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Restoration of Elbow Flexion in Traumatic
Upper Brachial Plexus Palsy in Adults:
Outcome with Intraplexus Distal Nerve
Transfers in 78 Patients

Restauração da flexão do cotovelo na paralisia
traumática superior do plexo braquial em
adultos: resultado com transferências
intraplexuais distais em 78 pacientes
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Abstract Objective To present the functional outcomes of distal nerve transfer techniques for
restoration of elbow flexion after upper brachial plexus injury.
Method The files of 78 adult patients with C5, C6, � C7 lesions were reviewed. The
attempt to restore elbow flexion was made by intraplexus distal nerve transfers using a
fascicle of the ulnar nerve (group A, n ¼ 43), or a fascicle of themedian nerve (group B,
n ¼ 16) or a combination of both (group C, n ¼ 19). The result of the treatment was
defined based on the British Medical Research Council grading system: muscle
strength < M3 was considered a poor result.
Results The global incidence of good/excellent results with these nerve transfers was
80.7%, and for different surgical techniques (groups A, B, C), it was 86%, 56.2% and
100% respectively. Patients submitted to ulnar nerve transfer or double transfer
(ulnar þ median fascicles transfer) had a better outcome than those submitted to
median nerve transfer alone (p < 0.05). There was no significant difference between
the outcome of ulnar transfer and double transfer.
Conclusion In cases of traumatic injury of the upper brachial plexus, good and
excelent results in the restoration of elbow flexion can be obtained using distal nerve
transfers.
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Introduction

Restoration of elbow flexion is usually the first priority in
the surgical treatment of traumatic brachial plexus injuries
in adults.1–3 The aim of the surgical reconstruction is to
restore biceps muscle function and sometimes brachial
muscle function as well, through musculocutaneous rein-
nervation. Several operative procedures have been de-
scribed with this purpose, including the direct repair
with nerve grafting using one or more nonavulsed roots
as donors of regenerating axons, or nerve transfers using
uninvolved adjacent nerves originating or not from the
plexus. Despite the extensive experience gained in the
last decades with those techniques, there is no consensus
about the best strategy to restore elbow flexion. Recently,
distal nerve transfers, initially indicated only for nerve root
avulsion injuries, became popular for the treatment of
postganglionic nerve injuries as well, but there is no
prospective, randomized controlled trials comparing recon-
struction with grafts or nerve transfers in the literature. The
objective of this retrospective study is to present the out-
comes and compare the results of different techniques of
distal nerve transfer for restoration of elbow flexion in
traumatic upper brachial plexus lesions in adults.

Materials and Methods

Over an eight-year period (from January 2004 to Janu-
ary 2012), 406 patients with closed traumatic brachial
plexus injuries were operated in the Peripheral Nerve Sur-
gery Unit of the Division of Functional Neurosurgery of the
Medical School of Universidade de São Paulo, Brazil. Cases of

complete brachial plexus lesions, with late referral (more
than 1 year after the lesion), with insufficient follow-up (less
than 18 months), and cases lost during the follow-up were
discarded. Patients submitted to nerve grafting, to neurol-
ysis, and those submitted to late secondary procedures
(muscle/tendon transfers) were discarded as well. A total
of 78 patients with C5, C6, � C7 lesions remained for com-
parative retrospective analysis. The typical lesion was a
closed traction brachial plexus injury that failed to show
progressive spontaneous improvement. Prior to the surgical
reconstruction, the patients underwent a physical examina-
tion, electrodiagnostic studies, imaging studies (computed
tomography myelography or magnetic resonance imaging)
and intraoperative observation.The nerve transfers were
performed when the C5 and C6 roots had been avulsed, or
when the patient was referred more than 8 months after the
injury. The time interval from the injury to brachial plexus
reconstruction was always shorter than 1 year, and the
surgeries were grouped as early (less than 6 months) and
overdue (more than 6 months).

The attempt to restore elbow flexion was made by intra-
plexus distal nerve transfers using a fascicle of the ulnar
nerve (group A) (►Fig. 1), or a fascicle of the median nerve
(group B) (►Fig. 2) or a combination of both techniques
(fascicles of median and ulnar nerves; group C) (►Fig. 3).

Postoperatively, the affected upper limbwas immobilized
in internal rotation with the elbow flexed at ninety degrees
for three weeks, and after this time the patients were
referred to rehabilitation. The postoperative follow-up con-
sisted of clinical evaluations every 6months after surgery, for
a period of at least 18months. In the final clinical evaluation,
the result of the treatment was defined based on the British

Resumo Objetivo Apresentar os resultados funcionais das técnicas de transferências de
nervos para a restauração da flexão do cotovelo em lesões traumáticas superiores
do plexo braquial.
Método Foram revisados os arquivos de 78 pacientes adultos com lesões de C5, C6,�
C7. Na tentativa de restaurar a flexão do cotovelo, foram realizadas transferência de
nervos intraplexuais distais utilizando um fascículo do nervo ulnar (grupo A, n ¼ 43),
ou um fascículo do nervo mediano (grupo B, n ¼ 16) ou uma combinação de ambos
(grupo C, n ¼ 19). Os resultados do tratamento com diferentes tipos de transferências
de nervos foram definidos com base no sistema de graduação do British Medical
Research Council: força muscular < M3 foi considerado como mau resultado.
Resultados A incidência global de bons/excelentes resultados com essas transferên-
cias de nervos foi de 80,7% e para as diferentes técnicas cirúrgicas (grupos A, B, C), foi
de 86%, 56,2% e 100%, respectivamente. Pacientes submetidos à transferência do
nervo ulnar ou à dupla transferência (transferência de fascículos ulnar þ mediano)
alcançaram melhor resultado que aqueles submetidos à transferência isolada de
fascículo do nervo mediano (p < 0,05). Não houve diferença estatística significativa
entre os resultados da transferência de fascículo do nervo ulnar e a transferência dupla.
Conclusão A transferência distal de nervos pode produzir resultados bons e exce-
lentes na restauração da flexão do cotovelo em pacientes com lesão traumática do
plexo braquial superior.

Palavras-chave

► paralisia do plexo
braquial

► transferências distal
de nervos

► restauração da flexão
do cotovelo
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Medical Research Council (BMRC) grading system (which
goes fromM0 to M5). Elbow flexion strength �M3 (contrac-
tion with active movement of normal amplitude against
gravity) was considered a good result.Muscle strength < M3
was considered a poor result. The final outcome of the three
treatment groups was compared.

The statistical analysis for group comparison was per-
formed using the Fisher exact test. TheMann-Whitney U test
was applied for the comparison of the surgical timing
between patients with good and bad outcomes. The differ-
ences between the groups were considered significant when
p < 0.05.

Fig. 1 Operative view, left arm, medial surface. Transfer of a motor fascicle of the ulnar nerve, usually related to the flexor carpi ulnaris muscle,
to the motor branch of the musculocutaneous nerve of the biceps muscle.

Fig. 2 Operative view, left arm, medial surface. Transfer of a motor fascicle of the median nerve, usually related to the flexor carpi radialis
muscle, to the motor branch of the musculocutaneous nerve of the biceps muscle.

Fig. 3 Operative view, left arm, medial surface. Double transfer of a motor fascicle of the ulnar nerve to the motor branch of the
musculocutaneous nerve of the biceps muscle, and of a motor fascicle of the median nerve to the motor branch of the meusculocutaneous nerve
of the brachialis muscle.

Arquivos Brasileiros de Neurocirurgia Vol. 37 No. 4/2018
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Results

Most of the patientsweremale (93.4%)with an average age of
28.7 years (range: 18 to 67 years). Motorcycle accidents were
responsible for 79% of the injuries.

The donor nerves for intraplexus nerve transfers (78
patients; ►Table 1) included a fascicle of the ulnar nerve
(group A: 43 patients), a fascicle of the median nerve (group
B: 16 patients), and a combination of fascicles from the ulnar
and median nerves (group C: 19 patients). The global inci-
dence of good/excellent results with these nerve transfers
was of 80.7%. For different surgical techniques (groups A, B
and C) the percentage of good/excelente results was of 86%,
56.2% and 100% respectively. Patients submitted to ulnar
nerve transfer or double transfer had a better outcome than
those submitted to median nerve transfer alone (p < 0.05).
There was no significant difference between the outcome of
groups A and C. Patients with good outcomes were operated
sooner than those with bad outcomes (p < 0.05), but there
was no statistical difference regarding surgical timing among
the groups.

Discussion

Adult brachial plexus paralysis is caused mainly by high
velocitymotor vehicle accidents and involves primarily young
male adults.4 The socioeconomic impact of these injuries is
usually high because the patients have to face a prolonged
period of rehabilitation, and sometimes the final outcome is
permanent paralysis. The functional outcome achieved with
the surgical treatment of these patients has improved over the
lastdecades, and therestorationofelbowflexion,an important
function for daily activities, is the highest priority in the
reconstruction. In our series, the reinnervation of the biceps
muscle through the reconstruction of the musculocutaneous
nervewas performed at the same time as the reinnervation of
other targets, aiming to achieve as much of the entire plexus
reconstructionaspossible. Thestrategyweused toreconstruct
the musculocutaneous nerve included the primary grafting
and the transfer of intraplexus and extraplexus nerves. The
choiceofdonornerves for transfers reliedon theseverityof the

injury, the availability of motor donors, and surgeon prefer-
ence. Inpartial lesions, primary grafting and intraplexus nerve
transfers were used for the reconstruction of the musculocu-
taneous nerve. In complete lesions, primary grafting and
extraplexus transfers were performed. The great boost in
the surgical treatment of traumatic brachial plexus lesions
came after the introduction of primary grafting with micro-
surgical techniques.2,5,6 Usually, a full exploration of the
supraclavicular part of the plexus is performed to establish
the extent and severity of the injury, and if any nerve roots are
suitable for nerve graft repair. Even in complete clinical
brachial palsies at least one root is available as a donor in
many cases. The nerve grafts are usually coapted proximally to
the C5 and/or C6 roots, and the distal coaptation can be in the
upper trunk, the anterior division of the upper trunk, the
lateral cord, or the musculocutaneous nerve itself, but the
results with this approach are far from satisfactory. Data from
the literature demonstrates that good/excellent results with
primary grafting could be achieved in 10.4 to 92% of the
patients (average ¼ 66.2%).7–19 In the same period in which
the data related to the intraplexus nerve transfers was collect-
ed fromour series,weperformednerve grafting in 38patients,
connecting C5, C6 or both nerve roots to the upper trunk (2
cases), the upper trunk anterior division (24 cases), the lateral
cord (3 cases), or directly to the musculocutaneous nerve (9
cases). Altogether, 23 patients (60.5%) achieved M3 or a
higher degree of elbow flexion. Altough some authors6,20–22

do prefer intraplexus donors (roots or trunks) for neurotiza-
tion of the musculocutaneous nerve, the unsatisfactory
results, the absence of a prospective, randomized clinical trial
comparing nerve transfers versus nerve grafts, and a recent
review demonstrating that in upper brachial plexus injuries
nerve transfers aremoresuccessful for the restorationofelbow
flexion than nerve grafting23 motivated us to review our
intraplexus transfer results.

The transfer of anulnar nerve fascicle (usually related to the
flexor carpi ulnaris muscle) to the motor branch of the
musculocutaneous nerve of the biceps muscle was described
by Oberlin et al,24 and presents good/excellent results (M3 or
higher) in the literature, ranging from 61.1 to 100%
(average ¼ 83.5%).9,18,24–37 We used this technique in 43

Table 1 Results of intraplexus nerve transfers

Results of Intraplexus Nerve Transfers

Donor Target Cases Good/excellent results (M3-M4)

Total Surgery < 180 days
before the lesion

Surgery >180 days
after the lesion

Ulnar
motor fascicle

motor branch of the
musculocutaneous
nerve of the biceps muscle

43 37 cases/86% 17 cases/100% 20 cases/76.9%

Median
motor fascicle

motor branch of the
musculocutaneous
nerve of the biceps muscle

16 9 cases/56.2% 5 cases/62.5% 4 cases/36.3%

Ulnar/median
motor fascicles

motor branches of the
musculocutaneous
nerve of the biceps and
brachialis muscles

19 19 cases/100% 6 cases/100% 13 cases/100%
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patients, obtaining good/excellent results (M3 or higher) in 37
(86%) of them. The reinnervation of the biceps muscle using a
fascicle of themedian nerve (usually related to theflexor carpi
radialismuscle)wasdescribedbyHouandXu38 in 2002andby
Sungpet et al39 in 2003. The reported outcomes with this
technique vary from 63.6 to 100% (average ¼ 86.7%) of good/
excellent results.27,38–40 Although some authors prefer this
transfer to the procedure described by Oberlin because of the
larger diameter of the median nerve and its proximity to the
musculocutaneous nerve,40 the incidence of good/excellent
results in our series (9patients out of 16; 56.2%)was inferior to
the results using anulnar fascicle. In an attempt to improve the
results of the Oberlin procedure, a concomitant transfer of a
fascicle of the median nerve to the motor branch of the
musculocutaneous nerve of the brachialis muscle was intro-
duced in 2003 by Tung et al.41 The published outcome of this
technique ranges from 75 to 100% of good/excellent results
(average ¼ 93.4%).25,26,30,41–45 Two recent publications26,46

demonstrated that the intensity of the elbow flexion did not
differ significantly between groups of patients treated with
single (biceps) and double (biceps and brachial) muscle inner-
vations; however, we achieved 100% of good/excellent results
with the double transfer in this series. Although the results
were better thanmedian nerve transfers, therewas no signifi-
cant difference between double transfers and isolated ulnar
nerve transfers.

