related to a lower in-
hospital mortality rate and better prognosis. However, fur-
ther studies with a definition of risk are needed to reinforce
these findings, but they. presents ethical difficulties, since it
is not possible to guide groups to stop wearing helmets or
drinking alcoholic beverages.

Limitations of the Study

The present study did not take into account variables thatmay
interfere with tomographic findings, such as the helmet
buckling condition at the time of the trauma. In addition, we
found an association trend without statistical significance in
the results regardingmortalityandTBI prognosiswhen related
to alcohol intake. Furthermore, in the prognostic evaluation of
patients who were discharged from the hospital, we were
unable to contact 10 patients, which represents 25.6% of the
total sample, a fact that may interfere with the results herein
reported. Association biases may be typical in studies with a
retrospective design, such as in relation to patients with a
better prognosis possibly having received better care in an ICU
environment. The conductionof cohort studies to define risk is
hamperedbyethical issues, as it is not possible to guide groups
to drink alcohol or not wear a helmet.
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Abstract Objective The present paper aims to provide a review on the main complications
involving traumatic brain injury (TBI) during pregnancy and on the vegetative state
after TBI.
Methods A systematic review was performed in concordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria checklist.
Results Seven studies were included, of which four were case reports, one was a
follow-up, one was a comparative study, and one was a literature review.
Discussion Presence of neurological deficits such as hemiparesis, neonatal seizures,
cerebral palsy, hemorrhage or hydrocephalus was observed in children of mothers who
suffered trauma during pregnancy. The prolongation of a pregnancy in these victims,
even in brain death, is within the reach of current medicine. Ethical issues must be
considered when deciding to prolong a pregnancy of a woman in brain death.
Conclusion For the evaluation of pregnant women with TBI, there is a protocol that
can be followed in the emergency care service. The cases reported in the literature
suggest that there is no clear limit to restrict support to a pregnant patient in a
vegetative state. Further studies should be done to elucidate this matter.

Resumo Objetivo O presente artigo buscou revisar as principais complicações envolvendo
lesão cerebral traumática durante a gravidez e sobre estado vegetativo após esse
trauma.
Métodos Uma revisão sistemática foi realizada de acordo com o checklist dos
critérios Principais itens para relatar Revisões sistemáticas e Metanálises (PRISMA,
na sigla em inglês).
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Introduction

Exposure of women to trauma in general has increased in
recent years due to their more active lifestyle. Trauma is the
main cause of nonobstetric death in females between 14 and
44 years old,1,2 occurring more frequently during the 3rd

trimester of pregnancy than at any other stage in life.3,4

Severe trauma in a pregnant woman can be considered a
lesion of double magnitude,5 with significant fetal mortali-
ty.6 Its occurrence varies from 6 to 7% of pregnancies,1,5–7

with hospitalization in 0.3 to 0.4% of cases.1,5

The effect of trauma on a pregnant woman depends on
the gestational age, on the intensity of maternal-fetal
aggression, and on the type and severity of the injury,5

and it is generally difficult to predict the possibility of fetal
loss after trauma.1,8 The extent of maternal injury does not
correlate with the degree of fetal injury,3,9 and it known
that even small traumas can cause fetal death and prema-
ture labor.3

Nine out of 10 traumatic injuries during pregnancy are
classified as minor trauma, that is, one that does not involve
the abdomen, rapid decompression, deceleration or shear
forces, and that the patient does not report pain, vaginal
bleeding, fluid loss or decreased fetal movement; however,
between 60 and 70% of the fetal losses associated with
trauma are due to mild trauma.10,11 Although the risk
of fetal death can be as high in an apparently trivial trauma
as in a severe accident,12,13 most pregnancies continue with
a relatively small intervention and are not followed-up.14

The currently dominant attitude is to consider that the
relative risk of having a child with cerebral palsy after
exposure to trauma is not significant,3 and that the result
of pregnancy is normal when no early warning symptoms
are recorded.15

Pregnant women are more susceptible to abdominal
trauma than to traumatic brain injury (TBI);1 however, the
importance of the latter should not be disregarded, mainly
because of the possibility of causing a permanent vegetative
state.16,17 Traumatic brain injury is the factor that most
contributes to nonobstetric mortality in developing coun-
tries, with ~ 20% of cases ofmaternal mortality being directly
correlated to TBI.18 According to Suddaby et al., out of 252

brain deaths, only 2.85%, that is, 5 cases, involve pregnant
women between 15 and 45 years old.19

In Brazil, it is estimated that ~ between 6 and 7% of
pregnancies are complicated by trauma, which shows that
the incidence of trauma in pregnant women is increasing
every year. Despite the cases of permanent vegetative state
or of maternal brain death, the progression of pregnancy is a
possibility due to the recent improvements in life support
technologies, critical care management, and obstetric moni-
toring techniques. Despite the cases of permanent vegetative
state or of maternal brain death, the progression of pregnan-
cy is a possibility due to the recent improvements in life
support technologies, critical care management, and obstet-
ric monitoring techniques. Due to this progression, it is
becoming possible to maintain the vital functions of the
patient after brain death.20

The present work aims to provide a detailed reviewon the
main complications involving TBI in pregnancy and on the
vegetative state after TBI.

Methods

The present systematic review has been performed in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement (►Fig. 1).

Search Strategy
The following databases were inspected: Pubmed, LILACS,
Scielo, and The Cochrane Database of Systematic Reviews.
The search strategy utilized was as follows:

i: “Pregnancy”
ii: “traumatic brain injury”
iii: i AND ii

The last search was last updated in May 2020.

Study Selection
The inclusion criteria were:

1–Title with simultaneous presence of the two defined
descriptors

Resultados Sete estudos foram incluídos, dos quais quatro eram relatos de caso, um
era um acompanhamento, um era um estudo comparativo, e um era uma revisão de
literatura.
Discussão Presença de déficit neurológico como hemiparesias, convulsões neonatais,
paralisia cerebral, hemorragia e hidrocefalia foramobservadas em crianças cujamãe sofreu
traumadurante a gravidez.O prolongamentoda gravidez nessas vítimas,mesmonos casos
de morte cerebral, está ao alcance da medicina atual. Dilemas éticos devem ser
considerados na decisão de prolongar a gravidez em mulheres com trauma cerebral.
Conclusão Para avaliação de grávidas com trauma cerebral, existe um protocolo que
pode ser seguido em serviços de emergência. Os casos relatados na literatura sugerem
que não há um limite claro para restringir o suporte a uma paciente grávida em estado
vegetativo. Mais estudos devem ser realizados para elucidar a questão.

Palavras-chave

► traumatismo
cranioencefálico

► gravidez
► gestão
► deficiências de

desenvolvimento
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2–Patient, Intervention, Control, Outcome and Study de-
sign (PICOS) criteria as below.

Patients: Pregnant women of all ages who suffered TBI.
Patients who suffered nontraumatic brain injury were
excluded.

Intervention/Control: Not required.
Outcomes: Recovery state based on the Glasgow Outcome

Scale adapted for child, presence of injury on brain imaging,
management, mortality and complications in women who
suffered TBI, sequalae on fetus when the pregnant woman is
in coma, and delivery route in these cases.

Study design: Full-text publications in the English lan-
guage. Letter to the editor, abstract posters and citations
were excluded.

Results

In our research, 4 (57.14%) of the 7 articles that met the
inclusion criteria were case reports, which demonstrates the
lack of studies focused on this theme and on this specific
study population, making the subject lacking in data goals.

The study by Berry et al. was the only one that provided
data; its objective was to investigate outcomes in pregnant
trauma patients with isolated moderate to severe TBI, and it
was concluded that besides being younger (24.9� 7.2 years
versus 50.1�23.8 years, p = 0.0001) and having a signifi-
cantly lower systolic blood pressure on admission (126.9mm
Hg 17.5 versus 138.0mm Hg 30.5, p¼0.0004), there were
no other significant demographic and outcome differences

Fig. 1 PRISMA flow diagram.
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between pregnant patients with TBI and their nonpregnant
counterparts. Adjusting for confounding variables, pregnant
patients with TBI had a tendency to increased mortality
(adjusted odds ratio [AOR] 2.2; 95% confidence interval [CI],
0.9–5.1; p =0.07).

Since all pregnant patients with TBI were between 15
and 47 years old, a separate analysis was performed with
this specific age group. The only significant difference
between the 2 groups was that pregnant women with TBI
were younger (24.9� 7.2 years versus 29.0� 10.2 years,
p =0.004) than their nonpregnant counterparts with TBI.21

The results are summarized in ►Table 1.

Discussion

Complications
For Leroy-Malherbe et al.,2 in their study of 18 patients with
neurological deficiency and with a history of accidents
during pregnancy, it was shown that the score on the
Glasgow results scale showed good recovery in 6% (1),
moderate disability in 34% (6), severe disability in 34% (6),
and persistent vegetative score in 20% (4). The neuroimaging
was varied, ranging from normal in 17% (3) to injuries in 77%
(14), of the most varied types: focal ischemic injury with
congenital changes, ischemic injuries restricted to a vascular
territory, diffuse ischemic injuries, periventricular leukoma-
lacia, diffuse white matter abnormality, diffuse cortical and
white matter atrophy, and a deceased patient had hemor-
rhagic lesions on pathological examination.

Presence of neurological deficits such as hemiparesis,
neonatal seizures, cerebral palsy, hemorrhage or hydroceph-
alus were observed in children of mothers who suffered

trauma during pregnancy.3,8,9 A woman exposed to trauma,
needing hospitalization during pregnancy, is under a 1.4
times higher risk of having a newborn with cerebral palsy
when compared with a woman not exposed to trauma.3

It was observed that fetal injuries are more frequent after
traumainadvancedpregnancy,withfracturesof theskullbones
and intracranial hemorrhage in the fetus being the most com-
mon, leading to death in most cases.6,8 A traumatic origin is
clear mainly for depressed skull fractures and cerebral hemor-
rhage.2Cranial fractureinthefetusiscausedbythecompression
of the fetal head against the surrounding structures, such as
the pubic symphysis, the pelvis (whole or fractured), the spine
or the promontory.8,9 Premature labor associatedwith trauma
appears to be frequent, although it is rarely reported in the
immediate postinjury period.13,14 Diffuse axonal injury, as a
result of strong accelerations/decelerations in the fetal brain,
can result in the cessation of the growth of the head.9

Maternal hypovolemic shock, disseminated intravascular
coagulation, and transient abnormalities of placental blood
flow (reduced maternal-placental flow, placental emboliza-
tion and detachment) can also be pointed out as the etiology
for newborn brain injuries,1,3,6,9,17 although there are no
studies in the literature evaluating the effect of a hypercoag-
ulable state and mortality in pregnant patients who suffered
TBI; a hypercoagulable state, theoretically, puts patients at
increased risk of complications and mortality.21

In addition, TBI-induced coagulopathy as an independent
risk factor for increased mortality is well-described.22 It is
possible that the combination of the two can lead to a deep
hypercoagulable state andworsen the result. Berry et al.,21 in
their study comparing pregnant and nonpregnant women
who suffered TBI, demonstrated that although it is not

Table 1 Systematic review

Authors Year Type Conclusions

PubMed Aderet et al16 1984 Case Report Pregnancy patients need a special maternal and fetal
intensive care unit, special nutrition, and fetal monitoring.

Leroy-Malherbe et al2 2006 Follow-up Fetal injury comes from a wide range of mechanisms. Post-
traumatic evaluation of the fetus is often incomplete or
absent.

Berry et al21 2011 Comparative study Pregnancy patients with traumatic brain injury had↓ Age,
↓ Systolic Blood Pressure and " mortality than their
nonpregnant counterparts.

Dawar et al22 2014 Case Report Simultaneous craniotomy and cesarean section in the
pregnant patient provide better outcome for both the
mother and the baby.

Tawfik et al23 2015 Case Report Case of a term pregnant patient who suffered traumatic
brain injury and was managed by cesarean delivery fol-
lowed by craniotomy under general anesthesia

Inoue et al24 2016 Case Report Pregnancy and intrauterine fetal death can be a risk factor
for paroxysmal sympathetic hyperactivity (PSH) exacerba-
tion, and delivery can be useful to resolve refractory PSH
and save the mother’s life.

Kho et al.18 2018 Literature Review Every woman of reproductive age with significant damage
is still pregnant until proven otherwise by a definitive
pregnancy test or an ultrasound test.
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significant, there was a tendency toward increasedmortality
in the pregnant TBI group (AOR: 2.0; 95%CI: 0.8–4.6;
p =0.12), which may be caused by a synergistic effect of a
hypercoagulable state induced by pregnancy and coagulop-
athy induced by TBI.

As the etiologic agents for these types of lesions that
should be pointed out as possible differential diagnoses,
there are the other environmental factors, as well as perina-
tal anoxia and genetic factors.9 Ultrasound tests are useful to
assess the degree of brain damage in the newborn, as well as
brain computed tomography (CT) and magnetic resonance
imaging (MRI) exams.5,8 Suggested protocol for emergency
care and monitoring of pregnant women with TBI is shown
in ►Figure 2.

Another complication is paroxysmal sympathetic hyper-
activity (PSH), which is characterized by paroxysms of fever,
hypertension, tachycardia, tachypnea, diaphoresis, and dys-
tonic posturing. It was reported by Inoue et al. in a 16-year-

old primiparous girl in the 11th week of gestation with who
suffered a TBI during a motorcycle accident. From day 2, she
developed intermittent episodes of tachycardia with tachyp-
nea, fever, profuse sweating, and extensor posturing, and
was diagnosed with PSH. Her condition only improved
after delivery, after intrauterine fetal death was confirmed
(16th week of gestation, on day 37 of hospitalization).24

Pregnant Women in Vegetative State
The prolongation of a pregnancy in a woman who has
suffered severe brain trauma or who is brain dead is within
the reach of current medicine. A fetus can develop normally
in a comatose patient, despite the existence of complications
of this condition (anemia, hypoxia, and digestive hemor-
rhage) and the use of medications.5,17 The question that is
not entirely clear, until now, is how long this pregnancy
can be prolonged. Some authors have analyzed the use of
intensive therapy to prolong a pregnancy for women with a

Fig. 2 Urgent Care Protocol and follow-up of pregnant women with traumatic brain injury. (own authorship).
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gestational age of at least 24 weeks, since there is evidence
that somatic death accours 2 to 4 weeks after brain death.17

However, case reports have challenged this limit, demon-
strating the possibility of prolonging pregnancies with a
lower gestational age.5,16,17 According to Slattery et al,25 a
fetus born before 24 weeks of gestation has a limited chance
of survival, with the possibility of spontaneous abortion or
intrauterine death, especially if the pregnant woman is
between 13 and 19 weeks of gestation.20 At 24, 28 and
32 weeks, a fetus has ~ 30, 80 and 98 chances of survival,
respectively, with 40, 10 and<2% chance of suffering from a
severe disability, respectively.20,25

Many factors can cause sequelae to the fetus when the
mother is comatose.16During extended life support, patients
develop severe complications, including infection, hemody-
namic instability, diabetes insipidus, panhypopituitarism,
metabolic instability, acute respiratory stress syndrome,
and disseminated intravascular coagulation.17,20 Maternal
malnutrition due to the high catabolism and negative nitro-
gen balance that occur in individuals immobilized for a long
period can affect the weight and brain development of the
fetus,5,16,26 although some authors refer that the fetus is only
affected when the conditions of calorie consumption or
protein intake are extreme.16

According to the findings of the systematic literature
review by Esmaeilzadeh et al,20 prolonged somatic care
can lead to the delivery of a viable child with a satisfactory
Apgar score and birthweight. In addition, children can de-
velop normally without problems resulting from their intra-
uterine conditions, as there were six children who
underwent postneonatal follow-up up for 24 months in
the study and they all developed normally and, apparently,
had no problems related to their exceptional intrauterine
circumstances. Ethical issues must be considered when
deciding to prolong a pregnancy of a woman who is brain
dead, requiring the active participation of family mem-
bers.5,17 It is also important to address the context of the
cost of prolonged use of intensive care resources.

