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Objective Terson syndrome (TS), also known as vitreous hemorrhage, is reported in
patients with subarachnoid hemorrhage caused by a ruptured aneurysm. This study
aims to evaluate the presence of ocular hemorrhage in such patients, trying to identify
those who could benefit from the specific treatment for visual deficit recovery.
Methods Prospective study of 53 patients with spontaneous subarachnoid hemor-
rhage (SSAH) due to ruptured aneurysm. The patients were evaluated for vitreous
hemorrhage through indirect fundoscopy with 6 to 12 months of follow-up.

Results The ages of the patients ranged from 17 to 79 years-old (mean age,
45.9 + 11.7); 39 patients were female (73%) and 14 were male (27%). Six patients
(11%) presented TS, and 83.3% had a transient loss of consciousness during ictus.
Conclusions Anophthalmologic evaluation must be routinely performed in subarach-
noid hemorrhage patients, especially in those with worse neurological grade. More-
over, prognosis was bad in TS patients.

Objetivo A sindrome de Terson (ST), também conhecida como hemorragia vitrea,
tem sido relatada em pacientes com hemorragia subaracnoéidea por ruptura de
aneurisma. O presente estudo tem por objetivo avaliar a presenca de hemorragia
ocular em tais pacientes, visando identificar os que se beneficiariam com o tratamento
especifico para recuperacao do déficit visual.

Métodos Foram estudados, prospectivamente, 53 pacientes com hemorragia suba-
racndidea espontanea (HSAE) por ruptura de aneurisma, em relacao a presenca de
hemorragia vitrea, através de fundoscopia indireta, com seguimento de 6 a 12 meses.
Resultados As idades dos pacientes variaram de 17 a 79 anos (média 45,9 + 11,7), sendo
que 39 pacientes (73%) eram mulheres, e 14, homens (27%). Observou-se que 6 pacientes (11%)
apresentavam ST, sendo que 83,3% tiveram perda de consciéncia transitéria durante o ictus.
Conclusao A avaliacao oftalmolégica deve ser realizada rotineiramente nos pacientes
portadores de HSAE, especialmente naqueles com pior grau neurolégico. Além disso,
os pacientes portadores da ST apresentaram pior prognostico.

DOI https://doi.org/ © 2017. Sociedade Brasileira de Neurocirurgia. All rights reserved.
10.1055/s-0037-1603105. This is an open access article published by Thieme under the terms of the
ISSN 0103-5355. Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given
appropriate credit. Contents may not be used for commercial purposes, or
adapted, remixed, transformed or built upon. (https://creativecommons.org/
licenses/by-nc-nd[4.0/)

Thieme Revinter Publicagbes Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil
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Introduction

The first case reported in the literature showing an associa-
tion between vitreous hemorrhage and subarachnoid hem-
orrhage occurred in 1881, and it was described by a German
ophthalmologist.! In 1900, French ophthalmologist Albert
Terson reported a case of vitreous hemorrhage associated
with spontaneous subarachnoid hemorrhage (SSAH).z'3
Dupuy-Dutemps (1926) named the bleeding of the vitreous
body following SSAH by a ruptured cerebral aneurysm
Terson syndrome (TS).4

The incidence of TS in several studies can range from 3 to
33% of SSAH cases.> However, up to 1950, only 16 cases of this
syndrome were reported in the literature.? Therefore, we
believe that it is reasonable to assume that this condition has
been underdiagnosed.

According to statistics from the United States, the mean
incidence of SSAH from a ruptured aneurysm is 30,000 cases
per year.” Based on an average ST incidence of 10%, there
would be around 3,000 cases per year. Projecting such
numbers to Brazil, there would be ~15,000 cases of SSAH
annually and 1,500 cases of TS per year. The objective of the
present study is to evaluate the incidence of vitreous hem-
orrhage in patients with SSAH due a ruptured aneurysm, its
evolution and relation to prognosis, as well as the evolution
from an ophthalmological point of view, especially regarding
the need for specific treatment.

Casuistry and Methods

Fifty-three consecutive patients with SSAH due a ruptured
aneurysm were evaluated; all patients were treated at the
neurology and neurosurgery department of Santa Casa, Belo
Horizonte, Brazil, from March 1997 to December 2003.
Patients with SSAH without angiographic evidence of aneu-
rysm and those who died prior to the ophthalmologic
evaluation were excluded from the study.

All patients underwent a computed tomography (CT) of
the head and/or a lumbar puncture followed by cerebral
angiography with four vessels visualization. The neurological
evaluation included Fischer, Hunt-Hess and Glasgow scales.
The ophthalmologic examination consisted of indirect fun-
doscopy performed by an ophthalmologist and an ocular
ultrasound in selected cases. Follow-up ranged from
6 months to 1 year, evaluating the presence or absence of
unilateral or bilateral focal deficit and visual complaints.

Statistical analysis was performed using the Student t-tests
and chi-square tests with a Cornfield confidence limit of 95%.

Results

From the 53 studied patients, 39 were women (73%) and 14
were men (27%). Vitreous hemorrhage occurred in 6 cases
(11%), retinal hemorrhage in 6 (11%), and other alterations in
fundoscopy were observed in 15 patients (28%). As for the loss
of consciousness during ictus, 83.3% of the patients with
vitreous hemorrhage presented a period of unconsciousness
against 56.2% of the patients from the general group (p < 0.05).

Arquivos Brasileiros de Neurocirurgia  Vol. 40 No. 3/2021

The amount of blood at head CT, assessed with the
Fischer scale, and the clinical neurological score, based on
the Glasgow and Hunt-Hess coma scales, did not differ
statistically between the groups with or without vitreous
hemorrhage. Regarding the location of the aneurysms in the
general group, 44 cases were at the anterior circulation
(93.6%), and three at posterior circulation (6.4%). All
patients with vitreous hemorrhage had an anterior circula-
tion aneurysm.

Morbidity, that is, presence of focal deficits, was 21% in the
general group and 33% in the TS group, while mortality was
15% and 17%, respectively (p < 0.05). Five of the TS cases
were unilateral, whereas one was bilateral. Only four
patients (67%) had visual complaints. Five patients presented
spontaneous resolution of vitreous hemorrhage, and only
one required specific treatment, a vitrectomy, with visual
deficits recovery.

Discussion

Terson syndrome is common, occurring in 20% of SSAH
cases.® However, the pathophysiology of TS is not fully
understood.! Subarachnoid hemorrhage was initially
thought to accompany the optic nerve, rupturing the
cryptic lamina and reaching the vitreous body.> Electron
microscopy studies negate this hypothesis by demonstrat-
ing that there is no continuity relationship between the
subarachnoid space and the vitreous body.? Another theory
on the cause of vitreous hemorrhage states that it occurs
due to blood infusion through the subarachnoid space,
compressing the central retinal vein, resulting in its en-
gorgement and rupture.” Anatomical studies have shown
that when the cavernous sinus or even the central retinal
vein is occluded, there is no significant increase in venous
pressure or rupture, because there are communicating
venous branches, choroidal anastomoses, which drain the
venous circulation of the eye.2 More recent theories postu-
late that the sudden increase in intracranial pressure, both
in SSAH and some other conditions, would cause an infu-
sion of cerebrospinal fluid (CSF) through the optic nerve
sheath, with consequent compression of the central retinal
vein and its anastomoses, resulting in their rupture and
vitreous hemorrhage.1 This theory would explain the
higher incidence of ictal loss of consciousness in SSAH in
patients with TS, since this loss of consciousness seems to
be associated with a greater increase in intracranial pres-
sure and a transient interruption of the cerebral blood flow
during bleeding.

It has also been shown that patients with worse clinical
status after SSAH have an increased incidence of TS.% Despite
this, there appears to be no difference in the amount of blood
at head CT between the two groups or in Glasgow and Hunt-
Hess coma scales scores, contrary to the literature.” This
suggests that the main mechanism of injury is the sudden
intracranial pressure increase, not blood.’

Regarding the evolution of vitreous hemorrhage, most
cases (80%) improve spontaneously, not requiring specific
treatment, which may vary from vitrectomy to laser use.’

© 2017. Sociedade Brasileira de Neurocirurgia. All rights reserved.



Conclusion

Based on the presented data, we suggest the routine perfor-
mance of an ophthalmologic evaluation in patients with
SSAH, especially those with severe neurological status,
with or without visual complaints, since they have a worse
prognosis and a higher mortality rate.

There was no relationship between the location of the aneu-
rysm, the amount of blood at head CT and vitreous hemorrhage.

In addition, patients with TS should be observed for at
least 6 months prior to vitrectomy, since most of them
present spontaneous resolution of the condition.
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Introduction The carotid-cavernous fistula (CCF) is an abnormal communication
between the arterial carotid system and the cavernous sinus. In most cases, spontane-
ous fistulas are due to the rupture of intracavernous carotid artery aneurisms.
Traumatic fistulas occur in 0.2% of head injuries, and 75% of all CCFs are caused by
automobile accidents or penetrating traumas.

Objective To identify the data regarding the number of annual procedures, hospital
expenses, length of hospital stay, and the number of deaths of patients admitted by the
Brazilian Unified Health System (SUS, in the Portuguese acronym), in the period
between 2007 and 2017, using the surgical code of the surgical treatment for CCF.
Methods The present was an ecological study whose data were obtained by
consulting the database provided by the Department of Computer Sciences of the
Brazilian Unified Health System (Datasus, in Portuguese).

Results A total of 85 surgical procedures were performed for the treatment of CCFs
from January 2007 to October 2017 through the Unified Health System (SUS, in
Portuguese), and there was a reduction of 71.42% in this period. The annual incidence
of patients undergoing this surgical treatment during the period observed remained
low, with 1 case per 13,135,714 in 2007, and 1 case per 51,925,000 in 2017.
Conclusion Despite the low annual incidence of the surgical treatment of CCFs
performed by the SUS in Brazil in the period of 2007-2017, based on the data obtained
on the average length of stay and expenditures in hospital services, it is necessary that
we develop an adequate health planning.

Introducao A fistula carotideo-cavernosa (FCC) é uma comunicacao anormal entre o
sistema carotideo e o seio cavernoso. Na maioria dos casos, as fistulas espontdneas
ocorrem por ruptura de aneurismas intracavernosos da artéria carotida interna. As
fistulas traumaticas ocorrem em cerca de 0,2% dos traumatismos cranioencefalicos,

DOI https://doi.org/ © 2018. Sociedade Brasileira de Neurocirurgia. All rights reserved.
10.1055/s-0038-1657775. This is an open access article published by Thieme under the terms of the
ISSN 0103-5355. Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given
appropriate credit. Contents may not be used for commercial purposes, or
adapted, remixed, transformed or built upon. (https://creativecommons.org/
licenses/by-nc-nd/4.0/)

Thieme Revinter Publicagbes Ltda., Rua do Matoso 170, Rio de
Janeiro, R], CEP 20270-135, Brazil


mailto:ilaanna_sobral@hotmail.com
https://doi.org/10.1055/s-0038-1657775
https://doi.org/10.1055/s-0038-1657775

Palavras-chave

>

fistula carotideo-
cavernosa

sistema Gnico de
salide

assisténcia a satde

Surgical Treatment of Carotid-cavernous Fistula Luna, Costa

sendo que 75% de todas as FCCs sdo causadas por traumas penetrantes ou acidentes
automobilisticos.

Objetivo Identificar os dados a respeito do nimero de procedimentos anuais, os
gastos hospitalares, o tempo de internacdo, e o nimero de 6bitos dos pacientes
admitidos pelo Sistema Unico de Satide (SUS), no periodo de 2007 a 2017, utilizando o
cédigo cirtrgico de tratamento cirtrgico de FCC.

Métodos Trata-se de um estudo ecoldgico, cujos dados foram obtidos por meio de
consulta a base de dados disponibilizada pelo Departamento de Informatica do SUS
(Datasus).

Resultados Foram realizados 85 procedimentos cirtrgicos para tratamento de FCC de
janeiro de 2007 a outubro de 2017 por meio do SUS, e ocorreu uma redugdo de 71,42%
neste periodo. Aincidéncia anual dos pacientes submetidos a este tratamento cirtrgico
durante o periodo observado continuou baixa, apresentando 1 caso para cada
13.135.714 em 2007, e 1 caso para cada 51.925.000 em 2017.

Conclusao Apesar da incidéncia anual do tratamento cirtrgico de FCC realizado pelo
SUS no Brasil no periodo de 2007 a 2017 ter sido baixa, a partir dos dados obtidos sobre
a média de permanéncia e gastos em servicos hospitalares, é necessario um planeja-
mento adequado em salde.

Introduction

Carotid-cavernous fistula (CCF) is an abnormal communica-
tion between the carotid system and the cavernous sinus." It is
classified according to the etiology as traumatic or spontane-
ous; according to hemodynamic characteristics, it is classified
as high- or low-flow; and depending on the angioarchitecture,
itis classified as direct or indirect.? In most cases, spontaneous
fistulas occur by rupture of intracavernous aneurysms of the
internal carotid artery. Traumatic fistulas occur in ~ 0.2% of
cranioencephalic traumas, and 75% of all CCFs are caused by
penetrating traumas or automobile accidents.>*

The signs and symptoms often associated with CCFs vary
in installation speed and severity.>® They are: pulsatile
exophthalmos, pulsatile proptosis, Dandy triad, which con-
sists of blowing and venular dilation with chemosis, diplopia,
and dysfunctions of cranial nerve pairs Il and V; and, in 85%
of the cases, dysfunction of cranial nerve pair IV.

For the initial imaging diagnosis when there is suspicion
of CCF, computed tomography (CT), magnetic resonance
imaging (MRI), angiography by CT, angiography by MRI, or
Doppler are requested.®? However, cerebral angiography is
presented as a gold standard for the diagnosis, classification
and definitive planning of the endovascular intervention due
to the identification of the type, location and size of the
connection, as well as the analysis of the arteriovenous
environment and the presence of coexistent deviations,
mainly ischemic repercussions on the cortex. The differential
diagnosis encompasses a vast field of pathologies, including
intraorbital lesions such as osteoma, hemangioma, fibrous
dysplasia, frontal sinus mucocele and ocular neoplasms.'®

The management of the patient with CCF depends on the
risks, and can be performed conservatively, consisting of drug
treatment and manual compression therapy, surgical treat-
ment, stereotactic radiosurgery, and transarterial or transve-
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nous endovascular repair.!" The surgical approaches are limited
because of the associated morbidity of cranial nerve deficits and
residual fistulae communications, but are indicated when the
proximal arterial access is compromised, preventing endovas-
cular repair, or when failures occur by this method.'? The
approaches may be: ligature of the common carotid artery,
surgical segmental isolation of the fistula, and surgical trans-
venous tamponade. Currently, endovascular therapy is the
procedure of choice for CCFs.'> Some authors advocate treat-
ment at an early stage, especially with the emergence of
intracranial hemorrhage, epistaxis, increased intraocular
pressure, reduction of visual acuity or progressive proptosis.
Carotid-cavernous fistulas may evolve to complications such as
amaurosis, intracerebral hemorrhage, hypertension, cranial
nerve palsy, and subarachnoid hemorrhage.'4'>

Objective

The goal of the present study is to identify epidemiological
data regarding the number of annual procedures, hospital
expenses, length of stay and number of deaths of patients
admitted by the Brazilian Unified Health System (SUS, in
Portuguese) in the period from 2007 to 2017 using the
surgical code of surgical treatment for CCF.

Methods

This is an ecological study, whose data were obtained by
consulting the database provided by the Department of
Computer Sciences of the SUS (Datasus) (http://www.data-
sus.gov.br), which was accessed from October to December
2017. The study sample consisted of all cases of patients
undergoing surgical treatment for CCF (code 0403070090)
from January 2007 to October 2017. New tables were made
based on the data obtained through the Datasus using the

© 2018. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Table 1 Total distribution of the number of surgeries for the
treatment of carotid-cavernous fistula from 2007 to 2017 in the
Unified Health System

Luna, Costa

Table 2 Annual Incidence of patients who underwent surgical
treatment for carotid-cavernous fistula from 2007 to 2017 in
the Unified Health System

Processed year Total AHs %
2007 14 16.47
2008 16 18.82
2009 6 7.06
2010 9 10.59
2011 4 4.71
2012 10 11.76
2013 2 2.35
2014 11 12.94
2015 3 3.53
2016 6 7.06
2017 4 4.71
Total 85 100

Abbreviation: AHs, authorizations for hospitalization.
Note: Source: Ministério da Satde - Sistema de Informagdes Hospital-
ares do Sistema Unico de Satide (SIH/SUS).

Microsoft Word (Microsoft Corporation, Redmond, WA, US)
software. Since a public domain bank was used to obtain the
data, submission of the project to the Research Ethics Com-
mittee was not necessary.

Results

~Table 1 presents the data referring to the surgical treat-
ment of CCF from January 2007 to October 2017. Out of 85
surgeries, 16 occurred in 2008, the year that had the highest
number of cases, representing 18.82% of the total. Comparing
the years 2007 and 2017, a decrease of 10 procedures was
observed.

In a comparative analysis between the number of proce-
dures in this same period and the Brazilian population, it was
possible to notice that, even with the population increase,
the annual incidence of patients undergoing this surgical
treatment remained low: 1 case for each 13,135,714 in 2007,
and 1 case for each 51,925,000 in 2017, as represented
in =Table 2.

Regarding the analysis by region, quantitatively, most
surgeries occurred in the Southeastern region of Brazil. There
were 33 procedures, representing 44.71% of the total. As
observed in =Table 3, the Northern region presented the
smallest number of surgeries in the period, with 1 procedure,
totaling 1.18%.

As evidenced in -~ Table 4, the mean value of the procedure
in 2007 was R$3,078.32, and R$2,463.61 in 2017, represent-
ing a decrease of 19.9%. In the same period, the value of
hospital and professional services suffered a reduction in
expenses of 25.43% and 58.77% respectively.

Arquivos Brasileiros de Neurocirurgia

Processed Total Brazilian Incidence
year AHs population
(millions)

2007 14 183.9 1: 13,135,714
2008 16 189.6 1: 11,850,000
2009 6 190.7 1: 31,783,333
2010 9 191.4 1: 21,266,666
2011 4 192.3 1: 48,075,000
2012 10 193.9 1: 19,390,000
2013 2 201.1 1: 19,390,000
2014 11 202.7 1: 18,427,272
2015 3 204.4 1: 68,133,333
2016 6 206.0 1: 34,333,333
2017 4 207.7 1: 51,925,000

Abbreviation: AHs, authorizations for hospitalization.
Note: Source: Ministério da Saude - Sistema de Informacgdes Hospital-
ares do Sistema Unico de Satide (SIH/SUS).

Table 3 Distribution by region of the number of surgeries for
the treatment of carotid-cavernous fistula from 2007 to 2017 in
the Unified Health System

Region Number %
Northern 1 1.18
Northeastern 16 18.82
Southern 16 18.82
Southeastern 38 44.71
Midwestern 14 16.47
Total 85 100

Note: Source: Ministério da Satde - Sistema de Informacdes Hospital-
ares do Sistema Unico de Satide (SIH/SUS).

In turn, = Table 5 highlights the data regarding the average
length of stay in the hospital, as well as the number of deaths.
The year with the highest average length of stay was 2014,
and there was a variation of 9.8 days between 2007 and 2017.
In relation to the number of deaths, they were only reported
in 2008, 2012 and 2016.

Discussion

In total, 85 surgical procedures were performed for the
treatment of CCF from January 2007 to October 2017 through
the SUS, and there was a 71.42% reduction in the number of
procedures performed in this period. The endovascular
emergency treatment of CCF is reserved for some specific
situations, such as in the presence of pseudoaneurysms and
increased intracranial pressure. The neuroendovascular

Vol. 40 No. 3/2021 © 2018. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Table 4 Distribution of costs in reais (R$) resulting from surgeries for the treatment of carotid-cavernous fistulas from 2007 to 2017

in the Unified Health System

Processed year Total value (RS) Mean value (RS) Value of hospital Value of professional
services (RS) services (RS)

2007 43,096.48 3,078.32 23,116.00 6,760.84
2008 47,783.37 2,986.46 37,318.15 10,465.22
2009 21,628.94 3,604.82 17,097.56 4,531.38
2010 21,768.00 2,418.67 15,273.93 6,494.07
2011 12,587.41 3,146.85 8,880.99 3,706.42
2012 38,547.97 3,854.80 27,847.95 10,700.02
2013 6,189.88 3,094.94 4,222.48 1,967.40
2014 33,170.38 3,015.49 22,707.86 10,462.52
2015 7,641.86 2,547.29 4,811.61 2,830.25
2016 28,954.33 4,825.72 22,022.78 6,931.55
2017 9,854.46 2,463.61 5,880.63 3,973.83

Note: Source: Ministério da Salide - Sistema de Informacdes Hospitalares do Sistema Unico de Satde (SIH/SUS).

Table 5 Average distribution of days of hospital stay and number
of deaths related to surgeries for the treatment of carotid-
cavernous fistula from 2007 to 2017 in the Unified Health System

Processed year Mean stay (days) Deaths
2007 14.3 -
2008 13.6 1
2009 11.7 -
2010 5.2 -
2011 8.3 -
2012 10.4 1
2013 7.0 -
2014 18.3 -
2015 18.0 -
2016 12.0 1
2017 4.5 -

Note: Source: Ministério da Satide - Sistema de Informagdes Hospital-
ares do Sistema Unico de Satide (SIH/SUS).

treatment is reserved for cases in which the conservative
management is ineffective, or before ocular surgical proce-
dures.'®'” The endovascular (arterial or venous) approach is
the current procedure of choice.

The annual incidence of patients undergoing this surgical
treatment during the observed period remained low: 1 case
for each 1.3135.714 in 2007, and 1 case for each 51,925,000
in 2017. Although it is not a common pathology in the
clinical practice, CCF is a diagnostic hypothesis that should
be mandatorily proposed when the clinical picture
suggestive of it, since it can develop with important com-
plications, such as intracranial hypertension and cerebral
hemorrhage.'®1°

In a quantitative analysis according to the Brazilian geo-
graphic regions, most surgeries occurred in the Southeastern

Arquivos Brasileiros de Neurocirurgia
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region, with a total of 44.71%. The Northern region presented
the smallest number of surgeries, with a total of 1.18%. The
population density, the type of work activity, the patient’s
access to health services, and the ability of the health
professional to recognize the pathology are some of the
factors responsible for the differences observed among the
Brazilian regions, which have socioeconomic characteristics
that distinguish the reality of health care.?®

Comparatively, between 2007 and 2017, there was a
reduction in expenditure in SUS services. There was a
decrease of 19.9% in the mean value, and a reduction in
expenses with hospital services and professionals of 25.43%
and 58.77% respectively. The surgical correction of arterio-
venous fistulas frequently required large procedures, such as
occipital or temporal craniotomy in cases of involvement of
the carotid and vertebral arteries. However, with the recent
development of catheters and balloons for the treatment of
CCFs, the surgeries had their size reduced. Large surgeries are
costly for health services, and there is a high probability of
fluid and blood loss.?! With the expansion of the use of new
technologies for CCF treatment, the length of hospitalization
was minimized, decreasing the treatment costs when com-
pared with open interventions as well as the resulting
complications, which also explains the reduction in the
number of days in the average length of stay.

Regarding the number of deaths, which was null in most
years, the data evidenced that the additional information
arising from the evolution and solvability of neuroimaging
techniques increase the accuracy and anticipation of the
topographic diagnosis and facilitate the therapeutic access,
resulting in greater success in the treatment approach.??

Conclusion

Despite the low annual incidence of surgical treatment of
CCFs performed by the SUS in Brazil in the period from 2007
to 2017, the data obtained on the mean length of stay and

© 2018. Sociedade Brasileira de Neurocirurgia. All rights reserved.

213



214

Surgical Treatment of Carotid-cavernous Fistula

expenses regarding hospital services evidenced the need for
a health planning suitable for the Brazilian regions that have
the poorest health care indicators regarding this issue, since
early diagnosis and neurosurgical intervention in a timely
manner promote the reduction of morbidity and mortality.
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Abstract Objective To outline the epidemiological profile of surgical patients treated at the

peripheral-nerve outpatient clinic of a public hospital in the state of Pernambuco,
Brazil, from 2008 (the year this service was implemented in the hospital ) to 2016.
Material and Methods A cross-sectional study with data collection from the medical
records. A descriptive analysis was performed with the qualitative variables presented
as relative and absolute frequencies, and the quantitative variables, as means and
standard deviations. The studied variables were gender, age, diagnosis, and surgical
techniques.

Results In total, 506 medical records were analyzed. Of these, 269 were of male
patients (53%), and 238 were of female patients (46%). The age of the sample ranged
from 5 to 84 years (41 + 14 years). The most prevalent diagnoses were: carpal tunnel
syndrome (38.9%) followed by traumatic brachial plexus injury (33.2%). The first
diagnosis was more frequent among women, while the second, among men. This
collaborates with the predominant findings of upper-limb lesions (91%), in which men
accounted for 52,75% (244) and women, for 47,25% (217).

Conclusion The present study provided relevant information regarding the reality of
peripheral-nerve surgeries performed at a public hospital in the state of Pernambuco,
Brazil. Public health issues increasingly require the continuity of public policies and

Keywords

= epidemiology
= brachial plexus
= carpal tunnel
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Objetivo O presente estudo buscou delinear o perfil epidemiolégico dos pacientes
cirtrgicos atendidos no ambulatério de nervos periféricos de um hospital pablico de
Pernambuco no periodo de 2008 (ano de implantacdo deste servico no hospital) a
2016.

Material e métodos Estudo transversal com coleta de dados em prontuarios. Foi
realizada analise descritiva, com as variaveis qualitativas apresentadas como frequén-
cias relativas e absolutas, e as varidveis quantitativas numéricas, como médias e desvios
padrdo. As varidveis estudadas foram sexo, idade, diagnéstico, e técnicas cirtirgicas.
Resultados No total, 506 prontuarios foram analisados, sendo 269 de pacientes
homens (53%) e 238 de pacientes mulheres (46%). A faixa etaria variou de 5 a 84 anos
(41 + 14 anos). Os diagndsticos mais prevalentes foram: sindrome do tinel do carpo
(38%), sequida por lesdo traumatica do plexo braquial (33%). O primeiro diagndstico foi
mais frequente entre as mulheres, e o segundo, entre os homens. Isto colabora com os
achados predominantes das lesées dos membros superiores (91%), em que os homens
representaram 52.75% (244), e as mulheres, 47.25% (217).

Conclusao O presente estudo forneceu informagdes relevantes sobre a realidade das
cirurgias de nervos periféricos realizadas em um hospital piblico em Pernambuco. Tais
problemas de salde publica precisam cada vez mais da continuidade das politicas

carpo

Introduction

Peripheral-nerve lesions have been extensively studied in
recent years;' however, the diagnosis and treatment are still
a challenging problem that requires an appropriate ap-
proach, adequate electrodiagnostic and imaging studies,
and adequate time for early diagnosis.2

Peripheral-nerve diseases range from traumatic lesions
(that is, stretching, avulsion, crushing, or compression) to
degenerative-infectious conditions. Once damaged, the pe-
ripheral nerves may suffer an interruption in the transmis-
sion of signals, affecting limb function directly through
sensory and motor deficits, or both. In some cases, compres-
sion may lead to a better prognosis (such as in cases of radial
nerve compression), or surgical interventions, such as in
more severe cases (compartmental syndromes in which the
nerve is compressed considerably, for example).> Moreover,
the incidence of individuals with injury to the brachial
plexus after automobile accidents has increased consider-
ably, and is considered a public health problem, since it
aggravates hospitalization costs and treatments, as well as
the labor licenses for those in full working activity.*

Rehabilitation after nerve decompression takes time,
since it depends on axon regeneration (~ 1 mm to 5 mm/day
in adults).” It should also be noted that many factors are
determinants in rehabilitation, such as age, cause of the
injury, the degree of compression, the time of onset of the
problem, and the most appropriate surgery for each case.
Notwithstanding, in most cases, referral to a specialist is
time-consuming, making some types of procedures impos-
sible.® In this sense, outpatient clinics must present suffi-
cient subsidies for accurate semiology and establish the best
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course of action for each patient. Nevertheless, there is still a
lack of complementary tests and continuous rehabilitation to
guarantee the success of the procedure in hospital and
clinical services.

It is also important to point out that peripheral-nerve
outpatient clinics in Brazil are still in development and
expansion; thus, a lot must improve.” Although the state of
Pernambuco (located in Noertheastern Brazil) has one of the
main reference centers for peripheral nerve surgery in the
Northeast, there is no literature describing its reality. Thus,
the present study aimed to trace an epidemiological profile
of patients undergoing peripheral-nerve surgeries from
2008 to 2016 in a public hospital in the state of Pernambuco,
Brazil.