Several factors may be related to better results in intra-
plexual distal nerve transfers when comparing them with
supraclavicular brachial plexus grafting: two suture junctions
in autogenous nerve grafting versus single suture junction in
nerve transfer; in intraplexus nerve transfers, the coaptation
betweenthedonorand the target nerves is closer to themuscle
to be innervated than in nerve grafting; grafts usually are not
necessary in intraplexus transfers; albeit injured, the nerve
transfer recipient is vascularized, while grafts are non-vascu-
larized; the operative site is usually more fibrotic in the
grafting procedure; in intraplexus nerve transfers, combina-
tions of similarly behaving neuromuscular units facilitating
the cortical adaptation are generally used.47,48

The present study has some limitations. It is a retrospec-
tive series, and the number of patients is relatively small.
Prospective randomized trials should certainly providemore
definitive answers.

Conclusion

Our data showed acceptable outcomes, comparable to previ-
ously reported results in the literature. At the moment,
intraplexus distal nerve transfers are our prefered strategy
for the reinnervation of the biceps and sometimes the
brachialis muscle as well.
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Abstract Objectives The aim of the present study was to analyze the prognostic impact of
intracranial pressure (ICP) monitoring in patients with severe traumatic brain injury (TBI).
Methods An observational, retrospective and quantitative study was performed. The
sample consisted of 246 patients diagnosed with severe TBI, from January 2009 to
August 2017.
Results Out of the total sample, 43.56% of the patients were submitted to ICP
monitoring. The mean time of use of the catheter was 1.7 days. In both groups, males
were the most affected, and the majority of the patients were < 50 years old.
Automobile accident was the main etiology of TBI. In the initial clinical evaluation,
mydriatic pupils were related to death and normal pupil reaction at hospital discharge.
Themonitored group performed a larger number of computed tomography (CT) scans,
with amean of 2.6 examinations, with cerebral edema being themost common finding.
Regarding the prognosis, those who used a catheter for ICP monitoring had a 47%
reduction in the chance of death when compared with those who did not use the
catheter. The stay duration both in the hospital and in the intensive care units was
higher in patients who underwent ICP monitoring; periods > 30 days were related to
meningitis, especially in those who used the catheter.
Conclusion Patients who used a catheter for ICP monitoring had a significant
improvement in survival.
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Introduction

Traumatic brain injury (TBI) constitutes a relevant socioeco-
nomic problem throughout the world and is considered a
major cause of death and incapacity, especially in individuals
< 45 years old.1,2 In Brazil, themortality rates are influenced
by several factors, and may reach 37% in some regions of the
country.3

Intracranial pressure (ICP) reflects the connection be-
tween the internal contents of the cranial cavity—which is
composed primarily of cerebrospinal fluid (CSF), the brain,
and blood—and the volume of the skull. When the structures
that make up the skull are submitted to the same force, they
respond differently, since they have different densities,
which can lead to an increase of the ICP.4–6

According to the guidelines of the BrainTrauma Foundation
(BTF), ICP monitoring should be considered as part of the
standard care in patients suffering from severe TBI. In Brazil,
however, the Recommendations Report of the National Com-
mission for the Integration of Information Technology, pub-
lished in 2014 by the Brazilian Unified Health System (SUS, in
the Portuguese acronym) under the title CONITEC 125, does
not recommend this practice because of the lack of clinical
effectiveness of the procedure. – This is contrary to the
international and national guidelines, as well as to the recom-
mendations of the medical societies of the specialty.7–11

Therefore, thepresent studyaimed toverify theprognosis of
patientswith severe TBIwho underwent ICPmonitoring when
compared with those who did not undergo the procedure.

Materials and Methods

An observational, retrospective and quantitative study was
performed.

Ethical Aspects
The present study only started after being approved by the
Human Research Ethics Committee (CEP, in the Portuguese
acronym) of the Universidade do Extremo Sul Catarinense
(UNESC), under the number 2.271.904, and by the CEP of the
Hospital São José, under the number 2.604.092.

Samples and Observational Groups
The sample was collected in a hospital in Criciúma, in the
state of Santa Catarina, Brazil. Patients who had been diag-
nosed with severe TBI (n ¼ 129) and patients who used
intraventricular catheters to monitor ICP due to severe TBI
(n ¼ 134) between January 2009 and August 2017 were
selected. Patients who either had been diagnosed with
pathologies different from severe TBI, were < 18 years old,
or who needed immediate neurosurgery at admission were
excluded from the study.

Procedures
A data collection instrument was developed aiming to eval-
uate the main variables of interest of the research, which
allowed the comparison with other studies previously per-
formed on the same topic. The instrument evaluated four
main domains: the epidemiological profile of the population,

Resumo Objetivos O objetivo do presente estudo foi verificar o impacto prognóstico da
monitorização da pressão intracraniana (PIC) em pacientes com traumatismo cra-
nioencefálico (TCE) grave.
Métodos Foi realizado um estudo observacional, retrospectivo e de natureza quan-
titativa. A amostra foi composta por 246 pacientes com diagnóstico de TCE grave no
período de janeiro de 2009 a agosto de 2017.
Resultados Da amostra total, 43,56% dos pacientes foram submetidos à monitori-
zação da PIC. O tempo médio de uso do cateter foi de 1,7 dias. Em ambos os grupos, o
gênero masculino foi o mais acometido, e a idade da maior parte dos pacientes
era < 50 anos. Acidente automobilístico foi a principal etiologia do TCE. Na avaliação
clínica inicial, pupilas midriáticas relacionaram-se ao óbito, e pupilas isofotorreagentes
à alta hospitalar. O grupo monitorizado foi submetido a uma quantidade maior de
exames de tomografia computadorizada (TC) do crânio, com uma média de 2,6
exames, sendo edema cerebral o achado mais comum. Quanto ao prognóstico, os
pacientes que utilizaram cateter para monitorização da PIC tiveram uma redução de
chance de ir a óbito de 47% quando comparados aos que não utilizaram o cateter. O
tempo de permanência hospitalar e na unidade de terapia intensiva foi maior para
aqueles que receberam monitorização da PIC, sendo que períodos > 30 dias se
relacionaram com meningite, principalmente naqueles que utilizaram o cateter.
Conclusão Pacientes que utilizaram cateter para monitorização da PIC tiveram
melhora significativa da sobrevida.

Palavras-chave

► traumatismo
cranioencefálico

► pressão intracraniana
► prognóstico
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the initial clinical evaluation, the radiological evaluation, and
the outcome of the case.

At the initial clinical evaluation, patients with TBI, with
Glasgow Coma Scale scores between 3 and 4 and presenting
with mydriatic pupils were considered as subjects with a
reserved prognosis.

Statistical Analysis
Data analysiswasperformedwith SPSSStatistics forWindows,
version 22.0 (IBM Corp., Armonk, NY, USA). The qualitative
variables were expressed by frequency and percentage, and
the quantitative variables by average and standard deviation
(SD), when they presented normal and average distribution,
and by interquartile range when they did not follow this type
of distribution. The normality tests used were the Shapiro-
Wilk and the Kolmogorov-Smirnov tests.

The statistical analysis was performed by applying the
Mann-Whitney U test, the Pearson chi-squared test, and the
Fisher Exact test, with a relevance level of p ¼ 0.05; the
analysis of residues was performed when a statistical signif-
icancewas observed. Themagnitude of the association found
was investigated by odds ratio (OR).

Results

The group that received ICP monitoring corresponds to
47.56% (n ¼ 117) of the sample, with an average of 1.7
days of use of the catheter. Both in those who were and
the ones who were not submitted to ICP monitoring, males
were the most affected, with a prevalence of > 80% of the
individuals evaluated (p ¼ 0.392).

The age ranged between 18 and 88 years old, and 72.76%
of the patients were < 50 years old. The group receiving ICP
monitoring was younger, with an average age of 36.38 years
old and a SD of 17.05 years. The average age of the other
group was 39.78 � 18.14 years old (p ¼ 0.135).

The main cause of TBI in the present study was an
automobile accident, which was also the main etiology in
those who underwent ICP monitoring. In those who did not
use the catheter, other trauma mechanisms, such as aggres-

sion, gunshot wounds, and being run over by a car, were
more common (p ¼ 0.001). (►Fig. 1)

In the initial clinical examinationof thepatientswith severe
TBI, the mydriatic pupillary pattern was related to death, and
normal pupil reactionpupilswere related to hospital discharge
(p < 0.001). The use of the catheter was related both to the
normal pupil reaction-pupils and to the miotic pupils
(p ¼ 0.003).

Regarding the performance of cranial computed tomog-
raphy (CT) scans, the monitored group was submitted to a
larger number of exams, with an average of 2.6 examinations
(p < 0.001), and the most common finding being cerebral
edema. In relation to the patients who were monitored, the
finding of subdural hematoma (p ¼ 0.014) and of midline
deviation (p ¼ 0.026)was statistically significant when com-
pared with the other group.

Regarding the length of hospital stay, the group of patients
who underwent ICP monitoring were hospitalized for a
longer time (p < 0.001) and remained longer in the intensive
care unit (ICU) than the other group (p ¼ 0.005). (►Table 1)

When analyzing the prognosis of the patients, there is
statistically significant evidence that the individuals who
used the catheter for ICP monitoring have a 47% chance of
dying, as opposed to the group that did not receive this
monitoring (OR ¼ 0.53; 95% confidence interval [CI] 0.31–
0.90; p ¼ 0.009).

Regarding the complications, a statistically significant
correlation between a hospital stay > 30 days and the de-
velopment of meningitis (p < 0.001) was shown, with the
majority of these patients being submitted to ICP monitor-
ing, although the expected outcome for these patients
(p ¼ 0.018) had no correlation with the number of days of
catheter use (p ¼ 0.210). In addition, no statistically signifi-
cant correlation was found between the duration of catheter
use, and other complications, such as infection at the place of
the surgical wound, and/or ventriculitis.

The monitored group was more likely to have motor
deficit at hospital discharge (p ¼ 0.036) and to need to
progress to decompression 24 hours after being admitted
to the hospital. In contrast, unmonitored patients had a
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Fig. 1 Mechanism of trauma. �Value obtained after Pearson chi-square test. Others: trampling, assault and gunshot wounds.
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higher predicted rate of guarded prognosis in the initial
evaluation. (►Table 2)

Discussion

The main outcome of the present study was that the use of
the catheter for ICP monitoring is related to reduction in the
mortality rate (OR ¼ 0.53; 95% CI: 0.31–0.90) of patients
with severe TBI. Intracranial pressure monitoring is indicat-
ed in all patients with severe TBI, that is, thosewho present a
score between 3 and 8 points in the Glasgow Coma Scale and
have an abnormal cranial CT scan. In some cases, even with
an unchanged CT, monitoring is indicated if 2 or more of the
following characteristics are observed at the time of admis-
sion: pathological posture, age > 40 years old, or systolic
blood pressure < 90 mmHg.8,12

Increased ICP is the leading cause of death and sequelae
following severe brain injury, predominantly within the first
48 hours after the injury.13 Intracranial pressure monitoring
helps to recognize these elevations in PIC, allowing for early
interventions that can control secondary damage due to
increasing pressure within the rigid skullcap.2,14 In the
evaluated sample, more than 50% of the patients who used
the catheter for ICP monitoring evolved for decompression,
confirming the efficacy of the method in interpreting pres-
sure variations early, thus allowing for a more appropriate
clinical-surgical approach.15,16

The present study reinforces data from other authors that
have demonstrated a positive association between ICP mon-
itoring and mortality reduction in these patients.2,12,17,18

However, some authors question its efficacy, demonstrating
negative results with ICP monitoring.19–22 These studies
have some limitations, such as the non-recognition of the
cause of death and the non-measurement of the CT findings
of the patients.

In the present study,more than 80% of the patients in both
groups were male. Similar data have already been reported
previously, even showing proportions > 3.5men affected for
each woman.23,24 This finding can be attributed to the
greater exposure of males to TBI risk factors, such as auto
accidents and urban violence.25

Regarding the age group, a higher prevalence of severe TBI
was observed in young adults, and the population < 50 years
old corresponded to > 70% of the sample. This is a period of
life with greater exposure to traumatic injuries, which is in
line with the data that defines automobile accidents as being
the main etiology of TBI in the present study, as reported by
other authors.24,26,27

In the initial clinical examination, there was a correla-
tion between the finding of mydriasis and the clinical
outcome of death. This finding in trauma patients suggests
a mechanical compression of the third cranial nerve or a
decrease in the blood flow to the brainstem.28,29 Other
authors have already demonstrated this association as
the worst indicator of the outcome of the patient, although
the definition of the prognosis depends on other factors,
such as hospital interventions and resuscitation meas-
ures.29–31 In the present study, no difference was observed
in the frequency of pupillary alterations between groups,
unlike other authors who correlate abnormal pupillary
reactions and greater amount of catheter insertion for
ICP monitoring.32

Patients who undergo ICP monitoring tend to have a
longer hospital and intensive care unit stay than those
who are not submitted to the procedure.6,19 In the present
study, the data were reconfirmed before and after the
exclusion of the patientswho died, possibly due to the longer
survival of these patients when compared with the non-
monitored group.12,33

There was an association between the use of the catheter
and the development of meningitis, a complication already
described by other authors, who correlate it with a monitor-
ing time > 5 days.34 In the present study, there was no
statistical significance regarding this temporal correlation,

Table 1 Length of hospital stay and in intensive care unit

Variables Use of catheter, n (%) p-value

Yes No

n ¼ 117 n ¼ 129

Days of hospitalization †

0–10 14 (12.0) 70 (54.3)b < 0.001��

11–20 35 (29.9) 28 (21.7)

21–30 54 (46.2)b 20 (15.5)

> 30 14 (12.0) 11 (8.5)

Days of
hospitalization ††

10.00
(6–15.5)

4.00
(1–13)

0.005�

� Value obtained after application of Mann-Whitney U test.
�� Value obtained after Pearson chi-squared test.
†Days of total hospital stay.
††Days of hospitalization in the intensive care unit (values expressed in
median and interquartile range).

bStatistically significant value after the residue analysis.

