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Abstract Objective To describe our surgical techniques, analyze their safety and their postop-
erative outcomes for foramen magnum tumors (FMTs).
Methods From 1986 to 2014, 34 patients with FMTs underwent surgeries using either
the lateral suboccipital approach, standard midline suboccipital craniotomy, or the far
lateral approach, depending on the anatomic location of the lesions.
Results In the present series, there were 22 (64.7%) female and 12 (35.2%)male patients.
The age of the patients ranged from 12 to 63years old. We observed 1 operative mortality
(2.9%). A total of 28 patients (82.3%) achieved a score of 4 or 5 in the Glasgow Outcome
Scale (GOS). Gross total resection (GTR) was obtained in 22 (64.7%) patients. After the
surgery, 9 (26%) patients developed lower cranial nerve dysfunction (LCNd) weakness. The
follow-up varied from 1 to 24years (mean: 13.2 years).
Conclusion Themajority of tumors located in the FMcanbe safely and efficiently removed
usingeither the lateral suboccipital approach,standardmiddle linesuboccipital craniotomy,
or the far lateral approach, depending on the anatomic location of the lesions.

Palavras-chave

► foramem magnum
► meningiomas do

foramem magnum
► tumores do foramem

magnum
► microcirurgia
► acesso retrocondilar
► acesso suboccipital

Resumo Objetivo Descrever as nossas técnicas cirúrgicas, analisar sua segurança, relatar e
discutir os resultados para tumores localizados no foramen magnum (FM).
Método Este um estudo retrospectivo de 34 pacientes com tumores localizados no
FM que foram submetidos a craniectomia suboccipital lateral, ou a craniectomia
clássica suboccipital, ou ainda ao acesso extremo lateral, entre os anos de 1986 a 2014.
Resultados Este grupo de pacientes foi composto por 12 homens (35.2%) e 22
(64.7%) mulheres, cuja idade variou de 12 a 63 anos. A remoção total da lesão ocorreu
em 22 (64,7%) indivíduos. A mortalidade cirúrgica foi observada em apenas 1 paciente
(2,9%). Um total de 28 (82.3%) pacientes alcançaram 4 ou 5 pontos na Escala de
Resultados de Glasgow. O acompanhamento médio foi de 13,2 anos.
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Introduction

The foramenmagnum (FM) comprises a bony channel formed
anteriorly by the lower third of the clivus, the anterior arch of
the atlas, and the odontoid process. The lateral limits are the
jugular tubercle (JT), the occipital condyle (OC), and the lateral
mass of the atlas. Lastly, the FM is limited posteriorly by the
lower part of the occipital bone, the posterior arch of the atlas,
and the two first intervertebral spaces. The FM encloses the
brainstem, the vertebral arteries (VAs), the anterior and pos-
terior spinal arteries, the IX, X, XI, XII cranial nerves and the
roots of the C2. Despite the great development of microsur-
gery, the surgical management of tumors located in the FM
continues to challenge neurosurgeons because of the complex
anatomy of this region. These tumors grow in close contact
withneural andvascular structures thatcannotbesacrificedor
retracted. It raises controversies related to the best surgical
approaches to deal with these lesions.1–13

Method

Data Collection
A retrospective study was performed with 34 consecutive
patients with foramen magnum tumors (FMTs) diagnosed
and operated at the Department of Neurosurgery of the
Public Servants Hospital, a tertiary referral center, and at
Rede D’Or/São Luis hospital, a private unit at Rio de Janeiro,
from 1986 to 2014. The files, operative notes, pre and
postoperative imaging studies, pathological reports and,
when available, intraoperative videos of the patients, were
used for the analysis. A database was created, from which
information pertinent to the present study was collected.
The pathological review was performed based on the World
Health Organization (WHO) guidelines. Postoperative imag-
ing was performedwithin the first 72 hours after the surgery
to document postoperative changes and the degree of tumor
removal. Neurophysiological monitoring was used in the last
2 cases. The need for informed consent waswaived due to the
retrospective character of the study. The follow-up varied
from 1 to 24 years. The first clinic visit was �15days after
hospital discharge, and then at 2 and 6months postopera-
tively; thereafter, the patients were reexamined as neces-
sary. TheGlasgowOutcome Scale (GOS) defined the outcome.

Clinical Characteristics
Chronic headache and/or neck and arm pain were the
symptoms observed in 19 individuals (55,8%). Gait distur-
bance was reported in 21 patients (61.7%). Pyramidal syn-
drome was observed in 19 patients (55.8%). Lower cranial
nerve dysfunction (LCNd) was diagnosed in 11 individuals
(32.3%). All of the patients underwent a computed tomogra-

phy (CT) scan and/or a magnetic resonance imaging (MRI)
exam. A total of 20 (58.8%) lesions showed enhancement
after contrast injection. Two (5.8%) of them showed calcifi-
cations. Twenty (58.8%) of the tumors were inserted anteri-
orly or anterolaterally to the dentate ligament; 14 lesions
(41.1%) were posterior or posterolateral. Twelve lesions
(35.2%) crossed the midline. (►Table 1)

Surgical Technique
The same surgical technique was used following these gen-
eral steps: anesthesia was induced with a carefully endotra-
cheal intubation and standard anesthetic equipment was
employed to detect and treat air embolism. A total of 21
(61.7%) patients were positioned on a semisitting position
with the head slightly flexed and secured in the Mayfield

Conclusão A maioria dos tumores localizados no FM podem ser removidos adequa-
damente empregando-se ou a craniectomia suboccipital lateral retrocondilar, o acesso
mediano clássico ou, em raros casos, o acesso extremo lateral.

Table 1 Demographic features, histopathological types, and
results of 34 patients with foramen magnum lesions

Age of treatment: 12 to 66 years old (mean: 42.6 years old)

Gender: female¼ 22( 64.7%); male¼ 12 (35.2%)

Symptoms:

Headache: 20 (58.8%)

Gait disturbance: 22 (64.7%)

Motor deficits: 20 (58.8%)

Lower cranial nerve dysfunction: 12 (35.2)

Pathological entities:

Meningiomas:16 (47.0%)

Brainstem astrocytomas: 8 (23.5%)

Schwannomas: 4 (11.7%)

Epidermoids: 2 (5.8%)

Chordoma: 1(2.9)

Chondrosarcoma: 1(2.9%)

Ependymoma: 1 (2.9%)

Arachnoid cyst: 1(2.9%)

Tumor size: 2.1 to 7.3 cm (mean: 3.6 cm).

Gross total resection in non-meningiomas: 12 (66.6%)

Gross total resection meningiomas: 12 (75.0%)

Cerebrospinal fluid fistula: 7 (20.5%)

Lower cranial nerve deficits: 10 (29.4%)

Recurrence: 9 (26.4%)

Operative mortality: 1 (2.9%)

Follow-up: 1 to 24 years (mean: 10.2 years).

Glasgow outcome scale 4 and 5: 25 (73.5%)

Arquivos Brasileiros de Neurocirurgia Vol. 39 No. 2/2020
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head holder. In the other (38%) patients, the lateral decubitus
or the park bench position was chosen. The procedure was
initiated with the use of a 2.5 surgical loupe and coaxial
lighting for soft tissue incision and bone work.

Skin incision and muscle dissection: For tumors located
anterior to the dentate ligament, a 12-cm vertical linear
incision was made 2 to 3 cm medially to the mastoid and
centered�2 cmabovethemastoid tip. The incisionwascarried
down through the galea and the periosteum over the sub-
occipital bone and the posterior border of the sternocleido-
mastoid and trapezius muscles, proceeding to the C2-C3level.

Muscular Dissection: The spinous process of the second
cervical vertebra is a palpatory guide to the position of the FM
and enables the subperiosteal dissection of the suboccipital
region to be carried along the C1 posterior arch. The para-
vertebral muscles are detached from their attachment to the
occipital scama and are progressively sectionedwith a scalpel.
A self retained retractor is progressively inserted into the
wound, exposing the suboccipital triangle and maintaining
the paravertebral muscle in the appropriate position. At this
point, the C1cposterior arch is identified and dissected free
with a periosteum elevator until the mastoid process is
exposed. The vertebral artery (VA) is kept undisturbed in the
sulcus arteriosus. The ipsilateral lateral half of the arch of the
atlas is then resected with the Laksell rongeur, as previously
described14

Craniotomy: The suboccipital craniotomy is performed
unilaterally; it is extended to the FM and to the posterior
edge of the occipital condyle, but the condyle is preserved in
most of the cases. This access provides sufficient midline and
lateral suboccipital exposure to the tumor. If more exposure
is needed, C2 and C3 laminectomy can be included. Emissary
veins opened during subperiosteally dissection should be
coagulated bipolarly and waxed immediately.

Opening the dura: The surgicalmicroscope is introduced in
the operative field and the operation is performed with a
magnification that varies from 10x to 16x until the end of the
procedure. The dura is opened longitudinally, medial from the
VAentryor in themidline in the cases ofa standard suboccipital
approach. Thedural edges are tentedup. Thearachnoid spaceof
the cisterna magna is opened to drain the cerebrospinal fluid
(CSF). The tumor is exposed under the arachnoid space of the
lateral medullary cistern, enabling visualization of the brain-
stem, of the LCN and of the VA. The exposure can be improved
after a gentle elevation of the cerebellum. The spinal cord and
the midbrain are displaced posteriorly and laterally, to the
opposite side of the tumor. The spinal portion of the accessory,
the XI CN and the posterior rootlets of C2 are identified on the
posterior-lateral aspect of the meningioma. The dentate liga-
mentandC2rootletsare sectionedwhenevernecessary, but the
vessel traveling along the nerve root should be preserved to
avoid spinal cord ischemia.

Debulking the tumor: After bipolar coagulationwith low
current under saline irrigation, the tumor is partially devas-
cularized; the capsule is incised with a scalpel, penetrated,
and progressively debulked from within, with piecemeal
tissue removal techniques. Rigorous homeostasis is main-
tained throughout the operation. Careful attention is paid to

identify and respect the arachnoid plane at the tumor-
brainstem interface, which facilitates complete tumor resec-
tion and minimizes small vessel and brainstem injury, as
previously published .14,15

Dissecting the tumor: The surgery proceeds within the
space provided by the tumor growth. The meningioma is
then dissected away from the LCNs and from the blood
vessels by gentle meticulous microsurgical techniques,
with microscissors and dissectors and multiple microscope
angulations. As the debulking of the tumor proceeds, the
brainstem relaxes progressively and provides additional
working space for dissection around the capsule.

Then, the site of attachment of the tumor is identified,
coagulated, and sectioned. A GTR is always attempted, but if
the arachnoidal cleavage plane cannot be defined during
surgery, or if dissection of the tumor from the VA, from its
branches, from thebrainstem or from the LCNmayentail risk
of damage, we leave a thin rim of tumor attached to these
structures. In case of meningiomas, no attempts are made to
resect the dura or to excise the bone involved.

In the cases of posterior or posterolateral lesions, as in
brainstem gliomas, the skin incision is placed in the midline
and the access to the suboccipital scama is made between the
paravertebral muscles. The microsurgical removal of the
lesions is made following the aforementioned technical rules.

The dura is closed either primarily or with a free pericra-
nial graft. The closure of superficial planes consists of three
layers of suture, with nylon stitches on the skin. If swallow
deficits are noted in the postoperative period, an early
tracheotomy is performed.15

Results

In the present series, there were 22 (64.7%) female and 12
(35.2%) male patients, whose age ranged from 12 to 66years
old (mean: 42.6 years old). The follow-up varied from 1 to
24years (mean: 10.2 years old). The pathological entities
comprised: 16 meningiomas, 8 brainstem gliomas, 4 schwan-
nomas, 2 epidermoid tumors, 1 chordoma, 1 chondrosarcoma,
1 ependymoma, and 1 arachnoid cyst. The diameter of the
tumors ranged from 2.1 to 7.3 cm (mean: 3.6 cm).

Mortality, Morbidity and Outcome
There was 1 (2.9%) operative mortality (until 30days postsur-
gery) that occurred in an adolescent with Neurofibromatosis
type 1 (NF1).We completely removed 2 dumbbell C2 Schwan-
nomas involving both sensory andmotor rootlets with critical
compression of the spinal-medullary junction. Several days
after surgery, he was admitted with acute respiratory distress
and died due to aspiration pneumonia. Three other patients
(8.8%) died between the 60th and 180th postsurgical days
resulting from aspiration pneumonia and its consequences.
Immediate postoperative dysfunction or aggravation of previ-
ous lower cranial deficitswas observed in the 10 patientswith
aggravationof previous lower cranial deficits, only 3 recovered
in the follow-up. Three of these patients recovered partially
from the LCN deficits during the follow-up period. One patient
presented partial brachial plexus paralysis and in 7 (20.5%)
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transient CSF fistula. Difficulty with dissection of the tumor
from the brainstem and from encased vessels due to absent
arachnoid plane occurred in 14 instances (41.1%). In the
meningioma subset, we obtained Simpson grade 2 in 12
individuals (75%) and grade 3 or 4 in 4 (25%) patients. No
operativemortalitywasobserved in themeningiomagroup. In
general, 25 patients (73.5%) achieved GOS 4 or 5. Out of 19
patientswith nonmeningioma tumors,we obtainedGTR in 11
(57.8%) individuals. We observed recurrence of the lesion in 9
patients (26.4%), who were treated with radiotherapy.

Discussion

Surgical Aspects
Based on the insertion in the dura, the FM meningiomas
(FMMs) can be classified as anterior, if they were attached to
the anterior rim of the FM and displaced the neuraxis in a
posterior direction (►Fig. 1). Anterolateral meningiomas are
those situated on the ventrolateral rim of the FM and that
displace the neuraxis posterolaterally (►Fig. 2A and 2B).
Tumors in both subgroups were located ventral to the
dentate ligament. Lesions are classified as posterior if the
insertion in the dura is posterior to the dentate ligament
(►Fig. 3). Most of the FMMs arise anterolaterally, followed by
those that arise posterolaterally2,13,14.

Surgery of FMTs, located anteriorly or anterolaterally to
the brainstem constitutes a formidable challenge to neuro-
surgeons. A controversial discussion has risen concerning the
utility of systematic occipital condyle drilling for approach-
ing anterolateral FMMs. Sen et al 8 and a group of surgeons
stated that, in anteriorly or anterolaterally located FMMs, the
extreme lateral or far lateral approach associated with VA
medial transposition with a total or partial condylectomy
improves the angle of visualization of the area ventral to the
lower brainstem, facilitating the dissection of the interface

between the neuroaxis and the tumor.4,7,8,16–18 On the other
hand, George et al,12 Bassiouni et al13 and others19–21

concluded that, as the tumors progressively displace the
medulla and the spinal cord posteriorly, they create a space
and, trough this space, the tumor can be safely and complete-
ly resected via posterolateral suboccipital craniotomy, with-
out condylar drilling. Most of the cases of incomplete tumor
resections are not the result of inadequate exposure, but
instead of invasion of the piamater of the brainstem or of the
involvement of the VA or of the cranial nerves by the tumor.
In these patients, a subtotal tumor resection is recom-
mended, which leaves a thin rim of the tumor.4–7,19–21

Wanebo et al22 concluded that, in patients with a small
foramenmagnum, with a short distance between the anteri-
or rim of the foramen magnum and the brainstem and
relatively large occipital condyles, the transcondylar
approaches would be helpful. On the contrary, Spektor
et al23 reported that total resection of the condyle provided
very little additional exposure to the anterior FM and did not
compensate for the significant level of possible additional
morbidity. Silveira et al24 concluded that the extensions of
bone removal should be adapted to the topography of the
lesion: the retrocondylar approach for the lateral area of the
FM; the partial transcondylar for the anterolateral portion;
and the complete transcondylar for the anterior part of the
FM.25,26 A recent review found 657 cases from 29 different
neurosurgical centers reveled that in 6 they routinely per-
formed condylar resection, in 4 they tailored the drilling of
the condyle and 7 others centers they never resect it.1

We order the lateral sub-occipital retrocondylar approach
without resection of the occipital condyle for 16 patients
(47.0%), (►Fig. 1 and 2) the standard posteriormidline access
for 14 (41.1%) individuals (►Fig. 1, 4 and ►Fig. 5). For one
patient with a chondrosarcoma, another with a chordoma,
and for two others with huge bilateral epidermoid tumors

Fig. 1 (A) Preoperative sagittal magnetic resonance imaging detecting a large foramen magnum meningioma displacing the brainstem
backwards. (B) Postoperative sagittal magnetic resonance imaging confirming gross total resection after a retrocondylar approach.
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with encasement of the basilar artery, we elected the far
lateral approach with partial or total condylar resection
(11.7%). The retrocondylar approach provided satisfactory
exposure in the majority of the patients, because most of
these anterior or anterolateral tumors grow predominantly
to one side, providing a corridor of exposure without need of
condylar resection. These lesions belong to the group of

tumors in which, paradoxically, it is easier to excise a large
tumor than a small one, because the larger tumors provide
more space anteriorly and, thus, lessen the need for a more
lateral exposure. Extensive drilling of the occipital condyle,
of the lateral mass of the atlas and of the jugular tubercle can
lead injury to the hypoglossal nerve, to the VA, and promote
spinal instability.3,6,7,13,14,20,21,24–26 Since our objective has

Fig. 3 (A and B) Sagittal T1 and axial contrast-enhanced magnetic resonance imaging detecting a posterior foramen magnum meningioma.
(C) Postoperative enhanced computed tomography showing gross total resection, obtained by the standard posterior approach.

Fig. 2 (A and B) Computed tomography scans detecting an anterolateral meningioma pushing back the brainstem. (C and D) Postoperative
computed tomography scans demonstrating gross total resection with condylar preservation.

Arquivos Brasileiros de Neurocirurgia Vol. 39 No. 2/2020

Approachs for Foramem Magnum Tumors Lynch et al. 65



always been to keep the quality of life of the patients a
priority, a subtotal removal might represent a very accept-
able goal in fibrous or calcified tumors encasing the VA and
perforating vessels or adhering to cranial nerves.4–7 In these
patients, a subtotal tumor resection is recommended, which
leaves a thin rim of the tumor.4–7,19–21 Most of the cases of
incomplete tumor resections are not the result of inadequate
exposure, but instead of invasion of the pia mater of the
brainstem or of the involvement of the VAor of cranial nerves
by the tumor. During the removal of the tumor, bipolar
coagulation is kept to a minimal, used under continuous
cold saline irrigation, and the aspiration is seated in soft
suction mode. Total removal could be dangerous for some
patients and difficult to achieve because these tumors are
critically located, and there may be adherence or even

encasement of vital structures by the tumor. If the surgeon
persists with any attempt to remove every last residual
lesion to achieve the cure of the patient, it could result in
unwarranted lesions or injuries in the perforating branches.
The main cause of postoperative morbidity is injury to the
vertebral or basilar artery branches. Injury to even a single
perforating vessel can result in brainstem infarction. On
diagnosis, many lesions are already large or giant. Several
authors reported increasing tumor size to portend higher
rates of incomplete resection, higher rates of surgical mor-
bidity, and an increased risk of recurrent disease. The deci-
sion on the extent of surgical resection can be difficult,
particularly in older patients or in patients with minor
symptoms. On the other hand, experience clearly empha-
sizes that, when tumors are incompletely removed, they tend

Fig. 5 (A) Coronal T1 magnetic resonance imaging detecting fainting enhancing bilateral foramen magnum tumors (arrows). (B) Operative
photographs revealing the presence of bilateral foramen magnum schwannomas (arrows).

Fig. 4 (A) Preoperative contrast-enhanced sagittal T1-weighted magnetic resonance imaging showing a large lesion occupying the 4th ventricle
with anterior compression of the brainstem . (B) Postoperative sagittal T1-weighted magnetic resonance imaging confirming the gross total
resection of the tumor. (C) Histopathological study revealed elongated fibrillated pilocytic astrocytes (hematoxylin and eosin, 20x).
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to regrow, and the next surgeon operating on the patient will
be confronted with severe adhesions of blood vessels and
brain tissue.

However, evenwhen GTR is performed, tumor recurrence
can occur. Radiosurgery might be considered as an alterna-
tive therapy for residues or recurrences, or even for patients
deemed poor candidates for resection.26

The role of the endoscopic endonasal approach in the
management of ventral posterior fossa meningiomas is still
restricted due to limited surgical indications and experience.
It can be use for the rare cases of meningiomas with most
parts of its dural base at the midline clival region. Most of
these patients were operated on by two senior neurosur-
geons that gave to this sample a homogenous surgical
technique. The limitation of the present study is that, com-
pared with other published series, the present series is
relatively small.

We can conclude that, in most of the cases of anterior or
anterolateral FMTs, the lateral suboccipital approachwithout
drilling the occipital condyle is less invasive, but it is suffi-
cient for tumor removal. This approach is safe and effective.
However, tailoring the surgery, including drilling of the
occipital condyle, based on the size and shape of the FM,
and on the local of the dural origin of the meningioma, also
seems a reasonable option. In posterior or posterolateral
located lesions, the standard posterior midline is sufficient.
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Abstract Introduction The neurosurgical practice often involves situations that require rapid
and immediate decision making, and a very lowmargin for error may eventually lead to
an unsatisfactory clinical outcome. Thus, neurosurgery is considered as a medical
specialty with high risk for the occurrence of litigation for supposed malpractice. The
main objective of the present study was to identify the most prevalent epidemiological
profile of the authors of civil claims for alleged malpractice against neurosurgeons, as
well as to identify the legal strategies most commonly employed in this type of lawsuit.
Methods This is a descriptive, retrospective and quantitative study, with review of the
initials/exordials of all civil actions motivated by alleged malpractice against neuro-
surgeons, defended by an office specialized in Medical Law, from 2008 to 2018. Data
were collected relative to the author of the action; the disease that led to the outbreak
of the action; and some legal information of interest for the outcome of the litigation.
Results During the period studied, 16 compensation/eviction claims were identified
as being motivated by supposed neurosurgical malpractice. The average age of the
authors was 51 years old; with a high school or undergraduate level of education in 75%
of the cases, and especially from the Class B social extract (43%). Degenerative
affections of the lumbar spine (12 cases, 75%) were the most common diseases that
motivated the litigation, followed by brain tumors (2 cases, 12.5%), 1 case of carpal
tunnel syndrome, and 1 case of chronic pain due to inflammatory radiculitis. The
average value of the sponsored claim was 649,000.00 reais. Justice gratuity was
granted in 80% of the cases and the reversal of the burden of proof by 30%. The main
documentary evidence was medical reports – from third parties or the surgeon
him/herself, and medical records.
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Introduction

Conceptually, medical malpractice, or only malpractice, cor-
responds to an unintentional injury caused by an action or
omission of a physician during the exercise of his/her pro-
fession. This definition proves to be completely different
from the concept of “complication”, since the latter is char-
acterized by an event inherent to the medical act, but
without any connection with an action that may be consid-
ered reckless, negligent or imperfect. Medical malpractice

can lead to civil sued, which occurs when the patient or
his/her relatives demand varied reparations to justice due to
an alleged error1 in face of the diagnosis or treatment
offered. For the accused physician, the costs of such a judicial
action are numerous and are not only limited to financial
losses, but also indirect losses such as time, depression,
fatigue, stress, reputation damage, reduced satisfaction
with the career, alcohol/drug abuse, as well as rising of
suicide rates.2 In addition, in cases involving surgical treat-
ments, patients themselves and society in general also end

Conclusions The number of civil claims against neurosurgeons has been increasing
dramatically over the past decade. The results of the present study may be useful to
health professionals and law offices specialized in professional defense to identify some
more effective measures regarding the prevention of potential litigation, in spite of the
identification of themost common personal profiles that end up proposing a process of
civilian repair against neurosurgeons.

Resumo Introdução A prática do neurocirurgião frequentemente o envolve em situações que
requerem uma tomada de decisão rápida e imediata, com baixíssima margem para
erro, cujos potenciais efeitos adversos podem incorrer em um desfecho clínico
insatisfatório. Assim, a neurocirurgia é considerada uma especialidade de alto risco
para a ocorrência de processos por suposto erro médico. O presente estudo tem
como principal objetivo identificar o perfil epidemiológico mais prevalente de autores
de ações cíveis por suposto erro médico contra neurocirurgiões, além de identificar as
estratégias jurídicas mais comumente empregadas neste tipo de ação judicial.
Métodos Trata-se de um estudo descritivo, retrospectivo e quantitativo, com revisão
das exordiais de todas as ações cíveis motivadas por suposto erro médico contra
neurocirurgiões, defendidas por uma banca de advocacia especializada em Direito
Médico, no período de 2008 a 2018. Foram coletados dados relativos ao autor da ação;
à doença que motivou a deflagração da ação; e algumas informações de cunho jurídico
de interesse para o desfecho do litígio.
Resultados No período estudado, foram identificados 16 processos de ações civis de
indenização/reparação movidas contra neurocirurgiões motivadas por suposto erro
profissional. A idade média dos autores foi de 51 anos, com grau de instrução superior
ou médio em 75% dos casos, procedentes em especial do extrato social de Classe B
(43%). As doenças que motivaram a ação foram: patologias degenerativas, traumáticas
e infecciosas da coluna vertebral lombar (12 casos, 75%), tumores cerebrais (2 casos,
12.5%), 1 caso de síndrome do túnel do carpo, e 1 caso de dor crônica. O valor médio da
pretensão indenizatória foi de 649.000,00 reais. Gratuidade de justiça foi concedida em
80% dos processos e a inversão do ônus da prova em 30%. As principais provas
documentais apresentadas foram o prontuário médico (ou partes deste) e relatórios
médicos formulados seja pelo próprio profissional requerido, seja por terceiros.
Conclusões O número de ações cíveis de reparação de danos contra neurocirurgiões
vem aumentando consideravelmente na última década. Os resultados do presente
estudo podem ser úteis aos profissionais de saúde e escritórios de advocacia
especializados na defesa profissional no sentido de identificar medidas mais efetivas
quanto à prevenção de potenciais litígios judiciais, no que pese na identificação dos
tipos mais comuns que acabam por propor um processo de reparação cível contra
neurocirurgiões.

Palavras-chave

► erro médico
► neurocirurgia
► ação cível
► justiça
► culpa
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up with a cost, as many of the surgeons prosecuted end up
adopting practices called as Defensive Medicine, such as
avoiding high-risk surgery, or increasing the number of
procedures (laboratory and imaging tests, excessive use of
medications) to delay the effective decision-making by sur-
gery, which can compromise the outcomes and increase the
costs of the treatments.3

Updated data from the literature indicate that in Brazil,
every year, � 7% of all physicians are sued.4 Considering an
universe of 470,855 doctors currently active, we can easily
conclude that more than 30,000 new lawsuits against physi-
cians are initiated annually. The likelihood of being sued
depends on the specialty of the professional. The cumulative
riskof facingmedicalmalpractice claims until the age of 65 is
� 70% for professionals withmore generalist specialties such
as pediatrics, medical clinics, family medicine; while it is
close to 99% in high-risk specialties, including neurosurgery.5

The neurosurgeon basically works with very delicate ana-
tomical structures and, for this reason, his activity is consid-
ered of high risk for development of complications and,
sometimes, unsatisfactory outcomes. Since the second half
of the 20th century, neurosurgery has been developing a
more sophisticated and less invasive technical arsenal, pre-
cisely to reduce the risks involved in surgical procedures and
also to decrease the chance of unexpected negative events.
However, since the daily practice often involves the neuro-
surgeon in situations that require some quick and immediate
decision-making, with very low margin for error, the poten-
tial adverse effects of these actionsmay eventually trigger an
unsatisfactory clinical outcome. Due to all these peculiari-
ties, neurosurgery is considered a high-risk specialty for the
occurrence of claims for alleged medical malpractice.6

The Brazilian Superior Court of Justice (STJ, in the Portu-
guese acronym) analyzed, in 2014, 626 cases of medical
malpractice, of which 7.14% were related to civil claims
against neurosurgeons.4 At the level of the Federal District
(DF, in the Portuguese acronym), data from the Federal
District Court (TJDF, in the Portuguese acronym) indicate
that between 2013 and 2015, 10 claims were filed against
neurosurgeons, totaling 5% of a total of 202 cases7 filed at
that court. Higher Courts data indicate that, compared with
the beginning of the decade, in 2018 there was a nearly 250%
increase in the number of litigations filed against medical
physicians.

The main reasons that lead to this increase in the number
of legal actions for reparation ofdamages can be summarized
as follows: a) greater access to justice, especially with the
facility of gratuitous justice, in which the act of prosecuting
the physician practically renders null the risk to the patient;
b) the reduction of the quality of the offeredmedical service,
whether due to questions related to the training of the
professional or related to the scrapping of the Brazilian
health infrastructure; c) an increase in the number of legal
professionals who facilitate access to justice, even though the
professional is often aware of the low prospect of success in
the action (the so-called “malpractice industry”); d), and
finally, but perhaps most importantly, questions related to
the patient itself, since they have become more informed,

more demanding and, therefore, less tolerant.8 Moreover,
modern societies are increasingly demanding of people who,
whenever something does not completely meet their per-
sonal expectations, seeks for a guilty party. And, many times,
in the search for this culprit, the patient confuses the
frustration of his expectations with an allegedmedical error.

American authors point out that one of the main reasons
for the increase in the number of claims against physicians in
the USA stems from the belief of the population that almost
all health events can be controlled or even resolved. There-
fore, the occurrence of unusual, unsatisfactory or unexpect-
ed outcomes ends up becoming a fertile field for litigation.9

Currently, we notewith concern the growing increase in civil
damages actions for alleged malpractice against neurosur-
geons in Brazil. The current situation forces us to question
whether this increasing number of processes is effectively a
result of a decrease in the quality of professional care, that is,
a real increase in the failures; or would it correspond only to a
modern phenomenon intermediated by subliminal mecha-
nisms (such asmedia induction) associatedwith a behavioral
change in society as a whole, in the sense that it has become
less and less tolerant about the limitations of medicine itself,
and more demanding about its expectations regarding the
methods of therapeutic intervention currently available.

The main objective of the present study was to identify
the most prevalent epidemiological profile of authors of civil
claims for alleged malpractice against neurosurgeons, in
addition to trying to identify the legal strategies most
commonly employed in this type of claim. To achieve this
objective, we analyzed the epidemiological aspects of the
individuals who decided to sue neurosurgeons, as well as
some characteristics of the diseases that led to the outbreak
of the litigation. Finally, the objective is to evaluate theway in
which the case was initially conducted by the lawyers of the
requesting party and also by the magistrate himself. The
results of the present study may be useful for health pro-
fessionals and law offices specialized in medical defense to
identify some more effective measures in the prevention of
potential litigation, in spite of the identification of the most
common types that end up proposing a reparation process
against neurosurgeons, in addition to assisting these pro-
fessionals at the time of their eventual defense.

Methods

This is a descriptive, retrospective and quantitative study.
We conducted a review of the initials/exordial of all civil

actions motivated by alleged medical malpractice against
neurosurgeons defended by an office specialized in medical
law. It is the Brazilian Society of Medical and Bioethical Law
(ANADEM, in the Portuguese acronym), which corresponds
to a civil society of an associative nature, with legal person-
ality of private law and national action, which promotes
debates on the problems related to the practice of medicine
in Brazil. The ANADEM is the promoter and manager of the
Professional Lender Protection Fund (FUMDAP, in the Portu-
guese acronym), which provides professional legal protec-
tion through accredited law offices to more than 27,000
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doctors and other Brazilian health professionals. The
ANADEM/FUMDAP counts on attorneys specialized in medi-
cal professional defense and is frequently activated by its
members in case of allegations of professional error, in the
administrative, ethical, criminal and civil courts.

Data collection was document type, being performed an
analysis of the initials/exordial of civil actions by supposed
malpracticemoved against neurosurgeons in all of Brazil, in a
period of 10 years, that is, 2008 to 2018. Data was collected
regarding the author of the action itself; the illness and the
effective treatment that motivated the outbreak of the
action; and some legal information of interest for the out-
come of the demand.

Thus, the data related to the author of the action were:
age, gender, marital status, education, profession and socio-
economical level. As for the disease, the diagnosis itself and
the type of treated neurosurgical diseasewere analyzed, that
is, a classification that divides these illness in some large
nosological groups, such as follows: tumor (i.e., neoplasia
affecting the central nervous system), vascular diseases
(those involving veins and cerebral arteries, such as stroke,
cerebral aneurysms, etc.), spine (degenerative, infectious and
traumatic diseases involving the spine), peripheral nerves
(diseases involving the peripheral nervous system), pediatric
(neurological disorders in children treated surgically), func-
tional (neurological functional nature diseases, such as
Parkinson disease, epilepsy, chronic pain, etc.) and traumatic
brain injury. In addition, this topic also evaluated the con-
crete reasons that led to the outbreak of civil action, that is,
basically the complaints or accusations reported by the
applicants. Finally, some data concerning legal issues were
also evaluated, which are considered important when pre-
senting the exordial and thatmay interfere in the delineation

of the cause. Thus, information regarding the value of the
casewas collected; whether or not therewas a reversal of the
burden of proof; whether or not the benefit of gratuitousness
of justice was granted to the author; whether the
author/applicant submitted a technical assistant; if there
were any co-defendant(s) in the same action; if specialized
medical expertise was requested; and, finally, what were the
documentary evidences attached to the exordial used to
prove the narrated facts.

These data then led us to an individualized analysis of
each variable in its quantitative aspect, favoring the descrip-
tion of the frequency and constancy patterns of each one.
Finally, the global evaluation of the results obtained from the
association between variables made it possible to identify
the epidemiological profiles of thehighest prevalence among
the authors of litigations for alleged malpractice against
Brazilian neurosurgeons.

Results

In the period under study, 16 civil lawsuits for
compensation/reparation actions were identified against
neurosurgeons motivated by supposed professional error.
The names of the applicants and of the defendants were kept
secret for obvious reasons. From each process, the initials or
exordials were extracted from the applicant for the purpose
of collecting the specified data, which were summarized
in ►Tables 1, 2 and 3. It is noted that in two cases the
applicant did not correspond to the individual that had
undergone the treatment, since in both cases the patient
died and the action was moved by a relative.

It was observed that the average age of the authors of
these actions was 51 years old, ranging from 27 to 67 years

Table 1 Data Regarding The Authors (n¼16)

Case Year Age (years old) Gender Marital status Profession Education Socio-economic Level

1 2008 55 Female Married Secretary Superior B

2 2009 57 Male Married Lawyer Superior A

3 2010 55 Female Widower Public Servant Superior B

4 2012 Ignored Male Married Banker High School B

5 2015 51 Female Married Janitor Basic D

6 2015 56 Male Married Phone Technical Staff High School C

7 2015 50 Female Married None Basic B

8 2016 63 Female Married Ignored Ignored Ignored

9 2016 49 Male Married Retired Illiterate D

10 2016 54 Female Widower Ignored Ignored Ignored

11 2017 50 Male Married Security Basic C

12 2017 67 Female Married Professor Superior B

13 2017 50 Female Married Professor Superior B

14 2017 27 Female Divorced Secretary High School C

15 2018 57 Male Married Public Servant High School B

16 2018 37 Male Single Police Officer Superior B
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old. In addition, it was noted that the majority of the
applicants (70%) were between 49 and 59years old; and in
one case the reading of the exordial did not allow the
identification of the age of the patient.