Materials and Methods

The present is a retrospective study conducted within the
confines of the World Medical Association Declaration of
Helsinki, and approved by the Ethics and Research Committee
of our institution (under number 59986616.9.0000.5208).
The present study was based on a secondary database, and
data was collected from the medica records in the second half
of 2017 at the Medical and Statistical Archive Service of the
peripheral-nerve outpatient clinic of Hospital da Restauragdo,
located in the city of Recife. The inclusion criteria were:
medical records containing the description of the clinical
diagnosis and the assessments that confirmed it (that is,
magnetic resonance imaging and electromyography) from
patients of any age submitted to any peripheral-nerve surgery.
The following sociodemographic and clinical data were
obtained: age, gender, diagnosis, surgical technique, and the

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.



prevalence of the affected limbs (upper or lower) in each
year. For didactic purposes, carpal tunnel syndrome was
considered a unique separate group, despite being consid-
ered a compressive neuropathy. In addition, the following
surgeries were grouped into microsurgery for compressive
upper-limb neuropathy because they represented a very
small percentage of the sample: interdigital nerve, ulnar in
the Guyon canal, and median nerve of the proximal forearm.

Regarding age, normality was conducted using the Kol-
mogorov-Smirnov test, and the Mann-Whitney test was
applied using the Statistical Paclage for the Social Sciences
(SPSS, IBM Corp., Armonk, NY, US) software, version 22. For
the qualitative variables, descriptive statistics were con-
ducted and expressed as relative (percentages) and absolute
frequencies (n), while for the quantitative variables, means
and standard deviations were used.

Results

The sample consisted of 506 records, 268 (52.9%) of which
were from male, and 238 (47.1%), from female patients. The
age of the sample ranged from 5 to 84 years (41 + 14 years),
and was significantly different regarding gender (male
patients: 35414 years; female patients: 48+ 12 years;
p <0.01). The patients who sought the most care in the
peripheral-nerve outpatient clinic were men aged 20 to
29 years (17%) without health insurance. On the other
hand, the age range with the highest number of patients
was between 30 and 39 years (13.% - 125 patients) (=Fig. 1).
Carpal tunnel syndrome was the most diagnosed lesion
(38.9% - 197), and it affected more female (34.3% - 174) than
male (4.5% - 23) patients. On the other hand, male patients
were more affected by traumatic brachial plexus injury
(33.2% - 168), followed by compression of the ulnar nerve
(9.3% - 47) and sural nerve tumor (4.6% - 23) (~Table 1).
An essential point of the present study is related to the
large diversity of surgical techniques (=Table 2). It can be
noted that the diagnoses of 47 patients were listed as
compression injury of the ulnar nerve on =Table 1. However,

100+

80+

604

40-

Number o patients

20+
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in =Table 2, only 1 submuscular transposition of the ulnar
nerve was reposted. As the other 46 (17.9%) cases underwent
simple decompression, the patients were classified as mi-
crosurgery for compressive upper-limb neuropathy
(=Table 2). Thus, microsurgery for compressive upper-limb
neuropathy (45.67% - 248 of all surgeries; 35.72% - 194
performed in female patients) followed by brachial plexus
microsurgery (31.% - 170; 29.28% - 159 performed in male
patients) were the most used surgical techniques probably
because the only specialized and reference hospital in the
state of Pernambuco, for these types of surgery was located
in the city of Recife. It is also essential to note that some of the
microneurolysis and nerve biopsies were performed due to
chronic infectious leprosy disease, with the following main
affected nerves: radial, median and ulnar, and facial nerves.
From 2008 to 2012, there was an increase in the number of
surgeries for carpal tunnel syndrome, followed by a gradual
decrease in the subsequent years. On the other hand, the
number of traumatic brachial plexus surgeries increased
almost 5-fold from 2008 to 2016 (=Table 3). It is suggested
that other hospitals in the state also absorbed these
surgeries.

Given the data, it was possible to calculate the total and
partial brachial plexus surgeries performed per year. Out of
18 surgeries (47%), 11 (59%) were for partial plexus lesion
and 7 (41%) were for whole plexus lesion. It is worth
mentioning that these are medium-sized surgeries that
require general anesthesia and are performed according to
the demand of the service (~Table 3).

As shown in =Table 4, most surgeries were performed in
patients between the ages of 20 and 69 years, with the age
group of 30 to 39 years presenting a higher number of
surgeries. However, the age group of 20 to 29 years presented
the highest number of traumatic brachial plexus injuries (61
subjects; 12%), while those with ages between 50 and
59 years presented the highest number of cases of carpal
tunnel syndrome (65 subjects; 12.8%). The predominance of
upper-limb lesions (91%) was also observed, with males
accounting for 52.75% (244), and females, 47.25 (217).

mm Male
=3 Female

L

0-9 10-19

-] -

20-29 30-39 4049 50-59 60-69 70-79 80-89

Age range

Fig. 1 Distribution by age group and gender of the surgical patients at the peripheral-nerve outpatient clinic from 2008 to 2016.
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Table 1 Diagnoses of the study sample according to gender

Diagnosis ALL GENDER
MALE FEMALE
n (%) n (%) n (%)

Compressive lesions

Carpal tunnel syndrome 197 (38.9) | 23 (4.5) 174 (34.3)

Compressioninjury of the | 47 (9.3) 28 (5.5) 19 (3.7)
ulnar nerve

Compression of the radial | 9 (1.8) 7 (1.4) 2 (0.4)
nerve

Compressive neuropathy 2(0.4) 1(0.2) 1(0.2)

of the median nerve

Traumatic lesions

Traumatic brachial plexus 168 (33.2) 157 (31) 11 (2.2)
injury

Traumatic injury of the 11 (2.2) 6(1.2) 5(1)
tibial nerve

Facial nerve injury 8(1.6) 7(1.4) 1(0.2)

Fibular nerve injury 8(1.6) 6(1.2) 2 (0.4)

Traumatic injury of the 7 (1.4) 5(1) 2 (0.4)
median nerve

Traumatic radial nerve 6(1.2) 5(1) 1(0.2)
injury

Traumatic axillary nerve 4(0.8) 2 (0.4) 2 (0.4)
injury

Tumor of the vagus nerve | 3 (0.6) - 3(0.6)

Traumatic sciatic nerve 2(0.4) 2(0.4) -
injury

Traumatic injury by elec 1(0.2) 1(0.2) -
trical shock of the median
nerve

Traumatic ulnar neuroma 1(0.2) 1(0.2) -

Neoplastic lesions

Sural nerve tumor 23 (4.6) 13 (2.6) 10 (2)
Median nerve tumor on 4(0.8) 1(0.2) 3(0.6)
the forearm
Accessory nerve tumor 2 (0.4) 2(0.4) -
Median nerve tumor 2 (0.4) - 2 (0.4)
Supraclavicular lipoma 1(0.2) 1(02) -
TOTAL 506 268 (52.9) 238 (47.1)
Discussion

According to the epidemiological profile of the patients in
our sample, there was a predominance of men with trau-
matic brachial plexus injury and women with carpal tunnel
syndrome. In addition, the former affects more subjects
between the ages of 20 to 39 years, while the latter, between
the ages of 30 and 59 years.

According to the present study, the largest age group
seeking peripheral nerve service was between 20 and
29 years (17%). This corroborates the study performed by
Flores,® which evidenced a predominance of this age group
since it is the period in which individuals are in full labor
activity. This entails high costs for the health system and a
significant socioeconomic impact.g'10

Table 2 Types of surgeries performed in Hospital da Restauragdo
according to gender between the years 2008 and 2016

Type of Surgery ALL GENDER
MALE FEMALE
n (%) n (%) n (%)
Simple decompression
Microsurgery for com- 248 (45.67) | 54 (9.94) 194 (35.72)
pressive upper-limb
neuropathy
Microsurgery of the fib- 8(1.47) 6(1.10) 2 (0.37)
ular nerve
Nerve transfer
Brachial plexus 170 (31.3) 159 (29.28) | 11(2.2)
microsurgery
Motor neurotransfer for | 4 (0.73) - 4(0.73)
the lower limbs
Neurotransference from 2(0.37) 2(0.37) -
the brachial branch to an-
terior interosseous nerve
Nerve transposition
Submuscular transposi- 1(0.18) 1(0.18) -
tion of the ulnar nerve
Biopsy
Sural nerve biopsy for 29 (5.34) 19 (3.49) 10 (1.84)
diagnosis
Ulnar dorsal cutaneous 25 (4.60) 8 (1.47) 17 (3.4)
nerve biopsy for
diagnosis
External neurolysis
Microneurolysis of the 15 (2.76) 15 (2.76) -
radial nerve
Microneurolysis of the 9 (1.65) 8(1.47) 1(0.18)
median and ulnar nerves
Femoral nerve 2(0.37) - 2(0.37)
microneurolysis
Brachial plexus 1(0.18) 1(0.18) -
microneurolysis
Tumor resection
Microsurgery for median | 5 (0.92) 2(0.37) 3(0.55)
nerve tumor
Microsurgery for acces- 2(0.37) 2(0.37) -
sory nerve tumor
Microsurgery for vagus 2(0.37) - 2(0.37)
nerve tumor
Microsurgery for sural 2(0.37) 1(0.18) 1(0.18)
nerve tumor by
schwannoma
Microsurgery for nerve 2(0.37) - 2(0.37)
tumor - malignant lesion
Lipoma resection 1(0.18) 1(0.18) -
Microsurgery for brachi- | 1(0.18) 1(0.18) -
al plexus tumor
Reconstruction with graft
Reconstruction of the axil- | 4 (0.73) 2(0.37) 2(0.37)
lary nerve with sural graft
Reconstruction of the ra- 2(0.37) 1(0.18) 1(0.18)
dial nerve with sural graft
Microneurolysis of the 8(1.47) 6(1.10) 2(0.37)
facial nerve
TOTAL 543 289 (53.22) | 254 (46. 78)
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In this context, the present study showed that 157 (31%)
men had brachial plexus injury throughout the 9 years of
follow-up (2008 to 2016), and that 174 (34%) were women
diagnosed with carpal tunnel syndrome. In the study by
Faglioni et al.,” which was developed in the Department of
Neurosurgery of Universidade de Sdo Paulo, a higher preva-
lence of male patients was observed, with 384 (94.6%)
patients with brachial plexus lesions having a mean age of
28 years. Regarding women, the highest carpal tunnel syn-
drome prevalence was also recorded in the studies by
Chammas et al."" and Kouyoumdjian et al.3

In the study by Narakas,’ 2 neurolysis was used 43 times in
36 patients, mainly to relieve pain, while an autologous
nerve graft was used in 100 patients. The present study
showed that the highest prevalence was of brachial plexus
microsurgery among men (159; 31%). Among the techniques
used in men, we can cite the Oberlain technique, the Sonsak
technique, and the phrenic nerve transfer. Among women,
microsurgery for compressive neuropathy in carpal tunnel
syndrome occurred 174 times (34%).

The present study also collaborated in proving the annual
increase in the number of patients with traumatic brachial
plexus lesions due to the increasing rates of traffic accidents
in the country,?"7 as well as a decrease in patients with carpal
tunnel syndrome cared for at Hospital da Restaurac¢do, which
we believe was due to the services provided at other special-
ized centers in the state.

Conclusion

According to the epidemiological profile outlined in the
present study for surgical patients at Hospital da Restaurac¢do
between 2008 and 2016, there was a predominance of young
men in active working age with a diagnosis of traumatic
brachial plexus injury, and of adult women diagnosed with
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carpal tunnel syndrome, emphasizing the predominance of
upper-limb lesions.
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Introduction The side-to-end hypoglossal-facial anastomosis (HFA) technique is an
excellent alternative technique to the classic end-terminal anastomosis, because it may
decrease the symptoms resulting from hypoglossal-nerve transection.

Methods Patients with facial nerve palsy (House-Brackmann [HB] grade VI) requiring
facial reconstruction from 2014 to 2017were retrospectively included in the study.
Results Intotal, 12 cases were identified, with a mean follow-up of 3 years. The causes
of facial paralysis were due to resection of posterior-fossa tumors and trauma. There
was improvement in 91.6% of the patients (11/12) after the HFA. The rate of
improvement according to the HB grade was as follows: HB Il - 58.3%; HB IV -
16.6%; and HB Il - 16.6%. The first signs of improvement were observed in the patients
with the shortest time between the paralysis and the anastomosis surgery (3.5 months
versus 8.5 months; p=0.011). The patients with HB Il and Il had a shorter time
between the diagnosis and the anastomosis surgery (mean: 5.22 months), while the
patients with HB IV and VI had a longer time of paresis (mean: 9.5 months; p = 0.099).
We did not observe lingual atrophy or changes in swallowing.

Discussion and Conclusion Hypoglossal-facial anastomosis with the terminolateral
technique has good results and low morbidity in relation to tongue motility and
swallowing problems. The HB grade and recovery appear to be better in patients
operated on with a shorter paralysis time.
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Introducao A técnica de Anastomose Hipoglosso-Facial término-lateral é uma técnica
excelente alternativa a classica Anastomose Término-Terminal, pois pode diminuir os
sintomas resultantes da transec¢ao do nervo hipoglosso.

Métodos Pacientes com paralisia do nervo facial (grau VI de House-Brackmann) com
necessidade de reconstrucdo facial foram incluidos retrospectivamente de 2014 a
2017.

Resultados Doze casos foram identificados com um seguimento médio de 3 anos. As
causas da paralisia facial foram devido a resseccao de tumores da fossa posterior e
trauma. Houve melhora em 91,6% dos pacientes (11/12) apos a cirurgia. A maioria dos
pacientes apresentou melhora com HB Ill, 58,3%, grau IV 16,6%, grau Il 16,6%. Os
primeiros sinais de melhora foram nos pacientes com menor tempo entre a cirurgia de
paralisia e anastomose (3,5 meses vs. 8,5 meses) (p =0,011). Pacientes com HB Il e IlI
tiveram menor tempo entre o diagndstico e a cirurgia da anastomose (média de 5,22
meses), enquanto os pacientes com HB IV e VI tiveram um tempo maior de paresia
(média de 9,5 meses) (p =0,099). Ndo observamos atrofia lingual ou alteragées na
degluticao.

Discussao e Conclusao A Anastomose Hipoglosso-Facial término-lateral apresenta
bons resultados e baixa morbidade em relacdo a motilidade da lingua e problemas de
degluticdo. O grau (HB) e a recuperagdo parecem ser melhores em pacientes operados

\/

anastomose cirlrgica

Introduction

Despite the remarkable development of microsurgical tech-
niques and advances in intraoperative facial-nerve monitor-
ing, facial paralysis remains a feared drawback and a major
challenge for the neurosurgeon.-? Paralysis of facial-expres-
sion muscles is a debilitating and psychologically devastating
condition for the patient, leading to a degree of emotional
disability related to self-esteem.? To reduce this social im-
pact, several techniques for facial-nerve restoration have
been described, including nerve anastomosis, free-muscle
transplantation, and lengthening temporalis myoplasty.“'5

Despite the development of new microsurgical techni-
ques, facial-nerve rehabilitation remains challenging. It is
known that end-to-end primary facial-nerve repair, with or
without graft interposition, offers the best hope for recovery
in intracranial and extracranial facial-nerve transection.*>
Occasionally, this anastomosis cannot be performed as read-
ily, especially in cases in which the proximal stump of the
facial nerve in the brainstem is not available, as well as in
cases of facial-nucleus destruction, or even after degenera-
tive nerve alterations.®=® In these cases, hypoglossal-facial
neurorrhaphy is one of the best techniques available to
restore the dynamic expression of the face, and is probably
the most used technique after total facial-nerve rupture in
the cerebellopontine angle (CPA).>¢-8-10

The favorable outcomes in facial-nerve recovery do not hide
the side effects of the end-to-end anastomosis that are associ-
ated with the inevitable hypoglossal-nerve atrophy, mass
movements of the face and speech, and chewing and swallow-
ing difficulties that interfere with daily life.”->~"" Variations of
this technique have been described since 1991, with May’s
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com menor tempo de paralisia.

technique using cable graft.'? A side-to-end hypoglossal-facial
neurorrhaphy with translocation of the intratemporal facial
nerve to the lateral portion of the hypoglossal nerve was
described in 1997 by Darrouzet with similar results, minimiz-
ing tongue atrophy and speech disorders.’>'> Recently, an
hemihypoglossal facial-anastomosis technique has been de-
scribed with minimal tongue atrophy.'®

In the present article, we describe our experience and
results with a case series of 12 patients with facial paralysis
submitted to hypoglossal-facial anastomosis (HFA) by the
side-to-end technique, regarding the assessment of the
preoperative and postoperative factors and recovery of fa-
cial-nerve function.

Methods

The clinical, surgical and hospital records of the patients who
underwent surgery for facial hypoglossal-anastomosis due
to secondary facial paralysis were reviewed from 2014 to
2017 at Instituto de Neurologia de Curitiba (INC). All surger-
ies were performed by a single skull-base neurosurgeon
(Ramina R).

Preoperatively and postoperatively, we recorded data from
the medical records regarding demographics (age, sex, eco-
nomic stratum), the examination of the cranial nerves (facial
mimic, facial tonicity, tongue atrophy and swallow disorders).
The clinical follow-up was performed at 3, 6 and 12 months.
The patients lost to follow up were excluded. Other recorded
information included etiology of the facial paralysis, the
House-Brackmann (HB) facial grading system, and electromy-
ography. A total of 12 patients met these criteria. The time of
facial paralysis was counted as the onset of paresis until the day
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of surgery; in addition, if it presented some type of recovery
after surgery, it was called recovery time. The study was
approved by the Ethics and Research Committee of INC.

Statistical Analysis

The data was analyzed using the Statistical Package for the
Social Sciences (SPSS, IBM Corp., Armonk, NY, US) software,
version 21.0. The qualitative variables are described as
frequency and percentages; the quantitative variables are
presented as mean values. In order to find differences
between the quantitative variables, the non-parametric
Mann-Whitney U test was used, as the numerical variables
were not normally distributed. The statistical significance
was set at a p < 0.05.

Surgical Anatomy and the Technique (Side-to-End HFA)
The patient is placed in the supine position with the head
turned 45° to the contralateral side. A retroauricular-arch
incision is made 2 cm from the ear, exposing the mastoid,
extending it caudally along the anterior border of the ster-
nocleidomastoid muscle (SCM) until just above the angle of
the mandible. The greater auricular nerve that runs in the
subcutaneous fat tissue is dissected and preserved to avoid
transient sensitive disorders of the pinna and mandibular
angle. The mastoid tip is exposed by removing the muscle
attachments.

The facial nerve must be identified where it leaves the
skull in the stylomastoid foramen, anterior to the SCM at the
mastoid process (=Fig. 1). The styloid process is an impor-
tant anatomical reference when locating the main trunk of
the facial nerve, which is lateral from this slender bone,
leading the surgeon to the stylomastoid foramen, where the
nerve can be identified. It is possible to expose and mobilize
the nerve trunk with or without mastoidectomy (~Fig. 1).

The hypoglossal nerve is found deep in the posterior belly
of the digastric muscle at the caudal end of the incision. It is

A

Ruschel et al.

confirmed with a nerve stimulator, followed and dissected
proximally (=Fig. 1).

Partial mastoidectomy of the anterior triangle-shaped
part of the mastoid process is performed with a diamond
drill, leaving only a thin layer of bone over the facial nerve,
which is then removed using a microdissector. The facial
nerve is exposed up to its external genu and geniculate
ganglion, the stylomastoid foramen is opened, and the nerve
is released from the connective tissue and to the parotid
gland. The facial nerve is sectioned near its external genu and
then displaced caudally toward the previously isolated hy-
poglossal nerve. The anastomosis point is defined between
the proximal portion of the facial nerve and the lateral
portion of the hypoglossal nerve. A longitudinal neurotomy
is performed, and the facial nerve is attached to the suture.
The facial nerve passes beneath the digastric muscle without
any tension in order for us to perform a suture with a 10.0
nylon suture. Then, a thin layer of fibrin glue is placed at the
anastomosis site. Cautiously, hemostasis is performed, as we
do not leave the suction drain at closing (~Fig. 2).

Results

In total, 12 patients were submitted to this procedure from
2014 to 2017, with an average follow-up of 3 years
(=Table 1); 8 patients were men (66.6%), and 4 were women
(33.4%). Their ages ranged from 7 to 65 years, and the average
age was 46 years among men, and 55 years among women.
The facial paresis occurred at the left side in 6 subjects (50%),
and at the right side in the other 6 subjects (50%).

Among the 12 cases, in 9 (75%) patients the procedure
was secondary to surgery for skull-base tumors. Vestibular
schwannoma (VS) larger than 3.5cm was the cause in 7
cases; 1 case was a patient with a CPA meningioma, and there
was another patient with jugular glomus tumor. The three
remaing patients had brainstem cavernoma, facial trauma
and congenital paralysis.

B

Fig. 1 Schematic demonstration of the side-to-end reconstruction technique. (A) Skin incision; (B) subcutaneous and muscular dissection
displaying a branch of the hypoglossal nerve reinervating the facial nerve.
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Fig.2 Anatomical details of the side-to-end reconstruction technique. (A) Partial mastoidectomy of the anterior part of the mastoid process. (B and C) The
facial nerve is sectioned near its external genu and then displaced caudally stylomastoid foramen. (D) A longitudinal neurotomy is performed on the
hypoglossal nerve, and the distal stump of the facial nerve is prepared; (E) Suture performed with a 10.0 nylon suture of the lateral portion of the hypoglossal
nerve with the distal stump of the facial nerve. (F) Final aspect of the anastomosis. White arrow: facial nerve; black arrow: greater auricular nerve; asterisk:
hypoglossal nerve; M, mastoid; P, parotid gland; SF, stylomastoid foramen; DM, digastric muscle.

Improvement of the facial paresis was observed in 91.6%
of the patients (11/12). Most patients showed improvement:
HB grade III - 58.3% (7/12); HB grade IV - 16.6% (2/12); HB
grade I1 - 16.6% (2/12); and 1 patient (HB grade VI - 8.4%; 1/
12) did not recover.

The variables evaluated in the Mann-Whitney U test were
postoperative HB and time of paresis until surgery. Patients
with HB II and IIl had an average time interval between
diagnosis and reconstruction surgery of 5.22 months, while
patients with HB IV and VI had an average time of paresis of
9.5 months (p = 0.099). Although not significant (p = 0.099),
we observed a tendency for better postoperative HB related
to the shorter time of intervention (~Table 2).

All patients were evaluated after surgery, and the average
time until nerve recovery was of 5.09 months (range: 3 to 12
months). The onset of nerve recovery was also related to the
lower mean time of facial paresis (p =0.011). Patients who
were operated early, with an average facial paralysis time of
3.5 months, showed signs of nerve recovery in 3 months
(p=0.011). Patients with an average of 8.5 months of facial
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paralysis showed the first signs of recovery in 6 months.
(=~Table 3).

The only patient who did not have any improvement was
the one submitted to a resection surgery due to a brainstem
cavernoma. Among the patients who had mild improvement
(HB grade 1V), one of them had congenital paralysis, and
another was submitted to a resection of VS T4B (vestibular
schwannoma grade T4b, in Hannover Classification of Ves-
tibular Schwanomas). No patient had lingual atrophy or
swallowing dysfunction after surgery.

The side-to-end anastomosis technique favored the re-
covery of the facial nerve in 91.6% of the cases, and in 75% of
them the recovery was significant, with variation in minimal
facial movement and symmetry (HB II, III).

Discussion

Facial-nerve injury is a major concern, mainly regarding the
surgical removal of vestibular schwannomas. The conse-
quence of the lesion, in addition to its serious functional
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Table 1 Data and results of 12 patients who underwent side-to-end hypoglossal-facial anastomosis

Cases Gender Age Side HB Pre HB Post Paresis Cause Hypoglossal Paresis Paresis time
1 M 63 Right \ Il VS N 4d

2 M 37 Right \ v VS N 15m
3 M 55 Left Vi VI BCA N 14 m
4 F 65 Left \ 1 VS N 18 m
5 F 59 Left \ 1 VS N 4m
6 M 7 Right | VI \% CONG N 7y

7 M 49 Right \ I TR N 3m
8 M 61 Left \ 1 MEN N 2m
9 F 58 Right \ Il PARAG N 6m
10 F 39 Left \ 1 VS N T1Tm
11 M 42 Right \ 1 VS N 10m
12 M 55 Left \ 1 VS N 7m

Abbreviations: BCA, brainstem cavernoma; CONG, congenital; d, days; F, female; HB, House-Brackmann facial grading system; m, months; M, male;
MEN, meningioma; PARAG, paraganglioma; TR, trauma; VS, vestibular schwannoma; y, years.

Table 2 Facial nerve recovery by average paresis time - 11

patients”
HB Post N Average paresis time
Iland Il 9 5.22 months
IV and VI 9.50 months
Total 11 p=0.099

Abbreviation: HB, House-Brackmann facial grading system.

Note: * Table showing two groups of patients with facial paresis after
skull-base-tumor surgery with worse (IV and V1) and better (Il and IlI)
outcomes regarding facial-nerve reconstruction. The mean time of
paresis until the reconstruction surgery was related to the postoperative
result (p = 0.099). The patient (number 6) with congenital facial paresis
(with a paresis time of 7 years) was excluded from this sample.

Table 3 Postoperative facial nerve improvement by time of
paresis — 10 patients”

Facial nerve outcomes N Average time from
facial nerve injury
to surgery

Onset of improvement 6 3.5 months

in 3 months

Onset of improvement 4 8.5 months

in 6 months

Total 10 p=0.011

Note: *“The mean time from the paresis to the reconstruction surgery
was related to the onset of nerve recovery (p =0.011). The patient
(number 6) with congenital facial paresis (with a paresis time of seven
years) was excluded. Patient number 3 was not included in this
evaluation, because he did not improve.

deficits, can cause psychological trauma due to facial asym-
metry that has been less accepted nowadays.1‘3 Regarding
the different etiologies, the neurosurgeon is more likely to
deal with traumatic'’ and neoplasic lesions.'”-'® Facial pa-
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ralysis is one of the main complications in cases of vestibular-
schwannoma surgery. Even with microsurgical techniques
and advances in facial-nerve intraoperative monitoring,
facial paralysis remains a feared result, with an incidence
of 3% to 19% in the main modern series.'?~?

A wide variety of reconstructive techniques have been
described for reconstruction, using muscle transfers, free-
muscle grafts, shortening or plication of weakened muscles,
dermal transplants, fascial transplants, and redundant-skin
removal.?> When the the proximal stump of the facial nerve
is not available, a neural anastomosis can be performed. The
most used donor nerve is the hypoglossus, which is con-
nected to the facial nerve at the level of the stylomastoid
foramen.

Facial-nerve reinnervation surgery with HFA is indicated
when direct nerve repair is not possible and the facial
muscles are viable. The three main indications are loss of
the proximal part of the facial nerve at the brainstem in the
CPA, destruction of the facial motor nucleus (as in pontine
hemorrhages due to cavernomas) and internal axonotmesis.
Additionally, as may be presumed, it is also indicated in cases
in which, during a CPA operation, the nerve appears to be
anatomically preserved, but functional recovery does not
occur after 12 months.?

The facial and hypoglossal nerves have a cortical topo-
graphic proximity in the motor cortex. Both nerves receive
afferent input from the trigeminal reflex, and act synergisti-
cally in the coordination of some mimic and prandial func-
tions; furthermore, both contain myelinated motor fibers
with similar fascicular anatomy.23’24

Reinnervation occurs in 4 to 12 months. Approximately
70% of the patients obtain good results, with the function of
the facial nerve classified as “good”, or as HB grade I11.'%-24
Although some authors initially reported that the onset of
facial-nerve remission can occur up to 2 years after tumor
resection, the reconstruction operation did not show a
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difference between the early and late treatments.” Therefore,
the performance of nerve reconstruction procedures is rec-
ommended within six months to one year after the paralysis.
After this first year, the results are uncertain and less
satisfactory.&18 According to a recent independent meta-
analysis of types of techniques, cases within 1 year after
facial paralysis had better recovery.” In the present series, we
observed that the earlier facial reconstruction was per-
formed, the earlier was the onset of improvement. In the
present study, we observed a statistically significant associ-
ation (p =0.011) between the time from facial-nerve injury
to reinnervation surgery lower than 4 months, and an onset
of improvement within 6 months. This could mean that early
surgery would improve the outcome. We examined 12 cases
and found a statistically significant result, but we know that a
larger sample is needed to corroborate the results of the
present study.

Several degenerative phenomena occur during facial-
nerve injury, such as muscular atrophy, nerve fibrosis, de-
generation of the pontine nucleus, and degeneration and loss
of information plasticity in the facial area of the motor
cortex. Therefore, the reconstruction procedure must be
performed before the degenerative mechanisms can evolve,
making recovery of facial-nerve function more difficult.?