Table 2 Characteristics of patients who were managed with
and without intracranial pressure monitoring

Variables Use of catheter, n (%) p-value

Yes No

n ¼ 117 n ¼ 129

Reserved prognosis

Yes 2 (1.7) 48 (37.2) < 0.001�

No 114 (98.3)b 81 (62.8)

Need for decompression

Yes 54 (52.9)b 26 (20.2) < 0.001�

No 48 (47.1) 103 (5.2)

Motor deficit at hospital discharge

No 103 (45.6) 123 (54.4) 0.036�

Yes 14 (70.0)b 6 (30.0)

�Value obtained after Pearson chi-squared test.
bStatistically significant value after the residue analysis.
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since the patients who developed meningitis had an average
time of use of the catheter of 3.53 (SD: 1.92) days. The
insertion of the catheter itself is considered as an indepen-
dent risk factor for the development of meningitis.8,35More-
over, other factors found in the present study contribute to
this finding, such as prolonged hospital and ICU stay, as well
as the TBI itself.35

The patients who received ICP monitoring underwent a
larger number of CT scans, probably due to the increased
hospital stay and to the necessity of severe TBI control.
Cerebral edema was the most common finding, present in
59% of the CT scans performed. The literature reports that
cerebral edema appears between 24 and 48 hours after the
trauma, due to fluid accumulation, and it can be considered
as a predictive factor of increased ICP.36

When comparing the two groups, we observed a higher
frequency of subdural hematoma in those who received ICP
monitoring. However, we did not find a relation between this
finding and aworse prognosis, as has been described in other
studies.27,37 Although there is no specific correlation be-
tween CT findings and ICP value, this is the examination of
choice for patients with severe TBI because it allows the
etiological diagnosis and indicates findings suggestive of
intracranial hypertension.

The present study has some limitations, such as the
impossibility of performing a periodic follow-up of the
patients after they were discharged. Although the associa-
tion between catheter use and a greater amount of motor
deficit at the time of the discharge was verified, it was not
possible to describe the long-term clinical outcome.

Furthermore, the guidelines regarding the use of the
catheter for ICP monitoring do not constitute a universal
protocol, and the final decision involves multiple factors,
among them the clinical condition of the patient and the
judgment of the neurosurgeon. Therefore, it is possible to
presume a reserved prognosis, in which the real perspective
of recovery can be considered null and the use of certain
procedures presents a smaller benefit than its possible
complications.

We suggest new studies that contemplate protocols for a
more uniform selection of patients, excluding the selection
bias, which may differ greatly when indicated by different
professionals, modifying the final results.

Conclusion

In the present study, it was evidenced that the use of the
catheter for ICP monitoring was associated with lower
hospital mortality, suggesting that this is a predictor of
improvement in the prognosis of the patients submitted to
ICP monitoring. This is due to the sensitivity of the method
regarding an early diagnosis of increases in the ICP, which
enables a prompter intervention and reduces possible se-
quelae due to hypoxia or ischemia secondary to intracranial
hypertension.
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Abstract Introduction Glioblastomas are malignant neoplasms, notorious for their poor
prognosis. We have conducted a survival analysis in a sample of elderly patients
with glioblastomas.
Methods The sample of the present study consisted of elderly patients consecutively
admitted from January 2014 to January 2016 (24 months) at the Hospital do Servidor
Público Estadual de São Paulo. We have evaluated the impact of age, Karnofsky scale
(KS) score, tumor location, and occurrence of perioperative complications.
Results A total of 42 patients were analyzed. Of these, 23 (54.7%) were men, and 19
(45.3%) were women. Patients > 60 years old, with low KS score, deep-seated tumors,
and those with perioperative complications had worst outcomes.
Discussion and conclusion Surgery, perioperative chemotherapy and radiotherapy
add survival time and quality of life to these patients. In patients with low KS score,
isolated radiotherapy and/or chemotherapy might be adequate. Decreasing perioper-
ative complications is essential to adequately deliver adjuvant therapy in elderly
patients.

Resumo Introdução Os glioblastomas são neoplasias malignas, notórios por seu mau prog-
nóstico. Realizamos uma análise de sobrevivência em uma amostra de pacientes idosos
com glioblastomas.
Métodos A amostra consistiu de pacientes idosos admitidos consecutivamente de
janeiro de 2014 a janeiro de 2016 (24 meses) no Hospital do Servidor Público Estadual
de São Paulo. Avaliamos o impacto da idade, da pontuação na escala de Karnofsky (KS,
na sigla em inglês), da localização do tumor e da ocorrência de complicações pós-
operatórias.

received
May 19, 2018
accepted
August 31, 2018
published online
November 6, 2018

DOI https://doi.org/
10.1055/s-0038-1675364.
ISSN 0103-5355.

Copyright © 2018 by Thieme Revinter
Publicações Ltda, Rio de Janeiro, Brazil

THIEME

Original Article | Artigo Original 297



Introduction

High grade gliomas (HGG) are malignant neoplasms, notori-
ous for their poor prognosis, and glioblastomas (GBs) are the
most aggressive and frequent among them. The mean age at
the time of the diagnosis of GBs is between the 5th and 6th

decades of life, with a recent increase in the number of
patients > 70 years old. This diagnosis is becoming more
common due to the aging of the population and to the
popularization of imaging examinations.1–9

Managing elderly patients with this condition is challeng-
ing. Some questions concerning GBs in the elderly include
surgical strategy (biopsy, subtotal resection, gross total
resection), adjuvant therapy, and survival time. A clear
knowledge of the natural history of the disease is still lacking
and, therefore, many clinical trials in oncology exclude
elderly patients, including some of those due to malignant
brain tumors, which results in less evidence to guide the
treatment of these patients.10–19

Elucidating the behavior of GBs in elderly patients and the
potential factors associated with the natural history of the
disease and survival time is fundamental to establish proper
treatment, since optimal patients may be treated with the
whole current oncologic portfolio. On the other hand,
patients with a poor prognosis should be included in less
aggressive protocols.20–29

We have conducted a survival analysis in a sample of
elderly patients with GB. We have evaluated the impact of
age, gender, Karnofsky scale (KS) score, tumor location and
occurrence of perioperative complications.

Methods

The study sample consisted of patients with GBs admitted
consecutively from January 2014 to January 2016
(24 months) at the Hospital do Servidor Público Estadual
de São Paulo (HSPE-SP). We have enrolled the patients in the
study and followed them up while they were under treat-
ment for GB.

The project was approved by the Research Ethics Com-
mittee of the HSPE-SP.

We have evaluated the impact of age, gender, KS score,
tumor location and laterality, and the occurrence of compli-
cations. Additionally, we have described the influence of

postoperative complications in the beginning of adjuvant
treatment and its impact on the final survival time.

Glioblastoma Treatment Protocol
The rationale for GB treatment adopted in our service is
maximum surgical resection with optimal functional pres-
ervation and ulterior radiation therapy (RT) and chemother-
apy with temozolomide (TMZ).

Standard adjuvant therapy to eligible patients consists of
between 50 and 60 Gy of radiotherapy (RT) divided in 30
sessions (a total of 42 days of therapy). During the RT
treatment, the patients also received TMZ at a daily dose
of 75 mg/m2. After finishing the RT treatment, the TMZ dose
was increased to 150 mg/m2 and administered for 5 conse-
cutive days in each following 12 months.

Definition of Location
When evaluating the radiological images, obtained through
magnetic resonance imaging (MRI), we applied the following
definitions: cortical tumor—superficial in a single lobe;
multilobar tumor—superficial in more than one lobe; deep
tumor—involves the thalamus, the brainstem, the basal
ganglia or corpus callosum; and insular tumor—involves
predominantly the insula (►Fig. 1). We have also analyzed
the presence of unilateral and bilateral tumors.

Statistics
The parametric numerical data were expressed as mean �
standard deviation (SD), and the nonparametric data as
median and percentages.

Kaplan-Meier curves were used for the analyses of sur-
vival time, and the Mantel-Cox regression test and log-rank
tests were used to compare the Kaplan-Meier curves. The
significance level was established as p < 0.05. All of the
analyses were performed with the IBM SPSS Statistics for
Windows, version 20.0 (IBM Corp, Armonk, NY, USA) soft-
ware package.

Results

Sample Data
A total of 47 patients underwent GB treatment during 2 years
of evaluation. Five (10.6%) were excluded due to an incom-
plete follow-up or to loss of contact. Finally, 42 patients were

Resultados Um total de 42 pacientes foram analisados, dos quais 23 (54.7%) eram
homens e 19 (45.3%) eram mulheres. Pacientes com idade > 60 anos, com uma
pontuação KS baixa, tumores profundos e aqueles com complicações pós-operatórias
apresentaram os piores resultados.
Discussão e Conclusão A cirurgia, quimioterapia e radioterapia aumentam a sobre-
vida e a qualidade de vida desses pacientes. Em pacientes com uma pontuação KS
baixa, a radioterapia isolada e/ou quimioterapia podem ser adequadas. A redução das
complicações perioperatórias é essencial para permitir a realização adequada do
tratamento adjuvante em pacientes idosos.

Palavras-chave

► neoplasias
► glioblastoma
► prognóstico
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analyzed. Of these, 23 (54.7%) weremen and 19 (45.3%) were
women. Themean agewas 64.4 years old, ranging from 43 to
79 years old. The mean age among men was 66.9 years old,
and 61.6 years old among women. There was no statistically
significant difference between the ages of women and men.

Two of the patients (with lower KS score and deep-seated
tumors) underwent stereotactic biopsy, and the other 39
underwent open surgery with maximal resection combined
with maximal functional preservation.

Factors Related to Survival (►Table 1)

Age and Gender
We have tested the impact of age in three scenarios. In the
first scenario, we have compared patients < 60 years old
with those > 60 years old. In the second scenario, we have
used the age of 70 years old as a threshold. In the third
scenario, we have used the age of 75 years old as a threshold
(►Fig. 2).

In the first scenario, patients < 60 years old had a mean
survival time of 191 days, while patients > 60 years old had
a mean survival time of 167 days, without a statistically
significant difference (p ¼ 0.6) (►Fig. 2).

Fig. 1 Classification according to the location of the tumor.

Fig. 2 Survival in days according to age. On the left, the threshold is 60 years old. In the middle, the threshold is 70 years old. On the right, the
threshold is 75 years old.

Table 1 Survival according to analyzed parameters

Parameter Subgroup Number of
patients

Survival
(days)

p

Age
(years old)

< 60 14 191 > 0.05

> 60 and
< 75

15 185

> 75 13 147

Gender Female 19 150 > 0.05

Male 23 197

Karnofsky < 70 18 103 < 0.05�

� 70 24 230

Location Unilobar 19 228 < 0.05�

Multilobar 9 196

Insular 6 158

Deep 8 40

Laterality Unilateral 37 194 < 0.05�

Bilateral 5 39

Complica-
tions

Yes 23 104 < 0.05�

No 19 262

�: statistically significant when p < 0.05.
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In the second scenario, patients < 70 years old had a
mean survival time of 183 days, while patients > 70 years
old had a mean survival time of 169 days, without a statisti-
cally significant difference (p ¼ 0.7) (►Fig. 2).

In the third scenario, patients < 75 years old had a mean
survival time of 188 days, while patients > 75 years old had
a mean survival time of 147 days, without a statistically
significant difference (p ¼ 0.12) (►Fig. 2).

Comparing the survival time according to gender, there
was no statistically significant difference between men and
women (p ¼ 0.3). The mean survival time was of 150 days in
women and of 197 days in men (►Fig. 3).

Karnofsky Scale
Wehave divided the patients in two groups: thosewith KS < 70
andthosewithKS�70.Eighteenpatients (42%)hadKS < 70,and

24 (58%) had KS > 70. The mean survival time in the KS < 70
group was of 103 days, and of 230 days in the KS > 70 group.

In ►Fig. 4, we see the Kaplan-Meier curve analyzing both
groups. There was a statistically significant difference in the
survival rate between groups (p ¼ 0.01). Patients with KS
> 70 had a better survival time than those with KS < 70.

Location
Glioblastomas were insular in 6 patients (14.3%), multilobar
in 9 (21.5%), unilobar in 19 (45.2%), and there were 8 (19%)
cases of deep-seated tumors.

The mean survival time was of 228 days in cases of
unilobar tumors, of 196 days in multilobar tumors, of
158 days in insular tumors, and of 40 days in deep tumors.

In ►Fig. 5, we show the survival curve according to the
location of the tumor. Patients with deep tumors had the

Fig. 3 Survival in days according to gender
(1 ¼ female; 2 ¼ male).

Fig. 4 Survival in days according to the Karnofsky Scale
(1 ¼ < 70; 2 ¼ > 70).

Fig. 5 Survival in days according to the location of the tumor
(1 ¼ unilobar; 2 ¼ multilobar; 3 ¼ insular; 4 ¼ deep).

Fig. 6 Survival in days according to the laterality of the tumor
(1 ¼ unilateral; 2 ¼ bilateral).
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worst survival time, which was statistically significant
(p ¼ 0.001).

Laterality
Glioblastomas were unilateral at the time of diagnosis in 37
patients (88%), and bilateral in 5 patients (12%).

The mean survival time was of 194 days in unilateral
tumors and of 39 days in bilateral tumors. In ►Fig. 6, we
show the survival curve according to the laterality of the
tumor. Patients with bilateral tumors at the time of diagnosis
had the worst survival time, which was statistically signifi-
cant (p ¼ 0.001).