Monitoring and Management
Increased plasma volume and cardiac output are some of the
numerous anatomical and physiological changes that occur
during pregnancy, which, combinedwith the blood diversion
provided by the uterus-placental circulation, can mask the
signs of hypovolemia.17 Compression of the aorta and of the
vena cava through the pregnant uteruswhen the patient is in
the supine position can also confuse the interpretation of
vital signs. Pregnant patients in a permanent vegetative state
require special maternal-fetal monitoring. Uterine activity
and fetal heartbeat must be recorded every 8hours for
30minutes,17 through cardiothoracic graph with manual
detection of fetal movements in the mother’s abdomen,
serial ultrasound for the evaluation of fetal growth, and
24-hour urinary estriol dosage correlated with creatinine
clearance are important for the assessment of fetal vitality.16

Strict hemodynamic control, blood gas analysis, electrolyte
balance, acid-base and nutrition must be performed
throughout pregnancy.5

In maternal brain death, special attention should be
paid to mechanical ventilation. To facilitate the elimination
of carbon dioxide from the fetus as a result of the effect
of progesterone on the respiratory center, the pregnant
woman develops hypocarbia mediated by an increase in
tidal volume and respiratory rate. Hypocarbia is compen-
sated by an increase in the excretion of bicarbonate by the
kidneys.27 The carbon dioxide tension, the tidal volume, and
the maternal respiratory rate must be maintained ~ be-
tween 29 and 31mm Hg, between 6 and 8ml/Kg, and
between 10 and 12/min, respectively, in the normal preg-
nant woman.281

The use of medication may raise some doubts about its
effect on the fetus. Few agents have a teratogenic action if
administered in the first 12 weeks of pregnancy. The drugs
that should be avoided are ergotamines and warfarin deriv-
atives; antibiotics such as aminoglycosides and those con-
taining sulfa should be usedwith caution due to their adverse
effects.5

The nutritional support needed by a pregnant woman
before and after brain death is not the same. A pregnant
woman with brain death will spend ~ 75% of the baseline
energy expenditure of a healthy pregnant woman.29 The
feeding route can be initially enteral, through a tube. The
gastric emptying of the pregnant patient is slower and, if
there is a large gastric residue, variations in the angle of the
bed can be made.

The risk of developing deep venous thrombosis is higher
during pregnancy because of the immobility and the flaccid
paralysis that follows brain death. It is important to do
prophylactic anticoagulation, which is effective for the
mother and safe for the fetus, with low molecular weight
heparin being the safest and most effective medica-
tion.20,29,30 Prophylaxis of venous thrombosis can be per-
formed using subcutaneous heparin (5000 U, twice a day).17

Persistent anemia conditions occasionally require blood
transfusion, so the maternal hemoglobin level should be
monitored.8,30

The braindead patient is liable to contract pneumonia due
to ventilatory support, kidney and bladder infections due to
urinary catheters, and septicemia due to intravascular cath-
eters.20,31Maternal infections should be treated aggressively
with the most effective substances, rather than choosing to
use substances safe for the fetus, which may not effectively
treat the infection.32–35

If the patient develops pituitary insufficiency, replace-
ment of thyroid hormone, corticosteroids and synthetic
vasopressin should be performed. For fetal lung maturation,
corticosteroids should be administered to the mother from
the 26th week of gestation with cycles every 10 days.17 To
avoid prolonged exposure of the fetus to glucocorticoids
during maternal support, which are necessary to treat the
adrenal insufficiency that usually occurs in brain death and
for pulmonarymaturation, prednisone or methylpredniso-
lone should be used, given that they cannot cross the
placental barrier.20,25 Suggested protocol for monitoring
and management of pregnant women in vegetative state is
shown in ►Figure 3.
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Parturition
Much is questioned about the best route for delivery of
mothers in a vegetative state. Even in the best of circum-
stances, a child with a gestational age<24 weeks is unlikely
to survive. Therefore, the risks and benefits of an induced
delivery or cesarean section should be weighed, which
should be reserved for the numerous complications result-
ing from the maternal state (fetal distress, placental detach-
ment, uterine rupture, and anomalous presentations).5

Cesarean sections are indicated in cases of recent maternal
death or brain death, knowing that delivery should start
within 4 to 5minutes.5 According to the study by Esmaeil-
zadeh et al,20 all deliveries performed on pregnant women
with brain death were cesarean, resulting in fetuses born
alive.

Study Limitations
The present study has several limitations, since this is a topic
that is rarely discussed in the literature. Due to the scarcity of
more robust works on the subject, our casuistic had few
works, most of which were case reports, which in fact
impoverishes the quality of the meta-analysis.

Conclusion

For the evaluation of pregnant womenwith TBI, a protocol is
suggested that can be followed in the emergency care service
to predict or even minimize the possible future damage that
the fetusmay suffer. There is no clear limit to restrict support
to a pregnant patient in a vegetative state. Therefore, a
multidisciplinary approach to the case and strict monitoring
of the patient and of the fetus are necessary. More clinical

trials and cohort studies on the subject are needed for more
accurate data and conclusions.
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Objective To describe the microsurgical anatomy and the physiology of the endo-
lymphatic sac (ES) that a neurosurgeon should know.
Methods Review of previous studies from 1927 to 2021, from basic and translational
research using human and animal ES tissue or cells, as well as previous reviews about
the subject. The present article is divided into three parts. In this first part, we review
the microsurgical anatomy and physiology of the ES.
Results The ES is a structure situated in the inner ear, together with the cochlea, the
vestibular system, and other structures. Differently from its adjacent structures, the ES
does not have a specialized epithelium; instead, it has mitochondria-rich cells and
ribosomal-rich cells, which are responsible for ionic transportation and secretory
activity. Apart from these functions, the ES is also responsible for homeostasis
regulation of the inner ear, endolymphatic fluid volume control, immune response,
elimination of inner ear cellular debris and floating otoconia, regulation of membra-
nous labyrinth pressure, acid/basic transport, and secretion of substances. Its anatomy
is not very variable, since in most studies nomore than 20mm separates the location of
the ES in the samples, in any direction.
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Introduction

The endolymphatic sac (ES) is a structure situated in the
inner ear, together with the cochlea and the vestibular
system.1 These two have the responsibility of, respectively,
detecting sound frequencies and capturing angular and
linear acceleration, therefore, acting in hearing and balance.
To do that, the cochlea and the vestibular system have a
specialized epithelium, which transforms external stimuli
into electrical signals that will be interpreted by the brain.1–4

Differently from its adjacent structures, the ES does not
have a specialized epithelium; instead, it has mitochondria-
rich cells and ribosomal-rich cells, which are responsible for
ionic transportation and secretory activity.1 This way, the ES
has a very different function if it is compared with the
cochlea and the vestibular system.3

The ES, despite being only 3mm in diameter, does not
have a very variable location inside the inner ear.2,5 Almost
any alteration in this structure can cause a massive problem
to the hearing, including its loss.1

In the present review, our goal is to elucidate the anatomy
and the physiology of the ES.

Methodology

The present article is divided into three parts. In this first
part, we review themicrosurgical anatomyand physiology of

the ES. We focused on evidence of PubMed (from 1927 to
2021) from basic and translational research using human
and animal ES tissue or cells, as well as previous reviews
about the subject, using the following terms individually and
combined: Endolymphatic sac, anatomy, physiology, and
neurosurgery. Literature inclusion criteria were articles in
English; individual case studies and long-term follow-up
studies were not excluded. duplicate studies were excluded.
First, we made a detailed explanation of the ES anatomy,
followed by a briefing of the endolymph circulation priori-
tizing their relationship with the ES, and in the end, we
discussed the physiology of the ES.

Results

Endolymphatic Sac History
The discovery of the ES was made by Neapolitan Domenico
Felice Antonio Cotugno in 1760, on his famous dissertation
De Aquaeductibus Auris Humanae Internal (On the Aque-
ducts of the Human Internal Ear).6He described the presence
of labyrinthine fluid in the various cavities of the inner ear
and the existence of two aqueducts: the cochlear aqueduct
and the vestibular aqueduct. As well as the structures,
Cotugno described the path taken by the aqueduct from
the posterior cranial fossa to the inner ear, the two leys of
dura enclosing the ES, and that this sac is a continuation of
the vestibular aqueduct.7

Conclusion The human ES has vital functions in the inner ear, and its anatomy is rarely
variable. Knowing that, and the importance of this area for neurosurgery, the present
study elucidates the exact location of the ES and the lost functions that a lesion in this
structure must cause.

Resumo Objetivo Descrever a anatomiamicrocirúrgica e a fisiologia do saco endolinfático (SE)
que um neurocirurgião deve saber.
Métodos Revisão de estudos prévios de 1927 até 2021, de pesquisa básica até
translacional usando tecidos ou células do SE humanas e animais, além de revisões
sobre o assunto. O presente artigo é dividido em três partes. Nesta primeira, nós
revisamos a anatomia microcirúrgica e a fisiologia do SE.
Resultados O SE é uma estrutura situada no ouvido interno, junto da cóclea, do
sistema vestibular e outras estruturas. Diferentemente das estruturas adjacentes, o SE
não tem um epitélio especializado; ao invés disso, possui células ricas emmitocôndrias
e outras ricas em ribossomos, que são responsáveis por transporte iônico e atividade
secretória. Além dessas funções, o SE é responsável por regulação homeostática do
ouvido interno, controle do fluido endolinfático, resposta imune, eliminação de
detritos e otólitos livres, regulação da pressão da membrana labiríntica, transporte
ácido/básico e secreção de substâncias. Sua anatomia não é muito variável, já que na
maior parte dos estudos a máxima diferença de localização entre as amostras do SE foi
dada em 20mm, em todas as direções.
Conclusão O SE humano tem uma função vital no ouvido interno e sua anatomia não
é muito variável. Sabendo disso, e da importância dessa região para a neurocirurgia, o
presente estudo elucida a localização exata do SE e as funções perdidas em uma
eventual lesão dessa estrutura.

Palavras-chave

► saco endolinfático
► anatomia
► fisiologia
► neurocirurgia
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Cotugno, despite having described the anatomy, was not
the one that named the structure as an ES. This credit goes to
German Hasse, who introduced the term in 1873, which has
remained in use until today (►Fig. 1).8

Endolymphatic Sac Anatomy
The ES is divided into three regions. The proximal part, closer
to the vestibule, is revested by an epithelium like the
endolymphatic duct,9 that is, epithelial cells with the cellular
membrane folded, creating fingerlike cytoplasmic protru-
sions.10 The middle region is revested by a high cylindrical
epithelium with many papillae and crypts. The distal part is
in a duramater duplication, that is, connective tissue,with its
surface all covered by the same type of simple pavement
epithelium.9 The vascularization of each part of the ES is
madeby the same vessels that irrigate its adjacent structures,
proximal being the same of the endolymphatic duct, and
middle and distal being the same of the dura mater
vessels.5,11–13

The location of the ES stands in a dura mater duplication
posteriorly to the petrous pyramid, thus ending up being a
surgical area for many neurosurgical procedures in the
posterolateral part of the skull base.5 The average measure-
ments in a study conducted by Ammirati et al. were 15.7mm
posterosuperior (superolateral) to the 11th nerve in the
jugular foramen (range, 11.0–18.5mm), and 13.3mm poste-
rior (lateral) to the internal auditory meatus (range, 10.0–
18.0mm). The center of the sac was 24.1mm (mean value)
(range, 20.0–28.0mm) ahead of the petrosigmoid

Fig. 1 Domenico Cotugno (1736–1822) by C. Nalli (wood engraving).
Portrait no. 689. (Courtesy of the United States National Library of
Medicine: Image ID172387)

Fig. 2 Pictures of the inner ear showing: 1. Antrum, 2. Sinus Sigmoideus, 3. Mastoids segment of the dura mater, 4. External auditory meatus
inferior wall, 5. Lateral semicircular canals, 6. Posterior semicircular canals, 7. Mastoids portion of the facial nerve, 8. Chorda tympani, 9. Facial
recess, 10. Buttress, 11. Anvil, 12. Jugular bulb, 13. The tympanic membrane, 14. Promontory, 15. Citelli angle, 16. Ossicles. Mastoidectomy
performed by Gustavo Isolan, MD, PhD.
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intersection at a point 11.5mm (mean value) (range, 8–
17mm) below the petrous ridge. The width and height of
the sac were 3.83 (range, 2–6mm) and 3.80mm (range, 2.5–
8mm), respectively (►Fig. 2).5

There are some named structures that delimit the ES
space. The Donaldson line is a surgical line that is parallel to
the lateral semicircular canal (LSC) whereas it is vertical to
the posterosuperior semicircular canal (SSC) and divides it
into superior and inferior portions, from its most posterior
point. Below this line, medial to the labyrinth, the endo-
lymphatic sac is situated5–the Trautmann triangle is anoth-
er important anatomic mark, bounded by the superior
petrosal sinus (SPS) superiorly, the sigmoid sinus (SS)
posteriorly, and a solid angle, which is formed by the
bony labyrinth, anteriorly. In this triangle, the retrolabyr-
inthine tract from the mastoid antrum (MA), the ES, and the
vestibular aqueduct are located.13 Probably because of the
bone limitation, the exact location of the sac is rarely
variable.2 In 85% of the cases studied by Ammirati, the
sac was located between 10 and 15mm posterior (lateral) to
the internal auditory meatus. Similarly, the ES was never
located<11.5 or>18.5mm posterosuperior (superolateral)
to the 11th nerve in the jugular foramen; in 80% of cases, the
sac was located between 11 and 17mm posterosuperior
(superolateral) to the 11th nerve in the jugular foramen
(►Fig. 3).5

The ES is attached to the endolymphatic duct, which is
responsible for making the transit between the endolymph
in the utricular saccular duct and in the endolymphatic
sac.14 The endolymphatic duct is vascularized by the acces-
sory canal of the vestibular aqueduct, but there are no
arteries in this structure.9 The irrigation of the endolym-
phatic duct is made by adjacent capillaries that are in
contact with the tissue through the lumen invagination of
the duct.9

Endolymph Way to the Endolymphatic Sac
The endolymph is a fluid with a composition very similar to
the intracellular liquid.1 The formation of this fluid is not a
responsibility of one single structure; instead, all the blood
capillaries in the membranous labyrinth work together in
this goal.9 Therefore, there is no unique way to the endo-
lymph, as it can freely transit in the lumen of the canals. The
orientation of the liquidwill depend on the head orientation,
the angle of the body, etc.14 In this system, the ES is
accountable, among other things, for storing the excess of
endolymph.1

As said before, the endolymph does not have a single way
to transit.15 However, to explain the membranous labyrinth,
let us take a portion of endolymph that is on the semicircular
canals and go all the way to the ES. For that, we will always
suppose that the endolymph heads to its next named struc-
ture. In the semicircular canals, the possibilities of the
endolymph are to stay in it or reach the membranous
ampullae of the semicircular canals. In the ampullae, the
endolymph can return to the semicircular canals, stay in the
ampullae, or move forward to the utricle. After reaching the
utricle, the endolymph can stay in it, go back to the mem-
branous ampullae of the semicircular canals, or proceed to
the utricular saccular duct. In this stage, the endolymph is
able to stay in the utricular saccular duct, flow back to the
utricle, move to the saccule, or maintain itself in the way to
the ES and go through the endolymphatic duct in the
vestibular aqueduct. Once in the endolymphatic duct, which
is sheltered by the vestibular aqueduct, the endolymph can
only stay, go back to the utricular saccular duct, or move in
the way to the ES (►Fig. 4).14,16–18

Starting from the cochlea, the differences are only at the
beginning. The endolymph, if not remaining in the cochlea,
can only go to the saccule through the canalis reuniens. In the
saccule, the endolymph can stay, flow back to the cochlea by
the canalis reuniens or move to the utricular saccular duct,
and from there the way is the same if starting in the
semicircular canals.14,16–18

Fig. 4 Image showing the endolymphatic system. 1. Endolymphatic
sac. Taken from the public domain: GRAY, H., & LEWIS, W. H. (1918).
Anatomy of the human body. Philadelphia, Lea & Febiger, page 1052.

Fig. 3 Image showing the microanatomy of the inner ear. In red:
Donaldson line. In yellow: Margins of the Trautmann triangle, in green:
facial nerve. Mastoidectomy performed by Joel Lavinsky, MD, PhD.
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Endolymphatic Sac Physiology
The cochlea and semicircular canals or the vestibular system
have the function of, respectively, detecting sound frequen-
cies as well as angular and linear acceleration, acting there-
fore in hearing and balance. To do that, the cochlea and the
vestibular system are provided with a sensorial epithelium,
which transforms external stimulus in electric signals that
will be interpreted by the brain.1–4

Differently from its adjacent structures, the ES does not
have a specialized epithelium; instead, it has mitochondria-
rich cells and ribosomal-rich cells, which are responsible for
ionic transportation and secretory activity.1 In this way, the
ES has a very distinct function if compared with the cochlea
and the vestibular system.3

In animals, it is suggested that the ES has an important
role in the ionic homeostasis regulation of the internal ear
and in the endolymphatic fluid volume control. Besides that,
its involvement in immune response, elimination of inner ear
cellular debris and floating otoconia, membranous labyrinth
pressure, acid/basic transport, and substances secretion has
been studied (►Fig. 5).1,2,11,19–26

Ionic Homeostasis
In the study by Mori et al.,24 they show that mitochon-
dria-rich cells in the ES intermediate portion have a

higher activity of Naþ , Kþ-ATPase, and higher Naþ
permeability than other types of cells, implying that
molecules related to Naþ transport, such as epithelial
sodium channel, Naþ–Kþ–2Clcotransporter 2 (NKCC2)
and thiazide-sensitive Naþ–Cl-cotransporter (NCC), may
be present in mitochondria-rich cells.24 Because of that, it
is possible to suggest that the ES epithelium plays a role
in the ionic transportation and composition of the
endolymph.