As to gender, 7 authors were male (43%) and 9 were
female (57%). The marital status of the applicants was thus
identified: 12 (75%) declared themselves as married, 2
widowers (12.5%), 1 divorced (6.25%) and 1 single (6.25%).

Information about the educational profile of the authors
was extracted as follows: basic level, that is, complete or
incomplete elementary school, corresponded to 3 authors
(18.75%); secondary level - complete or incomplete high
school - in 4 (25%); higher level, characterized as graduate
or postgraduate university, in 6 cases (37.5%). In addition, 1
applicant declared to be illiterate (6.25%) and the exordial did
not bring any information that would allow a conclusion
regarding the level of education in 2 of them (12.5%).

As for the professional activity of the applicants, two
teachers and two public servants were noted. The rest
were: secretary, lawyer, banker, janitor, telephone techni-
cian staff, retired, security, military police officer. In one case
the author reported as having no profession (“homeworker”)
and in another there was no information regarding the
professional activity performed.

Based on the set of information regarding monthly in-
come and educational level, the socioeconomic level of each
author, based on the Brazilian Economic Classification Crite-
ria, was formulated by the Brazilian Association of Research

Companies (ABREP, in the Portuguese acronym).10 We con-
sider for this research the criteria established in 2018. Social
statements are graded based on objective data, which in-
clude the family income and the degree of education of the
head of the family. In this way, the population can be
classified as Class A (family income>23,345.11 reais), B
(B1 and B2, income between 5,363.19 and 23,345.10 reais),
C (C1 and C2, incomebetween 1,691.44 and 5,363.18 reais), D
(708.19 to 1,691.43) and E (< 708.19 reais). In the present
study, it was possible to conclude the social extract of the
applicants as follows: Class A in one case (6.25%), Class B in 7
(43%), Class C in 3 (18%) and Class D in 1 (6.25%). In 2 cases
(12.5%), the data contained were insufficient to conclude the
social statement of the claimant.

Regarding the diagnosis that motivated the treatment and
thatgave cause to the lawsuit, itwasobserved that themajority
of the processes resulted from complications occurred in spine
surgeries (12 cases, 75%). In addition, these actions were also
motivated by diseases classified as tumor (2 cases, 12.5%),
functional (1 case, 6.25%) and peripheral nerve (1 case, 6.25%).
Regarding the etiological diagnosis of each case, ►Table 4

summarizes each of them and their respective frequencies.
Likewise, ►Table 5 reports the main reasons alleged by the
applicant to justify the initiation of the judicial process and
their respective absolute and percentage incidence.

During the observation period, only 1 case per year
against neurosurgeons was identified in 2008, 2009, 2010
and 2012. In 2015, there were 3 actions, and in 2016 3

Table 2 Data Regarding The Desease (n¼16)

Case Type of
desease

Etiological
classification

Reason

1 Tumor Pituitary tumor Unexpected negative outcome: stroke, permanent disability

2 Spine Lumbar spinal stenosis Treatment considered incorrect, multiple surgeries, worsening of symptoms,
CSF leak, prosthesis failures.

3 Tumor Brain glioma Unexpected negative outcome: marital death

4 Spine Lumbar disk herniation
and spinal stenosis

Failure to solve the symptoms, wound infection

5 Spine Lumbar disk herniation worsening of symptoms, novel motor deficit

6 Spine Lumbar disk herniation Symptoms worsening, no formal contract, insuficient info about risks,
multiple surgeries, CSF leak.

7 Spine Lumbar spinal stenosis Worsening of symptoms, multiple surgeries, prosthesis failure

8 Nerve Carpal tunnel syndrome Novel motor deficit

9 Functional Chronic pain: Lumbar
inflammatory radiculitis

Failure to solve the symptoms, multiple surgeries,
treatment considered incorrect.

10 Spine Lumbar disk herniation CSF Leak, multiple surgeries, novel motor deficit, worsening of symptoms.

11 Spine Lumbar disk herniation Failure to solve the symptoms, worsening of symptoms, novel motor deficit.

12 Spine Lumbar spinal stenosis Failure to solve the symptoms, CSF Leak.

13 Spine Lumbar spinal fracture Failure to solve the symptoms, multiple surgeries, CSF leak,
prosthesis failure.

14 Spine Lumbar disk herniation Failure to solve the symptoms

15 Spine Lumbar disk herniation Failure to solve the symptoms, novel motor deficit

16 Spine Spine Infection Unexpected negative outcome: parental death.

Abbreviation: CSF, cerebrospinal fluid.
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litigations were also recorded. In 2017 there were 4 lawsuits
filed, and 2 in 2018.

Regarding the indication of codefendants, it was noticed
that the inclusion of the hospital where the treatment was
performed in the passive pole was noticed in 9 actions
(56%); the indication of the health insurance company was
identified as running in 4 cases (25%); of other medical

staff in 3–all of them also neurosurgeons (18.75%); and of
the medical office (clinic) belonging to the claimed neuro-
surgeon in 2 cases (12.5%). Two actions (12.5%) made no
mention to any other codefendant; and in 3 cases (18.75%),
there were>1 required (hospitalþ clinic, hospitalþhealth
insurance company, hospitalþhealth insurance
companyþ clinic).

Table 3 Data Regarding The Claim (n¼16)

Case Value inversion
of the
proof
burden

Justice
Gratuitousness

CO-Defendant Technical
Assistent

Documentation Used As Proof Expertise
requested?

1 1.159.000,00 Yes Yes Hospital No Event bulletin, body of the crime
examination, reports from third
parties, medical Records

Yes

2 1.411.000,00 No No Hospital No Medical records, surgical
description, medical report,
extrajudicial notification,
imaging reports, reports from
third parties

No

3 138.000,00 Yes Yes Hospital No Medical records No

4 30.000,00 No No Health
insurance plan

No Reports from INSS, labor contract,
photos from the surgery, photos
from the removed prosthesis,
reports from third parties

No

5 685.000,00 Yes Yes Hospital No Medical records, medical
reports, imaging reports

Yes

6 1.640.000,00 No Yes Hospital and
clinic

No Imaging reports, press news,
medical reports, reports from
third parties, medical records

No

7 400.000,00 No No None No Medical records, redical reports,
imaging reports, photos from
the removed prosthesis.

No

8 225.000,00 Yes Yes Health
insurance plan

No Pre- and postoperative EMG
reports, medical reports

No

9 1.500.000,00 No Yes Hospital No Medical records, reports from
third parties, borrowed
evidences, press news.

No

10 95.000,00 No Yes Hospital No medical reports, borrowed
evidences, medical Records.

Yes

11 2.169.000,00 No Yes Other medical
staff

No Medical records, reports from
INSS, imaging reports, R reports
from third parties

Yes

12 400.000,00 No Yes Other medical
staff

No Reports from third parties,
imaging reports, press news,
surgical description

No

13 335.000,00 No No Other medical
staff

No Imaging studies, imaging
reports, medical reports, press
news.

Yes

14 200.000,00 Yes Yes Hospital, clinic,
health
insurance plan

No Imaging reports, medical
report, borrowed evidences,
digital data from the court.

Yes

15 78.000,00 Yes Yes None No Medical Reports, health reports,
reports from third parties,
DETRAN reports, receipts of
spending.

No

16 200.000,00 No Yes Hospital, health
insurance plan

No Event bulletin, imaging data,
medical reports

Yes

Abbreviations: EMG, electromyography, DETRAN, state traffic department; INSS, Brazilian National Insurance Institute.
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The value sponsored to the cause, as expressed in the
exordial, varied between 30,000.00 reais and 2,169,000.00
reais, with an average of 649,000.00 reais. It was also
observed that in 5 cases, that is, 31% of the sample, the
requested value exceeded 1 million reais. In the same sense,
it was observed that 75% of the cases (12 cases) were granted
with thebenefit of gratuitousness of justice, and that thiswas
not requested in only one exordial. In contrast, the inversion
of the burden of proof was only granted in 30% of the
lawsuits, although it was requested in 75% (12 cases) of
the initials. Technical assistants were presented in no case;
and there was a request for specialized medical expertise in
only 40% of the initials/exordials analyzed (6 cases).

►Table 6 describes in details the types of documentary
evidence that were presented along with the exordial to
serve as element of conviction to the allegations reported.

Discussion

Among the medical specialties, neurosurgery does not cor-
respond to the one with the greatest number of lawsuits. For

example, in 1985, theMedical-Legal Institute ofMinas Gerais
reported that only 4% of the medical-legal examinations
were related to neurosurgery, while the main demand
stemmed from cases related to gynecological/obstetric pro-
cedures (30%).11 Data analyzed by the TJDFT are concordant,
since civil actions in this court were more often filed against
obstetrician-gynecologists, general surgeons and plastic sur-
geons.7 On the other hand, STJ data showed that the five
specialtieswith thehighest number of actions in this court of
appeal were gynecological/obstetrics (27%), orthopedics
(15%), plastic surgery (10%), general surgery and neurosur-
gery (7%).4 The inclusion of neurosurgery among those most
judicially sued, along with other specialties that have amuch
larger number of members in action and with a much higher
volume of care, is a highly relevant and worrying fact. Since,
in general, the number of cases operated year by year by
neurosurgeons is much lower than that of surgeons of the
other specialties above cited, this means that, relatively, the
number of cases against neurosurgeons is probably percen-
tually higher than that of the other specialties. Therefore, it is
concluded that the neurosurgeon presents a much higher
risk of suffering a claim for medical error than that of those
specialties. This conclusion is in agreement with the Ameri-
can and British literature, which describes that neurosur-
geons are more exposed to litigation than doctors of any
other specialty. For example, a survey by the American

Table 4 Ethiological Diagnosis (n¼16)

DIAGNOSIS n %

Lumbar disk herniation 7 43

Lumbar spinal stenosis 4 25

Pituitary tumor 1 6.25

Brain glioma 1 6.25

Carpal tunnel syndrome 1 6.25

Chronic pain
(lumbar inflammatory radiculitis)

1 6.25

Spine fracture 1 6.25

Lumbar spinal infection 1 6.25

Table 5 Reasons Alleged For The Outbreak Of The Lawsuit
(n¼16)

Reason n %

Failure to solve the symptoms 8 50

Novel motor deficit 6 37.5

Multiple surgeries 6 37.5

Worsening of symptoms 5 31

Cerebrospinal fluid leak 5 31

Break of prostheses 4 25

Serios unexpected negative outcome 3 18

Inappropriate treatment 2 12.5

Permanent disability 1 6.25

Lack of formal contract 1 6.25

Lack of information about
the possible risks

1 6.25

Wound infection 1 6.25

Table 6 Documental Evidence Presented At theMoment of the
Outbreak of the Lawsuit (n¼ 16)

Document evidence n %

Medical records 10 62

Reports elaborated by third parties
(no medical staff)

10 62

Reports from imaging studies 9 56

Medical reports 7 43

Images from imaging studies 6 37.5

Media news 4 25

Evidence borrowed from other lawsuits 3 18

Photo of the removed prostheses 2 12.5

Event bulletin 2 12.5

Description of the durgery 2 12.5

Body of the crime examination 1 6.25

Extrajudicial notification 1 6.25

Reports from the INSS 1 6.25

Labor contract 1 6.25

Photos of the Surgery 1 6.25

EMG reports 1 6.25

Digital data from the court 1 6.25

DETRAN reports 1 6.25

Receipts of expenses with the treatment 1 6.25

Abbreviations: EMG, electromyography, DETRAN, state traffic depart-
ment; INSS, Brazilian National Insurance Institute.
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Association of Neurological Surgeons (AANS) found that 41%
of American neurosurgeons responded to at least one court
case for malpractice.3

The international literature dealing with litigation for
malpractice in neurosurgery indicates several studies in
this respect, especially in the United States,12Great Britain,13

France,14 China14 and Japan.15 However, in Brazil, reporting
data in this regard is practically inexistent. Thus, it was
decided to carry out the present analysis of the
initials/exordials of actions against this specialty to begin a
more global study of the current circumstances faced by
neurosurgeons in Brazilian courts. The methodology used
was based on the active search of cases from the database of a
civilian society that maintains accredited lawoffices special-
ized in medical professional defense. Although we acknowl-
edge that this does not correspond to the idealmethodology -
because in this way only a sample of the set of processes is
analyzed and not the total number of civil actions filed in the
country - we believe that it would be practically impossible
to have access to all the Brazilian courts to collect data about
all of these processes. Thus, a study by sample is more
feasible and also allows drawing a profile that approaches
the truth, as long as the sample was representative of the
studied population. The ANADEM/FUMDAP is one of the
main centers for professional medical defense currently
active in our country, representing>27,000 health profes-
sionals (5.7% of the total number of doctors registered in
Brazil), as well as clinics, hospitals and other specific estab-
lishments. Of this total, 122 of them are neurosurgeons,
corresponding to 3.8% of a total of 3,154 neurosurgeons in
the country. Therefore, we believe that the sample analyzed
is representative of the population of neurosurgeons who
have undergone civil lawsuit in the past 10 years and lends
itself to the desired analysis.

The first observation of singular importance obtained
from this data collection concerns the increasing number
of actions of this type that begin each year in Brazil. While at
the beginning of our historical series only one civil process
could be identified per year, an exponential growth was
observed from 2015 onwards. This phenomenon is not
restricted to neurosurgery alone (since the increase in the
number of malpractice claims has been growing in all
specialties), but their reasons have not yet been clarified.
This fact has been confirmed from other sources. For exam-
ple, the TJDFT pointed to an increase in the number of such
cases by almost 1,000% between the years of 2000 and 20157;
and the STJ noted a 1,600% increase in the number of appeals
arising from lawsuits due to alleged medical malpractice in
the sameperiod.4 In the case of the STJ, because it is a court of
appeal, and therefore the civil actions that arrive there
should be understood as exceptions, the data would repre-
sent, in fact, only a small fraction of the actual absolute
number of actions against physicians in the country. Just as a
reason for comparison, data obtained from an analysis by the
National Council of Justice (CNJ, in the Portuguese acronym)
identified that in the same period, there was a 130% increase
in the number of first instance claims in actions related to the
topic “Health,” and 85% in second instance, and of this total of

claims, only 2.9% corresponded to the claim for alleged
medical error.23

We observed a gender-equivalent distribution of civil
lawsuits, with a slightly higher incidence among females
(57%). This same distributionwas noted by the STJ study – in
whichwomen accounted for 61% of the lawsuits4–and by the
TJDFT [62%]).7

Regarding age, the majority was � 50 years old when the
action started. This fact is directly related to the type of
disease treated by the neurosurgeons, since it was also
identified that almost 90% of the processes were problems
involving spine and brain tumors surgeries. Thus, as these
diseases are degenerative or neoplastic in nature, the age
group mentioned corresponds to the one with the highest
incidence of this type of disease in the general population.
Traumatic injury cases, which usually occur in younger
people, rarely result in legal claims against physicians, so
this age group has hardly been identified in our series. On the
other hand, people of very advanced age are generally not
candidates for neurological surgeries, also contributing little
to the statistics presented. In addition, surgeries in very old
patients do not naturally generate high expectations in the
family, which could also be due to the absence of this age
group in the frequencies of the analyzed processes. The same
relationship can be extended to the marital status of the
plaintiffs, since individuals in the age group between 50 and
60 are most often married or widowed. Therefore, it was not
surprising to observe that almost 90% of the sample corre-
sponded to thosemarital status just above cited. The analysis
of the age of the claimant is also important in the sense that
life expectancy impacts on the compensation amounts due.

As for the profession, the sample is relatively small and
does not allow for larger digressions, since the variabilitywas
extensive. However, attention was drawn to the fact that it
was not possible to determine the profession of the claimants
in two initials/exordials, which is possibly related to the low
quality of these legal requirements, a fact that reinforces
what has already been commented about the “malpractice
industry.” The evaluation of the level of education of the
plaintiffs leads us to the conclusion that the higher the
education level, the greater the riskof a surgical complication
becoming a litigation. This seems to be in agreement with
what we have already discussed about the direct connection
between thehigher level of patient information and themore
demanding that this patient becomes, causing unexpected
circumstances to be analyzed in a more rigorous way and,
consequently, increasing the risk of a lawsuit. This result also
has an impact on those evaluated as to the socioeconomic
profile of the applicants, since individuals coming from class
B (43% of the cases) generally have a higher level or at least
a second-degree level of education. At the same time, it was
noted that>90% of the sample corresponds to individuals
who have a family income higher than at least 5.000,00 reais
per month. However, lawsuits of the size and quality neces-
sary to support a supposed medical error are generally
expensive and require a lot of time of dedication from the
law offices. The fact that the Brazilian courts frequently
assign the benefit of gratuitousness of justice to the
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petitioners (as observed in the present study, 80% of the
cases received this benefit) ends up encouraging some
individuals to adventure in this type of process, since the
benefit granted practically nullifies the risk of a conviction
for failure if the action is dismissed. In our opinion, the
offices specialized in defense of health professionals should
insist with greater emphasis in fighting against the granting
of gratuitous justice, aiming to discourage those individuals
with less noble interests in glimpsing the possibility of
obtaining easy and practically risk-free financial advantages.

The collected sample demonstrated that two-thirds of the
medical prosecutions against neurosurgeons involve spinal
surgery. In addition, it has also been noted that diseases
involving the lumbar segment of the spine are those most at
risk of triggering a civil action, especially when associated
with the diagnosis of disk herniation and lumbar spinal
stenosis. These results, in fact, correspond to no novelty,
since other foreign series also reached the same conclusion.
Studies by Rovit et al (280 cases),12 Fager (275 cases),17

Taylor,18 Thomas et al (343 cases)19 and Elsamadicy et al
(2,131 cases)20 pointed out to spinal pathologies as the main
cause of litigation involving neurosurgeons, accounting for,
on average, 40 to 60% of cases formalpractice. In addition, the
study by Fager17 concluded that diseases involving the
lumbar segment of the spine account for the majority of
complaints against these surgeons. In the sameway, analyzes
of the databases of the National Health Service Litigation
Authority (NHSLA)2 and of the the American Data Sharing
Project of the American Physicians Insurers Association20

showed that most of the claims resulted from the treatment
of degenerative diseases of the lumbar intervertebral discs,
which is in total agreement with our results. A joint analysis
of the world literature that deals with this topic allows
concluding that the majority of the actions resulted from
elective procedures (which was also observed in our cases)
and that the chances of being prosecuted for malpractice are
not necessarily related directly to the complexity of each case
(we observed the same in our study).12

However, our series has identified that neurosurgeons
have also been sued by occurrence from the treatment of
other diseases, such as intracranial and peripheral nerve
lesions. With regard to intracranial diseases, it was observed
that only complications related to brain tumors surgeries
resulted in litigation in our series. These results are in
disagreement with the medical literature, since studies in
the United States and Britain showed that, in these circum-
stances, themain causes of neurosurgeon lawsuits stem from
cerebrovascular diseases and traumatic brain injuries (which
did not cause litigation in any case in our series). The study by
Thomas et al.19 pointed out claims resulting from these
circumstances in 26.8%. The numbers related to the processes
of this type are much smaller than those involving the spine
because, according to the same author, the patient who
undergoes a cranial surgery usually already presents some
previous neurological deficit and, therefore, accepts any
eventual postoperative dysfunctions in a more resilient
way. Peripheral nerve injuries are infrequently associated
with professional litigation, just as observed in the present

study. In the international literature, only the study by
Mukherjee et al21 pointed out a case of this type, among a
total of 81 analyzed cases.

The international literature also points out that the main
reasons for the outbreak of a legal process due to spinal
surgeries are the inappropriate indications of the procedure,
worsening of the symptoms (most of them correspond to
severe pain), development of novel motor deficit, failure to
perform the procedure (wrong level or side, improper in-
stallation of prostheses, etc.), and lack of information about
involved risks. Local infections are also reported, but less
frequently (14%).15–22 The claims related to cranioencephalic
trauma generally result from the sequelae of the treatment,
whereas the main motivations for damages repair actions in
cases of cerebrovascular diseases are the failure to diagnose
an aneurysm or an arteriovenous malformation, the non-
identification of sentinel bleeding, vessel rupture during
endovascular procedures, or treatment sequelae.17 The anal-
ysis of our results is in line with theworld literature, because
we observed that the main reasons that led the patient to
seek justice in Brazil were related to problems in resolving
their complaints, such as failure to resolve the pain or even
worsening it (usually due to multiple surgeries or compli-
cations related to implanted prostheses), as well as the
development of some type of unexpected motor deficit
following the surgical procedure. The development of
some unexpected serious complications was the main rea-
son for lawsuits involving intracranial diseases. The study
conducted by the STJ identified that themain reasons for the
lawsuits against physicians were related to death or irre-
versible neurological sequelae, regardless of the specialty.4

However, wewere struck by the high number of situations in
which the applicant accused the surgeon of error due to the
development of a postoperative cerebrospinal fluid leak. As it
is known, the occurrence of a CSF leak does not characterize a
surgical technical error, but it is an eventual surgical com-
plication. The fact that the CSF leaks motivates one-third of
the processes in Brazil and is not even mentioned in foreign
claims, reinforces the idea already discussed about the
fragility of some initials/exordials, caused in particular by
the “malpractice industry” that has settled in our country.

The values that the authors considered to be fair to repair
the alleged damage, as we have presented, were extremely
varied. This issue is basically related to the indication of
codefendants in the course of the process. What we noticed
was that, in general, on the rare occasions when the surgeon
was the only defendant cited in the lawsuit (2 cases), the
indemnity values were lower than when other codefendants
were cited. In our study, it was observed that in the majority
of the times other characters who participated in the treat-
ment of the patient were also called to justice, especially the
hospital where the act was performed (56%) and the health
insurance company (25%) that authorized and paid for the
procedure. In some cases, the value of the cause has reached
astronomical sums, such as>2 million reais, which was
observed especially in a process in which a group of neuro-
surgeons was quoted jointly in the passive pole. The TJDFT
analyzed this issue in 2015 and concluded that the option to
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prosecute, in addition to the surgeon, also its “employer”
(from the plaintiff’s point of view, of course), is a form used
by lawyers of the plaintiff to guarantee some more robust
indenizations.7 However, this ultimately complicates the
situation for the physician because, in the event of convic-
tion, the hospital or the health insurance company will also
eventually sue the professional in the form of a regressive
action, which was observed in a case in our series . The STJ
study pointed out that, responding jointly with the physi-
cian, other legal entities were included in the passive pole in
56% of the cases,4 especially the hospital where the surgery
was performed (43%); and in the TJDF study, this association
in passive litigation was noticed in 60% of the cases.7

The gratuitousness of justice is a procedural institute that
allows exemption in the payment of procedural costs, and is
expressly foreseen in article 98, paragraph 1, of the Brazilian
Code of Civil Process, which may be pleaded to the judge both
at the time of the initial action and in the course of the claim,
however conditioned to the existence andmaintenance of the
state of hyposufficiency of the candidate. The data obtained in
this epidemiological survey concern that almost all of the
claimants requested this benefit, regardless of the fact that the
majority of the individuals in the sample could, in theory, bear
the costs of the action (we remember that inmore than half of
the cases, the authors camefromClassesAandB,withmonthly
income much higher than 5.000,00 reais). Still, for those who
requested the benefit, the Judge granted it 80% of the time. At
thispoint, it is also interesting tonote that thestudyconducted
by the CNJ that analyzed health demands in Brazil identified
that only 20% of the authors presented elements that would
indicate their economic hyposufficiency,23 a fact that is in
broad agreement with the data we observed with respect to
the subgroup of neurosurgeon trials.

On the other hand, the situation was different in relation
to the reversal of the burden of proof. Let’s see: by the rule,
the burden of proving the damage falls onwhoever claims it.
However, if the magistrate understands that the patient
(who is a lay person) faces difficulties to prove his or her
statements, he/she may reverse the onus probandi, imputing
to the physician the obligation to bring the elements that
demonstrate that he/she acted within the precepts of lex
artis.1 In the lawsuits analyzed in our study, lawyers of the
interested party requested the reversal of the burden inmost
of the cases, but the judge accepted the request in only one
third of them. In our opinion, the characterization of “tech-
nical hyposufficiency,”which was used as a basis for request-
ing this benefit to the magistrate in all cases of our series,
would cease to make sense if the applicant indicated a
specialist technical assistant to help him in the application.
Thus, this fact would explainwhy therewas no indication of a
technical assistant in the exordial in any of the analyzed
processes. The indication of this character in a later proce-
duralmoment was not object of analysis of the present study.

Finally, we will draw some comments on the documents
submitted along with the exordial to provide some support-
ing background to the allegations. The main evidence pre-
sented was restricted to documents in the possession of the
applicant or of easy access, such as medical records (or parts

thereof) and medical reports (whether formulated by the
requested professional or by third parties). In no case, data of
technical nature produced by the active pole demonstrating
that the surgeon acted with malice, recklessness or negli-
gence were presented. Specialized reports demonstrating
the technical error were not collected from any of the
processes analyzed, even though none of the applicants
indicated a technical assistant, who would be the only
professional with the capacity to identify this evidence.
Thus, everything in the exordials/initials were no more
than interpretations and conclusions of the authors regard-
ing the treatment towhich theywere submitted,without any
technical support. The attached documents, in the majority
of cases, basically served much more to report the adopted
medical conduct than to demonstrate an alleged error com-
mitted by the professional. Thus, it is necessary tomake some
considerations regarding the professional defense based on
these observations. A) The medical record is often used as
supposed evidence against the doctor. Therefore, it is sug-
gested tomaintain a high level of records of all actions related
to the conduction of the clinical case, besides including the
maximum of relevant information (especially those related
to possible complications), practicing a Defensive Medicine. A
thorough and well-organized medical record usually
becomes the best defense weapon of the surgeon, even
when the prosecutor believes it is an evidence of the error.
B) The neurosurgeon should take extra care when writing
medical reports, always limiting himself to report facts in the
shortest and most accurate possible way, but at the same
time avoiding expressing personal opinions, especially re-
garding the quality of the provided care. This applies to cases
where he/she have acted as the primary surgeon, as well as
when called upon to comment on surgeries made by others.
C) The demonstration that therewas nomalpractice depends
mainly on the translation of absolutely technical medical
issues into legal terms that can be understood and evaluated
by the magistrate. Thus, the participation of the neuro-
surgeon in assisting the lawyer in the process of his/her
defense is indispensable, providing the scientific material
necessary to demonstrate absence of guilt or, at least, to
refute the causal link. If the doctor does not consider himself
fit enough to do so, he/she must indicate an experienced
technical assistant. The good use of technical-scientific data
is one of the best ways to prove the innocence of the
professional and must be thoroughly used. Even because,
in general, the opposite party does not look for this type of
evidence, since it is known that most of the medical litera-
ture data will end up not being favorable to the accuser. This
statement is clearly demonstrated when we note in the
present study that only 40% of the authors requested spe-
cialized medical expertise at the time of the presentation of
the civil procedure initiative, corroborating the importance
of this type of evidence to the conclusion by the real truth.

Conclusions

The data obtained in the present study allow us to conclude
that the number of civil lawsuits against Brazilian
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neurosurgeons, motivated by supposed malpractice, has in-
creased considerably in the last decade. The most common
profileof theauthorsof this typeof judicialprocessaremarried
individuals, around the age of 50years old, who completed at
least high school (that is, with a reasonable degree of educa-
tion) and with a socioeconomic level mainly from the extract
classified as Class B. Spinal degenerative diseases, especially
those of the lumbar segment, are responsible for the main
cause of neurosurgeon processes; being the failure to resolve
the complained pain (or its worsening) and the postoperative
development of an unexpectedmotor deficit themain reasons
alleged for theoutbreakof the litigation. Theaverageamountof
the sponsors requested is 650,000.00 reais, and codefendants
are included in the passive pole in most of the actions,
especially the hospital where the surgery was performed.
Most of the time, the magistrate grants the benefit of gratu-
itousness of justice to the author, but the decision of inversion
of the burden of proof is not the rule. Finally, the main
documentary evidence presented by the applicant is the
medical record (or parts thereof) and medical reports drawn
up by the defendant him/herself or by third parties. The
requisition of expert evidence did not prove to be a strategy
frequently used by the patrons of the applicants
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Abstract Objective To identify factors related to ventricular-peritoneal shunt (VPS) complica-
tions in pediatric patients at a high-risk maternity hospital.
Methods Prospective study, conducted between September/2018 and June/2019,
with selected newborns without previous ventricular bypass who underwent neurosur-
gery for VPS placement in a high-risk maternity hospital in the state of Sergipe, Brazil.
Diagnosis of hydrocephalus occurred by transfontanelle ultrasound. The variables were
analyzed by Student t-test, adopting p< 0.05 as statistical significance.
Results Seven newborns participated in the study, 3 male and 4 female. Folic acid
supplementation during pregnancy was considered a positive influencing factor in the
1stminuteApgar. Hydrocephalus secondary toprematurehemorrhagewaspresent inmost
newborns. Prematurity, 1st minute Apgar score< 7, and birth weight< 2,500 g did not
represent a significant negative risk factor forprolongedhospitalizationafterneurosurgery.
One newborn had cerebrospinal fluid infection and was the only one with heart disease.
Conclusion This is the first scientific research that associates the benefits of maternal
use of folic acid during pregnancy to better newborn Apgar scores. Only one newborn
developed complications after neurosurgery, the only one with an associated comor-
bidity. Further studies are needed to provide more evidence on risk factors related to
complications of VPS implantation in newborns. This neurosurgical procedure in a high-
risk maternity contributed to the early management of hydrocephalus.

Resumo Objetivo Conhecer fatores relacionados a complicações de derivação ventrículo-
peritoneal (DVP) em pacientes pediátricos numa maternidade de alto risco.
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Introduction

Postneurosurgical complications for ventricular-peritoneal
shunt (VPS) placement are frequent, especially in the pediatric
population during the neonatal period.1 It is fundamental to
know the time of placement of shunt and the clinical mani-
festations suggestive of potential complications, since these
factors can help in an earlier and efficient management of
patients.2

The negative aspects of the VPS system are complications,
especially those of a mechanical nature, with valve malfunc-
tion representing the majority of cases.1,3 Thus, the most
common complications of VPS are obstruction, followed by
infection and catheter migration.3,4

The pediatric population undergoing VPS has more fre-
quent complications than adults.1 However, there are still
few studies on the complications related to the immediate
postoperative period of VPS in newborns, especially those
born in high-risk gestational maternity referrals.

The present study aims to identify the factors related to
the occurrence of complications associated with postopera-
tive neurosurgery for placement of VPS in pediatric patients
at the only public maternity specialized in high-risk gesta-
tion in the state of Sergipe, Brazil.

Methods

We prospectively selected, between September/2018 and
June/2019, newborns submitted to neurosurgery for place-
ment of VPS at the only public maternity unit specialized in
high-risk gestation in the state of Sergipe, Brazil. The exclusion
criteria of the study included previous neurosurgery proce-
dure for the placement of ventricular shunts and/or non-

signing of the informed consent form by the patient’s
supervisors.

We analyzed factors related to the parents (age and previ-
ous history of other children requiring ventricular diversion),
prenatal (use of folic acid, gestational intercurrences and
maternal comorbidities), route of birth (route of birth and
postpartumprocedures), neurosurgery (time of surgery, place
of incision for VPS implantation, and intraoperative compli-
cations) and postoperative (complications related to VPS,
length of hospital stay, and cephalic perimeter). These factors
were associated with neurosurgery-related complications for
VPS placement.

The study uses the concept of adequate prenatal care
adopted by the Ministry of Health, Brazil.5 The diagnosis of
hydrocephalus was made by transfontanelle ultrasonogra-
phy, and a ventricular-cranial index above 0.15 was adopted
as an abnormality.6

Data were systematized, analyzed, and described by abso-
lute, relative and arithmetic mean frequencies. The variables
were analyzed by the Student t-test, adopting p< 0.05 as
statistical significance. The research complieswith all required
ethical principles and is approved by the Research Ethics
Committee of the Universidade Federal do Sergipe, under
protocol 2.976.561.

Results

In the period seven patients were included in the study, all of
them electively operated for VPS placement. The indication
of neurosurgery for placement of VPS in newborns that were
part of the study was hydrocephalus, confirmed by trans-
fontanelle ultrasonography. All neurosurgeries were per-
formed by pediatric neurosurgeons, the valves used were

M�etodos Estudo prospectivo, realizado entre setembro/2018 e junho/2019, com
seleção de recém-nascidos (RNs) sem derivação-ventricular prévia submetidos à
neurocirurgia para colocação de DVP numa maternidade de alto risco no etsado do
Sergipe, Brasil. O diagnóstico de hidrocefalia ocorreu pela ultrassonografia trans-
fontanela. As variáveis foram analisadas pelo teste T de Sudent, adotando p< 0,05
como significância estatística.
Resultados Participaram do estudo sete RNs, sendo três do sexo masculino e quatro
do sexo feminino. A suplementação de ácido fólico durante a gravidez foi considerada
um fator de influência positivo no Apgar de 1° minuto. Hidrocefalia secundária à
hemorragia da prematuridade esteve presente na maioria dos RNs. Prematuridade,
Apgar de 1° minuto< 7 e peso ao nascer< 2.500 g não representaram fator de risco
negativo significativo para hospitalização prolongada após a neurocirurgia. Um RN
apresentou infecção liquórica, sendo o único com cardiopatia.
Conclusão Esta é a primeira pesquisa científica que associa os benefícios da suple-
mentaçãomaterna com ácido fólico durante a gravidez a melhores valores de Apgar do
recém-nascido. Apenas um recém-nascido desenvolveu complicações após a neuroci-
rurgia, o único com uma comorbidade associada. Mais estudos são necessários para
fornecer mais evidências sobre os fatores de risco relacionados às complicações do
implante de DVP em recém-nascidos. Esse procedimento neurocirúrgico em RNs numa
maternidade de alto risco contribuiu com o manejo precoce da hidrocefalia.

Palavras-chave

► derivação
ventrículo-
peritoneal

► neurocirurgia
► pediatria
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medium pressure and had the same model and
manufacturer.

All mothers had single pregnancies, cesarean births, were
multiparous, and had no other children who required neu-
rosurgery for VPS. The average maternal age was 27 years.
Only one (14.28%) mother had a previous history of abortion.
Most pregnant women (n¼ 5; 71.42%) had adequate prena-
tal care.

Of the gestational complications and incidence of mater-
nal prenatal diseases, the most frequent was urinary tract
infection, which was present in more than half of the
pregnant women (n¼ 04; 57.14%). In the prenatal period,
no pregnant woman used alcohol or other drugs and did not
present serological alterations for syphilis, rubella, toxoplas-
mosis, hepatitis, HIV, and cytomegalovirus.

Of the newborns who participated in the study, 03
(42.85%) were male and 04 (57.14%) were female, as shown
in ►Table 1. Newborns of pregnant women who did not
receive folic acid supplementation during pregnancy
(n¼ 03; 42.85%) presented 1st minute Apgar < 7. Folic acid
supplementation during pregnancy was considered a posi-
tive influence factor in the 1st minute Apgar, showing
statistical significance with p¼ 0.04 (p< 0.05). Newborns
of pregnantwomenusing folic acid had an average 1st minute
Apgar score of 8.0, and a lack of folic acid resulted in new-
borns with an average score of 4.3.

Of the newborns, 4 (57.14%) had a gestational age < 37
weeks. Hemorrhage due to prematuritywas themain etiology
ofhydrocephalus, and itwaspresent in3preterm infants.Only
one premature newborn had the etiology of hydrocephalus as
hydranencephaly. Results are shown in ►Table 2.