Complications
Out of the total of 42 patients, 23 (54%) had 33 clinical or
perioperative complications, which were: 2 pulmonary
thromboembolisms; 5 cases of surgical site infection; 2 cases
of hydrocephalus and need of definitive shunt; 7 cases of
nosocomial pneumonia; 6 cases of urinary tract infection; 1
case of perioperative meningitis; 4 cases of surgical site
hematomas; 1 cerebrospinal fluid fistula; 2 cases of worsen-
ing of neurological deficits; 1 brain abscess; and 1pharma-
codermia after the use of phenytoin (►Table 2).

In►Fig. 7, we present the survival curves according to the
presence of perioperative complications. Patients presenting
with complications had a worse prognosis (p ¼ 0.001). The
mean survival time was of 262 days in patients without
perioperative complications and of 104 days in those with
perioperative complications.

Among the patients with perioperative complications,
seven died before discharge, due directly to the surgery,
being considered early complications. The other complica-
tions occurred after the patients were discharged. One case
was of a patient with a deep-seated tumor; hewas submitted
to a stereotactic biopsy and deteriorated neurologically by
the 10th postoperative day. Another patient with a deep-
seated tumor was operated and remained in the intensive
care unit (ICU) with pneumonia and died. Another patient
with a unilobar tumor died on the 5th postoperative day, just
after discharge, due to a massive pulmonary embolism.
Another patient with a unilobar tumor was submitted to
surgery and had a postoperative wound infection, dying due

to Stevens-Johnson syndrome after being treated with anti-
biotics (vancomycin and cefepime). Another patient with an
insular tumor was operated and remained in the ICU with
pneumonia and died. Another patient with a deep tumorwas
operated in impaired neurological status and deteriorated
quickly after surgery, dying on the 3rd postoperative day.
Finally, another patient with unilobar tumor acquired noso-
comial pneumonia and died after surgery, although the
surgical results were satisfactory.

Among the remaining 16 patients who presented with
perioperative complications, only 4 (25%) could initiate the
adjuvant therapy. The other 12 patients could not initiate the
adjuvant therapy due to pneumonia and hospitalization in 2
cases, urinary tract sepsis in 2 cases, wound dehiscence or
infection in 2 cases, and temporary loss of follow-up in 3
cases. In two cases, there was an early clinical and neurolog-
ical deterioration due to the progression of the disease, and
the adjuvant therapy was contraindicated. Only one patient
refused the adjuvant therapy.

Theaverage timetobegin theadjuvant therapy ranged from
30 days, in patients without perioperative complications, to
84 days, in patients with perioperative complications.

Follow-up
The follow-up time ranged from 4 to 24 months, with an
average of 11.4 months. At the end of the follow-up
(24 months), 29 patients (69%) had died.

Discussion

The elderly constitute a heterogeneous population with a
range of comorbid conditions, as well as functional, cognitive
and physiological changes. Treatment decisions should be
made in the context of a comprehensive assessment. Al-
though elderly patients in good clinical status who are
submitted to an unremarkable transoperative treatment
mayachievemaximal tumor resection and undergo standard

Table 2 Perioperative complications

Complications

Clinical Surgical

Pneumonia (7) Wound infection (5)

DVT (1) Hydrocephalus (2)

PTE (2) Meningitis (1)

UTI (6) Postoperative hematoma (4)

Pharmacodermia (1) CSF fistula (1)

Pre-operative deficits (2)

Cerebral abscess (1)

Abbreviations: CSF, cerebrospinal fluid; DVT, deep vein thrombosis; PTE,
pulmonary thromboembolism; UTI, urinary tract infection.

Fig. 7 Survival in days according to the presence of complications
(1 ¼ with complications; 2 ¼ without complications).
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chemotherapy and radiation therapy, other patients in a
worse clinical status who face complications may not be
ideal candidates for full treatment, deserving a less invasive
approach.1–20

Understanding the individual patient survival time pro-
files and the potential related factors has the potential to
interferewith therapeutic targets and, therefore, to influence
the surgical and clinical treatment planning.1–19

The current literature already affirms that age is the most
important factor involved in survival time. Themean survival
time of patients with GB is � 18 months, while in patients
> 70 years old this number decreases to 6 months.1–9 It is
possible that this difference is due to different treatments
proposed to elderly patients. In a retrospective study, Paszat
et al revealed that only 46% of the elderly patients with GB
received standard treatment (surgery þ chemoradiation).2

Surely, other causes for these differences are related to
comorbid diseases, to intolerance to medications, and to a
low physiologic reserve.20–29

When analyzing the current evidence in the treatment of
GB in the elderly, we can conclude that surgery has a key role
in the treatment, increasing the quality of life (QOL) and the
survival rate, and that a maximal and function preserving
surgery is feasible and safe, not adding many risks. The
factors which predict worse postoperative results are a
low KS score, chronic pulmonary disease, large tumors
(> 4 cm), and previous neurological deficits.20–29

Subsequently, RT is also important after surgery, with a
positive influence in survival and in symptom control.10–19

Hypofractionated radiotherapy is the preferred option to treat
elderly patients, warranting the same results with higher
adhesion and comfort.9–17 Additionally, chemotherapy is
also effective and reveals a positive impact. Carmustine and
the combination of procarzabine, lomustine and vincristine
(PCV) should be avoided due to myelotoxicity, but TMZ is safe
and changes the survival time in patients with O6-methyl-
guanine-DNA methyltransferase (MGMT) methylation. In ad-
dition, bevacizumab significantly increased the overall
survival time. Although elderly patients with GB have a poor
prognosis, they may experience an enhanced survival time
after the administration of the standard of care and the use of
additional chemotherapeutics such as bevacizumab.20–29

In our analysis, we have confirmed that KS score, the
location and laterality of the tumors, and complications
during treatment are factors related to survival time. Gender
was not associated with a worse prognosis, although men
had better outcomes. Older patients suits really better.
However, there was no statistically significant difference.

Older patients, with a low KS score, deep-seated tumors,
and patients with perioperative complications had worst
outcomes. On the other hand, younger patients, with a high
KS score, unilobar tumors, without perioperative complica-
tions, had better outcomes. Additionally, perioperative com-
plications not only decreased the survival time but increased
the interval to begin proper adjuvant therapy, contributing to
the deterioration of the clinical picture of these patients.

Thus, GBs may be treated following a standard protocol in
elderly patients. In centers with a low rate of complications,

surgery and perioperative chemotherapy and radiotherapy
add survival time and QOL to these patients. Nevertheless, in
patientswith a lowKS score, another treatment option should
be applied, including isolated RT and/or chemotherapy.

Themost important finding in our paper is the correlation
between surgical complications and poor prognosis. Another
important finding is that the administration of adjuvant
therapy is essential in the treatment of GBs. The maximal
survival time of elderly GB patients may be achieved with
maximal surgical resection, but also with optimal operative
conditions to minimize postoperative complications and
better adjuvant therapy delivery in the appropriate time. A
more elective way to submit these patients to surgery and to
adjuvant therapy may positively impact their outcome.

Some limitations of the present study must be described.
First, our sample was recruited from a single tertiary referral
center. Second, the number of patients in each subgroup
should have been greater. Another point that should be care-
fully analyzed is a potential bias regarding the location of the
tumors and the KS scores of the patients. Perhaps, in patients
with multilobar and deep-seated tumors, due to diffuse and
eloquent brain involvement, the KS score is significantly lower
than in patients with tumors involving insular and unilobar
lesions. The outcome of these patients may be determined by
the KS score rather than by the location itself. It should also be
pointedout thatour investigationdidnotusebiomolecularand
genetic markers, which are not available in our service. This
may surely weaken our results and discussion but does not
invalidate the survival curves presented.

Finally, we did not apply in our sample any QOL assess-
ment tool. We strongly believe that QOL is very important in
the context of these patients, since survival time and, above
all, QOL, are paramount. However, our initial aim was to
determine only for how long patients with GB lived. As we
have confirmed, their survival time is limited and is surely
associated with a poor QOL.

Conclusions

The location of the tumors, the KS score, and complications
during treatment are factors related to survival time. Age has
a clinical impact, but no statistically significant difference in
survival time. Patients > 60 years old, with a low KS score,
deep-seated tumors, and patients with perioperative com-
plications had worst outcomes.
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Abstract Objective The aim of the present study was to evaluate the outcome of short
segment instrumentation in patients affected by burst thoracolumbar fractures.
Methods A total of 19 patients with unstable burst fractures of the thoracolumbar
spine were eligible for short segment instrumentation. Their functional outcome (by
using the Oswestry and Denis scales) and back pain (using the visual analog scale) were
evaluated after 12 months.
Results Themean age of the patients was 30.7 years old, andmost of themweremale
(n ¼ 15). The mean hospital stay was 4.6 days. The mean � standard deviation (SD) of
the pain score according to the visual analog scale was 1.63 � 1.25 after 12 months of
surgery, and there were no patients classified with grades 4 or 5 on the Denis work
scale. The average Oswestry disability index (ODI) was 17% during the follow-ups.
Conclusions The outcome of the studied patients, including the clinical pain and the
functional outcome of postsurgical patients, suggested that the short-segment
instrumentation could be an appropriate method for patients with unstable thoraco-
lumbar junction fractures. However, a long-term follow-up is recommended.

Resumo Objetivo O presente estudo visa avaliar o resultado de instrumentação segmentar
curta em pacientes afetados por fraturas toracolombares do tipo explosão.
Métodos Um total de 19 pacientes com fraturas do tipo explosão instáveis na espinha
toracolombar foram elegíveis para instrumentação segmentar curta. O resultado
funcional (usando as escalas de Oswestry e Denis) e dor nas costas (usando a escala
visual analógica da dor) foi avaliado após 12 meses.
Resultados A idade média dos pacientes era de 30,7 anos, sendo a maioria homens
(n ¼ 15). A média de internação hospitalar foi de 4,6 dias. O desvio padrão (σ) da
pontuação de dor, de acordo com a escala visual analógica foi de 1,63 a 1,25 após

received
May 22, 2018
accepted
August 31, 2018
published online
November 6, 2018

DOI https://doi.org/
10.1055/s-0038-1675223.
ISSN 0103-5355.

Copyright © 2018 by Thieme Revinter
Publicações Ltda, Rio de Janeiro, Brazil

Artigo Original | Original Article304



Introduction

Thoracolumbar fracture is the most common type of spine
fracture.1,2 Falling and motor vehicle accidents are among
the most common causes of thoracolumbar injuries.3 Burst
fracture of the spine is a serious injury that commonly occurs
among young people. Thoracolumbar burst fracture is
defined as a fracture in the anterior and middle column of
the spine, secondary to an axial pressure.4 Patients are prone
to serious disorders, which can be life threatening, as well as
to postoperative problems, such as pressure sores, deep
venous thrombosis, and pulmonary infections.2,5,6

An unstable burst fracture of the thoracolumbar spine is
an indication for instrumentation. Unstable fractures are
burst fractures that involve the posterior column of the
vertebrae and the tearing of the posterior longitudinal liga-
ment.7 Short and long segment instrumentation are two
different choices for internal fixation.4 The short segment
instrumentation is the fixation of bilateral pedicle screws
one normal level above and one normal vertebra below the
injured segment. In contrast, long segment instrumentation
is the fixation of two segments above and two segments
below the fractured vertebrae.8 Surgeons desire to minimize
the number of vertebral levels that are involved in the
instrumentation process.9 The development of transpedicu-
lar screw instrumentation techniques and of instrumenta-
tion systems has brought short segment instrumentation
into the general clinical practice.10 However, the optimal
management of thoracolumbar fractures is controversial.11

The short segment posterior instrumentation can reduce
the bleeding and preserve segmental motion with an accep-
table anatomic and functional outcome.4 Short-term follow-
up results have suggested a favorable outcome in short
segment instrumentation.12–15 Although there are reports
of high percentages in instrumentation failure, verifying its
longer-term evaluation is required.16,17

Therefore, we have aimed to evaluate the outcome of six-
screw instrumentation (short segment) in the treatment of
burst fractures, measuring postoperative pain and neurolo-
gic deficits after 12 months of surgery.

Methods

Study Population
From December 2014 to July 2016, 19 new thoracolumbar
(T11 to L3) burst fracture patients (15 males and 4 females)

with an average age of 30.7 years old (range: 18–59 years old)
were operated on with the short segment transpedicular
fixation method by a neurosurgeon in the Fasa Valiasr
Hospital. This hospital is a general hospital located in the
Fars province, Iran.

All of the patients underwent plain X-rays, computed
tomography (CT), and magnetic resonance imaging (MRI)
exams. On arrival, the patients underwent a full neurologic
examination, whichwas assessedwith the Frankel classifica-
tion by the neurosurgeon. Then, the patients were followed-
up after 12 months. The inclusion criteria were (a) a single
level fracture between the T11 and the L3; (b) only short
segment instrumentation (one-above, one-below, and the
fractured vertebra); (c) a local kyphotic angle > 30 degrees,
or an anterior height collapse > 50%, or spinal canal involve-
ment > 50%. Awritten informed consent was obtained from
each patient.

Surgical Technique
The patientswere placed in the prone position under general
anesthesia. Before the incision, the fracture level was deter-
mined under C-Arm control. A midline linear thoracolumbar
incision was routinely done from one vertebral body above
the fractured site to one vertebral body below it. After cutting
the fascia and stripping the prevertebral muscles, a subper-
iosteal dissection was performed to decrease bleeding.
According to the CT and MRI exams of the patients, a
laminectomy was performed in the patients who had a
neurologic deficit secondary to cord compression or canal
compromise > 50%. After the procedure, a physical exam
was performed, and anteroposterior and lateral X-rays were
taken.