Volume Regulation and Pressure Regulation
Also, in the study by Mori et al.24 and supported by the
study by Furuta et al.,27 it is said that aldosterone may
regulate Naþ transport in ES, resulting in endolymph
volume regulation. Based on that, we can suggest that the
ES is also a crucial part of the pressure regulation in the
membranous labyrinth.24,27

Acid/Base Transportation
In the same study,24 Mori suggests that the presence of
molecules related to acid/base transport, such as Hþ -
ATPase, Naþ– Hþ exchanger (NHE), pendrin (SLC26A4),
Cl-–HCO3 - exchanger (SLC4A2), and carbonic anhydrase in
ES epithelial cells may be a reason for the acid/base transport
be another important role of the ES.

Fig. 5 Schematic representation of the endolymphatic sac physiology. “Created by Lia Grub Becker”.
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Immunologic Response
Recent studies demonstrated the presence of immunocom-
petent cells in the ES and its capability to respond to local
primary and secondary antigen challenges.3,21–23

Measurements of serum and perilymph antibody levels,
followed by inner ear immunization with keyhole limpet
hemocyanin in guinea pigs with normal or obliterated ES,
suggested that the ES plays a crucial role in the generation of
local humoral immune responses.25,26

Also, these studies have searched for different types of
cells in the ES and several, related to the immunologic
system, have been found.3,21–26

Elimination of Inner Ear Cellular Debris and Floating
Otoconia
According to the study by Ignatova et al.,28Otoconin-90 is the
main otoconial matrix protein, and the endolymphatic sac of

the embryonic chicks and guinea pigs contain otoconia.
Otoconin-90 is also localized at the surface and inside
epithelial cells lining the endolymphatic sac and is also
incorporated into free-floating cells. Thus, the study con-
cludes that the presence of these proteins can only be
explained if there is an elimination process linked to it.28

Secretion of Substances
The presence of immunoglobulin A (IgA), secretory compo-
nents like Cytokeratins 18 and 19, vimentins, as well as the J
chain, was described within epithelial cells and in the lumen
of the human ES.19,20 Thus, the expression of these sub-
stances in thehuman ES epithelium supports the assumption
that the ES is metabolically active and functionally related to
a mesothelium that has both secretory, resorptive, and
elimination capabilities10,19,20

A positive reaction for neuron-specific enolase and
neurosecretory antigens was demonstrated in a few epi-
thelial cells of the rugose part of the human ES.19,20 In
addition, neurosecretory granules and somatostatin were
observed in cells of the human ES.10,19,20 All this informa-
tion contributes to the hypotheses of the secretory capac-
ity of the ES.

Radiological Anatomy of the Endolymphatic Sac
The ES is a complex structure in terms of microscopic
anatomy, which makes it difficult to visualize it in magnetic
resonance imaging (MRI).29 However, Oehler et al. 29 made a
high-resolution three-dimensional Fourier transform tech-
nique and prototype bilateral dual phased-array surface coil
technique, obtaining a 3D image of the ES (►Fig. 6).

Based on the results, it is possible to ensure that instead
of a large confluent cavity, the ES is composed of multiple
small channels that are interconnected, that in the study by
Oehler et al is called by “Christmas tree” appearance.29

However, Connor et al.30 have shown that some ES pathol-
ogies can change its anatomy on MRI and computed
tomography (CT). Individuals who have been diagnosed
with large endolymphatic sac anomaly (LESA) and large
vestibular aqueduct (LVAS) syndrome will probably have
alteration on the scans, like the enlargement of the extra-
osseous ES (►Fig. 7).30

Fig. 6 3D image of the endolymphatic sac. Taken from: Oehler MC,
Chakeres DW, Schmalbrock P. Reformatted planar ’Christmas tree’ MR
appearance of the endolymphatic sac. AJNR Am J Neuroradiol. 1995
Aug;16(7):1525-8. FIG 1B.

Fig. 7 T2 DRIVE axial images show an enlarged extra-osseous sac on the left. Taken from: Connor SEJ, Dudau C, Pai I, Gaganasiou M. Is CTor MRI the
optimal imaging investigation for the diagnosis of large vestibular aqueduct syndrome and large endolymphatic sac anomaly? Eur Arch
Otorhinolaryngol. 2019 Mar;276(3):693-702. ►Figure 3.
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Conclusion

The human ES has vital functions in the inner ear, such as
homeostasis regulation of the internal ear, endolymphatic
fluid volume, immune response, elimination of inner ear
cellular debris, and floating otoconia, membranous labyrinth
pressure, acid/based transport, and secretion of substances.

The anatomy of the ES is rarely variable, since in>80% of
the cases, in the reviewed studies, the maximum difference
in the samples was<20mm in any direction. Knowing that,
and the importance of this area for neurosurgery, the present
study elucidates the exact location of the ES and the function
that a lesion in this structure must cause.
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Abstract Introduction Pituitary tumors account for 25% of all primary brain tumors and for
15% of overall intracranial expansive masses. Pituitary metastases, in contrast, are a
rare condition, estimated as 1.8% of all resected sellar lesions. We present here a rare
case of clear cell renal carcinoma metastasis to the pituitary gland.
Case Report A 65-year-old patient with holocranial headache and diplopia, whose
physical examination showed right eye abduction palsy and ipsilateral anisocoria.
Magnetic resonance imaging (MRI) of the pituitary revealed a heterogeneous mass in
T1 weighted imaging with mild peripheral contrast enhancement and considerable
growth during follow-up. Prolactin levels were high and dropped to normal after use of
cabergoline, but remained normal even after the medication was halted. Biopsy was
compatible with clear cell renal carcinoma. After surgery, the patient underwent
radiotherapy, which was effective in reducing the volume of the lesion.
Discussion Only 25 casesof pituitarymetastasis arising from thekidneywere reported in
the literature between the years of 1957 and 2018. Metastases can reach the pituitary
through hematogenous spread, cerebrospinal fluid, and contiguous bony lesions. Clinical
presentation varies from vague complaints such as fatigue or headache to more specific
signs like polyuria and polydipsia, and � 60% of cases have clinical manifestations.
Conclusion Case reports of pituitary metastases are low worldwide, with only 25 case
reports of kidney metastases in over a 60-year period. The rarity of the lesions and
hormonal alterations due to pituitary stalk compression can mislead diagnosis, and
some patients may even never be diagnosed regarding their lower life span. In this
report, radiotherapy was effective postresection, and accounts for a treatment option.
All these issues account for the relevance of these case reports.
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Introduction

Approximately 25% of primary benign brain tumors and 15%
of all primary brain neoplasms are pituitary tumors. The
annual incidence lies in an estimated range of 3 to 11 cases
per 100,000 individuals, and they represent the third most
common primary intracranial tumor, after gliomas and
meningiomas.1 On the other hand, pituitary metastases are
rare, estimated to be 1.8% of all surgically resected sellar
masses. In addition, only 25 cases of renal cell carcinoma
metastasized to the pituitary were described between 1957
and 2018 in the largest meta-analysis to date, reinforcing the
significance of the present case report.2

Regarding renal cell carcinoma, it accounts globally for 2
to 3% of all malignancies, with 338,000 new cases per year
worldwide. Between 20 to 30% of the patients already have
metastases at diagnosis.3

Autopsy studies demonstrated a prevalence of 1 to 4% of
pituitary metastases in patients with advanced cancer, sug-
gesting a higher prevalence than the diagnosed cases. These
may be increasing due to enhancements in neuroimaging,
laboratory testing, and higher lifespan of cancer patients over
time. Treatment involves surgical decompression, chemo-
therapy, immunotherapy, radiotherapy, or even conservative

approach.2 The mostly described symptoms are visual field
defects, panhypopituitarism, headache, and even diabetes
insipidus (DI), but appear in only 7% of cases, as the rest of
them are asymptomatic.4

Case Report

We present a female patient, 65 years old, reporting a
holocranial headache and diplopia of insidious start and
gradual worsening over 1 month. In physical examination,
it was noted right abducens nerve palsy alongside anisocoria,
whereas the right pupil was moderately more dilated and
less reactive than the left pupil. Neuroimaging revealed a
sellar mass, and laboratory testing presented elevated serum
levels of prolactin (141 ng/mL, reference values 3 to 20
ng/mL). Cabergolin was initiated, and prolactin levels re-
duced (1.4 ng/mL), dropping to normal rates even though the
dopaminergic agonist was halted.

Past medical history of the patient involved left neph-
rectomy and adrenalectomy 11 years before due to clear cell
renal carcinoma, and right adrenalectomy 7 years later due
to another metastasis. The patient sought medical assis-
tance before neuroimaging due to upper abdominal pain in
a band-like pattern, exams showing elevated lipase and

Resumo Introdução Os tumores hipofisários representam 25% de todos os tumores cerebrais
primários e 15% das massas expansivas intracranianas totais. As metástases hipofisá-
rias, por outro lado, são uma condição rara, estimada em1,8% de todas as lesões selares
ressecadas. Apresentamos aqui um caso raro de metástase de carcinoma renal de
células claras para a glândula pituitária.
Relato de caso Paciente de 65 anos com cefaleia holocraniana e diplopia, cujo exame
físico mostrou paralisia de abdução do olho direito e anisocoria ipsilateral. A resso-
nância magnética (RM) da hipófise revelou uma massa heterogênea na imagem
ponderada em T1 com leve realce periférico de contraste e crescimento considerável
durante o acompanhamento. Os níveis de prolactina estavam altos e caíram para o
normal após o uso de cabergolina, mas permaneceram normais mesmo após a
interrupção da medicação. A biópsia foi compatível com carcinoma renal de células
claras. Após a cirurgia, o paciente foi submetido à radioterapia, que foi eficaz na
redução do volume da lesão.
Discussão Apenas 25 casos demetástase hipofisária originada do rim foram relatados
na literatura entre os anos de 1957 e 2018. As metástases podem atingir a hipófise por
meio de disseminação hematogênica, líquido cefalorraquidiano e lesões ósseas
contíguas. A apresentação clínica varia de queixas vagas, como fadiga ou dor de
cabeça, a sinais mais específicos, como poliúria e polidipsia, e 60% dos casos têm
manifestações clínicas.
Conclusão Os relatos de casos de metástases hipofisárias são baixos em todo o
mundo, com apenas 25 relatos de casos de metástases renais em um período de mais
de 60 anos. A raridade das lesões e alterações hormonais devido à compressão do
pedúnculo hipofisário podem enganar o diagnóstico, e alguns pacientes podem nunca
ser diagnosticados em relação à sua menor expectativa de vida. Neste relato, a
radioterapia foi eficaz após a ressecção e representa uma opção de tratamento. Todas
essas questões são responsáveis pela relevância desses relatos de caso.
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amylase serum levels. Abdominal imaging revealed a mass
lesion invading the head of the pancreas causing pancreati-
tis, and biopsy confirmed it to be another site of metastasis
of renal cell carcinoma. The comorbidities of the patient
were type 2 diabetes mellitus and primary hypertensive
disease.

Magnetic resonance imaging (MRI) of the brain of the
patient revealed a heterogeneous mass in T1 weighted
imaging with partial peripheral contrast enhancement
(►Fig. 1). During follow-up and investigation, there was
considerable growth in a period of 2 months, from 2.0 cm3

to 3.1 cm3 (►Fig. 2). The lesion extends lateral to the lateral
tangent between the supracavernous and intracavernous
internal carotid artery segments, advancing into the superior
cavernous sinus compartment, therefore being classified as
modified Knosp 3A.5

The patient underwent surgery with partial resection of
the tumor because of its hardened consistency and involve-
ment of cavernous sinus alongside the carotid artery. Never-
theless, there was progressive visual improvement, reported
by the patient as reduction in diplopia. Immunohistochem-

istry was positive for PAX8 transcription factor and CD10
marker, both typically found in this type of tumor.6 Histo-
logical study showed an epithelial neoplasm with clear cells
(►Fig. 3), as correlated to the rarefied cytoplasm of a clear
cell carcinoma usually described.7

Postoperative computed tomography scan (CT) soon after
surgery showed hemostatic material inside the sella and
sphenoid sinus. A small amount of residual tumor can be
identified on the right side, but major reduction of the lesion
volume is observed (►Fig. 4).

Oncologic follow-up after the procedure included chemo-
therapy with Axitinib and Pembrolizumabe. Radiosurgery
was performed 3 months after surgical resection aiming for
the residual tumor involving the right internal carotid artery,
with even more reduction of its volume (►Fig. 5).

Discussion

According to a recent meta-analysis, only 25 cases of pitui-
tary metastasis from kidney were reported from 1957 to
2018. The incidence of pituitary mass due to renal cell

Fig. 1 First MRI of the patient, in coronal (superior half) and sagittal (inferior half) sections, precontrast T1 weighted images on the left
and T1 postcontrast on the right. A sellar mass is observed with parasellar extension on the right over the cavernous carotid artery and surpassing
it, therefore being classified as Knosp 3A. It is a heterogeneous lesion, with sparse high intensity spots in T1 and less postcontrast enhancement
than the pituitary parenchyma surrounding it.
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carcinoma is low worldwide, despite standing as the fourth
most common primary site. The reported cases arise the
possibility of interactions between the metastasis and renal
cancers contributing to dissemination to the sella.2

Among patients with renal cell carcinoma in general,
21% have distant metastasis at the moment of diagnosis.
Studies concur regarding frequency of the metastases,
and according to an important prospective series, the

Fig. 2 MRI 2 months after initial imaging revealing growth of the tumor. Sagittal sections disposed inferiorly and coronal superiorly, in
noncontrast T1 weighted images on the left and postcontrast on the right. It is noted higher contrast enhancement and growth of the lesion
toward the suprasellar compartment with optic chiasm compression. Also, there is expansion bilaterally with greater involvement of the right
cavernous sinus and extension to the left internal carotid artery. The mass grew from 2.0 cm3 to 3.1 cm3.

Fig. 3 Histological samples of anatomopathological and immunohistochemistry study of the lesion, where it is observed the presence of
clear cells with scarce cytoplasm, typical of the clear cell renal carcinoma. There was expression of CD10 (not shown in the picture) and PAX8
factors, which corroborated the diagnosis.
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most frequent sites of metastases from renal cell carci-
noma were lung (54%), lymph nodes (22%), and bone
(20%). Moreover, 17% of patients without metastasis at
diagnosis were affected by metastatic spread during
follow-up.3

Breast and lung correspond to more than half of
original tumor sites in all reported cases of pituitary
metastasis. Kidney, prostate, and colon stand for 3 to 5%
of the cases. Other rare causes include melanoma, thyroid,
pancreas, hematologic neoplasms, and unknown primary
cancers.4

There are four main ways of metastases to spread to the
pituitary. Two of them involve conventional hematogenous
spread, through the hypophyseal arteries supplying the
posterior lobe and through the hypophyseal portal system
of the anterior lobe. Cerebrospinal fluid can also carry
malignant cells, and the final mechanism is direct compres-
sion or invasion of the gland by bony metastases of the skull
base.4

Involvement of the posterior lobe alone occurs in 50.8%
of cases, whereas only the anterior lobe is affected in 15.4%,
and both of them in 33.8%.7 The diminished flow of the
portal system serves as a protection against dissemination
to the adenohypophysis, while increased supply of the
neurohypophysis favors its susceptibility when compared
with the former. The posterior lobe is also smaller than the

Fig. 4 Immediate postoperative CT scan with hemostatic material
inside the sella and significant tumor reduction.

Fig. 5 MRI of the patient 4 months following radiotherapy. It is possible to note significant reduction of the volume of the metastasis, and
therefore its responsiveness to the therapy. There is a smaller residual lesion hyperintense on T1 imaging in the upper left image that shows
contrast enhancement inT1 postcontrast in the upper right picture, predominantly on the right side in close relation with the carotid artery inT2
images, in the lower half of the figure.
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anterior, being more vulnerable to dysfunction than the
anterior. Therefore, symptoms would be easier to identify
through compression, leading to more cases diagnosed and
accounted for. Another factor is that the posterior lobe has a
larger surface area in contact with the adjacent dura, so
cerebrospinal fluid dissemination is more prone to occur.
Anterior lobe involvement is usually the result of a larger
lesion of the posterior lobe or metastatic deposits through
contiguous spread. The anterior lobe also seems to be
susceptible to ischemic infarcts.4,8

Symptoms vary from vague complaints such as fatigue or
headache to more specific signs like polyuria and polydipsia,
and � 60% of cases have clinical manifestations. Primary
symptoms in descending order of importance with their
respective frequencies are visual impairment (48.8%), DI
(38.4%), panhypopituitarism (37.7%), and headache (35.3%).
Extension of an infiltrating tumor to supraoptic and para-
ventricular nuclei in the hypothalamus can cause DI, as it is
where the synthesis of neurohypophysis hormones takes
place. It is also caused by compromised tracks convergence
originating from hypothalamic nuclei, at the base of the
hypothalamus at the origin of the pituitary stalk2.