Some studies’ have demonstrated a relationship between
the improvement in nerve function and the interval until the
reconstruction surgery. Patients with delayed surgery did
not have a functional improvement as good as that of the
patients submitted to surgery before 6 months of the
diagnosis.’

In the present study, we observed a trend towards a better
postoperative HB related to the shorter paresis time (~Table 2).
Although without statistical significance (p = 0.099), due to the
small sample size, we observed a favorable postoperative
evolution in most cases, especially in those patients operated
with shorter time of paresis after the diagnosis.

The recovery time of the nerve was also related to a longer
interval between the injury and the nerve reconstruction
surgery.'? In these cases, complete recovery, according to
Rebol et al'® and Catli et al,> can be observed after 2 years of
the nerve reconstruction surgery.m'25 Radiotherapy was also
associated to delayed nerve recovery, including a recommen-
dation for these cases of more aggressive resection with early
hypoglossal-facial anastomosis, rather than a more conser-
vative resection with partial tumor excision and facial
paralysis.10

Regarding the causes of the paresis, our results show
worst outcomes in one patient after a resection of a cavern-
ous angioma in the brainstem, one case of congenital facial
paralysis, and another case of vestibular schwannoma. Stud-
es'0 show that patients with facial paralysis after resection
of a vestibular schwannoma obtained better results than
those with meningiomas or other tumors, regardless of the
anastomosis technique.'® These results were also indicated
by other authors>?®; they state that even with a short
interval between the neural damage and the reconstruction
surgery, histopathological findings of greater nerve fibrosis
were found.?® A meta-analysis of 293 patients operated using
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the end-to-end HFA technique showed that cases with facial
paralysis due to traumatic events or facial neuroma had a
worse outcome than those with vestibular schwannomas.”

The classic end-to-end HFA technique is an effective
procedure with excellent facial tonicity in the postoperative
control."’ However, complete transection of the hypoglossal
nerve causes ipsilateral hypoglossal atrophy, with speech
and swallowing changes. In addition, the axonal load be-
tween the hypoglossal nerve and the facial nerve leads to
dyskinesia and spasms.”%10

A comparison between the classic end-to-end and the
side-to-end techniques presented equivalent results in terms
of facial-nerve recovery.>'? However, the side-to-end tech-
nique minimized tongue atrophy and speech disor-
ders.’>142% Furthermore, the classic technique is more
restricted to patients who already have deficits related to
the lower cranial nerves. Hemihypoglossal-facial and mas-
seteric-facial anastomosis are also options to improve facial-
nerve function with lesser complications.?’3! Both techni-
ques present decreased morbidity and average outcomes
compared with classic HFA.?’! In many studies in the
literature,?’=3" there is wide evidence to support their
application. Although the masseteric-facial anastomosis
technique seems to be technically easier, the outcomes
tend to be equal or worse than those of the HFA.27~32

Regarding the complications of side-to-end HFA, few
articles with a low number of patients have been published.
In a study conducted by Samii et al,'® 1 out of 17 patients
developed lingual hypotrophy. Two other studies describe a
patient with tongue-movement weakness>?> and another
with motility alteration.'® In the present study ,we used
the side-to-end anastomosis technique, and no complica-
tions or major drawbacks, such as tongue atrophy or other
swallowing disorders, related to the hypoglossal-nerve sec-
tion were found.

Conclusion

Postoperative peripheral facial palsy in skull-base surgery is
a condition that can be treated with facial nerve reconstruc-
tion techniques such as the HFA. The side-to-end anastomo-
sis technique has significantly favored the recovery of facial-
nerve function in most cases, with slight changes in symme-
try and facial movements. The cases with greater paralysis
time were those that had the worst results. In addition, no
operated patients had alterations in tongue motility or
atrophy, swallowing disorders, or even other complaints
related to the hypoglossal-nerve damage.
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Abstract Introduction Dorsal root entry zone (DREZ) leasioning (DREZ-otomy) is considered an
effective treatment for chronic pain due to spinal cord injuries, brachial and lumbosa-
cral plexus injuries, postherpetic neuralgia, spasticity, and other conditions. The
objective of the technique is to cause a selective destruction of the afferent pain
fibers located in the dorsal region of the spinal cord.

Objective To identify and review the effectiveness and the main aspects related to
DREZ-otomy, as well as the etiologies that can be treated with it.

Methods The PubMed, MEDLINE and LILACS databases were used as bases for this
systematic review, having the impact factor as the selection criteria. The 23 selected
publications, totalizing 1,099 patients, were organized in a table for systematic analysis.
Results Satisfactory pain control was observed in 70.1% of the cases, with the best
results being found in patients with brachial/lumbosacral plexus injury (70.8%) and the
worst, in patients with trigeminal pain (40% to 67%).

Keywords Discussion Most of the published articles observed excellent results in the control of
= neuropathic pain chronic pain, especially in cases of plexus injuries. Complications are rare, and can be
= dorsal root entryzone minimized with the use of new technologies for intraoperative monitoring and imaging.
= radiculopathy Conclusion DREZ-otomy can be considered a great alternative for the treatment of
= spinal cord chronic pain, especially in patients who do not tolerate the side effects of the

medications used in the clinical management or have refractory pain.

Resumo Introducao O lesionamento da zona de entrada da raiz dorsal (dorsal root entry zone,
DREZ), ou DREZ-otomia, é considerado um tratamento eficaz para a dor crénica
decorrente de lesoes medulares, lesdo dos plexos braquial e lombossacro, neuralgia
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Palavras-chave

= dor neuropatica

= zona de entrada da
raiz dorsal

= radiculopatia

= medula espinal

pos-herpética, espasticidade, entre outras lesdes. O objetivo da técnica é causar uma
destruicao seletiva das fibras localizadas na regido dorsal da medula espinal, entre elas
as fibras aferentes de dor.

Objetivo Identificar a efetividade da DREZ-otomia e as principais etiologias que
podem ser tratadas por este procedimento, e revisar os principais aspectos relaciona-
dos a técnica.

Métodos As bases de dados do PubMed, MEDLINE e Lilacs foram utilizadas na
realizacdo desta revisdo sistematica, tendo o impacto como critério de selecdo. As
23 publicacdes selecionadas, totalizando 1.099 pacientes, foram organizadas numa
tabela para andlise sistematica.

Resultados Controle satisfatério da dor foi observado em 70,1% dos casos, sendo que
os melhores resultados foram encontrados em pacientes com lesdo dos plexos
braquial/lombossacro (70,8%), e os piores, em pacientes com dor neuropatica do
nervo trigémeo (40% a 67%).

Discussao A maioria dos artigos publicados encontrou dtimos resultados no controle
da dor cronica, principalmente na dor relacionada a lesao de plexos. As complicacbes
sao raras, podendo ser minimizadas com o emprego das novas tecnologias de
monitoracdo intraoperatéria e imagem existentes.

Conclusao A drezotomia pode ser considerada uma 6tima alternativa para o trata-
mento da dor crénica, especialmente em pacientes que ndo toleram os efeitos
colaterais das medicagGes utilizadas no manejo clinico ou apresentam dor refrataria.

Introduction

Neurosurgical procedures should be considered as a possible
treatment for chronic pain refractory to pharmacotherapy
and other treatments." Over 100 million adults in the United
States are afflicted with chronic pain conditions by different
causes (chronic diseases, peripheral nerve disorders and
primary pain disorders) that play an important role in the
patient’s quality of life.?

Chronic neuropathic pain seems like a disease in itself,
without any benefit or protective significance that characterizes
the role of nociceptive pain in the human body. This illness
imposes economic burdens to individuals and society, which can
be observed in studies that suggest that patients with chronic
pain experience worse health-related quality of life than the
general population.“"6 Moreover, some epidemiological studies
have also reported the negative effect that chronic pain has on
health conditions, since it can be associated with more symp-
toms of anxiety and depression, and poorer sleep quality.’

The lesion of the dorsal root entry zone (DREZ) is consid-
ered an effective procedure to treat this type of pain. The goal
of DREZ lesioning is to create a selective destruction of
neurons and fibers that enter the DREZ and, by this mean,
cut off the pain circuit and relieve the symptoms.® The idea
for the DREZ operation came to be in the early 1970’s, after
the introduction of the gate-control theory by Melzack and
Wall in 1965. It was discovered that electrical stimulation
was able to reduce certain types of pain. Thus, it became clear
that the modulation of DREZ was important to understand
the pain mechanisms.® The first surgical attempts were made
in 1972 to determine whether a destructive procedure in the
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DREZ was feasible, safe and effective. This procedure was
described as microsurgical DREZ-otomy (MDT), and it con-
sisted of an incision and bipolar coagulations performed
ventrolaterally at the entrance of the rootlets into the
dorsolateral sulcus. The lesion penetrates the lateral part
of the DREZ and the medial part of the tract of Lissauer,
extending down to the apex of the dorsal horn. The latter is
recognized under the surgical microscope by its brownish-
gray color. The typical lesion is 2 mm deep, and it is made at a
45° angle medially and ventrally.'°

Recently, other types of DREZ-lesioning techniques have
been described to better achieve the expected results regard-
ing the symptoms of the patient symptoms. Hence, the aim of
the present study is to clarify, by a literature review, the
results with different DREZ operation techniques to treat
conditions involving neuropathic pain.

Methods

The PubMed, MEDLINE and LILACS databases were searched
for manuscripts related to the DREZ operation. All relevant
articles were included in the present review. Additionally,
the reference sections of these articles were evaluated, and
papers that provided important information regarding the
subject were included. The results and conclusion of these
articles were summarized in a chart. All types of studies were
accepted, including other literature reviews. Articles that did
not provide data regarding the effectiveness of the technique
were not included. The selection protocol followed the
flowchart in =Fig. 1.

Vol. 40 No. 3/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Potentially relevant essays about the DREZ operation

identified through the keywords in indexed databases (n =

Essays excluded
because of irrelevant
titles and abstracts

(n = 68)

127)

—|

Potentially relevant essays included after review of the full

Reviews excluded
after further text
mvestigation (n = 40)

Clinical trials included
(n=4)

Fig. 1 Selection of articles.

Results

In total, 23 articles were included in the present review,
totalizing 1,099 patients. The articles retrieved were written
between 1986 and 2017. All data collected was summarized
in =Table 1, including the conclusion, year and number of
patients evaluated.

Out of the 23 articles, 10 performed the procedure for the
improvement of chronic pain related to spinal cord injury, 4,
due to phantom pain, 13, due to lesion of the brachial or
lumbosacral plexuses, 4, due to postherpetic neuralgia, 2,
due to cauda equina lesion, 3, due to hyperspastic states, 3,
due to facial pain of multiple causes, 3, due to peripheral
nerves, 1, due to deafferentation pain syndromes, and 2 for
the control of cancer pain (~Table 1).

For cervical DREZ lesioning, the highest percentage of
good or excellent pain relief was found regarding cancer pain,
hyperspastic states and cervical root avulsion. Plexus inju-
ries, spinal cord injury, peripheral nerve injury and hyper-
spastic states were the etiologies related to the best results
with conus medullaris DREZ lesion (~Table 1).

Nucleus caudalis DREZ lesion was the technique with the
fewer number of patients (n=41). All of them underwent
surgery due to facial pain. The median percentage of good or
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text (n = 59)

—|

Essays included in the article (n = 23)

excellent pain relief was of 60% (range: 40% to 73%). Due to
the small sample, these results may not show the actual
effectiveness (~Table 1).

Discussion

Considerations Regarding the Nonsurgical
Management of Pain

There is a vast range of pharmacological and nonpharmaco-
logical treatments available, including different mechanisms
to control the pain pathway. In general, the pharmacological
treatment is well tolerated by the patients; nevertheless,
some of those treatments have potentially complicated side
effects.!

Antiepileptics, such as gabapentin and pregabalin, can be
considered the most popular drugs to treat neuropathic pain.
Pregabalin is approved for the management of pain due to
diabetic peripheral neuropathy, postherpetic neuralgia, fibro-
myalgia, and neuropathic pain due to spinal cord injuries.' 12
Recently, the combination of intravenous ketamine and oral
gabapentin was evaluated in a double-blinded, randomized,
controlled trial on complicated neuropathic pain. This study
showed an important improvement in pain scores in compar-
ison to the placebo group.'® Anticonvulsants, like phenytoin

Vol. 40 No. 3/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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and carbamazepine, and other older-generation antiepileptic
drugs (phenobarbital and valproic acid) have unfavorable
metabolic and interaction profiles; thus, they are being less
and less prescribed nowadays.'*

Tricyclic antidepressants can modulate afferent pain
pathways by increasing the levels of serotonin and norepi-
nephrine in the central nervous system. Tricyclics have
proven to be effective in the treatment of several chronic
pain conditions, and can also be considered a first-line
treatment in patients with neuropathic pain. Although these
medications tend to be well-tolerated, various side effects
are described, which are caused by the serotonergic, norad-
renergic, and anti-histaminergic properties of these drugs.
These adverse effects include: bladder retention, prolonged
QT interval, sedation etc."

Cannabinoids have received a lot of attention in recent
years. This is due to studies that have shown their analgesic
effects for non-cancerous pain. While cannabinoids tend to
be well-tolerated with mild, transient side effects, more
studies are required to prove the effectiveness and security
of these drugs for the treatment of neuropathic pain.'®'’

Surgical Treatment

Lesioning of the DREZ is a well-established surgical treat-
ment for neuropathic pain. This procedure can be considered
effective, safe and well-tolerated by most patients, justifying
its frequent use.

Since the first description, DREZ lesioning evolved consid-
erably. Created as a method for pain control for patients with
chronic pain following brachial plexus avulsion, it can be used
for many conditions, such as deafferentation pain, postpara-
plegia pain, painful spasticity, facial pain, cancer pain, post-
herpetic neuralgia, and brachial and sacral plexus avulsions.

The effectiveness of DREZ lesioning is based on the physio-
pathology of these diseases. They have in common neuropath-
ic pain, which can be caused by imbalances between excitatory
and inhibitory somatosensory signaling, alterations in ion
channels, and variability in the way that pain messages are
modulated in the central nervous system.'8

The dorsal root of the spinal cord contains the axons from
the primary afferent fibers originated in nociceptive receptors,
which are responsible for the connection between the periph-
eral nervous system and the central nervous system. These
neurons can ascend or descend a few vertebral levels through
the tract of Lissauer. They enter the spinal cord through the
dorsal root, where neurotransmitters are liberated, activating
the second-order neurons located in the dorsal root.
The second-order neurons ascend in the spinal cord through
the lateral spinothalamic tract and spinal lemniscus until they
reach the primary somatosensory cortex, where the informa-
tion is processed. Considering these anatomophysiological
aspects, it is simpler to understand why the destruction of
the dorsal root has the potential to modulate neuropathic pain.

However, DREZ lesioning does not affect only pain fibers.
The procedure has the ability of interrupting the unmyelinated
and small myelinated fibers (considered tonigenic by their
nociceptive input), as well as the large myelinated fibers going
to the ventral horn, which are situated laterally and centrally in
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Fig. 2 Vessels along the sulcus.

the DREZ respectively. At the end, the targets for lesioning are
the central portion of the dorsal rootlets, the lateral part of the
tract of Lissauer, and mainly the first five dorsal layers of the
dorsal horn, where the (deafferented) hyperactive neurons are
located (which are involved in the physiopathology of neuro-
pathic pain) or where the excitatory segmental circuitry of
tone is situated (which is involved in spasticity) .

The procedure is performed in prone position, and, depend-
ing on the level of the spinal cord, it may require a three-point
cranial fixation device to align and immobilize the spine and
skull.’® The laminectomy level should be determined based on
the symptomatology, which generally follows specific derma-
tomes, demanding the bilateral destruction of fibers. Hemi-
laminectomies can be used for postherpetic neuralgia, or less
frequently for single-dermatome pain or unstable spine.
Patients undergoing a conus medullaris DREZ generally have
laminectomies from levels D10 to L1, while patients undergo-
ing nucleus caudalis or solitarius lesions undergo a small
suboccipital craniectomy and CI-C2 laminectomies.'?

The dura mater and arachnoid are opened in the midline.
Some structures, like the serpiginous vessels (~Fig. 2), may be
present along the sulcus, so they must be retracted to enable a
proper visualization of the region. Once the DREZ is located
(=Fig. 3), the electrode can be introduced. Radiofrequency
lesions are generally made at 75°C for 15 seconds, at 1 mm
intervals along the intermediolateral sulcus, including the entire
altered zone. The electrode should penetrate 2.0 mm deep and
be held at a 25° angle into the dorsal nerve rootlet (~Fig. 4). The

Fig. 3 Delimitation of the posterior medial sulcus (PMS).

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.



Fig. 4 DREZ lesioning using the electrode.

procedure is extended to the segments corresponding to the
pain territory, including one level above and one below.?°

Takai and Taniguchi®> described a posterior horn lesion
using a microsurgical tumor forceps with a dissection tech-
nique at a depth of 4 mm to 5 mm from the surface of the DREZ.
This new technique is based on recent findings regarding
neuropathic pain suggesting the involvement of deeper layers
of the gray matter of the spinal cord in pain conduction.?? This
justifies the performance of deeper lesions on the posterior
horn.

Another interesting fact regarding DREZ lesioning is the
worse results found in conditions with diffuse pain. This seems
to be related to the delimitation of the appropriate lesion level,
which can be difficult depending on the case. Chun et al.?!
described a modified DREZ lesioning procedure performed on
both the complete injury zone (directly-injured cord level
following spine injury) and the incomplete injury zone (indi-
rectly-injured cord level identified on magnetic resonance
imaging by signal change). This technique showed better
results for diffuse pain than the original one, so they concluded
that DREZ lesioning should be performed from the injured
level up, including all abnormal rootlets above the level of the
injury.

Sindou and Jeanmonod“” reported a series of 53 patients
with harmful spasticity in one or both lower limbs. These
patients underwent MDT for their painful state or abormal
postures (either hyperextention or flexion). Spasticity and
spasms decreased or were abolished in most patients, 75%
and 88.2% of them respectively. Abolition of sensation was
found in less than 10% of the patients. This study showed that
MDT has the potential to significantly improve the quality of
life of the patients. In 2017, Sitthinamsuwan et al.?> Pub-
lished a study comparing DREZ lesioning and selective dorsal
rhizotomy in fifteen spasticity patients. They concluded that
DREZ lesioning is more effective to reduce spasticity, but
more destructive than selective dorsal rhizotomy. Due to
this, they suggested that DREZ lesioning should be preferred
for bed-ridden patients, white selective dorsal rhizotomy, for
ambulatory patients.

In 2016, Sindou and Georgoulis?® published a case series
of 3 patients with focal dystonia who underwent cervical
microsurgical DREZ-otomy. They noticed that all patients
maintained the relief of hypertonia, the sustained abnormal
dystonic postures remained absent, and most of the func-
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tional benefit was still present at the last follow-up. No
patient suffered total loss of tactile sensation and proprio-
ception. However, thermal and nociceptive sensations al-
most disappeared in all three patients. Moreover, patients
did not develop neuropathic pain.?°

The complications associated with DREZ lesioning can be
separated into two different groups: over-lesioning and under-
lesioning. The most common complications regarding over-
lesioning are paralysis and dysesthesia, due to the destruction
of adjacent pathways in the spinal cord (the lateral cortico-
spinal, rubrospinal and spinocerebellar tracts, and the dorsal
fasciculus). Genito-sphincterian deficits are another possible
complication.'® On the other hand, ineffective pain control
represents the under-lesioning complications.

To minimize the complications, it is imperative to choose
the right spinal cord level, size of the lesion and angle of
insertion. Henssen at al.?’ conducted a study in 2019 to
measure the angle between the DREZ and the posterior
median sulcus (PMS). They made 11.7-T post-mortem mag-
netic resonance images and compared them to polarized
light imaging microscopy to determine the fiber orientation
of the dorsal horn tracts. The median angles between the
DREZ and the PMS were of 40.1° (left hemicord) and 39.8°
(right hemicord). With these results, they concluded that an
insertion angle of 25° should be recommended for DREZ
lesioning.

Another study, conducted in 2019 by Monaco et a
described a real-time imaging technique to optimize DREZ
lesioning using intraoperative ultrasound (US), which can
determinate the exact location of the gray matter and dorsal
horn. The US enables a correct positioning of the needle
during the puncture, a proper angular adjustment, and a
controlled depth.

1,78

Conclusion

Lesioning of the DREZ is an effective and safe procedure that
should be considered a treatment for neuropathic pain due to
diverse etiologies. Even though the pharmacological treat-
ment is a possibility for the non-complicated cases, the
surgical procedure is related to better results and fewer
side effects. Thus, the treatment must be individualized,
considering the quality of life and the decision of the patient.
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Spasticity is a motor disorder that leads to a resistance to passive joint movement. Cerebral
palsy is the most important cause of spasticity and can be caused by several factors,
including multiple gestations, alcoholism, infections, hemorrhages, drowning, and trau-
matic brain injuries, among others. There are many scales that help to measure and monitor
the degree of impairment of these patients. The initial treatment should focus on the causal
factor, such as tumors, inflammation, degenerative diseases, hydrocephalus, etc. Subse-
quently, the treatment of spastic musculature includes oral or intrathecal myorelaxants,
spinal cord electrostimulation, neurotomies, Lissauer tract lesion, dentatotomy and selec
tive dorsal rhizotomy. The latteris a safe technique, possible to be performed in most centers
with neurosurgical support, and it is effective in the treatment of severe spasticity. In this
article, the authors describe the surgical technique and conduct a review the literature.

A espasticidade é um distGrbio motor que leva a um quadro de resisténcia ao
movimento articular passivo. A paralisia cerebral é a mais importante causa de
espasticidade e pode ser causada por diversos fatores, tais como gestacoes multiplas,
alcoolismo, infeccdes, hemorragias, afogamento, lesGes cerebrais traumaticas, entre

DOI https://doi.org/
10.1055/s-0038-1623514.
ISSN 0103-5355.

© 2018. Sociedade Brasileira de Neurocirurgia. All rights reserved.
This is an open access article published by Thieme under the terms of the
Creative Commons Attribution-NonDerivative-NonCommercial-License,
permitting copying and reproduction so long as the original work is given
appropriate credit. Contents may not be used for commercial purposes, or
adapted, remixed, transformed or built upon. (https://creativecommons.org/
licenses/by-nc-nd/4.0/)

Thieme Revinter Publicagbes Ltda., Rua do Matoso 170, Rio de
Janeiro, R], CEP 20270-135, Brazil



Surgical Treatment for Spasticity: Selective Dorsal Rhizotomy Teixeira et al.

outros. Existem muitas escalas que ajudam a mensurar e acompanhar o grau de
acometimento desses pacientes. O tratamento inicial deve focar no fator causal, como

Palavras-chave

= espasticidade

> rizotomia

= paralisia cerebral

= monitorizacao
intraoperatéria

= cirurgia

Introduction

Spasticity is a motor disorder characterized by increased
muscle tone, leading to a frame of resistance to passive
articular movement. In the clinical practice, spasticity is one
of the positive signs of upper motor neuron syndrome, which
may be accompanied by stiffness, hyperreflexia, primitive
reflexes, hypertonia of antigravitary muscles, increased
reflexogenic areas, bladder hyperreflexia and clasp knife spas-
ticity. Negative signs can also accompany the clinic examina-
tion in these patients, such as paresis, incoordination, fatigue,
reduction of tissue elasticity, among others. These signs, under
extreme conditions, impair posture, ambulation and self-care.
As a direct consequence, we can cite pain, fractures and
decubitus ulcers. The worsening of these patients also worsens
the quality of life of their respective caregivers. However,
the degree of spasticity may help some patients in the main-
tenance of posture and gait.

Cerebral palsy (CP) is considered one of the most impor-
tant causes of spasticity, especially in children in whom,
when associated with other symptoms such as dystonia,
ataxia or stiffness, it leads to a serious disability condition.
Even with the advances in care in the neonatal period, an
increase in the incidence of CP cases has been observed,
which may be related to an increase in the survival of
children with very low weight.-?

Etiologically, CP is associated with prenatal events (mul-
tiple pregnancies, maternal alcoholism, infections), perina-

Table 1 Modified Ashworth Scale and Penn Scale

tumores, inflamacdo, doencas degenerativas, hidrocefalia etc. Posteriormente, o
tratamento da musculatura espastica inclui miorrelaxantes orais, intratecais, eletro-
estimulacao medular, neurotomias, lesdo do trato de Lissauer, dentatotomia e a
rizotomia dorsal seletiva. Esta dltima é uma técnica sequra, possivel de ser realizada
na maioria dos centros com suporte neurocirirgico, e eficaz no tratamento da
espasticidade grave. No presente, artigo, os autores descrevem a técnica cirdrgica e
fazem uma revisao da literatura.

tals (hemorrhages, infections, bradycardia, fetal anoxia) and
postnatal (drowning, traumatic brain injury, among others).>

To objectively evaluate spasticity, we use quantitative and
qualitative indicators that measure the degree and function-
al repercussion of patients.

The modified Ashworth scale is the most widely used to
assess muscle tone. It is a qualitative scale that evaluates
the degree of spasticity, measured according to the degree of
resistance to passive movement of a segment moved rapidly
by an examiner® (~Table 1). The Penn scale, also widely used
in the clinical practice, evaluates the occurrence of spasms
(=Table 1).

The Tardieu scale measures the intensity of the muscular
reaction to passive movement. The arc of motion should be
measured by a goniometer. The angle of resistance is the
measure relative to the position of minimum stretch for all
joints. It is a good option to evaluate the gain after treatment
(=Table 2).

Gait can be used to evaluate the improvement of spasticity,
either in clinical observation or in the gait laboratory using
dynamic electromyography (EMG).>

Other tests are also used, such as upper limb skill tests and
dynamometry hold,® measurement of functional indepen-
dence, Barthel index (quantitative method that evaluates
independence in daily activities), quantitative muscle
strength and myometrial tests,” and the Lyon Université
scale, which evaluates automatisms.® Initially, spasticity
treatment should focus on the causal factor, be it tumor,

Modified Ashworth Scale Penn Scale

Degree | Description Description

0 Normal muscular tonus Absence of spasms

1 Increase in tone at the beginning or end of the arc of motion Only spasms precipitated by stimuli

1+ Increased tonus in less than half of the arc of motion,
manifested by abrupt tension and followed by minimal resistance

2 Increased tonus in more than half of the arc of motion, Spontaneous, strong and irregular spasms,
but the affected part is easily mobilized less than one per hour

3 Considerable increase in muscle tone with Spontaneous spasms, one or more per hour
difficult passive movement

4 Rigid parts in flexion or extension Spontaneous spasms, more than ten per hour
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Table 2 Tardieu Scale

Modified Tardieu Scale

Degree Description

0 No resistance in the course of passive
movement

1 A slight resistance along the course of the
passive movement, without precision of
the specific angle

2 Clear stiffness at a specific angle, interrupting
the stretch, followed by relaxation.

3 Fatigable Clin that lasts less than 10 seconds
and appears at a specific angle, while the
evaluator is maintaining pressure.

4 Non-fatigable Clin that lasts for more than
10 seconds and appears at a specific angle
while the evaluator is maintaining pressure.

inflammation, multiple sclerosis, infectious disease, vascular
disease, degenerative disease, hydrocephalus, etc. It is man-
datory to prevent or eliminate factors that aggravate spastic-
ity, such as pain, visceral dysfunctions, decubitus ulcers,
urinary infections, constipation, heterotopic ossification,
ingrown nail, psychological stress and sleep disorders.

Neurosurgical treatment of spasticity is diverse. Intrathe-
cal infusion of myorelaxants, such as baclofen, tizanidine,
midazolam, clonidine or morphine, is indicated in patients
with preserved motor function and when oral medication is
not tolerated or effective. Spinal cord stimulation is an option
in mildest cases. Nerve neurotomies such as shutter, sciatic,
posterior tibial, fibular or femoral — in the lower limbs — and
musculocutaneous, radial or median in the upper limbs, are
options for more localized spasticity.

Percutaneous radiofrequency rhizotomy is used in debili-
tated patients and in the treatment of spastic bladder. The
longitudinal myelotomy (longitudinal section of the spinal
cord gray matter) is reserved for paraplegics with total
impairment of sexual and sphincter function. The lesion of
the Lissauer tract and the posterior horn of the spinal cord,
proposed by Sindou in 1969, is used in the treatment of
spasticity and pain in the lower limbs.® Dentatotomy is
efficient in the treatment of spasticity evidenced by several
casuistics.'® A selective dorsal rhizotomy (SDR) is a safe,
economical and possible technique to be performed in most
centers with neurosurgical support, especially pediatric. It is
an excellent option in cases of ambulatory patients and
quadrispastic children.