Postoperative Care and Follow-up Evaluation
All of the patients were encouraged to walk after 24 to 48
hours postoperatively, and the brace was applied for
between 4 and 6 weeks. The medical records of every
patient, including age, gender, injury level, fracture type,
the cause of injury, underlying diseases, operative time,
blood loss, the extent of the fixation, and perioperative
complications, were collected. A visual analog scale (VAS)
was assigned to evaluate back pain.18 The Oswestry dis-
ability index (ODI) was used to evaluate the postoperative
function.19 The final clinical results were assessed using the
Denis scale, which is a 5-point scale that includes both work
and pain scales.20

12 meses de cirurgia, não havendo pacientes classificados com graus quatro ou cinco
na escala de trabalho de Denis. A média da pontuação de incapacidade de Oswestry foi
de 17% durante o acompanhamento.
Conclusões Os resultados dos pacientes estudados, incluindo a dor clínica e o resultado
funcional de pacientes pós-cirúrgicos, sugeriu que a instrumentação segmentar curta pode
ser ummétodo apropriado para pacientes com fraturas instáveis nas junções toracolomba-
res. No entanto, um acompanhamento de longo prazo é recomendado.

Palavras Chave

► resultado
► fraturas

toracolombares do
tipo explosão
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Statistical Analysis
Data were analyzed using software STATA version 12 (Sta-
taCorp, College Station, TX, USA).

Results

During the study period, 19 patients with unstable thor-
acolumbar fractures were operated, using short segment
posterior spinal six-screw instrumentation (►Fig. 1). The
study population included 15 men and 4 women, with a
mean age of 30.7 years old (range: 18–59 years old). The
causes of the thoracolumbar fractures were motor vehicle
accidents (11 cases) and falling from heights (8 cases). The
most common vertebra involved was the L1 (47.36%), fol-
lowed by the T12 (26.31%), the L2 (10.52%), the L3 (5.26%),
the L4 (5.26%), and the L5 (5.26%). One of the patients had

uncontrolled diabetes. None of the patients were affected by
hypertensive disease, coagulopathies, or chronic illnesses.
One patient was a smoker, and one patient was addicted to
heroin. None of the patients complained of any previous
trauma before the injury, but three patients had previous
back pain. The mean � standard deviation (SD) surgical
time was 70 W 11 minutes (range 60–90 minutes) and the
mean � SD intraoperative blood loss was 126–27ml (range:
90–170 ml). The mean hospital stay was 4.6 days. Lami-
nectomy was performed in 9 patients. The reason for
laminectomy was the presence of a preoperative neuro-
logic problem, which appeared in two patients (sphincter
problem and saddle hypoesthesia in 1 case and motor
deficit (Frankle D) in 1 case, which resolved after the
operation in both patients. The other 7 patients had a canal
compression > 50%.

Fig. 2 Distribution of patients in different pain scores after the operation according to the visual analogue scale.

Fig. 1 Postoperative biplanar radiography.
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All of the patients were assessed 12 months after surgery
and evaluated for pain at the time of follow-up. The average
pain score according to the VAS was 1.63 � 1.25 (►Fig. 2).
The patients were classified according to the Denis work
scale. The patients were predominantly categorized in grade
1 and 2 (►Table1). The patients were also classified accord-
ing to the Denis pain scale. There were no grades 4 or 5
(►Table 2). Also, the mean postoperative ODI was 37% after
the one-month follow-up. In the most recent follow-up, the
averageODIwasminimal, at 17%. A patient had Frankle D and
a patient had urinary retention with saddle hypoesthesia.
Both of them improved after the operationwithout any signs
of neurologic problems.

Discussion

The result of the present study shows that themajority of the
patients with thoracolumbar fractures were young people in
the functional years of their lives who required treatments

that would facilitate their functional state and enable a
reduction in complications. Most of the fractures were
caused by motor vehicle accidents and involved more men
than women, which is in line with Western studies.21,22

The results of the present study corroborate the reported
benefits of pedicle screws in the fractured vertebra and the
efficacy of the six-screw construct for the treatment of
thoracolumbar burst fractures. Pellisé showed that the six-
screw construct, a short-segment instrumentation including
the fractured level, is an efficient procedure for the treatment
of thoracolumbar burst fractures.23 It was reported that the
prevalence of posterior instrumentation failure ranged from
9 to 54%.24,25 However, no failure was observed in the
present study.

Low blood loss and short operation times were also two
other favorable achievements. The similarity of our results
with previously published surgical data (surgical time and
blood loss), surgical correction, and postoperative correction
loss suggest that the short-segment six-screw technique is
feasible.23 Uzumcugil et al noted that the average hospital
stay was 24 days, which was 4.6 days longer than in our
study.26 Gajjar et al suggested that this difference in the
duration of hospital stay might be due to the referral from
one center to another from distant places and to thewaste of
valuable time for the much-required surgery.5

In the present study, postoperative pain in the VAS and in
theDenis pain scalewas low.Most cases did not involve severe
pain, suggesting that this surgical method can reduce both
resting time and activity-induced pain. The patients showed a
satisfactory ability to return to their previous employments
(sedentary) or to return to heavy labor with some lifting
restrictions, or even physically demanding activities, accord-
ing to the Denis work scale and to the ODI questionnaires,
which shows that this method could also improve the func-
tional outcome, especially in young patients.

However, we suggest further studies with a longer follow-
upanda larger sample size toprovide amore conclusive result.

Conclusion

The outcomeof the studied patients, including operation time,
blood loss, transfusion requirement, and postsurgical clinical
pain and functional outcome of the patient suggested that the
short-segment instrumentation could be an appropriate
method for patients with unstable thoracolumbar junction
fracture. However, a long-term follow-up is recommended.
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Criteria Grade N%

Return to previous employment
(heavy labor) or physically
demanding activities

1 9 (47.36%)

Able to return to previous
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return to heavy labor with lifting
restrictions

2 7 (36.84%)

Unable to return to previous
employment, but working
full-time at a new job

3 3 (15.78%)

Unable to return to full-time work 4 0 (0%)

No work, completely disabled 5 0 (0%)

Total 19 (100.0%)

Table 2 Distribution of patients classified by the Denis pain
scale

Criteria Grade N%

No pain 1 12 (63.15%)

Occasional, minimal pain, no
need for medication

2 6 (31.57%)

Moderate pain, occasional medi-
cation, no interruption of work or
activities of daily life

3 1 (5.26%)

Moderate to severe pain,
occasional absences from
work, significant changes in
activities of daily life

4 0 (0%)

Constant severe pain, chronic
medication

5 0 (0%)

Total 19 (100.0%)
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Abstract Introduction The objective of the present study was to review the epidemiological
aspects of malpractice in neurosurgery and to identify preventive measures regarding
malpractice for neurosurgeons.
Methods The following terms (alone or in combination) were searched in the PubMed
and Biblioteca Virtual em Saúde databases: neurosurgery (neurocirurgia), lawsuits (ações
judiciais), malpractice (erro médico), and litigation (litígio) and identifying studies on
these topics published from 2000 to April 2018.
Literature Review In Brazil, 6.9% of the physicians are sued per year. The most
common type of malpractice alleged in litigation is negligence. According to the
literature, the neurosurgical disease that has sparked the most litigation is spinal
disease. The outcomes of these cases vary: sometimes the neurosurgeon prevails, and
at other times the plaintiff prevails. To prevent or reduce malpractice claims, the
neurosurgeon should take the following precautions: 1. follow medical protocols; 2.
perform surgeries in an environment consistent with good medical practice; 3.
evaluate and monitor antibiotic prophylaxis; 4. develop a good relationship with the
patient based on ethics, good faith and transparency; 5. request the presence of the
patient and of his or her family when there is a problem in order to didactically explain
the case; 6. keep good medical records to document all of the actions performed
(informed consent and description of the surgery and of the pre and postoperative); 7.
always seek technical improvement (continuing education/professional development);
8. in the case of attending physicians, monitor patients, treating any postoperative
complications; and 9. conduct multidisciplinary team meetings to optimize treatment
decisions and to share responsibility for making difficult decisions.

Resumo Introdução O objetivo do presente trabalho foi revisar os aspectos epidemiológicos
do erro médico em neurocirurgia e identificar as condutas de prevenção quanto ao erro
médico para o neurocirurgião.
Métodos Os seguintes termos (isolados ou em associação) foram pesquisados nos
bancos de dados PubMed e Biblioteca Virtual da Saúde: neurosurgery (neurocirurgia),
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Introduction

In the remote antiquity, the practice of medicine was a
collection of myths. After this mythic phase, humans began
to consider the issue of malpractice. Nineteen hundred years
before Christ, Hammurabi, founder of the Babylonian empire,
inscribed several laws into his famous code that established
fines for incompetent or unskilled doctors.1 Over time, the
legal aspects of the medical profession gained distinction,
reaching its maturity with Hippocrates of Kos, who, with his
disciples, wrote 120 works, emphasizing at every step the
commitment that the physician shouldmake to be faithful to
the best traditions of the profession. In ancient Rome,
malpractice laws were so severe that the most capable and
skilled professionals turned away from medicine for fear of
punishment. This exodus reached such extremes that, even-
tually, only slaves became healers. The richest nobles of the
Roman patriciate then began to “import” doctors from
Alexandria and Greece.1

In modern times, knowledge of the law as it relates to
medical care is vital. A perfect professional action is appro-
priate, fair, and good. An appropriate professional action is
one that conforms to the technique that applies to a given
situation as determined by the rules of the art (Lex artis). For
an action to be good, itmust havebeneficial consequences for
those who receive it. For an action to be fair, it must be
adequate to satisfy the moral and legal norms of society.2

Goodmedical practice is characterized by the balance among
scientific knowledge, available technology, and doctor-pa-
tient relationship. However, therapeutic failure is not always
linked to the behavior of the physician; a causal link between
events should be sought, and the causes that may be associ-
atedwith the failure should be identified.3Medicine is not an
end but rather a means, as each patient has his or her unique

DNA and there is no standard individual response to a single
intervention.4

Medical error is unintended damage to a patient caused by
the action or inaction of the doctor in the exercise of his or her
profession. It is different from a complication, which is an
event inherent in medical procedures that should be carefully
distinguished from malpractice.5 According to Carvalho et al,
combined environmental, psychological, and physiological
factors lead to error in the practice of medicine.6 (►Fig. 1)

There are three possibilities for causing harm and making
an error: recklessness, incompetence, and negligence.7 These
three features of guilt are classic and are derived from the
Roman Law of the Caesars.1 Negligence consists of not doing
what shouldbedone.Recklessness is doingwhat shouldnot be
done. Incompetence is doing poorly what should be done
well.7Among the concepts elucidated in the Civil and Criminal
Codes, incompetence is theoretically the easiest to attribute,
and it is very important to consider both the experience and
the previous results of the surgeon in the type of procedure
analyzed.5 These features of guilt do not have perfect autono-
my and, sometimes, they are intertwined; it is common to
encounter recklessness mixed with negligence, incompetence
aggravated by recklessness, and so on.1 It is in the courts that
malpracticebecomes visible to society,with a lawsuit address-
ing the effects of the act of commission or omission by part of
the professional, the resulting damages, the causal link be-
tween the two, and the resulting sentence.2,3

Doctors have legal responsibility for malpractice. This re-
sponsibility can have criminal, civil, or administrative aspects.1

The doctor can be judged in two common-law courts: the first
court follows the precepts of the Penal and Civil Code;
the second, known as the Councils of Medicine, bases its
judgments on the Code of Medical Ethics.8 Responsibility is
criminalwhentheseverityof thedamagecausesdisturbance to

lawsuits (ações judiciais), malpractice (erro médico), litigation (litígio), identificando
estudos sobre estes temas publicados de 2000 até abril de 2018.
Revisão de Literatura No Brasil 6,9% dos médicos são processados por ano. O erro
médico mais alegado no litígio é a negligência. A patologia espinhal é a doença
neurocirúrgica mais litigante encontrada na literatura. O desfecho encontrado foi
variado a favor do neurocirurgião ou do reclamante. A fim de evitar ou diminuir as
reclamações por erro médico, o neurocirurgião deve adotar os seguintes cuidados: 1.
Agir tecnicamente de acordo com os protocolos médicos; 2. Realizar cirurgias em
ambiente de acordo com a boa prática médica; 3. Avaliar e monitorizar a profilaxia
antibiótica; 4. Desenvolver uma boa relação com o paciente, pautada na ética, boa fé e
transparência; 5. Solicitar a presença do paciente e da família diante de um problema
para explicar didaticamente o caso; 6. Fazer um bom prontuário médico a fim de
documentar todas as ações realizadas (consentimento informado, descrição pré, pós-
operatória e cirúrgica); 7. Dedicar-se sempre ao aprimoramento técnico (educação
continuada/atualização); 8. Monitorizar o paciente, quando for médico assistente,
tratando eventuais complicações no pós-operatório; 9. Realizar reuniões de equipes
multidisciplinares para otimizar decisões de tratamento e dividir responsabilidades em
decisões difíceis.