The patient also presented high prolactin levels. It is known
that nonadenomatouspituitaryor parasellarmasses can cause
hyperprolactinemia through inhibition of the release of hypo-
thalamic dopamine, by compression of the infundibular stalk.9

This can lead to misdiagnosis of the sellar mass, as prolacti-
nomawouldbe considereda feasible diagnosiswithout proper
care in propaedeutics. In this case, it was actually considered a
differential diagnosis in a former investigation.

Surgery is a treatment option for confirming diagnosis
and decreasing symptoms, but complete resection is difficult
and may be risky when there is hypervascularization, inva-
sion of nearby organs or even of the cavernous sinus,2 which
was the situation of this patient.

Even with current treatment, pituitary metastasis has
poor prognosis, as metastases in other sites are commonly
present at themoment of diagnosis. The estimated lifespan of
the patients lies between 6 and 22months, and no treatment
has yet shown effectiveness in improving it. Factors that may
lead to longer survival rates include younger age at presen-
tation, smaller lesions, and less time between primary
disease diagnosis and pituitary metastasis presentation4.

Conclusion

Pituitary metastases are known as rare conditions, but of
increasing awareness in spite of its rise in incidence favored
by the improvement in diagnostic techniques. Metastases
from clear cell renal carcinoma are evenmore rare, with only
25 described cases until 2018 from a large meta-analysis2.
We present a case report of a 65-year-old womanwith visual
impairment and a sellar mass from which biopsy was con-
sistent with clear cell renal carcinoma Acknowledging these
cases is significant due to their rarity worldwide, their
increasing incidence with the development of diagnostic
tools and the pathogenesis of the disease, which is yet to
be elucidated.
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Abstract Introduction Optimal surgical treatment for chronic subdural hematoma (CSDH) in
the elderly has been controversial. Whenever possible, a less invasive technique should
be used to avoid complications.
Case Report The patient was 82-years-old, with JPS; with diagnosis of liver cirrhosis
due to alcohol abuse and history of recent myocardial infarction. He was admitted to
the emergency room with temporal-spatial disorientation. The Glasgow coma scale
(GCS) value on admission was 9. Left hemiparesis and osteotendinous hyperreflexia in
the left side of the body. Noncontrast-enhanced cranial computed tomography (CT)
showed right frontoparietal hypodense lesion with mass effect. Due to the clinical
conditions of the patient, drainage of the hematoma was indicated through local
anesthesia and sedation with midazolam. He was discharged after 8 days with
improvement in his mental and neurological condition.
Conclusion Drainage of CSDH using local anesthesia in an elderly person with severe
comorbidity can reach excellent results.
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Resumo Introdução O tratamento cirúrgico ideal para hematoma subdural crônico (HSDC) em
idosos tem sido controverso. Sempre que possível uma técnica menos invasiva deve ser
utilizada para evitar complicações.
Relato do Caso Paciente de 82 anos portadora de JPS; com diagnóstico de cirrose
hepática por abuso de álcool e história de infarto domiocárdio recente. Foi admitido no
pronto-socorro com desorientação espaço-temporal. O valor da escala de coma de
Glasgow (ECG) na admissão era 9. Hemiparesia esquerda e hiperreflexia osteotendi-
nosa no lado esquerdo do corpo. A tomografia computadorizada (TC) de crânio sem
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Introduction

Chronic subdural hematoma (CSDH) is a commonproblem in
neurosurgery and occurs mainly in the elderly.1 In most
cases, it results from mild cranioencephalic trauma.2 Gener-
ally, the treatment is surgical. Anesthesia for this procedure
can be general or local.3 The elderly usually has systemic
comorbidities and, in many cases, general anesthesia is
contraindicated.4–7 Drainage for this condition can be per-
formed under local anesthesia, in previously selected
patients, with excellent results.8,9

The authors review and discuss the indication of local
anesthesia in the treatment of CSDH drainage.

Case Report

The patient is male, 82-years-old, with JPS; as well as a
diagnosis of liver cirrhosis due to alcohol abuse and recent
myocardial infarction, during which he underwent place-
ment of two stents. Therewas no history of accidental fall. He
presented with time and space disorientation. The Glasgow
coma scale (GCS) score was 9. Lens clouding interfered with
fundus examination. Other symptoms include hemiparesis
and osteotendinous hyperreflexia on the left side. Computed
tomography (CT) of the skull without contrast showed a
hypodense lesion in the right frontoparietal region with
mass effect. Due to the patient’s comorbidities, a local
anesthesia and sedation with midazolam maleate were
chosen for drainage of the hematoma. A control cranial
CT performed 5 days after the intervention showed a
marked reduction in the hematoma. He was discharged
from the hospital 8 days after the surgical procedure, with
improvement to his mental and neurological condition. The
patient was guided regarding the use of specific medication
and outpatient return.

Discussion

Several neurosurgical procedures have been used in the
surgical treatment of CSDH.1 The best treatment method is
still controversial today. Although the basic treatment for
CSDH is surgical, conservative therapy can be chosen if
there is no significant accumulation of blood that compro-
mises the cerebral cortex and without any significant
clinical manifestation.10 Trepanation followed by drainage
of the hematoma has been the most frequent surgical
procedure in elderly with CSDH.11–15 Whenever possible,

the least invasive technique should be used to avoid
complications.

General or local anesthesia, when carefully performed,
has minimal complications in the surgical treatment of
CSDH.9,16–18 The indication of general or local anesthesia
depends on the protocol established in the service, or
on the medical professional’s preference.19,20 Systemic dis-
eases coexist in the elderly, resulting in contraindications
for general anesthesia.3 In these cases, the use of local
anesthesia is a favorable alternative for draining the
CSDH.8,9

General anesthesia promotes complete immobility and
good comfort, but it has been associated with a series
of complications, especially among elderly patients with
chronic systemic diseases such as diabetes mellitus,
arterial hypertension, myocardial infarction, and the use
of antiplatelet drugs.21,22 General anesthesia can cause a
delay in the preoperative level of consciousness, which has a
negative impact, especially in cases that require an imme-
diate postoperative evaluation, to exclude the need to
repeat the procedure due to an early recurrence of the
hematoma.3,10

Local anesthesia for draining the CSDH has been used by
several authors; the main downside is that patients may
become anxious and feel discomfort during the procedure.23

The selection of the anesthetic method can be individual-
ized.5 For Surve et al.,24 sedation consists of usingmidazolam
with beneficial results.

Both coagulated blood and multiloculated hematoma
were removed using local anesthesia in elderly
patients.2,20,25,26 Other authors have shown that local anes-
thesia with sedation for surgical drainage of the CSDH can
reduce the risk of intraoperative brain activity, avoiding
complications that could occur with the use of general
anesthesia.27,28 Mersha et al.,1 in their sample of 195
patients, performed a burr hole, intraoperative lavage under
local anesthesia, and a closed drainage system postopera-
tively, with a single professional; 95.2% of cases had good
recovery, 13% were reoperated due to recurrence of the
hematoma, and there were 4 deaths. These authors conclud-
ed that a single burr hole, intraoperative irrigation, and
closed drainage system under local anesthesia, with occa-
sional sedation in patients who are uncooperative due to
altered mental status, is an easy, safe, and effective surgical
technique in the treatment of CSDH. Seizur et al.23 used two
trepan holes to better determine the limits of the hematoma.
Themean duration of the procedure using local anesthesia is

contraste mostrou lesão frontoparietal hipodensa direita com efeito de massa. Devido
às condições clínicas do paciente foi indicada drenagem do hematoma através de
anestesia local e sedação com midazolam. Teve alta após 8 dias com melhora do
quadro mental e neurológico.
Conclusão A drenagem do HDC com anestesia local em idoso com comorbidade grave
pode alcançar excelentes resultados.
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shorter compared with general anesthesia.3,29 This reduc-
tion in procedure time may reduce the risk of thromboem-
bolism, hypothermia, and other intraoperative adverse
events.3 According to Salama,10 the treatment of CSDH
through a single trepan hole under local anesthesia is careful,
safe, being indicated mainly for cooperative patients who
have unilocular CSDHand, as a result, have a shorter length of
stay, lower hospital costs, and a lower rate of postoperative
complications.

Many authors suggest that the treatment of CSDH by
means of a single trepanation under monitored anesthesia
is careful, effective, and sufficient for patients with coopera-
tive unilocular CSDH, with a shorter mean duration of the
procedure when compared with procedures under general
anesthesia. Therefore, the use of local anesthesia results in
shorter hospital stays, lower treatment costs, and lower rate
of postoperative complications.3,29

In patients undergoing local anesthesia, easier early mo-
bilization is observed, thus reducing the incidence of post-
operative deep venous thrombosis and pulmonary
atelectasis, which can make intensive care unit admission
necessary.10 be reduced in patients undergoing local anes-
thesia, making the proceduremore economical and reducing
the possibilities of developing nosocomial infection.1,7,30

Despite the indication of surgical treatment for CSDH still
being controversial, a less invasive surgical technique under
local anesthesia should be encouraged in selected cases.24

Conclusion

The literature suggests that more cases should be performed
with local anesthesia to better manage the less invasive
treatment of CSDH, especially in high-risk elderly patients.
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Abstract Introduction Infrared thermography (IRT) has demonstrated high diagnostic accura-
cy for carpal tunnel syndrome (CTS) diagnosis in previous studies. However, the
recovery of the autonomic function after treatment for CTS is rarely addressed in the
literature, especially on the long-term.
Case Presentation A 59-year-old lady sought treatment for a long-term history of
numbness, tingling, and hand and arm pain. CTS was diagnosed by clinical and
electrophysiological means. After 6 months of conservative treatment, surgical
treatment was offered. Preoperative IRT was performed by static and dynamic
evaluations immediately and 5minutes after the cold challenge test using the FLIR
C2 camera with accuracy of 2°C or 2%. Fingers were consistently colder (mean of 3.76°
C), which clearly represented an autonomic dysfunction in the patient’s hand. The
patient underwent mini-open carpal tunnel decompression and did great postopera-
tively. One year after surgery, the patient was fully recovered and completely
asymptomatic. IRT imaging showed a remarkable improvement of fingers temperature
(mean of 3.36°C).
Conclusion Our long-term results confirmed that functional recovery occurred
concomitantly to autonomic recovery, which was demonstrated by consistent im-
provement in fingers’ temperature. IRT has a strong potential at the evaluation of
patients with CTS for both diagnosis and follow-up.
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Introduction

Carpal tunnel syndrome (CTS) is considered the most fre-
quent nerve entrapment syndrome of the upper limb.1 The
combination of a clinically compatible history together with
abnormal electrophysiological findings are generally consid-
ered for the diagnosis of CTS.1 Conventional neurological
examination includes testing of motor and sensory func-
tions, as well as provocative tests.1 Generally, median nerve
sympathetic function is overlooked.2–4 Such autonomic com-
ponent controls peripheral vasomotor activity and, ultimate-
ly, regional temperature, which can be assessed by infrared
thermography (IRT) as a result of peripheral nerve lesion.2–4

IRT has demonstrated high diagnostic accuracy for CTS
diagnosis in previous studies.2–4 However, the recovery of
the autonomic function after treatment for CTS is rarely
addressed in the literature,2 especially on the long-term.
Herein, we present a typical patient affected by CTS who
underwent surgery and improved clinically. Such clinical
improvement occurred concurrently to autonomic function
improvement, which was represented by a temperature
recovery in median nerve distribution area one year after
surgery.

Case Report

History, Clinical Findings, and Diagnostic Assessment
A 59-year-old lady experienced bilateral paresthesias, tin-
gling, numbness, and pain in median nerve territory for five
years. Symptoms were worse on the right hand and at night,
which sometimes forced her awakening. Neurological exam-
ination revealed hand weakness (Grade ⅘) without thenar

wasting, decreased sensation at the radial fingers, and posi-
tive provocative testing (Tinel, Phalen, and Durkan signs).
Cervical imaging showed degenerative findings. CTS diagno-
sis was confirmed by electrophysiological examination. The
patient was referred for surgical consultation after six
months of conservative treatment (physical therapy, medi-
cation, and splinting).

Therapeutic Intervention, Follow up-and Outcomes
Bilateral staged carpal tunnel releasewas planned, in theway
that the right hand was operated on first. Before proceeding
with surgery in the left hand, the patient was examinedwith
IRT with the following protocol: after acclimatization in a
special room with stabilized temperature, thermal images
were carried on a FLIR C2 camera (FLIR Systems, OR USA)
with 2°C or 2% accuracy, and positioned �50cm from the
hand. The regions of interest (ROIs) were the thenar region of
the affected hand (Sp1), and the distal phalanx of the thumb
(Sp2), forefinger (Sp3) and middle finger (Sp4). Temperature
gradients (DT) were defined as the difference between the
ROIs of the thenar region and the fingers (TSp1-TSpi). The
cold challenge test (CCT) was used to provoke sympathetic
sensitization, as previously described.5 In short, the patient
had her right lower limb immersed in a thermal container
with cold water (between 11°C and 15°C for 5minute).
Thermal images of the left hand were obtained after accli-
matization, immediately after CCT, and 5minutes after CCT.

At baseline, fingers were consistently colder (mean DT of
3.76°C). CCT generally increased such a gradient, which
clearly represented an autonomic dysfunction in the
patient’s hand. The patient was then submitted to mini-
open carpal tunnel release three months after the first

Resumo Introdução A termografia infravermelha (IRT) demonstrou alta precisão diagnóstica
para o diagnóstico da síndrome do túnel do carpo (STC) em estudos anteriores. No
entanto, a recuperação da função autonômica após o tratamento para STC é raramente
abordada na literatura, especialmente a longo prazo.
Apresentação do caso Uma senhora de 59 anos procurou tratamento para um histórico
de longo prazo de dormência, formigamento e dor nas mãos e braços. A STC foi
diagnosticada por meios clínicos e eletrofisiológicos. Após 6 meses de tratamento
conservador, o tratamento cirúrgico foi oferecido. A IRT pré-operatória foi realizada por
avaliações estáticas e dinâmicas imediatamente e 5 minutos após o teste de provocação
pelo frio usando a câmera FLIR C2 com precisão de 2 °C ou 2%. Os dedos estavam
consistentemente mais frios (média de 3,76 °C), o que claramente representava uma
disfunção autonômica na mão da paciente. A paciente foi submetida a uma mini
descompressão aberta do túnel do carpo e teve um ótimo desempenho no pós-operatório.
Um ano após a cirurgia, a paciente estava totalmente recuperada e completamente
assintomática. A imagem IRT mostrou uma melhora notável na temperatura dos dedos
(média de 3,36 °C).
Conclusão Nossos resultados de longo prazo confirmaram que a recuperação
funcional ocorreu concomitantemente à recuperação autonômica, o que foi demons-
trado pela melhora consistente na temperatura dos dedos. A IRT tem um forte
potencial na avaliação de pacientes com STC para diagnóstico e acompanhamento.
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surgery in an outpatient setting withmild sedation and local
anesthesia. She made an uneventful recovery. After one year,
the patient was asymptomatic with complete resolution of
symptoms on the operative side. Thermal images were
obtained on the long-term, thereby demonstrating clear
improvement in temperature gradients from median nerve
distribution area at baseline and after CCT evaluations.
Thermal images and temperature parameters of the operat-
ed hand obtained before and after surgery are demonstrated
on ►Table 1 and ►Fig. 1. The patient gave informed consent
for the publication of this manuscript.

Interpretation

The assumption behind using IRT for an entrapment neurop-
athy consists in assigning the obtained thermographic
responses to dysfunction of the autonomic nervous system.
From the physiological standpoint, sympathetic nerves exist
on the outer layer of the median nerve and are prone to
compression injuries.3 These fibers can be especially vulner-
able in entrapment neuropathies because they are thin and
unmyelinated.4 Also, since the heat of the muscle or bone do
not affect dermal tissue because of the dermal depth in most

Fig. 1 Thermal images of the left hand obtained at baseline (A, D), immediately after the cold challenge test (B, E), and 5minute after recovery
(C,F) showing consistent improvement in fingers’ temperature at the long-term (one year after surgery).

Table 1 Temperature gradients of the left hand obtained before and one year after surgery

DT2 (°C) DT3 (°C) DT4 (°C)

Preop Postop Preop Postop Preop Postop

Baseline 4.5 0 3.2 -0.1 3.6 1.3

Immediately after CCT 3.1 0.1 4 0.1 4.8 0.4

5-minute recovery after CCT 3.7 0.6 4.9 0 5 1.6

Abbreviations: CCT, cold challenge test; (DTi) is defined as TSp1, TSpi (°C); Preop, preoperative; Postop, postoperative.
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of the body, thermographic skin changes are presumed to
occur as a result of the neurological status. Of note is that
fingers are generally colder (mean of 0.3°C) than the thenar
region and the shoulder in normal controls.2,3

The classical thermogram of a patient affected by CTS is a
decreased area of vascular heating emission in median nerve
territory.3 In contrast, patients with severe or complete nerve
injury generally demonstrate increased finger temperature.3

The accuracy of IRT as a diagnostic method has been consid-
ered to be high, especially for patients with abnormal
electrophysiological findings.3,4 Major advantages of using
IRT for CTS diagnosis are its non-invasiveness, it is less expen-
sive than electrophysiological examination, and it can be used
for screening, particularly in subclinical cases.3

IRT evaluations after carpal tunnel release are scarce in
the literature. Baic et al. (X) studied 15 patients suffering
from CTS and a control group. Thermographic examina-
tions were performed before and 4 weeks after surgery.
Baseline images demonstrated colder fingers (mean of 4.9°
C), in comparison to thenar regions. Patients consistently
recovered their hand temperatures after surgery (mean
improvement of 4.5°C). At the end of their study, such
temperatures were very similar to those observed in nor-
mal controls. Interestingly, the thumb presented a faster
recovery in their evaluation.2 This is not completely under-
stood, since the authors suggested that the size of thenar
musculature could have some impact in such recovery.
Possibly, this is due to the position of the thumb, which
is rather proximal than other fingers. Clinical outcomes
were not cited, however.