The average age at which newborns underwent neuro-
surgery was 6.5 weeks of life (minimum 0 and maximum 14
weeks). The average time of neurosurgery was 1 h and
30min (maximum2 h andminimum 50min). Most incisions
for distal and proximal fixation of the VPS catheter occurred
in the transumbilical (n¼ 05; 71.42%) and parietal (n¼ 05;
71.42%) regions, respectively.

Although the incidence of hydrocephalus requiring VPS
neurosurgery was higher in male newborns, the postneur-
osurgical hospitalization time was higher in female new-

borns, with the average number of days of hospitalization
being 7.5 among boys and of 9.6 among girls. However,
gender was not considered a risk factor for longer postoper-
ative hospital stay, with p¼ 0.5 (p> 0.05).

In addition, itwas associatedwith gestational age, newborn
weight, Apgar in the 1st minute and use of folic acid in
pregnancy on the days of hospital stay after neurosurgery
for placing VPS, as shown in table 03. Although newborns
younger than 37weeks, with a 1stminute Apgar score< 7 and
weighing < 2,500 g have a higher average of postoperative
hospitalization, these factors do not represent a significant
negative risk factor for hospitalization after the neurosurgery.

All newbornswho underwent VPS also underwent postop-
erative antibiotic prophylaxis, with intravenous cephalothin
(1 g/10ml) being the antibiotic used, according to maternity
standardization, from thefirst postoperative day. The duration
of cephalothin usewas an average of 5.14 days (minimum of 3
and maximum of 6 days). In addition, prophylaxis against
intraoperative infections was performed in all neurosurgeries
by vancomycin irrigation of the VPS catheter.

The mean time of postoperative observation until hospital
discharge was 8.4 days (minimum of 4 and maximum of 14
days). During the postoperative observation, only 1 newborn
(14.28%) presented complication related to neurosurgery for
placement of VPS. This newbornwas female, the only onewith
intraoperative intercurrent events and congenital heart dis-
ease (the other newborns had no associated comorbidities).

Table 1 Characteristics of newborns who underwent ventricular-
peritoneal shunt neurosurgery

Variables n %

Gender Female 3 42.85

Male 4 57.14

Gestational age < 31 weeks 2 28.57

31–36 weeks 2 28.57

37–42 weeks 3 42.85

Weight < 2,500 g 4 57.14

> 2,500 g 3 42.85

First minute Apgar < 7 4 57.14

> 7 3 42.85

Table 2 Etiology of hydrocephalus of newborns who underwent
ventricular-peritoneal shunt neurosurgery

Etiology of
hydrocephalus

Gestational
age (week)

n %

Hydranencephaly > 37 1 28.57

< 37 1

Myelomeningocele > 37 2 28.57

Prematurity
hemorrhage

< 37 3 42.85

Table 3 Factors related to the number of days of hospitalization
after neurosurgery for ventricular-peritoneal shunt

Variables n Average days of
postoperative
hospitalization

p-value�

Gestational
age (weeks)

< 37 4 8.25 0.9

> 37 3 8.66

Birth weight
(grams)

< 2,500 4 8.25 0.9

> 2,500 3 8.66

1° minute
Apgar

< 7 4 10 0.2

> 7 3 6.3

Folic acid in
pregnancy

Used 4 7 0.3

Did
not use

3 10.3

�p< 0.05 is considered statistical significance.
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The complication developedwas cerebrospinal fluid infection,
and the procedure adopted was the removal of the VPS.

Discussion

Congenital or acquired childhood hydrocephalus represents
a major medical and social problem, and some studies
attribute an incidence of 1 to 3 per 1,000 births only for
congenital or early onset hydrocephalus, to which are added
the acquired hydrocephalus.7 Other studies indicate that the
congenital form occurs from 3 to 4 per 1,000 live births.8

However, not all patients with hydrocephalus will place a
ventricular shunt, and there is no consensus in the literature
about the rate of hydrocephalus patients submitted to neu-
rosurgery for VPS implantation.9

Most of the patients with hydrocephalus undergoing VPS
neurosurgery were boys, and other published studies show a
higher prevalence of hydrocephalus in boys.2,10

Folic acid supplementation showed no influence on the
occurrence of hydrocephalus, but studies indicated that
folic acid supplementation during pregnancy reduces the
incidence of neural tube defects.11 In the research, babies
born to mothers who did not supplement with folic acid
during pregnancy had a 1st minute Apgar score < 7. This is
the first scientific research that associates the benefits of
folic acid supplementation during pregnancy to better
newborn Apgar score values. Newborns of pregnant women
using folic acid had an average 1st minute Apgar score of 8.0,
and a lack of folic acid resulted in newborns with an average
score of 4.3.

In the current study, hemorrhage due to prematurity was
the cause of hydrocephalus inmost preterm infants. Preterm
neonates, especially those with < 32 weeks of gestation, and
birth weight <1,500 g, and very low birth weight infants are
more likely to develop intracranial hemorrhage, mainly from
the germinative matrix, soon after birth or on the 1st day
after birth.8

There was no relationship between postneurosurgical
complications for VPS implantation and Apgar scores, birth
weight, or gestational age, but some studies show that low
weight and prematurity are associated with increased inci-
dence of hydrocephalus.8–10 Although the incidence of hy-
drocephalus requiring VPS is higher in newborn boys, the
average length of hospitalization after neurosurgery was
higher among newborn girls.

In all neurosurgeries performed in the present study, the
VPS catheter was flushed with vancomycin, and antibiotic
impregnation of the cathetersmay havebeen associatedwith
a reduction in infectious complications.1

Conclusion

Although the incidence of hydrocephalus requiring VPS is
higher in newborn boys, the average length of hospitalization

after neurosurgery was higher among newborn girls. Gesta-
tional < 37 weeks, 1st minute Apgar score< 7, and birth
weight< 2,500 g did not represent a significant negative risk
factor for longer hospital stay after neurosurgery.

This is the first scientific research that associates the
benefits of maternal supplementation with folic acid during
pregnancy to the better newborn Apgar score values. Folic
acid supplementation during pregnancy was considered a
positive influence factor in the 1st minute Apgar score,
showing statistical significance with p¼ 0.04 (p< 0.05).

Only one newborn developed complications after neuro-
surgery, the only one with an associated comorbidity. How-
ever, further studies are needed to expand the sample size
and provide additional evidence on the risk factors related to
complications of VPS implantation in newborns.

This neurosurgical procedure in a high-risk maternity
hospital contributed to the early treatment of hydrocepha-
lus, with patients undergoing VPS before the 4th month of
life.
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Abstract Objective To describe the endoscopic and microsurgical anatomy of the cavernous
sinus (CS) with focus on the surgical landmarks in microsurgical anatomy.
Materials andmethods Ten formalin-fixed central skull base specimens (20 CSs) with
silicone-injected carotid arteries were examined through an extended endoscopic
transsphenoidal approach. Fifteen formalin-fixed heads were dissected to simulate the
surgical position in CS approaches.
Results Endoscopic access enables identification of the anterior and posterior
surgical corridors. Structures within the CS and on its lateral wall could be visualized
and studied, but none of the triangular areas relevant to the transcranial microsurgical
anatomy were fully visible through the endoscopic approach.
Conclusion The endoscopic approach to the CS is an important surgical technique for
the treatment of pathological conditions that affect this region. Correlating endoscop-
ic findings with the conventional (transcranial) microsurgical anatomy is a useful way of
applying the established knowledge into a more recent operative technique. Endo-
scope can provide access to the CS and to the structures it harbors.

Resumo Objetivo O presente estudo objetiva descrever a anatomia endoscópica e microci-
rúrgica do seio cavernoso com foco nos marcos cirúrgicos da anatomia microcirúrgica.
Materiais emétodos Foram avaliados 10 espécimes da base do crânio central fixados em
formalina (20 seios cavernosos) com artérias carótidas injetadas com silicone através de
abordagem transesfenoidal endoscópica estendida. Quinze cabeças fixadas em formalina
foram dissecadas para simular a posição cirúrgica nas abordagens dos seios cavernosos.
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Introduction

The cavernous sinuses (CSs) are vascular structures located
on each side of the sellar region that have a uniquemeningeal
lining and harbor essential vascular and neural elements. The
complex anatomical relationship between these structures,
as well as their difficult-to-reach location,mean that surgical
procedures involving the CS are highly challenging.1 The
delicate anatomical structures of the area, which initially
appear minute when the scope first enters the sphenoidal
sinus, become greatly magnified as the instrument is ad-
vanced toward the area of interest.

This possibility of expanding the field of view into the
anterior portion of the CS has come to allow resection of
tumor lesions arising in or encroaching upon this area, as
reported recently by some authors.2–8

The purpose of the present study is to describe the micro-
surgical andendoscopicanatomyof theCS, aswell as tocompare
the visualization of the surgical triangles through both views.

Materials and Methods

Fifteen formalin-fixed heads were dissected at the micro-
surgical laboratory of the University of Florida to simulate
the cavernoussinussurgerybyoneof the authors (CamperoA).

Ten formalin-fixed central skull base specimens (20 CSs),
withsilicone-injectedcarotidarteries,wereused for simulated
endoscopic surgery at the microsurgery laboratory of the
Hospital da Força Aérea do Galeão (HFAG, in the Portuguese
acronym). These dissections were performed by two of the
authors (Isolan G. R and Braga F. L. S.). All of the specimens
included the posterior portion of the nasal cavity, through
which the scopes were inserted. Two rigid, 18-cm, 4-mm
endoscopes with 0-degree and 30-degree lenses (Karl Storz
GmbH and co., Tuttlingen, Germany) were used. Images were
displayed on a 20-inch monitor and sent to a Pinnacle video
capture device (Pinnacle Systems,MountainView, CA,USA) for
storage and later editing in the Pinnacle Studio 12 software
package (Pinnacle Systems, Mountain View, CA, USA). The
internal anatomyof the sphenoidal sinus cavitywas examined
to relate it to the underlying neural and vascular structures.

The transillumination techniquewas employed by shining
a light source on the lateral wall of the CS to cast a shadow of

the parasellar structures as seen through the scope placed
within the sphenoidal sinus, improving on the concept of
“see-through, x-ray type knowledge.” This technique makes
it possible for the surgeon to pinpoint the location of
structures that do not contribute to the relief of the internal
wall of the sphenoidal sinus.

Results

Microsurgical Anatomy

Osseous Relationships
The CS is bounded anteriorly, medially, and inferiorly by the
sphenoid bone. The lesser wing of the sphenoid is bounded
medially by the anterior clinoid process, which may some-
times be pneumatized as an extension of the sphenoidal
sinus. The posterior clinoid process is located at the posterior
portion of the roof of the cavernous sinus, in the superior and
lateral aspects of the dorsum sella. The optic strut forms the
anterior third of the floor of the clinoidal triangle, separating
the optic canal and the superior orbital fissure. The foramen
rotundum, ovale, and spinosum are situated in the middle
cranial fossa and transmit the maxillary nerve, the mandib-
ular nerve, and the middle meningeal artery, respectively
(►Fig. 1).9,10

Dural Relationships
The tentorium attaches to the anterior and posterior clinoid
processes and to the petrous apex, forming three dural
folds: the anterior petroclinoid fold, which extends from
the petrous apex to the anterior clinoid process; the poste-
rior petroclinoid fold, which extends from the petrous apex
to the posterior clinoid process; and the interclinoid fold,
which is situated between the anterior and posterior clinoid
processes.

These three folds delimit the oculomotor triangle, which
forms the posterior portion of the roof of the CS. This portion
of dura delimits the diaphragm sellae medially and blends
with the dura of the middle fossa laterally. The medial
extension of the dura to the anterior clinoid process forms
the falciform ligament, which corresponds to the initial,
nonosseous portion of the roof of the optic canal. The dura
that lines the ascending vertical part of the ICA is known as

Resultados O acesso endoscópico permite a identificação das vias de acesso cirúrgi-
cas anterior e posterior. As estruturas do seio cavernoso e da parede lateral puderam
ser visualizas e estudas, porém nenhuma área triangular relevante para anatomia
microcirúrgica transcraniana era totalmente visível na abordagem endoscópica.
Conclusão A abordagem endoscópica do seio cavernoso é uma técnica cirúrgica
relevante para o tratamento de patologias que afetam essa região. Correlacionar os
achados endoscópicos com a anatomia microcirúrgica convencional (transcraniana) é
uma maneira útil de aplicar o conhecimento estabelecido em uma técnica operatória
mais recente. O endoscópio pode fornecer acesso ao seio cavernoso e às estruturas que
ele abriga.

Palavras-chave

► seio cavernoso
► neuroendoscopia
► cirurgia

transesfenoidal
► região parasselar
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the distal dural ring. The lateralwall of the CS is bound by two
dural layers, a meningeal layer and an endosteal layer,
whereas the medial sinus wall has only one layer of menin-
geal dura.

Arterial Relationships: Internal Carotid Artery
The internal carotid artery (ICA) enters the cranial cavity
through the carotid canal and ends laterally to the optic
chiasm, near the pituitary, where it divides into two terminal
branches, the anterior cerebral artery and themiddle cerebral
artery. Over the length of its course, the ICA can be subdivided
into four portions:11,12 C1 (cervical), C2 (petrous), C3 (cavern-
ous) and C4 (supraclinoid or cerebral) (►Fig. 2). The carotid
artery also has a subclinoid portion, which is located between
the proximal and distal dural rings and is covered by the
anterior clinoid process (►Fig. 3).This arterial segment forms
themiddleportionof thefloorof theclinoidal triangle, andcan
only be visualized after resection of the anterior clinoid
process.

The C3 part of the ICA, also known as the cavernous or
intracavernous segment, is located medially to the oculomo-
tor, trochlear, ophthalmic, and abducens nerves. This segment
has three named branches: the meningohypophyseal artery,
the inferior cavernous sinus arteryand theMcConnell capsular
artery. Of these, the meningohypophyseal artery (or trunk) is
the largest and most constant. It arises medially from the
middle third of the medial curve of the ICA and divides into
three other branches, the tentorial, dorsal meningeal, and
inferior hypophyseal arteries. The next artery to arise from
the cavernous segment of the ICA is the inferior cavernous
sinus artery (or inferolateral trunk), at the inferolateral or
lateral portion of the horizontal segment of the cavernous
portion of the ICA. It is important to note that, although the

ophthalmic artery usually arises distal to the distal dural ring
on the medial portion of the anterior wall of the ICA, it may
sometimes arise within the CS, at the clinoid segment of the
ICA, or even as a branch of the middle meningeal artery.

According toRhoton,13 the cavernousportionof the ICAmay
bedivided intofive regions: the posterior vertical segment, the
posterior bend, the horizontal segment, the anterior bend and
the anterior vertical segment. Theposterior vertical segment is
the ascending segmentof the ICAthat begins immediatelyat its
emergence from the foramen lacerum, and ends when the
artery curves anteriorly to form the posterior bend. The intra-
cavernous ICA then courses anteriorly, and slightly laterally, as

Fig. 1 Osseous relationship. Sellar and parassellar regions in oblique superior view. 1: Anterior clinoid process, 2: Posterior clinoid process, 3:
Sellae, 4: Clivus, 5: Superior orbital fissure, 6: Optic canal, 7: Planun esphenoidale, 8: Carotid canal, 9: Foramen rotundum, 10: Foramen ovale.

Fig. 2 Postero-superior view of the cavernous sinus: 1: Optic nerve 2:
Supraclinoid segment of the ICA 3: Petrosphenoidal ligament (Grub-
ber) 4: Trochlear nerve 5: Trigeminal nerve 6: Abducens nerve 7: Facial
and Vestibulocochlear nerves entering the internal acoustic meatus 8:
Petrous segment of ICA 9-vertebral artery 10: Glossopharyngeal and
Vagus nerves entering the Jugular foramen.
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the horizontal segment, which bends 90° superomedial to the
anterior clinoid process, forming the anterior bend. Finally, the
ICA takes a vertical course, perforating the roof of the CS and
entering the subarachnoid space; this portion of the artery is
known as the anterior vertical segment (►Fig. 3).

The meningohypophyseal artery or trunk is present in
90% of CSs. Through the tentorial, dorsal meningeal, and
inferior hypophyseal arteries, which form a trifurcation in
70% of individuals, it supplies the tentorium cerebelli, the
dural covering of the basilar plexus, and the posterior pitui-
tary, respectively. The meningohypophyseal artery may be
absent or hypoplastic, in which case its branches may arise
directly from the cavernous segment of the ICA.

The tentorial artery, also known as the artery of Bernas-
coni and Cassinari, is present in 100% of individuals and
usually arises from themeningohypophyseal trunk, although
it may arise directly from the cavernous segment of the ICA
or from the inferior CS artery. Furthermore, when this artery
is hypoplastic, an accessory tentorial artery – arising from
the middle meningeal or inferior cavernous sinus artery –

may also be present. The tentorial artery gives off branches
that supply the oculomotor and trochlear nerves, and can
also give rise to branches that course toward the roof of the
cavernous sinus and may join the meningeal branches of the
ophthalmic artery.

The dorsalmeningeal artery supplies the dura of the clival
region and the posterior portion of the CS. It arises from the
meningohypophyseal artery in 90% of cases and directly
from the ICA, inferior hypophyseal artery, or inferior cavern-
ous sinus artery otherwise, and may be absent in 10% of
individuals. The dorsal meningeal artery courses posterior
and inferomedially, crossing the posterosuperior venous
space and running inferior to the petroclinoid (Gruber)
ligament. At this location, the artery runs medial to the
abducens nerve before it enters the basilar plexus. It ends
at the dura that overlies the basilar portion of the occipital
bone, where it anastomoses with its contralateral partner. In
the Dorello canal, the dorsal meningeal artery divides into
branches that supply the abducens nerve.

The inferior hypophyseal artery arises from the meningo-
hypophyseal trunk in 70 to 80% of cases. In the remainder of
individuals, it may arise directly from the medial surface of
the horizontal segment of the ICA. After its origin, it follows
an anteromedial course, crossing the venous space medial to
the ICA. As it approaches the posterior floor of the sella, it
bifurcates or trifurcates into superior or inferior branches,
which run superiorly and inferiorly, ending at the cleft that
divides the anterior and posterior lobes of the pituitary.
These branches anastomose with their contralateral
partners.

Fig. 3 Oblique view of the left cavernous sinus: A) before removal of dural layers. (B) after removal of dural layers and anterior clinoid process. 1:
ICA (supraclinoidal), 2: ophthalmic artery, 3: oculomotor nerve, 4: ICA (cavernous portion), 5: trochlear nerve, 6: ophthalmic nerve (V1), 7:
maxillary nerve (V2), 8: mandibular nerve (V3). C- after displacement of V1. 9: abducens nerve. (C) after removal of cavernous ICA. 10: pituitary
stalk 11: medial wall of cavernous sinus. 12: contralateral trigeminal nerve.
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The inferior cavernous sinus artery, also known as the
inferolateral trunk, arises laterally from the middle portion
of the horizontal segment of the cavernous ICA, � 5 to 8mm
distal to the source of the meningohypophyseal artery. It
arises directly from the carotid in 84% of individuals and
from themeningohypophyseal artery in 6% of cases. In a case
series by Parkinson,12 this artery was found in 80% of the 200
CSs examined. The inferior CS artery gives off branches
toward the foramen spinosum, which then anastomose
with branches of the middle meningeal and accessory men-
ingeal arteries. It is also the main provider of arterial blood
supply to the trigeminal ganglion.

The McConnell capsular artery is the least constant branch
of the intracavernous segment of the ICA, identified in only 25
to 30% of cases.14However, Ferrareze Nunes found it in 70%.15

Venous Relationships
The CS has four venous spaces, which are defined concerning
the cavernous portion of the ICA, namely: medial, lateral,
anteroinferior, and posterosuperior.13 Both CSs communi-
cate across the midline through the intercavernous sinuses.
The afferent vessels of the CS are the superior and inferior
ophthalmic veins, the sphenoparietal sinus, the superficial
middle cerebral vein, and the middle meningeal veins. Its
efferent vessels are the basilar plexus and the inferior and
superior petrous sinuses. It may communicate laterally with
the pterygoid plexus through an emissary vein or the fora-
men ovale. A variety of venous plexuses may extend inferi-
orly to the clivus, posteriorly and below the dural aspect of
the inferior middle fossa and laterally.16

Walls of the Cavernous Sinus
Two dural layers form the lateral wall of the CS (inner, or
endosteal, andouter, ormeningeal) are attachedweakly to one
another. After dissection of the meningeal layer and of the
middle fossa dura lateral to the CS, cranial nerves (CNs) III, IV,
V1, V2, and V3, the lesser and greater superficial petrosal
nerves, and the venous spaces of the CS can be identified.
Within the Cavernous Sinus (CS), CNs III, IV, and V1 can be
visualized throughthesemitransparentexternalportionof the
inner layer. At the level of the Meckel cave, the lateral wall of
the CS joins thedural lining of thebase. A surgical corridor into
theCSthroughthiswallmaybepursuedthroughthetriangular
spaces between the oculomotor and trochlear nerve (supra-
trochlear triangle) or between the trochlear nerve and the
upper boundary of CN V1 (infratrochlear or Parkinson trian-
gle). The outer layer ismorefirmly attached around the nerves
at the points of entry at their respective foramina. Separation
of the outer and inner layer is therefore more technically
challenging near the superior orbital fissure and the foramen
ovale and rotundum.17–19 The medial wall of the SC is located
on the body of the sphenoid bone and is formed by the inner
portion of the endosteal layer. It is bordered anteriorly by the
superior orbital fissure, posteriorly by the dorsum sellae,
inferiorly by the upper margin of the maxillary nerve, and
superiorly by the diaphragm sellae. A plane separates the
pituitary capsule and the medial wall of the CS. The dura of
the medial wall of the CS is exceedingly thin and compact and

cannotbedivided into layers. Themedialwall of theCShas two
very well-defined anatomically parts, in relationshipwith the
pituitary gland and the carotid sulcus, respectively.

Thesuperiorwallof theCSismadeupof two layers (►Fig. 2),
the inner of these being the thinnest. The superior wall can be
divided into two triangles: the clinoidal (anterior) triangle and
the oculomotor (posterior) triangle. The anterior portion of the
superior wall is bounded by the optic nerve (confined within
the optic canal), the medial surface of the oculomotor nerve,
and thedural reflectionwhichextendsbetween thedural entry
point of the oculomotor nerve and the optic nerve. After
resection of the anterior clinoid process, the clinoid segment
of the ICAemerges between thedistal andproximaldural rings.
The proximal ring, also known as the carotid-oculomotor
membrane, constitutes the true roof of the CS.20

The clinoid segment of the ICA is considered part of the CS,
as there is venous blood below the carotid collar. The
posterior part of the superior wall is delimited by the
anterior and posterior petroclinoid and interclinoid dural
folds, which form the sides of the oculomotor triangle. The
oculomotor and trochlear nerves enter the posterior part of
the superior wall of the CS and then course along the lateral
wall (with the oculomotor nerve above the trochlear) to
penetrate the superior orbital fissure.21

We recognize the boundaries of the posterior wall as
those defined by Rhoton7: the posterior petroclinoid dural
fold (superior), the dura of the medial border of the trigemi-
nal porus (lateral), the upper boundary of the petroclival
fissure (inferior) and the lateral border of the dorsum sellae
(medial). The abducens nerve enters the CS through the
Dorello canal, which is bounded superiorly by the petros-
phenoidal (Gruber) ligament, a fibrous bundle that extends
from the petrous apex to the superior clivus.23

Triangles of the Cavernous Sinus
Parkinson described a triangle on the lateral wall of the
cavernous sinus throughwhich the intracavernous portion of
the ICA could be exposed. Since his pioneering studies,
several important triangular relationships formed by the
convergence and divergence of cranial nerves have been
described in the CS, in the middle cranial fossa, and in the
paraclival region.22,24–26

Four triangular areas have been identified in the CS, four
in the middle fossa, and two in the paraclival region. The
triangles of the cavernous sinus are formed by the optic,
oculomotor, trochlear, and ophthalmic nerves as they con-
verge to the optic canal and the superior orbital fissure. The
middle fossa triangles are formed by the divisions of the
trigeminal nerve, diverging from the trigeminal ganglion to
their respective foramina. The paraclival triangles are delim-
ited by bony, neural, and vascular structures (►Figs. 2 and 4).
A summarized description of all 10 triangles limits and
locations can be seen in ►Table 1.

Some authors still disagree on the nomenclature applied
to some of these triangular spaces. The adoption of different
nomenclature can lead to confusion when authors give the
same name to distinct triangles. Describing each triangle in
terms of the structures that form its boundaries is a more
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time-consuming method, but provides a precise, uniform
means of exchanging information on an anatomical region
that is challenging enough in and of itself. For practical

purposes, the present study uses the nomenclature adopted
by. Dolenc et al.27–29

These triangular spaces constitute natural anatomical
corridors through which lesions located within the CS can
be approached and resected. However, in some pathological
processes, particularly tumors, these geometric spaces may
be distorted and atypically shaped. In these cases, the choice
of approach and intraoperative decision-making are best
established through one or more approaches that use one
of the four walls of the CS SC (lateral, medial, superior, or
inferior) as a landmark, rather than based on the static
anatomy of the surgical triangles.2,30–32

Clinoidal Triangle
The clinoidal triangle is boundedmedially by the optic nerve,
laterally by the oculomotor nerve as it passes through the
superior orbital fissure, and by the dura that extends be-
tween the dural entry site of the ICA as it enters the supra-
clinoid region (►Fig. 3). The dural ring is medially
continuous with the dura of the diaphragm sellae. Another
membrane, the carotid-oculomotormembrane, extends over

Table 1 Skull base triangles, limits location and endoscopic view

Triangle Limits Location Endoscopic View

Clinoidal II CN
III CN
Dura

Superior wall of CS Small portion

Oculomotor Ant. Petroclinoidal fold
Post. Petroclinoidal fold
Interclinoidal fold

Superior wall of CS Not identifiable

Supratrochlear III CN
IV CN
Dural incisure

Lateral wall of CS Anterior extremity

Infratrochlear (Parkinson) IV CN
V1
Dural incisure

Lateral wall of CS Not adequately identifiable

Anteromedial V1
V2
Dura V1-V2

Middle Fossa Readily Identifiable

Anterolateral V2V3
Dura V2-V3

Middle Fossa Partially viewed

Posterolateral (Glasscock) V3
GPN
line from FS to AE

Middle Fossa None�

Posteromedial (Kawase) TG
GPN
Petrous border of SPS

Middle Fossa None�

Inferomedial PCP-VI CN entrance dura
line VI CN-IV CN (entrances)
PA

Paraclival None�

Inferolateral line VI CN-IV CN (entrances)
Dura VI CN entrance-SPS
PA

Paraclival None�

Abreviations: AE, arcuate eminence; CS, cavernous sinus; FS, foramen spinosum; GPN, greater petrosal nerve; II CN, optic nerve; III CN, oculomotor
nerve; IV CN, trochlear nerve; PA, petrous apex; PCP, posterior clinoid process; SPS, superior petrosal sinus; TG, trigeminal ganglion; V1, ophthalmic
division of trigeminal nerve; V2, maxillar division of Trigeminal nerve; V3, mandibular division of trigeminal Nerve; VI, abducens nerve.
�Although these triangles were not viewed through Endonasal Transphenoidal approach, they might be visualized through lateral extended
endonasal approach.

Fig. 4 Right cavernous sinus lateral wall with triangular spaces delimita-
tions: 1: Clinoidal triangle, 2:Oculomotor triangle, 3: Supratroclear triangle,
4: Infratroclear triangle, 5: Anteromedial triangle, 6: Anterolateral triangle,
7: Posterolateral triangle, 8: Posteromedial triangle.
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the lateral portion of the carotid artery, through the interval
between the carotid artery and the oculomotor nerve, medi-
ally from the oculomotor nerve to the posterior clinoid
process, and attaches superiorly to the interclinoid ligament.
The anterior portion of this membrane separates the cavern-
ous sinus and the clinoid segment of the ICA. The space
between both membranes is known as the clinoidal space.
This membrane extends inferiorly to the lateral part of the
cavernous sinus, where it is continuous with the inner
reticular layer of the lateral wall of the sinus.

Oculomotor Triangle
The oculomotor nerve triangle corresponds to the entry site
of this nerve in the posterosuperior portion of the roof of the
cavernous sinus. The triangle is formed by the anterior
petroclinoid fold, the posterior petroclinoid fold, and the
interclinoid fold, the dural folds that cover the anterior and
posterior clinoid processes and the petrous apex. Through
this triangle, surgeons may expose and resect the posterior
clinoid process to obtain access to the interpeduncular and
pontine cisterns, as well as to the basilar artery, when its
bifurcation is situated below the posterior clinoid process
(►Fig. 3).

Supratrochlear Triangle
The margins of the supratrochlear triangle are the oculo-
motor nerve (medial), the trochlear nerve (lateral), and the
dura stretching between the points of entrance of these
nerves. Structures that have been identified in this triangle
include the horizontal segment of the cavernous portion of
the ICA, the abducens nerve, the inferior CS artery, and the
meningohypophyseal artery. The inferior CS artery arises
from the lateral portion of the horizontal segment of the ICA
(►Fig. 3).

Infratrochlear (Parkinson) Triangle
The Parkinson triangle is bounded medially by the trochlear
nerve, laterally by the ophthalmic branch of the trigeminal
nerve, and posteriorly by the dura between these nerves. The
vertical segment and medial loop of the cavernous ICA have
been identified in this triangle, as has the origin of the
meningohypophyseal trunk, which is the most proximal
branch to arise below the level of the dorsum sellae, near
the apex of the posterior loop. The meningohypophyseal
trunk is divided into three branches: the tentorial artery
(artery of Bernasconi and Cassinari), which courses toward
the tentorium; the inferior hypophyseal artery, which fol-
lows a medial course and supplies the posterior pituitary;
and the dorsal meningeal artery, which supplies the dura of
the clivus and the abducens nerve (►Fig. 3).

Anteromedial Triangle
The anterolateral triangle is delimited anteriorly by an
imaginary line of dura running between the ophthalmic
and maxillary nerves, medially by the ophthalmic nerve,
and laterally by themaxillary nerve. A slight retraction of the
ophthalmic nerve enables visualization of the horizontal
distal portion of the cavernous segment of the ICA and of

the abducens nerve. The inferior CS artery is situated within
this triangle, running between the abducens nerve and the
ophthalmic nerve toward the lateral wall of the CS. Opening
of the floor of this space provides access to the sphenoidal
sinus. A more anterior approach allows entry into the
pterygopalatine fossa (►Fig. 4).

Anterolateral Triangle
The boundaries of the anterolateral triangle are the maxil-
lary nerve anteromedially, the mandibular nerve posterior-
ly, and, anterolaterally, the dura between the two nerves,
over the lateral wall of the middle fossa. Partial visualization
of the sphenoidal sinus is possible through this triangle.
Drilling the bone of the middle fossa laterally provides
additional access for expanded lateral exposure. A more
anterior approach provides entry into the infratemporal
fossa (►Fig. 3).

Posterolateral (Glasscock) Triangle
The posterolateral, or Glasscock, triangle is bounded lat-
erally by a line running from the foramen spinosum to the
arcuate eminence, medially by the greater petrosal nerve,
and at its base by the mandibular nerve. Careful drilling of
this triangle enables exposure of the horizontal portion of
the ICA (►Fig. 3).

Exposure of the tensor tympani muscle and of the hori-
zontal portion of the ICA may be achieved through this
triangle, by dividing the greater petrosal nerve and drilling
anterior and adjacent to its groove and medially to its hiatus.
Particular care must be taken to avoid injury to the cochlea,
which is located anteromedially to the geniculate ganglion
and facial canal and immediately posterior to the posterior
loop of the ICA.

Posteromedial (Kawase) Triangle
The posteromedial triangle is bordered anteriorly by the
posterior margin of the trigeminal ganglion, laterally by the
greater petrosal nerve, and medially by the petrous border
with the superior petrosal sinus. Drilling out the petrous part
of the temporal bone exposes the dura of the petrosal surface
of the posterior fossa, providing access to the anterior clival
region. Thefield thus exposed is bounded by the superior and
inferior petrosal sinuses medially, by the internal acoustic
meatus and cochlea posteriorly, and by the ICA laterally
(►Fig. 3).

Inferomedial Paraclival Triangle
The inferomedial paraclival triangle is delimited by a line on
the dural surface extending from the posterior clinoid pro-
cess to the entrance site of the abducens nerve at the Dorello
canal, by a line extending between the Dorello canal and the
dural entrance point of the trochlear nerve on the tentorium
(laterally), and the petrous apex (forming its base). After
peeling back the dura, the basilar venous plexus, the dorsal
meningeal artery, the petroclinoid ligament, the posterior
genu of the cavernous segment of the ICA, and the origin of
the meningohypophyseal artery are all visible within this
triangle (►Fig. 2).
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Inferolateral Paraclival Triangle
The boundaries of this triangle are a line extending between
the dural entrance point of the trochlear nerve and the
Dorello canal (medial), the dura between the Dorello canal
and the point where the petrosal vein enters the superior
petrosal sinus (lateral), and the petrous apex (base) (►Fig. 2).

Endoscopic Anatomy
The extended transsphenoidal endoscopic approach pro-
vides an excellent, though incomplete, view of the structures
of the CS. The anatomical architecture of the area, with

structures stratified into several planes, allows at least
partial visualization of all elements, except for the ICA,which
is uniformly well-visualized and, due to its unique impor-
tance, serves as an anatomical barrier dividing the anterior
and posterior surgical corridors (►Figs. 5 and 6).

The clinoidal triangle was observed in only a compara-
tively small portion of specimens when viewed endoscopi-
cally. The optic strut, which forms the middle part of this
triangle, can be identified endoscopically as corresponding
to the opticocarotid recess, which can only be visualized
under endoscopy if the sphenoid is pneumatized.

The supratrochlear triangle can only be identified by its
anterior extremity, where the oculomotor and trochlear
nerves reach the superior orbital fissure. This space can only
be identified after careful medial displacement of the ICA.

Endoscopic identification of the Parkinson triangle is
challenging, due to the difficulty of exposing the course of
the trochlear nerve. The oculomotor triangle could not be
adequately identified through the endoscopic approach,
even after medial displacement of the ICA.

The anteromedial triangle, on the other hand, was readily
identifiable. Its apex, which corresponds to the angle formed
by the ophthalmic and maxillary branches of the trigeminal
nerve, could be identified after isolation and medial retrac-
tion of the ascending vertical segment of the ICA.

Regarding the anterolateral triangle, although the maxil-
lary nerve is easily identified endoscopically, themandibular
nerve can only be visualized proximal to the trigeminal
ganglion.

The Glasscock and Kawase triangles, as well as the para-
clival triangles, are not amenable to endoscopic visualization
via sphenoid sinus aswe observed in our results, as they have

Fig. 6 Endonasal endoscopic view of the parasellar structures through the medial wall of the left cavernous sinus, after ressection of the bony
wall of the sphenoid sinus. 1: Superior clivus, 2: Pituitary gland, 3: Internal carotid artery (intra petrosal portion), 4: Internal carotid artery (intra
cavernous portion), 5: Abducens nerve, 6: Trigeminal nerve, 7: Oculomotor nerve: � Optic chiasm.