Palavras-chave

► neurocirurgia
► ações judiciais
► erro médico
► litígio
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the social order. Criminal responsibility flows from disturbing
the community in a manner that goes beyond the scope of the
patient and family. The punishment is a corporal or pecuniary
penalty imposed exclusively on the author of the malpractice.
In civil liability, the damage hasmore restricted repercussions,
reaching only the patient and his or her family. The sanction is
exclusively patrimonial in character and is imposed on the
responsible professional and on his or her successors. In
administrative liability, the damage has an impact on the
reputation of the profession and of the institution the profes-
sional represents. The correctional or corrective aspects of this
liability are the responsibility of the federal and state Medical
Councils; the functional aspects derived from the misconduct
of public servants are the responsibilityof the government. The
penalties are corrective or administrative on a scale ranging
fromsimplecensureor reservedwarning todismissal andaban
on engaging in the profession for the benefit of the public.1

Malpractice may lead to civil liability claims, leading to
reimbursement of the patient for his or her damages.3

Material damage is understood as physical or aesthetic
damage to the patient, whereas moral damage involves the
psychological well-being and/or subjective honor of the
patient.3 The effective loss (what was effectively lost) is
called emergent damages; reasonable lost earnings are
called lost profits. Emergent damages are any type of dam-
ages suffered by the patient and/or his or her relatives as the
result of medical malpractice. In the estimation of lost
profits, the perspective of patient survival plays a prepon-
derant role.1 For the physician, the costs of a lawsuit can be
numerous: themonetary costs and the indirect costs of time,
stress, fatigue, depression, increased suicide rates, reduced
career satisfaction, and of damage to reputation.9,10 Ausman
states that there is a high incidence of drug and alcohol abuse
among physicians who are sued.11

The issue of shared blame often occurs in medical teams
and hospital services during surgery and hospitalization. It is
important to note that the responsibilities of the hospital and
of the physician differ. In the general outlines of the Brazilian
civil and consumer law, in addition to the member of the
medical teamwhose act caused the damage, the head of the
team and the hospital are responsible (at least in principle).
The contracting hospital is responsible for wrongful acts

committed by resident physicians. Resident status does not
exempt the physician from either civil or criminal liability,
and the physician is not permitted to argue that he or shewas
merely following orders from his or her superior. The head
physician is also responsible.2

An analysis of the number of claims filed in the State Courts
of Justice and the Superior Court of Justice (STJ, in the Portu-
guese acronym) points to the exponential growth of malprac-
tice suits in Brazil both in the courts and in the Regional
Councils of Medicine.12 The likelihood of being sued for mal-
practice varies by specialty.9 Since 1950, neurosurgery has
developed a technical arsenal with increased sophistication
and less invasive methods to reduce the surgical risk of unex-
pected events, while certain procedures remain challenging.13

Theneurosurgeonworkswith delicatehuman structures and is
therefore considered risky by insurance companies.9,13–15

Objectives

General
Review the literature onmedicalmalpractice in neurosurgery.

Specific

1) Review the epidemiological aspects of malpractice: iden-
tify the most commonly alleged type of malpractice in
litigation, the most common neurosurgical disease in-
volved in litigation, and the most common outcome of
litigation.

2) Identify preventive measures that neurosurgeons can
take to avoid malpractice.

Methodology
The following terms (alone or in combination) in English and
in Portuguese were searched in the PubMed and Biblioteca
Virtual em Saúde databases: neurosurgery (neurocirurgia),
lawsuits (ações judiciais), malpractice (erro médico), and
litigation (litígio). In addition, the relevant published litera-
ture on the subject from 2000 to April 2018 was identified.
Additional articles or books on the subject were identified in
the references of the articles found. After reading the articles,
28 bibliographical references were included in the present
study.

Fig. 1 Factors that lead to error in the practice of medicine.
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Literature Review
Each year in Brazil, 6.9% of the physicians are sued.7 Accord-
ing to a survey by theMedical Union of Rio Grande do Sul, one
in five doctors in the state has a civil or criminal lawsuit in
progress related to alleged malpractice.16

The probability of legal action for malpractice varies
among the various specialties.9 The cumulative risk of facing
a medical malpractice suit by age 65 is 75% for physicians in
low-risk specialties (family medicine, pediatrics, and psychi-
atry) and 99% in high-risk specialties (neurosurgery, thoracic
surgery, cardiovascular surgery, and general surgery). All
doctors in high-risk specialties will face at least one lawsuit
during their careers, although onlyaminoritywill be ordered
to pay damages.9 Neurology and neurosurgery are identified
as high-risk specialties for lawsuits in the literature of
various countries.9,15,17–21 High-risk specialties treat
patients with acute medical problems that require rapid
decision-making and may have unfavorable outcomes.
They usually rely on procedures that can be the subject of
detailed analysis later on.17 The acute decision-making that
must be made to treat a patient, the small margin of error,
and the potential adverse outcome are some of the reasons
why neurosurgery is considered a high-risk specialty.17

Why has there been an Increase in the Number of
Lawsuits for Medical Malpractice?
The increase inmalpractice lawsuits in Brazil is due to several
factors, including the following:

1) Patients who are more informed, more demanding, and
less tolerant.8,12,22

2) Greater access to the justice system.7,12 The expectation of
risk-free gain (and free legal aid) encourages many indi-
viduals to go to court.16

3) Decreased quality of medical care due to the lack of
infrastructure and to the large number of patients per
doctor in certain services, along with a decline in physi-
cian/specialist training.2,8,12

4) The need by the part of the patients to “find” a culprit
because of their health problem or treatment failure, not
considering that the obligation of the physician is the
means, not the result.12 The patient confuses the nonful-
fillment of their expectations with malpractice.2

5) The existence of a compensation “industry”.12,22

According to Quintana, although an unsatisfactory out-
come alone can lead to a lawsuit, usually there is a relation
between outcome and dissatisfactionwith a doctor, hospital,
or institution.23

According to Nahed et al, malpractice litigation has risen
because there is an increasing sense that physical well-being
can be controlled and even improved.17 According to these
authors, there are three major reasons for the increased
number of malpractice cases since 1840 in the United States.
First, as medical advances have improved health, the unan-
ticipated side effects of treatments have become a fertile
ground for litigation. Second, organizations have developed
training and practice standards, and physicians can be
evaluated in terms of whether they have deviated from these

standards. Finally, the advent of malpractice insurance has
led to the establishment of the malpractice litigation as a
recognized legal instrument.17

The high incidence of lawsuits in the United States can
also be explained by the high incidence of lawyers, repre-
senting 80% of the population of lawyers in the world.11

According to Rovit et al, most of the 280 cases against the
Medical Liability Mutual Insurance Company (MLMIC) of
New York from 1999 to 2003 that they analyzed involved
spinal disease and did not result in a payment at the end of
the process.14 According to their study, the chances of being
sued for malpractice are not necessarily related to the
medical complexity of a particular case, but are more often
related to the type of case in which the physician is involved.
In this study, elective spinal surgeries constituted the major-
ity of litigations.14

In the study by Fager of 275 malpractice claims, spinal
surgery was involved in 42% of those claims, most of which
related to lumbar surgeries.24 In lumbar spinal surgery, the
largest number of complaints were due to poor indication,
inappropriate surgery, increased pain/deficit, lumbar failure
syndrome, cauda equina/nerve root damage after surgery,
and operation at the wrong level. Trauma and intracranial
surgery also sparked litigation. Some trauma patients un-
derwent neurosurgery but were left with significant deficits
that formed the basis of their claims, many of which were
unmeritorious. In 15% of the cases, failure to diagnose
aneurysms, arteriovenous malformation, sentinel bleeds,
and other brain injuries were the cause of litigation.24 The
defensible cases relied on evidence that the defendant exer-
cised the degree of judgment, skill, and care expected from
an average neurosurgeon.

According to the American and British literature, neuro-
surgeons have more exposure to litigation than doctors in
any other specialty.18,19 According to Taylor, lawsuits occur
most commonly after spinal surgery (improper perfor-
mance, wrong level operated on, unindicated procedure),
followed by clinical management (misdiagnosis, failure to
monitor a patient), and cranial surgery (misdiagnosis, im-
proper performance).18 Cases involving claims of failure to
monitor a patient in which the physician did not visit the
patient, delegated the task to an assistant during hospitali-
zation, and problems later arose. The number of treated
cases, instead is related to the type of surgery, in case spinal
surgery compared to cranial. Taylor explains this finding by
stating that, in cranial surgery, the patient typically already
has a preoperative deficit and therefore is more willing to
accept postsurgical neurological dysfunctions.18 Taylor also
states that the patient/family perceives cranial surgery as
having an inherent risk, while in spinal surgery, a good
outcome is always expected. Indemnity values were the
highest in cranial surgery, followed by clinical management
and spinal surgery.18 Damage to the spinal cord is consid-
ered the most powerful predictor of litigation. Higher pay-
ments were made for serious permanent damage than for
deaths.

In a study on jury verdicts and settlements related to
malpractice in neurosurgery between 1985 and 2015,
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Thomas et al identified 343 cases.25 The decisionwas in favor
of the neurosurgeon in 165 cases (48.1%) and in favor of the
plaintiff in 93 cases (27.1%). A settlement was possible in 81
cases. The most common procedures related to claims were
spinal surgery, in 199 cases (58%), general neurosurgery, in
54 cases (15.7%), and cerebrovascular disease, in 38 cases
(11.1%). The most common causes for litigation were proce-
dural error (45.5%; for example, surgery on the wrong side,
failure to monitor hemodynamic status intraoperatively,
inadvertent vessel rupture during an endovascular proce-
dure, and spinal surgery performed at the wrong level) and
failure to diagnose (41.4%) or treat (42.9%). In this study,
failure to diagnose or treat was associated with higher
average payouts. The decision was in favor of the plaintiff
most often in diseases involving general neurosurgery, such
as removing subdural hematomas and placing external
ventricular drains. The highest payouts in favor of the
plaintiff were associated with pediatric and cerebrovascular
cases. The age of the pediatric patient and the length of
remaining life impact the compensation values for both
economic and noneconomic damages (pain and suffering).
The authors of the present study found that the more severe
the harm is, the more likely the verdict will be in favor of the
plaintiff.25

In a study on malpractice in neurosurgery using the
America Data Sharing Project of the American Physician
Insurers Association between 2003 and 2012, Elsamadicy
et al identified 2,131 cases of medical malpractice against
neurosurgeons.26 Improper performance of surgery on the
spinal column (spinal disc disease, spinal column/spinal
canal) was the most common litigation claim.

In the study by Mukherjee et al from 2004 to 2013, 42
claims in neurosurgery were identified: 28 in spinal surgery,
13 in cranial surgery, and 1 in peripheral nerve surgery.19 The
major cause of claims was faulty surgical technique in claims
involving spinal surgery and a lack of information in claims
involving cranial surgery. The highest payments involved
claims against faulty surgical technique and a lack of infor-
mation. In this study, the mean time between the clinical
event and the claims was 664 days.19 For this reason, the
authors emphasize the importance of thorough documenta-
tion/records in reducing the risk of litigation.

A retrospective national analysis of neurology and neuro-
surgery using the National Health Service Litigation Author-
ity (NHSLA) database between 1995 and 2012 found 423
successful lawsuits in England and Wales, 267 (63.1%) of
which were against neurosurgeons, with diagnostic error/
delay being the most common cause of a claim.15 The second
most common cause of litigationwas negligence in perform-
ing the procedure; 36% of these claims involved either
wrong-site surgery or a foreign body left during the proce-
dure. Diseases resulting in the largest number of verdicts in
favor of the plaintiffs were spinal disease (n ¼ 118), cere-
brovascular disease (n ¼ 60), intracranial tumors (n ¼ 46),
hydrocephalus (n ¼ 21), and neuromuscular disease/neu-
ropathy (n ¼ 18).15 The median litigation payout was higher
in neurosurgery than in neurology. The locations where
these patients were seen included hospitalization wards

(n ¼ 167), surgical centers (n ¼ 121), outpatient clinics
(n ¼ 86), and emergency rooms (n ¼ 30).

Another study on NHSLA data between 2002 and 2012
related only to neurosurgery found different and larger
numbers, with 794 lawsuits, 405 (66%) of which resulted
in verdicts in favor of the plaintiffs.10 Surgical spinal diseases
(more specifically, lumbar degenerative disease) represented
the most common disease in litigation, but cranial (vascular)
cases resulted in higher payouts. Most claims were related to
improper surgical performance (29%), delayedmanagement/
surgery (24%), diagnostic error (16%), and inadequate pre-
operative care (14%). Emergency-related cases resulted in
higher payouts than elective pathologies.10 Lawsuits related
to wrong-site surgery and cauda equina syndrome were
more frequently successful.10

Again, similar to other authors, in the British study by
Steele et al, the largest number of claims involves spinal
surgery.20 Lawsuits related to cranial surgery involved
delayed diagnosis (29%) and treatment (24%). In contrast,
lawsuits related to spinal surgery involved delayed diagnosis
(32%) and surgical negligence (22%).