Patient Selection

Up to the present moment, there are no completely efficient
measures to repair the damage to motor areas that control
movement. We have several therapeutic measures for the
treatment of spasticity, which include: drug therapy, physical
therapy, occupational therapy, applications of botulinum tox-
in, orthopedic surgery, SDR, in addition to the surgical proce-
dures already explained. The choice for the use of these
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therapies is extremely important for the patient, since victims
of polytraumatism are usually young with long survival, and
that children with CP have a mean survival of 20 years.""

Selective dorsal rhizotomy is a definitive surgery in which
the cauda equina is exposed through osteoplastic laminot-
omy followed by L2-S1 roots identification.

The results of dorsal rhizotomy have been known since the
initial experiments of Sherington (1894) in decerebrated
cats. In 1889, Abbe and Bennett described the result of nerve
root section with pain control."'3 In 1913, Foerster achieved
improvement in spasticity after dorsal rhizotomy was per-
formed.'® Despite good results, dorsal rhizotomy was aban-
doned for about half a century, due to the comorbidities
related to the procedure. Only in 1960s, Gros et al performed
partial rhizotomies EMG to help identify dysfunctional
nerves.'® Fasano et al described the criteria for evaluating
abnormal motor responses after electrical nerve stimula-
tion.'® The traditional surgery proposed by Peacock et al
consists of alaminotomy from L1 to L5 with a laminectomy of
$1-52."7 In many services, the level of the approach is varied,
including lumbar topographies or medullary cone (MC),
aiming to maintain a balance between the preservation of
strength and the elimination of spasticity.>

The use of electromyography (EMG) to define which
dorsal roots were injured also became a reason for discussion
due to the variability of the motor response,'® of the stan-
dardization of the technique used in each center,'? the use of
drugs used in anesthetic induction that may interfere with
the results of stimulation,?® and the variability of segmental
innervation of the musculature of the lower limbs.?! One
study performed a histological analysis of the sectioned roots
of children with CP submitted to SDR, and found that the
altered roots in the EMG presented axonal degeneration or
demyelination. The roots that appeared normal in the EMG
presented minimal histological alterations limited to myelin
sheath or demyelination without axonal degeneration,
showing that this is a significant method to find the roots
that should be sectioned.??

Spastic patients present contractions sustained at a stim-
ulation of 50 Hz, but did not present the same contralateral
pattern.21 We have observed in daily practice that a stimula-
tion of 5 Hz is enough to differentiate the motor and sensitive
roots . Intraoperative EMG is essential in the identification of
the hyperactive roots, contributing to a balance between the
reduction of spasticity, bladder control and the preservation
of sensitivity.

Studies have shown that SDR is accompanied by significant
improvement in several parameters, for example, improve-
ment in motor function, >3~ significant spasticity reduction,?®
strength gain,?’ increase in movement amplitude,?®2° and
qualitative® and quantitative.3'-3? improvements in the upper
limbs motor function. Some services use strict criteria to
indicate SDR, including the Reimer index, which, when > 50%,
can postpone SDR for a period of 6 to 12 months.> However,
early dorsal rhizotomy would prevent a posterior approach in
soft tissues and articular joints.>

In the end of the 1980s, the main concern with intra-
operative complications was the risk of bronchospasm and

© 2018. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 1 Patient intubated on a side stretcher at the surgical table.
Appropriate cushions are positioned to avoid decubitus ulcers after
the patient is positioned in ventral decubitus.

aspiration pneumonia; However, with the development of
new anesthetic techniques and new drugs, the risks were
reduced.3*

Children with CP who evolve with spastic diplegia or
tetraplegia, associated with an important spastic compo-
nent in the lower limbs and minimal impairment in the
upper limbs, are the main beneficiaries of this technique.
Selective dorsal rhizotomy is not indicated for children
under 2 years old because the CP cannot be safely diag-
nosed in this age group. Dystonia is not an absolute
contraindication for surgery, but if there are lesions in
basal nuclei with dystonic predominance, other procedures
present better results, such as pallidotomy or deep cerebral
stimulation. History of multiple orthopedic surgeries coun-
terclaims the procedure due to fixed deformities and
muscle weakness.>*

The main objective of SDR is the reduction of two levels in
the Ashworth scale in the deprecated muscular target of the
lower limbs. In 50% of the cases, there is also improvement in
the upper limbs.>®

For a good postsurgical outcome, the patient should be
duly selected. The clinical examination will define which
segments are most affected by the disease and which would
be the focus of the rhizotomy. A multidisciplinary team that
includes physiatrist, orthopedist, neuropediatrician, psy-
chologist and physical therapist is essential. Posture,
sphicnter control, amplitude of the articular movements,

whether there are bone or muscular deformities, presence of
dystonia, dyskinesias, presence of spasms, gait observation,
cognition and comorbidities should be evaluated.

Technique Description

The technique created by Park et al*® in 1991 differs from the
others by removing the lamina of one or two vertebrae, while
traditional techniques use laminectomy from five to seven
vertebrae.

The patient is sedated and intubated in dorsal decubitus on
the lateral stretcher at the surgical table (~Fig. 1). Medications
that do not alter the EMG activity, such as long-lasting
neuromuscular blockers, should be avoided.

After orotracheal intubation, electrodes are introduced
bilaterally in the long, large lateral, tibial anterior and medial
gastrocnemius muscles (=Fig. 2).

Subsequently, the patient is transferred carefully to the
ventral decubitus position to maintain soft structures at
strategic points of the body to avoid decubitus ulcers. In
this position, electrodes are introduced in the perichannel
region and the wires are fixed with adhesive in the patient’s
lower limb (~Fig. 3).

We use continuous EMG and a trigger with 14 channels
to stimulate the following L1-L2, L2-L3, L3-14, L5-L5, L5-S1,
S$1-S2 and on-the-side segments. The interpretation of the
EMG result is done by the neurophysiologist. Intraoperative
EMG provides valuable information to the neurosurgeon that
helps differentiate the sensory root of the motor, in addition,
the mapping of the sphincter fibers is a safety factor for not
adding deficits to the patient.3” It is also necessary to have
the utmost care with the sacral fibers of S2 to S4 to protect
the bladder and sexual function.® The patient is kept in a
slight position of Trendelenburg to reduce CSF losses. Radio-
scopy or ultrasonography (in case of children < 10 years old)
is used to find the vertebral level to be approached (previ-
ously chosen through magnetic resonance imaging [MRI]) to
find the MC end, and the incision is made after marking this
level (~Fig. 4). Since laminectomy should be limited to this
segment, it is important that the MC is found.

After making a horizontal incision, with the opening of
the subcutaneous cell tissue, we dissected the dorsal mus-
culature away from the thorny process until the slides of the
L1 vertebra were exposed, in this example (~Fig. 5). After

Fig. 2 Positioning of the EMG electrodes in the muscles of the lower limbs.
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Fig. 3 Patientin ventral decubitus with electrodes positioned on the
lower limbs and in the perichannel region.

Fig. 4 Left: patient positioned in ventral decubitus at the moment
radioscopy is performed to find the level of the spine that will be
approached. Right: marking on the skin with the size of the incision.

exposure of the interlaminar space, the yellow ligament is
removed with visualization of the dural sac. A linear incision
is made to expose the medulla and visualize the MC and the
cauda equina.

From this moment, saline solutions should be avoided
because they alter the responses of the EMG. The edges of the
dura mater are anchored with Vicryl or nylon 4.0 to keep the
channel open. The first foramen of the anterior and posterior
roots, lateral to the MC, is sought. The root is found, it is
divided into four parts to initiate the stimulation to pulses of
0.1 thousandth of a second to a frequency of 0.5 Hz and then
50Hz, and then identify if we are stimulating motor or
sensory fibers. In spasticity, sensory fibers are hyperactive;
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Fig. 5 Left: dorsal musculature distanced with visualization of the
supraspinatus ligament and spinous process of L1. Right: after laminotomy,
exposure of the dural sac to the level of the medullary cone.

In these cases, the most altered part for neurolysis is chosen,
preserving those that are in better condition. By not choosing
to cut the entire sensory root, it avoids the pain of deaf-
ferentation. In the Fig. 6a, we visualize the medullary dura
mater at the open L1 level, exposing the MC and the cauda
equina. We find the L1 sensory root and use a latex repair to
separate the motor from the sensory part (~Fig. 6b). Half of
the fibers in the L1 dorsal root are cut without stimulation
(=Fig. 6c). In sequence, we stimulated L2 roots with EMG,
isolating the sensory part and separating it into four parts.
Again, we stimulate each segment to evaluate the degree of
hyperactivity and recorded the electrical patterns of the
related muscles. The most injured segments are sectioned.

The root that has already been cut is separated from the others
with a tape or vascular shoelace, so as not to risk approaching
them again (~Fig. 6d). After finding another root and separating
again with repair (~Fig. 6d), we do a new stimulation and repeat
the whole process (~Figs. 6e and 6f) until you approach the
whole L2 S2 segment or, depending on the case, those in which
the patient has more functional impairment.

The stimulation of nerve roots intraoperatively assesses
the functional integrity of the nerve, since it is visually
impossible for the surgeon to make this differentiation. As
each root is stimulated, a motor response in the musculature
of the corresponding segment is perceived, and the informa-
tion of the action potential is received in the software that
analyzes and records the stimuli corresponding to each root.
In =Fig. 7, we observe a graphic example of stimulation. The
motor latency was 7 seconds and the sensory was 9 seconds.
It shows that the L3 root is being stimulated and that the
action potential has a late peak to the Yellow Line, which
marks the division between motor and sensory, confirming it
to be a sensory root. In the left column (in blue) the
stimulations are separated into the four parts of the root.
It is noted that parts 2 and 3 are more hyperactive. Therefore,
these parts can be sectioned, preserving parts 1 and 4.

The advantages of this technique consist in the reduction of
spinal deformity, especially in children, if compared with the
extensive laminectomy in the traditional technique, improve-
ment of spasticity in the hip, due to the section in the first
lumbar dorsal root, reduced surgical access with lower mus-
cular manipulation, and, consequently, less postoperative pain

© 2018. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 6 Intraoperative images showing the open dura mater with visualization of the medullary cone and roots being stimulated during
electromyography with bipolar configuration.

AP 1
P |

Fig. 7 Stimulation of the L3 segment. We visualize that the wave
pulse is to the right of the yellow line and denotes the separation
between a motor or sensory impulse. The left side (blue) shows the
division of the four parts, evidencing that parts 2 and 3 of the L3 root
are hyperactive and should be sectioned.

and early resumption of rehabilitation activities. However, the
risks are shared with other procedures such as paraplegia,
paralytic bladder, sexual impotence and sensitivity deficit.

A study that included 95 patients treated with SDR in
childhood, and accompanied them for periods varying from
20 to 28 years, showed that 91% of the patients submitted to
surgery reported that the surgical treatment positively
impacted the quality of life. In 42% of the patients, there
was improvement in ambulation, 88% would recommend the
procedure for other patients and there were no late compli-
cations for these patients.39

Daunter et al selected patients with CP who underwent
SDRin infancy (before 10 years old) and compared them with
an unoperated control group. They concluded that the SDR
group presented less pain, fatigue and functional decline
compared with the nonsurgical group.*°

The SDR technique by single-segment laminoplasty pro-
vides a less invasive approach, and the incidence of scoliosis
after this approach is comparable with the natural history of
children accompanied as outpatients.*'

Conclusion

Selective dorsal rhizotomy is efficient in the treatment of
severe spasticity. It is a surgery with low morbidity, and
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electrophysiological stimulation has shown to be efficient in
the choice of root segments that should be safely sectioned.
However, for a successful treatment, the patient should be
rigorously selected. In addition to the functional improvement
of the spastic patients, there is an expressive improvement in
the quality of life of the caregivers.
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Abstract Even though traumatic dissection of cervical arterial vessels is the major cause of stroke
Keywords among adults, it is still an underdiagnosed disease in neurosurgical emergencies, since
= internal carotid most patients do not have or present subtle clinical signs in the acute phase. The
dissection authors report two interesting cases of cervical artery dissection with different
= vertebral artery traumatic mechanisms and present a broad literature review about this subject.
dissection
= cerebrovascular
trauma
Resumo Embora a disseccao traumatica de vasos cervicais seja um das principais causas de

isquemia cerebral em adultos, ainda é um patologia subdiagnosticada nas emergén-
cias, uma vez que os pacientes sao assintomaticos ou oligossintomaticos na fase aguda.

Palavras-chave
= disseccao artéria

carotida Os autores descrevem dois casos interessantes de disseccao de artérias cervicais por
= disseccao vertebral diferentes mecanismos traumaticos, seguidos de ampla revisao da literatura sobre o
= trauma tema.

cerebrovascular

Introduction

Arterial dissection corresponds to a detachment between the
layers of the artery wall creating a false blood path. This
phenomenon either impairs the perfusion of tissues down-
stream or causes bleeding.
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According toits etiology, it can be classified as spontaneous,
iatrogenic or traumatic. The mortality of traumatic cases range
from 20 to 40%, depending on the association with other
traumas. Furthermore, it is usually an underdiagnosed etiolo-
gy of stroke, whose neurologic sequelae, in this scenario,
affects between 40 and 80% of the patients.'
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Traumatic dissection requires specific considerations that
will be addressed in this article associated with the reports of
two cases.

Case Report

Case 1

A 52-year-old male patient sought hospital care reporting
pain in the left anterior cervical region. The pain started
abruptly, after rotational movement of the neck to hit a ball
with the head during a soccer match, and persisted with
intensity 4/10 on the following days. Two days after the
event, he woke up with complete right hemiparesis associ-
ated with motor aphasia and mild dysarthria. The patient
underwent cranial tomography without contrast, which did
not show hemorrhages nor hematomas, but revealed loss of
cortico-subcortical differentiation in the vascular territory of
the upper trunk of left middle cerebral artery. The patient
was not submitted to the thrombolysis criteria due to having

Finger et al.

an ictus delta longer than 4 % hours. During hospitalization
and etiological investigation of the ischemic event, signs
compatible with dissection of the left carotid artery were
identified on angiotomography (=Fig. 1). The patient re-
ceived treatment with antiplatelet therapy associated with
strict blood pressure control and motor physiotherapy. Dur-
ing follow-up, a significant paresis improvement in the right
lower limb and aphasia was shown, despite monoparesis in
the right upper limb, that persisted during 6 months of
follow-up after the event, with a strength grade 3.

Case 2

Female patient, 39 years old, victim of car accident, received
medical attention at the scene and was transported to the
polytrauma reference hospital. On hospital arrival, at the emer-
gency room, the patient was alert, oriented in space and time,
Glasgow coma scale was 15/15, there was no motor deficits and
cranial nerves were intact. During abdominal examination, she
reported abdominal pain, whose investigation showed a small

Fig. 1 Traumatic dissection of the left internal carotid with ischemia on the vascular territory of the left middle cerebral artery. Non-contrasted
CTscan (A e B), hypodensity in the territory of the left middle cerebral artery. Angiotomography of cervical arteries showing gradual narrowing
and blood flow obstruction in the left internal carotid artery (D). Angiotomography showing right internal carotid dissection
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amount of free fluid in the pelvis and pneumoperitoneum.
Exploratory laparotomy was performed and a laceration in the
jejunum was identified at 20 cm from the Treitz angle, qualified
for primary correction. The patient had a good evolution in the
immediate postoperative period. On the 2" postoperative day
(and after the trauma), the patient developed hypoesthesia and
monoparesis in the left upper limb, without hyporeflexia or
alterations restricted to a dermatome and myotome (thus
excluding injury to the second radicular motor neuron or
brachial plexus). In the subsequent hours, the neurological
condition worsened, evolving with complete left hemiplegia.
The CT investigation evidenced sparse areas of hypodensity in
the territory of the right middle and right anterior cerebral
arteries. Further investigation with angiotomography pointed
the dissection of the right internal carotid artery in its cervical
portion (=Fig. 2). The patient received antiplatelet therapy,
with slight neurological improvement, and was discharged
from the hospital with complete and disproportionate left
hemiparesis, with force 1 on the distal left upper limb and
grade 2 proximal, and force 2 on the left lower limb.

Discussion

Arterial Anatomy

The arteries that irrigate the brain originate from the bra-
chiocephalic branch (common right carotid artery), from the
aortic arch (common left carotid artery) and from the right
and left subclavian arteries (right and left vertebral artery,
respectively). The common carotid artery divides itself at the

Fig. 2 Angiotomography showing dissection of the right carotid
artery without arterial flow above the dissection
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carotid bulb level (topography of the 4th cervical vertebra) in
internal carotid artery (ICA) and external carotid artery
(ECA). Based on the classification published by Bouthillier,
the ICA is divided in 7 segments, from C1 to C7 (~Fig. 3).> The
cervical segment from the ICA is located medially to the
internal jugular vein and anteriorly to the vagal nerve,
ascending in the neck toward the petrous portion of the
temporal bone.

The vertebral artery (VA) is classified in 4 segments. The
first segment (V1) starts in the origin of the VA and goes up to
the vertebral foramen of the sixth cervical vertebra. The V2
segment ascends throughout the cervical foramen to
the second cervical vertebra. From the exit of this vertebra
foramen ahead it is considered the V3 segment, in which
there is an external curvature followed by an internal curva-
ture that stays along the superior border of the Atlas and
ascends from the foramen magnum to the intracranial space.
From this point on, it is considered the V4 segment ( ~Fig. 4).
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Fig. 3 Internal Carotid Artery. C1-cervical segment: ascends from
the carotid bifurcation into the entrance of the temporal bone. C2-
petrous segment, divided in two subsegments inside the carotid
channel - ascending and horizontal parts. C3-lacerum segment, from
the carotid channel to the lingual ligament. C4-cavernous segment
from the lingual ligament through the cavernous sinus (posterior
ascending, horizontal and anterior ascending parts). C5-clinoid
segment, a wedge shaped segment between the proximal and distal
dural ring. C6-ophtalmic segment, originates in the distal dural ring
extending up to the origin of the posterior communicating artery. C7-
communicaitng segment, from the emergence of the posterior
communicating artery until carotid bifurcation.
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Epidemiology

Arterial dissection of extra- and intracranial vessels is the
main cause of stroke in young adults.> Yet, they present
different patterns of incidence; traumatic carotid dissection
has its peak in the 6™ decade of life, while vertebral dissec-
tion presents a more homogeneous distribution between the
3, 4™ and 6™ decades of life.*

Dissection of the extradural portion of the craniocervical
arteries is more common than intradural, since it is a mobile
segment with no rigid structures of protection. Analyzing
extradural branches, the ICA is more affected than the VA, in
aproportion of 3:1.°> When considered intradural lesions, the
VA is more affected than the ICA.

Considering patients victims of craniocervical trauma,
without stratifying the cinematics, the incidence of carotid
artery or VA dissection varies from 1.7 to 4.9%. Also, the
incidence of combined traumatic lesion of the carotid artery
with the vertebral is 6.5%. The segment C1 of the ICA is the
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most common site of the dissection, with an estimated
incidence of 2.5 to 3.0/100,000 people. On the other hand,
the extradural VA dissection has an estimated incidence of
1.0 to 1.5 cases/100.000 people, independent of the trauma
mechanism.*6-8

Analyzing only craniocervical blunt trauma victims, the
incidence of carotid lesions varies from 0.1 to 2.6%; and, only
among polytrauma patients, the incidence reaches 2.7%. On
the other hand, the incidence of vascular lesions in victims of
penetrating trauma varies from 3 to 40%.

However, the true incidence of carotid dissection due to
trauma may be greater, since the diagnosis is established
usually when symptoms set in, which can be immediately
after the trauma or during its segment (due to ischemia,
progressive dissection, thromboembolic symptoms or
bleeding).®°

Etiology

Dissections can occur in penetrating or blunt craniocervical
trauma. Carotid dissection of blunt trauma is predominantly
associated with severe kinematics and direct trauma to the
cervical region - being its main cause automobile collisions.
Traumas that result in skullbase fractures (especially in the
petrous segment of the carotid canal) also represent a high
risk for carotid dissection.?

In 1974, Crissey et al described four mechanisms that can
lead to C1 injury: 1-direct trauma through anterolateral
direction of the neck, 2-cervical hyperextension associated
with rotation, 3-blunt intraoral trauma and 4-fractures of
the skull base bones involving the carotid canal. In addition,
mechanisms of distraction/flexion, distraction/extension or
lateral flexion forces on the cervical spine can result in
carotid or vertebral dissection.’

On the other hand, vertebral dissection in blunt trauma is
not necessarily associated with the severity of the trauma. It
can occur in trivial traumas, such as spinal manipulation
maneuvers or even Valsalva maneuvers. The VA dissection in
car crashes of severe kinematics is usually associated with a
fracture or dislocation of the cervical spine. The VA is more
susceptible to dissection by blunt trauma in V1 and V3,
which are segments of greater mobility. The V2 segment is
more susceptible to foraminal bone lesions or cervical
dislocations.”

Penetrating craniocervical injuries can be caused by stab
wounds, explosives or projectiles. The kinematics of these
cases can cause direct lesions in the tissues they pass
through, destroying structures along their path. More severe
kinematic injuries, such as high-speed projectiles of civil and
military war, cause direct and indirect injuries, which are
disruptions of adjacent tissues by shock waves. These injuries
can affect the blood vessels, leading to ischemia (intimal
dissections with obstruction of the vessels) or bleeding with
arteriovenous fistulas and traumatic pseudoaneurysms
(when they affect the adventitial layer).

Although the external factors are crucial conditions, some
underlying pathologies may predispose to traumatic dissec-
tion of cervical vessels. Among them are Marfan syndrome,
Ehler-Danlos syndrome type IV, autosomal dominant
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polycystic kidney disease, type I imperfecta osteogenesis,
ol-antitrypsin deficiency and fibromuscular dysplasia.

Pathogenesis

The arterial wall consists of three layers (endothelium/inti-
ma, middle muscle layer and adventitia). Dissection is char-
acterized as rupture and separation of these three layers,
hence occurring either between the endothelium and the
middle muscle layer (subintima dissection), or between the
middle muscle layer and the adventitia (subadventitial dis-
section). Factors such as size of the endothelium lesion,
associated hemodynamic forces and vascular resistance,
determine whether the dissection will result in stenosis or
aneurysmatic dilatation of the artery. Subintima dissection
tend to cause stenosis, while subadventitia dissections tend
to cause pseudoaneurysms.

The ICA dissection normally occurs in the first two
centimeters after the carotid bulb, ending usually proximal
to its entrance in the temporal bone. The VA is more
susceptible at the entrance point in the transverse foramen
of C6, because the artery is relatively fixed at the bony orifice
of the foramen while the segment C5/C6 has elevated mobil-
ity. Besides, the greater mobility the vertebral artery has in
rotation at the atlantoaxial junction or flexion/extension at
the atlanto-occipital junction makes this region particularly
susceptible to dissection by minor trauma.

The traumatic extradural dissections of the ICA and VA
usually presents with thromboembolic events with subi-
ntima lesions, resulting in stenosis, occlusions and throm-
boembolism. The intradural dissections tend to cause
subadventitia lesions, resulting in vessel rupture (with
bleeding) or formation of a pseudoaneurysm (with immedi-
ate or late bleeding).

Clinical Manifestations

Neurological changes can occur over the first 24 hours after
the trauma and only 10% of patients have clinical manifesta-
tions when arriving at the hospital.“’7 Clinical warning signs
include cervical hematoma, cerebral infarction identified at
computed tomography (CT), type II or IIl Le Fort fracture,
Glasgow coma scale (ECG) < 6 points and skull base fractures.
In penetrating skull trauma, lesions close to the pterion, or
crossing the midline, lead to intracranial vascular injury in
up to 40% of cases.'°

When present, clinical manifestations of dissection range
from headache and cervical pain to severe neurological
compromise. Because of different vascular territory supply,
neurological manifestations of carotid lesions are distinct
from the vertebral lesions. Despite this, extradural segments
show common signs and symptoms such as cervical pain,
hemorrhage externalized by the upper airway or expanding
cervical hematoma.

A classic triad of traumatic carotid dissection is charac-
terized by pain (cervical region, face and head), Horner’s
syndrome and ischemic cerebral symptoms or ipsilateral
retina ischemia (secondary to the ophthalmic artery embo-
lization). The three components are found concurrently in
less than a third of patients with C1 dissection.
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The usual clinical manifestation of V1 dissection includes
cervical and occipital pain, of high intensity, with symptoms
of cerebellar ischemia (such as vertigo, dysdiadochokinesia
and ipsilateral dysmetria).

Intracranial vessels dissections tend to bleed immediately
after rupture of the vessel, or later, due to bleeding from
pseudoaneurysms. The characteristic clinical picture of ICA
dissection and rupture of its intracranial portion is a carotid-
cavernous fistula when the rupture is found in the cavernous
segment (C4). This lesion comes along with a cavernous
syndrome: paresis of the extrinsic ocular musculature, eye-
ball protrusion, chemosis, eye pain, but preservation of
visual acuity (~Fig. 5).

Diagnostic Imaging

Diagnosis of craniocervical vessels dissection is confirmed
with imaging tests that allow visualization of the vessels as
well as their blood flow. For this matter, CT, magnetic
resonance imaging (MRI) and arteriography are the exams
that can provide the diagnosis, with different degrees of
sensitivity and specificity. When there is a reduction in the
lumen of the vessel > 50%, the use of cerebral ultrasound
with Doppler is another method that can be used."’

It is a challenge to make the diagnosis in asymptomatic
patients and determine which patient should be submitted
toavascular investigation. Some criteria have been described
to increase the investigative positive predictive value. Vas-
cular lesions can be found in 44 to 90% of the patients with
the following findings: blunt trauma of severe cinematic,
diffuse axonal injury, ECG < 8, face fractures Le Fort Il or Il or
fractures of the skull base (especially from the temporal
bone). In these cases, an image study must be performed.

Fig. 5 Patient with traumatic carotidcavernous fistula

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.

249



250 Traumatic Dissection of Arterial Cervical Vessels

B
4

iy 5 Wi’

Fig. 6 Angioresonance showing right internal carotid dissection.

Computed Tomography

Although the gold-standard exam for diagnosis of dissection
may be arteriography, computed angiotomography is, possi-
bly, a more appropriate test for screening severe polytrauma
patients. This examination allows the visualization of the
cerebral parenchyma in search of signs of infarction, in
addition to the visualization of the patency of the cervical
vessels and brain vascularization. The limitation of the
angiotomography is the exposure to radiation (mainly for
children, adolescents and pregnant women). Furthermore,
the hypodense image in the region of the cervical vessels,
which corresponds to intramural hematomas, can also be
seen in atheromatous plaques, making it difficult to distin-
guish and establish the right diagnosis.'?

Finger et al.

Magnetic Resonance Imaging

Craniocervical MRI and angiotomography combined present
a sensibility of 99%. These methods are especially useful in
pregnant women, young patients or patients with renal
failure, since they do not use ionizing radiation or iodinated
contrast agent.'?

The evaluation of the arterial dissection in the MRI consists
of acquisition phases': diffusion images - diffusion weighted
imaging (DWI) and fluid attenuation inversion recovery
(FLAIR) to assess the occurrence of cerebral infarction second-
ary to dissection?; T1 and T2 images to assess the presence of
intramural hematoma’; angioresonance (angioRM) to assess
the vessel lumen. The classic finding of dissection in MRI is an
eccentric periluminal halo, indicative of intramural hemato-
ma. The intramural bleeding and its expansion can be easily
identified in sequences with the fat saturation technique
(=~Fig. 6).13

Time between dissection onset and images in MRI or
angiotomography is a potential limitation for this method,
because the sensibility is greater in the first 2 days after the
dissection. Hence, the evolutive pattern of presentation must
be considered. In the acute phase, the hematoma consists
primarily of deoxyhemoglobin and has an isointense presen-
tation when compared with the underlying muscle tissue.
Subacute hematomas contain intra and extracellular met-
haemoglobin and therefore present hypersignal in both T1
and T2. This pattern persists for months, when the hyper-
density gradually becomes isointense. Ruptures of the intima
may also be visualized in MRI, especially in T2.

Arteriography

Arteriography is the gold standard method for diagnosis
of craniocervical arterial dissection. Besides the sensitivity
of 97 to 100%, it allows endovascular therapy when
indicated."

The most common finding in arteriography is the irregu-
lar size of the vessel with its gradual thinning from the
breaking point of the wall. Other arteriographic finding of
carotid dissection is the “double-lumen” sign'® (~Fig. 7).

Fig. 7 Dissecting traumatic aneurysm on the right vertebral artery with luminal narrowing distal to the aneurysm
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Although it is considered the gold standard, arteriography
is unable to assess the thickness of the vessel wall, because it
shows only its lumen. In cases of subadventialial dissections,
there may be no significant lumen stenosis, thus providing a
false-negative result.