Fig. 5 Extended endoscopic view of the right cavernous sinus. 1:
Pituitary gland, 2: ICA – cavernous segment, 3: Ophtalmic artery, 4:
Optic nerve, 5: VI nerve, 6: V2, 7: Pteryopalatine Ganglion, 8: Inferior
Rectus Muscle, 9: Maxillary Artery.
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no anatomical relationshipwith the sphenoidal sinus. On the
other hand, lateral extended endonasal endoscopy can reach
these areas.

The endoscopic approach provides access to two surgical
corridors, onemedial to the cavernous portion of the ICA and
one lateral to it.

The C-shapedmedial corridor is bounded anteriorly by the
ICA and posteriorly by the dorsum sellae and posterior
petroclinoid fold. Access to this corridor requires the use of
an endonasal approach contralateral to the cavernous sinus
of interest, as well as slight medial displacement of the
pituitary. The medial corridor is narrow, and appears

Fig. 7 Illustrative case showing a cavernous sinus chondrosarcoma with extension in the posterior fossa, sphenoid sinus, pterygopalatine fossa
and infratemporal fossa. The patient had VI nerve paresis which improved 7 months after surgery. In the first surgery, a cranio-orbito-zygomatic
approach with middle fossa peeling was performed and the middle and posterior fossa part of the tumor were removed extradurally (C-F).

Arquivos Brasileiros de Neurocirurgia Vol. 39 No. 2/2020

Microsurgical and Endoscopic Anatomy of the Cavernous Sinus Isolan et al. 91



magnified as the endoscope advances.When thefield of view
is sufficiently magnified, the operator is able to identify the
abducens nerve, as it courses lateral to the ICA, and the
proximal segment of the maxillary nerve, on the lateral wall
of the CS.

The lateral corridor is boundedposteriorly by thecavernous
portionof the ICA, inferiorlyby thevidiannerve, andanteriorly
by the medial pterygoid process. After identification of the
nerves on the lateral wall of the CS, viewed from an inferior
perspective, the superior triangular area (between the oculo-
motor and abducens nerves and the ICA), the superior
quadrangular area (between the abducens and maxillary
nerves and the lateral wall of the sphenoidal sinus), and the
inferior quadrangular area (an extracavernous region present
when the sphenoidal sinus is extensively pneumatized lateral-
ly, situated between the maxillary and vidian nerves) can be
delimited.

We show illustrative cases in ►Figs. 7, 8 and 9.

Discussion

Endoscopic procedures are more challenging than conven-
tional open surgery, due to the lack of three-dimensional
vision, the optical distortion of the images obtained, and the
constrained working area.8,33,34

The evolution of optical equipment and operative techni-
ques through the 20th century made a variety of increasingly
improved approaches and techniques available to all surgical

specialties. In neurosurgery, the introduction of the operat-
ing microscope was an enormous stride; by bringing micro-
surgical dissection techniques to the surgical practice, the
microscope vastly expanded the capacity of the neuro-
surgeon to reach deep intracranial structures with a keener
knowledge of their anatomy. The optical instrument, mag-
nification device, and focused light source became part of a
single instrument, making the aforementioned technical

Fig. 8 The second surgery was performed 1 year later and was an extended endoscopic endonasal approach (A). The part of the tumor medial to the
intracavernous and intrapetrous carotid artery was removed near totally (B). The circle in B shows the resection after the second surgery (endonasal
endoscopic). A pretemporal infratemporal fossa approach is scheduled to resect the part of the tumor lateral to the cervical internal carotid artery (arrow in
B). After this third surgery, irradiation of the small fragment of the tumor attached to the internal carotid artery will be performed.

Fig. 9 The superior view shows a VI nerve palsy after the first surgery
which improved later (inferior picture).
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advances possible. Endoscopy is one further step of this
evolution, in the sense that optical instruments can now
be inserted directly into the body of the patient. The devel-
opment of optical devices with attached light sources has
enabled surgical exploration and manipulation of the cavi-
ties of the body through minimally invasive orifices. Endo-
scopic techniques have also evolved, as surgeons have
become more familiar with the method and gained greater
expertise in the manipulation of instruments within the
constrained working space and in the prevention and man-
agement of complications.35

One frequent complication of endonasal endoscopic sur-
gery is the high rate of cerebrospinal fluid (CSF) leak. This
complication has been overcome with the advent of the
pedicled nasoseptal flap technique for reconstruction of
bony defects created during the use of the transsphenoidal
approach.36

Another feared complication, widely regarded as themost
severe complication of endoscopic surgery of the CS, is
bleeding.37 Venous bleeding should be managed carefully,
with patience and adequate use of hemostatic agents. In the
early steps of resection of any lesion situated in the CS, the
sinus is collapsed due to the mass effect of the injury, and
major bleeding is rarely observed. After partial complete
resection of the lesion, bleeding usually becomes brisk due to
the filling of the previously collapsed vasculature of the CS.
Achieving hemostasis in this situation requires calm and
expertise on the part of the operator, and poses typically no
major risk to the patient.

Arterial injury is the most fearsome complication of this
type of approach. Accidental laceration of the ICA will force
the surgeon to terminate the procedure, apply gentle local
compression on the injury and tamponade the site of bleed-
ing with hemostatic agents. In case of a formation of a
pseudoaneurysm, surgical management has to be done by
bypass surgery and endovascular closure of the ICA at the C3
segment.

In spite of the improvement of endoscopic transnasal
approaches and strategies, the visualization of the CS remains
poor. Subsequently, extendedapproacheshavebeenproposed,
such as ethmoid-pterygo-sphenoidal approach (EPSA), clival
approach and supradiaphragmatic approach, which could
provide a better view to the lateral part of the CS.

The EPSA includes a medial approach that is medial to the
internal carotid artery and lateral that is lateral to the
internal carotid artery. It is believed that EPSA-medial is
able to expose the medial compartment and the poster-
osuperior compartment and part of the posteroinferior
compartment. The ethmoid-pterygoid-sphenoid lateral ap-
proach to the CS is adequate to visualize the anteroinferior
compartment, the lateral CS and the CNs in the lateral wall.

Conclusion

Comparisons between traditional microsurgical anatomy
and endoscopic anatomy are significant, as they provide an
analogical mean of applying natural advancements in surgi-
cal knowledge and operative techniques.

Prior familiarity with the gross and microsurgical anato-
my of any region of interest is required if surgery is to evolve
into less invasive techniques that constrain the field of view
and working area of the surgeon.

Cavernous sinus endoscopy is a minimally invasive tech-
nique that provides access to the anatomical structures
present within this cavity. Although it does not provide the
surgeonwith as broad afield of viewas thatmade possible by
transcranial techniques, the surgical corridors described in
the present work may constitute an excellent alternative
approach for the resection of neoplastic lesions located
within the CS.
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Abstract Object The timing of definitive management of ruptured intracranial aneurysms has
been the subject of considerable debate, although the benefits of early surgery (until
72 hours postictus) are widely accepted. The aim of the present study is to evaluate the
potential benefit of ultra-early surgery (until 24 hours) when compared with early
surgery, in those patients who were treated by surgical clipping at the Neurosurgery
Department of the Coimbra Hospital and University Centre.
Methods A 17-year database of consecutive ruptured and surgically treated intracra-
nial aneurysms was analyzed. Outcome was measured by the Glasgow Outcome Scale
(GOS). Baseline characteristics were analyzed by the Fisher exact test, the chi-squared
and Mann-Whitney tests. Logistic regression was used to assess the impact of good
grade according to the World Federation of Neurological Surgeons (WFNS) scale and
ultra-early surgery in a good GOS outcome.
Results 343 patients who were submitted to surgical clipping in the first 72 hours post-
ictus were included, 165 of whom have undergone ultra-early surgery. Demographics and
preoperative characteristics of ultra-early and early surgery patients were similar. Good-
grade patients according to theWFNS scale submitted to ultra-early surgery demonstrated
an improvedGOSat dischargeandat6months. Poor-gradepatients according to theWFNS
scale submitted to ultra-early surgery demonstrated an improved GOS at discharge.
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Introduction

Besides the clinical impact of a primary aneurysmal sub-
arachnoid hemorrhage (SAH), rebleeding and vasospasm
are the major factors responsible for a poor outcome.
Aneurysm treatment is the key to avoid rebleeding and
may also have an important role on vasospasm occurrence
and management.1,2 Early surgery (within 72 hours) was
shown to be safe and cost-effective as compared with
delayed surgery. Considering that rebleeding rates may be
maximal within the first 24 hours after aneurysmal SAH,
ultra-early treatment (within the first 24 hours) seems an
attractive strategy to lower rebleeding rates and improve
the outcome.3,4

To date, the few studies designed to evaluate ultra-early
aneurysm treatment effect have not demonstrated in an
unambiguous way the beneficial effects from this time
treatment.1,5–10

Currently, two treatment approaches are relevant, depend-
ingontheclinical statusof thepatientand the characteristics of
the aneurysm: the endovascular technique andmicrosurgery–
neurosurgical clipping. In this study, only patients undergoing
surgical clipping were considered.

Since 2000, the Neurosurgery Department of the Coimbra
Hospital and University Centre (CHUC) has treated patients
admitted with SAH according to the early surgery protocol
(first 72 hours). With the evolution of scientific knowledge
and local logistic resources available (24 hours surgical pre-
vention team), the ultra-early program (first 24 hours) was
gradually implemented and currently is the gold-standard.

We undertook a retrospective audit of outcomes to assess
the potential benefit of ultra-early surgery compared with
early surgery, after outcome analysis of patients that were
operated in Neurosurgery Department (ND) of CHUC.

Methods and Materials

A database of all intracranial aneurysms presented to this
neurosurgery department was maintained prospectively over
a 17-year period (2000 to 2016). The database was prospec-
tively updated with long-term clinical outcome data. Patients
with proven aneurysmal SAH whowere submitted to surgery
within the first 72 hours postictus were included. This series
represents 343 cases of aneurysmal SAH treated by means of
surgical clippingwithin the 0 to 72 hours postictus timeframe.

Conclusions Ultra-early surgery for aneurysmal subarachnoid hemorrhage patients
improves outcome mainly on good-grade patients. Efforts should be made on the
logistics of emergency departments to consider achieving treatment on this timeframe
as a standard of care.

Resumo Objetivos O timing de tratamento dos aneurismas intracranianos rotos tem sido
objeto de debate considerável, embora os benefícios da cirurgia precoce (até 72 horas
após ictus) sejam amplamente aceitos. O objetivo do presente estudo é avaliar o
potencial benefício da cirurgia ultra precoce (até 24 horas) sobre a cirurgia precoce nos
pacientes tratados por abordagem cirúrgica no Departamento de Neurocirurgia do
Centro Hospitalar e Universitário de Coimbra.
Métodos Foi usada uma base de dados de 17 anos de aneurismas intracranianos que
sofreram rotura e que foram tratados cirurgicamente. O resultado foi avaliado pela
Escala de Glasgow de desfecho (GOS, na sigla em inglês). As características da
população foram analisadas pelo teste de Fisher, qui-quadrado e Mann-Whitney. A
regressão logística foi usada para avaliar o impacto do bom estado clínico à admissão
(World Federation of Neurological Surgeons [WFNS]) e da cirurgia ultra precoce sobre o
bom desfecho (GOS).
Resultados Foram incluídos 343 pacientes submetidos a clipagem cirúrgica nas
primeiras 72 horas pós-ictus, 165 dos quais foram submetidos a cirurgia ultra precoce.
As características demográficas e pré-operatórias dos pacientes submetidos a cirurgia
ultra precoce e precoce foram semelhantes. Pacientes com bom WFNS submetidos a
cirurgia ultra precoce demonstraram melhoria do desfecho na alta e aos 6 meses. Os
pacientes comWFNS de baixo grau submetidos a cirurgia ultra precoce demonstraram
melhoria do desfecho na alta.
Conclusões A cirurgia ultra precoce para pacientes com hemorragia subaracnoidea
aneurismáticamelhora o resultado principalmente empacientes combomestado clínico à
admissão (WFNS). Esforços devem ser feitos na logística dos departamentos de emergên-
cia, a fim de considerar o tratamento nesse período como timing preferencial.

Palavras-chave

► aneurisma cerebral
► cirurgia precoce
► cirurgia ultra

precoce
► clipagem

neurocirúrgica
► hemorragia
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Patient demographics, World Federation of Neurological Sur-
geons (WFNS) clinical grade on admission, aneurysm location,
timebetween SAH ictus and clipping were collected. The ictus
was defined as the onset of headache or collapse. Clinical
outcomesweremeasured at discharge and 6months using the
Glasgow Outcome Scale (GOS).

Subarachnoid hemorrhage was confirmed either by brain
computed tomography (CT) or lumbar puncture and cerebro-
spinal fluid analysis. Intracranial aneurysms were diagnosed
by CT angiography or by Digital Subtraction Angiography.
Surgeries were performed by a team consisting of an experi-
enced neurovascular surgeon (a total of four performed all of
the surgeries), a neuroanesthesiologist and specially trained
nurses. The policy of this Institution is to treat every ruptured
aneurysmwithin 72 hours postictus, but preferably as soon as
feasible, and efforts weremade to perform ultra-early surgery
whenever possible. The cases submitted to early surgery were
not consequent to clinical decision but to other nonclinical
factors such as delayed transfers from other hospitals, late
diagnosis and hospital logistical delays.

Prophylactic nimodipine is initiated as part of the stan-
dard medical management of SAH in this institution. We do
not routinely use antifibrinolytic drugs. Symptomatic hydro-
cephalus was managed either by external ventricular deri-
vation or ventriculoperitoneal shunt. The treatment of
vasospasm and delayed ischemic neurological deficits were
managed on a case-by-case basis and included hyperdy-
namic therapy and, eventually, endovascular treatment.

The baseline characteristics were analyzed by the Fisher
exact test, the chi-squared andMann-Whitney tests. Logistic
regression was used to assess the impact of good grade in
WFNS and ultra-early surgery in a good GOS outcome.

The present study was developed in accordance with the
ethical standards laid down in the 1964 Declaration of
Helsinski and its later amendments. Ethical approval was
obtained from the CHUC ethical commission.

Results

A total of 165 cases (48.1% of the total) of ruptured supra-
tentorial aneurysms treated with microsurgical clipping
within the first 24 hours are referred to as ’ultra-early’. The
other 178 cases (51.9% of the total) also treated with micro-
surgical clipping in the time frame of 24 to 72 hours post
aneurysmal SAH are referred to as ’early’. Demographics and
clinical status of these groups prior to treatment are detailed
on ►Table 1. No statistically significant pretreatment differ-
ences between groups were observed.

The measured overall mortality rate was of 10.8%. The
mortality rate was of 7.3% on ultra-early surgery group,
while in the early surgery group it reached 13.5%, but this
difference was not significative (p¼ 0.061).

Aneurysm location is detailed on ►Table 2 and no sta-
tistically significant differences were found between ultra-
early and early groups.

For each time, at discharge and 6 months after surgery,
patients were divided into two groups according to the GOS
outcome: the group of patients who had poor outcome (GOS
1 to 3) and the group that had good outcome (GOS 4 and 5).
Patient WFNS grading scale data was also dichotomized into
good-grade (WFNS grading scale 1 to 3) and poor-grade
(WFNS grading scale 4 and 5).

At discharge, good outcome was observed in 73.3% of
ultra-early patients and in 61.8% of early patients (p¼ 0.018),

Table 1 Patient demographics and preoperative clinical status: Comparison of ultra-early and early treatment groups

Ultra-early
N (%)

Early
N (%)

All
N (%)

p-value Statistical test used

N 165 (48.1) 178 (51.9) 343

Mean of Age
(min. - max.)

55 (46–64) 58 (44–71) 56 (45–68) 0.295 Mann-Whitney

Gender 0.785 Chi-squared

M 57 (34.5) 64 (36.0) 121 (35.3)

F 108 (65.5) 114 (64.0) 222 (64.7)

WFNS 0.292 Chi-squared

1 79 (47.9) 95 (53.3) 174 (50.7)

2 45 (27.3) 39 (21.9) 84 (24.5)

3 9 (5.5) 14 (7.9) 23 (6.7)

4 24 (14.5) 27(15.2) 51 (14.9)

5 8 (4.8) 3 (1.7) 11 (3.2)

WFNS
dichotomized

0.541 Chi-squared

Good-grade 133 (80.6) 148 (83.1) 281 (81.9)

Poor-grade 32 (19.4) 30 (16.9) 62 (18.1)

Abbreviations: N, Number; WFNS, World Federation of Neurological Societies.
Values are expressed as median and interquartile range or number (%).
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a difference of 11.5% of patients favorable to the ultra-early
group. Poor outcome was obtained in 26.1% of ultra-early
patients and in 38.2% of early patients, a difference of 12.1%
of patients favorable to the early group. After 6months, 82.4%
of the ultra-earlygroup and 71.9% of the earlygroup obtained
good outcome (p¼ 0.004), a difference of 10.5% of patients
favorable to the ultra-early group. Poor outcomewas verified
in 5.8% of the ultra-early patients and in 24.7% of the early
patients, a difference of 18.9% of patients favorable to the
early group (►Table 3).

Subgroup analysis of good-grade patients submitted to
ultra-early surgery demonstrated both an improved GOS at
discharge (p¼ 0.045) and an improved GOS at 6 months
(p¼ 0.007).On theotherhand, subgroupanalysis ofpoor-grade
patients submitted to ultra-early surgery demonstrated im-
provement on GOS at discharge (p¼ 0.031) but it did not reach
statistical significance at the 6-month outcome (p¼ 0.064).

Logistic regression was performed with dichotomized
GOS as the dependent variable, to assess the impact of
good-grade on WFNS and ultra-early surgery on a good
outcome.

Evaluation of the logistic regression found better out-
comes at both discharge and 6 months for the ultra-early
surgery group of patients over the early group of patients,
when adjusted for clinical grade on admission (WFNS)
(►Table 4).

A rebleeding rate of 3.8% (n¼ 13) was found after the first
rupture. Five of these patients were submitted to ultra-early
surgery and the other eight were submitted to early surgery.
However, the resultwas not statistically significant (p¼ 0.577).

Discussion

Aneurysm rebleeding is one of themost severe complications of
ruptured brain aneurysms, frequently leading to death or dis-
ability. Since rebleeding after the initial ictus is estimated to
reachhigher rates in thefirst hours, ultra-early treatment seems
to be a reasonable approach.3,4Historically, several factorswere
evoked to support delayed microsurgical clipping of ruptured
aneurysms, mainly: difficult access due to brain swelling, in-
creased risk of intraoperative aneurysm rupture, higher need
for application of temporary clips and for the use of brain
retractors.1 Despite this, in the early nineties, a prospective,
observational clinical trial was conducted by the International
Cooperative Study on the Timing of Aneurysm Surgery to deter-
minethebest timeforsurgical treatment.Theauthorsconcluded
that early surgery was neither more hazardous nor beneficial
than delayed surgery, and that the postoperative risk following
early surgery was equivalent to the risk of rebleeding and vaso-
spasm in patients waiting for delayed surgery.3,4 Due to those
results, early treatment (treatment within the first 72 hours
postictus) became the mainstay of aneurysmal SAH manage-
ment worldwide. In fact, the American Heart Association /
AmericanStrokeAssociation(AHA/ASA)2012revisedGuidelines
for the Management of Aneurysmal Subarachnoid Hemorrhage
have a Class I recommendation to perform aneurysm treatment
as early as feasible (B level of evidence).11 Consequently, despite
the fact that either a specialized neurosurgical vascular team or
an endovascular team available on a 24-hour basis could be a
logistical problem for many hospitals, earlier treatment of
aneurysmal SAH is becoming the standard of care.

The ultra-early treatment has been proposed based on the
rate and outcome of early rebleeding following aneurysmal
SAH.Multiple studies have shown that incidence of rebleeding
is maximal in the first 24 hours (4.1–17.3% rebleeding rates)
with high rates of fatal outcome (65–80%).12–15 There are not
many exclusive surgical series showing that ultra-early treat-
ment canbebeneficial for good-gradeandpoor-gradepatients
at discharge and after 6months, simultaneously. Only three of
them showed better outcome for ultra-early timing, but none
with these assumptions.5,6,8 Phillips et al concluded that
treatment within 24 hours was associated with improved
clinical outcome at 6 months.8 This study included surgical
as well as endovascular treated patients and the authors
concluded that the outcome benefit was exclusive to the
coiling subgroup whereas no difference in outcome was
observed between ultra-early and early surgical patients.

Better results were seen in the poor-grade (WFNS grading
scale 4 to 5) patients submitted to ultra-early treatment, as
recorded in theWong et al 2012 study.10 In fact, theMelbourne
case series of clipping within 12 hours for poor-grade aneurys-
mal SAHs stated previously that the high ultra-early rebleeding
rates observed among this subset of patients indicates the need
for urgent treatment.7 Wong et al suggested that the outcome
improvement with this subgroup of patientswas duemainly to
the reduction of rebleeding rates with ultra-early treatment.

A recent study on Nationwide Inpatient Sample analysis in
theUSdemonstratedthatultra-earlyaneurysmsurgerynotonly
improves outcome but also decreases hospitalization costs.9

Table 2 Aneurysm location: Comparison of ultra-early and
early treatment groups

Aneurysm
location

Count Ultra-early
N (% within
location)

Early
N (% within
location)

N
(% of total)

OA 2 (50%) 2 (50%) 4 (1.2%)

ICA 11 (57.9%) 8 (42.1%) 19 (5.5%)

PCoA 25 (47.2%) 28 (52.8%) 53 (15.4%)

AChoA 0 (0.0%) 1 (100.0%) 1 (0.3%)

ACA 8 (50.0%) 8 (50.0%) 16 (4.7%)

ACoA 60 (47.2%) 67 (52.8%) 127 (37.0%)

MCA 34 (50.8%) 33 (49.3%) 67 (19.5%)

PICA 1 (50.0%) 1 (50.0%) 2 (0.6%)

VA 1 (100.0%) 0 (0.0%) 1 (0.3%)

BA 1 (50.0%) 1 (50.0%) 2 (0.6%)

Other
location

0 (0.0%) 2 (100.0%) 2 (0.6%)

Multiple
aneurysms

22 (44.9%) 27 (55.1%) 49 (14.3%)

Total 165 (48.1%) 178 (51.9%) 343 (100.0%)

Abbreviations: ACA, anterior cerebral artery; AChoA, anterior choroidal
artery; ACoA – anterior communicating artery; BA, basilar artery; ICA,
internal carotid artery; MCA – medial cerebral artery; N – number; OA,
ophthalmic artery; PCoA, posterior communicating artery; PICA, pos-
terior inferior cerebellar artery; VA, vertebral artery.
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No previous study showed an unequivocal benefit of ultra-
early surgery on patient outcome both at discharge and at
6 months in subgroups of poor and good-grade patients.

At the neurosurgery department of the CHUC, virtually all
ruptured anterior circulation aneurysms are treated by
surgical clipping, and the present study only analyzed surgi-
cal cases, not endovascular ones. As seen in our patients, all
clinical grades were treated by surgery, meaning that clinical
statuswas not a sufficient reason for patients to be treated by
endovascular methods.

Aneurysmal rupturewith a different location thanMiddle
Cerebral Artery (ACM), more specifically in the anterior

communicating artery (ACoA), is a poor prognostic fac-
tor.16,17 However, in our study, a significant relationship
was not found on mortality and on outcome.

A trend toward a lower mortality was found on patients
submitted to ultra-early surgery (p¼ 0.061). The mortality
rate of the ultra-early group was 7.3% versus 13.5% of the
early group, which means that early surgery has a mortality
rate almost twice that of ultra-early surgery.

In the present study, good-grade patients benefit from
ultra-early surgery both at discharge as at 6 months follow-
up (p¼ 0.045 and p¼ 0.007, respectively), whereas poor
graded patients have benefit only at discharge (p¼ 0.031).

Table 3 Outcome and mortality subgroup analysis between ultra-early and early surgery patients stratified by the Glasgow
outcome scale grading

Ultra-early
N (%)

Early
N (%)

All
N (%)

p-value Statistical test used

N 165 (48.1) 178 (51.9) 343

Overall Mortality 12 (7.3) 24 (13.5) 36 (10.5) 0.061 Chi-squared

GOS discharge 0.00048 Chi-squared

1 7 (4.3) 14 (7.9) 21 (6.1)

2 5 (3.0) 12 (6.7) 17 (5.0)

3 31 (18.8) 42 (23.6) 73 (21.3)

4 73 (44.2) 40 (22.5) 113 (32.9)

5 48 (29.1) 70 (39.3) 118 (34.4)

Lost to follow-up 1 (0.6) 0 1 (0.3)

GOS discharge dichotomized 165 (48.1) 178 (51.9) 343 0.018 Chi-squared

Good outcome (4–5) 121 (73.3) 110 (61.8) 231 (67.4)

Poor outcome (1–3) 43 (26.1) 68 (38.2) 111 (32.3)

Lost to follow-up 1 (0.6) 0 1 (0.3)

GOS 6 months 0.0086 Chi-squared

1 11 (6.7) 23 (12.9) 34 (9.9)

2 2 (1.2) 4 (2.2) 6 (1.8)

3 7 (4.2) 17 (9.6) 24 (6.9)

4 32 (19.4) 17 (9.6) 49 (14.3)

5 104 (63.0) 111 (62.3) 215 (62.7)

Lost to follow-up 9 (5.5) 6 (3.4) 15 (4.4)

GOS 6 months
Dichotomized

165 (48.1) 178 (51.9) 343 0.004 Chi-squared

Good outcome (4–5) 136 (82.4) 128 (71.9) 264 (77)

Poor outcome (1–3) 20 (5.8) 44 (24.7) 64 (18.7)

Lost to follow up 9 (5.5) 6 (3.4) 15 (4.4)

Abbreviations: GOS, Glasgow Outcome Scale; N, Number.

Table 4 Logistic regression analysis with WFNS and time of surgery as covariates for good outcome of Glasgow outcome scale

GOS discharge GOS 6 months

Variables HR (95% CI) p-value HR (95% CI) p-value

WFNS (good grade) 8.129 (4.329-15.264) <0.0005 4.652 (2.200-9.838) < 0.0005

Time of surgery (ultra-early) 2.029 (1.221-3.370) 0.006 3.214 (1.562-6.609) 0.002

Abbreviations: CI, Confidence interval; HR, Hazard ratio; WFNS, World Federation of Neurological Societies.
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These results are in conformity with the previous concept
of better results for poor-grade patients, but the improve-
ment does not stand on follow-up. On the other hand, for the
good-grade patients, the present study demonstrates that
ultra-early surgery improves outcome not only at discharge
but also at the 6-month follow-up.

These solid results strengthen the concept that ultra-early
surgery should be the mainstay in the context of aneurysm
treatment.

These results are relevant because the ultra-early and
early groups are homogeneous (which means that no differ-
ence between presurgical clinical status were observed).

The rebleeding ratewashigher in the earlygroup (5patients
onultra-earlyand8patientsonearly timing)but thisdifference
was not significative (p¼ 0.577). The number of patients that
suffered this complication was similar and can be the reason
that justifies this result. The objective of the present studywas
not to compare directly the rebleeding rate between groups.
However,weneedmore surgical cases to analyze thebenefit of
ultra-early surgery on the prevention of rebleeding. Neverthe-
less, the rebleeding prevention effect of ultra-early treatment
could be the major contributing factor for this difference.

The limitations of the present study include the ones
usually associatedwith retrospective analyses. No difference
between WFNS grading was observed between the two
groups of patients. Another weakness of the present study
is the lack of detailed information of the clinical condition of
the patients, such as brain swelling, acute hydrocephalus or
intracranial hypertension and of intraoperative aspects such
as duration of surgery, use of temporary clipping or the need
for brain retractors.

We believe that patient selection bias can be a limitation,
but it was minimized by the fact that the timing of surgery
was determined only by logistical hospital issues, a limita-
tionwhich in awaymimics real life situations, where all such
difficulties (surgical team available) are often encountered.
In the last few years, at the neurosurgery department of the
CHUC, there is a team on call which allows the ultra-early
protocol surgical treatment for the huge majority of these
patients, which is nowadays the gold-standard time of care.

Conclusion

The present work is a retrospective single center surgical series
ofconsecutiveaneurysmalSAHpatientssubmittedtotreatment
within the first 72 hours postictus, prospectively updated with
long-term clinical outcome data. Good-grade WFNS patients
submitted to ultra-early surgery demonstrated an improved
outcome (both at time of discharge as at 6-month GOS out-
come). Poor-grade WFNS patients submitted to ultra-early
surgery demonstrated an improved time of discharge outcome.
Efforts should be made on the logistics of emergency depart-
ments to consider achieving treatment of aneurysmal SAH
patients on the first 24 hours after ictus as a standard of care.
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Introduction

Cerebrovascular diseases are increasingly common. In 2015,
593,015 cases of cerebrovascular diseases were found in
Brazil.1 According to recent estimates, there is a tendency
toward a progressive increase in the number of deaths from

cerebrovascular diseases, and it is estimated that by 2030 the
percentage will reach 12.1% of the world mortality.2

Cerebral aneurysm consists of localized dilation of the
vascular wall which, when ruptured, generates subarach-
noid hemorrhage (SAH).3 Most cerebral aneurysms are
asymptomatic for a lifetime or until they rupture, and

Keywords

► intracranial aneurysm
► microsurgery
► subarachnoid

hemorrhage

Abstract Objectives Intracranial aneurysm consists of localized dilatation of the vascular wall. Its
importance includes the fearsome event of rupture and subarachnoid hemorrhage, which
presents high morbimortality rates. The present study aimed to analyze the profile and
clinical outcome of patients submitted to themicrosurgical approach of cerebral aneurysm
in the city of Criciúma, state of Santa Catarina, Brazil, from 2015 to 2018.
Methods A retrospective observational study was performed, with secondary data
collection and a quantitative approach of 47 charts.
Results Apredominanceof females (74.5%) andameanageof 53yearsold (53.53� 9.64)
was observed. The middle cerebral artery was the most affected vessel (36.2%), with the
highest percentage of aneurysms being between 2.1mmand 7.0mm (65.9%). Therewas a
correlation between consciousness level and classification on the Hunt-Hess (HH) scale.
Patients withGlasgowComa Scale (GCS)> 7 points had a better prognostic score in theHH
scale, and those with GCS � 7 points had a worse prognostic score in the HH scale.
Conclusions The present study observed the presence of important risk factors for
cerebral aneurysm formation, such as gender, age, smoking, and systemic arterial
hypertension. The present study can measure a correlation of the level of conscious-
ness with the HH classification.

Resumo Objetivos O aneurisma cerebral consiste na dilatação localizada na parede vascular.
Sua importância compreende o evento de ruptura e hemorragia subaracnóidea, tal
evento com altas taxas de morbimortalidade. A presente pesquisa se propôs a analisar
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may progress to SAH, one of the serious events of its
rupture.4,5

Subarachnoid hemorrhage has a high mortality of 25 to
50%;6 out of those, 12% die before getting medical attention.
Five years after the episode, this complication can reach an
approximate mortality rate of 70%. Its worldwide incidence
is estimated at 9.1 per 100,000 inhabitants/year (95%
confidence interval [CI]: 8.8–9.5).7 Brain aneurysms occur
in � 1 to 2% of the population.6 They are more common in
females in a 2:1 ratio,8 and their prevalence increases with
age. Only � 20% of cases occur below the age of 45 years
old.9

Not all patients are elected for aneurysmal clipping;
therefore, clinical and imagingmethods are used to highlight
the size and location of the lesion and their likelihood of
benefit from surgical treatment.5 Noncontrast computed
tomography (CT) is a good imaging test for the initial
evaluation of a patient with suspected SAH. It has a detection
rate close to 100% in the first 3 days after the onset of
symptoms, but falling to 50% between 5 and 7 days later.6

Cerebral angiography (DSA) is considered the gold standard
for the diagnosis of cerebral aneurysm, because with this
exam we can increase the detection rate of aneurysms
smaller than 3mm, which CT and MRI are not accurate in
evaluating. Cerebral angiography is indicated for patients
with high suspicion of SAH on whom an aneurysm was not
evidenced by traditional methods.10

The intensity of themeningeal inflammatory reaction, the
severity of the neurological deficit and the presence or
absence of significant associated comorbidities should pro-
vide the best clinical criterion for estimating the surgical risk,
which is the objective of the Hunt-Hess (HH) scale.11 When
classified as HH I or II, patients are eligible for surgery as soon
as the aneurysm is diagnosed and the gold standard tech-
nique for aneurysm treatment is its clipping.12 This consists
of exposure of the aneurysmal sac via craniotomy and
obliteration of its circulation wall by means of single or

multiple clips. This approach has good postoperative results
with an aneurysm obliteration rate in 93% of cases, as well as
a lower percentage of reintervention.13 To those who were
not elected for surgery at the time of the diagnosis, it is
recommended a conservative management to achieve a
clinical improvement (until the patient has an HH I or II)
for subsequent aneurysm clipping.

Given the importance of brain aneurysm microsurgery in
the context of neurosurgery and the need to evaluate the
epidemiological profile of patients undergoing the proce-
dure in the southern state of Santa Catarina population, this
research aimed to analyze the profile and clinical outcome of
patients undergoing the microsurgical approach of cerebral
aneurysm in the city of Criciúma from 2015 to 2018.

Methods

The present study has been approved by the Ethics and
Research Committee of the Universidade do Extremo Sul
Catarinense (UNESC), under the approval number 2.857.653
and by the Ethics and Research Committee of the São José
Hospital de Criciúma, state of Santa Catarina, Brazil, under
the approval number 2.890.169.

This is a retrospective observational study with a quanti-
tative approach and secondary data collection. The sample in
question was obtained through analysis of medical records,
comprising 47 patients in the study, which corresponds to
patients undergoing brain aneurysm microsurgery proce-
dure in public and private nosocomial institutions of the
microregion of Criciúma, state of Santa Catarina, Brazil, in the
period from January 1, 2015 to December 31, 2018. Medical
records with improper filling and those diagnosed with
nonaneurysmal SAH have been excluded from the study.
Endovascular treatment was not included in our study and
patients were not submitted to another kind of treatment,
except microsurgical or conservative, due to unavailability
during the data collection period.

o perfil e o desfecho clínico de pacientes submetidos a abordagem microcirúrgica de
aneurisma cerebral na cidade de Criciúma, Santa Catarina, Brasil, de 2015 a 2018.
Métodos Foi realizado estudo observacional retrospectivo, com coleta de dados
secundários e abordagem quantitativa de 47 prontuários.
Resultados Foi observada uma predominância do sexo feminino (74,5%) e umamédia
de idade de 53 anos (�9,64). A artéria cerebral média foi o vaso mais acometido
(36,2%), com a maior porcentagem dos aneurismas situando-se entre 2,1 mm a
7,0 mm (65,9%). Houve uma correlação entre o nível de consciência dos pacientes e
a classificação dos mesmos na escala de Hunt-Hess (HH). O paciente com Escala de
Coma de Glasgow (GCS)> 7 pontos obteve uma classificação de melhor prognóstico
em HH e aquele com GCS� 7 pontos obteve uma classificação de pior prognóstico em
HH.
Conclusões O presente estudo observou a presença de fatores de risco importantes
para a formação do aneurisma cerebral, como gênero, idade, tabagismo e hipertensão
arterial sistêmica. O presente estudo pode aferir uma correlação do nível de con-
sciência com a classificação de HH.