According to a French study of 115 lawsuits over 10 years,
81 were related to spinal surgery and 34 to cranial surgery.13

The five main complaints were surgical site infection (37%),
technical error (22%), lack of information (14%), delayed
diagnosis (11%), and lack of supervision (9%). In cranial
surgery, the three main complaints (in descending order)
were 1) lack of information, 2) surgical site infection, and 3)
technical error. In spinal surgery, the main complaints were
1) infection at the surgical site (spondylodiscitis after sur-
gery for herniated disc/fusion for lumbar stenosis), 2) tech-
nical error, and 3) delayed diagnosis.13

A Chinese study conducted with hospital data from 2006
to 2012 identified 57 cases of malpractice related to cranial
surgery and only 3 cases related to spinal surgery.27 Lack of
information (40%) was a main cause of claims, followed by
technical error (16.7%), lack of supervision (15%), delayed
diagnosis (10%), therapeutic risk (8.3%), local surgical infec-
tion (6.7%), and defects in implanted devices (3.3%).27 This
study found that the number of lawsuits decreased after the
hospital was accredited by the Joint Commission Interna-
tional, which reflects the commitment of the hospital to care,
patient safety, and medical quality.27

In the study by Nagashima et al of a database disclosed by
the courts from 2001 to 2015, there were 38 lawsuits for
malpractice against neurosurgeons (9.2%), 26 of which were
for negligence.21 Twenty-six claims were in favor of the
plaintiff, and they involved negligence in diagnosis (n ¼ 4),
clinical judgment (n ¼ 3), technical skills (n ¼ 5), clinical
management (n ¼ 7), and informed consent (n ¼ 7). The
main diseases associated with these cases were subarach-
noid hemorrhage (n ¼ 8), unruptured aneurysm (n ¼ 11),
arteriovenous malformation (n ¼ 2), and cerebral ischemic
lesions (n ¼ 6). The authors did not report claims against
neurosurgeons involving spinal diseases and explained this
difference from other reports in the literature by the fact that
spinal diseases in Japan are less often treated by
neurosurgeons.21
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In Brazil, according to the STJ, 260 malpractice lawsuits
were filed in 2010, a number that increased to 626 in 2014.7

Only a portion of all lawsuits filed in Brazil reach the STJ,
which is the court of last resort for appeals. The STJ is a
special court designed to standardize the understanding of
federal legislation. Therefore, not all claims reach the STJ. For
a claim to beheard by the STJ, it is necessary that a federal law
to havebeen broken or not followed, that a state court to have
applied a local law in detriment to a federal law, or that a
state court to have interpreted a federal law in a manner
different from that of another court.28 The state of Rio de
Janeiro isfirst in the number ofmalpractice appeals to the STJ
(25.69%), followed by São Paulo (19.27%), Rio Grande do Sul
(15.92%), Paraná (6.7%), Minas Gerais (6.14%), Santa Catarina
(5.3%), Distrito Federal (3.91%), Rio Grande do Norte (2.23%),
Bahia (1.39%), Espírito Santo (1.39%), Pernambuco (1.39%),
Mato Grosso (1.12%), Ceará (0.83%), Mato Grosso do Sul
(0.83%), Paraíba (0.83%), Piauí (0.83%), Rondônia (0.83%),
Roraima (0.83%), Acre (0.56%), Goiás (0.56%), Pará (0.56%),
Sergipe (0.56%), Tocantins (0.56%), Alagoas (0.27%), Amazo-
nas (0.27%), and Maranhão (0.27%).28 Of the cases that
reached the STJ, 59.35% of the plaintiffs were female and
40.65% were male, and 46% of the defendants were legal
entities (hospitals, clinics, health centers, health insurance
operators, or public authorities). The top five specialties with
claims in the STJ were obstetrics and gynecology (27.14%),
traumatology and orthopedics (15.71%), plastic surgery
(10%), general surgery (10%), and neurosurgery (7.14%).
The STJ fully or partially compensated the plaintiff in only
20.51% of the cases. In 81.25% of the claims that resulted in a
full or partial award, the value of the payout was increased.
Death resulted in the highest number of claims, with 28.16%,
followed by aesthetic damages (12.67%), a need for new
surgical procedures (11.26%), a loss of organ or function
(11.26%), tetraplegia (8.45%), permanent sequelae (7.04%),
neurological sequelae (7.04%), blindness (4.22%), motor se-
quelae (4.22%), foreign bodies left inside the patient during
surgery (2.81%), false positive diagnosis for cancer (2.81%),
and HIV contamination in a blood transfusion (1.4%).28

According to Gomes et al, in the database of the Federal
District Court (TJDFT, in the Portuguese acronym), from2013
to 2015, 202 civil and criminal cases involving malpractice
were identified, 97% of which were judged by the Common
Court and 3% of which were judged by special courts (less
complex claims that do not exceed 40 times the minimum
wage).3 Of these cases, 53% involved material and moral
damages, 46% involved moral damages, and 1% involved
material damages. The specialties with the largest number
of caseswere obstetrics and gynecology, general surgery, and
plastic surgery. Neurosurgery had 10 lawsuits in the TJDFT
(4.95%). The defendantsworked in the private sector (51%), in
the public sector (44%), and as individuals (5%). The option to
sue the employer of a medical professional is a way to
guarantee more robust indemnification. It is certain that
once convicted, the company will sue its employee, the
doctor, to receive reimbursement for the costs of the lawsuit,
of the legal fees, and of the payment of the indemnification.
Regarding the outcome, 57% of the cases were unfounded,

22% were well-founded, 19% were partially founded, and 2%
were dismissed.3

In the study by Koeche et al on claims made in the
Regional Council of Medicine of Santa Catarina from 2005
to 2009, 122 doctors were found liable, 21 of whom were
found to have violated the code of medical ethics.4 The most
reported specialties in absolute numbers were gynecology
and obstetrics (16%), anesthesiology (8.2%), and orthopedics/
traumatology (4%).4 Taking into account the proportional
number of doctors in the specialty, the order changes, with
the first three being thoracic surgery, surgery on the diges-
tive system, and anesthesiology. The most commonly
reported type of malpractice was negligence (39%), reckless-
ness (8%), incompetence (4%), and a combination thereof
(49%). Among the several factors analyzed in this study,
surgical medicine was the most influential factor for a guilty
verdict, with odds 4.2 times higher than for clinicalmedicine.
Koeche et al state that surgical procedures are more prone to
adverse events and generatemore serious consequences that
are more easily perceivable and verifiable. With respect to
training time, the majority of convicted doctors had from 11
to 20 years of training. After practicing for more than
10 years, doctors experience a false sense of security, tend
to stop reading the medical literature, and require greater
financial compensation, resulting in a greater exposure to
risk. Another relevant factor observed is that receiving a
complaint involving more than one type of wrongdoing
increased the chances of conviction.

In a study on malpractice with data from the Regional
Council of Medicine of Goiás from 2000 to 2006, Fujita et al
identified 2,293 claims, 62% of which alleged professional
incompetence (dissatisfaction with the results of the treat-
ment, death, and diagnostic error) and an inadequate doctor-
patient relationship (poor care and negligence).22 Neurolo-
gists and psychiatrists (data presented together in this study)
received 104 complaints. Of the total complaints, 1,967 were
investigated, 698 of which became ethical claims. Of the
ethical claims judged through the end of the study, 200
doctors were acquitted and 119 doctors were convicted,
with the greatest penalty being a confidential warning.22

The study by Bitencourt et al on malpractice using the
database of the Regional Medical Council of Bahia from 2000
to 2004 found 372 physicians who had received complaints;
159 of those complaints were for malpractice, and 23 were
found guilty.8 The most reported specialties were gynecolo-
gy and obstetrics (24%), general surgery (9%), and anesthesi-
ology (7%). The public and surgical environment had the
most complaints. The most commonly alleged type of mal-
practice was negligence (67%), but recklessness resulted in
the highest number of convictions. The most common pen-
alties were official public and private censures, which were
imposed in 68% of the cases.8

What are the Possible Preventative Measures?
A court summons for malpractice strongly impacts the
personal and social life of a doctor and affects the relation-
ship of trust between the population and doctors. The
circumstances involved in the decision of the patient to

Arquivos Brasileiros de Neurocirurgia Vol. 37 No. 4/2018

Professional Practice and Neurosurgery Romero314



initiate a claim are multifactorial, interrelated, and interde-
pendent. Therefore, recommendations to increase patient
safety and reduce errors should include a variety of
strategies.

Good risk management is essential to limit litigation in
neurosurgery.19 According to the researched literature, in
order to avoid or reduce malpractice complaints, the neuro-
surgeon should take the following precautions12:

1) Follow medical protocols/check lists.5,9,10,13,25,27

2) Perform surgeries in an environment consistent with
good medical practice.4,13

3) Evaluate and monitor antibiotic prophylaxis.10,13

4) Develop a good relationship with the patient based on
ethics, good faith and transparency4,8; when seeking
authorization for a procedure, give the patient and his
or her family time to reflect.

5) When there is a problem, ask for the presence of the
patient and, if applicable, of his or her family in order to
explain the case in a timely manner (provision of infor-
mation).2 Anatomical drawings and models may also be
used.27 Even if it is not expressed directly as a complaint, a
lack of information may be the triggering event for a
lawsuit, and it becomes the responsibility of the surgeon
to prove that the relevant information has been provided.
Use clear, simple, concise, and understandable terms10,13;
it is equally important, when appropriate, to discuss
nonsurgical management with the family.19

6) Keep good medical records to document all the actions
performed (informed consent, clinical signs and symp-
toms, and description of the surgery and of the pre- and
postoperative protocols).10Medical records are important
evidence in a lawsuit.8 The informed consent form is of
vital importance and should include the proposed treat-
ment and the potential risks, benefits, and alternatives,
including in cases of emergency.4,10,13,19,21 However,
Oliveira excludes urgent cases in which obtaining in-
formed consent could create a risk of the loss of life or
of irreversible physical damage.2 Quintana states that
informed consent is a critical aspect of medical responsi-
bility.23 It is a medical act with instructions that can
generate responsibilities. Hamdan et al emphasize that
the time spent on these prophylactic measures is insig-
nificant compared with the time spent on a lawsuit.10

Ferraz states that court representatives have considered
the absence of informed consent to be medical negli-
gence.5 Remember that the medical record is the story of
the doctor.11

7) Be dedicated to technical improvement (continuous edu-
cation/professional development).4,8

8) In the case of assistant physicians, monitor the patient,
treating eventual postoperative complications.13

9) Conduct multidisciplinary team meetings to optimize
treatment decisions and share responsibilities in difficult
decisions.8,10

In addition, as a strategy to prevent malpractice, many
neurosurgeons practice defensive medicine, requiring addi-
tional imaging studies (72%), laboratory tests (67%), referral

of patients to consultants (66%), or prescribing of medica-
tions (40%); 45% of neurosurgeons eliminated high-risk
procedures (cranial and spinal trauma, intracranial hemor-
rhage, tumor resection, and hydrocephalus) from their med-
ical practice, according to a survey of 1,028 members of the
American Association of Neurological Surgeons.17 In addi-
tion, 71% of the neurosurgeons have indicated that the
malpractice environment has affected their decision about
how long they will continue to practice the specialty. In that
study, 41% of the neurosurgeons reported at least one lawsuit
during their career.17

What should a Neurosurgeon do in the Event of a
Lawsuit?
It is important to understand that each case is unique. In each
situation, therefore, the defense must translate the technical
issue into lay terms for the court, demonstrating that there
was no malpractice.16 Physicians must defend themselves
and participate in their defense.11

If a lawsuit or ethical complaint is filed, the physician
must observe the following procedure:12

1) Examine the full case by studying the medical records;
2) Conduct research in the medical literature to explain why

their conduct was correct;
3) Meet procedural deadlines (the defense deadline is

15 days in the judiciary and 30 days in the Regional
Medical Council);

4) Find a lawyer who specializes in medical law.

Nahed et al propose various models to respond to the
malpractice crisis, such as the following: 1) physician
disclosure of medical error; 2) health courts, which would
be specialized courts with judges trained in medical care,
which would limit the number of frivolous claims; and 3)
the implementation of patient indemnity insurance to
protect patients from personal losses resulting from medi-
cal interventions.17

Conclusions

The probability of a neurosurgeon being sued formalpractice
in neurosurgery in the United States and in Great Britain is
higher than that in Brazil, but the number of cases in Brazil
has increased progressively in recent years, now accounting
for 7.14% of the lawsuits filed in the STJ. There are specific
publications on malpractice in neurosurgery in the interna-
tional literature, but the Brazilian literature is nonexistent on
this topic; nevertheless, there have been studies on malprac-
tice claims in the Regional Medical Councils.

The most commonly alleged type of malpractice in liti-
gation is negligence. According to the literature, spinal
disease is the neurosurgical disease associated with the
largest number of claims. The outcome varied in favor of
the neurosurgeon or the plaintiff depending on the associa-
tion between various factors, including claims involving
more than one type of error, aggravation of the problem of
the plaintiff postsurgery, and wrong-site surgery; these
types of cases tend to resolve in favor of the plaintiff.
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In the practice of their profession, doctors have a duty to
treat, to use availablemeans, and to comfort, but they are not
obliged to cure. A better understanding of the underlying
causes of malpractice may help the neurosurgeon to de-
crease the risk of litigation and improve patient safety. The
physician must take the following preventive measures: act
according to established protocols, develop a good doctor-
patient relationship, record all activities in the medical
record, and seek continuing technical updates.