It is worth mentioning that arteriography is an invasive
exam with risks related to the insertion of the catheter
(vascular perfusion, hematomas or pseudoaneurysms in
the femoral artery), to the contrast administration and also
risk of cerebral ischemia.

Ultrasound

The sensitivity of ultrasound to detect carotid and vertebral
dissection varies from 70 to 90%, with the exception that it will
only be evident on Doppler when the stenosis reduces the
vessel light by at least 50% and there is high resistance to distal
flow. The direct signs are the visualization of the intramural
hematomaitself, a double lumen in the inner layer of the vessel,
a double lumen with a thrombus in the center, the pencil tip
sign (abrupt termination of the flow due to the thrombus), the
guitar rope sign (when the light narrowing is > 75%), and the
rat tail sign (progressive reduction of the vessel lumen).

On the other hand, the indirect signs are the increase in
the pulsatility index (the intramural hematoma compromi-
ses the flow at the dissection site) and a difference > 50% in
the flow speed when compared with the normal side.'

Another contribution of ultrasound is with transcranial
doppler (TCD) for tracking internal carotid dissection in cases
of traumatic brain injury (TBI). Because the clinical manifesta-
tion may be difficult to establish the diagnosis, asymme-
try >25% in the speed flow, as well as reduction of
pulsatility index (< 0.8), suggests dissection of the ipsilateral
internal carotid artery. This finding in the routine TCD of the
TBI can serve as an alert for suspected dissection, and a more
accurate assessment of the craniocervical vessels is indicated.

Prognosis

Mortality due to traumatic carotid and VA dissection, with-
out treatment before clinical manifestations, is ~ 25%. About
14 of vertebral injury survivors evolve with neurological
sequelae, reaching 40% in cases of carotid injuries.'® Howev-
er, retrospective studies suggest a 6% incidence of cerebral
ischemia in traumatic dissections if treated in the asymp-
tomatic phase.4

Treatment

Conservative treatment of traumatic lesions in the cervical
region is usually adopted, with endovascular or surgical
therapy reserved for exceptional cases. Surgical or endovas-
cular treatment is reserved for cases with refractory luminal
irregularities, worsening of the neurological condition de-
spite drug treatment or expanding pseudoaneurysm. About
16.3% of patients fail drug therapy and require surgical or
endovascular intervention.

Conservative Treatment
The treatment of carotid or vertebral dissection involves

antithrombotic therapy with either anticoagulation or anti-
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platelet therapy, whose determination of which therapy is
more efficient is still controversial.'® In either choice, drug
treatment should be started promptly, especially for the
prevention of future thromboembolic events, and maintai-
ned for a long period. Besides, drug treatment is recommen-
ded even in asymptomatic patients or with small dissections.

When anticoagulation is chosen, the initial choice is by
parenteral route, with unfractionated heparin. After starting
the therapeutic dose, the maintenance dose is adjusted
according to the activated partial thromboplastin time
(APTT), which must be between 50 and 70 seconds. Then
oral anticoagulation is started, which must be continued for
3 to 6 months with the goal of maintaining the international
normalized ratio of prothrombin time (RNI) between 2.0 and
3.0.

If antiplatelet therapy is chosen, it can be performed
with acetylsalicylic acid 100mg/day and Clopidogrel Bisul-
fate 75 mg/day.'®

Both platelet antiaggregation and anticoagulation are
equivalent in terms of effectiveness in reducing neurological
sequelae, without increasing the risk of bleeding.'”

It is noteworthy that, although many patients with cervi-
cal vessels dissection present signs and symptoms of neuro-
logical impairment and brain infarction present on cranial
CT, intravenous thrombolysis is not indicated. This last
therapy is contraindicated due to the high risk of bleeding
at the site of the lesion in the vessel wall.

Endovascular Treatment

Endovascular treatment indications in this scenario include
cases of complete vessel transection with blood leakage
to the neck, recurrent symptoms despite drug treatment,
cerebral hypoperfusion (in situations of multiple vessel
involvement or poor collateral circulation), patients with
anticoagulation contraindication (previous intracranial
hemorrhage) and patients with symptomatic or expanding
pseudoaneurysms.

Previously, endovascular treatment consisted of the orig-
inal vessel occlusion through embolization. Recently, recon-
structive stent-assisted coil embolization and placement of a
flow-diverted stent have been reported as effective thera-
peutic modalities. The stent-assisted pseudoaneurysm em-
bolization technique in the original vessel is recommended
for dissections with saccular portions, since coils can oblit-
erate the weakest area of the aneurysmal sac and the stent
can promote endothelial growth, preventing narrowing
secondary to dissection. However, this technique requires
the use of combined antiplatelet therapy, so it needs careful
assessment.'*

Surgical Treatment

Surgical procedures are preferentially reserved for complex
lesions that are unable to be treated by endovascular tech-
nique. Arterial obliteration, in the vertebral artery, by surgi-
cal ligation is considered tolerable in the context of
therapeutic failure of the other modalities. Extraintracranial
vascular reconstruction for the carotid system by bypass may
be indicated in specific cases.

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Abstract Tumor heterogeneity is the concept that different tumor cells provide distinct
Keywords biomorphological lesions, gene expressions, proliferation, microenvironment and
= brain tumor graduated capacity of metastatic lesions. Brain tumor heterogeneity has been recently
= tumor heterogeneity  discussed about the interesting interaction of chronic inflammation, microenviron-

> glioma stem cell ment, epigenetics and glioma steam cells. Brain tumors remain a challenge with
= genetics regards to medication and disease, due to the lack of treatment options and
= epigenetics unsatisfactory results. These results might be the result of the brain tumor heteroge-
= microenvironment neity and its multiple resistance mechanisms to chemo and radiotherapy.

Resumo Heterogeneidade tumoral significa que diferentes células tumorais levam a lesdes

Palavras-chave

tumor cerebral

morfologicas e fenotipicas distintas, com diferentes morfologias celulares, expressao
génica, metabolismo, microambiente, proliferacdo e possibilidade de lesoes metastaticas.
A heterogeneidade dos tumores cerebrais malignos tem sido o foco essencial de pesquisas
recentes devido as interagoes notdveis entre genética, epigenética, microambiente e

-
~ heterogeneidade células-tronco glioma, todas mediadas porinflamacdo crénica. Tumores cerebrais ainda sdo
tumoral um desafio no que tange a medicacdo e doenca, podendo, com a caréncia de opgoes
= células-tronco glioma  terapéuticas aliada a resultados insatisfatorios, ocorrer devido a heterogeneidade do tumor
~ genética e seus multiplos mecanismos de resisténcia a quimio e radioterapia. Foi realizada uma
~ epigenética revisdo da literatura na base de dados PubMed usando os termos: brain tumor, heterogene-

= microambiente ity, epigenetic, microenvironment, e glioma stem cells.
Introduction Malignant brain tumors have unsatisfactory results, despite

advanced multimodal treatments with neurosurgery, oncology

Tumor heterogeneity means that different tumor cells lead to
distinct morphological and phenotypic lesions, with different
cell morphology, gene expression, metabolism, microenviron-
ment, proliferation and possibility of metastatic lesions.
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and chemotherapy. In adults, glioblastoma multiforme (GBM) is
the most aggressive and most common malignant brain tumor,
with a global survival of patients of between 4 to 6 months
without treatment, and of 14 months with multimodal therapy.'
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In addition, brain tumors represent the leading cause of
mortality in children, with medulloblastoma (MB) being the
first cause.? Recently, transcriptional studies showed distinct
molecular subgroups of MB, which differ among themselves
in demographic data, transcriptomes, genetics, and progno-
sis. These studies not only established genetic subtypes, but
also paved the way for the pathogenesis of MB and the
possibility of cerebellar stem cells precursors.>*

The lack of adequate treatments for brain tumors can
occur due to tumor heterogeneity, which is controlled by at
least two mechanisms that can be integrated through clonal
evolution and hierarchies, and by the hypothesis of carcino-
genic stem cells.”

In the present study, we will analyze the possible integration
of the genomics, epigenomics, stem cell, chronic inflammation
and microenvironment hypotheses of these brain tumors.

Clonal Evolution and Stem Cell Model
The clonal evolution model indicates that all cancerous cells
can proliferate, change, and regenerate due to random muta-
tions, creating clonal subpopulations within the tumor.”
On the other hand, the stem cell hypothesis proposes that
cancers are hierarchically organized, with cells with the same
properties of stem cells at the apex of this organization.”
The two models can be integrative, and recent studies
have defended the existence of cancerous stem cells (CTCs)
and have shown, in the laboratory, that these cells have
greater tumorigenic potential, and are potentially more
resistant to radiation and chemotherapy.®’

Glioma Stem Cells

The GBM has several aspects, such as polymorphism and cellular
heterogeneity, which makes it an essential lesion for the research.
Glioblastoma multiforme CTCs (CTGs) have similar character-
istics to normal neural progenitors, such as self-renewal capacity,
long-term proliferation, and neurospheres formation. However,
few studies describe its ability for multiple nervous system cells
(neurons, astrocytes and oligodendrocytes).?

The molecular signs that control tumor formation and
maintenance are slightly similar to normal progenitors, but
differ in frequency, aberrant markers, and chromosomes. Glio-
blastoma multiforme CTC has already been shown with surface
marker of the CD133 stem cells; However, other surface markers
are emerging, such as A2B5,CD15, and CD171. There is evidence
that not all CTGs present the classic marker CD133, but the
genotypic profile of the brain tumor differs among the patients
and the surface markers may also vary. In addition, the inflam-
mation process during the course of the disease is multiple, and
CTG plays a key role in the maintenance and promotion of
microenvironments and niches.®

Microenvironment and Glioma Stem Cell
Niches

Vascular Niche
The CTGs are in specific anatomical-functional sites with
direct contact between specific cell types and extracellular
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matrix, as well as with cytokines and important factors for
renewal and proliferation. Interestingly, healthy neural cells,
as well as the CTGs, are also regulated by adhesion and by the
vascular niche. In addition, they promote angiogenesis
through proangiogenic growth factors, such as vascular
endothelial growth factor (FCEV), endothelial migration
and tube formation. Tumors with CD133+ have more necro-
sis, hemorrhages and are highly vascularized when com-
pared with tumors with CD133-.2

Similarly, the complexity between CTGs and endothelial
cells is far from trivial. Recent studies have shown that
between 20 and 90% of endothelial cells within the tumor
present the same mutations present in GBMs, such as the
epidermal growth factor receptor (RFCE) and the alteration
in chromosomes.”*’

Moreover, it was demonstrated that the CTGs cause a
differentiation in the pericites, thus maintaining the function
of the vessel and the development of the tumor. They also
express several biological markers of pericites, such as the
actin smooth muscle o, NG2, CD248 and CD146, and are also
endothelial cells recruiters via SDF-1/CXCR4. In general, we
see the integration of CTGs with the vascular niche in a dual-
hand pathway.?*°

Hypoxia Signaling

Gliomas promote a recruitment of vessels, mediated by
tumor, and also neovascularization. However, these vessels
are disorganized, and the oxygen supply is limited in specific
areas, with irregular blood flow and hypoxic oxygen stress
level, < 5%. These hypoxic regions often express MGMT, and
are linked to tumor resistance and poor prognosis, since the
cells produce more CD133.10.1

In normal homeostasis, the cells hydroxylate the hypoxia-
inducible factor (HIF), responsible for promoting genes and
activating and modulating responses that involve cell sur-
vival, motility, metabolism and angiogenesis.'%!!

The HIF-1a is expressed in several tissues; however, the HIF-
2ais not restricted only to the CTGs: it is overexpressed by them
in gliomas, and is practically not expressed in cells that are not
CTGs. Moreover, its overexpression is crucial for the reprogram-
ming of cancer, by increasing the CD133 cells, and by positive
regulation of OCT4, Nanog and C-MYC mRNA.'% '3 There are also
other hypoxia inducing genes, which are more expressed when
in hypoxia state: GLUT1, SerpinB9 and FCEV.'%13

Sathornsumetee et al showed, in a study with 60 recurrent
malignant gliomas, that carbonic anhydrase 9 (AC9) and HIF-
2a, expressed in acidotic and hypoxic niches, were associated
with a poor prognosis and a survival rate of < 1 year with the
use of bevacizumab.'*

Glioma Stem Cells Pathway

Notch proteins (1, 2, 3,4) are essential during the development
of the central nervous system, as they promote renewal and
contribute to stem cell survival, and are also crucial for adult
neuronal plasticity. Pathologically, notch signaling modulates
the progression of the brain tumor and the differentiation of
stem cells. In addition, the y-secrease cascade releases the
Notch intracellular domain, and its inhibition is an improved
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response to temozolomide, decreasing the radioresistance, cell
growth, and the differentiation of CTGs.">~"

Tyrosine Kinase Receptor Signaling

Tyrosine kinase receptors (TKRs) are pathways promoted by
several cytokines and growth factors, such as epidermal
growth factor and fibroblasts growth factor. One of these paths
is the PI3K/Akt/mTOR, found in GBMs and overexpressed by
CTGs. This pathway is activated by the FCEV, which increases
tumor growth and transduces several stem cell markers, such
as CD133, which have increased Akt pathway and are directly
correlated with the degree of the tumor.”

Hedgehog

The Sonic hedgehog protein is crucial for the embryological
formation and differentiation of the structures of the dorsal
brain; In adults, it regulates neural stem cells. In GBM, this
protein is overactivated, and is related to the expression of
genes and stem cell markers, such as CD133, promoting
growth and contributing to tumor survival. In rats, the
inhibition of the hedgehog pathway leads to apoptosis
induction, reduction of self-renewal, and also to a better
response of temozolomide.'8"°

Glioma Stem Cell Transcription Factors

Several signaling pathways lead to extracellular signals to the
regulating factors of CTGs transcription, such as OCT4, Sox2,
C-Myc and Olig2.

OTC4 and Sox2 factors interact in the regulation and
differentiation of embryonic stem cells, as well as in the
increase of the CTGs, and in the promotion of the tumorigenic
activity.?® =Myc leads to cell reprogramming in the fibroblast
to induce a pluripotency. In addition, it is correlated with
the degree of the tumor, and is further expressed in CTGs,
which can reach ~ 50% of the CD133 positive cells.?’ The Olig?
is a transcription factor restricted to the central nervous
system, specifically to the oligodendrocyte and multipotent
progenitors. It is overexpressed in diffuse astrocytomas, oli-
godendrogliomas and oligoastrocytomas.?>23 In fresh human
GBMs, it is positive in 85% of the gliomas cells that are positive
for Ki67, and in ~ 98% of All CTGS CD133.

Olig? can also control CTG proliferation in the different
forms of adhesion and cell cycle.

Epigenetic Regulation of Glioma Stem Cells

Epigeneticis the occurrence of a hereditary DNA change, which
regulates gene expression, without changing the actual DNA
sequence. Recently, DNA methylation in high-grade gliomas is
one of the most significant progressions, with the identification
of mutations of the enzyme isocitrate dehydrogenase 1 (IDH-
1).> Isocitrate dehydrogenases are multiple mutations that lead
to the specific change of the Krebs cycle enzymes. Isocitrate
dehydrogenase mutant enzymes generate an oncometabolite
known as D-2-hydroxylglutarate (D-2-HG), instead of the a-
ketoglutarate (a-CG), in the citric acid cycle. This protein
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promotes gliomagenesis through the activation of HIF-1 nucle-
ar translocation, which leads to an increase in cell proliferation
and angiogenesis, as well as to the hypermethylation of histo-
nes, which restructure the cellular epigenetic state.?>

In addition, the histones methylation process can control
proteins transcription. It opens the chromatin by means of
methylation of H3K4 to promote its transcription. The closure
occurs by the H3K27, thereby interrupting the process. Histone
methyltransferase is stimulated in hypoxic CTGs, supporting
the HIF-2 expression pathway and the tumorigenic pathway.?*

Another epigenetic factor is the microRNAs (miRNAs), which
are noncodifier regulatory RNAs, with an essential role in neural
development/biological process, and in the tumorigenesis of the
GBM, composed approximately by 22 noncodifier nucleotides
with regulator gene expression ability downwards and transla-
tion inhibition. Therefore, they have an essential role in CTG
pluripotency, reprogramming, and pathway. MircroRNA-124,
miRNA-146a and miRNA-34a contribute to gliomagenesis,
while miRNA-125b and miRNA-9 regulate the process of resis-
tance to chemotherapy and radiotherapy.?>2°

Chronic Inflammation Process

As already discussed, the development of brain cancer is an
interaction of multiple processes, from genetic alterations to
inflammation. Several genetic mutations have already been
related to cerebral tumorigenesis, such as: tumor protein p53
(PT-53), homologous to tensine phosphatase (FTEN), neurofi-
bromatosis type 1 (NF-1), RFCE, retinoblastoma (RB) and
regulatory subunit 1 of phosphoinositide-3-kinase (SR1FI3Q).
Most of these genes code proteins related to tumor suppres-
sion. Their mutations may lead to alterations in the metabolic
circuits, such as: tyrosine kinase receptor (RTC)/RAS (rat
sarcoma)/FI3Q, via p53, viaRB, and via of the IDH-1 or IDH-2.23

Brain cancer development occurs with the integration
between genetics, epigenetic and inflammation. In cancer,
inflammation has two pathways: the intrinsic pathway, which
is the integration between genetic events that lead to the
chronic inflammatory microenvironment, and the extrinsic
pathway, which leads to a constant inflammation and facilitates
the development of cancer. Due to its persistent inflammation,
immunosuppressive and inhibitory cytokines are secreted, and
the cells that infiltrate the tumor secrete inflammation medi-
ators instead of a cytotoxic response. Therefore, the micro-
glyphs and macrophages associated with tumors (MATS)
secrete cytokines and growth factors that create a propitious
microenvironment for tumor growth and invasion.??

In addition, cyclooxygenase (COX), in particular COX2, has an
essential role in chronic inflammation due to the increase of
prostaglandins, prostacyclin and thromboxane. Cyclooxygen-
ase -2 is increased in the premalignant lesions, and is overex-
pressed in malignant tumors, with the existence of a correlation
between its levels and the tumor aggressiveness.2*

Similarly, changes in the signal transductor protein and
transcription activator (TSAT) can be a crucial point in cancer
immune deregulation. Transcription activator proteins are
cytoplasmic transcription factors that mediate the signaling
of tyrosine kinase/growth factors and cytoplasmic enzymes.
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The TSAT-3 is overactivated in several brain tumors, and
increases the inflammatory process by means of IL-6 and
IL-10, also inducing immunosuppression, and decreasing
neutrophils activity and natural exterminating cells.?3-?*

IL-10,Similarly, inflammatory cytokines activate and
release free NF-kB, which translocates into core genes and
transcribes genes that code antiapoptotic proteins and
proinflammatory cytokines, chemokines, adhesion mole-
cules, proteases and DNA repair proteins, such as MGMT.2*
Temozolomide and other chemotherapies add an alkyl group
to the tumoral DN to stop the cell cycle and provoke tumor
death. On the other hand, MGMT has the function of repair-
ing the DNA and removing the alkyl groups, which results in
resistance to temozolomide.?3

Thus, chronic inflammation causes oxidative stress, with
the release of reactive oxygen and nitrogen specimens,
which deregulate the repair of wrong pairings (RPE) of
DNA, the base excision repair (REB), the nucleotide excision
repair (REN), and the cell cycle and homologous recombina-
tion (RH). This oxidative stress creates a vicious circle for
genetic instability and epigenetic silencing, called microsat-
ellite instability (MSI).23-24

Conclusion

Brain tumors are one of the most aggressive lesions in exis-
tence, although they are one of the less understood. Future
perspectives point to the interruption of the cell cycle in the
stem cell pathways, for the differentiation of
phenotypes/genotypes and the hierarchy of stem cells in the
brain tumor. Finally, the chronic inflammation can be a bridge
between the genetic and epigenetic disorder, creating a com-
plex tumor microenvironment and, because of this, more
studies are necessary to provide better forms of treatment
to our patients.
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Abstract Pediatric meningiomas are rare and account for only 2.2% of the central nervous system
(CNS) tumors. In this age group, they are more frequently located in atypical sites, such
as, mainly, the ventricular system, with a frequency of 8.8 to 13.6%. Adding this to the
fact that the angiomatous subtype constitutes only 2.1% of all meningiomas, the rarity
of the case reported here is corroborated. We report a 17-year-old female patient
diagnosed with intraventricular angiomatous meningioma; she underwent surgical
resection of the tumor in the body and frontal horn of the right lateral ventricle, and
there were no neurological sequelae. With a follow-up of 26 months, there was no
recurrence and the patient had clinical stability. Intraventricular tumors usually have
slow growth and reach a considerable size until they cause symptoms and then are
diagnosed. In addition, the deep location of the tumor and its proximity to eloquent
areas make these tumors a neurosurgical challenge. The angiomatous subtype, due to
the presence of hypervascularization (consisting of > 50% of vascular components),
may, in some cases, hinder surgical resection as well as be erroneously diagnosed.
However, surgical treatment aimed at total resection of the lesion remains the conduct
of choice in the case reported here, especially in patients in the first two decades of life,
in which the use of radiation is avoided. Specifically when it comes to the surgery, we
chose a transcalosal approach that allows a good transoperative visualization of the
lesion when located in the body and frontal horn of the lateral ventricle.

Keywords

> meningioma

= intraventricular
neoplasms

= pediatrics

= lateral ventricles

Resumo Meningiomas pediatricos sdo raros, representando apenas 2,2% dos tumores do
sistema nervoso central (SNC). Em tal faixa etaria, localizam-se com maior frequéncia
em sitios atipicos, como, principalmente, o sistema ventricular - com frequéncia de 8,8
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a13,6%. Em vista disso, e de que o subtipo angiomatoso constitui apenas 2,1% de todos
meningiomas, corrobora-se a raridade do caso aqui relatado: paciente feminina de 17
anos diagnosticada com meningioma angiomatoso intraventricular. Foi submetida a
resseccdo cirdrgica de tumor em corpo e corno frontal do ventriculo lateral direito, ndo
havendo sequela neurolégica. Com acompanhamento de 26 meses, ndo apresentou
recidiva e demonstra estabilidade clinica. Tumores intraventriculares geralmente
possuem crescimento lento e atingem tamanho consideravel até ocasionarem sinto-
mas e serem, entdo, diagnosticados. Somado a isso, a localizacdo profunda do tumor e
a proximidade com dareas eloquentes tornam tais tumores um evidente desafio
neurocirdrgico. O subtipo angiomatoso, por apresentar hipervasculariza¢ao (é consti-
tuido por > 50% de componentes vasculares), pode tanto dificultar, em alguns casos, a
resseccdo cirirgica quanto ser erroneamente diagnosticado. Porém, o tratamento
cirtrgico visando a resseccao da lesao mantém-se como a conduta de escolha no caso
aqui relatado, especialmente em pacientes nas duas primeiras décadas de vida, nos
quais se evita o uso de radiacdo. Especificamente em relagdo a cirurgia, optou-se por
uma abordagem transcalosa que possibilita uma boa visualizacdo transoperatdria da

= ventriculos laterais

Introduction

Meningiomas have a progressively higher incidence with
increasing age, with a mean age of presentation of 65 years
old. Thus, they constitute the most frequently reported tumors
of the central nervous system (CNS) in adulthood.! Children
and adolescents cases are rare, representing 2.2 to 2.6% of CNS
tumors.'* In this age group, they are more frequently located
in unusual sites, such as in the ventricular system.3

Such intraventricular meningiomas have the particularities
of being slow-growing and reaching a considerable size until
they become symptomatic.* In addition, the deep localization
and the relationship with the underlying eloquent areas make
tumor resection a neurosurgical challenge.>® In view of this,
and that the angiomatous subtype - defined for present-
ing > 50% of the vascular components at the microscopic
analysis - constitutes only 2.1% of all meningiomas, it is
credited to the case reported herein.” We are conscious of
the fact that this is possibly the first report of a patient in the
first 2 decades of life with angiomatous meningioma in the
intraventricular site.

In this report, we aim to expose our neurosurgical expe-
rience in a case with rare variants and to conduct a review of
the literature on the main aspects that we deem necessary to
support our conduct.

Case Description

A 17-year-old female patient, previously healthy, presented
orbital headache for 3 months, followed by blurred and double
vision. On physical examination, convergent strabismus by
right lateral rectus muscle paresis was found. In the other
cranial pairs, sensitivity, strength and reflexes were preserved
and there were no meningeal signs. It was then performed an
investigation with cranial magnetic resonance imaging (MRI),

Arquivos Brasileiros de Neurocirurgia

lesdo quando localizada em corpo e corno frontal do ventriculo lateral.

which evidenced an expansive lesion in the frontal horn of the
right ventricle, directly ahead of the foramen of Monro, with
dimensions of 2.0 x 1.3 x 1.8 cm (AP x L x H) in the larger
diameter sections. The lesion presented moderate hyperinten-
sity with small hypointense foci in the T2 weighted images. On
T1,it wasisointense, and after the contrast showed intense and
homogeneous impregnation, except for the same hypointense
T2-weighted spots. There were no signs of dilatation of the
supratentorial ventricular system (=Fig. 1 A-D). Such radio-
logical features suggested the diagnosis of intraventricular

Fig. 1 Preoperative magnetic resonance imaging: A and B - T1 with
gadolinium, axial (a) and coronal (b). Lesion with intense uptake at the
level of the right frontal horn, close to the foramen of Monro. C and D
- T2 axial (C) and coronal (D). Hyperintense lesion, with a focus of
hypointense calcification (also visualized in A).

Vol. 40 No. 3/2021 © 2017. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 2 (A) Hematoxylin and eosin staining, 200 x magnification: Image evidencing histopathological features of meningioma and significant
vascular component. (B) Immunohistochemistry, Magnification - Analysis of 400 times: tumor cells presenting positive for epithelial membrane

antigen.

meningioma, with calcification areas. It was considered an
occasional finding, since the topography was not compatible
with the presentation symptoms.

Surgical treatment was indicated, and this was performed at
the same hospitalization, due to the risk of acute hydrocephaly.
The approach was performed by the transcalous approach, with
the following steps: dorsal decubitus and head in neutral
position; bicoronary incision; right frontal paramedian crani-
otomy, with lateral extension of 5.5 cm from the midline and
5.5 cm from the coronary suture to the front; opening of the
dura mater in “C” format based on the midline; under micros-
copy, dissection of the interhemispheric fissure and removal of
the frontal lobe with positioning of the fixed spatula in Leyla
support on the medial surface; identification of the rotating of
the cingulate and pericalous arteries; 1.2 cm calosotomy start-
ing from the transition between the knee and the corpus
callosus body; identified the vegetating greyish lesion inside
the right frontal horn, which presented softened consistency,
aspirable after coagulation, and vascularized; resection of the

Fig. 3 Postoperative magnetic resonance imaging: T1 with gado-
linium, axial planes (A and B) and Coronals (C and D). Small residual
focus near the foramen of Monro, adhered to the striate thalamus vein
(identified in the transoperatory).
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lesion through coagulation and aspiration and by fragments,
providing small residue adhered to the ependyma of the
thalamocauded droppings. Postoperative without intercur-
rences and absence of new deficits, remaining diplopia and
strabismus. The histopathologic analysis and the immunohis-
tochemical profile demonstrated extensive vascularization and
low mitotic index (Ki67 < 2%). In addition, the results verified
are: epithelial membrane antigen (EMA), positive; cytokeratin
(CK), negative; progesterone receptor, negative; and glial fibri-
lar acid protein (GFAP), positive (=Fig. 2 A-B). Thus, the
diagnosis of angiomatous meningioma (World Health Organi-
zation [WHO] grade 1) is confirmed. The postoperative MRI
showed small residual focus along the striated thalamus
(=Figs.3 A-D and 4 A-D). After 6 months, the patient underwent
strabismus correction with an ophthalmologist at another
institution. Currently, with ~ 26 months of follow-up, she is
asymptomatic and without evidence of recurrence of the
residual lesion.

Fig. 4 Postoperative magnetic resonance imaging: T2 axial (A and B)
and coronal (C and D). Small residual focus at the level of the foramen
of Monro (arrows).