Our thermographic results at baseline were in line with
previous studies thereby suggesting the role of IRT in CTS
diagnosis. Additionally, our long-term results confirmed
that functional recovery occurred concomitantly to auto-
nomic recovery. Interestingly, we have also observed that
thumb thermal map presented the highest temperature
improvement. CCT was found very useful to exacerbate
autonomic dysfunction both before and after surgery. We
are currently performing a study at our facility to confirm

the findings we have demonstrated in this anecdotal case
report.

In conclusion, wehave evaluated the long-term changes of
IRT in successful decompression of CTS demonstrating a
consistent improvement in fingers’ temperature, which
might correlate to autonomic recovery. IRT has a strong
potential at the evaluation of patients with CTS for both
diagnosis and follow-up. However, more research is neces-
sary to clarify the real usefulness of this technique.
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Abstract Though posttraumatic cerebrospinal fluid (CSF) rhinorrhea and otorrhea are fairly
common, blepharocele and blepharoencephalocele are rare, with only 15 cases
reported to date.
A 29-year-old female patient presented with a complaint of swelling of the right eyelid
that had begun three months before. The patient had sustained a head injury 24 years
prior to presentation.
Imaging studies revealed the presence of a craniopalpebral CSF fistula. The patient
underwent successful surgical repair of the fistula with craniotomy and duroplasty by
autologous fascia lata graft.
Delayed development of blepharocele 24 years after trauma is unusual, and, to our
knowledge, the case herein reported is the first one in the literature.
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Resumo Embora a rinorreia e a otorreia pós-traumática do líquido cefalorraquidiano (LCR) sejam
bastante comuns, a blefarocele e a blefaroencefalocele são raras, com apenas 15 casos
relatados até o momento.
Paciente do sexo feminino, 29 anos, apresentou queixa de edema em pálpebra direita
com início há trêsmeses. O paciente havia sofrido um traumatismo cranioencefálico 24
anos antes da apresentação.
Os exames de imagem revelaram a presença de fístula liquórica craniopalpebral. O
paciente foi submetido com sucesso ao reparo cirúrgico da fístula com craniotomia e
duroplastia com enxerto autólogo de fáscia lata.
O atraso no desenvolvimento de blefarocele 24 anos após o trauma é incomum e, até
onde sabemos, o caso aqui relatado é o primeiro na literatura.
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Introduction

Blepharocele is herniation of cerebrospinal fluid (CSF) into
the eyelid. It is a rare condition, with only 15 cases reported
to date.1–15 It is usually traumatic in origin,1–13 and very
rarely congenital, without any history of trauma.14,15 Trau-
matic blepharocele develops as a result of the breaching of an
orbital bone fracture in the dura, leading to the formation of a
craniopalpebral CSF fistula.

Case Presentation

A 29-year-old female presented with a complaint of swelling
in the right eyelid that had begun three months before. The
swelling appeared in the morning, upon waking up from
sleep (►Fig. 1), and it gradually subsided as the day passed
(►Fig. 2), only to reappear the next morning. The swelling
was soft, with positive transillumination. The patient did not
have any recent history of trauma or surgical procedures but
had sustained a head injury 24 years before at the age of
5 years, for which she was managed conservatively. No
radiological investigations were performed at the time of
the injury.

A magnetic resonance imaging (MRI) scan of the orbit
revealed a craniopalpebral CSF fistula in the right orbit
(►Fig. 3). A computed tomography (CT) scan of the orbit
showed a defect on the roof of the right orbit with irregular
raised margins, suggestive of an old fracture (►Fig. 4).

Fundus examination and CSFmanometrywere performed
to rule out raised intracranial pressure. The opening pressure

of the CSFwas of 12 cm of water, and the fundus examination
was normal, without any signs of papilledema.

The patient underwent surgical repair of the craniopalpe-
bral CSF fistula under general anesthesia in the supine
position. A right frontal craniotomy with an intradural sub-
frontal approach revealed that the gliotic brain tissue was
adherent to thebonydefect of the roof of the orbit. The gliotic
brain tissue was separated from the bony defect, and the
margins of the defect were defined. The irregular and raised
bony edges of the roof of the orbit were flattened. The defect
was repaired by autologous fascia lata graft, which was

Fig. 2 Preoperative photograph of the patient in the evening showing
complete resolution of the right eyelid swelling.

Fig. 1 Preoperative photograph of the patient in the morning
showing right eyelid swelling.

Fig. 3 T2-weighted magnetic resonance imaging scan of the brain in
coronal view showing the craniopalpebral fistula.
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anchored to the dura of the skull base by 2 stitches of 4-0
Vicryl suture (Ethicon, Inc., Raritan, NJ, United States). The
postoperative course was uneventful, and in the early morn-
ing of the first postoperative day the eyelid swelling had
disappeared (►Fig. 5). On the follow-up after 6 months, the
patient remained asymptomatic (►Fig. 6)

Discussion

Cerebrospinal fluid fistulas complicate � 2% of all head
injuries and � 12% to 30% of all skull base fractures;11 CSF

rhinorrhea and otorrhea are the most common forms of CSF
fistulas after a head injury.

Leakage of the CSF into the orbit (orbital encephalocele) is
rare, and it can manifest as pseudolacrimation (CSF oculor-
rhea).16–19 The rarity of craniopalpebral fistulas is due to the
fact that the orbital walls are thicker and less fragile as
compared with the thin bones of the frontal and ethmoidal
sinuses and the cribriformplates.4 Craniopalpebralfistulas are
more commonly reported in children,1,5,6,8,10,11,13,20probably
because their orbital walls are thinner. Additionally, frontal
sinus agenesis has been hypothesized as one of the factors for
the development of blepharoencephalocele.2,9 Absence of the
frontal sinus may enable the direct passage of CSF into the
upper eyelid following a head injury. In the case herein
reported, the frontal sinus was well developed (►Fig. 4).

The patient had right eyelid swelling, which was more
intense the morning and gradually subsided as the day
progressed. This is because the intracranial CSF pressure
rises during the night in supine position, leading tomore CSF
egress into the eyelid through the fistulous tract. During the
day, because of the upright posture, the decrease in intracra-
nial pressure caused an outflow of CSF from the eyelid,
leading to the disappearance of the swelling.

How the head injury sustained 24 years before led to
blepharoencephalocele is a matter of conjecture. It is unlikely
that that the defect was congenital, because its margins were
irregular, rough and with raised edges, suggestive of callus
formation after trauma. It is possible that the patient had
sustained a fracture of the thin orbital roof at the time of the
head injury, with entrapment of brain matter into the fracture.
The pulsatile brain matter gradually eroded the periorbita,

Fig. 5 Postoperative photograph of the patient in the morning of first
postoperative day showing no eyelid swelling.

Fig. 6 Postoperative photograph of the patient six months after
surgery showing no eyelid swelling.

Fig. 4 Computed tomography scan of the brain and orbit showing the
bony defect with irregular margins on the roof of the orbit.
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leading to leakage of CSF into the upper eyelid. The case herein
reported may be considered one of a small “internal growing
skull fracture”, which was not detected for 24 long years, as it
was hidden from the external environment and not causing any
orbital compression.

Diagnosis in this casewas difficult, because craniopalpebral
fistulas usually present within one to three months of trauma.
Aspiration of CSF from the eyelid in such cases is strictly
contraindicated, as itmaycausemeningitis. The disappearance
of the swelling during the daytime and the history of trauma,
though remote, provided a clue to the diagnosis, which was
confirmed by imaging studies. The CSFmanometry and fundus
examination ruled out benign intracranial hypertension.

Though successful healing of the fistula by conservative
means has been reported,2,7,12 the treatment of this condition
is almost always surgical, with repair of the fistula by pericra-
nialor fascia latagrafts.Additional skull base repairby titanium
mesh may be required in cases of large skull base defects.

Conclusion

Blepharocele, or craniopalpebral fistula, is rare, with only
15 cases reported to date. Cranioorbital and craniopalpebral
fistulas should be suspected in patients with orbital fractures,
inwhomtheposttraumaticorbital swellingor proptosis fails to
resolve in two to three weeks. To the best of our knowledge,
delayed presentation of blepharocele, 24 years after a head
injury, has not been reported to date, this being the first
such case.
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Abstract Patients who are victims of traumatic injuries in the spine are evaluated by radiological
protocols, as recommended by Advanced Trauma Life Support (ATLS), including a
computed tomography (CT) scan with the patient in the decubitus position. Spine
fractures considered stable with initial nonoperative management should be further
evaluated with a standard simple plain radiograph in orthostasis and/or a magnetic
resonance image (MRI), to exclude any associated ligament injury and avoid neurologi-
cal damage caused by occult instabilities. We present an illustrative case with an injury
diagnosed through orthostasis X-ray to discuss its importance in the management of
thoracolumbar fractures.

Palavras-chave

► fratura toracolombar
► radiografia

ortostática
► tratamento

conservador
► fusão instrumentada

Resumo Pacientes vítimas de lesões traumáticas na coluna são avaliados por protocolos
radiológicos, conforme recomendado pelo Advanced Trauma Life Support (ATLS),
incluindo uma tomografia computadorizada (TC) como paciente em decúbito. Fraturas
de coluna consideradas estáveis com tratamento inicial não operatório devem ser
avaliadas posteriormente com uma radiografia simples padrão em ortostase e/ou uma
ressonância magnética (RM), para excluir qualquer lesão ligamentar associada e evitar
danos neurológicos causados por instabilidades ocultas. Apresentamos um caso
ilustrativo com uma lesão diagnosticada por meio de raio-X em ortostase para discutir
sua importância no tratamento de fraturas toracolombares.
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Introduction

Traumatic fractures of the thoracolumbar spine, specifically
the thoracolumbar junction (T10–L2), represent the most
affected site of spinal injuries in most studies due to the
inherent biomechanical characteristics of the area—the junc-
tion of amobile lumbar spinewith a rigid thoracic spine.1 The
first radiological evaluation of these patients is usually made
using simple plain radiographs. When a computed tomogra-
phy (CT) scan is performed, up to 99% of diagnostic accuracy
in detection of bone injuries can be achieved.2 For this
reason, CT scan is themost used andwidespread radiological
modality to diagnose spinal fractures.

The compression-type fractures of the AO Spine thoraco-
lumbar classification system correspond to the majority of
the injuries that affect the thoracolumbar spine; despite their
high prevalence, there remains some controversies about the
best treatment option (non-operative versus operative) for
patients neurologically intact (N0) with burst fractures (cur-
rently classified as A3, or incomplete burst fractures, and A4,
or complete burst fractures).3,4 In this context, the final
treatment is influenced by the anatomical characteristic of
the fracture (degree of wedging of the vertebral body, degree
of vertebral body comminution and segmental kyphosis),
clinical status (pain or functional disability) and also sur-
geon’s preferences.5 In the absence of neurological damage,
CT scan with the degree of canal compression and severe
local kyphosis are potential characteristics related to failure
of nonoperative management. Potential injury of the poste-
rior ligamentous complex (PLC) may also influence the long-
term outcome due to progressive kyphosis, leading to seg-
mental deformity, pain, and neurological deterioration.6

Fractures considered stable, such as compression fractures
and mild burst fractures (AO Spine type A) rarely need addi-
tional radiological evaluation after the CT scan.7,8 Their man-
agement consists in thoracolumbar orthoses and analgesics
that enable the patient to bear load of their own body weight
duringdailyactivitiesuntilvertebralhealing.6,9However, some
patientsdiagnosedwithA3andA4fractures shouldnothavebe
considered to have stable injuries when, in fact, they have an
occult B2 fracture (AO Spine classification system – distraction
fractures associatedwith posterior ligamentous complex inju-
ry),10whichwas not initially detected in the patient’s exams in
dorsal decubitus (without axial load) due to some postural
reduction. We present an illustrative case to emphasize the
importance of orthostatic simple, plain radiographs in detect-
ing a hidden spine instability that had not been found in the
conventional CT scan and how that fact impacted the case.

Methods

A 42 year-old male patient was admitted to the emergency
department after a fall from a height of 10 m. Besides lacunar
amnesia due tomildhead injury, no other neurological function
was affected—neurologically intact (N0). A spine CT scan
revealed a thoracolumbar fracture at T12–A3 and L5–A0.10

►Fig. 1 shows as sagittal CT image of an incomplete burst
fracture (A3) at T12 without spinal dislocation (arrow).

Although the proposed initial treatment was nonopera-
tive, a standing thoracolumbar simple, plain radiograph was
performed and reported a clear increase of the interspinous
distance (T11–T12), segment kyphosis (Cobb>25°), and
vertebral segment wedging (> 50%), along with severe
back pain during the exam.

►Fig. 2 shows an orthostatic simple plain lateral thora-
columbar spine radiograph with a clear spinal dislocation
betweenT11 and T12,with increasingdistance of the spinous

Fig. 1 Sagittal computed tomography.

Fig. 2 Orthostatic simple, plain radiograph.
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process (arrow). This injury should bebetter classified as a B2
injury with an A3 component of T12.

Based on this, a ligamentous failure was inferred, and we
reclassified the injury as B2.10 A thoracolumbar instru-
mented fusion was indicated and performed without com-
plications. The procedure was uneventful, and the patient
was discharged home 4 days later. After about 3 months, the
patient returned to his job, without restrictions or additional
medication for pain control.

►Fig. 3 shows the postoperative CT scan of the recon-
struction with a T10–11–12-L1 instrumented fusion with
pedicle screws.

►Fig. 4 shows the preoperative sagittal CT scan with a
kyphosis angle between T11 and L1(red lines) of 10.9° in
supine position.

►Fig. 5 shows the orthostatic simple, plain lateral thor-
acolumbar spine radiograph with an increasing angle of the
local kyphosis to 25.5° from T11 to L1 (red lines).

Discussion

Clinical instability of the spine after a trauma occurs when
the spinal ligaments and bones lose their ability to maintain
normal alignment between vertebral segments while under
a physiological load. Instability can lead to further injury,
pain, or deformity, and can require further surgical stabili-
zation.11 Injuries to the posterior ligamentous complex (PLC)
are often missed and may cause unexpected neurological
deficits and complications. The diagnosis can be achieved
using indirect signs of spinal radiographs and CT when the
cuts are thinner (1–2mm)with splayingof the spinousprocess-
es, avulsion of the superior or inferior margins of the spinous
processes, widened facet joints, empty (“naked”) facet joints,
perched/dislocated facet joints, and vertebral translation/
rotation, or with direct view of PLC injury using MRI.4,12,13

The use of the simple plain radiographies in the ortho-
static position may be useful to obtain additional informa-
tion for the evaluation of stability, especially at the level of
controversial fractures.14,15 Current trauma protocols are
based in radiographs and decubitus CT scans that limit the
visualization of soft tissues; therefore, PLC injuries may not
be detected.16,17

Magnetic resonance imaging is the gold standard for
detection of soft-tissue lesions or those18,19 involving the

Fig. 3 Computed tomography reconstruction.

Fig. 4 Preoperative sagittal computed tomography scan showing
kyphosis.