Descritores

► aneurisma
intracraniano

► microcirurgia
► hemorragia

subaracnóidea
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The following variables were analyzed: patient age at
diagnosis, gender, self-reported race, previous risk factors
(Systemic arterial hypertension [HAS], autosomal dominant
polycystic kidney disease [ADPKD], Ehlers-Danlos syndrome
type IV, Marfan syndrome, elastic pseudoxanthoma, dysli-
pidemia, alcoholism, physical inactivity and illicit drug use),
past history of cerebral aneurysm, family history of cerebral
aneurysm, previous history of SAH, previous history of
traumatic brain injury [TBI], preoperative and postoperative
Glasgowcoma scale (3 to 15), Fisher scale (in degree, from I to
IV), preoperative and postoperative Hunt and Hess scale (I, II,
III, IV or V), type of aneurysm (dissecting, fusiform, mycotic,
traumatic, saccular), vessel affected by the aneurysm and
aneurysm size in millimeters.

The collected data were analyzed using the IBM SPSS
Statistics for Windows, Version 23.0 (IBM Corp., Armonk,
NY, USA) spreadsheets. Quantitative variables are expressed
as mean and standard deviation (SD) and qualitative varia-
bles as frequency and percentage.

The inferential analysis was performed with a significance
level α¼ 0.05 and, therefore, 95% confidence. To assess the
distribution of quantitative variables for normality, the Sha-
piro-Wilk test was used. The investigation of the homogeneity
of quantitative data was performed by the Levene test.

The comparison of the mean values of the quantitative
variables between the categories of the dichotomous quali-
tative variableswasperformed byapplying the Student t-test
for unrelated data, while the related data were investigated
by applying the Wilcoxon t-test.

The comparison of the mean values of the quantitative
variables between the categories of the polytomous qualita-
tive variables was performed by applying the analysis of
variance (ANOVA) test, with subsequent least square differ-
ence (LSD) post hoc.

The association between the qualitative variables was
investigated by applying the Likelihood Ratio test with subse-
quent residue analysis in cases with statistical significance.

Results

We analyzed 47 medical records of patients undergoing
brain aneurysm microsurgery. Out of these records, none
were excluded from the sample.

Out of the 47 patients, 35 (74.5%) were female. The
average age of the patients was 53.53� 9.64 years old. Out
of the patients submitted to cerebral aneurysm microsur-
gery, 51.1% had a previous diagnosis of hypertension, and
only 6.4% had a previous history of cerebral aneurysm. As for
the lifestyle of the patients, 21.3% were smokers at the time
they underwent microsurgery, 6.4% were former smokers,
2.1% were alcoholics and 4.3% were addicted cocaine users
(►Table 1).

In the preoperative evaluation of the patients, there was a
predominance of HH II (36.2%), followed by HH I (27.7%), IV
(17.0%), III (12.8%) and V (6.4%). In the postoperative evalua-
tion, there was a higher prevalence of patients classified as
HH I (40.4%), followed by HH III (25.5%), IV (19.1%), V (8.5%)
and II (6.4%). It can be observed that therewas no statistically

significant difference in the HH classification, when compar-
ing the preoperative with the postoperative.

Preoperative GlasgowComa Scale (GCS) analysis showed a
predominance of GCS level of consciousness> 7 (80.9%). In
the first postoperative period without sedation, the GCS
rate> 7 was 78.7%. The preoperative mean GCS was 12.19
(�4.24), and the postoperative average was 11.34 (�3.70). It
was observed that there was no statistically significant
difference in GCS when comparing the with the postopera-
tive (►Table 2).

Regarding the Fisher scale, which was verified in the
medical records of patients undergoing aneurysmal micro-
surgery, there was a predominance of grade IV (44.7%)
compared with grade II (23.4%), grade I (17.0%) and grade
III (14.9%) (►Figure 1).

Table 1 Epidemiological profile of patients undergoing
cerebral aneurysm microsurgery

Mean� SD, n (%)

n¼ 47

Age (years old) 53.53� 9.64

Gender

Female 35 (74.5)

Male 12 (25.5)

Comorbidities

HAS 24 (51.1)

Smoking 10 (21.3)

Ex-Smoking 3 (6.4)

Previous aneurysm 3 (6.4)

Addict 2 (4.3)

Alcoholism 1 (2.1)

Abbreviations: SD, standard deviation; HAS, systemic arterial
hypertension.
Source: Search data, 2019.

Table 2 Pre-and postoperative clinical scales of patients
undergoing cerebral aneurysm microsurgery

Mean� SD, n (%) p-value†

Preoperative Postoperative

Hunt-Hess

I 13 (27.7) 19 (40.4) 0.465

II 17 (36.2) 3 (6.4)

III 6 (12.8) 12 (25.5)

IV 8 (17.0) 9 (19.1)

V 3 (6.4) 4 (8.5)

GCS 12.19� 4.24 11.34� 3.70 0.112

� 7 9 (19.1) 10 (21.3)

> 7 38 (80.9) 37 (78.7)

Abbreviations: SD, standard deviation; GCS, Glasgow Coma Scale.
†Value obtained after applying the Wilcoxon t-test.
Source: Search data, 2019.
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Regarding the size of the aneurysmal sac, most (65.9%) of
the study patients had an aneurysm between 2.1 and
7.0mm. Aneurysms between 7.1 and 12.0mm accounted
for 21.3% of cases, while small aneurysms (� 2mm) consti-
tuted 6.4% of the sample. Aneurysmal sacs> 12.1mm were
evidenced in only 6.4% of the patients. The middle cerebral
artery (MCA) (36.2%) was themost frequently affected vessel
in the study, followed by the internal carotid artery (ICA)
(21.3%) and the anterior communicating artery (ACoA)
(21.3%). Other vessels were observed less frequently: the
ophthalmic artery (8.5%), the posterior communicating ar-
tery (PCoA) (8.5%), the posterior cerebral artery (PCA) (2.1%),
and the basilar artery (2.1%). Regarding the most affected
arterial system, 87.3% of the aneurysms were located in the
carotid system (also known as anterior system) (►Table 3).

Preoperative patients with a HH IV or V classification
obtained, after residual analysis (p< 0.05), a correlationwith
a worse GCS score (� 7) with results of 66.7% and 33.3%,
respectively. Thosewhowere preoperatively classified as HH
I or II had, after residual analysis (p< 0.05), a relationship
with higher GCS scores (> 7) with results of 34.2% and 44.7%,
respectively. The correlation of preoperative patients be-
tween HH III and GCS score (� 7 or> 7) was not statistically
significant after residual analysis.

Postoperative patients with a HH IV or V classification
obtained, after residual analysis (p< 0.05), a correlationwith
a worse GCS score (� 7) of 60% and 40%, respectively. Those
who were preoperatively classified as HH I or III obtained,
after residual analysis (p< 0.05), a relationship with higher
GCS scores (> 7)with results of 51.4% and 32.4%, respectively.
The correlation of postoperative patients between HH II and
GCS score (� 7 or> 7) was not statistically significant after
residual analysis (►Table 4).

In the analysis of the vascular system affected by the
aneurysm in relation to the Fisher tomographic scale pre-
sented at the time of diagnosis, 41 patients were in the
affected anterior system group and 6 patients were in the
affected posterior system group. Out of those with an ante-
rior system aneurysm, 14.6% had Fisher I, 26.8% had Fisher II,
14.6% had Fisher III, and 43.9% had Fisher IV. Regarding those
with a posterior system aneurysm, 33.3% had Fisher I, 0% had
Fisher II, 16.7% had Fisher III and 50% had Fisher IV. No
correlation between vascular system affected by aneurysm
and Fisher tomographic scale was statistically significant
(►Table 5).

There is a relationship between AH and age at the time of
aneurysm diagnosis: hypertensive patients have a higher

Fig. 1 Fisher tomographic scale.

Table 3 Dimension and topography of aneurysms submitted to
microsurgery

n (%)

Size (mm)

Up to 2mm 3 (6.4)

Between 2.1 and 7.0mm 31 (65.9)

Between 7.1 and 12.0mm 10 (21.3)

Between 12.1 and 25.0 mm 2 (4.3)

Greater than 25.1mm 1 (2.1)

Topography

Middle cerebral artery 17 (36.2)

Internal carotid artery 10 (21.3)

Anterior cerebral artery 10 (21.3)

Ophthalmic artery 4 (8.5)

Posterior communicating artery 4 (8.5)

Posterior cerebral artery 1 (2.1)

Basilar artery 1 (2.1)

System

Carotid (Anterior) 41 (87.3)

Vertebro-Basilar (Posterior) 6 (12.7)

Source: Search data, 2019.

Table 4 Correlation between Glasgow and Hunt-Hess before and
after surgery

Glasgow, n (%) p-value†

� 7 > 7

Hunt-Hess

Preoperative

I 0 (0.0) 13 (34.2)b < 0.001

II 0 (0.0) 17 (44.7)b

III 0 (0.0) 6 (15.8)

IV 6 (66.7)b 2 (5.3)

V 3 (33.3)b 0 (0.0)

Postoperative

I 0 (0.0) 19 (51.4)b < 0.001

II 0 (0.0) 3 (8.1)

III 0 (0.0) 12 (32.4)b

IV 6 (60.0)b 3 (8.1)

V 4 (40.0)b 0 (0.0)

†Value obtained after application of the test of reason and likelihood.
bA statistically Significant value (p< 0.05) after residue analysis.
Source: Search data, 2019.
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mean age than non-hypertensive ones (57 and 49.91 years
old, respectively), with a p-value of 0.01. There is a statistical
relationship between the average ages at the time of diagno-
sis of smokers with former smokers and nonsmokers in
different analyzes. The average age of smokers is lower
than the average age of former smokers (57 and 64 years
old, respectively) and higher than the average age of non-
smokers (57.00 and 51.59 years, respectively). Both were
measured by the Fisher LSD-test post hoc (p< 0.05). In
addition, there is a relationship between gender and age at
the moment of aneurysm diagnosis, where women have a
higher average age than men (55.20 and 48.67 years old,
respectively), with p¼ 0.041 (►Table 6).

Discussion

The present study found an average age of 53.53� 9.64 years
old, which is equivalent to the mean age of patients under-
going cerebral aneurysm surgery found in several studies.
According to the study by Rahmanian et al,14 among the 421
patients studied, an average of 49.8� 1.5 years old was
found. According to a 2018 study, analyzing 2,898 patients,
obtained an average of 58.9� 14.3 years old.15 According to
the International Study on Unruptured Intracranial Aneur-
ysms (ISUIA) trial, an average of 51.5� 11.4 years was
obtained in patients undergoing surgery and, according to
a study of 2019, a mean age of 55.0� 11.6 years was
obtained.17 The literature shows that patients with a more
advanced age have a greater chance of developing the
disease, perhaps due to comorbidities and time of evolution,
such as hypertension and smoking.18

Regarding the most affected gender, we found a preva-
lence of 74.5% of women in our study. The ISUIA trial also
showed a higher prevalence of females, with 75.9% of cases
undergoing surgery.16 Out of the 2,898 patients analyzed by
Oh et al,15 73.2% were female. According to the study by
Zheng et al,17women corresponded to 50.92% of the affected
patients. According to a 2018 publication, the female popu-
lation under analysis corresponded to 74.0%.19 Comparing
the data with the literature, the present study demonstrates
prevalence of cerebral aneurysm in females. Therefore, in
general, the literature shows that women are more affected
by cerebral aneurysm. Perhaps women are more diagnosed
with aneurysm because of their higher prevalence of SAH,
with a ratio of 2:1.18

On the other hand, the present study showed that men
tend to have earlier diagnosis compared with women. This
fact has also been observed on the studies made by Ghods et
al.20 This can be explained by the relationship between the
pathophysiology of aneurysmal formation and female hor-
mones, which are closely linked with hemodynamic stress
and vascular remodeling induced by estrogen decline.

Regarding the presence of hypertension, the prevalence
was 51.1% among the patients analyzed. According to a 2017
study, hypertension was observed in 47.1% of its patients.14

In a study published in 2019, hypertensive patients corre-
sponded to 43.82% of the sample.17A2018 study showed that
31.2% were hypertensive.15 It is well described in the litera-
ture that hypertension can lead to cerebral aneurysm forma-
tion.18 The findings of the present study reinforce the
importance of hypertension as a risk factor for cerebral
aneurysm.

Regarding smoking, in the present study, a prevalence of
21.3% of patients undergoing brain aneurysm surgery was
found. In the ISUIA trial, 47.2% of the patients were smok-
ers,16 whereas, in another study, 29% of themwere classified
as smokers.14 In the study by Zheng et al,17 30.25% of the
patients were considered smokers. Still, according to Oh et
al,15 22.3% were smokers. In the sample by Bir et al,19 50.4%
were smokers. According to a 2015 study, smoking is an
independent risk factor for the formation and growth of
brain aneurysms.21

Table 5 Correlation between arterial system affected versus
Fisher scale

n (%) p-value†

System

Previous Later

n¼ 41 n¼ 6

Fisher

I 6 (14.6) 2 (33.3) 0.268

II 11 (26.8) 0 (0.0)

III 6 (14.6) 1 (16.7)

IV 18 (43.9) 3 (50.0)

†Value obtained after application of the test of reason and likelihood.
Source: Search data, 2019.

Table 6 Correlation of the mean age of patients with systemic
arterial hypertension, smoking and sex

n Mean� SD p-value

Age (years)

HAS

Yes 24 57.00� 9.43 0.010†

No 23 49.91� 8.64

Smoking

Yes 10 57.00� 9.78a, b 0.041††

No 34 51.59� 9.09a

Ex 3 64.00� 7.56b

Gender

Female 35 55.20� 8.16 0.041†

Male 12 48.67� 9.65

Abbreviations: SD, standard deviation; HAS, systemic arterial
hypertension.
†Value obtained after applying the Student t-test for independent
samples.
††Value obtained after applying the one-way ANOVA test.
a, bDistinct letters represent significant differences after applying the

Fisher LSD-test post hoc (p< 0.05).
Source: Search data, 2019.
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Furthermore, it was observed in the present study that the
diagnosis was delayed in current smokers compared with
nonsmokers. In contrast, according to Ho et al,22 in their
study, smokers were diagnosed earlier than nonsmokers.
This discrepancy between studies can be explained, at least
in part, by the fact that in the present study the number of
smokers was small.

When analyzing the size of the aneurysms, 65.9% of the
cases presented aneurysms between 2 and 7mm, and 21.3%
presented aneurysms between 7 and 12mm. Comparedwith
the ISUIA trial, it had a higher prevalence between 7 and
12mmfollowed by thosebetween 2 and 7mm.16 The study by
Zheng et al17 found a higher prevalence of aneur-
ysms< 12mm. These data corroborate the information that
small aneurysms are the most prevalent ones. Thus, our
study proved to be within the expected pattern. From the
results found, it may be suggested that the size of the
aneurysm found may be attributed to the age at which the
diagnosis ismade, the possibility of being incidentalfindings,
technological advancement, which allows the diagnosis of
smaller and smaller lesions, and the risk factors associated
with aneurysm.

In the present study, the carotid systempresented a larger
number of patients, as well as the middle cerebral artery.
Comparing with the literature, we see that the ISUIA trial16

observed the middle cerebral artery as the second most
affected vessel. According to a study from 2018, the anterior
circulation was the most affected system.15 Also, according
to a study published in 2019, the carotid was the most
affected system.17 According to Rahmanian et al,14 the
anterior system was the most affected, and the middle
cerebral artery was the most frequently affected vessel. It
was not possible to find in the current literature a patho-
physiological correlation that can demonstrate a higher
frequency of involvement of the anterior circulation. Even
so, the data obtained in the present study follow the current
literature.

Through statistical analysis, it can be demonstrated that
there is a statistical correlation between the HH scale and
the GCS. Patients with preoperative status classified as GCS
� 7 had a worse HH grade (IV or V), whereas those with a
GCS> 7 had a better HH grade (I or II). With these results,
we can suggest that further studies are performed so that in
the future the GCS can be a complement to the assessment
of the patient, helping in the surgical decision. No studies
were found in the literature correlating the HH scale and
the GCS.

Study Limitations

As a retrospective study based on secondary data analysis,
the present research has some limitations. The sample had
only white self-declared patients and the small sample size
may have influenced the statistical analysis, requiring more
studies to establish a better analysis of the epidemiological
profile of patients undergoing brain aneurysmmicrosurgery
in public and private services at the city of Criciúma, state of
Santa Catarina, Brazil.

Conclusion

The present study concluded that traditional risk factors
were present as expected in the analyzed sample. There is a
prevalence of middle-aged women, a strong correlation
between smoking and hypertension in the profile of cerebral
aneurysm patients who underwent surgery. It was also
observed that patients who underwent microsurgery with
a significant decrease in level of consciousness had a signifi-
cant correlation with a higher HH score.
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Abstract Schizophrenia is a chronic and disabling psychiatric disease that can be refractory to
conventional treatment. The present study aims to gather information about the
circuitry related to schizophrenia to describe possible surgical targets, and to establish
whether psychosurgery can be a safe and effective treatment option for refractory
schizophrenia. A systematic review of the literature was conducted and reported
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement. An electronic search was performed in the Pubmed and BVSalud
databases using medical subject headings (MeSH) combined with Boolean operators.
Out of the 724 studies retrieved, 13 were included in the review. Regarding leucotomy
without a stereotactic approach, we found side effects such as irritability, nervous
excitement, cases of disinhibition, and compromised normal social control. In other
stereotactic procedures, there was some improvement, mainly regarding aggres-
siveness and positive symptoms; an anterior capsulotomy had an efficacy rate of
74% according to the Clinical Global Impression (CGI) rating scales. The only deep brain
stimulation (DBS) case report found in our study described a significant improvement
in the positive and negative symptoms. The use of a stereotactic approach enables
psychosurgery to be a safe and effective treatment option in cases of refractory
schizophrenia, improving the quality of life and the symptoms. Cognitive and negative
symptoms remain a challenge in the treatment of schizophrenia, revealing that more
targets in the circuitry must be surgically explored. Furthermore, more clinical trials are
needed to compare these many surgical techniques and targets, using a standard
evaluation parameter. The results show that DBS has a promising future in the
treatment of refractory schizophrenia.

Resumo A esquizofrenia é uma doença psiquiátrica crônica e incapacitante, que pode ser
refratária ao tratamento convencional Este estudo tem como objetivo coletar infor-
mações sobre a circuitaria relacionada à esquizofrenia, descrever possíveis alvos
cirúrgicos, e estabelecer se a psicocirurgia pode ser uma opção de tratamento segura
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Introduction

Schizophrenia is a chronic and disabling psychiatric disorder
that leads to a considerable reduction in quality of life.1 It is
estimated to reach 1% of theworld’s population,2 and only 10%
to 20% of schizophrenics are able to get a competitive job,
leading tohardships in termsof self-sufficiency.3 In addition, it
is among thecostliestmedical conditions tohave in theworld.4

The symptoms of schizophrenia are divided into three
components: positive symptoms, which include hallucina-
tions, confused thoughts, andabnormalorgrosslydisorganized
motor behavior; negative symptoms, which are characterized
by diminished emotional expression, alogia, dysfunction in
socialization, avolition, and anhedonia; and cognitive impair-
ments,which are expressed byattentiondeficit, impairment in
working memory, and executive dysfunction.5,6

The pharmacological treatment with antipsychotics is the
treatment of choice in cases of schizophrenia. The typical
antipsychotics, such as chlorpromazine and haloperidol, act
by blocking dopamine D2 receptors.2,7 About 10% to 30% of
the patients are refractory to these drugs, and clozapine, an
atypical antipsychotic that also acts on serotonergic recep-
tors, should be used in these cases.7,8 However, the clinical
symptoms persist in� 40% to 70% of the patients, resulting in
super-refractory schizophrenia. It is in this context that
neurosurgery for psychiatric disorders is gaining pace as a
therapeutic option.9

Considering the impact of schizophrenia on the world
population, as well as the technological advances in the field
of psychosurgery, the present literature review aims to
gather information about the circuitry related to schizophre-
nia, to describe possible surgical targets, and to establish

whether psychosurgery can be a safe and effective treatment
option for refractory schizophrenia.

Methods

Literature Search
Thepresentmanuscriptwaswrittenaccording tothePreferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.

An electronic search was conducted in the BVSalud and
PubMed databases in October 2018. The searchwas performed
usingmedical subjectheadings (MeSH)combinedwithBoolean
operators. The following terms were searched: schizophrenia
ANDablation, schizophrenia ANDdeep brain stimulation, schizo-
phrenia AND neurosurgery, schizophrenia AND neurosurgery
AND history, and schizophrenia AND psychosurgery.

We only retrieved articles with the full text available,
studies written in English, Spanish, or Portuguese, and
studies in humans of all ages and both sexes. All articles
published before October 2018 were retrieved.

Study Selection
The inclusion criteria were articles with the full text avail-
able, randomized clinical trials, observational studies, and
case reports about neurosurgery in patients with refractory
schizophrenia. The studies were excluded if they: involved
non-invasive procedures, did not apply to the key question,
did not address the relevant outcome, did not have a clear
description of the methods, were review articles, abstracts,
editorials, comments, or studies unrelated to the surgical
procedures performed in humans.

e eficaz para a esquizofrenia refratária. Uma revisão sistemática da literatura foi
realizada de acordo com a recomendação Itens Preferidos para Relatar Revisões
Sistemáticas e Meta-análises (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses, PRISMA, em inglês). Uma busca eletrônica foi realizada nas bases de
dados Pubmed e BVSalud, e, de 724 estudos coletados, 13 foram incluídos na revisão.
Com relação à leucotomia sem abordagem estereotáxica, foram encontrados efeitos
colaterais como irritabilidade, excitação nervosa, e casos de desinibição e comprome-
timento do controle social normal. Em outros procedimentos estereotáxicos, houve
alguma melhora, principalmente na agressividade e nos sintomas positivos. A capsu-
lotomia anterior apresentou taxa de eficácia de 74% de acordo com as escalas de
Impressão Clínica Global (Clinical Global Impression, CGI, em inglês). No único relato de
caso de estimulação cerebral profunda (ECP) encontrado em nosso estudo os autores
descreveram uma melhora significativa nos sintomas positivos e negativos. O uso da
abordagem estereotáxica permite que a psicocirurgia seja uma opção de tratamento
segura e eficaz para a esquizofrenia refratária. Os sintomas cognitivos e negativos
permanecem um desafio no tratamento da esquizofrenia, revelando que mais alvos
devem ser explorados cirurgicamente. Além disso, mais ensaios clínicos são necessá-
rios para comparar essas várias técnicas e alvos cirúrgicos, segundo parâmetro comum
de avaliação. Os resultados mostram que a ECP tem um futuro promissor no
tratamento da esquizofrenia refratária.

Palavras-chave

► esquizofrenia
► psicocirurgia
► técnicas de

ablação
► estimulação

encefálica
profunda

► neurocirurgia
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Duplicated studies were excluded using the Zotero
(Andrew W. Mellon Foundation, Institute of Museum and
Library Services, Alfred P. Sloan Foundation, VA, US) software,
version 5.0.66. Titles and abstracts were reviewed indepen-
dently by two authors (B.V.A and I.P.A) in a first screening
according to the aforementioned criteria. All eligible articles
were retrieved, and the final selection was made after the full

texts of the articles were read. The synthesis of the selection
process and the selected articles are in►Figure 1 and►Table 1

respectively.

Data Extraction
The data extracted from the selected articles were study
design (randomized controlled trial, cohort, or case report),

Fig. 1 Flowchart of the literature review.

Table 1 Characteristics of the studies included in the review according to author, year of publication, location, study design, and
sample

Author, year of publication Location Study design Total sample (number of
schizophrenic patients)

Benson et al, 198115 Boston, USA Retrospective cohort 26 (16)

Kelly et al, 197216 London, England Prospective cohort 78 (6)

Mckenzie and Kaczanowski, 196417 Toronto, Canada Randomized controlled trial 183(150)

Hirose, 196518 Tokyo, Japan Prospective cohort 77 (29)

Ström-Olsen and Carlisle, 197119 London, England Retrospective cohort 210 (5)

Göktepe et al, 197520 London, England Retrospective cohort 208 (4)

Kelly et al, 197321 London, England Prospective cohort 40 (6)

Mitchell-Heggs et al, 197622 London, England Prospective cohort 66 (7)

Parhad, 195323 Baghdad, Iraq Prospective cohort 28 (18)

Ballantine et al, 198724 Boston, USA Retrospective cohort 198 (11)

Liu et al, 20144 Shanghai, China Prospective cohort 116 patients with schizophrenia

Schvarcz et al, 197213 Buenos Aires, Argentina Case series 11 (1)

Corripio et al, 201625 Barcelona, Spain Case report 1 patient with schizophrenia
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study sample (number of patients with schizophrenia),
maximum follow-up, complications, and relevant outcome.

Circuitry
Four hypotheses are described in the literature to elucidate
the circuitry of schizophrenia, and, consequently, to indicate
the possible surgical targets: the dopaminergic, GABAergic,
glutamatergic, and serotoninergic theories.1,2,4

The dopaminergic hypothesis is themost accepted theory,
but it is often considered a simplification of the circuitry of
schizophrenia, given the poor efficacy of the dopamine D2
receptor antagonist drugs.1 In this theory, positive symptoms
are related to hyperactivity in the mesolimbic dopaminergic
system, leading to a hyperdopaminergic state. In this system,
the ventral tegmental area (VTA) makes connections with
the nucleus accumbens (NAcc), the septal nuclei, and the
amygdala via the medial prosencephalic bundle, and with
the prefrontal cortex (PFC) via the cingulate gyrus.1–3,10,11

It is proposed that in psychosis the deregulation of the
release of dopamine initially results in an incorrect reward
stimulus that would be ignored in another situation, leading
to an aberrant overhang in the upper cortical levels, and this
would translate clinically as positive symptoms.11

Activation of the hippocampus leads to the release of
dopamine in the mesolimbic pathway. Studies have shown
that its hyperactivation would be the cause of the hyper-
dopaminergic state, since its activation stimulates GABAer-
gic neurons in the NAcc, which, in turn, inhibits the
GABAergic neurons of the globus pallidus (GP), which are
responsible for the inhibition of the dopaminergic neurons in
the VTA.3,11–13 In contrast, a hypodopaminergic state in the
mesocortical circuit, linking the VTA to the PFC, would be
related to negative symptoms.1,2

According to the GABAergic and glutamatergic hypotheses,
an imbalance in the dopaminergic pathways is related to
changes in regulation caused by gamma-aminobutyric acid
(GABA) andglutamate. In the glutamatergic system, glutamate
signaling via the N-methyl D-aspartate (NMDA) receptor
would be hypofunctioning.2 In the GABAergic system, the
positive symptoms would be related to a decreased inhibition
by GABA-a receptors, and the negative symptoms would be
associated with GABA-b receptors.11 In addition, studies have
confirmed the influence of GABA on the neuronal oscillations
in the brain areas related to the cognitive domain.2

In the serotoninergic theory, serotonin, which is released
by the medial and dorsal raphe neurons, inhibits the activity
of dopaminergic neurons in this region when acting on
5HT2A receptors in the PFC, which also leads to a hypodo-
paminergic state.4

In addition to the proposed targets in these theories, the
posterior hypothalamic zone, which includes the posterior
nucleus, the tuberomammillary nuclei, and the mammillary
bodies, is related to aggressive and defensive behavior, which
is often present in patientswith schizophrenia. Furthermore,
themammillary bodies are part of the Papez circuit, which is
closely associated with the coding of the episodic memory.
Therefore, the hypothalamus represents an important target
in the surgical approach.14

Results

Out of the 724 studies retrieved, 13 were included in the
review and synthetized in ►Table 2.

Bensonet al15evaluated the long-termeffects in16patients
with refractory schizophrenia who underwent a prefrontal
leucotomy 25years prior to the study. As a result, many
patients remained psychotic, with hallucinations and delu-
sions, and severe apathy was the most observed result. Irrita-
bility, nervous excitement, and somecases ofdisinhibition and
impairment of normal social control were also documented.

In another study conducted by Kelly et al,16 involving
patients with mental disorders submitted to an orbitofrontal
leucotomy, 6 of the patients were schizophrenic, and the
authors demonstrated a 50% improvement rate, mainly in
depression and anxiety, whichwas not considered significant.

A similar finding was made by Mackenzie and Kaczanow-
ski,17 who demonstrated no significant difference between
the results when comparing leucotomized and non-leuco-
tomized patients.

Hirose18 reported that, in a group of 18 schizophrenics
who underwent a leucotomy, only 4 were discharged. The
resultswere similar to those obtainedwith antipsychotics. In
total, 14 patients remained hospitalized, but as they became
more docile, calm, and cooperative, many of them improved
their ability to work.

Ström-Olsen and Carlisle19 analyzed the performance of a
stereotaxic bi-frontal tractotomy in 5 schizophrenic patients
with bizarre behavior or paranoid delusions with hallucina-
tions and impulsive behavior, associated with autism, emo-
tional blunting, the incongruity of affect, and associative
thinking disorder. Of these patients, 3 remained unchanged,
and 2 showed a decrease in tension, aggression, and depres-
sion. However, therewere no cases of recovery with onlymild
symptoms.

In a study conducted by Göktepe et al,20 208 patients with
psychiatric disorders (among them 4 schizophrenics) were
submitted to a stereotactic subcaudate tractotomy. As a
result, two patients showed improvements, but significant
symptoms remained, interfering with the patients’ life. The
two other schizophrenic patients remained unchanged.

Kelly et al21 evaluated 40 psychiatric patients (6 of them
with refractory schizophrenia) who underwent a stereotactic
limbic leucotomy from 1970 to 1972. The total improvement
index found in the6 postoperativeweekswas of 66%, and4 out
of the 6 schizophrenic patients had positive results, mainly in
relation to anxiety and the obsessive thoughts associatedwith
delusions.

Positive results related to a stereotactic limbic leucotomy
were also found by Mitchell-Heggs et al22 in a study of 7
patients with refractory schizophrenia, in which an improve-
ment of 86% was observed when the patients were evaluated
about 16 months after the procedure. In total, 4 patients
showedgreat clinical improvement, 2 showeda slight improve-
ment, and 1 remained unchanged.

Choosing a bilateral cingulo-tractotomy as the approach,
Parhad23 divided a group of 18 schizophrenics into 2 sub-
groups: subgroup Awas composed of 5 patients with recent
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Table 2 Summary of study results according to the procedure

Procedure Author, year Number of
patients with
schizophrenia

Maximum
follow-up

Outcomes Complications

Leucotomy Benson et al,
198115

16 25 years Many of the patients remained
severely psychotic, with hallucinations
and delusions. In total, 5 patients had a
good performance in the neuropsy-
chological testing when compared to
the control group.

50% of leucotomized patients with
a history of seizures; epileptogenic
activity was identified in the
electroencephalogram of 2
patients.

Kelly et al,
197216

6 18 months 3 patients improved, 3 did not
improve.

Increased outspokenness and mild
euphoria, aggressiveness, and
weight gain, no seizures.

Mckenzie and
Kaczanowski,
196417

150 5 years 57 patients were discharged from the
clinic, no significant difference was
found between the patients submitted
to surgery and the controls.

Not mentioned

Orbito-
ventromedial
undercutting

Hirose, 196518 29 6.5 years 3 patients improved markedly,
16 improved moderately, and
5 improved slightly.

Postoperative convulsions
(3 cases).

Subcaudate
tractotomy

Ström-Olsen and
Carlisle, 197119

5 7 years 2 patients improved (decrease in
tension, aggression, and depression),
but still needed treatment; 3 patients
remained unchanged; no patient
recovered completely.

A male schizophrenic on chlor-
promazine had one fit eighteen
months after the surgery. No gross
personality or behavioral changes
were noted.

Göktepe et al,
197520

4 4.5 years 2 patients improved, but significant
symptoms remained; 2 patients
remained unchanged.

Epilepsy, excessive eating,
volubility, extravagance, reduction
of social standards, and decrease in
empathy.

Limbic
leucotomy

Kelly et al,
197321

6 6 weeks 1 patient was symptom free,
3 improved, and 2 remained
unchanged.

Postoperative short period of
confusion, lethargy, and sphincter
disturbances.

Mitchell-Heggs
et al, 197622

7 16 months 4 patients showed great improvement,
and 2 showed a slight improvement
(decrease in anxiety, depression, and in
the intensity and number of psychotic
episodes), and 1 remained unchanged.

No seizures, no weight gain, and
light effects on personality.

Parhad, 195323 18 Not specified 14 patients improved (6 had a
complete recovery and 2 relapsed),
and 4 remained unchanged.

1 death (self-induced infection),
postoperative vomiting, and
wetting. No seizures.

Cingulotomy Ballantine et al,
198724

11 22 years 3 patients had a negligible improve-
ment or showed no remission, 4 had a
considerable improvement, and
4 became less violent.

Suicide.

Anterior
capsulotomy

Liu et al, 20144 116 24 months The positive and negative symptoms
improved. Best improvement: aggres-
sive behavior (78 improved, 16 did
not); suicidal tendencies (n¼15) or
self-destructive behavior (n¼3)
disappeared completely; there were
8 relapses.

Short-term complications: urinary
incontinence (n¼ 18), disorienta-
tion (n¼ 4), sleep disorder (n¼ 12),
and fatigue (n¼ 10). Long-term
complications: bulimia (n¼ 9),
memory loss (n¼ 7), personality
changes (n¼ 6), lazy behavior
(n¼ 5), and hypererotism (n¼4).
There were also cases of intracranial
hemorrhages (1%) and infections
(1%), but no seizures.

Hypothalotomy Schvarcz et al,
197213

1 48 months Decrease in aggressive behavior; the
patient was discharged home.

No complications.

Deep brain
stimulation
in the nucleus
accumbens

Corripio et al,
201625

1 11 months A significantly lower level of positive
symptoms (the PANSS positive factor
ranged from from 13 before the
implantation to 5 at 44 weeks
(reduction of 61.54%), and a substan-
tial reduction in the negative symp-
toms (the PANSS negative factor
ranged from 18 to 12 (reduction of
33.4%).

Akathisia.

Abbreviation: PANSS, Positive and Negative Syndrome Scale.
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untreated schizophrenia, and subgroup B was composed of
13 patients with chronic refractory schizophrenia. In sub-
group A, all of the patients were discharged to their homes
within two weeks, and returned to work within a month. In
subgroup B, three patients returned towork after onemonth,
but, four months later, two of them relapsed; five improved
after the operation, becoming less aggressive and more
manageable: they did not return to work, but some began
to do household chores. The remaining 4 patients did not
benefit from the operation.

Ballantine et al24 conducted a study involving the
cingulate gyrus. Stereotactic cingulotomy was performed
in 11 patients diagnosed with refractory schizophrenia,
and 3 of them had insignificant results, four showed an
improvement, and four others who were violent and self-
mutilating had a significant improvement of these
symptoms.

In a study of the anterior capsule as a target, Liu et al4

followed up on 116 patients with refractory schizophrenia
who underwent a bilateral anterior capsulotomy with ster-
eotaxis. The evaluations were performed 3 weeks and
24 months after surgery, but 16 of the patients did not
complete the follow-up. There was a 74% efficacy rate
according to the Clinical Global Impression (CGI) rating
scales, and there was an apparent improvement according
to the statistical analysis for the positive and negative
symptom scale (PANSS). This procedure showed a signifi-
cant improvement in aggressiveness, hallucinations, and
delirium.