© 2017. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Discussion

Meningiomas are tumors that predominate in the 57 and 6™
decades of life, having an average age of presentation of
65 years old." In general, they represent 36.4% of the primary
CNS tumors and ~ between 24 and 30% in adults."® On the
other hand, in the pediatric population, the prevalence of
CNS tumors varies between 0.4 and 4.6%.>>°"3 Gender
equivalence also contrasts with what occurs in the adult
population, which has a ratio between female and male
gender of 2:1."'* It is believed that this difference is
due, especially in the prepubertal period, to the absence of
the effect of hormones in the corticosteroid receptors of the
cells of the meningioma.'%1>-17

In the first two decades of life, there is a higher incidence
of grade II (atypical) and grade Il (anaplasic) meningiomas,
according to the WHO: 9.9 and 8.9%, respectivly.>'® They are
characterized by being genetically and phenotypically more
aggressive, with a high frequency of cerebral invasion.>'*
Among the most frequent grade I meningiomas, the angio-
matous subtype occurs in 2.8% of the cases,?and in 2.1% of all
meningiomas at any age.'® This subtype is defined when the
vascular component exceeds 50% of the total tumor area.”>'®
However, differential diagnosis is necessary with hemangio-
blastoma and hemangiopericytoma, with essential immu-
nohistochemical and morphology roles in the diagnostic
confirmation: MIB-1/Ki67 low index and positivity for pro-
gesterone receptor, EMA, vimetin, cytokeratin and
desmoplatelet.”-19-23

Since these tumors are uncommon, the characteristics of
angiomatous meningiomas are considered in few stud-
ies.”19:2425 They may present moderate to severe cerebral
edema with a frequency of 74 to 88.9%,”-'° due to hyper-
vascularization, increased capillary permeability and vascu-
lar endothelial growth factor (VEGF) secretion.'? In magnetic
resonance imaging, they may present more signs of flow
voids, rarely present necrosis, and they tend to have homo-
geneous enhancement to paramagnetic contrast.'%?3

Meningiomas in pediatric patients present in atypical
sites more frequently than in adults: in the lateral ventricles,
in the skull base, and in the posterior fossa.2>10:15:26 The
intraventricular localization occurs in 11%, compared with
between 0.3 and 3% in all ages and between 0.5 and 4.5% in
adults.>10-27

Intraventricular meningiomas (IVMs) are in the lateral
ventricles (more common on the left side) in 76% of the cases;
16% in the 3" ventricle; and 7%, in the 4™ ventricule.>?” There
are studies suggesting that lateral ventricles are the favorite
site of pediatric IVMs.2%28 These originate from the choroid
plexus, growing on the corodic screen.* The vascularization of
the tumor depends on its location in the ventricle, and, in
general, the main nutrient vessels depart from the choroidal
arteries and are of small caliber.?’

Clinically, pediatric IVMs are usually asymptomatic, until
they reach large dimensions in the lateral ventricles, where the
risk of hydrocephaly is lower. On the other hand, when located
in the 3" or 4™ ventricle, the obstruction of the cerebrospinal
fluid (CSF) flow may result in manifestations in early stages of
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the tumoral growth.>2”2%30 Therefore, symptoms — headache,
nausea, vomiting, and visual disturbances®?’3'-are more
frequently related to tumor compression and to an insidious
increase in intracranial pressure. Indolent cognitive deficits
compromising memory and attention can also occur.3>33
Typical symptoms of acute intracranial pressure increase are
uncommom.?® The clinic thus correlates with the location of
the tumor within the ventricle, the size of the tumor and the
direction of its growth.27 Finally, we emphasize that the
clinical presentation of the patient reported - convergent
strabismus by paresis of the right lateral rectus muscle -
showed no correlation with the tumor, which still had a
relatively small size and its location did not justify the signs
and symptoms.

Intraventricular meningiomas usually present the classic
radiological appearance of other meningiomas: well-defined
globular form, but without dural tail. They are usually
isoitense to hypoitensive in T1-weighted images, hyperin-
tense in T2-weighted image and undergo strong contrast
enhancement.'®?” In particular, in the pediatric population,
other more frequent intraventricular tumors may difficult
the differential diagnosis: chorioid plexus tumors, ependy-
moma, primitive neuroectoplasmic tumor, teratoma and
astrocytoma.3O'34 Chorioid plexus tumors usually affect chil-
dren < 10 years old, and, at MR, they have a multilobulated
mass with intense contrast enhancement and fronds appear-
ance. Ependymomas represent approximately one-third of
CNS tumors in children < 3 years old and are characterized
by necrosis, hemorrhage, cyst formation, and for presenting,
in MRI, hypointense in T1 and hyperintense and heteroge-
neous in T2.3°

The surgical approach of a benign IVM is a neurosurgical
challenge, in view of its deep location and its proximity to
eloquent areas and vessels of the ventricles walls.>>* The
extension of the initial resection is an independent prognostic
factor, with significant association with recurrence and malig-
nization.? The patient reported here did not present recurrence
in the 26 months of follow-up, which is a result consistent with
the literature. In a 2012 review, with 201 cases of several series,
there were only 8 recurrences.”’ However, in a meta-analysis
with 677 cases of meningiomas in the first 2 decades, the
numbers are more meaningful. There were 141 recurrences,
with an average presentation of 3.6 years and with mortality for
this event in 46 cases.? Recurrence in this age group occurs
basically in cases of atypical and anaplastic meningiomas, or
after partial resection.>® Mortality and postsurgical morbidity
in postpubertal patients, as is the case of the patient reported
here, are approaching the ones observed in meningioma cases
in adults.? The use of adjuvant radiotherapy should be avoided
in young patients, and it may be possible to opt for serial
evaluation and reoperation in case of recurrence,>>-8-11.14.18.37

In the literature, there are several surgical approaches for
IVM resection: temporoparietal approach, transfrontal, medial
posterior temporal gyrus, posterior inferior temporal gyrus,
parieto-occipital, and transcalous.”3* The choice is individu-
alized and based on the location of the tumor within the
ventricle, the tumor size and its vascular network, to always
preserve the adjacent cerebral tissue, performing small

© 2017. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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corticoectomies and retracting as little as possible,>6-27-30:33.34

The rationality behind the choice of the gem approach is
determined by the option that allows the best access to the
largest axis of the lesion, to minimize transcortical transgres-
sion, by the spectrum of neurological deficits Pre-operative,
proximity with the aforementioned eloquent structures, be-
sides the anatomical knowledge of the cortical and white
substance.?? In the reported case, we chose the transcallosal
approach to be the one that allows the best access to the frontal
horn and lateral ventricle body. This approach avoids cortical
injury; However, certain care is needed with the possible
presence of tributary cortical veins of the superior sagittal
sinus, which can be anticipated in the preoperative examina-
tions, and with the corpus callosus, which should be distin-
guished from the gyrus rotation by the color change.> The
posterior transcallosal approach has disconnection syndrome
as one of its possible complications; however, the experience
in our neurosurgery service demonstrates that the risk is
minimal, since we have performed surgeries with the resection
of the two thirds Posterior calosotomy of the corpus callosus
with very low rate of this postoperative syndrome.5’30’33'38
Despite the degree of difficulty, IVM surgery has shown low
rates of morbidity and mortality in the last decades, and most
postoperative complications - visual deficits and apraxias -
are temporary.’?3% These low rates are consistent with the
case reported here, which did not present postoperative
complications or transoperative sequelae.

Conclusion

Intraventricular angiomatous meningioma is a rare entity,
even more in patients in the first 2 decades of life. The
clinic is unspecific in most cases, making it necessary to
assess MRI for diagnosis and definition of the surgical
approach, and the histopathological analysis is what
defines the diagnosis of the angiomatous subgroup. Surgi-
cal resection is the treatment of choice. However, the
objective of total resection should not be above the objec-
tive of preserving the functions and the quality of life of
the patient.
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Abstract Up to 20% of victims from skull fractures are represented by the pediatric population,
Keywords and 50% of these lesions are depressed skull fractures. The treatment is multimodal in
> neurosurgery nature, ranging from conservative treatment to open surgical repair. The last one is
= pediatric associated, although in a small proportion, to complications, such as infections,
neurosurgery hematomas and even death, besides the risks of the anesthetic procedure itself. The
= skull fractures authors of the present article present a case report of the successful treatment of a
= depressed skull depressed skull fracture in a newborn patient, using the vacuum-suction technique.
fractures The use of vacuum-suction may be beneficial for the pediatric patients, as it is a quick,
= vacuum-suction non-invasive procedure, without the need for general anesthesia.
Resumo Até 20% das vitimas de fraturas de cranio sdo representadas pela populacdo pediatrica, e

Palavras chave

50% dessas les6es sao fraturas em afundamento. O tratamento é multimodal, que vai desde

> neurocirurgia o conservador até a corre¢do cirdrgica aberta da falha dssea. O tltimo é associado, embora
= neurocirurgia em uma pequena proporc¢ao, a complicacdes como infec¢des, hematomas e até mesmo
pediatrica 6bito, além dos riscos inerentes ao procedimento anestésico por si s6. Os autores do
= fratura craniana presente artigo apresentam um relato de caso do tratamento bem sucedido de uma fratura
= fratura em em afundamento em um paciente recém-nascido, com o uso da técnica de vacuo-succao. O
afundamento uso da técnica de vacuo-succao pode ser benéfico para os pacientes pediatricos pelo fato de
> VAacuo sucgao ser um procedimento rapido, ndo invasivo e sem necessidade do uso de anestesia geral.
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Introduction

Depressed skull fractures are an entity often associated with
high kinetic energy trauma, leading to misalignment of the
skull bone fragments from their original positior1.1’2 Up to
20% of the patients with skull fractures are represented by the
pediatric population, and it is noteworthy that in half of these
cases, the type of injury is characterized by a depressed
fracture. In this age group, especially in young children,
this entity is associated with obstetric trauma, falls and
physical injury.>

The treatment of depressed skull fractures is multimodal
in nature, ranging from conservative treatment, with clinical
observation and expectation of spontaneous fracture reduc-
tion, to surgical procedures to correct the bone defect.>"®The
authors present a case report of the correction of a depressed
skull fracture in a pediatric patient, using the physical
principles of vacuum suction, described through the vectors
applied over the skull, and its benefits.

Case Report

A newborn patient suffered a head injury during labor. She
didn’t evolve with any neurological complications, but was
immediately submitted to a cranial computed tomography
(CT) scan, after a skull defect was detected on physical exami-
nation (~Fig. 1). She was diagnosed with a depressed skull
fracture, being referred to a neurological surgeon after hospital
discharge. The CTscan (~Fig. 2) shows a depressed right frontal
bone fracture, with no underlying brain injuries. Interventional
treatment was indicated to avoid future complications, such as
seizures, and for cosmetic reasons. Nonsurgical treatment was
chosen, considering its possible complications, especially in
young children. Elevation of the depressed skull fracture was
made using a vacuum extractor (pediatric oxygen mask, con-
nected to a vacuum source). The procedure was conducted

Fig. 1

Depressed skull fracture — physical Exam.
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under sedation and lasted ~ 15 minutes. No complications
occurred in the postprocedural period. Postoperative CT scan
shows adequate resolution of depressed skull fracture
(=~Fig. 3). Note: the patient’s parents agreed with the publica-
tion of the images submitted in the present article, for scientific
purposes only, without any form of identification through the
subject’s name or hospital records.

Discussion - Treatment Modalities

Depressed skull fractures, by definition, are caused by rela-
tively high kinetic energy traumas, capable of promoting
displacement of bone fragments toward the interior of the
skull."3=°In this specific lesion, the largest area of bone
depression may be located at or adjacent to the fracture
interface and the intact cranial surface, when multiple frag-
ments are displaced perpendicular to the cranial surface.’>’
Ping pong fracture is a special type of depressed fracture,
commonly found in neonates and young children, who are
victims of low kinetic brain injury.g'9 In such cases, a skull
bone depression occurs, without necessarily demonstrating
a fracture line in radiological studies, similar to a greenstick
fracture. It occurs mainly due to the smaller thickness and
density, and greater resilience of bone tissue in this popula-
tion, and is rarely associated with intracranial lesions.'®

In 25% of the cases, patients do not have any focal deficits
or other neurological complications, such as an altered level
of consciousness or seizures. Another 25% may have only a
brief loss of consciousness. However, in a large number of
cases, surgical treatment is indicated, for several purposes:
relief of pressure on the underlying brain parenchyma, at the
fracture location (with subsequent increase in cortical blood
flow), reduction of the risk of future epilepsy, correction of
cosmetic deformities and prevention of infection (in open
fractures).3’1 112

The standard treatment for depressed skull fractures is
the surgical elevation of bone fragments back to their normal
position. The procedure is indicated when the area of bone
depression is larger than the full thickness of the affected
bone. In simple depressed fractures, without injury to the
dura and underlying parenchyma, surgical treatment is brief,
based on exposure of the bone defect and deformity correc-
tion. In cases where there are dural lesions and injury to the
brain parenchyma, as well as gross contamination (in open
fractures), it is imperative to perform more aggressive treat-
ment, with debridement of devitalized tissues, hemostasis
and hermetic closure of the dura mater.>13-14

Discussion - Physical Aspects

It is important to describe the physical aspects that are
responsible for the success of the vacuum-suction procedure
in the treatment of depressed skull fractures. First, to under-
stand the concept of vacuum, created within the dome of the
object, applied over the skull, it is necessary to understand
the concept of pressure.

Pressure is known to be a physical quantity that measures
how much force is being exerted per unit area. The unit of

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 2 Computed tomography scan of the head - preprocedure.

measure used in the international system is newton/meter?
(N/m?), which is related to atmospheric pressure. The value
of 1 atm represents the action of the weight of the atmo-
spheric air layer (force weight) per unit surface area of the
earth at sea level (atmospheric pressure reference). The ratio
between these two units is 1 atm = 100,000 N/m?. Consider-

Arquivos Brasileiros de Neurocirurgia

ing the gravitational acceleration of the Earth close to 9.8 m/
s2, for each 1 m? of area (the average human body has an area
of 1.90 m? for men and 1.6 m? for women), the human being
is subjected to an atmospheric pressure equivalent to the
weight created by a mass of 10 tons."> The reason our body is
not overwhelmed by the action of the earth’s atmosphere is

Vol. 40 No. 3/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 3 Computed tomography scan of the head - postprocedure.

that we have an internal body pressure that balances with
the external pressure of the atmosphere, as with an open
container completely filled with air. Therefore, the internal
pressure of the object, and the external pressure of the
atmosphere, exert on its walls equivalent force vectors,
from inside to outside, and from outside to inside (same
area, same pressure, therefore, same forces) (~Fig. 4). If we
remove the internal pressure from the container, we will
establish the vacuum (~Fig. 5). In the absence of pressure in
its interior, external forces, caused by the still existing
atmospheric pressure, will overwhelm the stability of the
object itself, making it easy to be crushed, like a plastic bottle
or a metal can.

The presence of force vectors caused by the atmospheric
pressure are extremely powerful and, inside the skull, they
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can overlap the resistance of its vault, in the absence or in a
great reduction of external force vectors, a phenomenon
established by the reduction of the pressure on the vacuum
suction device (vacuum setting or pressure reduction). As
shown in the =Fig. 5, the internal pressure around the lesion
is the same, and the magnitude of the forces acting on each
unit of area will be equal at all points of contact. This is the
rationale that justifies why the vacuum suction therapy is
more homogeneous than a conventional manual surgical
intervention.'?

Analyzing =Fig. 4, one can notice the action of three force
vectors on the skullcap, in symmetrical and central positions
to the lesion. It is noted that, by decomposing the lateral
symmetrical forces, the components that are in the direction
of the central force are responsible for reconstituting the
cranial box back to its shape, prior to the deformation. Each
component of the lateral internal forces in this direction (Fy)
has, in the least deformed part, a magnitude smaller than
that of the central force, corroborating the presumption that
the vacuum suction is a smoother and more homogeneous
procedure than the conventional ones.

Discussion - Surgical versus Nonsurgical
Treatment

Although morbidity and mortality associated with surgical
treatment is small, all patients undergoing this treatment
modality are at risk, ranging from local complications (infec-
tions, hematomas) to death. Other disadvantages are the
prolongation of hospitalization, in all its medical, social and
economic aspects, and the anesthetic risks associated with
surgical treatment.”'3 These details become even more
important in addressing the pediatric population, because
of their greater vulnerability to the possible complications
associated to the procedure. On account of the above, the
possibility of conservative and noninvasive treatments has
become an increasingly frequent reality.'®

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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In newborns, the fact that there is continuous brain
growth during development, positively contributes to skull
remodeling and, over the years, there is a tendency to
attenuation of the depressed area. As ping-pong fractures
are more frequent in this population, they may not require
surgery during their treatment.*'718

Several less invasive modalities of treatment have been
proposed over the years, in a continuous process of updating
and inventing new techniques. One is the correction of the
bone depression with the use of vacuum suction. The tech-
nique was first described in the literature in 1985."219 This
procedure has the advantages of its efficiency, practicality and
safety. Moreover, it avoids complications associated with the
anesthetic procedure and those inherent to a craniotomy or
trepanation during invasive approaches.&13 The proposed
technique uses the principle of local negative pressure estab-
lishment, with traction of the affected bone segment to its
previous position, and its main object of treatment is focused
on ping pong fractures. Although directed predominantly to
the pediatric population (especially <2 years old), some
authors have already been successful in treating older individ-
uals. The greatest extreme ever reported in the literature was
the treatment of a depressed fracture of a 17-year-old girl.®13

The procedure is performed briefly and without the need
for general anesthesia. Using appropriate equipment to
create a negative pressure gradient, it is attached to the
patient’s scalp surface, on the topography of the bone defect,
and is performed for only a few seconds, with light traction
over it, until adequate clinical results are evident (reduction
of bone and soft tissue retraction). The use of obstetric
vacuum extractors and milk suction pumps for this purpose
has been reported in the literature.’3-2

The complications associated with the procedure
reported in the literature are minimal, and are restricted
to local complications, such as bruises and subgaleal edema,
which resolve spontaneously.> However, attention should be
paid to the possibility of more serious lesions, such as
intracranial hematomas, that may develop after traction of
the bone board and adjacent structures. Radiological control
(head CT scan) after the procedure may help in the detection
of incipient complications. It is also of great importance that
the attending physician pay attention to the accurate diag-
nosis of the type of fracture and the possibility of associated
intracranial injuries. The presence of complications such as
dural laceration, subdural and epidural hematomas, and
open depressed fractures still deserve standard surgical
treatment, to achieve better outcomes for the patient.'>'*

Conclusion

The use of vacuum suction for the treatment of depressed
skull fractures has proven to be an important tool for the
neurosurgeon, especially when it comes to the pediatric
population. The low rate of associated complications, the
absence of the need to subject the patient to surgical stress
and all its deleterious effects, and the reduction of proce-
dure-related costs, confirm the excellence of this treatment
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method, as long as it is well indicated. The possibility of
creating specific protocols for the management of depressed
fractures, including this nontraditional method of treatment,
may be a convenient reality in the future.
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Abstract Introduction Cerebral cavernous malformations (CCMs) are collections of dilated and
irregular capillaries in the brain. Cerebral cavernous malformations are predominantly
supratentorial; occipital CCMs are rare. Surgical removal is indicated for CCMs with
recurrent hemorrhage, refractory seizures, and expanding lesions.

Case Description We describe a case of a 15-year-old male who presented with
repeated tonicclonic seizures and right homonymous hemianopia of 3-week duration.
Magnetic resonance imaging (MRI) showed a mass located on the left medial occipital
lobe, specifically in the left lingual gyrus. The T2-weighted and T2-gradient echo images
confirmed the diagnosis of a CCM. Total microscopic resection was achieved. There
were no surgical complications. The visual deficit improved, and the patient was
seizure-free on subsequent follow-up visits.

Conclusion Surgical resection of an occipital CCM resulted in a remarkable improve-
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Introduction

Cerebral cavernous malformations (CCMs) represent up to
15% of cerebral vascular lesions.! Eighty percent of CCMs
have supratentorial location with the frontal and temporal
lobes being the most common.? Cerebral cavernous malfor-
mations commonly present during the 2" through to the 5™
decades of life. Convulsions, neurological deficits and bleed-
ing are the most common forms of presentation of CCMs.*>
Surgical removal is the treatment of choice for supratentorial
CCMs, particularly in enlarging lesions, medically refractory
seizures or lesions with recurrent hemorrhages.® The occipi-
tal lobe represents a rare site for CCMs and microsurgical
resection is challenging especially for medial occipital
lesions due to their proximity to the eloquent visual areas
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ment in terms of seizures and visual field deficits.

around the calcarine sulcus. In addition, the bridging veins
may represent an obstacle during the occipital interhemi-
spheric approach.? Reports on the outcomes of CCMs in this
location are scarce. Here, we present a case report on a
surgically-treated medial occipital CCM with complete reso-
lution of both visual deficits and seizures.

Case Description

A 15-year-old, right-handed male presented with repeated
seizures of 3-month duration and right homonymous hemi-
anopia of 3-week duration. The seizures were generalized
tonic-clonic, occurred at a frequency of three times per week.
The patient was on dual anti-epileptic medications, namely
carbamazepine and sodium valproate, at maximum doses. On
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Remarkable Clinical Improvement Following Microsurgical Resection

examination, the patient was conscious, oriented, and had no
weakness. Ophthalmological and visual field assessment
revealed a right homonymous hemianopia with intact optic
disc and ocular motility with no visual hallucination, alexia
nor agraphia. Cranial CT scan showed a left medial occipital
mass of mixed density (hypo- and hyperdense) without a
surrounding brain edema. Magnetic resonance imaging (MRI)
showed a mass located on the left medial occipital lobe,
specifically in the left lingual gyrus (medial occipitotemporal
gyrus). The T2-wighted and T2-gradient echo images showed
a mixed intensity core (popcorn appearance), which repre-
sents hemorrhages at different stages. This lesion was sur-
rounded by a hypointense rim that represented the
characteristic hemosiderin ring around the CCM (old hemor-
rhage). The mass was nonenhancing and there was no sur-
rounding edema (=Fig. 1). Electroencephalography (EEG)
showed epileptiform discharges localized in the left occipital
lobe. Total microsurgical resection of the CCM was achieved
through the left occipital interhemispheric approach, in prone
position. The surrounding cortex and adjacent bridging veins
were preserved (=Fig. 2). A postoperative MRI confirmed the
complete resection of the CCM (=Fig. 3). The pathology
report revealed dilated, cystic spaces lined by endothelial

Hoz et al.

cells filled with blood with thick fibrous walls and hemosid-
erin laden macrophages, a picture consistent with a CCM. The
surgery was uneventful and the patient was discharged at
5 days postoperatively. At his 1-month follow-up visit, the
patient reported a complete resolution of the visual deficits,
and this was confirmed by ophthalmological examination and
visual field assessment. The patient was continued on his dual
anti-epileptic medications over the next 3 months; the
medications were then tapered slowly over the course of
6 months, and were stopped completely at 9 months post-
discharge. At the 22-month follow-up visit, the EEG was
normal, and the patient was not taking any anti-epileptic
medications and his postoperative seizure score (Engle score)
was class one (seizure-free).

Discussion

Cerebral cavernous malformations are mulberry-like, benign
lesions representing dilated vascular channels with no inter-
vening brain parenchyma.” The incidence of CCMs in the
general population is of 0.5%.2 Cerebral cavernous malfor-
mations can be familial (20%) or sporadic (80%).° Familial
CMMs are inherited in an autosomal dominant manner,

Fig. 1 Preoperative magnetic resonance imaging studies: A,B,C (T2-gradient Echo, FLAIR, and T2 images, respectively), showing a left medial
occipital cavernoma with mixed intensity core (popcorn appearance) surrounded by a hypointense hemosiderin ring, with no surrounding
edema. D: Coronal view showing the proximity of CCM to the medial surface. E: Sagittal view showing the exact location of the CCM at the left
lingual gyrus; red arrow: lingual gyrus, yellow arrow: cuneus, blue arrow: the cavernoma.
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Fig. 2 An intraoperative image through the left occipital approach
(prone position) showing the medial occipital cerebral cavernous
malformation (CCM) in-situ, after initial dissection from the sur-
rounding cortex. In this image, the CCM has a thick wall and is opened
for internal decompression. C:CCM; Cn: Cuneus; F: Falx cerebri; L:
Lingual gyrus.

Fig. 3 Postoperative axial magnetic resonance imaging images; A:
Flair, B: T 2. showing the total resection of the cerebral cavernous
malformation, with intact surrounding cortex.

although with variable penetrance and presentation. Culprit
genes include CCM1 (KRIT 1), CCM2 and CCM3. Loss-of-
function mutations in these genes lead to derangements in
cerebral endothelial cells signaling pathways.'%"'2 Sporadic
CMMs may arise de novo or secondary to radiation therapy,
stereotactic radiosurgery, and brain biopsy.'>'* Sporadic
CMMs are often solitary and are more likely to be associated
with developmental venous anomalies (DVAs).”

Cerebral cavernous malformations may present with
seizures, focal neurological deficits or be detected as an
incidental finding. The annual risk of hemorrhage is 3%.">
The diagnosis of CCMs is confirmed by MRI. The use of
catheter angiography is not recommended, as these lesions
are devoid of blood flow and are hence “angiographically
occult”®'*, However, 10% of CCMs may appear as “capillary
brush,” mimicking meningiomas.>'# Hemorrhagic cerebral
metastases, especially those originating from melanomas
and renal cell carcinomas, can also give a similar appearance
to CCMs on MRI; however, these lesions are more likely to be
junctional and heterogeneously enhancing; they also tend to
have more surrounding cerebral edema.’

Arquivos Brasileiros de Neurocirurgia  Vol. 40 No. 3/2021
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The management approach for CCMs is based on the risk
of recurrent hemorrhage. In 2016, a systematic review that
included 1,620 patients with CCMs reported a 15.8% (95%
confidence interval [CI]: 13.7-17.9) risk of symptomatic
intracranial hemorrhage (ICH).'® Lesions associated with
DVAs carry a higher risk of symptomatic ICH."” However,
factors such as multiplicity, age, and gender had no indepen-
dent prognostic signiﬁcance.16 Asymptomatic CCMs are
managed conservatively with annual follow-ups.'® Some
experts may choose to do yearly MRIs; however, this ap-
proach does not alter management.'® Rather, an immediate
MRI is recommended upon the onset of acute symptoms,
such as hemorrhage, seizure, or focal neurological deficit.’
Surgical resection of asymptomatic CCMs is sometimes
considered to be beneficial in light of psychological, occupa-
tional and economic factors.® Factors that influence surgical
decision-making include the presence of refractory seizures,
recurrent hemorrhages, or progressive neurological deficits,
along with lesion-specific characteristics, including size and
location.®'® Complications of untreated CCMs include ICH
and focal neurological deficits?°

In 2014, a systematic review and meta-analysis examined
the effect of neurosurgical resection in a total of 3,400
patients who were followed-up for a median of 3.3 years.?!
The primary outcomes were non-fatal stroke, death, and a
new-onset progressive focal neurological deficit.?! The col-
lective incidence of these outcomes after resection was 6.6
per 100 person-years (95%Cl: 5.7-7.5).%"

The CCM is a recognized etiology for refractory partial
seizures.’> Whether the removal of the hemosiderin ring
should be performed in addition to the lesionectomy or not
is a debatable issue.?> However, the outcome of such proce-
dures is, in general, satisfactory. Our case showed the effec-
tiveness of complete CMM resection with its hemosiderin ring.
Some studies have suggested that failure of lesionectomy is the
only indication for invasive electrophysiological tests apart
from the routine EEG.?>2* Occipital CCMs, and particularly
those located at the medial occipital zone, have intimate
correlation with the visual apparatus. The remarkable aspect
of our case is the complete resolution of visual symptoms and
the achievement of seizure-free status; outcomes that are
rarely reported after occipital cavernoma resection.?*

Conclusion

Timely and meticulous microsurgical resection of occipital
CCMs resulted in overt improvement in vision and satisfac-
tory seizure-control.
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Moyamoya disease is a chronic and unusual cerebrovascular disorder characterized by
progressive stenosis and occlusion of the distal portions of internal carotid arteries and
its main branches within the circle of Willis. Posterior circulation (vertebral and basilar
arteries) may also be affected; however, this presentation is uncommon. As well as
stenosis of the terminal portion of intracranial arteries, it is seen the development of a
network of collateral vessels abnormally dilated at the base of the brain with an aspect
of a “puff of smoke,” whose term in Japanese is described as “moyamoya.” The present
study aims to report two consecutive cases of patients who presented to our service
with different clinical manifestations. Further investigation with digital subtraction
angiography showed a moyamoya pattern.

A doenga de moyamoya (DMM) é uma desordem cerebrovascular cronica de rara
incidéncia, caracterizada pela estenose progressiva das por¢oes terminais das artérias
caroétidas internas, associada a proliferacdo de vasos colaterais anormalmente dilata
dos na base do cranio, cujo aspecto se assemelha a uma “fumaca,” definido pelo termo
em japonés “moyamoya.” A circulacdo posterior (artérias vertebrais e artéria basilar)
também pode ser acometida, porém de forma menos frequente. A apresentacao clinica
évariada. O presente estudo objetiva relatar dois casos de pacientes que apresentaram
diagnéstico angiogréfico compativel com a DMM e manifestagoes clinicas distintas.
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Fig. 1 MRI of the encephalon - FLAIR sequence, axial cut - showing
right frontoparietal intraparenchymal hematoma.