Fig. 5 Orthostatic simple, plain radiograph showing lateral local
kyphosis.
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intervertebral disks and spinal ligaments.20 It is also used to
exclude occult injuries and helps to identify epidural space
involvement or at the level of spinal cord.1,21 The MRI
protocol exam of the spine includes the sequences T1, T2,
and short tau inversion recovery (STIR), especially the latter,
which is particularly conspicuous to edema in the interspi-
nous or supraspinous ligaments.22 When MRI shows the
rupture of the supraspinous ligament (SSL), one can infer PLC
incompetence (signal black-stripe discontinuity).23 The time
interval defined as optimal between initial trauma and MRI
should be less than 72h. After that, the edema begins to
reabsorb, and the hemorrhage reduces the sensitivity of
imaging to reveal a ligament aggression. The hyperintensity
at T2 is produced by edema or extravasation of blood into the
injured extradural tissues, providing an excellent contrast
medium and improving the definition of ligaments that are
usually of low signal intensity on all imaging sequences.24

Some authors have proposed that injuries should be
characterized as type A unstablewhen presenting segmental
kyphosis values � 25° and wedging of the vertebral body �
50%—despite some criticism about their real significance in
outcome.21,25–27 They have also proposed that surgical in-
tervention is considered in cases where a bone fragment
(posterior wall disrupted) causes a canal compression great-
er than 50% of the its diameter.28–30

Considering its simplicity and low cost, we propose that
an additional exam in the orthostatic position is included in
patient radiological evaluation for burst fractures that are
considered for nonoperative management.28–30 An evalua-
tion in decubitus may not be sensitive enough to detect
posterior ligament instability in minor injuries.31 The radio-
graph has the great convenience of being a less expensive
equipment that is available in any healthcare or trauma
center.18 Of note, for those patients in whom clear spinal
instability is documented in static exams as well as for those
with neurological deficits (N2, N3, N4), standing or sitting X-
rays should not be indicated due to the risk of additional
neurological deficit. Finally, in our opinion, in an ideal
scenario, bothMRI and orthostatic radiographies canprovide
useful information for deciding the best treatment option in
neurologically-intact patients with burst fractures.

Conclusion

An additional simple orthostatic plain radiography for
patients with type A fractures who have a burst fractures
without neurological deficits and are considered for nonop-
erative management should be an effective, available, and
safe strategy to identify unstable lesions not clearly detected
by radiological images in the supine position. An MRI is also
recommended to detect potentially occult ligamentous inju-
ry. Further studies are necessary to study the safety and
efficacy of this radiological modality in the management of
thoracolumbar fractures.
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Charcot Arthropathy of the Shoulder Associated
with Syringomyelia: A Report of 2 Cases
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Abstract Charcot arthropathy of the shoulder caused by syringomyelia is a unusual degenerative
disorder, frequently misdiagnosed and with few cases described in the literature. The
diagnosis ismadebyclinical evaluation and radiological examinationswith radiography and
magnetic resonance imaging. However, the correct diagnosis and treatment is possible by
carefully medical evaluation and can improve patient symptoms. Therefore, this study
aimed to report two cases of Charcot arthropathy causedby syringomyelia. After achieving
correct neurosurgical evaluation and magnetic resonance imaging, the diagnosis was
made. The first case is a 53-year-old man with a click on his right shoulder for at least
12 months, associated with local edema, pain and limitation of joint range of motion.
The second is a 45-year-oldmanwith pain in the right upper limb and difficulty moving the
joint for at least 24 months, associated with progressive worsening of the collection and
edema in the ipsilateral upper limb. Posterior fossa decompression was performed, with
symptoms relief after surgery. Posterior fossa decompression is a treatment that seems to
be effective in reducing symptoms, especially when the diagnosis is early. However, this
type of treatment still remains controversial, requiring further studies.

Resumo A artopatia de Charcot do ombro causada por siringomielia é uma doença degenerativa
incomum, frequentemente subdiagnosticada e com poucos casos descritos na
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Introduction

Charcot arthropathy is a chronic, normally progressive, degen-
erative disease caused by a sensorineural deficit that causes
destruction of one or more joints.1 Early diagnosis of Charcot
neuroarthropathy is essential to prevent disease progression.
Feet and ankle involvement are more prevalent in diabetics.
The knee is most often affected in patients with syphilis. In
syringomyelia, the shoulder and elbow joints are most com-
monly affected.2 Syringomyelia is a chronic, progressive, and
degenerative disorder of the spinal cord with formation and
enlargement of a central fluid cavity (syrinx), affecting pain
and thermal sensations, and generally sparingmotor function
and proprioception.3 The etiology of the disease can be
congenital, Arnold-Chiari malformation type I, communicat-
ing hydrocephalus, trauma, spinal tumors, infection, degener-
ation, or vascular disease.4

About 5% of Charcot arthropathy cases affect the shoulder
joint.5 Shoulder involvement in Charcot neuroarthropathy is
commonly misdiagnosed and often confused with infections,
rotator cuff tendon rupture, fractures, or pathological condi-
tions with a better prognosis.6 The most common cause of
shoulder Charcot arthropathy is syringomyelia. A quarter of
patientswith syringomyelia developneuropathic arthropathy.7

Ingeneral, jointsymptomsmayappearearlier thanneurological
symptoms. Charcot arthropathy can develop insidiously aswell
as abruptly, causing rapid and progressive joint destruction.3

Despite the severity of Charcot arthropathy associated
with syringomyelia if it is not diagnosed early, there are still
few case reports on the subject, especially in cases related to
syringomyelia. Thus, this study aimed to report two cases of
Charcot arthropathy caused by syringomyelia.

Case Report

Case 1
A53-year-oldman fromtherural areaofCabrobó, in thestateof
Pernambuco, Brazil, presented to the emergency department

with clicking in the right shoulder for at least 12 months,
associated with local swelling, pain, and limited range of joint
motion. He was a former smoker (quit smoking more than
10 years prior) and had a previous prostate surgery due to
urinary incontinence and benign prostatic hypertrophy. He
denied high blood pressure and diabetes. Neurological exami-
nation showed predominance of right upper limb proximal
monoparesis grade 3muscle strength on theMedical Research
Counsil (MRC) scale, and distal grade-4 muscle strength, abol-
ished deep tendon reflexes in the upper right limb, hypotrophy
of the suprascapular and lateral deltoid muscles, and inability
toabductabove90degrees, ipsilaterally (►Fig. 1).A radiograph
of the right shoulder in anteroposterior (AP) and profile views
was performed, showing significant joint destruction, with

literatura. O diagnóstico é feito pela avaliação clínica e exames radiológicos com
radiografia e ressonância magnética. No entanto, o diagnóstico e tratamento corretos
são possíveis mediante avaliação médica criteriosa e podem melhorar os sintomas do
paciente. Portanto, este trabalho objetiva relatar dois casos de artropatia de Charcot
causada por siringomielia. Após obter correta avaliação neurocirúrgica e ressonância
magnética, o diagnóstico foi feito. O primeiro caso é um homem de 53 anos com clique
no ombro direito por pelomenos 12meses, associado a edema local, dor e limitação da
amplitude do movimento articular. O segundo é um homem de 45 anos com dor em
membro superior direito e dificuldade de movimentação articular há pelo menos 24
meses, associada a piora progressiva da coleção e edema em membro superior
ipsilateral. A descompressão da fossa posterior foi realizada, com alívio dos sintomas
após a cirurgia. A descompressão da fossa posterior é um tratamento que parece eficaz
na redução dos sintomas, principalmente quando o diagnóstico é precoce. Porém, esse
tipo de tratamento ainda permanece controverso, necessitando de mais estudos.
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Fig. 1 Patient unable to abduct upper right limb of the arm from
90 degrees.
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resorption of theheadof the righthumerus (►Figs. 2A and 2B).
Thehypothesis ofneoplasia andCharcot neuroarthropathywas
raised, and magnetic resonance imaging (MRI) of the shoulder
and cervical spine was requested. Right shoulder MRI showed
bone destruction of the humeral head, with a liquid collection
measuring� 7.0�4.7 cm in the adjacent soft tissues (►Fig. 3).
Cervical spine MRI showed syringomyelic cavity extending
from the C2 to the T3 level and diffuse degenerative disc
disease predominantly at the C5-to-T1 level (►Fig. 4). Neuro-
surgical treatment was proposed for occipitocervical decom-
pression, but thepatient refusedtheprocedure, eventhoughhe
wasawareof the risks of possible neurologicalworsening.He is
currently undergoing conservative treatment of neuroarthr-
opathy with neuroleptics and non-steroidal analgesics.

Case 2
A 45-year-oldman, a truck driver, from Salgueiro, in the state
of Pernambuco, Brazil, arrived at the neurosurgical depart-
ment with pain in the right upper limb and difficulty in joint
motion for at least 24 months, associated with progressive
worsening collection and edema in the ipsilateral upper

limb. He also presented paresthesia, loss of strength, and
inability to abduct the right upper limb (►Fig. 5A). He denied
high blood pressure, smoking, or diabetes. Hewas referred to
an orthopedist, who performed a puncture of the brachial
collection. Laboratory analysis showed a nonspecific chronic
inflammatory process. The orthopedist proceeded with cor-
ticosteroid infiltration and immunosuppressive treatment,
with no improvement. On neurological examination, he had
grade-3 strength (MRC scale) in the right upper limb, signs of
hypotrophy in the deltoid muscle, and hyporeflexia grade 1
(National Institute of Neurological Disorders and Stroke
scale) in the ipsilateral upper limb. The deep tendon reflexes
in the other limbs were grade 3 on the National Institute of
Neurological Disorders and Stroke scale. He was unable to
abduct the right upper limb from 45degrees. Humeral
radiography showed complete destruction of the right hu-
meral headwith resorption and signs of a local inflammatory
reaction (►Fig. 6). Right shoulder MRI showed marked
heterogeneous fluid distension of the glenohumeral joint
cavity, associated with destruction of the humeral head,
glenoid and rotator cuff tendons, compatible with erosive
inflammatory arthropathy (►Fig. 7). Cervical spine MRI
showed mild invagination of the cerebellar tonsils through
the foramen magnum, signs of diffuse degenerative disc
disease, and extensive cervical hydrosyringomyelia from
C1 to T2 (►Fig. 8). The right upper limb ultrasound showed
a homogeneous collection involving thehumerus,measuring
� 7.6�7.0�6.6 cm (186 cm3) on its anterior view and
7.6�7.0�6.1 on its posterolateral view (172 cm3). Thus,
dissection of the biceps brachii muscle through the anterior
collection (� 3 cm above the elbow) was performed. The
hypothesis of Charcot neuroarthropathy secondary to syrin-
gomyelia associated with humoral factors and chronic in-
flammatory response was raised. Neurosurgical treatment
was performed for posterior fossa decompression, with

Fig. 2 Radiograph of upper limbs on coronal sections, showing
destruction and absorption of the humeral head.

Fig. 3 Magnetic resonance imaging (MRI) of the right shoulder in
T1- (A) and T2-weighted (B) sequence, in sagittal view, showing bone
destruction of the humeral head with adjacent fluid collection.

Fig. 4 Magnetic resonance imaging (MRI) of the cervical spine in
T2-weighted sequence, in sagittal section, showing extensive
syringomyelic cavity extending from the C2 to the T3 level.
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suboccipital craniectomy, C1 vertebral arch resection and
duraplasty. After surgery, the patient had complete resolu-
tion of the inflammatory collection of the right brachial soft
tissues and improvement in distal muscle strength (grade 4

on the MRC scale). Currently, the patient maintains the
neurological condition and no progression of osteoarticular
disease of the humerus (►Fig. 5B).

Discussion

Neuropathic arthropathywas initially described byMitchell in
1831, being fully characterized for the first time in 1868 by
Jean-Martin Charcot, correlated, at the time, with neuropathy
induced by tabes dorsalis (neurosyphilis). The first patient
with neuropathic arthropathy caused by syringomyelia was
described by Sokoloff in 1892.8 Charcot arthropathy in the
shoulder is a progressive joint degeneration that develops over
years and is usually diagnosed only in advanced stages of
neurological diseases, themain onebeing syringomyelia of the
cervical segments of the spinal cord.9

In syringomyelia, central fluid cavity present in the spinal
cord causes progressive destruction of the shoulder joint
either by compression effects or by abnormal conduction.10

Fig. 5 Patient unable to elevate the right upper limb above 45 degrees before neurosurgical treatment (A); After posterior occipitocervical
decompression (B).

Fig. 6 Right upper limb radiograph on AP view, showing destruction
and absorption of the humeral head.

Fig. 7 Magnetic resonance Imaging of the right shoulder in T2-weighted
(A) and short tau inversion recovery (STIR) (B) sequence, in sagittal
view, showing destruction of the humeral head, glenoid and rotator cuff
tendons, with a voluminous adjacent fluid collection.

Fig. 8 Cervical spine magnetic resonance imaging in T2-weighted
sequence, in sagittal (A) and axial (B) sections, showing extensive
hydrosyringomyelia at the C1-to-T2 level.
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Approximately 20 to 30% of patients with syringomyelia
develop a secondary arthropathy of the shoulder.7 Syringo-
myelia is a rare disease that causes signs and symptoms such
as massive bone loss, high inflammation, and neurological
abnormalities such as weakness, loss of pain sensation, and
arthropathy. In general, the affected shoulder presents a
progressive degeneration of the humeral head and glenoid.5

The pathophysiology of neuropathic arthropathy is not
completely proven, and there are two commonly accepted
theories: neurovascular and neurotraumatic. The neurotrau-
matic theoryclaims that jointdestruction iscausedby repeated
microtrauma, as a consequence of loss of proprioceptive and
peripheral sensitivity resulting inmacroscopic injuries such as
fractures, dislocations, and joint deformities. The neurovascu-
lar theory suggests that peripheral neuropathy increases bone
blood flow causing greater bone resorption and osteopenia by
osteoclasts. Fragile bones are more susceptible to fractures,
lesions, and joint destruction. Thus, it is believed that the
junction of these two processes is responsible for the progres-
sion of the disease.1,3,5

Early diagnosis is essential to prevent progressive joint
destruction, since treatment is based on the management of
syringomyelia. Magnetic resonance imaging is the gold stan-
dard for the diagnosis of syringomyelia. The progression of
the disease can vary from insidious cases, in which the
patient is asymptomatic or with few symptoms, to rapid
progressions.6 The purpose of treatment for patients with
neuropathic arthropathy is to slow the progression of the
underlying disease and preserve joint functionality.11 Con-
servative treatment consists of immobilizing the joint using
orthosis and physical therapy to prevent further episodes of
trauma. Pharmacological treatment is performed with non-
steroidal anti-inflammatory drugs (NSAIDs) to decrease
synovial inflammation. Bisphosphonates and calcitonin are
used to reduce osteoclastic activity.12 In the case of surgical
treatment, arthroplasty or arthrodesis is contraindicated for
most cases considering the high failure rates due to muscle
weakness. The central goal of neurosurgical treatment is to
prevent cavity enlargement and damage to the remaining
parts of the spinal cord caused by syringomyelia.5

Conclusion

Charcot arthropathy is a differential diagnosis of pain, swell-
ing and limited range of motion in the shoulder joint. In

patientswith an unusual presentation of soft-tissue diseases,
in order not to miss the disorder diagnosis, craniocervical
MRI scan should be done to evaluate the presence of syrin-
gomyelia, in which the mainstay treatment is posterior fossa
decompression. The correct diagnosis and treatment are
possible by careful medical evaluation, and it can improve
patient symptoms.
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Abstract Leptomeningeal carcinomatosis (LC) is a rare but serious complication when cancer
cells infiltrate the meninges. It is most commonly associated with breast cancer, but
only 5% of breast cancer patients develop it. Leptomeningeal carcinomatosis typically
presents with headaches, mainly due to hydrocephalus, and the diagnosis involves a
cytological analysis of cerebrospinal fluid (CSF) and/or magnetic resonance imaging
(MRI) scans. The treatment of LC consists of a combination of intra-CSF chemotherapy,
systemic therapy, radiation therapy, and/or supportive care, including CSF drainage. In
the case herein reported, a technique known as ventriculovesical shunting was
performed on a female patient with LC and breast cancer who had hydrocephalus
due to this condition. This procedure is not as common as ventriculoperitoneal shunts,
which can lead, in this case, to serious complications such as peritoneal carcinomatosis.
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Introduction

Leptomeningeal carcinomatosis (LC) occurs when a solid
primary tumor infiltrates the meninges, including the pia
mater, arachnoid, and subarachnoid space. This rare compli-
cation of breast cancer affects approximately 5% of patients.
Given the high occurrence of breast cancer globally, in terms
of sheer numbers, it is the most prevalent cause of LC.1

Patientswith LC usually have a history of cancer, andmost
of them have already been diagnosed with metastatic dis-
ease. The signs and symptoms commonly observed include
headache (80%), nerve pain that radiates from the spine,
deficiencies in cranial nerves, visual loss, loss of hearing,
seizures, and a condition known as cauda equina syndrome.
Nausea, vomiting, headaches that worsen with changes in
position, and even drowsiness, are symptoms associated
with obstructive or communicative hydrocephalus, which
may affect more than half of patients with LC due to
impairment of the flow of cerebrospinal fluid (CSF). An
additional potential clinical manifestation is the develop-
ment of a new psychiatric disorder.2,3

The diagnosis is confirmed through positive (malignant)
CSF cytology (gold standard), radiological evidence (nodular
changes on computed tomography [CT] or magnetic reso-
nance imaging [MRI] scans) that matches clinical observa-
tions, and symptoms indicating CSF involvement in a patient
who has a known malignancy.4,5

The primary management goals for LC are to improve the
neurological function and quality of life of the patients,
prevent any further deterioration of neurological symptoms,
and ultimately extend their lifespan. This may include radia-
tion therapy, the use of bevacizumab, and ventriculoperito-
neal shunt placement. In numerous cases, opting for a
palliative and comfort-oriented approach may be appropri-
ate, even starting from the initial diagnosis of leptomenin-
geal disease.6,7

Regarding CSF shunts, the current body of literature
describes the possibility of diversion procedures in as
many as 36 different sites, including areas such as the
mastoid bone, the pleura, the right atrium, the peritoneum,

the urinary tract (UT), and the fallopian tubes.8 According to
the literature, the UT may be considered a potential alterna-
tive to divert the CSF when the peritoneum or atrium is
unavailable.8,9 The primary advantage of using the UT as a
diversion pathway for the CSF is that it does not rely on the
absorption properties of the tissue, which is a factor in the
case of the peritoneum. Moreover, the choice of this ana-
tomical site for CSF diversion is based on elimination via
micturition instead of absorption.9,10

Case Report

A 40-year-old female patient had been under oncological
follow-up for breast carcinoma for 6 months. Due to the
altered level of consciousness, nausea, and vomiting, a brain
MRI scan was requested, which showed diffuse leptomenin-
geal inflammatory tissue in the posterior fossa (►Figure 1)
with perineural extension, as well as in the supratentorial
compartment, notably in the left frontotemporal region,with
mild infiltration of the parenchyma edema and

Fig. 1 Contrast-enhanced inflammatory tissue covering the lepto-
meningeal surface, mainly of the posterior fossa between the cere-
bellar folia, notably in the upper portion of the cerebellar vermis and
mesencephalic aqueduct, with some areas of parenchymal infiltration
causing local edema.