An approach with the hypothalamus as a target was
performed in a study published in 1972 by Schvarcz
et al,13 who described stereotactically-guided hypothalamic
lesions in a 32-year-old patient with aggressive schizophre-
nia. His behavior led to his solitary confinement for 12 years
in a psychiatric institution. In the immediate postoperative
period, the patient remained calm andmanageable. Five days
after the procedure, hewas able to resume social interactions
with the other inpatients. Two weeks later, he was readmit-
ted for contralateral hypothalamotomy, and two months
later he was discharged, returning to his family without
any aggressive attacks. There was no postoperative intelli-
gence deficit.

The target site chosen in this procedure was the medial
part of the posterior hypothalamic area, in a region 3mm
perpendicularly below the midpoint of the intercommissu-
ral line, and 2mm from the lateral wall of the third
ventricle.

Recently, in a case report, Corripio et al25described the case
of a 46-year-old refractory schizophrenic woman who under-
went bilateral electrode implantation in the Nacc. When
bilateral stimulation was performed, she experienced akathi-
sia, which disappeared when the unilateral stimulation was
reestablished. After a maximum follow-up of 11 months and
approximately 6 months of clinical stability, she had an
important reduction in the positive symptoms, with a
61.54% decrease in the PANSS positive factor and a significant
reduction in the negative symptoms, with a 33.4% decrease in
the PANSS negative factor.

Discussion

Psychosurgery has a controversial history that began with
neurologist EgasMoniz, the creator of the surgical procedure
known as lobotomy in 1935, and with Water Freeman and
James Watts, who gave continuity to the procedure by
changing its methods. Despite the reasonable improvement
in some of the symptoms of schizophrenia and even good
results, society came to know lobotomized patients with
numerous complications, including epileptic seizures and
‘frontal lobe syndrome.’1,26–45 With the advent of the first
antipsychotic drug, psychosurgery fell into disuse, and was
remembered for the atrocities of its idealizers. The connec-
tions of the prefrontal region were, nevertheless, better
elucidated.1,26,46,47

We observed that in the studies regarding pre-frontal
leucotomy15–17, there were no significant results or changes
in personality that really affected the quality of life, which
contributed to the refusal to have this procedure performed;
however, it was noted that more recent publications21–23

described more effective and beneficial results.
Better resultswith fewersideeffectswerepossible thanks to

the advances in imaging techniques and the rise of the stereo-
tactic surgery. The surgery has enabled the location of the
targets with high precision and minimal tissue damage,4,14,48

which is noticeable when establishing a temporal line in
the results presented, dividing the conventional leucotomies,
as in the study by Benson et al,15 of the procedures using a
stereotactic technique.

In addition to treat destructive lesions, electrodes can be
deployed in certain brain areas in order to generate electrical
impulses, a procedure called Deep Brain Stimulation
(DBS).12,27 In DBS, electrical stimulation occurs when low
a frequency is used, and electrical inhibition is used when a
high frequency is used. Currently, another technique has
been designed to improve the accuracy of DBS, called closed-
loop deep brain stimulation (CL-DBS), which uses studies of
the complete connection that occurs from one point to
another point in the brain through neural pathways, called
a connectome.49–51

One of the advantages of DBS, when compared to other
surgical procedures, is its reversibility.12 Studies have also
reported its benefit in reducing recurrence rates, decreasing
the intensity of residual psychosis, and improving cognitive
impairment by reducing the negative symptoms.3 Results
from the Corripio et al25 case report revealed the great
potential of this procedure, with a significant improvement
in symptoms and only one side effect, which was revers-
ible.25 However, one disadvantage is the fact that it is still an
invasive procedure that has the risk of causing edema,
hemorrhages, and seizures.12

Deep brain stimulation is performed with high-cost elec-
trodes in various brain regions, which reduces its applicabil-
ity on a large scale. In addition, the need for maintenance
further increases the cost of the procedure. We believe that
this low financial accessibility is one of the reasons why
ablative surgeries, although irreversible, have become more
preferred than DBS. Thesemight be one of themore probable
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reasons for not identifying many performed DBS studies
related to schizophrenia in our search.

Regarding ablative procedures, bilateral anterior cingu-
lotomy as a replacement for lobotomy has been long ques-
tioned, but current improvement in the patients’ quality of
life and cognition are already confirmed.24,52However, when
comparing its efficacy for schizophrenia in relation to other
psychiatric disorders, it is noted that it is still low.53 In our
results, a bilateral cingulo-tractotomy revealed an improve-
ment in the social life of the majority of the patients, and
therewere cases of great improvement,with patients return-
ing to work.23

In stereotactic bifrontal and subcaudate tractotomy pro-
cedures, it was noted thatmany patients remained unaltered
or did not show any major improvements.19,49 A stereotactic
limbic leucotomy appeared to have better results, with fewer
patients remaining unchanged and cases displaying great
postsurgical clinical improvement.21,22 Regarding an anteri-
or capsulotomy, an improvement in the positive and negative
symptoms of schizophrenia was evident,4 emphasizing the
importance of the capsule as a target. I the only case of
hypothalamotomy analyzed, the authors reported that the
patient had a rapid improvement in aggressiveness and
resumed social interactions,13 but this was to be expected,
as the hypothalamus is considered to be associated with
aggressive behavior.14

It is important to note that, despite the improvement in
the negative symptoms revealed in an anterior capsulotomy,
there were improvements in the positive symptoms in all
studies. Thus, the exploration of new targets based on the
neurocircuitry involving schizophrenia, as well as the use of
multiple targets, should be addressed, seeking to cover the
full spectrum of symptoms, such as those involving the NAcc,
the GP, and the VTA.

Leiphart and Valone53, seeking to compare several targets
in their study, concluded that better results were reported
among patients who underwent cingulotomy, followed by
frontal leucotomy with cingulotomy, anterior callosotomy,
frontal leucotomy, and subcaudate tractotomy.

However, it is observed that the parameters used to
measure improvement in the results are different among
the studies. Some, for example, used the CGI rating scales,
while others used only the findings of patients and family
members themselves, which generates biases. Therefore,
such data cannot be considered sufficient to assert that
one target is better than the other in its results. That said,
it is important to establish a common parameter to evaluate
operated schizophrenic patients in all scientific studies.

Within the range of the studies analyzed, it was noted that
there are few ablative surgeries performed in patients with
schizophrenia, which could be an effect of the fear of failure
in a field that has not yet been explored, or because the
procedures are performed, but not published due to their
experimental character.

One of the important limitations found in the present
study was the retrospective characteristic of some of the
studies and their conduction many years after surgery, so
many variables can influence the outcome during the post-

operative period. In addition, studies addressing mental
disorders in general, without adequate presurgical data,
and without concern for the specificities of schizophrenia,
are difficult to analyze in terms of the actual efficacy and
safety of the procedures in this specific psychiatric disease.

Conclusion

Schizophrenia is a chronic and debilitating disease, which
leads to the loss of quality of life and the compromise of daily
activities. We conclude that the most common targets in
surgical procedures are the PFC and cingulate gyrus, which
emphasizes the need for more studies addressing the ante-
rior capsule and the hypothalamus, since they have already
revealed potential results.

Ablative surgeries are effective in improving the positive
symptoms of the disease. However, the negative and cogni-
tive symptoms still represent a challenge in the treatment of
schizophrenia, indicating that more targets in neurosurgery
should be explored, and that multiple targets should be
addressed, such as the NAcc, the GP, and the VTA.

As for DBS, some studies have demonstrated hypothetical
beneficial results, stimulating more scientific production
about this promising approach. It is important to emphasize
that the surgical approach to treat schizophrenic patients is
still experimental, and more clinical trials are necessary,
using common evaluation parameters in order to recom-
mend its clinical application.
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Abstract Substance-related disorders are psychiatric conditions that have a worldwide impact.
Their multifactorial cycle has been treated pharmacologically and with therapeutic
support. However, high refractoriness rates and difficulty to control relapses are among
the pitfalls associated with these disorders. Thus, recent studies have shown that deep
brain stimulation (DBS) is a promising treatment, with a direct intervention in the
neurocircuitry of addiction. The results of the present systematic review of the use of
DBS for the treatment of drug addiction show that this surgical procedure can reduce
the desire for the drug, and, in some cases, establish abstinence, improve psychiatric
symptoms related to mood and quality of life, and reintroduce the patient into the
social and family environments. Nevertheless, this approach is still limited to the
academic realm, based mainly on case reports, with ethics and therapeutic protocols
still to be defined. Further in-depth scientific investigations are required to recommend
its clinical application.

Palavras-chave

► transtornos
relacionados ao uso
de substâncias

► estimulação cerebral
profunda

► revisão sistemática

Resumo Os transtornos relacionados ao uso de substâncias são desordens psiquiátricas com
impacto mundial. Seu ciclo multifatorial tem sido tratado farmacologicamente e com
apoio terapêutico. Entretanto, as altas taxas de refratariedade e a dificuldade no
controle das recaídas estão entre os perigos associados com essas desordens. Dessa
forma, estudos recentes mostraram que a estimulação cerebral profunda (ECP) é um
tratamento promissor, em que é feita uma intervenção direta na neurocircuitaria do
vício. Os resultados desta revisão sistemática da literatura sobre a aplicação de ECP no
tratamento de dependência química demonstram que este é um procedimento
cirúrgico capaz de reduzir o desejo pela droga, e, em alguns casos, estabelecer a
abstinência, melhorar os sintomas psiquiátricos relacionados ao humor e à qualidade
de vida, e reintroduzir o paciente no ambiente social e familiar. No entanto, esta ainda é
uma abordagem limitada ao âmbito acadêmico, baseada principalmente em relatos de
casos, com questões éticas e protocolos terapêuticos a serem definidos. É necessário
maior aprofundamento científico para que sua aplicação clínica seja recomendada.
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Introduction

Substance-related disorders are chronic psychiatric conditions
characterized by the recurrent use of elements that cause
significant clinical and functional impairment to the patient.
They are generally connected to eleven types of drugs: alcohol,
tobacco, caffeine, cannabis, hallucinogens, inhalants, opioids,
sedatives, hypnotics, anxiolytics, andstimulants.1TheDiagnos-
tic and Statistical Manual of Mental Disorders (DSM-5) estab-
lished 11 criteria for substance abuse and dependence, and
substance-relateddisorders areusually diagnosedwhen twoor
more of these criteria are met within a period of one year.2

In 2005, alcohol was the most prevalent addictive sub-
stance, with an estimated 63.5 million cases worlwide.3

Overall, the estimated prevalence in the adult population
was of 18.4% for heavy alcohol use, followed by 15.2% for
daily tobacco use, and 3.8%, 0.77%, 0.37%, and 0.35% for the
past-year use of cannabis, amphetamine, opioids, and co-
caine respectively.3

Pharmacological treatment is currently the therapy of
choice to interrupt the multifactorial cycle of the disease,
in addition to personal and family therapeutic support.4

However, high failure rates in this approach have resulted
in treatment refractoriness, defined as drug use for more
than three years associated with at least three unsuccessful
pharmacological treatments.5,6 Therefore, in cases of ex-
treme severity, deep brain stimulation (DBS) may be indicat-
ed for patients diagnosed with substance-related disorders.4

Therefore, the present systematic review aimed to criti-
cally describe researches involving DBS for the treatment of
substance-related disorders that reflect relevant and current
scientific contributions to a topic still underexplored.

The Neurocircuitry of Addiction

The neurobiological basis of this disorder is well-defined by
the reward system, which is composed of the dopaminergic
mesolimbicandmesocorticalpathways. Theventral tegmental
area is simultaneously connected with the limbic system and
the prefrontal, orbitofrontal, and anterior cingulate cortices.7

Both the mesolimbic and mesocortical pathways include the
releaseareaofdopamine, theneurotransmitter responsible for
triggering feelings of pleasure and euphoria. In addition, these
pathways act in parallel and interact with other structures,
such as GABAergic, glutamatergic, and serotonergic neurons.
The key role of the nucleus accumbens (NAc) in the limbic and
motor interface is to integrate cognitive and affective informa-
tion such as hippocampal contextual, amygdala emotional,
and reward-guidedbehaviorsof theprefrontal cortex.8Theuse
of psychoactive substances leads to the artificial stimulationof
this neurocircuitry at different intensities, depending on the
chemical compound. Motivation for the continuous use of the
drug occurs, thereforemaking it indispensable for the survival
of the patients.9

Thenatural historyof addiction is described fromcontrolled
and occasional use to complete substance dependence. Based
on this, the patient goes through three phases, which are not
necessarily isolated, that make up a cycle: the first one is the

phase of compulsion and intoxication; the second, is of with-
drawal and negative effect; and the third, is of preoccupation
and anticipation.10 To be considered good, treatments for
substance addiction have to effectively provide intervention
in these three phases, preventing the activation of specific
neuronal pathways and their consequent clinical and behavior-
al characteristics.11Apromising technique isDBS,which acts in
the neuronal source of the disease in a reversible way. Hence,
this surgical procedure has been investigated as more effective
than other treatments for substance-related disorders.12

Methods

The present study is a systematic review of the application of
DBS for the treatment of substance-related disorders. It was
performed by two independent researchers, and was based on
themethodological protocol recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.13 The electronic databases consulted
were: the National Center for Biotechnology Information
(NCBI),Medical Literature,Analysis, andRetrievalSystemOnline
(MEDLINE), CochraneCentral Register of ControlledTrials (CEN-
TRAL), ClinicalTrials.gov, and Portal de Periódicos da Coordena-
ção de Aperfeiçoamento de Pessoal de Nível Superior (CAPES, in
Portuguese). The search descriptors used were retrieved from
the medical subject headings (MeSH): Deep Brain Stimulation;
Addiction; and Substance-Related Disorders. They were com-
bined in each database using the following Boolean operators:
Deep Brain Stimulation AND Substance-Related Disorders; and
Addiction AND Substance-Related Disorders. The search started
in October 2018 and ended in August 2019.

For the selection of the studies, the following inclusion
criteriawere chosen: 1) DBS treatment in patients diagnosed
with substance-related disorders with no restriction regard-
ing gender, age, ethnicity, or substance; 2) experimental
human studies and case reports; and 3) studies in English,
Spanish, or Portuguese.

The exclusion criteria were: 1) animal studies and litera-
ture reviews; 2) studies addressing other psychiatric disor-
ders, without drug addiction as the focus; 3) studies that
included non-DBS surgical treatments; 4) articles that did
not have enough information; 5) clinical trials that were
discontinued or that had no results; and 6) duplicate studies.

Initially, the articles were evaluated based on the inclu-
sion and exclusion criteria, and by reading their titles and
abstracts. After that, the selected articles were read in full
and included in the study.

During data extraction, the following parameters were
arranged in a standardized way: authors, year of publication,
surgical target, sample size, drug of abuse, type of study, DBS
parameters, laterality, adverse effects, periodof follow-up, and
outcomes.

Results

Study Selection
The electronic search resulted in 141 articles, 118 of which
were excluded after reading the titles and abstracts, and 2
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were duplicates. Therefore, 21 articles were selected for
a full-text reading. After reading them, 9 articles were
excluded, and 12 were included in the present systematic
review for a final analysis (►Fig. 1).

Study Characteristics
The 12 articles selected are summarized in ►Table 1. They
have an experimental character, with surgical approach
using DBS for the treatment of patients that have shown to
be refractory to clinical treatment for substance abuse.

The samples of the studies were limited, with a minimum
of 1 and a maximum of 8 patients per study, totaling 21
subjects. A predominance of male patients was observed
(90%), and their ages ranged from 22 to 69 years. This
diagnosis was more common around the third decade of
life (58%), and most cases involved long-term users (71.42%),
with an average period of drug use between 20 and 30 years.

Substance-related diagnoses includeddisorders regarding
the use of heroin (62%), alcohol (33%), and cocaine (5%), and 1
study analyzed patients who used multiple drugs, including
alcohol, heroin, amphetamine, and benzodiazepines, but it
focused on heroin.14Nicotinewas not considered a drug to be
treated in the selected studies; however, patients who also
used nicotine in association with any other of the aforemen-
tioned drugs obtained an additional reduction or cessation of
use of this substance after DBS.15–19

The treatment using DBS in all studies was composed of
steps, from planning electrode implantation to obtaining the
results in the follow-up. In of all the studies included in this
systematic review, the surgery planning phasewas performed
employing the stereotactic technique for the anatomical loca-
tion of the surgical target. The NAc was the preferred surgical
target in all of the treatments, and, in addition to it, some
studies have also addressed the anterior arm of the internal
capsule (50%),15,20–24 the bed nucleus of the stria terminalis

(8%),22 the ventral capsule (8%), and the ventral striatum
(8%).19 In these areas, bilateral quadripolar electrodes were
implanted and later connected to an electrical stimulation
generator implanted in the thoracic region. Some studies have
stipulateda timeintervalbetween implantationandactivation
of electrode stimulation. In 33% of the studies included, the
activation took place after one week;16,20,21 in 25%, after two
weeks;19,23,24and, inmostof them(42%),DBSwasactivatedon
the sameday of surgery.14,15,17,18,22,25

The DBS parameters were individualized according to the
patient, with the frequency ranging from 130Hz to 185Hz,
with a predominance of 130Hz, the pulse width ranging from
90 µsec to 275 µsec, with a predominance of 90 µsec, and the
amplitude ranging from1V to 6V,with a predominance of the
the 2.5-4.5V interval. The DBS parameters were adjusted and
optimized over time according to each patient’s therapeutic
response.

Before and after DBS, the patients were followed and
analyzed in different ways regarding their responses to the
new treatment. All studies applied different types of scales to
the patients during the pre- and postoperative periods to
measure the clinical evolution of the chemical dependence
and the neuropsychiatric symptoms. The main instruments
applied were: the Symptom Checklist 90, the Obsessive Com-
pulsive Drinking Scale, the Alcohol Urge Questionnaire, the
Alcohol Dependence Scale, the Visual Analogue Scale, and the
Desire forDrugQuestionnaire. Otherways to evaluate patients
were through hospitalizations, during outpatient consulta-
tions, telephone calls, family interviews, and blood and/or
urine toxicology tests.

The follow-up of all of these patients ranged from3months
to8years,with anaverageof 2 years, and5of themwere lost to
follow-up. The first patient was lost because of relocation due
to a new job, whereas the second and third ones died from
alcohol-related causes;18 the fourth patient died from heroin

Fig. 1 Study selection for the systematic review.
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Table 1 Literature review of DBS studies on drug addiction

Target Sample
(n)

Drug Type of study Stimulation
parameters

Laterality Adverse effects Follow-up
period

Results Reference

Nucleus
accumbens

3 Alcohol Case report 130 Hz,
90 μsec,
3.5–4.5 V

Bilateral Transient hypo-
mania
(patient 2)

12–18
months

All patients lost
their desire for
alcohol and
began to enjoy
life

Müller
et al.15

Nucleus
accumbens

1 Alcohol Case report 130 Hz,
120 μsec, 5.5 V

Bilateral Obsessive com-
pulsive traits

1 year Significant reduc-
tion in drug use
and improve-
ment in cognitive
control deficits

Kuhn
et al.25

Nucleus
accumbens

1 Heroin Case report 145 Hz,
120 μsec,
0.8–2.5 V

Bilateral Mild confusion
and
urinary inconti-
nence, both with
full recovery
within 12 hours

6 years Abstinence;
returned to
work; further re-
duced cigarette
consumption;
improved mem-
ory scales, IQ,
and symptoms of
depression and
anxiety

Zhou
et al.16

Nucleus
accumbens

1 Alcohol Case report 130 Hz,
90 μsec, 3.5 V

Bilateral Transient
hypomania

2 years Abstinence; re-
duction in desire
for alcohol; im-
proved behavior-
al control during
decision-making

Heldmann
et al.20

Nucleus
accumbens
and
internal
capsule

1 Heroin Case report 180 Hz,
90 μsec, 3.5 V

Bilateral – 6 months After dorsal elec-
trode stimula-
tion, reduction in
heroin use on
weekends, and
then cessation
for 6 months,
except for a
14-day relapse

Valencia-
Alfonso
et al.21

Nucleus
accumbens

5 Alcohol Case series 130Hz,
90 μsec,
3.5–4.5 V

Bilateral Transient hypo-
mania
(patient 2)

2 years Patient 1: absti-
nence; returned
to work; patient
2: abstinence;
returned to
work; patient 3:
relapses; reduc-
tion in consump-
tion; patient 4:
abstinence in the
beginning; later
relapses at
16 months; elec-
trode dislocation
after 2.5 years;
patient 5: relap-
ses and reduc-
tion in
consumption

Voges
et al.17

Nucleus
accumbens

2 Patient 1:
heroin,
alcohol and
amphet-
amine;
Patient 2:
heroin,
amphet-
amine, and
benzodiaze-
pine

Case report 130–140Hz,
90–120 μsec,
4.5–5 V

Bilateral Patient 2: epilep-
tic
seizure 2 days
after surgery, but
with a history of
epileptic seizures

2 years Both patients
abandoned the
use of heroin
permanently,
and showed an
improvement in
the symptoms of
depression-anxi-
ety, and in-
creased quality
of life according
to perception
scales. Both in-
creased the oc-
casional use of
other psychotro-
pic drugs due to
boredom or
coexisting
social/private
problems

Kuhn
et al.14

(Continued)
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Table 1 (Continued)

Target Sample
(n)

Drug Type of study Stimulation
parameters

Laterality Adverse effects Follow-up
period

Results Reference

Nucleus
accumbens,
bed
nucleus of the
stria termina-
lis,
and anterior
limb of the
internal
capsule

1 Cocaine Longitudinal,
double-
blinded,
cross-section-
al,
randomized
case-control

Right hemi-
sphere:
150 Hz,
150 μsec,
3–4 V;
left hemi-
sphere:
150 Hz,
150 μsec,
2.5–3V

Bilateral Unpleasant feel-
ing of heat,
sweating, red-
ness, metallic
taste, decreased
libido, and tran-
sient weight gain

2.5 years Significant drop
in the severity of
the dependence
and control over
cocaine use and
craving

Gonçalves-
Ferreira
et al.22

Nucleus
accumbens

5 Alcohol Case series 130Hz,
90 μsec,
3.5–4.5 V

Bilateral Transient hypo-
mania (patient 2)

8 years Patient 1: absti-
nence for 8 years;
works as a
craftsman; de-
nied
craving for alco-
hol;
patient 2: absti-
nence for 6 years,
until losing
contact with the
study by reloca-
tion; graduated
in nursing; pa-
tient 3:
relapses; reduc-
tion in consump-
tion; denied
desire for alco-
hol; died due to
non-DBS related
cause; patient 4:
abstinence in the
initial 16 months
of DBS, with later
relapses; elec-
trode dislocation
after 2.5 years of
DBS; depressive
symptoms due to
external causes;
died after 4 years
of the DBS be-
cause of a non-
DBS related
cause; patient 5:
relapses; reduc-
tion in consump-
tion; depressive
symptoms due to
external causes

Müller
et al.18

Nucleus
accumbens
and anterior
limb of the
internal
capsule

7 Heroin Open-label
pilot

145–185Hz,
180–249 μsec,
2.0–3.3 V

Bilateral Hypomania, in-
somnia, anxiety
and dizziness; all
of these symp-
toms were
transitory

40 months None of the
patients showed
immediate
changes in their
desire for the
drug. Four
patients had bet-
ter mood and
more vigor. After
one month, sig-
nificant decrease
in the visual scale
of drug depen-
dence. The other
three patients
showed better
mood and more
vigor. Four
patients were
abstinent for 40,
35, 23, and
21 months. Two
patients relapsed
7 and 10 months
after surgery.
One patient was

Ge et al.23
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overdose, even after increasing readjustments in the DBS
parameters for relapse correction and difficult control of
hypomania;19 and the fifth patient was lost to follow-up after
three months of DBS due to unknown causes.23

Regarding the results obtained,� 48% of the patientswere
abstinent,16,17,20,21,23–25 and the others had relapses (52%),
but for shorter periods and less frequently than before the
surgical treatment. Among the relapsed patients, only one
had a desire for the drug,19 whereas the others reported lack
of desire. The main reasons for the relapses were related to
psychosocial problems such as interpersonal conflicts, bore-
dom, and a non-compensating social environment. Another
factor that influenced relapses was the reduction in pulse
generator battery power over the years of treatment, with
clinical improvement after replacement with a new one.14,17

In total, 3 patients from different studies14,19,21 increased
the use of drugs after DBS. In one study, the patient was
abstinent for 2 months after surgery, and then had several
relapses, with persistent desire for the opioid and withdrawal
symptoms. This required progressive adjustments of the
stimulation parameters, with no therapeutic success, and
the patient eventually died from overdose.19 In another study,
apatient referred increaseduseofamphetamines secondary to

reduced heroin use, which was the study’s target drug, due to
the need to maintain weight.14 In a third study, a patient
reported an increase in temporary drug use during ventral
stimulationof themedial electrodes, but after switching to the
dorsal position, the patient reduced the consumption.21

Improvements in the psychological scores were observed in
all of the studies that used them, especially the scales that
evaluated craving and symptoms of depression and anxiety.
This progress helped some patients return to work after years
and reestablish social bonds.15,17–19,23,24

However, DBS is a treatment susceptible to adverse
effects, present in � 70% of the patients, although most of
them are transient and easily corrected by changing the
stimulation parameters. The main immediate side effects
reported were: transient hypomania,15,17,18,20,23,24 sensa-
tion of warmth,23 excessive sweating, decreased libido,22

mild mental confusion, urinary incontinence,16 transient
obsessive traits,25 transient weight gain,22 insomnia, anxiety,
dizziness, and speech disorders.23,24 The immediate effect
that was considered the most severe was convulsive seizure,
but the patient had already had them before surgery.14 The
major long-term symptoms were weight gain,16 hypoma-
nia,19 and a slight decline in memory.24

Table 1 (Continued)

Target Sample
(n)

Drug Type of study Stimulation
parameters

Laterality Adverse effects Follow-up
period

Results Reference

lost to follow-up
after 3 months

Ventral cap-
sule and
ventral
striatum

1 Heroin Case report 90–174Hz,
90–275 μsec,
3.5–5.5 V

Bilateral Transient
hypomania

3 months Initial decrease in
cigarette con-
sumption, im-
proved insomnia,
decreased heroin
dependence, and
return to work.
Gradual increase
in the desire for
the drug and fre-
quent relapses
2 months after
DBS. Later death
due to overdose

Zhang
et al.19

Nucleus
accumbens
and anterior
limb of the
internal
capsule

8 Heroin Open-label
pilot

130–185Hz,
150–240 μsec,
1.5–7 V

Bilateral Dizziness when
stimulation
greater than 5 V;
difficulty sleep-
ing; feeling hot;
agitation; irrita-
bility; sweating;
increased voice,
palpitation; fe-
ver; headache; all
of these symp-
toms were
transitory

24 months Five patients
remained absti-
nent for more
than 3 years, 2
relapsed
(patients 5 and
8) after absti-
nence for
6 months, 1 (Pa-
tient 6) was lost
to follow-up after
3 months of DBS.
Reduction in the
scales that
assessed
the degree of
drug depen-
dence and desire,
improved quality
of life, and relief
of neuropsychi-
atric symptoms
in patients who
remained
abstinent

Chen
et al.24
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Two studies had surgical complications.18,24 In one of
them, a patient had caudoventral migration of the electro-
des of � 10mm in relation to the initial implantation
limits, and needed to undergo a reimplantation.18 In the
other, one patient had a slight intracranial hemorrhage
adjacent to the lead implantation without neurological
repercussion.24

In some studies, the DBS surgical treatment was comple-
mented with pharmacological and/or non-pharmacological
therapies. In two of them, a pharmacological treatment was
used;14,21 in one study, the patients were provided with
routine psychiatric consultations;18 and, in two other stud-
ies, the patients were provided with weekly psychotherapy
sessions.19,22 In one study, the patients were encouraged to
participate in support groups, but the modality was not
standardized as a complementary therapy.17

Discussion

Substance-related disorders are considered major health
problems worldwide. They are chronic conditions character-
ized by the continuous use of a drug despite the harm caused
by it, leading the individuals to have cognitive, behavioral,
and physiological symptoms.2

In this systematic review, 21 people with drug addiction
were analyzed, and there was only one female patient.14 The
average agewas around the third decade of life, and themain
substance of abusewas heroin, followed by alcohol. All of the
patients had a long history of drug abuse refractory to clinical
treatment.

In an attempt to treat the disease, several case studies
have been conducted to better understand the DBS of the
NAc, most of which resulted in decreased drug use.12 None-
theless, experimental studies with greater scientific impact
should be performed, since only a few have been performed
and published so far.

Among the studies analyzed, only one was a longitudinal,
double-blind, cross-sectional, randomized case-control study.
This study on the treatment of refractory cocaine dependence
was divided into 3 phases, and had a follow-up of 2.5 years.22

Two open-label pilot studies outlined clinical trials inwhich 8
and 7 patients were followed for 24 and 40 months respec-
tively.23,24 The greater methodological rigor applied in these
cases produced enriched data and better standardized results,
effectively contributing to the dissemination of knowledge
about the procedure.

Deep brain stimulation is emphasized as an innovative
alternative for the treatment of drug addiction. It consists of
an adjustable, reversible, non-destructive intervention.26

Electrodes are stereotaxically implanted, directly remodel-
ing the neurocircuitry of addiction by providing electrical
pulses.4 In the present review, all patients underwent this
type of treatment.

The main surgical target was the NAc because of the
relevance of its role in the reward circuit. The studies
selected here also demonstrated the protagonist role of
this structure in DBS, as it seems to be the most promising
and safe focus for addictive behaviors.5,26

The parameters of stimulation were individualized per
patient. The values chosen were based on pre-established
standards found in the literature, adjusted throughout the
studies, and optimized according to the therapeutic response
of each patient.

It is noteworthy that although nicotine was not consid-
ered a drug to be treated in the aerticles selected for the
present review, patients who also used this substance
reported reduction or cessation of use after DBS.15–19 Simi-
larly, other psychiatric disorders such as obsessive compul-
sive disorder, Tourette syndrome, and anxiety disorder were
also acting in parallel with substance-related disorders.27–29

Abstinence was a response to treatment in 48% of the
patients. The other patients had transient relapses driven by
unfavorablebiopsychosocial triggers, considerednegativesymp-
toms in the studies. Thismanifestation is controversial since the
patients no longer have the typical desire for the drug. It is
assumed that drug addiction added to its neurotoxic effectsmay
cause irreversible brain damage in relapse-associated circuits.17

Although most studies indicated reduced drug use and
craving, three patients from different studies increased drug
abuse after DBS.14,19,21 One patient reported increased
amphetamine use secondary to reduced heroin use due to
the need tomaintainweight.14 It is interesting to analyze the
reason for a decrease in the consumption of the target drug,
while no reduction in the use of parallel drugs was achieved,
since DBS acts in the same neurological circuit. Preclinical
studies, based on the theory of activation of extracellular
signal-regulated kinase, assume that each drug has a distinct
type of activation, both in terms of anatomical location and
intensity.30,31

A patient required progressive adjustments to the stimu-
lationparameterswith no therapeutic success, and died from
overdose.19 In this case, it is important to discuss how long
the patients benefit from DBS. In a study addressing the
feasibility, efficacy, and safety of DBS for drug addiction, the
authors noted that the inclusion of drug addicts in studies
involving DBS is less successful than that of patients with
obsessive compulsive disorder. This is motivated by the fact
that the former do not accept the disease, deny its severity,
do not consider it an addiction, and some of them are afraid
of the surgical procedure.32

No life-threatening conditions occurred in any of the
studies included in the present systematic review. The
adverse effects reported by the patients analyzed are targets
of studies in other psychiatric disorders, which focus on
behavioral and personality-related effects ranging from hy-
pomania to suicide. Although they were transient and were
corrected after changing the parameters of the DBS stimula-
tion, attention should be paid to them given that, in some
situations, theymight be life-threatening. Therefore, in order
to provide an early diagnosis for these conditions, it is
important to apply self-assessment scales.33–37 In the studies
reviewed, dependence and self-assessment scales were ap-
plied before and/or after DBS as ways to assess the therapeu-
tic response. A decrease in values was registered, especially
in scales that evaluated dependence, desire, obsession-com-
pulsion, and depressive-anxious symptoms.
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In the joint approach of the patient, the drug, and the
environment tripod,38 it is important to reinsert people into
their social groups through complementary treatments such
as psychotherapy and family therapy. In the present review, a
small sample was submitted to associated alternative thera-
pies;14,17–19,21,22 consequently, it was not possible to ana-
lyze their real impact on post DBS follow-ups. However, in a
group of patients only submitted to psychiatric support, this
lack of complementary treatments was negatively perceived.
One of the patients had several relapses due to depression
because of the death of his brother, and another one started
undergoing psychotherapeutic treatment 24 months after
DBS due to marital problems that also led to a depressive
condition.17

Some limitations should be considered in the present
review. First, most of the selected studies are case reports
that were not double-blinded, lacked a control group, and
had restricted samples and variable follow-up periods. Sec-
ond, since DBS is a treatment based on experimental studies
conducted in a university environment, no guidelines are
available to assist the professionals during its execution, and
each service adopts its own consensus.5 Third, the patient’s
mental ability to choose therapy is discussed, and this
responsibility is often assumed more by the family than by
the patients themselves. Finally, in most studies, the multi-
disciplinary approachwas neglected. Deep brain stimulation
should not be considered an isolated treatment, but part of a
multicenter approach for the potential enhancement of the
results.

Conclusion

Substance-related disorders have a strong biopsychosocial
impact. Pharmacological treatment associated with cogni-
tive behavioral therapy, which is considered the gold stan-
dard for this treatment, is effective regarding detoxification,
but ineffective in terms of relapse control.39 Therefore, DBS
appears as a promising therapy, although this technique has
some limitations related to its indication and the manage-
ment of the patient after it. Additionally, this surgical
procedure is still in an experimental stage, requiring further
in-depth studies so that its clinical application can be
recommended.
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Abstract Much controversy remains on the current management of Chiari I deformity (CID) in
children, with many clinical, surgical and ethic-legal implications. The Brazilian Society
of Pediatric Neurosurgery (SBNPed, in the Portuguese acronym) has put together a
panel of experts to analyze updated published data on the medical literature about this
matter and come up with several recommendations for pediatric neurosurgeons and
allied health professionals when dealing with CID. Their conclusions are reported
herein, along with the respective scientific background.
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Introduction

Chiari type I deformity (CID) is relatively common in children,
and the ever-increasing availabilityofhigh-definitiondiagnos-
tic imaging has resulted in a growing number of referrals for
this condition to pediatric neurosurgeons.1 Much controversy
still remains on the management of Chiari type I deformity in
children, especially in asymptomatic or oligosymptomatic
patients. To overcome this, the Brazilian Society of Pediatric
Neurosurgery (SBNPed, in the Portuguese acronym) has orga-
nized, in August 2019, a consensus meeting for the discussion
of CID, held in the city of Londrina, state of Paraná, Brazil, to
analyze the most updated medical literature regarding this
topic, gather theopinionsofnational and international experts
and standardize evaluation and management strategies. This
consensus report is addressed to pediatric and general neuro-
surgeons, pediatricians, allied professionals, health managers
and decision makers whomight get involved in the treatment
of this condition.