Introduction

Moyamoya disease (MMD) is a cerebrovascular disorder of rare
incidence, characterized by stenosis and progressive occlusion
of the terminal portions of the internal carotid arteries and
their main branches in the circle of Willis."»? The posterior
circulation (vertebral arteries and basilar artery) can also be
affected, but this occurs with less frequency.? In addition to
progressive stenosis, it is observed in this pathology the
development of a network of abnormally dilated collateral
vessels at the base of the skull, which can take on an aspect of
smoke, named in Japanese as “Moyamoya.”’* The clinical
manifestation is variable, and the patient may be asymptom-

Barros-Araujo et al.

Fig. 2 Cerebral angioMRI image - arterial phase, 3D TOF - showing
significant reduction of caliber in the terminal portions of the internal
carotid arteries (arrows), with dilated collateral vessels at the base of
the skull (arrowheads).

atic or they may have, among other symptoms, headaches,
seizures, focal neurological deficit and even severe cases with
ischemia or cerebral hemorrhage.”™’ The present study aims to
report two cases of patients, consecutively treated in our
service, who presented angiographic diagnosis compatible
with MMD and distinct clinical manifestations.

Case Report

Case 1-Female patient, 71 years old, hypertensive, presented
with acute hemiplegia on the left side and lowering level of
consciousness. Magnetic resonance imaging (MRI) of the
cerebrum showed a right intraparenchymal frontoparietal
hematoma (~Fig. 1). Cerebral angioMRI showed occlusion of
the terminal portions of the carotid arteries (=Fig. 2).

Fig. 3 Digital angiography image by subtraction - anteroposterior incidence - showing severe stenosis of the supraclinoid segment of the
internal carotid arteries and their terminal branches (anterior and middle cerebral arteries), with collateral vessels dilated at the base of the skull
(“Moyamoya vases”). The right internal carotid artery; D-F, left internal carotid artery. The venous phase is normal (C and F).
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Fig. 4 Digital angiography image by subtraction - profile incidence -
showing severe stenosis of the terminal portion of the left internal
carotid artery and its branches (white arrow), with dilated collateral
vessels at the base of the skull (“Moyamoya vases” - arrow heads).

Complementary investigation was then performed with
digital angiography by subtraction, which showed severe
internal bilateral stenosis of the supraclinoid carotid arteries,
with the presence of dilated collateral vessels at the base of
the skull (~Figs. 3 and 4). Additional exams showed the
presence of a falcemic trait (hemoglobin dosage: S 4 36%).

Case 2-Female patient, 40 years old, with no previous
history of comorbidities, arrived at our service with chronic

Barros-Aratjo et al.

» €

Fig. 5 Cerebral angioMRI image - arterial phase, 3D TOF - showing
blood flow interruption in the intracranial segments of the internal
carotid arteries (arrows).

headache refractory to various types of treatment. Neuro-
logical examination was normal. Cerebral angioMRI showed
occlusion of the supraclinoid carotid arteries and vertebral
arteries in their intracranial segments (=Fig. 5). Digital
angiography was performed and evidenced subocclusive
stenosis of the main intracranial arteries, with the ence-
phalic circulation predominantly nourished by anastomosis
between the left vertebral artery (intraforaminal segment -
V2)with the anterior spinal artery. This, in turn, vascularized
the basilar artery, the posterior cerebral arteries and the
vessels of the anterior circulation through the posterior
communicating arteries (~Figs. 6 and 7). A pial vasculariza-
tion was observed through the marginal tentorial artery (also
known as the Bernasconi and Cassinari artery), originated in

Fig. 6 Digital angiography image by subtraction showing: A, B, D, E, subocclusive stenosis of the supraclinoid segment of the internal carotid
arteries (white arrows); transdural anastomosis with pial vascularization originated in the intracavernous segment of the right internal carotid
artery (black arrows); F, anastomosis between the intraforaminal segment (V2) of the left vertebral artery and the anterior spinal artery
(arrowheads), which meets the increased caliber. Occlusion of the intracranial segment of the vertebral artery (black arrow) is observed.
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Fig. 7 Digital angiography image by subtraction with injection in the left vertebral artery — anteroposterior incidence — showing vascularization
of the basilar artery and its branches through anastomosis with the anterior spinal artery.

Fig. 8 Digital angiography image by subtraction - profile incidence - showing pial vascularization through the marginal tentorial artery
(Bernasconi and Cassinari artery) originated in the intracavernous segment of the right internal carotid artery.

the intracavernous segment of the right internal carotid
artery (~Fig. 8).

Discussion

Moyamoya disease is a rare pathology, with a reported inci-
dence of 0.086 cases per 100,000 individuals.®° Originally
thought to affect predominantly people of Asian origin, it is
now observed to afflict people from various ethnic backgrounds
around the world. The incidence among females is two times
higher than in males.'®" It is characterized by the progressive
occlusion of the terminal portions of the carotid arteries and
their main branches in the circle of Willis (anterior and middle
cerebral arteries), with the compensatory development of a
network of collateral vessels at the base of the skull (called
“Moyamoya vases”). It usually affects the two cerebral hemi-
spheres and has two peaks of presentation: the first, around the
age of 5 years old, and the second, after 40 years old. The
posterior circulation is affected in a less frequent way.> Most
children with this pathology manifest symptoms resulting from
cerebral ischemia, while adults present, more frequently, with
intracranial hemorrhage.>*"'? In our study, we report the cases
of two adult patients who presented to our service with distinct

Arquivos Brasileiros de Neurocirurgia

clinical manifestations: one of them, with severe and focal
neurological deficit due to hemorrhage; the other, with pro-
gressive headaches and normal neurological examination.
Extensive diagnostic investigation with neuroimaging exams
and laboratory tests was performed, including thyroidopathy
research, sickle cell anemia and atherosclerotic disease.

Conclusion

Moyamoya disease is a pathology of rare incidence and difficult
diagnosis, with multiple forms of clinical presentation. Its
diagnosis should be suspected in the clinical context of patients
with neurological alteration and progressive occlusion of the
carotid arteries and their intracranial terminal branches.
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Sarcoidosis is a systemic disease characterized by granulomatous inflammation. Pulmonary
and lymphatic granulomatous involvement are common. We present a rare case report of
involvement of the central nervous system affecting the ocular region and mimicking optic
nerve sheath meningioma. We report the case of a 79-yearold female patient with
progressive visual impairment with an evolution of 4 years. A magnetic resonance imaging
scan of the cranium with gadolinium and intense homogeneous contrast enhancement
revealed an expansive lesion in the right optic nerve, at the height of the optic canal. The
patient was submitted to the neurosurgical approach with lesion biopsy, which showed
sarcoidosis of the central nervous system. Due to the rarity of central nervous system
involvement, the diagnosis of this pathology may unfortunately be postponed. The present
article aims to elucidate this pathology as a differential diagnosis of retro-orbital tumors.

Sarcoidose é uma doenca sistémica caracterizada por inflamacdo granulomatosa em
que o envolvimento pulmonar e linfatico é comum. Apresentamos um relato de caso
raro de envolvimento do sistema nervoso central com acometimento ocular mimeti-
zando meningioma da bainha do nervo 6ptico. Relatamos o caso de uma paciente de 79
anos, do sexo feminino, com diminui¢do visual progressiva com evolucdo de 4 anos. A
ressonancia magnética do cranio com gadolinio, mediante intenso realce homogéneo
pelo meio de contraste, evidenciou uma lesdao expansiva no nervo éptico direito, na
altura do canal o6ptico. A paciente foi submetida a abordagem neurocirirgica com
biopsia de lesdo, que evidenciou sarcoidose do sistema nervoso central. Devido a
raridade do acometimento do sistema nervoso central, o diagnéstico dessa patologia
pode ser, infelizmente, postergado. O presente artigo tem como objetivo elucidar a
patologia como diagnostico diferencial dos tumores retro-orbitarios.
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Fig. 1 Thickening with signs and enhancement by contrast of the sheaths of the optic nerve. An expansive lesion with intense homogeneous contrast
enhancement in the right optic nerve with apparent implantation base on the sphenoid bone adjacent to the optic canal, measuring 1.3 x 0.9 cm.

Introduction

Sarcoidosis is a chronic multisystemic disease of unknown
etiology in which there is an accumulation of non-caseating
granulomas in the various tissues of the human body. It is a
rare disease, and involvement of the central nervous system
occurs in 5% to 10% of the cases. Therefore, the suspicion of
involvement of the central nervous system should be con-
sidered in all patients diagnosed. However, according to
Stern et al, in ~ 48% of the cases of neurosarcoidosis, the
symptomatology started with neurological alterations with-
out previous diagnosis of sarcoidosis. Thus, the mass effect as
the cause of the pathology is the only information available,
which makes the diagnosis a challenge in the medical
practice. Sarcoidosis lesions may resemble brain tumors,
especially meningioma, so this pathology should be taken
into consideration for the differential diagnosis of brain
lesions. We report a case of neurosarcoidosis in a 79-year-
old patient whose first symptom was progressive visual loss.

Case Story

A female patient, 79 years old, previously hypertensive, with
hypothyroidism and depression, who was also being treated
for Parkinson disease, started with a progressive picture of
decrease in visual acuity to the right in the previous four years.
Upon physical examination, the patient had: a score of 15 on
the Glasgow scale; mydriatic pupils; amaurosis on the right,
counting fingers to the left; decreased campimetry in the nasal
field of the left eye, without other cranial nerve injuries;
tremor in the right hand; bradykinesia to the right greater
than to the left; bilateral Babinski sign; non-sustained clonus

on the right; bilateral dysdiadochokinesia; preserved tactile,
painful and vibratory sensibility and absence of meningism.

The patient was submitted to an investigation with com-
puted tomography (CT) of the skull and magnetic resonance
imaging (MRI) of the orbits (=~Fig. 1), which evidenced an
expansive lesion in the anterior fossa, obliterating the optic
canal to the right. The lesion was initially treated as optic
neuritis, and corticotherapy was performed. Lost in the follow-
up, the patient presented worsening of the condition within
1 year, and a new investigation was necessary. In this interval,
the patient presented complete loss of vision to the right and
partial loss to the left, and underwent imaging exams that
evidenced a nodular lesion to the right and hypersignal in the
sheaths of the optic nerves bilaterally.

An investigation with cerebrospinal fluid (CSF) collection
and a serological survey was performed, none of which evi-
denced alterations. The patient was submitted to the microsur-
gical approach of the lesion. Intraoperatively, a whitish lesion
was observed near the optic nerve, with important adhesion
and infiltration of the nerve, and we opted for partial resection.
The anatomopathological analysis with classic non-caseating
granulomas, consisting of densely arranged epithelioid cells
associated with Langhans giant cells and/or foreign-body giant
cells, was compatible with neurosarcoidosis (~Fig. 2).

Magnetic Resonance of the Skull
Histology

Discussion
Also called Heerfordt syndrome, sarcoidosis is a chronic
granulomatous disease of unknown etiology that affects

Fig. 2 Classic non-caseating granulomas consisting of densely-arranged epithelioid cells associated with Langhans giant cells and/or foreign-

body giant cells.
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young adults and reaches the nervous system in the systemic
form in ~ 5% of the patients.’

The neurological manifestations described are paralysis of
the cranial nerves, aseptic meningitis, peripheral neuropathy
and myopathy.? Histologically, the development of granulo-
mas, the activation of T cells and macrophages occur by a
pathway mediated by the classic histocompatibility Il complex,
with an excessive Th1 response, leading to an overproduction
of tumor necrosis factor-a (TNF-a) and interferon-gamma
(IFN-Y), as well as interleukin-2 (IL-2) and interleukin-15
(IL-15), and the development of varying degrees of non-
caseous necrosis.>

Clinically, the patients present diabetes insipidus, hypo-
pituitarism and hyperprolactinemia due to hypothalamic
involvement. According to a study by Fritz et al,* all cranial
nerves may be affected, but the facial nerve and optic nerve
present a higher prevalence, and unilateral involvement
accounts for up to 65% of the cases, and bilateral involvement
accounts for 35%.%

In association with these manifestations, vasculitis, con-
vulsive seizures and hearing loss may occur.” Granulomas
can coalesce, forming isolated intraparenchymal masses that
are differential diagnoses of gliomas, Guillain-Barré syn-
drome, as well as HIV infection, mononucleosis, syphilis,
acute porphyria, amyloidosis and multiple sclerosis.?

Usually, in neurosarcoidosis there is involvement of basal
leptomeninges, causing abnormalities in the cranial nerves
or hydrocephalus.®” It is important in these cases to perform
the differential diagnosis with carcinomatous meningitis
and syphilis.%” Neurosarcoidosis rarely presents itself solely
mimicking a brain tumor, such as a meningioma.?~'® Com-
plementary exams, such as dosing of angiotensin-converting
enzyme, serum alkaline phosphatase, and liquor and serum
calcium, help in the diagnosis, but they are unspecific. The
CSF has a mononuclear pleocytosis pattern, elevated pro-
teins, and the presence of oligoclonal bands.” Imaging exams,
such as cranial CT and MRI, may reveal hydrocephalus,
meningeal enhancement and parenchymal mass, but are
unspecific for the diagnosis.> Lesions with increased inten-
sity in T2 at the junction of the gray and white substances are
highly suggestive of this diagnosis, especially when associ-
ated with the enhancement of the meninges and with the
hypothalamus lesion.”#% Only a minority of cases need
histological confirmation with non-caseating granulomas
in the affected nervous system tissue.*® The diagnosis is of
exclusion, but a probable diagnosis is defined as evidence of
inflammation of the nervous system on the MRI or CSF with
high protein and cellularity, G index of immunoglobin or the
presence of oligoclonal bands in combination with evidence
of systemic sarcoidosis with histological confirmation.*°
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Isolated cranial nerve abnormalities and aseptic menin-
gitis present low risk of progression, with the exception of
occasional cases of progressive optic neuropathy, and they
respond well to corticosteroids.” However, patients with
mass lesions, with leptomeningeal involvement with mul-
tiple anomalies of the cranial nerves, with spinal cord
disease and with hydrocephalus often require high doses
and prolonged course of corticoids associated with immu-
nosuppressants.” Among the immunosuppressants used are
methotrexate (MTX), azathioprine (AZA) and mycopheno-
late mofetil (MMF), which are equally efficient. Infliximab is
a monoclonal antibody, but with caveats for oncologic
patients and the possibility of increased risk of tuberculosis
reactivation.” The diagnosis and management of neuro-
sarcoidosis are still challenging aspects of the disease, as
well as its recognition as a differential diagnosis.

It is important to consider the possibility of neurosarcoi-
dosis in the differential diagnosis of brain expansive lesions
pre- and intraoperatively. Thus, recognizing this condition
leads to the proper clinical treatment with corticosteroids,
avoiding an unnecessary extensive surgical treatment.
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Introduction

Nocardia brain abscess is a rare clinical entity, accounting for 2% of all brain abscesses,
associated with high morbidity and a mortality rate 3 times higher than brain abscesses
caused by other bacteria. Proper investigation and treatment, characterized by a long-
term antibiotic therapy, play an important role on the outcome of the patient. The
authors describe a case of a patient without neurological comorbidities who developed
clinical signs of right occipital lobe impairment and seizures, whose investigation
demonstrated brain abscess caused by Nocardia spp. The patient was treated surgically
followed by antibiotic therapy with a great outcome after 1 year of follow-up.

Abscesso cerebral por Nocardia é uma entidade rara, correspondendo a 2% dos
abscessos cerebrais. Quando comparada a abscessos causados por outras bactérias,
apresenta morbimortalidade 3 vezes maior. Adequada investigacdo e tratamento,
caracterizado por antibioticoterapia prolongada, sdo cruciais para desfecho favoravel
dos pacientes. Os autores descrevem um caso de uma paciente sem comorbidades
neuroldgicas prévias que apresentou sinais de comprometimento do lobo occipital
direito e crises convulsivas, cuja investigacdo demonstrou tratar-se de abscesso
cerebral por Nocardia spp. A paciente foi tratada cirurgicamente seguida de antibio-
ticoterapia prolongada, com 6tima evolucao ao longo de 1 ano de acompanhamento.

abscess is a rare clinical entity, accounting for only 2% of all brain
abscesses, it is associated with high morbidity, and the mortality

Nocardia is a genus of the Nocardiaceae family, described by
Edmon Nocard as aerobic filamentous Gram-positive, weak-acid
bacteria. Nocardia species live worldwide as soil saprophytes
specially in organic detritus area, and include Nocardia farcinica,
Nocardia brasiliensis, Nocardia transvalensis and Nocardia otiti-
discaviarum."” However, the species most associated with
human infection is Nocardia asteroides.> Although nocardia brain
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is 3 times higher than brain abscesses caused by other bacteria.*>
Mortality rate is even higher in patients with multiple abscesses
or with immunosuppressive conditions.>®

Nocardia is considered an opportunistic infection, associ-
ated with defects in cell-mediated immunity.3 Risk factors for
this condition include male, autoimmune diseases, alcohol
abuse, innutrition, chronic pulmonary disease and all the
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situations that affect the immune system, such as HIV infec-
tion, transplantation, cancer (mainly hematological) and long-
term corticosteroid use.'> Patients who have received solid-
organ transplants are also at higher risk.”

The pathogen is not transmitted personally, it may be
inhaled through the respiratory tract,' especially on dust
particles, or may be directly inoculated into the skin or
subcutaneous tissues. Subsequent hematogenous dissemi-
nation may lead to infection in any organ, with a particular
predilection for the central nervous system (CNS).1»

The development and severity of the disease depend on the
interaction between the bacteria (pathological invasive poten-
tial) and the immune system of the host. There are 6 different
forms of nocardial infection disease: pulmonary nocardiosis;
systemic nocardiosis (involving two or more body sites); CNS
nocardiosis; extrapulmonary nocardiosis; cutaneous and acti-
nomycetoma.’ Cerebral nocardiosis constitutes the most severe
form of infection; it can be either an isolated lesion, without
evidence of extracranial involvement, or be part of a dissemi-
nated disease. Current data states that 71% of nocardial infec-
tions affecting the CNS are part of a disseminated infection,
specially associated with pulmonary or cutaneous diseases.?

The authors present a case report of a patient who evolved
with visual deficits and seizure, whose investigation diagnosed a
brain abscess secondary to Nocardia spp. The patient was
submitted to surgical resection of the lesion and prolonged
antibiotic therapy with a great outcome after 1 year of follow-up.

Case Report

A 67-year-old female was admitted at the emergency depart-
ment after fainting at home. The patient had no personal nor
family history of neurological diseases or seizures. During hospi-
tal admission, the patient was confused but had no signs of motor

.
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or sensitive deficits, no aphasia nor dysarthria, superficial and
deep reflexes were normal and symmetrical, there was no signs
of cerebellar or brainstem compromise. The patient had no fever
and there was no sign of neck stiffness. After 30 minutes of
hospital admission, the patient described visual alteration that
was followed by a seizure that was promptly controlled after
10 mg of diazepam infusion. A brain computed tomography (CT)
was performed, demonstrating a lesion in the right occipital lobe
with vasogenic edema, whose lesion had a peripheric enhance-
ment after contrast infusion (~Fig. 1). The patient was trans-
ferred to the neurosurgery department, whose neurological
exam evidenced a left homonymous hemianopsia, with no other
deficits. The investigation was complemented with a magnetic
resonance (MRI), which demonstrated a right occipital lobe
lesion measuring 36 mm anteroposteriorly, 24 mm laterolater-
ally and 31 mm craniocaudally. On T1 weighted images, the
lesion was hypointense with a circular enhancement after
gadolinium infusion; fluid-attenuated inversion recovery
(FLAIR) and T2 weighted images demonstrated a vasogenic
edema surrounding the lesion, and diffusion images demonstrat-
ed an important restriction inside the lesion. The characteristics
presented in the MRI suggested a case of brain abscess (~Fig. 2).

The patient was submitted to blood tests (including blood
culture), chest X-ray and pulmonary angiotomography, but all
exams were normal (no bacteria in the blood culture samples
were identified, no signs of arteriovenous shunts in the lungs
or heart. The medical history of the patient included hyper-
tension, controlled with losartan and anlodipin.

A neurosurgical procedure was performed, with a right
occipital craniotomy, aspiration of the lesion content (which
was sent for Gram analysis and culture) and the capsule was
removed. The patient presented a good recovery after surgery,
remaining with the left homonymous hemianopsia, but no
other neurological deficits.

B

Fig. 1 Computed tomography images. Computed tomography in axial images, without contrast infusion (A) and after contrast infusion (B).
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Fig.2 Magnetic resonance images. Magnetic resonance images on sagittal plain without gadolinium infusion (A) and after gadolinium infusion
with a peripheral enhancement (B). Axial imagens in T1 weighted with gadolinium (C), T2 weighted (D), FLAIR (E) and diffusion (F).

The Gram stain did not demonstrate any pathogens; how-
ever, the culture identified the growth of Nocardia spp. The
patient was treated in the hospital with trimethoprim/ sulfa-
methoxazole and imipenem during 4 weeks, presenting a good
neurological and clinical recovery (remaining only with the left
homonymous hemianopsia), being discharged under the treat-
ment of trimethoprim/sulfamethoxazole twice a day for 1 year.
During the follow-up, the patient had no complaints, with no
neurological nor systemic compromise. The cerebral comput-
ed tomography (CT) scan performed after 1 year of follow-up
showed no signs of residual abscess and the patient was
released back to primary care.

Discussion

Unlike primary pulmonary and cutaneous infections, which
may be self-limiting, lesions of disseminated nocardiosis prog-
ress unless treated.> Central nervous system abscess can be
isolated or multiple; the number of abscesses and their location
will clinically determine the neurological manifestation.' Soli-
tary abscess is the most common finding; however, multiple
lesions are not uncommon, being reported in 38% of the cases.?

During investigation, lumbar puncture is not part of
diagnosis procedures for brain abscess, and should be per-
formed only when there is clinical suspicion of meningitis or
abscess rupture into the ventricular system and there is no
contraindications for lumbar puncture.’

The diagnosis of brain abscess can be suggested by image
exams, especially MRI. On MRI, pyogenic brain abscess is
characterized by a hypointense lesion surrounded by a capsule

Arquivos Brasileiros de Neurocirurgia  Vol. 40 No. 3/2021

that enhances after gadolinium infusion on T1 weighted series;
diffusion-weighted series show a hyperintense signal within
the abscess and hypointense on apparent-diffusion-coefficient
imaging.” Diffusion-weighted imaging has a sensitivity and
specificity of 96% to differentiate brain abscess and tumor, with
a positive predictive value of 98% and negative predictive value
of 92%."" Nocardial brain abscess has similar features of a
pyogenic abscess on MRI.

When the physician has suspicion of brain abscess, it is
reasonable to postpone the therapy until the neurosurgical
procedure is performed, as long as the patient is clinically stable
and the surgery can be performed soon. If the patient has
systemic disease (pulmonary or skin, for example), the sample
can be retrieved from any of those places. If Nocardia spp. is
identified and the patient is clinically stable with brain le-
sion < 2 cm, the neurosurgeon is authorized to indicate antibi-
otic therapy alone.'® Under this therapy, stereotactic aspiration
is recommend if the clinical condition deteriorates or if the
lesion does not decrease within 1 month of antibiotic
treatment.'?

In patients with CNS nocardiosis, the treatment protocol
depends on the condition of the immune system of the patient.
Immunocompetent patients presenting one of the following
situations: intracranial abscess > 2.5cm, multiple abscesses, cer-
ebellum or posterior fossa involvement, lesion growth after
2 weeks of antibiotic treatment, failure to reduce size within
1 month, should undergo a neurosurgical resection.® Immuno-
competent patients without those criteria may be submitted to
stereotactic biopsy and wait for the identification of the patho-
gen, which facilitates an early and accurate diagnosis with an

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.



antimicrobial sensitivity profile specific to the intracranial
lesion.'?

Immunocompromised patients should always be submit-
ted to neurosurgical procedure, because they are more likely
to have atypical infections and neoplasms, multiple intra-
cranial lesions and a higher mortality rate.'?'3

Nocardia spp. usually grows in regular means of bacterio-
logical culture. However, cultural diagnosis requires a longer
period for bacterial isolation, once it is a slow-growing patho-
gen and the laboratory is often unable to identify the microor-
ganism using routine techniques. Therefore, the laboratory
should be notified about the suspicion of Nocardia spp. infec-
tion, so the culture will be accompanied for a longer period.'>®

Because of its excellent CNS penetration, trimethoprim-
sulfamethoxazole remains the first line treatment, except in
patients with known hypersensitivity to it.'> The prescrip-
tion of trimethoprim-sulfamethoxazole in high parenteral
doses (15 mg/kg trimethoprim and 75 mg/kg sulphamethox-
azole daily) is recommended for 6 weeks, after which the
therapy can be reduced or changed depending on the clinical
and radiological responses, followed by oral therapy. Central
nervous system nocardiosis should be treated for a total of 12
months® and monitored for at least a further year after
completion of treatment.® Herrero Martinez et al. recom-
mend lifetime secondary prophylaxis for patients with un-
recoverable immunocompromised states.’

Nocardia spp. is generally resistant to penicillin,® and second
line agents include minocycline, imipenem, and third-genera-
tion cephalosporins combined with aminoglycoside.'!°

The mortality rate is 20% for immunocompetent and 55%
for immunocompromised patients.'® The recognized factors
leading to a good outcome are: early diagnosis, institution of
appropriate antimicrobial therapy, lack of underlying sys-
temic disease, and limited disease caused by Nocardia spp.?

The present article has some weakness that must be
stated. First, it is a case report, which, in a scientific point
of view, does not have the same power of evidence as other
most sophisticated study designs. Second, the incidence of
primary brain abscess has diminished in the last decades;
therefore, Nocardia brain abscess (which represents 2% of all
brain abscesses) will not be expected to be frequent among
neurosurgical cases. Third, the investigation algorithm of
brain abscess remains the same, and should not be changed
to try to identify a bacterium that accounts for < 5% of cases.

However, the article has some strengths that deserve to be
highlighted. The literature review presented embraces impor-
tant information about Nocardia (including biological charac-
teristics, which are usually unknow by doctors) and the
different types of human affection by this bacterium, demon-
strating that brain abscess is one of the types of human infection
by Nocardia spp. Also, the discussion brings information about
proper investigation and therapy of brain abscesses in general,
describing when antibiotic therapy should be promptly pre-
scribed or when a surgical procedure is required prior to the
antibiotic therapy. Finally, the case report and the review have
two main notes. The first one is that brain abscess caused by
Nocardia spp. is curable and can be treated with a single
antibiotic (trimethoprim-sulfamethoxazole). The second signif-
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icant information is that proper treatment requires a long-term
therapy with antibiotic, which must be maintained for, at least,
1 year; or during the lifetime in immunocompromised patients.

Conclusion

Even though the incidence of brain abscess due to Nocardia
spp. is rare and have a higher morbidity and mortality when
compared with other pyogenic abscesses, its diagnosis and
optimized surgical and antibiotic therapy may cure the
patient without neurological deficits.

Note
The patient has consented to the submission of the case
report to the journal.
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Introduction

The COVID-19 pandemic has affected a large number of patients in all countries,
overwhelming healthcare systems worldwide. In this scenario, surgical procedures
became restricted, causing unacceptable delays in the treatment of certain patholo-
gies, such as glioblastoma. Regarding this tumor with high morbidity and mortality,
early surgical treatment is essential to increase the survival and quality of life of these
patients. Association between COVID-19 and neurosurgical procedures is quite scarce
in the literature, with a few reported cases. In the present study, we present a rare case
of a patient undergoing surgical resection of glioblastoma with COVID-19.

A pandemia de COVID-19 afetou um grande nimero de pacientes em todos os paises,
sobrecarregando os sistemas de salide em todo o mundo. Nesse cendrio, os procedi-
mentos cirdrgicos tornaram-se restritos, causando atrasos inaceitaveis no tratamento
de algumas patologias, como o glioblastoma. Em relacdo a esse tumor com alta
morbimortalidade, o tratamento cirlrgico precoce é fundamental para aumentar a
sobrevida e a qualidade de vida desses pacientes. A associacao entre COVID-19 e
procedimentos neurocirirgicos é bastante escassa na literatura, com poucos casos
relatados. No presente estudo, apresentamos um caso raro de paciente com COVID-19
submetido a resseccao cirtrgica de glioblastoma.

Disease 2019 (COVID-19) outbreak has evolved at an unprec-
edented rate. It presents as a severe acute respiratory syn-

Officially declared as a global pandemic by the World Health ~ drome (severe acute respiratory syndrome coronavirus 2
Organization (WHO) on 11 March 2020, the Coronavirus  [SARS-CoV-2]), which was first reported in the city of
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Resection of GBM in a Patient Infected with Covid-19: A Case Report

Wuhan, China, in December 2019. Despite efforts to contain
this virus, it quickly turned into a pandemic with an expo-
nentially increasing number of patients being diagnosed.
Therefore, COVID-19 has overwhelmed healthcare systems
worldwide.'=® However, operative procedures have become
restricted in hospitals due to that infection. Therefore, this
may lead to unacceptable delays in the treatment of patients
with certain types of pathologies with high morbidity and
mortality such as glioblastoma (GBM).