Resumo Carcinomatose leptomeníngea (CL) é uma complicação infrequente, porém séria, que
ocorre quando células cancerígenas infiltram as meninges. É mais comumente
associada ao câncer de mama, mas apenas 5% dos pacientes com câncer de mama
a desenvolvem. A CL apresenta-se tipicamente com dores de cabeça decorrentes
principalmente da hidrocefalia, e o diagnóstico envolve uma análise citológica do
líquido cefalorraquidiano (LCR) e/ou ressonância magnética (RM). O tratamento da CL
envolve uma combinação de quimioterapia intra-LCR, terapia sistêmica, radioterapia
e/ou cuidados de suporte, incluindo a drenagem do LCR. No caso aqui relatado,
realizou-se uma técnica conhecida como derivação ventriculovesical em uma paciente
feminina com CL e câncer de mama que tinha hidrocefalia em decorrência desta
situação. Este procedimento não é tão comum em comparação com as derivações
ventriculoperitoneais, as quais, nesse caso, podem levar à carcinomatose peritoneal.
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hydrocephalus (►Figure 2). Given the clinical context, the
possibility of meningeal carcinomatosis, among other in-
flammatory and infectious diseases, was considered. There-
fore, we decided to initiate radiation therapy.

Before the end of the radiation therapy, the patient was
admitted to the emergency department with a sudden
decreased level of consciousness. Thus, a brain CT scan
showed supratentorial hydrocephalus and signs of trans-

ependymal transudation. Initially, external ventricular
drainage was performed, and the definitive treatment was
postponed until a discussion was held with the oncological
team. Based on the clinical context, conditions, and progno-
sis, ventriculovesical shunting with the interposition of a
low-pressure valve was proposed.

The technique for the placement of the ventriculovesical
shunt follows the same principles as those of ventriculoper-
itoneostomy. The patient must have an indwelling urinary
catheter, and it must be open. A median suprapubic incision
and tunneling of the subcutaneous tissue communicate with
the cranial incision. The bladder wall is identified and
repaired with a catgut suture. A punctiform cystostomy is
performed. The distal catheter is introduced for 7 cm to 8cm,
and the repair point is used to fix the catheter on the bladder
wall (►Figure 3). Closure is performed conventionally, with
sutures in layers. For the evaluation of the correct position-
ing of the urinary catheter, the patient undergoes an abdom-
inal CT (►Figures 4 and 5). The indwelling bladder catheter is
maintained for five days.

Fig. 2 Computed tomography (CT) scan showing hydrocephalus
(white arrow) and transependymal edema (red arrow)

Fig. 3 A punctiform cystostomy (red arrow) is performed. The distal
catheter is introduced for 7 cm to 8cm (black arrow).

Fig. 4 Abdominal CT scan (coronal view): the distal catheter inside
the bladder (red arrow).

Fig. 5 Abdominal CT scan (axial view): the distal catheter inside the
bladder (red arrow).
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Discussion

The clinical manifestations of meningeal carcinomatosis are
vast; patients may be asymptomatic (a minority of cases), as
thefindingsmay be accidental (� 2% of the cases), or patients
may present with severe symptoms (most cases). When
symptomatic, the manifestations can be systemic and non-
specific, involving headache (present in 80% of the cases),
alteration in the level of consciousness, nausea, and vomit-
ing, especially in cases inwhich there is hydrocephalus.1,11 In
the case herein reported, the patient was symptomatic, and
her clinical history corroborated the diagnostic hypothesis
developed after the imaging exams.

Cases that present with hydrocephalus, are typically
treatedwith ventriculoperitoneal or ventriculoatrial shunts;
however, due to the risks of dissemination of neoplastic cells,
they can be replaced by a ventriculovesical shunt.10 The first
surgery that enabled a connection between CSF and the
genitourinary system was performed in 1925 by Heinle,
who connected the renal pelvis to the lumbar dura mater,
a urethrodural anastomosis.12 In 1949, Matson performed
what was described as a lumboureterostomy at the ureter-
ovesical junction using a polyethylene tube. This anatomical
site has a valve mechanism that prevents backward flow and
consequent ascending infections, but an ipsilateral nephrec-
tomy was required.13

In 1980,West14 reported thefirst ventriculovesical shunt-
ing, called ventriculovesicostomy. The bladder was initially
opened on its front wall, and the shunt was rerouted
obliquely, positioned above and to the side of the trigone.
A suture was used to attach the catheter to the back wall of
the bladder via a connecting component. A significant por-
tion of the shunt tubing, measuring 15 cm in length, was left
unsecured and hanging loosely inside the bladder. The
aurthor14 reported that the complication of recurrent ob-
struction was relieved by urethral instrumentation.

In 2001, Ames et al.10 developed a new method of
ventriculovesicostomy without sacrificing a kidney. They
altered the first procedure described by creating a distal
shunt catheter using a polyester cuff, which has antibacterial
properties, at the end of a silicone catheter. A nonabsorbable
suturewas employed to fix this apparatus onto the front wall
of the bladder. The authors10 also created a deep tunnel
running along the front wall of the bladder, which was then
stitched over the catheter. This addition was intended to
position the shunt slightly higher towards the dome of the
bladder, thereby preventing trigonal irritation. To complete
the procedure, aminor incisionwasperformed in thebladder
wall to enable the introduction of the distal shunt. There
were no postoperative complications during the first year of
follow-up; however, they10 highlighted the need of aware-
ness regarding dehydration, ascending infection, and the
potential formation of encrustations on the shunt tube.

Conclusion

Ventriculovesical shunting is an alternative to other CSF
diversion procedures, especially when CSF absorption is
not desired. This option is particularly useful in cases of
LC. More studies are necessary to define the incidence of
complications and reoperations in ventriculovesical shunts.
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Abstract Objective To describe a tubular retractor technique for brain lesions through a series
of cases and to conduct a literature review on intracranial tubular retractors with
emphasis on the syringe port system.
Materials and Methods We described four cases of lesions with an intraventricular
component and different pathological patterns. The surgeries were performed
between April, 2021 and July, 2022. The images were acquired through computed
tomography (CT) and magnetic resonance imaging (MRI) scans and transferred to the
Horos software, version 1.1.7. To make the tubular retractor, a 20-mL syringe and a
14-Fr/Ch, 30-mL/cc Foley probe were used. The syringe was sectioned according to the
planned depth based on preoperative imaging. The syringe was the retractor itself,
while the probe served as a means of dilating the path to the lesion.
Results Gross total resection was achieved in all cases, and the samples collected were
satisfactory regarding the results of the anatomopathological study. All patients evolved
without any additional deficits and with adequate postoperative image control.
Conclusion The syringe as a tubular retractor associated with the Foley probe as a
surgical port dilator was useful, and it enabled the radical resection of intracranial
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Introduction

The advent of minimally invasive surgery in the twentieth
century improved the extent of resection of deep brain
lesions that were once difficult to manage. This was made
possible by the introduction of several surgical techniques,
such as microscopy and endoscopy in association with
auxiliary tools, such as special retractors.

The use of tubular retractors in neurosurgery consists of
placing a transparent tube in the brain parenchyma or in the
vertebral column, which provides better visualization of the
surgical site through both the endoscope and microscope.1

The use of these techniques resulted in fewer intraoperative
and postoperative complications when compared with the
conventional techniques2,3

There are some commercial models of adjustable tubular
brain retractors available, such as the Minimal Exposure
Tubular Retractor (METRx, Medtronic, Memphis, TN, United
States) system and ViewSite (VycorMedical, Inc., Boca Raton,
FL, United States). However, especially in lower- and middle-
income countries, there is a need to develop techniques with
lower costs, which could be done using resources already
present in the local surgical environment. The aim of the
present study was to describe a technical refinement of
cerebral tubular retraction through a series of cases and to
carry out a literature review on conventional intracranial
tubular retractors and the syringe port method.

Materials and Methods

We described four cases of lesions with an intraventricular
component and different pathological patterns. The surgeries
were performed between April 2021 and July 2022. All
patients consented to participate in the study. Brain magnetic
resonance imaging (MRI) scans were acquired using a Discov-
eryMR750w 3.0-T scanner (GE, Healthcare, Chicago, IL United
States)with a 16-channel head coil and the following technical
specifications: gradient– 40mT/m;matrix– 240�240 pixels;
field of view – 240�240mm; and cut thickness – 1mm. The
brain computed tomography (CT) scans were obtained using
the Brilliance CT 64 System (Philips, Amsterdam, Netherlands
with collimation of 20�0.625, 0.348 pitch, 512�512 matrix,
200-mm field of view, 140 kpV, 278mA to 600mA, and 1-mm
thickness.

The image files were imported to the Horos software,
version 1.1.7 (GNU General Public License, version 3), using
the NeuroKeypoint4 smart phone application to position
the craniotomy in the planned location. Three-dimensional
reconstructions of the sulci and gyrus along with the
cortical veins were performed according to the previously
described technique5 for the exact definition of the corti-
cectomy point. Intraoperative ultrasonography was used to
assess any possible tumor residue. The Eximius neuronavi-
gation system (Artis Tecnologia, Brasília, DF, Brazil) was
used in cases 2 and 3.

tumors related to the lateral ventricle, not limiting the use of auxiliary instruments,
neither of microsurgical instruments; therefore, it is an affordable, secure, and
inexpensive method.

Resumo Objetivo Descrever uma técnica de retração tubular para lesões cerebrais por meio
de uma série de casos e realizar uma revisão bibliográfica sobre retratores tubulares
intracranianos com ênfase no sistema dilatador-seringa.
Materiais e Métodos Foram descritos quatro casos de lesões com componente
intraventricular, com diferentes padrões patológicos. As cirurgias foram realizadas
entre abril de 2021 e julho de 2022. As imagens foram adquiridas por tomografia
computorizada (TC) e ressonância magnética (RM), e transferidas para o programa
Horos, versão 1.1.7. Para fabricar o retrator tubular, foram utilizadas uma seringa de
20mL e uma sonda Foley de 14Fr/Ch, 30mL/cc. A seringa foi seccionada de acordo com
a profundidade planejada e com base na imagem pré-operatória. A seringa era o
retrator em si, ao passo que a sonda servia comomeio de dilatar o caminho para a lesão.
Resultados A ressecção total bruta foi alcançada em todos os casos, e as amostras
recolhidas foram satisfatórias com relação aos resultados do estudo anatomopatoló-
gico. Todos os pacientes evoluíram sem quaisquer déficits adicionais e com controle de
imagem pós-operatório adequado.
Conclusão A seringa como retrator tubular associado à sonda de Foley como
dilatador cirúrgico foi útil e permitiu a ressecção radical de tumores intracranianos
relacionados com o ventrículo lateral, e não limitou a utilização de instrumentos
auxiliares, nem dos instrumentos microcirúrgicos, sendo assim um método acessível,
seguro e pouco dispendioso.

Palavras-chave

► retratores tubulares
► microcirurgia cerebral
► lesões cerebrais

profundas
► sistema de porta para

seringas
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During theoperation, theheadof thepatientwasfixedwith
Mayfield 3-point fixation. A small 3-cm craniotomy was
performed, followed by opening of the dura mater and expo-
sure of the brain parenchyma. The transsulcal route was
chosen to minimize the volume of the transgressed cortex
during the introduction of retraction. To make the tubular
retractor, a 20-mL syringe with a diameter of 20mm and a
14-Fr/Ch, 30-mL/cc Foley probe were used (►Figure 1). The
syringewassectionedaccording totheplanneddepthbasedon
preoperative imaging. Initially, with the bipolar forceps, we
made a small corridor through thewhitematter until reaching
the lesion (►Figure 2A). After that, the Foley probe balloon is
progressively inserted and smoothly inflated along the path to
promote the necessary space to position the tubular retractor
(►Figure 2B). The cut end of the syringe was trimmed with a
drill to make it blunt. Once the path was ready, the probe was
inflated with saline solution inside the syringe, obliterating it
completely (►Figure 2C). This strategy is useful to prevent
herniation of the brain parenchyma into the syringe. Once the
retractor waspositioned in thedesired location, the probewas
deflated, enabling access to the lesion (►Figure 2D). In this
case, the syringewas the retractor itself, while the Foley probe
served as a white matter route dissector.

The retractor was not externally fixed. This dynamic
approach enabled us to angle the retractor in different
directions for the procedure, considering the high volume
of the lesions. After proper resection of the lesion, hemosta-
sis was performed and the tube was carefully removed along
the path in a straight line, with the performance of hemo-
stasis, if necessary, along thewhitematter route. All resected
material was sent for anatomopathological and immunohis-
tochemical studies.

Results

Case 1
Case 1 was that of a 36-year-old female patient with a 2-year
history of holocranial and moderate progressive headache
with normal neurological examination. Brain CT and MRI

scans were performed (►Figure 3), which showed an intra-
ventricular lesion (right ventricular atrium) with significant
contrast enhancement. The surgical procedure was unevent-
ful, using a tubular transparietal route with a piecemeal
resection strategy (►Figure 4). The patient evolved in the
follow-upwithout motor and sensory deficits. The patholog-
ical examination showed a grade-I meningioma according to
the 2021World Health Organization (WHO) grading system,
and an immunohistochemical study revealed focal expres-
sion of epithelial membrane antigen (EMA) and positivity for
progesterone receptor, confirming the meningothelial histo-
genesis of the lesion. The cell proliferation index (Ki-67) was
estimated to be of 1%.

Fig. 1 The syringe used as the tubular retractor was sectioned based on the depth of the lesion acquired through neuronavigation and/or
MRI scans (A). After the Foley probe balloon had been progressively inserted and smoothly inflated along the path to promote the necessary
space to position the tubular retractor, the probe must be inflated with saline solution inside the syringe, obliterating it completely (B,C).

Fig. 2 The bipolar forceps being used to make a small corridor
through the white matter until reaching the lesion (A). The Foley
probe being progressively inserted and inflated along the path to
promote the necessary space to position the tubular retractor (B).
Insertion of the syringe over the tube to prevent herniation of the
brain parenchyma into the syringe (C). Tubular retractor positioned to
facilitate surgical handling of the intraventricular lesion (D).
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Case 2
Case 2 was that of a 17-year-old female patient with a previous
history of headache, nausea, and syncope. The neurological
examination revealed bilateral papilledema on funduscopy,
and the motor and sensory functions were preserved. A
Gadolinium-enhanced MRI scan with T1-weighted images
(►Figure 5) showed an isointense expansive right ventricu-
lar/periventricular paramedian solidocystic lesion with central
heterogenous contrast enhancementmeasuring approximately
4.0�2.6�3.8 cm, in addition to a lesion with a right periven-
tricular/frontal cystic component, with peripheral vasogenic
edema,measuring 5.0�4.0�3.5 cm. Resectionwas uneventful
with the use of a tubular retractor, We initially approached the
cystic component, followed by the solid component of the
tumor. The immunohistochemical study revealed diffuse
expression of glial fibrillary acidic protein (GFAP)/S100 protein
and low cell proliferation index (Ki-67<1%). The pathological
findings were indicative of pilocytic astrocytoma (grade-I
according to the 2021 WHO grading system). In the
follow-up, the patient presented good recovery without any
motor or sensory deficits or other complications, with regres-
sion of the papilledema.

Case 3
Case 3 is that if a 28-year-old male patient with a history of
left paresthesia, severe headache, visual blurring, and loss of
strength in the left side of the body, which was worse in the
lower limb. A neurological examination showed preserved

Fig. 3 Preoperative sagittal enhanced brain CT (A) scan. Preoperative MRI scans with coronal T2-weighted (B) and axial gadolinium-enhanced
T1-weighted (C) images showing an expansive lesion in the right atrial region of the lateral ventricle. (D-F) Postoperative MRI scans.