Methods

A panel composed of members of the Board of Directors and
Scientific Committee of the SBNPed put together the scientific
programof the consensusmeeting,which comprised themain
clinical and surgical issues concerning themanagement of CID
patients. Brazilian and foreign specialists were invited to
present data available in the literature and to provide a critical
summary and analysis of such information. All of the authors
were asked to strictly follow guidelines of the Oxford Centre
for Evidence-based Medicine, grading published studies in
accordance with their levels of evidence and grades of
recommendation.2,3

All of the statements described herein have taken into
consideration this hierarchy, and priority has been given to
the highest levels of data quality available. Datawas obtained
through standard clinical searches in the Medline, Cochrane,
Scielo and LILACS databases, with correspondent MeSH
terms. By the end of the meeting, an algorithm for the
management of CID was formulated (in strict accordance
with the scientific data discussed) and approved by all
members of the consensus taskforce (►Fig. 1). Also, a letter

to the editor of an international pediatric neurosurgery
publication has been sent,4 on the grounds that such journal
had recently published a full edition solely about CID,5 and
that this consensus report would further expand the discus-
sion in the subject and underline the standards recom-
mended by the SBNPed.

Clinical Questions

1) What is the definition and best nomenclature of CID?
Ever since the first descriptions of this clinical entity by

Hans Chiari himself in 18916, it has been referred to as
“malformation.” Nevertheless, this term does not seem to
be directly applicable, for there are many cases without a
proper malformation, with normal neurovascular structures
of the posterior fossa,6 and a reappraisal of this terminology
has been published recently, as it relates to an acquired
rather than developmental pathology.5,7 Therefore, for the
pathophysiological aspects discussed below, the consensus
taskforce has reached a decision to call it Chiari I deformity
(CID), and this denomination will be used henceforth.

Regarding its definition, CID is usually characterized by a
descent of the cerebellar tonsils below the level of the foramen
magnum; the extent of this descent is what differs in the
literature, with authors considering it significant from 3 to
8mm.8,9 Furthermore, the descriptionof the so-calledChiari 0
and Chiari 1.5, while referring to recognizable radiological
entities, has added further confusion rather than clarifying the
situation.5,7 Analyzing all these papers, the consensus group
has defined CID as “a tonsillar ectopia of 5 (five)millimeters or
more below the level of the foramen magnum.”

2) What is the physiopathology of CID?
Several authors have addressed this issue.10–15 The prevail-

ing idea that CID childrenhave smaller posterior fossavolumes
has been reported,15but thisfinding couldnot be replicatedby
many authors,10–12 except in children with craniosynostosis,
who form a distinct subgroup of patients.13 Milhorat et al,14

thus, have subdivided the pathophysiological features of CID
into five categories: cranial constriction, spinal cord tethering,
cranial settling, intracranial hypertension and intraspinal
hypotension. There also seems to be an overlapping among
these causative factors in any given patient.15

Palavras-chave

► deformidade de
Chiari I

► diretrizes
► ectopia
► herniação tonsilar
► phyllo terminal
► junção craniocervical

Resumo Atualmente, ainda persiste muita controvérsia sobre o manejo da deformidade de
Chiari I (CID) em crianças, com diversas implicações clínicas, cirúrgicas e ético-legais.
Desta forma, a Sociedade Brasileira de Neurocirurgia Pediátrica (SBNPed) reuniu um
painel de especialistas para analisar dados atualizados publicados na literatura médica
sobre essa entidade clínica e formulou uma série de recomendações, a fim de
padronizar as condutas e auxiliar a tomada de decisões clínicas de neurocirurgiões
pediátricos e demais profissionais de saúde que tratam de crianças com CID. Suas
conclusões são relatadas aqui, juntamente com o respectivo respaldo científico.
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Poretti et al15 have published a comprehensive review of
the pathological aspects of CID in children, dividing the
possible mechanisms of the development of CID in children
into three groups: 1) Primary CID, produced by abnormal
growth or mis-segmentation of the craniocervical junction
(CVJ); 2) Secondary CID, occurring in patients with abnormal
brain expansion (megalencephaly, macrocerebellum) or re-
duction of the posterior fossa (basilar impression, cranio-
synostosis); and 3) tonsillar herniation, represented by
acquired causes (spontaneous or idiopathic intracranial hy-
pertension, venous congestion due to vascular malforma-
tions, expanding intracranial masses).

3) What is the natural history of CID in asymptomatic
patients?

In 2008, Novegno et al reported on the natural history of 22
untreated patients with CID: 16 patients (72%) remained
unchanged, and only 3 cases had clinical and or/radiological
progression after amean follow-up of 5.8 years.16 Strahle et al,
in 2011, studied 142 patients, of whom 133 (90.5%) did not
require treatment (mean follow-up: 3.8 years).17 Volpon San-
tos et al, in 2012, reported on a series of 62 CID childrenwith a
longer follow-up (10 years), revealing stability of symptoms
with conservative treatment in 72.6%, spontaneous regression
in 2.4%, and progression/worsening of symptoms requiring

surgery in 27.4%.18 Similarly, Pomeraniec et al studied 95 CID
pediatric patients and concluded that 92.9% of the patients
managed conservatively did not experience clinical or radio-
logicalprogression,whereas41.7%of thosewhohadpresented
with symptoms improved during follow-up.19 Lastly, Lan-
gridge et al have recently performed a systematic review of
the natural history and conservativemanagement of adult and
pediatric patients with CID. Fifteen papers were included in
their meta-analysis, allowing for these authors to conclude
that the natural history of mild symptomatic and asymptom-
atic CID is relatively benign and nonprogressive, and that it is
reasonable to observe asymptomatic patients and subjects
with mild symptoms even in the presence of significant
tonsillar descent or syringomyelia.9

The consensus panel acknowledged that asymptomatic
patients with incidentally found tonsillar ectopia can be
followed-up clinically; a magnetic resonance imaging
(MRI) scan should be obtained after 1 year, and clinical
assessments should be performed every 6 months. Serial
MRI scans are not required as long as the patient remains
clinically stable; patients with syringomyelia should be
observed more closely.

4) What are the clinical indications for surgery in patients
with CID?

Fig. 1 Algorithm for the Management of Chiari I Deformity in Children according to the recommendations of the Consensus Taskforce of the
Brazilian Society of Pediatric Neurosurgery.
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The consensus taskforce has reviewed clinical and radio-
logical indications of surgical treatment for children with
CID. For this purpose, clinical manifestations were divided
into major and minor, in accordance with several published
studies.1,20–24 Major clinical symptoms and signs are con-
sidered strong indicators for surgery, whereas minor ones
should be accompanied by other indicative signs and dealt
with on an individual basis.

Major clinical indications include occipital headaches,
most often exertional and related to coughing and Valsalva
maneuvers, respiratory disturbances (snoring, gagging, sleep
apnea), truncal ataxia and corticospinal tract dysfunction
(upper and/or lower limb weakness, hyperactive tendon
reflexes, Babinski sign, clonus, unilateral and/or bilateral).
Minor symptoms and signs listed were atypical headaches
(diffuse, migraine-like) and stable scoliosis, especially those
with Cobb angle under 20°.

From a radiological standpoint, as indications for surgery,
along with the presence of a � 5mm tonsillar ectopia,25,26

the following findings could help in the surgical decision21:
presence of syrinx, presence of hydrocephalus, and cerebro-
spinal fluid (CSF) flow disturbance around the foramen
magnum (especially on Cine-MRI scans and flow-related
sequences).

5) Which operative techniques and adjuncts should be
adopted for the surgical management of CID patients?

Traditionally, the standard surgical modality for the treat-
ment of pediatric CID is a posterior fossa craniectomy for
foramen magnum decompression (FMD); several studies
have confirmed its utility and good results.1,22,25–27 It has
been used by the majority of pediatric neurosurgeons with
only a few distinct technical nuances, which may give rise to
some controversy and are discussed herein.

Caldarelli et al have analyzed the required extent of bony
resection in 30 pediatric patients and found out that a
limited midline suboccipital craniectomy 2.0 cm long and
2.5 cm wide with C-1 laminectomy is sufficient for efficient
decompression of the FM, yielding good results in 28 (93%)
patients and requiring reoperation in only 2 (7%).28 It is also
important to highlight that, in patients with craniosynosto-
sis, the treatment should be aimed at the primary pathology,
as stated by many authors.13,29–31

Theneed fordural openingandduraplastyhasbeen initially
discussed byDurhamet al in 2008,32who concluded that FMD
with duraplasty carries a lower risk of reoperation than FMD
alone, but a greater risk for CSF–related complications. They
also state that the available data on the surgical treatment of
CID in children do not allow identification of particular
patients who may benefit from the less invasive surgical
technique of FMD. In 2011, Hankinson et al33 performed a
systematic reviewof this subject, concluding that, at that time,
there was no level I or IIa evidence comparing FMD with and
without duraplasty; the notions that FMDwith duraplasty has
a lower rate of reoperationand that bonydecompression alone
has a lower rateofCSF-relatedcomplications arebothbasedon
IIb/B evidence. In 2018, Lin et al34 have performed another
systematic review and meta-analysis, including 13 articles
published until then (and also including adult subjects for a

total3,481patients in themeta-analysis). Their results showed
that duraplasty is an optimal surgical strategy, leading to
higher clinical improvement and lower recurrence rate, espe-
cially in patients with syringomyelia. However, the authors
pointed out that, in patients without syringomyelia, FMD
without duraplasty might be the technique of choice, provid-
ing similar clinical improvement at lower costs. Lastly, Lu
et al35 have performed a meta-analysis of 3,455 pediatric
patients, 1,492 (43%)with and1,963 (57%)withoutduraplasty.
The authors concluded that the addition of duraplasty to FM
decompression in childrenwith CIDmay improve surgical and
performance outcomes, particularly regarding parameters of
overall clinical improvement, length of stay, and postoperative
complications.

Narenthiran et al have published their experience in 19
patients using intraoperative ultrasound to assess intraoper-
atively the indication for duraplasty.36 They did not open the
dura if there was adequate cerebellar tonsillar and/or CSF
pulsation following suboccipital craniectomy. Eight patients
underwent dural decompression and 11 patients had bony
decompression only. Clinical outcomes and complication rates
were very similar between these groups. In line with this, the
role of intraoperative neurophysiological monitoring (IOM) in
thesurgical treatmentofCIDhasbeenalsodescribed;however,
its clinical implications are yet to be defined.37

6)What are the best treatment optionswhen CID patients
also have syringomyelia?

Some controversy remains whether syringomyelia in
patients with CID is a strict surgical indication, since the
medical literature has several descriptions of spontaneous
resolution of the syrinx in such cases or at least stability/
absence of progression, even in cases of large syringomyelic
cavities.38,39Maggeetal studied48childrenwithan idiopathic
syrinx and found out that 91% of them remained clinically
asymptomatic, stable or improved over a mean follow-up of
23.8 months.40 In those who had follow-up imaging, 87.5%
remained radiologically stableor thesyrinx reducedover time,
with no apparent correlation between changes in size of the
syrinx and evolution of symptoms.

Nevertheless, Wetjen et al41 recommended surgical treat-
ment by means of FMD whenever syringomyelia is associated
with CID in children. Their study revealed that resolution of
syringomyelia could be achieved after FMD in 86%of the cases.
In unfortunate cases where symptomatic syringomyelia does
not resolve after FMD, shunting might be an alternative
solution,with reportedgood results for both syringoarachnoid
and syringopleural shunt techniques.42,43

7) When should patients with CID be reoperated?
Hidalgo et al,44 reviewing their experience with 105

consecutive children who underwent surgical decompres-
sion of symptomatic CID with duraplasty, found that symp-
toms had resolved by the time of discharge from the hospital
in the majority (57%) of children, and syrinx had resolved or
decreased in two-thirds of the patients by 3 months of
follow-up. By 6 months, headaches had resolved in all cases,
and syrinx had resolved or decreased in 79% of the cases.

In the cases where symptoms did not subside, indications
for reoperation included persistence of syringomyelia,20–22
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persistent cranial nerves palsies24,25 and other neurological
symptoms. Children< 3 years old appear to have worse
outcomes.25 Furthermore, Goel et al45 have published their
experience with atlantoaxial fixation for Chiari 1 deformity
in the pediatric age group (33 cases), reporting gratifying and
sustained clinical improvement in all patients.

The conclusion of the consensus taskforce is that reopera-
tion should be considered particularly in cases of persistent
symptoms and/or of neurological deficits, especially when no
CSF flow or a compressed brainstem are still visible on
postoperative scans. Failure of syringomyelia remission, along
with clinical features, is another strong indicator for reopera-
tion. Nonetheless, another agreement of the taskforce impor-
tant to highlight is that, if clinical improvement has been
achieved, a persistent syringomyelia can be closely followed-
up. Volumetric reduction of the tonsils is another possibility if
the bony and dural decompression are deemed satisfactory.
The further need for fixation is addressed below.

8) Is there any evidence to support sectioning of the filum
terminale as a first line therapy for CID?

To the best of our knowledge, only two peer-reviewed
clinical studies have dealt with this topic so far. Royo-Salvador
et al46 published in 2005 the results of 20 patients with CID
treated through section of the filum terminale, reporting
clinical improvement in all cases. A second study, published
by Milhorat et al47 in 2009, examined 318 individuals with
spinal cord and tonsillar herniationwho underwent section of
the filum, comparedwith matched controls and subjects with
Chiari without spinal cord tethering, showing clinical and/or
radiological improvement in 85% of them. However, it should
be emphasized that these were patients with the diagnosis of
tethered spinal cord, who would have usually undergone
section of the filum as first-line treatment anyway. Therefore,
the heterogeneity of the studied subjects with presentation of
mixed pathologies precludes reliable statistical analysis and
further recommendations based on these results.

From an experimental standpoint, a project conducted by
Tubbs et al48 studied 12 adult cadavers submitted to the
application of distal tension (75N) to the spinal cord, with
simultaneous observation of the cervical spinal cord, the
brainstem and the rhombencephalon and their relation to
the foramenmagnumafter occipital craniectomy and removal
of the posterior arch of C1. These authors did not observe any
movement of the cerebellar tonsils and only 2 to 3mm caudal
descent of the brainstem and cervical spinal cord, concluding
that, in the cadavericmodel, caudalfixation of the distal spinal
cord is unlikely to result in inferior displacement of the
cerebellar tonsils, and therefore, transection of the filum
terminale is likewise unlikely to reverse tonsillar ectopia.

Lastly, Massimi et al49 stated that there is still no convinc-
ing evidence on the association between CID and tethered
spinal cord. Nevertheless, the authors concluded that section
of the filum terminale may play a role in a small selected
subgroup of patients with CID with poorly symptomatic
tonsillar herniation, normal posterior fossa volume and
evident symptoms of a tethered spinal cord.

As demonstrated, the consensus taskforce has performed
a thorough and insightful analysis of the medical literature

on the subject and found that there is no strong scientific
evidence to support this therapeutic option, which remains,
to our knowledge, experimental and with no scientific
background. Therefore, the taskforce understands that only
exceptional cases can benefit from this strategy and, thus,
there is no generally accepted surgical indication of section
of the filum terminale for the treatment of CID in children.

9) When should CID patients undergo craniocervical
fusion and instrumentation? What are the current recom-
mended approaches? How many levels should be included?

The work of Goel50–52 has introduced a new paradigm for
treating CID; the author has recently suggested that C1–2
fixations should be performed for all cases, considering that
tonsillar herniation is secondary (and a protective and
compensatory mechanism) to the subtle or gross instability
that seems to be present in cases of CID. Although the
outcome has been reported as positive, this method of
treatment has not been generally accepted yet as a standard
mode of treatment for CID.53

Brockmeyer et al reviewed the medical literature in 2011
and concluded that C1-C2 fixation is indicated in complex CID
patients with basilar invagination (BI) associated with C1-C2
instability.54,55 It alsodependson the typeofBI: type I requires
instrumentation and fusionplus traction; in BI type II,fixation
is recommended for selected cases, and some cases are to be
decompressed only. Posterior C1-C2 fusion is also recom-
mended in cases in which wide bone resections are necessary
and should include as few levels as possible.56,57

Menezes, in 2012, analyzed his large series (> 850 proce-
dures) of posterior instrumentation for CID children and
reported a 98% rate of successful fusion.58 The author recom-
mended that rigid fixation with screws and rods could be
performed in patients older> 6 years old, and in younger
children rib grafts should be harvested. Similar results were
reported by Mackel et al59 and Kim et al.60 Kennedy et al have
also demonstrated that most young children undergoing atla-
toaxial and occipitocervical fusion with rigid internal fixation
continuetohavegoodcervicalalignmentandcontinuedgrowth
within the fused levels during a prolonged follow-up period.61

10) Is there any evidence to support a genetic component
in the genesis of CID?

Only a few studies have addressed this issue,62–66 with
most data coming from familiar clusters of CID and syringo-
myelia patients.60,61 Nevertheless, a genetic component has
been shown particularly in CID cases associated with con-
nective tissue diseases64 and in some cases had mutations in
the WNT pathways.65 Also, a positive familial history is
present in 12% of patients with newly-diagnosed CID.64

Urbizu et al have found single nucleotide polymorphisms
in 14 genes (CDX1, FLT1, RARG, NKD2, MSGN1, RBPJ1, FGFR1,
RDH10, NOG, RARA, LFNG, KDR, ALDH1A2, and BMPR1A),
suggesting that common variants in genes involved in soma-
togenesis and fetal vascular development may confer sus-
ceptibility to CID.66
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Abstract Dysplastic gangliocytoma of the cerebellum (DGC) or Lhermitte-Duclos Disease is a
rare lesion (World Health Organization [WHO] grade I) characterized by thickened folia
and replacement of the internal granular layer by abnormal ganglion cells. More
commonly, the compromised patients are young adults presenting ataxia, seizures,
obstructive hydrocephalus, and increased intracranial pressure. Dysplastic gangliocy-
toma of the cerebellum is intimately associated with Cowden syndrome, a hereditary
disorder caused by a germline mutation in the PTEN tumor suppressor gene on
chromosome 10q23. Large neurons of DCG show vesicular nuclei with prominent
nucleoli. Expansion of the internal granular layer determines vacuolization of the
molecular layer and white matter, which can be related to the bright stripes identified
on T2-weighted magnetic resonance imaging. Herein, the authors report a female
patient who developed long- time recurrence of DGC and discuss pathological findings
and differential diagnosis of this rare cerebellar lesion.
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Resumo O gangliocitoma displásico de cerebelo (GDC) ou a Doença de Lhermitte-Duclos é uma
lesão rara (Organização Mundial de Saúde [OMS] grau I) caracterizada por folhas
cerebelares espessadas e substituição da camada granular interna por células gan-
glionares anormais. Mais comumente, os pacientes comprometidos são adultos jovens
que apresentam ataxia, convulsões, hidrocefalia obstrutiva e aumento da pressão
intracraniana. O GDC está intimamente associado à síndrome de Cowden, um distúrbio
hereditário causado por uma mutação da linha germinativa no gene supressor de
tumor PTEN no cromossomo 10q23. Os neurônios grandes do GDC mostram núcleos
vesiculares com nucléolos proeminentes. A expansão da camada granular interna
determina a vacuolização da camadamolecular e da substância branca, as quais podem
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Introduction

Dysplastic gangliocytoma of the cerebellum (DGC) or Lher-
mitte-Duclos Disease is a rare lesion (World Health Organi-
zation [WHO] grade I) characterized by thickened folia and
replacement of the internal granular layer by abnormal
ganglion cells. More frequently, the compromised patients
are young adults with signs and symptoms of increased
intracranial pressure.1–4 Dysplastic gangliocytoma of the
cerebellum is intimately associated with Cowden syndrome,
a hereditary disorder caused by a germline mutation in the
PTEN tumor suppressor gene on chromosome 10q23. Large
neurons of DCG show vesicular nuclei with prominent
nucleoli. Expansion of the internal granular layer determines
vacuolization of themolecular layer andwhitematter, which
can be related to the bright stripes identified onT2-weighted
magnetic resonance imaging (MRI). The prognosis is good,
but recurrence is found in � 25% of the patients.1,2,5–8 The
authors report a case of recurrent DGC and discuss funda-
mental pathologic findings of this rare lesion.

Case Report

Female patient, 19 years old, with clinical complaint of
headache and nausea, was referred to the neurosurgery
service due a cerebellar lesion. No focal neurological deficits
were found on the physical examination. Prior pathologic
history included idiopathic pulmonary fibrosis and rheuma-
toid arthritis. A large process compromising the right cere-
bellar hemisphere, with mildly increased diffusivity,
thickened folia and a “tiger-striping” pattern, was identified
on MRI, compatible with DGC (►Figure 1). The patient
underwent gross totally surgical removal of the process.
The specimen was composed by some irregular fragments
of tissue, pale gray, elastic, weighing 18.0 g. The largest one
measured 3.0�2.8�2.0 cm andwas composed by cerebellar
tissue exhibiting a prominent enlarged cortex. At microsco-
py, the internal granular cell layer was replaced by numerous
moderate to large hypertrophic ganglion cells, which extend-
ed to the subpial zone of themolecular layer (►Figure 2). The
cortex was also expanded by small neurons, but there was
relative preservation of the cerebellar architecture. Other
histological findings include vacuolations of cerebellar white
matter and abnormal myelination of the molecular layer by
abnormal neurons (►Figure 3). The diagnosis of DGC was
then established. Recurrence of the process was identified 3
and 8years after the initial procedure, and the patient
underwent surgical resection at these moments. Actually,
the patient is free of neurologic deficits and tumor recur-
rence on imaging screening.

Discussion

Dysplastic gangliocytoma of the cerebellum is a rare low-
grade process frequently associated to ataxia, seizures, ob-
structive hydrocephalus, increased intracranial pressure
and/or cerebellar injury. Uncommon clinical findings include
orthostatic hypotension, acute subarachnoid hemorrhage,
cranial nerve deficits, seizures, and mild intellectual disabil-
ity.1,4,8–10 Both the vermis and hemispheric cerebellar cortex
may be affected. Compromised patients are usually in the 3rd

and 4th decades of life, and there is no gender predilection. In
some cases of DGC, the patients also exhibit neuronal
heterotopias in thewhitematter, hydromelia, olivary nuclear
hypertrophy, cervical syrinx, polydactyly, vascular malfor-
mations, macrocephaly/megalencephaly, and partial gigan-
tism. Uncommon designations for DGC have been used, and
include granule cell hypertrophy of the cerebellum, cerebel-
lar hamartoma, neurocytic blastoma, neurocytoma myelini-
cum, cerebellar granule cell hypertrophy, gangliocytoma
myelinicum diffusum, gangliomatosis of the cerebellum,
and purkinjeoma.3,4,7,9,11,12

ser relacionadas às faixas brilhantes identificadas na ressonância magnética ponderada
em T2. Aqui, os autores relatam uma paciente do sexo feminino que desenvolveu
recorrência em longo prazo de GDC e discutem os achados patológicos e o diagnóstico
diferencial desta rara lesão cerebelar.

Fig. 1 Dysplastic Gangliocytoma of the Cerebellum: Magnetic Res-
onance showing enlarged cerebellar folia.
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The histogenesis of DGC is still undefined. The hypothe-
sis suggesting a malformative/hamartomatous nature of
DGC is defined as an incomplete development of the fetal
external granular cell layer, which results in a reduced
population of the internal granular cell layer, determining
hypertrophy of the remaining neurons. It has been sug-
gested that mass effect of DCG is associated to hypertrophy
of individual ganglionic cells rather than pure neoplastic
proliferation.2,3,5,8,11,13,14 Presence of PTEN mutations or
PTEN promoter alterations have been implicated in the
neoplastic transformation of cerebellar tissue. The effects
of PTEN are mediated through its actions on the phospha-
tidylinositol 3-kinase (PI3K)/AKT pathway, abrogation of
PTEN protein function resulting in increased intracellular
levels of phosphorylated AKT, which promotes cellular
enlargement and proliferation due different targets. PTEN
loss determines downstream activation of S6 kinase, AKT
and mTor, which can be demonstrated in ganglionic cell of
the tumor. Dysplastic gangliocytoma of the cerebellum is

recognized as a component of Cowden syndrome, an auto-
somal dominant phakomatosis linked to PTEN/MMAC-1
mutations. Pediatric patients do not harbor germline
PTEN mutations.2,3,5,8,11,13,14

Dysplastic gangliocytoma of the cerebellum is typically a
non-enhancing, unilateral lesion that is hypointense on T1-
weighted MRI and hyperintense on T2 images. Magnetic
resonance imaging frequently shows mildly increased diffu-
sivity. Presence of superficial parallel linear striations is
pathognomonic of DGC (“tiger-striping”), and represents
thickened cerebellar folia.1,3,11–15

Gross, regional, pale enlarged folia which blend into the
normal cerebellar cortex is a hallmark of DGC. Some cases
exhibit discrete calcifications and/or white matter cavita-
tion.1–4,9,16 At microscopy, variable replacement of the
internal granular cell layer by moderate to large hypertro-
phic ganglion cells is a diagnostic feature of DGC. In more
prominent lesions, the molecular layer can also be affected.
Eventually, ganglionic cells of the lesion are found in the
subpial zone of the molecular layer. An important diagnos-
tic feature is the relative preservation of the cerebellar
architecture. Other significant histological findings include
large bizarre neurons, abnormal myelination of the molec-
ular layer by abnormal neurons that run in parallel stacks
within the deeper layers and in perpendicular array more
superficially, dense capillary networks, reduction in the
number of Purkinje cells, and vacuolations of cerebellar
white matter.1,3,4,9,10,12,16,17 Dysplastic gangliocytoma of
the cerebellum is constituted by large and small ganglionic
cells of granule cell type. Large neurons contain prominent
nucleoli, numerous mitochondria, moderately developed
Golgi complexes, a relative paucity of ribosomes, incon-
spicuous Nissl substance, and cytoplasmic process filled
with densely packed intermediate filaments and micro-
tubules. Small neurons contain few mitochondria, abun-
dant free ribosomes, and are multipolar. Dysplastic
gangliocytoma of the cerebellum can show positive immu-
noexpression for synaptophysin, NeuN, chromogranin A,
neurofilament protein, Leu-4 epitope, calbindin, and syn-
aptic vesicle glycoprotein SV2. Presence of mitosis and
necrosis are very rare findings. In DGC, the three neuro-
filament subtypes (NF-L, NF-M, NF-H) are strongly
expressed by large neurons and granule cells demonstrat-
ing modest karyomegaly and cytoplasmic expansion. Neu-
ronal cytomegaly of DGC appear to reflect an abnormality
of cytoskeletal protein expression. GFAP expression is re-
stricted to reactive astrocytes that may occupy the in-
volved cortex and white matter.1,5–7,13,16,18–20

Differential diagnosis includes gangliocytoma, which
determines a nodular tumoral mass, ganglioma, which
exhibits a complex architecture and a solid / cystic lesion,
and an infiltrating glioma with trapped Purkinje cells that is
composed by atypical glia and presence of mitoses. Surgical
resection is usually curative, but recurrence is not uncom-
mon in long-term follow-up.1,7,9,12,14,16,18,20–22
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Fig. 2 Dysplastic Gangliocytoma of the Cerebellum: Medium to large
ganglion cells with mild cytologic abnormalities filling the internal
granule cell layer, hematoxylin-eosin, 200X.

Fig. 3 Dysplastic Gangliocytoma of the Cerebellum: Large ganglion
cells with small associated to small neurons and focus of calcification,
hematoxylin-eosin, 200X.
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Abstract Hemifacial spasm (HS) is a movement disorder characterized by paroxysmal and
irregular contractions of the muscles innervated by the facial nerve. Chiari malforma-
tion type I (CM I) is a congenital disease characterized by caudal migration of the
cerebellar tonsils, and surgical decompression of foramen magnum structures has
been used for treatment. The association of HS with CM I is rare, and its pathophysiol-
ogy and therapeutics are speculative. There are only a few cases reported in the
literature concerning this association. The decompression of the posterior fossa for the
treatment of CM I has been reported to relieve the symptoms of HS, suggesting a
relation between these diseases. However, the possible complications of posterior
fossa surgery cannot be underrated. We report the case of a 66-year-old patient, in
ambulatory follow-up due to right HS, no longer responding to botulinum toxin
treatment. Magnetic resonance imaging (MRI) of the skull revealed compression of
the facial nerve and CM I. The patient underwent surgery for HS by neurovascular
microdecompression of the facial nerve via right lateral suboccipital craniectomy, but
presented significant clinical worsening in the postoperative period even though the
cerebellum edema related to surgical manipulation was mild. Due to the clinical
worsening, the patient underwent a median suboccipital craniectomy with decom-
pression of the foramenmagnum structures. After this second surgery, the patient had
progressive improvement and was discharged from the hospital for ambulatory care.
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Introduction

Hemifacial spasm (HS) is a movement disorder characterized
by paroxysmal and irregular contractions of the muscles
innervated by the facial nerve. In most cases, it is associated
with neurovascular compressions around the facial nerve root
exit zone.1,2 Chiari malformation type I (CM I) is a congenital
disease characterized by caudal migration of the cerebellar
tonsils that causes disproportion between the contents and
volumeof the posterior fossa and compression of structures at
the foramenmagnumlevel.3,4Therefore, thedecompressionof
foramen magnum structures is widely accepted as the treat-
ment of choice for symptomatic CM I and can be performed
using several techniques.5–8Hemifacial spasmassociatedwith
CM I is rare,with fewcases reported in the literature. The exact
pathophysiology of the association between the two diseases
remains speculative until the present. However, it was ob-
served that posterior fossa decompression for the treatment of
CM I lead to the relief of the symptoms of HS, being considered
as the primary procedure to be applied in these patients. The
amelioration of HS symptoms seems to indicate a relationship
between the geneses of the two pathologies.3 Nevertheless,
complications of posterior fossa surgery are rarely highlighted
in the literature. Here, we report the case of a patient with HS
associated with CM I without craniovertebral instability that
was treated with posterior fossa decompression, drawing
attention to the possible complications associated with this
procedure and critically reviewing the factors that may influ-
ence possible surgical complications.

Case Report

A 66-year-old female patient was on ambulatory follow-up
due to right HS, unresponsive to treatment with botulinum
toxin. Magnetic resonance imaging (MRI) of the skull
revealed compression of the right facial nerve in its cisternal
pathway by vascular loop and CM-I, with no signs of cranio-
vertebral instability or symptoms related to CM-I (►Fig. 1).

The patient underwent surgery for the treatment of HS by
microdecompression of the facial nerve via right lateral

suboccipital craniectomy, showing complete resolution of
face spasm. However, at the third postoperative day, the
patient presented with somnolence, speech difficulty, and
episodes of respiratory distress. Computed tomography (CT)
and magnetic resonance imaging (MRI) revealed a mild
edema of the right cerebellum related to surgical manipula-
tion, and minimal hydrocephalus (►Fig. 2).

Due to the clinical worsening, external ventricular
drain was opted. As there was no improvement, we consid-
ered the clinical worsening as being caused by the decom-
pensation of CM I causing compression of the brainstem,
despite the small degree of postoperative cerebellum edema.
The patient was then subjected to a median suboccipital
craniectomy with decompression of the structures of the
magnum foramen, laminectomy of C1 and C2, duraplasty
with autologous muscle fascia graft, without cerebellar
tonsillectomy (►Fig. 3).

The patient had a slow hospital recovery but with progres-
sive and significant improvement. She was discharged alert
with mild mental confusion, gait difficulty, and symmetrical
tetraparesis, without facial spasm and without episodes of
dyspnea and dysphonia. She remains in outpatient clinic
follow-up with progressive improvement of symptoms and
without facial spasm. ►Fig. 4 illustrates her last MRI images.

Discussion

Hemifacial spasm is a movement disorder of the muscles
innervated by the facial nerve. Its clinical presentation
includes spasms beginning in the upper hemiface, usually
in the lower eyelid, that progress inferiorly affecting the
cheek and the oral commissure; these findings are predomi-
nantly unilateral with a few bilateral cases described in the
literature.9–11 Although it is not an immediate life-threaten-
ing condition, the affected patients tend to participate less in
social interactions. As a severe psychosocial stressor, the
condition requires timely diagnosis and therapy. Hemifacial
spasm is a relatively rare condition that occurs mostly in
middle-aged women, with a prevalence of 14.5:100,000 in
women and 7.4:100,000 in men.10

Palavras-chave

► espasmo hemifacial
► malformação de

Chiari tipo I
► descompressão da

fossa posterior

Resumo Oespasmohemifacial éumdistúrbiodomovimentocaracterizadoporcontraçõesparoxísticas
e irregulares de músculos inervados pelo nervo facial. A malformação de Chiari tipo I é uma
doença congênita caracterizada pela migração caudal das tonsilas cerebelares. Com poucos
casos relatados na literatura, a ocorrência de espasmo hemifacial commalformação de Chiari
tipo I é rara. É observado que a descompressão da fossa posterior para tratamento da
malformaçãodeChiari tipo I também levaaoalíviodos sintomasdoespasmohemifacial, oque
pode sugerir uma relação entre a fisiopatologia dessas. Relatamos o caso de uma paciente de
66 anos, em acompanhamento ambulatorial por espasmo hemifacial direito evoluindo com
resposta inadequada ao tratamento clínico. Ressonância magnética do crânio com compres-
sãovasculardonervo facial emal-formaçãodeChiari tipo I. Submetidaamicro-descompressão
neurovascular para tratamento do espasmo hemifacial, evoluiu com piora clínica causada por
descompensação do Chiari tipo I. A paciente foi submetida, então, à nova cirurgia para
descompressão do forame magno, apresentado, então, melhora lenta e progressiva.
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The pathophysiology of HS is not yet completely eluci-
dated.12 In most cases, facial nerve compression is recog-
nized by a vascular loop at the exit point of its nerve root in
the brainstem.7 The exit zone of the facial nerve root has

some characteristics that increase the vulnerability to
stimuli: a) is an area in which the nerve is sheathed only
by an arachnoid membrane, without epineurium; b) there is
no connective tissue separating its fascicles; c) it is a

Fig. 1 Magnetic resonance imaging of the preoperative skull showing malformation of Chiari type I, in addition to neurovascular compression in
the complex VII/VIII cranial nerve on the right.

Fig. 2 Postoperative cranial magnetic resonance imaging demonstrating absence of compression on the brainstem or excessive edema in the
area of manipulation after the performance of neurovascular microdecompression of the facial nerve.
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transition zone between the central (oligodendroglial cells)
and peripheral (Schwann cells) myelination regions.13 Some
authors presuppose that in HS there is a hyperexcitability of
the motor nucleus of the facial nerve in the brainstem
predisposing to spasms.1,13 Additional etiologies implicat-
ing the brainstem or cerebellopontine angle may also be the
cause of HS.14,15 Moreover, there are studies reporting that
the symptoms of HS have been triggered after Bell palsy due
to facial nerve lesion.14

The diagnosis of HS is based on the clinical evaluation,
further complemented by electrophysiological studies and
imaging examinations.14,16,17 The main differential diagno-
ses related to HS include blepharospasm, oromandibular
dystonia, facial nerve tic, hemimasticatory spasm, focal
convulsions, and synkinesis after facial nerve palsy.15

The therapeutic options for HS range from clinical drug
treatment and subcutaneous injections of botulinum toxin to
the affected muscles, to vascular microdecompression sur-
gery.9 The main medications used in the treatment of HS
include drugs such as anticonvulsants, anxiolytics, and baclo-
fen.15 Botulinum toxin type A injection produces considerable
relief of symptoms in most patients with mild to moderate
disease (90–100%). However, the improvement is temporary
(mean duration of 3–6 months) and, thus, periodic adminis-

tration of the drug is necessary. In addition, botulinum toxin
treatment may be associated with side effects such as eyelid
ptosis, keratitis, and diplopia.18,19 In the case presented here,
the patient had already received treatment with medication
and botulinum toxin, but over the years ceased to adequately
respond, justifying the choice of surgical treatment.