Glioblastoma is the most aggressive type of brain tumor.
The median survival time after diagnosis is only 12 to
15 months, with < 3 to 7% of patients surviving for > 5 years.
It is well-established that early surgical treatment, associat-
ed with adjuvant treatment, is essential to increase survival
and quality of life in these patients. In this scenario, man-
agement protocols recommend early surgical treatment for
newly diagnosed or recurrent high-grade gliomas.9’10 Asso-
ciation between COVID-19 and neurosurgical procedures is
quite scarce in the literature, with a few reported cases. In the
present study, we present a rare case of a patient undergoing
surgical resection of GBM with COVID-19, in the Hospital da
Restauracdo, Recife, state of Pernambuco, Brazil.

Case Report

A 70-year-old male patient, with no comorbidities, was
admitted to the neurosurgical emergency at Hospital da

de Macédo et al.

Restauragdo, on April 2020. He presented with headache,
left sided hemiparesis and gait disturbances, for 3 days. There
was no previous history of respiratory symptoms. A cranial
computed tomography (CT) scan showed a right heteroge-
neous parietal lesion, with mass effect, irregular hypodense
center and enhancement of its margins. A cerebral magnetic
resonance imaging (MRI) revealed a heterogeneous lesion in
the right parietal convexity, with extension to the ipsilateral
ventricular atrium, irregular-enhancing margins and a cen-
tral necrotic core, suggestive of high-grade glioma (HGG)
(=Fig. 1). On physical examination, he was alert, oriented,
with an incomplete and asymmetric left hemiparesis (grades
Il and IV on the lower and upper limbs, respectively).
Preoperative laboratory tests and cardiologic evaluation
were normal, including the SARS-CoV2 real-time polymerase
chain reaction (RT-PCR), which was negative. The surgical
procedure was performed within 72 hours. Personal protective
equipment (PPE) was appropriately used by the surgical team,
following the recommendations established for COVID-19
suspected or confirmed surgical patients.”?>'112 Gross Total
Resection (GTR) was performed. At the end of the procedure,
mechanical ventilation could not be removed due to the
patients low oxygen saturation, despite the high fraction of
oxygen offered (FiO2). The postoperative cranial CT scan
showed GTR of the tumor (~Fig. 2). A chest CT scan exhibited
multilobed ground-glass opacities, compatible with SARS-
CoV2 infection (=Fig. 3). The patient was moved to the

Fig.1 Axial cranial computed tomography scan (upper) and axial brain magnetic resonance imaging (lower) with paramagnet contrast showing
a heterogeneous lesion in the right parietal convexity, with extension to the ipsilateral ventricular atrium, irregular-enhancing margins and a

central necrotic core.
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Fig. 2 Postoperative axial cranial computed tomography scan showing gross total resection of the tumor.

Fig. 3 Postoperative axial chest computed tomography scan exhib-
iting multilobed ground-glass opacities, suggestive of SARS-CoV2
infection.

intensive care unit (ICU), and another nasopharyngeal swab
RT-PCR test was performed postoperatively, which was posi-
tive for SARS-CoV2 infection. During the hospitalization, respi-
ratory symptoms were treated with ceftriaxone, azithromycin,
oseltamir and hydroxychloroquine. After 12 days of mechanical
ventilation, and 15 days of ICU, the patient was allocated to the
infirmary. He showed improvement of his previous neurologi-
cal deficits (showing left hemiparesis grade IV +). He was
discharged after 19 days of hospitalization, with resolution of
the respiratory condition and improvement of the functional
status (modified Rankin Scale [mRS] of 3). The histological
analysis diagnosed GBM (WHO grade 1V), and the patient was
referred to the clinical oncology department for planning
adjuvant therapy.

Discussion

Recommendations and guidelines for the best neurosurgical
practices in the COVID-19 era are still ongoing.!’ The case
described in the present study was a suspected HGG in a patient
infected with SARS-CoV-2. Due to the presence of neurological

Arquivos Brasileiros de Neurocirurgia

deficits (left hemiparesis) and radiologic evidence of malignan-
cy, associated with the fact that the patient had no respiratory
symptoms and negative RT-PCR on admission, we opted for
early surgical treatment, following precautions recommended
by the WHO. As described by Zoia et al."® in Lombardy (Italy),
screening protocols were performed to support or contraindi-
cate neurosurgical procedures. Thus, patients requiring imme-
diate surgical treatment were classified as Class A ++; as Class
+, those requiring treatment within a maximum of 7-10 days;
and as Class A, those requiring surgery within a month. Patients
with intracranial tumors with mass effect or with progressive
neurological deficits, as reported in the present study, should
be treated within a maximum of 7-10 days (Class A +).
Moreover, according to the Centers for Medicare and Medicaid
Services (CMS), all non-essential surgical procedures should be
postponed and only urgent procedures must be performed.
However, neurological surgeries should not be delayed if they
are essential in reducing mortality and in preserving neurolog-
ical function. The same recommendation is applied to patients
with intracranial hypertension and risk of death.'

It is known that patients diagnosed with COVID-19 who
underwent surgical procedures had worse outcomes and a
higher mortality rate, requiring a longer ICU stay and hospitali-
zation, compared to uninfected patients.>'> On this account,
for COVID-19 patients, the in-hospital mortality rate is, regret-
tably, high, at 28% overall; however, it is much greater, at > 50%,
among those requiring mechanical ventilation.' Endorsing the
higher mortality rate in neurosurgical patients, Ozoner et al.?
reported their recent data from the University of Brescia (Italy).
According to this study, the mortality related to chronic
subdural hematoma surgical drainage was 80% in COVID-19
(+) patients. This rate was reported as 3.7% in the control group
treated before the pandemic. The case described in our study
showed a longer hospital stay and consequent delay in starting
adjuvant treatment, which may cause a negative impact on the
outcome of a patient with HGG. However, the patient reported
that he recovered well. Although the mechanism of SARS-CoV-
2 cerebral invasion is not fully understood, COVID-19 appears
to demonstrate neuroinvasive potential. Viral encephalitis,

Vol. 40 No. 3/2021 © 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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hemorrhagic necrosis involving mesial brain structures such as
the mesial temporal lobes and thalami have been reported to
date and may affect neurosurgical results.'® Moreover, accord-
ing to a recent meta-analysis including nearly 1,800 COVID-19
patients, lower platelet count was associated with severe
COVID-19. Thus, thrombocytopenia can lead to postoperative
rebleeding that results in a poor outcome.'” Similarly, in SARS-
CoV-2 infected and asymptomatic patients, surgical interven-
tion could impair the immune system, leading to progression of
the respiratory disease and to a worse outcome.'”"'8

Since the infection is asymptomatic in some cases, the
authors of the present study believe screening for COVID-19
is essential in all patients before surgery. In addition, it
contributes to healthcare professional safety. A higher mor-
tality risk is well-demonstrated in COVID-19 patients who
were submitted to surgical procedures.? Therefore, asymp-
tomatic surgical candidates are screened for SARS-CoV2 RT-
PCR on hospital admission. However, the case reported in the
present study showed a preoperative negative test. Accord-
ing to Kucirka et al.,'° the false-negative rate for SARS-CoV-2
RT-PCR testing is highly variable, highest within the first
5 days after exposure (up to 67%), and lowest on day 8 after
exposure (21%). Therefore, it is questionable which is the best
screening test on preoperative asymptomatic patients. Thus,
there is still no standard protocol to guide the screening tests
of neurosurgical patients.

In the literature, there are few cases reported of neuro-
surgery in patients diagnosed with COVID-19.2%° As shown
by Wen et al.,’ microsurgery for a ruptured cerebral aneu-
rysm clipping was performed in a patient with suspected
SARS-Cov-2 infection. In this case, RT-PCR testing was nega-
tive, despite the possibility of being a false negative, which
impacts to reduce registered cases. Therefore, we reported in
our study a rare confirmed case of patient infected with
SARS-CoV-2 undergoing neurosurgical operation. Despite
prolonged hospitalization, a good outcome was obtained,
with a mRS of 3 on discharge.

Conclusion

The SARS-CoV-2 pandemic has caused changes in the rou-
tines of healthcare systems worldwide. Many surgeries have
been postponed, so there are few reported cases of neuro-
surgery performed in patients diagnosed with COVID-19.
The possibility of false negative SARS-CoV2 RT-PCR screen-
ing test might contribute to the reduced registered cases.
Although these patients have worse results and a high
mortality rate, the reported patient managed to recover
well. Therefore, the present study showed a rare case of a
patient with COVID-19 undergoing neurosurgical procedure.
Although the management of these patients is still uncertain,
the value of surgical treatment must be balanced with risks
and benefits.

Patient Consent

The patient and relatives have consented to the submis-
sion of the present case report to the journal.
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Virtual reality (VR) has increasingly been implemented in neurosurgical practice. A
patient with an unruptured anterior communicating artery (AcoA) aneurysm was
referred to our institution. Imaging data from computed tomography angiography
(CTA) was used to create a patient specific 3D model of vascular and skull base
anatomy, and then processed to a VR compatible environment. Minimally invasive
approaches (mini-pterional, supraorbital and mini-orbitozygomatic) were simulated
and assessed for adequate vascular exposure in VR. Using an eyebrow approach, a mini-
orbitozygomatic approach was performed, with clip exclusion of the aneurysm from
the circulation. The step-by-step process of VR planning is outlined, and the advantages
and disadvantages for the neurosurgeon of this technology are reviewed.

A realidade virtual (RV) é uma ferramenta cada vez mais utilizada na pratica
neurocirdrgica. Apresentamos um caso de aneurisma da artéria comunicante anterior
(AcoA) sem rompimento com planejamento cirtrgico por RV. Os dados da angiografia
por tomografia computadorizada (ATC) DICOM foram usados para a criagdo de um
modelo 3D da anatomia vascular e da base do cranio do paciente, sequido de analise
em um ambiente compativel com RV. Abordagens minimamente invasivas (mini-
pterional, supraorbital e mini-orbitozigomatica) foram simuladas e avaliadas quanto a
exposicdo vascular adequada na RV. Utilizando uma abordagem pela sobrancelha, foi
realizada uma abordagem mini-orbitozigomatica, com exclusdo do aneurisma da
circulagcao. O processo passo a passo do planejamento da RV foi descrito e foram
revisadas as vantagens e desvantagens desta tecnologia.
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Virtual Reality Surgical Planning for Clipping an AcoA Aneurysm Gonzdlez, Ravera

Introduction

Surgical planning is a critical step in cerebrovascular surgery.
Appropriate selection of surgical approaches, angle of attack,
and potential clip configuration may be optimized by metic-
ulous assessment of the patient angiographic images.

Virtual reality (VR) has increasingly been adopted as a
technology with potential benefits for neurosurgery, allow-
ing a reduced learning curve of complex procedures, im-
proved visuospatial skills, and understanding of complex
anatomical relationships.’2

Digital imaging and communications in medicine
(DICOM) data from computed tomography angiography
(CTA) can be used to create accurate and individualized 3D
models of the patient skull base and vascular anatomy. These
3D models can later be transferred to a virtual reality
environment, obtaining in this process “stereopsis™, which
is a sense of depth from binocular vision that translates to
optimized visuospatial interpretation.

Using VR, the neurosurgeon can have a more accurate,
preoperative interaction with the patient’s unique anatomy.
In the VR environment, different surgical approaches can be
simulated, and surgical strategy rehearsed.

Our goal is to outline our step-by-step process of VR
surgical planning, including DICOM data processing and
creation of VR models of different surgical approaches,
applied successfully in the case of a patient with an unrup-
tured anterior communicating artery (AcoA) aneurysm
treated at our center, and briefly point the advantages and
disadvantages of this technology.

Case

A 64-year-old female patient with medical history of arterial
hypertension was admitted to our center because of head-
ache of acute onset and was diagnosed an unruptured
saccular AcoA aneurysm. The patient was neurologically
intact. On CTA, the dimensions of the aneurysm were 3-
mm neck and 5-mm diameter, with an anteroinferior pro-
jection, and counter clockwise rotation of the A2 fork. This
case was considered favorable for a minimally invasive
approach.

VR Planning
DICOM CTA (1.0-mm thickness volumetric acquisition) was
processed using the open-source DICOM software Horos
version 3.3.6 (Nimble LLC, Purview in Annapolis, MD, USA).
Using “grow segmentation tool,” two different regions of
interest (ROIs) of the polygon of Willis and of the skull bone
were created. Next, in the 3D volume rendering mode, with
the “scissor tool” 3 surgical approaches suitable for the case
were simulated (mini-pterional, supraorbital and mini-orbi-
tozygomatic). In the 3D surface rendering mode, red color
labeling was assigned to the arterial ROI, and white color to
the bone ROI. The 3D model was converted and exported to a
VR compatible file.

Using Sketchfab (http://www.sketchfab.com) free online VR
editor, the file was uploaded, and the texture was processed.
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Using a VR headset (Zeiss Vr Oneplus headset), the
resulting models were assessed using the first-person VR
mode.

Results

A VR simulation of minimally invasive cranial approaches
was performed from the side of A1 dominance (left side).

Mini-pterional Approach (https:||skfb.ly]6QsxC)

A frontotemporal curvilinear skin incision behind the line of
hair implantation, is followed by interfascial dissection of the
temporalis muscle. A subfascial or myocutaneous dissection
can be performed as well. A fronto-temporo-sphenoidal
craniotomy, as described by Figueiredo et al.? includes
bone removal from the keyhole region, posterior to the
frontozygomatic suture, lateral to the superior temporal
line and anterior to the stephanion (=Fig. 1.A, B).

Supraorbital Approach (https:||skfb.ly|6Qt6w)

After an eyebrow incision, following the description of
Perneckzy,” frontal bone removal begins in the keyhole
region and continues parallel to the supraorbital rim curving
backward lateral to the supraorbital notch, avoiding entering
the frontal sinus. The orbital roof is flattened with a cutting
or diamond burr (~Fig. 1C, D).

Mini-orbitozygomatic Approach (https:|[skfb.ly|
6Qtos)

This approach can be performed both from an eyebrow
incision, or after a frontotemporal curvilinear incision
behind the hairline insertion. Interfascial of subfacial dis-
section of the temporalis muscle is required. A proper
MacCarty keyhole is followed by removal of a 3 x 3-cm
bone flap that includes frontal bone, frontal process of the
zygomatic bone, part of the orbital roof, and the supraor-
bital rim.® (~Fig. 1 E, F)

Neurovascular Anatomy, Approach Selection, and
Dissection Strategy

The left A1 was dominant and had a trajectory directed first
posteriorly and then curved back anteriorly into the AcoA
complex. The A2 fork was rotated counterclockwise to the
left side. The contralateral Al joined the AcoA complex
posteriorly. Because of the lack of contrast enhancement,
the perforators and recurrent artery of Heubner were not
represented in the VR model.

The aneurysm originated form the AcoA and projected
inferiorly into the chiasmatic groove of the sphenoid
(=Fig. 2). Optimal exposure of the aneurysm neck was
obtained with a view axis almost perpendicular to the orbital
roof. For this reason, a mini-orbitozygomatic approach was
selected because it offered a better trajectory, perpendicular
to the aneurysm neck, creating a corridor unobstructed by
the orbital roof, and also offered an increased upward view
angle toward the A2. Dissection strategy included exposure
of optic-carotid and interoptic space. Because of a curved and
deep trajectory of the ipsilateral Al, an arterial exposure
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Fig. 1 Virtual reality simulation of surgical approaches. (A, B) Mini-pterional craniotomy. (C) (D) Supraorbital craniotomy. (D, E) Mini-

orbitozygomatic osteotomy.

proximal to the AcoA complex was planned. Exposure of
bilateral A2’s required inter-hemispheric fissure dissection.
Clipping with a straight clip configuration perpendicular to
the aneurysm neck was considered an optimal exclusion
strategy.

Surgical Technique

A left-sided mini-orbitozygomatic approach was performed.
Under general anesthesia, the patient was positioned in a
Mayfield head clamp. The head was extended and rotated ~
30 degrees to the right side. Following an eyebrow incision
laterally to the supraorbital notch, a fascial plane between
the orbicularis oculi and the frontalis and temporalis
muscles was identified. The supraorbital rim was exposed,
and the supraorbital nerve was protected medially. Using a

Arquivos Brasileiros de Neurocirurgia  Vol. 40 No. 3/2021

high-speed drill, a MacCarty keyhole was performed, ex-
posing the periorbita and frontal dura. The periorbita was
carefully separated from the orbital roof with a Penfield
dissector. A one piece mini-orbitozygomatic bone flap was
created with a craniotome, and the orbital roof was frac-
tured with a chisel. The dura was opened in a curvilinear
fashion and retracted with sutures (=Fig. 3 A). Without
rigid retraction, the frontal lobe was gently mobilized
posteriorly, exposing the optic-carotid cistern. Opening
these cisterns allowed cerebrospinal fluid (CSF) release
and brain relaxation. The supraclinoid carotid artery and
optic nerve were identified (~Fig. 3 B). Further dissection
revealed the aneurysm in the interoptic space projecting
inferiorly into the chiasmatic groove (=Fig. 3 C). The domi-
nant ipsilateral A1 was exposed in the posterior aspect of
the AcoA, and both A2s where identified by dissection of the

© 2020. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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A

Fig. 2 Virtual reality model of vascular anatomy. (A) ICA: Internal carotid artery. LA1: left A1, RA1: right A1, AcoA: Anterior communicating
artery, LA2: left A2, RA2: right A2, An: Aneurysm (B) Red/cyan anaglyph.

interhemispheric fissure, without the need of gyrus rectus
resection. The ipsilateral recurrent artery was exposed at
the A1-A2 junction. Two straight 7- and 9-mm Yasargil clips
(Aesculap AG & Co., Tuttlingen, Germany) were used to
exclude the aneurysm from the circulation (=Fig. 3C).
Indocyanine green (ICG) videoangiography confirmed an-
eurysm exclusion and patency of relevant vessels and
perforators. The patient had a favorable postoperative
course, without complications, and was discharged neuro-
logically intact.

Discussion

Virtual reality is a technology that has increasingly been
adopted in neurosurgery. Reports that related the use of VR
in neurosurgery correspond to one of the following catego-
ries: education and resident training, morphological re-
search, surgical planning, and use as an intraoperative
surgical adjunct.””"?

In our study, we focused on the use of VR as a planning tool
for cerebrovascular surgery. An eyebrow mini-orbitozygo-
matic approach was selected to treat an unruptured AcoA
aneurysm after VR simulation, with favorable exposure and
clinical outcome. This approach offered a perpendicular view
to the neck of the aneurysm, compared with a more parallel
axis view of the mini-pterional approach, and an increased
upward view angle toward the A2 (by removal of the orbital
rim and roof) compared with the supraorbital approach.
These were subjective observations made in the VR simula-
tion, and objective measurements would have made our
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study more robust, but our goal was to describe the process
of VR simulation used and not to do a morphometric VR
study comparing surgical approaches.

Virtual reality is a readily available technology, requiring a
low-cost investment of a smartphone VR headset to be used.
Stand-alone equipment exists that offers better image quali-
ty and interaction in the VR environment but at a higher cost.
A computer station with a good graphics processor is also
desirable.

In the VR environment, “stereopsis”>, the sense of depth
obtained from binocular vision, gives the surgeon the oppor-
tunity to asses complex spatial relationships of vascular
structures before surgery and to establish a surgical plan,
including patient positioning, surgical approach, vascular
exposure, and aneurysm neck dissection strategy . In our
opinion, the most important benefit of VR planning is
observed during surgery, at which point a “déja vu” feeling
develops when exposing the relevant vascular anatomy, and
the path to the aneurysm neck, as microsurgical dissection
continues, is crystal clear from the beginning.

Disadvantages from our VR planning procedure include
extra time required to process de DICOM images and conver-
sion into VR files. Advanced knowledge of ROI creation and
DICOM software use is required.

Soft-tissue layers, such as skin and muscle, cannot be
visualized in VR. As a part of the simulation strategy,
however, we took into consideration surgical steps related
to soft-tissue dissection, such as skin incision and temporalis
muscle dissection among others, to create a framework that
is to be reproduced in surgery, and allowed us to make the
decision about the best approach for the case.

»3
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Fig. 3 Surgical Technique. (A) Dural opening. (B) Exposure of ipsilateral internal carotid artery and optic nerve. (C) Aneurysm dissection and

neck exposure. (D) Clipping with straight clip.

The resulting VR model offers a gross representation of
the vascular arterial anatomy and is a product of the ROI
created from the vessels with contrast enhancement in CTA,
so there may be artifacts, like venous vessels colored as
arteries because of similar pixel values. Careful interpreta-
tion of the VR model is required. Perforators, due to lack of
contrast enhancement, are usually not possible to observe in
the VR model.

Overall, we believe that the advantages of this technology
are superior to the disadvantages. Further studies with this
technology are required to measure clinical benefit in terms
of neurological outcomes

Conclusion

Virtual reality is a valuable tool for planning cerebrovascular
surgery, optimizing patient positioning, surgical approach
selection, dissection strategy, and clip selection.
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3. Figuras (Tiff, Jpeg, Pdf, Indd), enviadas em
arquivos individuais para cada ilustragdo, com
resolu¢cdo minima de 300 dpi.

4, Tabelas, quadros e graficos (arquivo de
texto), enviados em arquivos individuais.

Normas para a estrutura dos artigos

Os artigos devem ser estruturados com todos
os itens relacionados a seguir e paginados na
sequéncia apresentada:

1. Pagina-titulo: titulo do artigo em portugués
e em inglés; nome completo de todos os au-
tores; sem abreviagoes, titulos universitarios ou
profissionais dos autores principais (maximo de
dois titulos por autor); nomes das instituicoes
onde o trabalho foi realizado; titulo abreviado do
artigo, para ser utilizado no rodapé das paginas;
nome, endereco completo, e-mail e telefone do
autor responsavel pelas correspondéncias com o
Editor, juntamente com o Formulario ICMJE
disponivel em (http://www.icmje.org/conflicts-
of-interest/).

2. Resumo: para artigos originais, devera ser
estruturado, utilizando cerca de 250 palavras, de-
screvendo objetivo, métodos, principais resul-
tados e conclusoes; para Revisoes, Atualizagoes,
Notas Técnicas e Relato de Caso o resumo ndo
deverd ser estruturado; abaixo do resumo, indicar
até seis palavras-chave, com base no MeSH (Med-
ical Subject Headings), publicado pelo Medline e
disponivel em: www.ncbi.nlm.nih.gov/mesh/.

3. Abstract: titulo do trabalho em inglés;
versao correta do resumo para o inglés; indi-
car até seis palavras-chave, com base no DeCS
(Descritores em Ciéncias da Satde), publicado
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pela Bireme e disponivel em http://decs.bvs.br.
4, Texto principal: introducdo; casuistica ou
material e métodos; resultados; discussao;
conclusdo; agradecimentos.

5. Referéncias: numerar as referéncias de for-
ma consecutiva de acordo com a ordem em
que forem mencionadas pela primeira vez
no texto, utilizando-se nimeros arabicos so-
brescritos. Utilizar o padrao de Vancouvers; listar
todos os nomes até seis autores, utilizando
“et al.” apds o terceiro quando houver mais
de seis autores; as referéncias relacionadas
devem, obrigatoriamente, ter os respectivos
nGmeros de chamada indicados de forma so-
brescrita, em local apropriado do texto prin-
cipal; no texto, quando houver citacdo de
nomes de autores, utilizar “et al.” para mais
de dois autores; dados ndo publicados ou co-
municagoes pessoais devem ser citados, como
tal, entre parénteses, no texto e ndo devem
ser relacionados nas referéncias; utilizar abre-
viatura adotada pelo Index Medicus para os
nomes das revistas; siga os exemplos de for-
matacdo das referéncias (observar, em cada
exemplo, a pontuacao, a sequéncia dos dados,
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Artigo de revista

Agner C, Misra M, Dujovny M, Kherli P, Alp
MS, Ausman |I. Experiéncia clinica com oxime-
tria cerebral transcraniana. Arq Bras Neurocir
1997;16(1):77-85

Capitulo de livro

Peerless SJ, Hernesniemi JA, Drake CG. Surgical
management of terminal basilar and posterior
cerebral artery aneurysms. In: Schmideck HH,
Sweet WH, editors. Operative neurosurgical
techniques. 3rd ed. Philadelphia: WB Saun-
ders; 1995:1071-86.

Livro considerado como todo (quando ndo hd
colaboradores de capitulos)

Melzack R. The puzzle of pain. New York: Basic
Books Inc Publishers; 1973.

Tese e dissertagdo

Pimenta CAM. Aspectos culturais, afetivos e
terapéuticos relacionados a dor no cancer.
[tese]. Sdo Paulo: Escola de Enfermagem da
Universidade de Sdo Paulo; 1995.

Anais e outras publicacées de congressos
Corréa CF. Tratamento da dor oncolégica. In:
Corréa CF, Pimenta CAM, Shibata MK, editores.
Arquivos do 7° Congresso Brasileiro e Encontro
Internacional sobre Dor; 2005 outubro 19-22;
Sdo Paulo, Brasil. Sdo Paulo: Segmento Farma.
p. 110-20.

Artigo disponivel em formato eletrénico

International Committee of Medial Journal Edi-
tors. Uniform requirements for manuscripts



submitted to biomedical journals. Writing and
editing for biomedical publication. Updated
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6. Tabelas e quadros: devem estar numera-
dos em algarismos ardbicos na sequéncia de
aparecimento no texto; devem estar editados
em espaco duplo, utilizando folhas separadas
para cada tabela ou quadro; o titulo deve ser
colocado centrado e acima; notas explicativas e
legendas das abreviaturas utilizadas devem ser
colocadas abaixo; apresentar apenas tabelas e
quadros essenciais; os arquivos devem ser sub-
metidos separadamente do texto principal.

8. Figuras: elaboradas nos formatos TIFF, |PEG,
PDF, Indd; a resolu¢do minima aceitavel é de
300 dpi (largura de 7,5 ou 15 cm).

9. Legendas das figuras: numerar as figuras, em
algarismos arabicos, na sequéncia de apareci-
mento no texto; editar as respectivas legendas,
em espaco duplo, utilizando arquivos separa-
dos; identificar, na legenda, a figura e os even-
tuais simbolos (setas, letras etc.) assinalados;
reproducdo de ilustragdo ja publicada deve ser
acompanhada da autorizagdo, por escrito, dos
autores e dos editores da publicacdo original e
esse fato deve ser assinalado na legenda.

10.Declaragdode ética: Negritonenhumdadoou
imagem identificando um paciente pode ser utili-
zado sem consentimento formal (os formularios
de permissao do paciente estao disponiveis
em: www.thieme.com/journal-authors); estu-
dos utilizando seres humanos ou animais devem
obrigatoriamente sequir os padrdes do Interna-
tional Committee of Medical Journals Editors -
ICMJE, bem como deve obter a aprovacao do
Comité de Eticadalnstituicio ondefoirealizado
o trabalho; todos os autores devem assinar e a-
nexar o seu proprio o formulario de conflitos de
interesse (disponivel em: http:|| www. icmje.
org| conflicts-ofinterest[); deve ser evitada a
citacdo de marcas comerciais; os autores serao
os (inicos responsaveis pelas opinides e concei-
tos contidos nos artigos publicados, bem como
pela exatiddo das referéncias bibliogréficas
apresentadas.

11. Os editores e Thieme combatem o plagio, du-
pla publicacao, e ma conduta cientifica atravé do
uso do software CrossCheck distribuido poriThen-
ticate. Seu manuscrito pode estar sujeito a inves-
tigacdo e retratacao caso haja suspeita de plagio.
12. Os autores devem divulgar qualquer relagdo
financeira no ato da submissao, e quaisquer di-
vulgacdes devem ser atualizadas pelos autores

antes da publicacdo. Informagdes que podem
ser percebidas como potencial (is) separar con-
flito (s) de interesse deve ser declaradas. Esta
informagao inclui, mas ndo se limita a, subven-
¢oes ou financiamento, emprego, afiliacoes,
patentes, invencdes, honorarios, consultorias,
royalties, ou testemunho de especialista.

13. Outras informacoes: provas PDF serdo envi-
adas aos autores correspondentes para resposta
sobre eventuais dividas e/ou aprovagao dentro
de 72 horas; exceto para unidades de medida,
abreviaturas devem ser evitadas; abreviatura
utilizada pela primeira vez no texto principal
deve ser expressa entre parénteses e precedida
pela forma extensa que vai representar.
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