Fig. 4 Visualization of the cortical surface after craniotomy and
opening of the dura mater and its relationship with the image of the
3D reconstruction. The green spot shows the surgical entry point in
the brain parenchyma (A) after insertion of the tubular retractor with
Foley probe dilatation and removal (B). Presurgical 3D reconstruction
of the transparietal entry point (C). Syringe positioned to serve as a
tubular retractor for tumor resection (D)

Arquivos Brasileiros de Neurocirurgia Vol. 43 No. 3/2024 © 2024. Sociedade Brasileira de Neurocirurgia. All rights reserved.

Syringe Port System as a Tubular Retractor Technique for Brain Lesions Moraes et al. 229



cranial nerve functions, left grade-3 complete hemiparesis
and left hemihypoesthesis with asymmetric deep tendon
reflexes, with grade þ2/4 on the right side of the body and
grade þ3/4 on the left side of the body. Coordination tests
were preserved. A Brain MRI (►Figure 6) showed a deep and
large right frontoparietal lesion, infiltrating the right cingu-
late gyrus and corpus callosum, intralesional high signal in
the T1-weighted image suggestive of a hemorrhagic compo-
nent and small areas of contrast enhancement. Its local
expansive effect determined compression of the lateral
ventricles and third ventricle. The tubular surgery was
performed as previously described, achieving gross total
resection (►Figure 7). The patient evolved without any
complications or additional motor or sensory deficits, main-
taining hemiparesis in the left side. The pathological exami-
nation showed a hypercellular neoplasm of anaplastic
morphology, with a fibrillar background, frequent mitotic
figures, including atypical forms. Vascular proliferation and
foci of necrosis were also observed. The immunohistochemi-
cal study revealed GFAP and S100 protein expression, con-
firming the glial histogenesis of the neoplasia. We also
observed expression of the p53 protein in a mutated pattern,
positivity for isocitrate dehydrogenase 1 (IDH1) R132H
mutation and a Ki-67 cell proliferation index of 20%. The
pathological findings were compatible with an IDH-mutated
grade-IV astrocytoma (according to the 2021 WHO grading
system).

Case 4
Case 4 was that of a 51-year-old female patient with history
of frontal headache with associated vertigo who was refrac-
tory to medication use. A neurological examination showed
diplopia, right abducens nerve paresis, and grade-4 left
hemiparesis. A brain MRI showed expansive intraventricular
lesions. Surgerywas performed uneventfullywith thehelp of
a tubular retractor, and the patient evolved maintaining
hemiparesis in the left side, with no cranial nerve deficit. A
pathological examination showed a low-grade fusocellular
neoplasm, with immunohistochemical findings of a grade-II
CD34 positive hemangiopericytoma/solitary fibrous tumor,
with a Ki-67 cell proliferation index<1%. The preoperative
images and step-by-step surgeryof this case are illustrated in
a video with a narration of the tubular retraction technique.

All microsurgical instruments, in addition to the ultra-
sonic aspirator, were used through the tube without ergo-
nomic issues or viewing limitations. Radical resection was
achieved in all cases, and the samples collected were satis-
factory regarding the results of the anatomopathological
study. All patients evolved without any additional deficits
and with adequate postoperative image control.

The lack of an external fixation system did not limit the
procedure. Positioning of the standalone tubular retractor
was feasible, and theworkability of the syringe facilitated the
surgical procedure, and it could be repositioned whenever
necessary, enabling freedom of angulation of approximately

Fig. 5 (A-C)Gadolinium-enhancedT1-weightedMRI scans in theaxial, coronal, and sagittal sections showingpreoperativepilocytic astrocytomameasuring
9.0� 6.4� 7.4, extensively compromising the corpus callosum. (D-F) Postoperative brain CT showing gross total resection.

Arquivos Brasileiros de Neurocirurgia Vol. 43 No. 3/2024 © 2024. Sociedade Brasileira de Neurocirurgia. All rights reserved.

Syringe Port System as a Tubular Retractor Technique for Brain Lesions Moraes et al.230



30° in all directions. Neuronavigation can be useful to define
the path to the injury. Due to the dilation provided by the
Foley probe, which worked as a dissector the white matter
fibers prior to placement of the syringe retractor, the
pressure exerted through the syringe was minimized during
its introduction into the brain parenchyma. The entire

retracted parenchyma could be visualized through the trans-
parent surface of the syringe. When it was removed, the
parenchyma returned to its original shape, with no apparent
damage.

The technique herein reported was in line with other
methods of tubular retraction described in the literature due
to the pressure exerted radially on the parenchyma, making
this retraction mechanism unlikely to cause damage to the
brain tissue, as described in ►Table 1.

Discussion

The use of the tubular retractor described in the present
study proved to be a low-cost, simple, and effective tech-
nique to visualize deep lesions, especially when located in or
related to the lateral ventricle. The approaches were less
invasive compared with the classic microsurgical alternative
with fixed retractors. Furthermore, the transparent surface
of the retractor made it possible to view the retracted
parenchyma, in addition to protecting it throughout the
procedure. This approach enabled the resection of diffi-
cult-to-access lesions with different histology (glioblastoma,
meningioma, and pilocytic astrocytoma).

In the mid-nineteenth century, there was a significant
change in the field of neurosurgery, involving advances in
concepts such as antisepsis, asepsis, anesthesia, brain locali-
zation, and intracranial pressure control. These were of
paramount importance to reduce morbidity and mortality

Fig. 6 Axial gadolinium-enhanced T1-weighted (A), sagittal FLAIR (B) and coronal T2 weightedMRI (C) showing a right deep frontoparietal lesion
with infiltration of the right cingulate gyrus and corpus callosum. Postoperative images: axial gadolinium-enhanced T1-weighted (D), sagittal
gadolinium-enhanced T1-weighted (E) and coronal T2 weighted MRI (F) showing postoperative result with gross total resection without
complications.

Fig. 7 Lesion visualized through the microscope tubular view (A);
intraoperative mobilization of the syringe retractor enabling different
angles of work (B); postoperative ultrasound image showing hypo-
echoic area and the path to the tumor (C); and corresponding sagittal
gadolinium-enhanced T1-weighted MRI (D).
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in patientswho underwent neurosurgery, which encouraged
professionals in the area to turn their attention to more
effective procedures and methods. With intracranial surgery
becoming more accessible, there was a progressive increase
in the need for techniques for brain retraction to better
visualize the surgical field.6

At the beginning of the twentieth century, the first fixed
retractors were created, which did not requirefixed handling
by an assistant. The first fixed retractor, called the Weitlaner
retractor, was created in 1905 by FranzWeitlaner.6 The use of
tubular retractors became popular in the late twentieth
century, and it was first described by Kelly et al.,7 from the
Mayo Foudation’s Department ofNeurosurgery, in Rochester,
Minnesota, United States, in the late 1980s, as a useful
alternative in minimally-invasive surgery, especially in cases
of patients with deep tumors in the brain parenchyma. The
use of this technique in neurosurgeries for lesions in ana-
tomical areas such as the ventricles, the basal nuclei, the
posterior thalamus, the insular cortex, and the basal cisterns
is well described in the literature,8 with a reduction in
morbidity associated with the approach to these lesions.2,9

Thefirst commercialmodel of tubular retractor to be used
was the METRx (Medtronic) system, created in 1985, which
consists of alternating conjugated tubes of variable lengths
and widths, which is more used in spinal surgeries.1 Before
that, devices such as syringes or tube speculums made of
polyethylene were used as a form of tubular retractor.1

Another well-known commercial model available is the
ViewSite (Vycor Medical), which is a clear plastic retractor
that also offers the possibility to change the length in 3
different sizes (3 cm, 5 cm and 7 cm) and 4 widths (12 cm,
17 cm, 21 cm, and 28mm).10 There is no statistical difference
reported in the literature between the different commercial
types of tubular retractors regarding the rate of postopera-
tive complications.11,12

Studies show an equivalence in effectiveness when differ-
ent types of retractors were compared. A meta-analysis
performed byMarenco-Hillembrand et al.11 on four different
types of tubular retractors, including models such as the
ViewSite and METRx, showed a complication rate of 9% in
309 surgeries performed, with no higher percentage linked
to one type over another.

Table 1 Literature review of syringe port as a tubular retractor technique for neurosurgical procedures

Author Number
of patients

Diameter of
syringe

Insertion technique
and path dilatation

Navigation
system

Phathology Complications

Vaish et al.
201426

20 13mm
(5mL)

Syringe introduced
with a Teflon trocar

Under
navigation
guidance
(Brainlab
system)

Colloid cysts No complications
or postoperative
morbidity related

Almubarak
et al. 201822

9 17mm
(10mL)

Syringe introduced
through transsulcal
or transgyral
approach, without
pior dilation

Under
navigation
guidance

Glioblastoma,
gliosarcoma,
toxoplasmosis

Transient afasia
(n¼ 2), weakness
(n¼ 3),
6th cranial nerve
palsy (n¼ 1),
memory
impairment
(n¼ 1)

Singh et al.
201823

62 2.06mm
(5mL);
14.5mm
(10mL);
and
19.3mm
(20mL)

Syringe introduced
with plastic trocar

Under
navigation
guidance

Gliomas,
cavernomas,
metastasis,
lymphomas,
intracranial
bleeding

No complications
or postoperative
morbidity related

Sharif et al.
201924

Not
reported

14mm
(5mL);
17mm
(10mL); and
20mm
(20mL)

Syringe introduced
with plastic trocar

Under
navigation
guidance

Malignant
tumors and
intracerebral
hematomas

No complications
or postoperative
morbidity related

Zhenzhu
et al. 202025

7 5-mL and
10-mL
syringes

Glove-syringe
introduced with
trocar

Under
navigation
guidance

Intracerebral
hematomas

No complications
or postoperative
morbidity related

Moraes et al.
(present
study)

4 20mm
(20mL)

Prior dilation with
Foley probe

Under
navigation
guidance
(Horos
software,
version 1.1.7)

Meningioma,
astrocytoma,
metastasis

No complications
or postoperative
morbidity
observed
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There is a report13 on the use of tubular retractors in the
surgical management of different types of pathologies in the
brain parenchyma, such as intracranial hemorrhages, glio-
mas, vascular lesions such as cavernomas and arteriovenous
malformations, meningiomas, and brain metastases, among
others.

Despite being an extremely useful method to access deep
lesions, the improper and careless use of this technique can
result in cerebral edema and ischemia, generating new iatro-
genic lesions.14 In order to avoid such complications, it is
necessary to correctly plan the surgical path, the diameter of
the retractor, and the pressure exerted by it on the brain
structures. In relation to damage to the brain parenchyma, an
animal study15 has shown that pressures of 25mmHg exerted
focally in a region of the brain parenchyma can cause electro-
encephalographic alterations. Furthermore, Rosenørn16

reports that focal pressures>30mmHg can cause a decrease
in local blood flow in the cerebral parenchyma, especially if
this pressure is maintained for more than 2hours.17 Ogura
et al.14 showed that the pressure exerted bya tubular retractor
did not exceed 10mmHg, which did not result in ischemic
complications in the brain tissue.

A study18 using MRI, which evaluated the damage caused
by tubular retractors in the postoperative period of intra-
parenchymal lesions through T2 fluid-attenuated inversion
recovery (FLAIR) and diffusion-weighted imaging DWI
sequences, did not show a statistically significant increase in
hypersignal images in the FLAIR sequence, suggesting a lower
risk of vasogenic edema due to brain damage in the postoper-
ative period. This reinforces the concept that the use of tubular
retractors are potentially less traumatic than other brain
retraction techniques, although there is not enough data in
the literature for comparison purposes.18 However, this same
study18alsodemonstrated, throughDWI, evidenceofedemaof
cytotoxicorigin in the tissue around the retractedarea.Despite
this finding, much of the brain damage caused by tubular
retractors is transitory and self-limited.19

The lower probability of traumatic events in tubular
retraction may be due to the reduced pressure exerted by
tubular retractors, which is circumferentially distributed
across the cylindrical surface of the tube, unlike other types
of retractors such as blades, which exert a nonuniform
pressure on the brain.7,20 Furthermore, with tubular retrac-
tors, white matter tracts can be divulged and, consequently,
preserved, rather than sectioned, through the passage of the
blunt tip of the retraction instrument and progressive dila-
tion technique.21 It has been described15,16 that tubular
retractors can be harmful to the parenchyma if they exceed
pressures between 25 and 30mmHg. Due to the technical
refinement described in the present case series, with path
dilation performed by the Foley probe and the diameter of
the syringe used (20mm), which is compatible with other
tubular retraction instruments described in the literature
and commercially available, these pressuresweremost likely
not exceeded in the cases herein reported.

Compared to other studies, the use of tubular structures
as brain retractors resulted in fewer intraoperative and
postoperative complications, such as lower levels of blood

loss and shorter hospital stay, when compared with conven-
tional techniques.2 In addition, it presents other advantages
such as smaller corticectomy (of only 2 cm), no thin edges
like mobile retractors, and less brain damage due to the
malleability of the tube, not to mention the fact that it is
simple to position, safer, easy to use, and low-cost.3

It is also worth highlighting the versatility of tubular
techniques. There is the possibility of angulation of the tube
in different directions, with a range of approximately 30°, as
well as the possibility of associating auxiliary techniques such
as endoscopy, further facilitating thevisualizationof the lesion
in any perspective desired by the neurosurgeon. Furthermore,
the 20-mm diameter of the syringe enabled the use of 2
microsurgical instruments at the same time, such as bipolar
forceps and ultrasonic aspirator. The syringewas also an easy-
to-handlemethod, as itdidnotneedapermanentfixationsuch
as other retractors. Theflanges of the syringe served as its own
retainer and were supported on the cortical surface without
any additional damage. The lack of an external fixation system
did not limit the procedure. This method can also be conve-
niently associated with neuronavigation and intraoperative
ultrasound. Ultrasonographywasparticularly useful in assess-
ing the degree of lesion resection in real time. It is one of the
main strategies, besides neuronavigation, to optimize the use
of tubular retractors in the intraoperative period and increase
the extent of resection.9

There are reports in the literature of tubular retraction
methods with syringes associated with microsurgical tech-
niques such as endoscopy or microscopy, which are used in
the resection of lesions such as intracerebral hematomas,
glioblastomas, and gliosarcomas, among others (►Table 1).
Almubarak et al.22 described a technique similar to ours, in
which a retraction system with a syringe and a Foley probe
was used, which has been shown to be useful in preventing
trauma to the brain parenchyma in the path to the injury.
Other articles23–25 have also shown syringe techniques
associated with trocar designed from medical-grade plastic
dilators or gloves as an alternative. None of them showed
significant rates of intraoperative or postoperative compli-
cations.22–26 We believe that our technique shares the same
advantages even with important differences, such as previ-
ous dilatation with the Foley probe, which provides security
in preventing brain damage and probably less damage to the
white matter fibers. Futhermore, our technique did not need
an externalfixator to secure the retractor, since theflanges of
the syringe served as its own retainer. In addition, the tube
itself did not cause damage due to the trim of the cut surface
prior to surgery, the radial pressure exerted by the tube on
the parenchyma resulted in reduced risk of ischemia, and
because its 20-mm diameter is similar to that of other forms
of tubular retraction with low complication rates described
in the literature and commercially available, such as the
ViewSite.11 Additionally, the probe did not cause thermal
injury to the brain parenchyma due to the material the
syringe was made of, which presented low heat absorption.

Neuroradiological planning in this approach is of para-
mount importance. The neurosurgical team must have
acquired brain MRI and/or CT scans following a volumetric

Arquivos Brasileiros de Neurocirurgia Vol. 43 No. 3/2024 © 2024. Sociedade Brasileira de Neurocirurgia. All rights reserved.

Syringe Port System as a Tubular Retractor Technique for Brain Lesions Moraes et al. 233



protocol. Therefore, oblique reconstructions in the coronal
and sagittal planes, perpendicular to the approach, are
possible. Thus, the exact location for corticectomy and
insertion of the tubular retractor can be planned, as well
as the size that the syringe must have for its correct intra-
operative positioning and to estimate the tube angulation.

Despite being commercially available, tubular retractors
are not easily present in public services and are hardly
available through health insurances. It is a problem present
in low-to-middle-income countries, such as Brazil. As a
result, there is a demand to develop creative alternatives
to fulfill this need. Due to this necessity, this method can be a
way to bypass those difficulties.

Conclusion

The use of the syringe as a tubular retractor associated with
the Foley probe as a surgical port dilator was useful in
enabling gross total resection of intracranial tumors related
to the lateral ventricle, not limiting the use of auxiliary
instruments, neither of microsurgical instruments; there-
fore, it is an affordable, safe, and inexpensive method. More
studies with a higher number of patients are needed to
evaluate the possible damage caused by tubular retractors,
especially in comparison with older retraction methods, to
better guide the technique and use of tubular retractors.
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