Microvascular decompression is the treatment with better
long-term control of HS, first postulated by Gardner20 and
popularizedby Jannetta and collaborators.21–24 The procedure
aims to alleviate the vascular compression at the exit zone of
the facial nerve root in the brainstem. After retrosigmoid
craniotomy, the cerebellopontine angle is exposed under
microscopic view and the exit zone of the facial nerve root
in the brainstem is inspected to identify the location of
vascular compression.9 As with any surgical procedure, facial
nerve vascular microdecompression has several risks, includ-
ing hearing loss and paresis or paralysis of the facial nerve that
may be temporary or permanent.25–27 In addition, severe
complications such as hematoma, hydrocephalus, cerebellar
edema, ischemia of the brainstem, and subarachnoid hemor-
rhage may occur as in any posterior fossa surgery.28 The
patient presentedherehadonlyamild right cerebellumedema
related to surgical manipulation, but it was enough for clinical
decompensation of CM I and brainstem compression symp-
toms (►Fig. 2).

Chiari malformation type I is a congenital anomaly of the
rhombencephalon characterized by caudal displacement of
the cerebellar tonsils through the foramen magnum.29 In this
context, the ectopia of cerebellar tonsils, the anatomopatho-
logical hallmark of CM I, causes a disproportion between the
contingent of the posterior fossa, the skull, and its content, the
neural tissue. This disproportion caused by the underdevelop-
mentof theoccipital somitesoriginating fromthemesodermis
believed to be the cause of the disease.30,31 This results in a
small posterior fossa that predisposes to the herniation of its
contents.30,32 Once developed, the cerebellar ectopia causes
the disturbance of the craniovertebral pressure in the sub-
arachnoid space, with the creation of a gradient that favors
additional descent of the tonsils. These events predispose the
formation of meningeal fibrosis and subsequent adherence
around the foramen magnum, with eventual formation of
syringomyelia, hydrocephalus, or both.33 Several anomalies
of the nervous system are associated with this malformation
and include, among others, enlargement of the foramen mag-
num, hypoplasia of cranial nerve nuclei, superior migration of
the cerebellum by the tentorial notch, and hypoplasia of the
brain sickle and the cerebellum stall.34

Patients with CM I can be divided into two large groups
based on their clinical presentation: those with signs and
symptoms arising from spinal cord dysfunction, with syringo-
myelia as substrate; and those with signs and symptoms from
the compressionof the contents of theposterior fossa, foramen
magnum, or both.30 Spinal cord dysfunctions may present as
trunk and extremity dysesthesia, upper limb paresis, with
atrophyof themusculatureof thehands, spasticity in thelower
limbs, dissociated sensory losses (pain/temperature) in the
trunk and upper limbs, and urinary incontinence.35–38 Com-
pression of the posterior fossa content, especially of the

Fig. 3 Intraoperative: Dura mater plastic with autologous pericra-
nium graft.

Fig. 4 Cranial magnetic resonance imaging at the time of discharge
of the patient, after performing the decompressive craniectomy of
the posterior fossa.
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cerebellum, causes ataxia and nystagmus, particularly vertical
nystagmus, in the downward vertical saccade, known as
“down-beating nystagmus” and, more dramatically, symp-
toms of brainstem compression.39

Posterior fossa decompression in patients with CM I is the
conventional treatment.40 However, postoperative complica-
tions may occur, such as surgical wound infection, meningitis,
cranial nerve palsy, edema of the posterior fossa, hematomas,
postoperative hydrocephalus, and cerebellar mutism.41 In the
present study, the patient had some of these symptoms; thus,
we indicated the requirement of the second surgery for
median suboccipital craniectomy and decompression of the
posterior fossa content.

The association between the 2 pathologies is rare, with
just over 20 cases described so far in the literature.3 The signs
and symptoms of the disease are similar to those found in
idiopathic HS with the upper part of the face predominantly
involved during the initial stages, when CM I is asymptom-
atic. Strahle et al,42 in 2011, reported that only 32% of
patients with CM I detected in MRI were considered symp-
tomatic during clinical diagnosis, indicating a high number of
patients with pathology, but asymptomatic. Cheng et al,43 in
2015, reported a higher level of superposition of structures
located in the posterior fossa in HS patients compared with
healthy volunteers. The small volume of the posterior fossa
causes agglomeration of the content of the cerebellopontine
cistern, that is considered a factor which may cause the
vascular compression of the facial nerve.44,45

Other mechanisms have been proposed as possible causes
of the cranial rhizopathies associated with CM I, such as the
axial traction of the cranial nerves caused by the caudal
displacement of the altered rombencephalon.46,47Moreover,
microischemia is possible to occur in these nerves.48 In
addition, the dynamics in the flow of the cerebrospinal fluid
caused by blockage in the craniocervical junction may be
responsible for the traction of the cranial nerves.49

Most patients with HS and CM I receive individualized
treatment based on the predominance of symptoms related
to eachpathology. Patientswithout significant CM I symptoms
should be treated forHSwith neurovascularmicrodecompres-
sionof thefacial nerve.3,49Ontheotherhand, patientswith the
two pathologies, with signs of craniovertebral instability, or
clear symptoms of CM I, should be treated initially with
foramen magnum decompression with or without craniover-
tebralfixation.9,13,15 It is expected that thesymptomsof theHS
ameliorate after surgery for CM I in patients with the two
pathologies. Subsequently, it is possible to consider neuro-
vascular microdecompression of the facial nerve for patients
who do not recover from facial spasm after decompression of
the foramen magnum.3,48,50–52

Our patient was treated initially with facial nerve neuro-
vascular microdecompression that led to the clinical resolu-
tion of HS. However, at the third postoperative day, her level
of consciousness was lowered, she had speech difficulty and
episodes of dyspnea/apnea. This deterioration was then
attributed to the decompensation of CM I due to postopera-
tive, yet mild, cerebellar edema. After decompression of the
foramen magnum, the patient presented slow recovery, and

was discharged from the hospital alert, with mild mental
confusion, some gait difficulty, symmetrical tetraparesis,
and without HS.

Although neurovascular microdecompression is the treat-
ment of choice in patients with HS and CM I without
predominant symptoms of CM I,53 there are inherent risks
associated with this surgery. Dealing with the association
between HS and CM I, Cheng et al,3 in 2017, suggested that
foramen magnum decompression should be considered as
the primary procedure, especially if there is associated
syringomyelia.3

Conclusion

Neurovascular microdecompression of the facial nerve is the
procedure of choice for patients with HS and CM I, when HS
symptoms prevail and there is no craniovertebral instability.
However, possible complications of this surgery that may be
caused by edema of the posterior fossa, albeit mild, could
induce decompensation of the symptoms of CM I. The case
reported here exemplifies a situation like this and should
serve as an alert for the potential need for a second immedi-
ate surgical intervention.
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Abstract Tuberculosis (TB) of the central nervous system (CNS) is considered one of the most
severe forms of presentation of the disease. Although only 1% of TB cases involve the
CNS, these cases represent around between 5 and 15% of extrapulmonary forms.1,2

Tuberculous meningitis (TBM) is the most frequent form of CNS TB. The granulomas
formed in the cerebral tuberculoma may cause hydrocephalus and other symptoms
indicative of a CNS mass lesion. In the absence of active TB or TBM, the symptoms may
be interpreted as indicative of tumors.3,4 The prognosis is directly related to the early
diagnosis and proper treatment installation.5 We report the case of a patient with
intracranial hypertension syndrome, expansive mass in the parieto-occipital region,
accompanied by a lesion in the rib, initially thought to be a metastatic lesion, although
posteriorly diagnosed as a cerebral tuberculoma.

Palavras-chave

► tuberculoma cerebral
► metástase
► diagnóstico

Resumo A tuberculose (TB) do sistema nervoso central (SNC) é considerada uma das formas
mais graves de apresentação da doença. Embora apenas 1% dos casos de TB envolvam o
SNC, isto representa aproximadamente entre 5 e 15% das formas extrapulmonares.1,2

A meningite tuberculosa é a forma mais frequente de TB do SNC. Os granulomas
formados no tuberculoma cerebral podem causar hidrocefalia e outros sintomas
indicativos de lesão com efeito de massa no SNC. Na ausência de TB ativa ou meningite
tuberculosa, os sintomas podem ser interpretados como indicativos de tumores
intracranianos.3,4 O prognóstico está diretamente relacionado ao diagnóstico precoce
e instalação adequada do tratamento.5 Relatamos o caso de um paciente com
síndrome de hipertensão intracraniana, formação expansiva em região parieto-occipi-
tal esquerda, acompanhada por lesão em arco costal, inicialmente tida como metás-
tase, com posterior diagnóstico de tuberculoma cerebral.
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Introduction

Tuberculosis (TB) of the central nervous system (CNS) has an
incidence of 10 to 30%, predominating in developing coun-
tries.1–3 The main route of dissemination of Mycobacterium
tuberculosis is hematogenic, coming from a distant focus,
usually the lungs.4,5 The usual patient is a child or young
adult with headache, seizures, progressive motor deficits
and/or signs and symptoms of elevated intracranial pressure.
Most patients have no symptoms of systemic infection or
signs of meningitis.6–9 In the absence of active TB or tuber-
culous meningitis (TBM), the symptoms of tuberculomas can
be interpreted as indicative of tumors.10,11 Due to what has
been described, we report the rare case of a patient with TB
of the CNS, who presented an unusual clinical and radiologi-
cal onset of symptoms.

Case Report

An 82-year-old male patient developed progressive left
parieto-occipital headache, 3 months prior to admission,
associated with visual agnosia and vertigo, evolving to
worsening of the headache, associated with the previous
symptoms. Beyond that, he did not present any alteration at

the general physical and neurological examination and was
hospitalized for evaluation.

Brain magnetic resonance imaging (MRI) evidenced an
expansive formation in thecortical left parieto-occipital region
with apparent dural implantation and a thick and irregular
peripheral impregnation by the contrast, suggesting paren-
chymal infiltration. The lesion measured 4.7� 4.1� 2 cm,
with extensive vasogenic edema in the adjacent parenchyma,
midline shift to the right of 0.5 cm, and regular meningeal
thickening (►Fig. 1A-D). A computed tomography (CT) of the
abdomen showed enlargement of the retroperitoneal lymph
nodes and an unspecific renal lesion. Furthermore, a thoracic
CT scan presented osteolytic lesion in one left rib. Added to
swollen lymph nodes and the image findings, the primary
hypothesis for the intracranial lesion was metastatic lesion,
and the patient was referred for neurosurgical therapy.

The patient was submitted to resection of the brain lesion,
through microsurgical technique. The postoperative CT scan
confirmed complete resection of the lesion, with remaining
adjacent edema at the lesion site. A follow-up MRI was
performed 90 days after the surgery, confirming the excision
of the lesion, as well as reduction in the preoperative edema
(►Fig. 1E-H) The histological study was negative for
any neoplastic lesion, evidencing a chronic granulomatous

Fig. 1 (A) Preoperative T1-weighted magnetic resonance imaging (MRI) with gadolinium, axial incidence, evidencing an intradural lesion,
attached to the dura mater, compressing the occipital lobe, with peripheral enhancement. (B) Preoperative T2-weighted MRI, axial incidence,
confirming the important vasogenic edema of the intradural lesion. (C) Preoperative FLAIR MRI, axial incidence, highlighting the important
vasogenic edema. (D) Preoperative diffusion MRI sequence, axial incidence, evidencing no restriction to water diffusion inside the lesion. (E)
Postoperative T1-weighted MRI with gadolinium, axial incidence, evidencing markedly reduction in lesion size, with scar tissue in the operative
field. (F) Postoperative T2-weighted MRI, axial incidence, confirming the findings on T1-weighted image. (G) FLAIR MRI, axial incidence,
confirming important reduction of the vasogenic edema, when compared with the preoperative image. (H) Postoperative diffusion MRI
sequence, axial incidence, evidencing only scar tissue in the side of the lesion.
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inflammatory process and caseous necrosis, characteristic of
cerebral tuberculoma. Also, the biopsy performed in the rib
lesion evidenced the presence ofM. tuberculosis (►Fig. 2A-D).

Treatment with tuberculostatic agents (rifampicin, isonia-
zid and pyrazinamide) was then started. After 3 months, the
patient presented a significant improvement of the whole
clinical scenario, referring only occasional visual disturbance.

Discussion

Tuberculosis is among the most lethal infectious diseases
worldwide. Primarily as a disease of the respiratory tract,
CNS TB represents between 5 and 15% of extrapulmonary
disease. These cases present the highest rates of morbidity
andmortality.10,12–14 Central nervous system TB can be classi-
fied into three categories: tuberculousmeningitis (TBM), spinal
arachnoiditis, and cerebral tuberculoma, as the case
presented.6,13

Any recent or remote disseminated bacillemia of TB can
originate deep-seated tubercles in the brain and develop
conglomerate caseous focus, known as tuberculomas. The
lesions are formed by the interaction between the immune
response of the host and themycobacterial pathogen, covered
with a fibrous encapsulation.6

These granulomas have the potential to cause all the
symptoms of a CNS mass lesion, as hydrocephalus, headache,
vomiting, drowsiness, papilledema, hemiparesis or seiz-
ures.6,10Theycanpresent as focalneurologicaldeficitswithout
evidence of any systemic disease.15,16 Headache is among the
most common symptoms, and in the case described, it was
located in the left parieto-occipital region with progressive
increase of its intensity, as observed in 80% of the cases.17

Regarding the lesion site, two thirds of the CNS tuber-
culomas are located in the cerebellum and one third in the
cerebral hemispheres and, among the hemispherical loca-
tions, the predominance occurs in the frontal and parietal
lobes.18 The differential diagnosis can include any mass
lesion, such as malignant lesions, sarcoidosis, cysticercosis,
toxoplasmosis and pyogenic abscess.15,16,19,20

The correct diagnosis is important for an early start of the
treatment and to achieve better outcomes. The imaging
findings are not specific, which reinforces the need to
consider the clinical presentation of the patient and the
epidemiology of the region, which are enough to elaborate
the presumptive diagnosis. On CT scan, a nodular enhancing
lesion, with a central hypodense region is characteristic. On
MRI, the early stage of focal cerebritis is marked by edema
and poor-defined enhancement, while in the later mature
stage, central hypointensity and peripheral enhancement on
T2- weighted images are evidenced.4,6,21,22 Although the
diagnosis can be made on the basis of clinical and epidemio-
logical considerations, a needle stereotactic biopsy may be
considered if necessary.6

It is not possible to differentiate granulomas from other
brain expansive lesions on the basis of neurological symp-
toms, since these depend basically on the site and size of the
lesion.11,23 Signs and symptoms of intracranial hypertension
and seizures are frequent manifestations.24,25

The usual presentation of a tuberculoma on a brain CTscan
is a hypodenseor slightly hyperdensenodule, representing the
central area of caseous necrosis and an enhancing halo of
epithelioid cells, surrounded by a hypodense area of edema, as
shown in our case. The contrast can evidence the presence of
multiple lesions and complications of tuberculous meningitis.

Fig. 2 (A) Hematoxylin & Eosin staining, 50x. Brain parenchyma with inflammatory process. (B) Hematoxylin & Eosin staining, 100x. Brain
parenchyma confirming inflammatory process. (C) Wade staining, 50x. Brain parenchyma with granuloma. (D) Wade staining, 100x. M.
tuberculosis bacilli evidenced in the left rib biopsy.
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During the antibiotic treatment, serial CTscans show progres-
sive regression of the size of the lesion.26 None of the imaging
methods, including brain MRI, can accurately differentiate
tuberculomas from other intracranial masses.27,28 However,
some authors have suggested that the presence of a central
area of calcification (“target sign”) could be pathognomonic of
tuberculomas.29

Anti-tuberculous agents (ATTs) should be initiated in any
case with important clinical suspicion, rather than delayed
until the confirmed diagnosis. The four first line ATTs include
isoniazid, rifampicin, pyrazinamide, and ethambutol or
streptomycin. The duration of the treatment ranges from 9
to 12 months, which can be extended beyond the resolution
of the symptoms and of the radiographic lesions. The Bacillus
Calmette-Guérin (BCG) vaccination reduces the incidence of
a new tuberculoma.10

Neurosurgical evaluation should be performed immedi-
ately in patients with elevated intracranial pressure (ICP).6

Tuberculomas may require surgical resection to treat the
mass effect, since immediate removal offers improvement
in the overall outcome, including cases of drug resistance or
paradoxical worsening, an event that occurs in up to 25% of
treated TB patients. The surgical approach can vary, due to
the location tuberculoma of the surrounding vascular,
nerve, and cortical structures, and the preference of the
surgeon.10

Besides that, lumbar puncture can alleviate elevated ICP in
communicating hydrocephalus, while ventriculoperitoneal
shunting may be the most appropriate treatment for non-
communicating hydrocephalus.10 Moreover, steroids are
useful when cerebral edema produces altered mental status
or focal neurologic deficits. Finally, the prognosis is better
when treatment begins before the development of focal
neurologic signs and altered state of consciousness.6

Conclusion

Cerebral tuberculoma prognosis has improved dramatically
during the last several decades, from a nearly fatal diagnosis
to over 80% survival with timely treatments. Awareness of
tuberculoma must be maintained when assessing CNS
masses, including patients with no history of tuberculosis
disease elsewhere, to ensure appropriate treatment.10,13
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Abstract Introduction Caustic substance ingestion is a common cause of esophageal stricture
in children. The primary treatment is esophageal dilatation. Although it is known that
endoscopic esophageal dilatation is a procedure associated with a high rate of
bacteremia, current guidelines do not recommend routine throat swab cultures or
antibiotic prophylaxis for the general children population.
Case Report We describe a case of a 7-year-old boy presenting with refractory
headaches who was diagnosed with cranial abscess after multiple esophageal dilata-
tions due to stenosis caused by caustic soda ingestion. The patient was subjected to
neurosurgical intervention and intravenous antibiotic treatment for 6 weeks. Strepto-
coccus viridans culture was positive in purulent abscess content.
Conclusion We highlight this condition that, although rare, needs immediate
diagnosis and proper treatment. We also recommend routine testing of throat swabs
and antibiotics prophylaxis to children undergoing esophageal dilatation.

Resumo Introdução A ingestão de soda cáustica é uma causa comum de estenose esofágica
em crianças. O tratamento principal é a dilatação esofágica. Apesar de a dilatação
esofágica endoscópica ser um procedimento sabidamente associado a altos índices de
bacteremia, as diretrizes atuais não recomendam culturas de swabs da garganta ou
antibioticoprofilaxia de rotina para a população pediátrica em geral.
Relato do caso Descrevemos o caso de um menino de 7 anos de idade apresentando
cefaleia refratária, o qual foi diagnosticado com abscesso cerebral após múltiplos
procedimentos de dilatação esofágica para o tratamento de estenose esofágica
causada por ingestão de soda cáustica. O paciente foi submetido a intervenção
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Introduction

Caustic substance ingestion is a common cause of esophageal
stricture in children.1 The primary treatment is esophageal
dilatation.1 Esophageal dilatation is associated with compli-
cations such as perforation, hemorrhage, and mediastinal
abscesses. Occurrence of abscesses in distant organs, includ-
ing the brain, is rare but an important and fatal complica-
tion.2 Streptococcus viridans is the predominant species
associatedwith bacteremia following esophageal dilatation.2

Bacteremia associated with endoscopic dilatation was
detected only in patients presenting esophageal strictures.3

Its onset is subtle and depends largely on clinical awareness
of this condition.2 Current guidelines do not advocate routine
use of antibiotic prophylaxis preceding esophageal dilata-
tion. We report a case of this complication after multiple
endoscopic esophageal dilatations were performed in order
to treat strictures caused by caustic soda ingestion in a child.
We emphasize a rare but potentially fatal complication in a
relatively common scenario that requires attention to the
often unspecific symptoms and their relationship to endo-
scopic procedures, highlighting esophageal dilatation, which
is known to be related to higher rates of bacteremia.

Case Report

A 7-year old male patient presented with severe headache
refractory to conventional analgesic treatment 15 days prior
hospitalization. Only one episode of fever has been reported.
No focal neurologic deficit or signs of meningism were
evident on neurologic examination. Laboratory examination
was essentially normal. The patient had a history of ingestion
of caustic soda one year previously. He had been treated over
the previous year with esophageal endoscopic dilatation,
done four timeswithout any complications reported. None of
the endoscopic interventions had received antibiotic pro-
phylaxis and neither the throat culture swabwas collected. A
computed tomography (CT) scan was performed and dem-
onstrated a right lobe hypodense lesion with contrast en-
hancement that was further evaluated by a magnetic
resonance image (MRI) of the brain. This revealed a lesion
on the right frontal lobe characterized by necrotic center,
peripheral rim of enhancement and extensive area of vaso-
genic edema compatible with brain abscess (►Fig. 1 and
►Fig. 2). He was subjected to emergency surgical interven-
tion to remove the brain abscess. The culture of the material
showed presence of S, viridans. Blood culture was negative.

He was also treated with intravenous antibiotics for 6 weeks
and then discharged without any neurological deficits.

Discussion

The reported incidence of transient bacteremia following
endoscopies and colonoscopies is<5%.3 However, its inci-
dence is much higher following endoscopic dilatation pro-
cedures, with some authors reporting occurrence of 100%
transient bacteremia.3,4 The occurrence of brain abscess
after esophageal dilatation is sporadic, with literature
reports of only 8 cases in the pediatric population.5 Zuccaro
et al demonstrated that blood cultures obtained 1minute
after stricture dilation were positive for S. viridans in 23%, in
17% 5minutes postdilation, and in 5% 30minutes postdila-
tion. In patients with S. viridans bacteremia 1minute after
dilation, cultures were still positive in 74% at 5minutes and
in 10% 20 to 30minutes postdilation.6 Besides, it was also
observed that patients with severe strictures, in whom the

neurocirúrgica e antibioticoterapia endovenosa por 6 semanas. A cultura do material
purulento do abscesso cerebral foi positiva para Streptococcus viridans.
Conclusão Destacamos essa condição que, apesar de rara, necessita diagnóstico
imediato e tratamento adequado. Recomendamos também a coleta de swabs da
garganta de forma rotineira bem como antibioticoprofilaxia para crianças que serão
submetidas a dilatações esofágicas.

Palavras-chave
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Fig. 1 Magnetic Resonance Image. T1 sequence with gadolinium.
Central low signal intensity (hypointense to CSF) – asterisk. Peripheral
low intensity (vasogenic edema) – black arrow. Ring enhancement –
white arrow.
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endoscope could be passed with difficulty, the incidence of
bacteremia was higher. Streptococcus viridans infection is
associated to suppurative abscess mainly in abdominal
viscera and in the brain.2 Although there is no doubt with
regards to antibiotic prophylaxis in children with cardiac
problems, its role in the general child population is contro-
versial. Some predisposing factors of brain abscess develop-
ment are contiguous focus of infection, head injury, and
hematogenous spread from a distant focus.1 In order to
decrease the frequency of bacteremia following esophageal
dilatation, it is recommended to collect throat swabs on the
admission to determine the sensitivity profile of the flora
and culture of the patient to guide appropriated antibiotic
prophylaxis.2 It is also suggested endoscopic lavage with
antiseptic solution or saline solution preceding the proce-
dure.5 Hofmeyr et al2 also suggest that this complication
should be included in the informed consent given to patients
undergoing esophageal stricture dilation. Brain abscesses in
patients undergoing esophageal dilatations may be poten-
tially fatal unless diagnosed and treated properly.1

Conclusion

Considering the rarity of this complication after endoscopic
procedures, there is a paucity of evidence for routine use of

antibiotic prophylaxis. We would recommend a routine
determinationof thethroatcommensalfloraand itssensitivity
and the use of antibiotic prophylaxis in patients undergoing
esophageal dilatation especially in the pediatric age group, as
there are no surrogate signs to provide evidence that a child
may develop an intracranial abscess.
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Fig. 2 Magnetic Resonance Image. Low ADC values (2A) and high signal in diffusion sequence (2B) in the necrotic core are the hallmarks of the
brain abscess, representing thick inflammatory liquid. The FLAIR sequence clearly depicts a hyperintense halo representing extensive vasogenic
edema, also a classic feature of brain abscesses (2C).
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Abstract Introduction Meningiomas are the most common primary intracranial tumors,
accounting for up to 35% of the neoplasms in this category. Approximately 10–20%
of these neoplasms are histologically atypical, and the lymphoplasmacyte-rich menin-
gioma (LPM) corresponds to a very rare subtype of meningioma that is characterized
histopathologically by massive infiltrates of inflammatory cells. The case described in
the present study is the sixth case of an intraventricular LPM found in the literature and
the first case considering the location in the third ventricle.
Case Description A 21-year-old male without previous comorbidities sought medical
attention due to visual impairment (complaining of intermittent visual blur) for
2 months. A magnetic resonance imaging of the brain confirmed the presence of a
well-delimited solid mass in the third ventricle of 3.0� 2.3 cm with a cystic component
that extended itself inferiorly and distorted the visual pathway anatomy. Neuro-
surgeons decided to access the lesion using an interhemispheric transcallosal approach
with a transforaminal access, and the lesion was resected completely. The patient has
an ambulatorial endocrinological follow-up and is neurologically stable 6 months after
the procedure. No new visual deficits were noted.
Conclusion Lymphoplasmacyte-rich meningioma is a very rare intracranial tumor,
and the involvement of the third ventricle make this case unique

Resumo Introdução Os meningiomas são os tumores intracranianos primários mais comuns,
responsáveis por até 35% das neoplasias nessa categoria. Aproximadamente 10–20%
desses tumores são histologicamente atípicos, e o meningioma linfoplasmocítico
(LPM) corresponde a um subtipo muito raro que é caracterizado histopatologicamente
por infiltrados maciços de células inflamatórias. Este é o sexto caso encontrado na
literatura de uma LPM intraventricular e o primeiro caso considerando a localização no
terceiro ventrículo.
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Introduction

Meningiomas are the most common primary intracranial
tumors, accounting for up to 35% of the neoplasms in this
category.1,2 Their origin is from arachnoid caput cells and, of
the 16 subtypes recognized by World Health Organization
(WHO) classification of tumors of the nervous system, the
meningothelial, fibrous and transitional meningiomas are
the most common.3 Approximately 10–20% of these neo-
plasms are histologically atypical, and the lymphoplasma-
cyte-rich meningioma (LPM) corresponds to a very rare
subtype of meningioma that is characterized histopatholog-
ically by massive infiltrates of inflammatory cells, such as
lymphocytes and plasma cells.3,4 Fewer than 110 cases of
LPMs have been reported in the literature, most of which
were isolated case reports.5,6

Regarding topography, most meningiomas develop in the
cerebral convexity, parasagittal, or in the sphenoid ridge, and
the LPMs follow this pattern of distribution. Intraventricular
cases are considered very rare and occur in 0.5 to 3% of all
meningiomas.7

The authors report the sixth case found in the literature of
an intraventricular LPM (first case considering the third
ventricle location) and describe the clinical and histopatho-
logical features of this rare pathology.

Case Report

A 21-year-old male, without previous comorbidities, sought
medical attention due to visual impairment (complaining of
intermittent visual blur) for 2 months. He was referred to an
ophthalmologist, who found bilateral papilledema in the
fundoscopy. The patient was sent to an emergency hospital,
where he performed a computed tomography (CT) of the
head that showed an expansion lesion in the third ventricle.

At neurological examination, there were no other deficits,
such asweakness, paresthesias, loss of the visual field or other
cranial nerves disturbances. The endocrinological evaluation
did not indicate any disturbance of the hormonal axes. The
investigation was complemented with a magnetic resonance
imaging (MRI) of the brain, which confirmed the presence of a

well-delimited solid mass in the 3rd ventricle of 3.0� 2.3 cm,
with a cystic component that extended itself inferiorly and
distorted the visual pathway anatomy (►Fig. 1).

Due to the lesion characteristics, the hypothesis of cra-
niopharyngioma was formulated. The patient was evaluated
by the neurosurgery department, and surgical treatment
was indicated due to the high risk of permanent visual deficit
and deterioration by ventricular obstruction with the lesion
growth.

Neurosurgeons decided to access the lesion using an
interhemispheric transcallosal approach with a transfora-
minal access. It was noted during the intraoperative period
that, in fact, the cystic component presented in theMRIwas a
septation of the third ventricle andwas not part of the tumor
itself. All the visualized tumor was resected using microsur-
gical technique, and tumoral material was collected and sent
for histopathological analysis. At this point, the cyst was
opened and its contents (motor oil aspect) were drained,
decompressing the optic nerve.

The immunohistochemical and histological analysis con-
firmed the diagnosis of LPM, showing positive immunoex-
pression for epithelial membrane antigen (EMA) and cluster
of differentiation 68 (CD68) (►Fig. 2).

After the surgery, the patient developed panhypopituitar-
ism and diabetes insipidus, probably due to manipulation of
the hypothalamus-pituitary pathways. In addition, he devel-
oped a right hemiparesis and paralysis of the left oculomotor
nerve, probably due to surgical manipulation, that resolved
almost completely in the postoperative period.

The postoperativeMRI showed completed resection of the
tumor (►Fig. 3). The patient has an ambulatorial endocrino-
logical follow-up and is neurologically stable 6 months after
the procedure. No new visual deficits were noted.

Discussion

The LPM was first described by Banerjee and Blackwood, in
1971, as a “subfrontal tumor with the features of plasmacy-
toma andmeningioma”8 and has been classified as grade I by
the WHO since 1993.5 According to a more recent series of

Descrição do caso Um paciente do sexo masculino de 21 anos de idade, sem
comorbidades anteriores, procurou atendimento médico devido a deficiência visual
(queixa de borramento visual intermitente) por 2 meses. Foi submetido a uma
ressonância magnética do cérebro que confirmou a presença de uma massa sólida
bem delimitada no terceiro ventrículo de 3,0� 2,3 cm, com um componente cístico
que se estendia inferiormente e distorcia a anatomia da via óptica. Foi decidido acessar
a lesão usando uma abordagem transcalosa inter-hemisférica com acesso transfora-
minal, e a lesão foi ressecada completamente. O paciente tem acompanhamento
endocrinológico ambulatorial e está neurologicamente estável 6 meses após o
procedimento. Nenhum novo déficit visual foi observado.
Conclusão A LPM é um tumor intracraniano muito raro, e o envolvimento do terceiro
ventrículo torna esse caso único.

Palavras-chave

► tumor intracraniano
► meningioma
► meningioma

linfoplasmocítico
► tumor

intraventricular
► neuro-oncologia

Arquivos Brasileiros de Neurocirurgia Vol. 39 No. 2/2020

Lymphoplasmacyte-Rich Meningioma of the Third Ventricle Ferreira et al.150



case, PML is diagnosed more frequently between the third
and fifth decade of life (earlier than in meningiomas in
general). Also, in contrast with regular meningiomas, there
was no gender prevalence in LPMs.5

The epicenter of growth of the LPMs is similar to that
found in meningiomas in general, with the cerebral convexi-
ty being the most common topography. The symptoms are
associated with increased intracranial pressure (headache,
nausea, vomiting, papilledema, and altered level of con-
sciousness), and focal deficits are related to local brain
compression caused by the tumor.5,6

Due to the classification in the WHO class I, LPMs are
considered benign tumors with low rates of recurrence and
aggressiveness.3 Our case corresponded to this benign
profile by presenting a low Ki67 index (less than 0.1% of
the cells). Some reports in the literature point to a more
malignant character of LPM, and these are associated with
higher indices of the Ki679 and earlier neurological deteri-
oration due to the infiltration of inflammatory cells in the
cerebral parenchyma, but this characteristic was not no-
ticed in the neuroimaging studies or in the transoperative
scenario.4,9

Regarding the histological characteristics, this tumor is
marked by dense lymphocyte and plasma cell infiltration
that occasionally overlies the meningeal epithelial cells.
Immunohistochemically, expressions of certain markers,
like EMA, vimentin, and CD68, are fundamental to confirm
and distinguish the origin of the tumor.5,10 The differential
diagnosis is important due to similar lesions that can mimic
the LPM. Plasma cell granulomas (PCGs) are morphologically
similar to LPMs and are difficult to differentiate. Plasma cell
granulomas are characterized as non-neoplastic hyperplasia,
which have massive infiltration of the lymphocytes, plasma-
cytes, and histiocytes. However, the typical meningioma
morphology of a fibrous, spiral, or storiform shape is absent,
and there is no positivity on the EMA and vimentin
markers.10 Examples of other neoplasms that can mimic
LPM include chordoid meningioma, multiple myeloma, soli-
tary plasmacytoma, plasma cell granuloma, giant lymph
node hyperplasia, and sinus histiocytosis.11

Lymphoplasmacyte-rich meningiomas of the ventricular
system are extremely rare, and there are only 5 cases
reported in the literature.5Most cases occurred in the lateral
ventricle, and there is no record of this type of meningioma

Fig. 1 Preoperative magnetic resonance imaging of the brain. T1 weighted with contrast injection images. (A) coronal view. (B) sagittal view. (C)
axial view of the solid component. (D) axial view of the cystic component. An expansive lesion enhanced by contrast is noted on the floor of the
third ventricle with a cystic component that exerted mass effect and distorted the visual pathway.
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affecting the thirdventricle.Meningiomas of this location are
a great therapeutic challenge due to the difficult surgical
access as well as the risk of damaging important midline
structures, such as the diencephalon.

Usually, these lesions are indicated for surgical treatment
due to the rapid neurological deterioration and the risk of
developing acute hydrocephalus by obstruction of the fora-
menofMonro.2 The approachmethod should be planned and
individualized for the best optimization and effectiveness of
the surgical procedure. Our case had a complex lesion
involving the third ventricle and the suprachiasmatic cistern
as well as an important relation with the optic pathway. Due

to the location of the tumor, an interhemispheric trans-
callosal approach was chosen, which allowed a great visuali-
zation of the tumor and, consequently, complete
macroscopic resection of the tumor. Despite the effort to
preserve adjacent structures, the development ofdeficits due
to surgical manipulation cannot be avoided.

Conclusion

Lymphoplasmacyte-rich meningioma is a very rare intracra-
nial tumor, and the involvement of the third ventricle makes
this case unique. The definitive diagnosis of LPM relies on

Fig. 2 Histopathological aspect of the lesion. (A) Lymphoplasmacyte-rich meningioma: Neoplastic meningothelial cells intermixed with
numerous lymphocytes, macrophages, and plasma cells, hematoxylin and eosin, 100x. (B) meningothelial cells showing positive immunoex-
pression for epithelial membrane antigen, 200x. (C) Macrophages exhibiting positive immunoexpression for cluster of differentiation, 200x.

Fig. 3 Postoperative magnetic resonance imaging of the brain. T1 weighted with contrast injection images. (A) axial view. (B) sagittal view.
Complete resection of the previous lesion.
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histopathological findings and total surgical excision
remains as the standard treatment for this type of tumor.
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