“The only one who never makes mistakes is the one who
never does anything.” – Franklin Roosevelt.
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Abstract Background and Objective Various irradiances have been reported to be beneficial
for the treatment of neuropathic pain with near infrared light. However, the mechan-
istic basis for the beneficial outcomes may vary based on the level of irradiance or
fluence rate used. Using in vivo and in vitro experimental models, this study determined
the mechanistic basis of photobiomodulation therapy (PBMT) for the treatment of
neuropathic pain using a high irradiance.
Study Design/Materials and Methods ln vitro experiments: Cultured, rat DRG were
randomly assigned to control or laser treatment (L T) groups with different irradiation
times (2, 5, 30, 60 or 120s). The laser parameters were: output power ¼ 960 mW,
irradiance ¼ 300mW/cm2, 808 nm wavelength and spot size ¼ 3cm diameter/ area
¼ 7.07cm2, with different fluences according to irradiation times. Mitochondrial
metabolic activity was measured with the MTS assay. The DRG neurons were
immunostained using a primary antibody to β-Tubulin III. ln vivo experiments: spared
nerve injury surgery (SNI), an animal model of persistent peripheral neuropathic pain,
was used. The injured rats were randomly divided into three groups (n ¼ 5). 1) Control:
SNI without LT, 2) Short term: SNI with LT on day 7 and euthanized on day 7, 3) Long
term: SNI with LT on day 7 and euthanized on day 22. An 808 nm wavelength laser was
used for all treatment groups. Treatment was performed once on Day 7 post-surgery.
The transcutaneous treatment parameters were: output power: 10 W, fluence rate:
270 mW/cm2, treatment time: 120s. The laser probe was moved along the course of
the sciatic/sural nerve during the treatment.Within 1 hour of irradiation, behavior tests
were performed to assess its immediate effect on sensory allodynia and hyperalgesia
caused by SNI.
Results ln vitro experiments: Mitochondrial metabolism was significantly lower
compared with controls for all LT groups. Varicosities and undulations formed in
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Introduction

Neuropathic pain is a common, debilitating disorder with a
complex etiology.1 Although several pharmacologic agents
have been used to treat neuropathic pain, reported outcomes
have been poor with less than half of the patients reporting
satisfactory relief of their symptoms.2 Photobiomodulation
therapy (PBMT), previously referred to as low level laser
therapy, has been used to decrease various types of neuro-
pathic pain in preclinical animal models and in randomized
controlled clinicai trials. PBMT has been reported to reduce
pain and improve function in compressive neuropathies such
as carpal tunnel syndrome.3 Also, systematic reviews and
meta-analysis of randomized controlled trials found that
PBMT reduced acute and chronic neck pain.4,5

Since PBMT can act in part by causing an anti-inflamma-
tory effect in the target tissue,6–9 it has promise as an
effective treatment for neuropathic pain associated with
inflammation. Considering the involvement of the central
nervous system in pain, it is important to note that photo-
biomodulation (PBM) can alter microglial phenotypes: from
pro-inflammatory to anti-inflammatory across the Ml/M2
spectrum in a dose-dependent manner.10 Several pre-clin-
ical animal studies investigated the effect of PBMT on
inflammatory markers in neuropathic pain models. Hsieh
and colleagues (2012) reported a decrease in pro-inflamma-
tory markers (tumor necrosis factor (TNF), interleukin 1 β
(IL-1β), and hypoxia-inducible factor 1-α (HIF-1 a)) at a
chronic constriction injury site in the rat sciatic nerve in
PBMT treated animals compared with non-treated-injured
animals.11 Cidral-Filho et al. (2013), using a mouse sciatic
nerve crush model, reported that PBMT reduced mechanical
hypersensitivity and decrease spinal cord and sciatic nerve
levels of TNFa.12 Recently, our laboratory reported that PBMT
effectively reduced mechanical hypersensitivity in a spared
nerve injury preclinical model of neuropathic pain and
modulated macrophage/microglial activation to an anti-
inflammatory phenotype.13 Both studies provide evidence

that PBMT is effective for treating neuropathic pain by
altering the inflammatory response. ln these studies, the
fluences (energy densities) were 9 J/cm2,11 2.5 J/cm2,12 and
8 J/cm213 and the irradiances (power densities) were 150
mW/cm2 at the skin surface,11 80 mW/cm2 at the skin
surface12 and 43.25 mW/cm2 at the target tissue.13

In contrast, the pioneering work of Dr. Chow et al. on the
clinical efficacy of PBMT for neck pain14 and the mechanistic
basis of pain suppression15 used irradiances of 670mW/cm2
at the skin surface for the clinical study14 and 300 mW/cm2
at the cell surface for the in vitro experiments15 at a
wavelength of 830 nm. A systematic reviewon the inhibitory
effects of laser irradiation on peripheral mammalian nerves
and analgesic effects examined 44 studies: 18 human studies
and 26 animal studies.16 Although inconsistently reported,
irradiances that suppressed conduction velocity and/or
reduced the amplitude of the action potentials ranged
from 300 mW/cm2 to 1.73 W/cm2 in the human studies.
One important conclusion of this systematic reviewwas that
the inhibition of nerve conduction requires comparatively
high therapeutic doses.16

Recently, we completed a pilot, clinical study for treat-
ment of low back pain that compared three treatment
modalities: lidocaine injection, radiofrequency, or PBMT
with 808 nm wavelength light with high irradiance and
fluence (measured at the tip of the fiber optic). The data
showed that PBMT applied bilaterally to the dorsal root
ganglia (DRG) of the second lumbar spinal nerves decreased
low back pain within 5 minutes which was comparable to
lidocaine injection.17 These results lead to the development
of this combined in vitro and pre-clinical animal study to
better understand the mechanistic basis underlying the
photoneuromodulation of the neuropathic low back pain
at high irradiances. The data from this study and our previous
experiments on nerve regeneration and pain suppression
serve as the basis for discussion of mechanisms of action for
pain suppression based on irradiance.

neurites of DRG neurons with a cell body diameter 30µm or less. ln neurites of DRG
neurons with a cell body diameter of greater than 30µm, varicosities formed only in the
120s group. ln vivo experiments: For heat hyperalgesia, there was a statistically
significant reduction in sensitivity to the heat stimulus compared with the measure-
ments done on day 7 prior to LT. A decrease in the sensitivity to the heat stimulus was
found in the LT groups compared with the control group on day 15 and 21. For cold
allodynia and mechanical hyperalgesia, a significant decrease in sensitivity to cold and
pin prick was found within 1 hour after L T. Sensitivity to these stimuli returned to the
control levels after 5 days post-L T. No significant difference was found in mechanical
allodynia between control and L T groups for all time points examined.
Conclusion These in vitro and in vivo studies indicate that treatment with an
irradiance/fluence rate at 270 m W/cm2 or higher at the level of the nerve can rapidly
block pain transmission. A combination therapy is proposed to treat neuropathic pain
with initial high irradiance/fluence rates for fast pain relief, followed by low irradiance/
fluence rates for prolonged pain relief by altering chronic inflammation.
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Methods

ln Vitro Experiments

Cell Culture
Primary rat dorsal root ganglion neurons (Lonza Walkers-
ville, Inc. Walkersville, MD) were seeded in Poly-D-Lysine/
Laminin (30 µg/mL poly-D-lysine and 2 µg/mL laminin)
coated 4-well chamber slides with a seeding density of
2 � 104 cell/well in primary neural growth medium
(PNGM) according to manufacturer’s instructions. The cells
were incubated at 3 7°C, 5% C02 for 48 hours.

Laser Irradiation
The laser device used for irradiation of the cells was a CW,
808 nm wavelength diode laser with adjustable output
power up to 2 W. Based on our previous clinicai pilot study
on low back pain in which a high irradiance was delivered to
the DRG17 and a previous in vitro study on DRG neurons, in
which 300 m W/cm2 at different treatment times caused
varicosity formation and slowing of nerve conduction in the
small DRG neurons,15 an irradiance of 300 mW/cm2 was
used in this study. Measurements were made to determine
the output power that was needed to deliver 300 m W/cm2
to the cells (LabMaster Ultima power meter with LM-3 HTD
sensor, Coherent, Inc., Santa Clara, CA). After incubating for
48 hours, the cultures were randomly assigned to either
control or laser treatment (LT) groups (irradiation times ¼ 2,
5, 30, 60 or 120s). The laser parameters were: output power
¼ 960 mW, irradiance ¼ 300 mW/cm2, 808 nmwavelength
and spot size: 3cm diameter/area¼ 7,07 cm2.

MTS Assay
MTS assay (Promega, Madison, WI) was used to measure the
metabolic activity in the living cells. This assay is based on the
reduction of tetrazolium salts into formazan, which can be
measured colorimetrically. The conversion is presumably
accomplished by reductase enzymes in mitochondria.
Forty minutes after laser irradiation, MTS solution was added
to eachwell. Fortyminutes was chosen based on reports in the
literature and previous work in our laboratory that identified
that the peak timepost-irradiation for change inmitochondrial
metabolismwas 40minutes.18 After incubation for 1.5 hour at
37°C, the supernatantwas read for absorbanceat 485 nmusing
FLUOstar OPTIMA plate reader (BMG Labtech Inc. Cary, NC).
Blank: controls were medium alone with MTS solution. Each
light parameter settingwasmeasured in triplicate. This experi-
ment has been repeated twice and the data were combined.

Immunocytochemistry of P-Tubulin III
Cellswerefixedwith4%paraformaldehyde and thenblocked in
PBSwith 10% goat serumandO 0.1% Triton for 3 Omin at roam
temperature (R T). Cells were then incubatedwithMouse anti-
β-Tubulin III antibody (1:75 in PBSwith 1% goat serum, Sigma,
St. Louis, MO) for 1 hour at RT, followed by incubation
with secondary antibody (AlexaFluor488 Goat anti-mouse
IgG, 2.5 µg/ml in PBS with 1% goat serum, Life Technologies,
Grand Island, NY) for 30minute at RT. After washing with PBS,

samples were cover slipped with Vectashield mounting med-
iumwith DAPI (Vectors Laboratories, Inc. Burlingame, CA) and
sealed with nail polish. The cells were photographed digitally
using an Olympus BX43 fluorescence microscope equipped
with an Olympus DP72 microscope digital camera (Olympus
Imaging America Inc. Center Valley, PA). The diameters of cell
bodyweremeasuredusingOlympusCel1Sens software (Olym-
pus Imaging America Inc. CenterValley, PA). Aminimumof100
cells from each treatment and control groups was measured.

ln Vivo Experiments

Animals
The animal use protocol (APG-14–808) was reviewed and
approved by the Uniformed Services University of the Health
Sciences (USUHS) Institutional AnimalUse Committee. Sixteen
male Sprague-Dawley (SD) rats (201–225 g, Charles River
Laboratories International, Inc., Wilmington, MA) were used
in this study. One ratwasused for power penetrationmeasure-
ments and the other 15 rats were divided into three groups
(n ¼ 5): 1) Control: surgery without LT, 2) Short term: surgery
withLTonday7andeuthanizedonthesamedayafterbehavior
test, 3) Long term: surgerywith LTon day 7 and euthanized on
day 22. Animalswerehoused2 per cage, under a 12-hour light/
dark cycle, with access to food and water ad libitum.

Power Penetration Measurement
One male SD rat was anesthetized for light penetration mea-
surement. The fluence rate was measured by a near infrared
detector which was designed and built by B&W Tek Inc.
(Newark, DE). A small photo sensor (2.0 mm � 2.5 mm) was
sealed in a glass tube. The output voltage of this sensor was
calibrated such that a readingof 1mVrepresented1mW/cm2
Thesensorwasplacedbelow the lumbar4, and lumbar 5DRGs.
An 808 nmwavelength laser (Model BWF5–808–20, B&W Tek
Inc, Newark,DE), connectedwith a probe that had a rolling ball
with an irradiation diameter of 4 cm, was placed in direct
contact with the skin surface. Light penetrationwasmeasured
for output powers of 3, 5 and 10 W (which was themaximum
output power of this laser). The probe was moved until the
highest reading was identified and recorded.

Surgery
Spared nerve injury (SNI) surgery, an animal model for per-
ipheral neuropathic pain, was performed on all rats.19 Briefly,
rats were anesthetized with isoflurane (5% for induction and
0.5–3% for maintenance). An incision was made on the lateral
left thigh and the bicep femoris was separated to expose the
sciaticnerve and itsbranches. The commonperoneal and tibial
nerves were tight-ligated and 3–4 mmof each nerve (distal to
the ligation) were cut and removed. Great care was taken to
avoid any contact with the intact sural nerve. The muscle and
skin were then sutured in two layers.

Laser Irradiation
An 808 nm wavelength laser (Model BWF5–808–20, B&W
Tek Inc, Newark, DE) was used for both the long and short
term treatment groups. Transcutaneous laser treatment was
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performed once on Day 7 post-surgery with parameters:
output power: 10 W, treatment time: 120s. The probe had a
small massage ball (circular area with a diameter of 4 cm)
and was scanned along the nerve track during the
two minutes of treatment from the thoracic 13 and lumbar
1 (T13/Ll) spinal cord level to the lumbar 4 and 5 (L4/L5) DRG,
the sciatic nerve, the sural nerve, and the involved derma-
tomes on the lateral plantar surface of thehind paw (►Fig. 1).
The irradiance rate was 270 m W/cm2 at the DRG L4/L5
region according to the power penetration measurements.
The rats were lightly anesthetized with isoflurane for the
laser treatment. The rats in the control group were handled
in exactly the same manner as the irradiated rats but the
laser was off.Within 1 hour of treatment, behavior testswere
performed to assess the immediate effects of the laser
treatment on sensory allodynia and hyperalgesia caused by
the SNI model.20

Behavior Tests
Behavior tests included Heat Hyperalgesia, Cold Allodynia,
MechanicalHyperalgesia (Pin Prick) andMechanical Allodynia
(Electronic Von Frey). The animals were placed in an inverted
plastic box on an elevated metal grid to allow for stimulation
on the lateral plantar surface of the hind paw. Tests were
performed before surgery (baseline), day 7 before LT and
1 hour after LT and on day 10, 12, 15, 18 and 21. The behavior
tests done on day 7 post-irradiationwere done at 1 hour after
PBMT because the animals had been anesthetized and needed

this amount of time to completely wake up. The behavior data
from day 7 before and after L T represents the immediate
effects from the laser irradiation. For long term effects, data
from long term groupwere comparedwith the control group.

Heat Hyperalgesia
The test used to measure heat l) hyperalgesia was modified
from Hargreaves et al.20 The thermal stimulation was gener-
ated by a beam of radiant heat using an 808 nm wavelength
laser with a 2W output power and 3 mm diameter. Animals
were placed on the elevated grid and acclimated for 5 minute.
The laser beamwaspositioned on the lateral plantar surface of
thehind pawwhich is the region innervatedby the intact sural
nerve. The time when the hind paw was briskly withdrawn
was recorded with a maximum cut-off time of 10s. Both left
(injured) and right (uninjured) sideswere tested. The ratiowas
calculated as response timeof left side divided by the response
time of the right site. Rats were tested three times with a 5-
minute interval between each test.

Cold Allodynia
After 5 minute of acclimation on the elevated grid, cold
acetone (20 µl, -20°C) was sprayed on the lateral plantar
surface of the hind paw. The duration of the withdrawal
response to the cold stimulation was recorded and graded in
5 levels: O, no visible response; 1, startle response without
paw withdrawal; 2, clear withdrawal of the paw; 3, pro-
longed withdrawal (2–30s) often combined with flinching
and licking of the paw; and 4, prolonged, repetitive with-
drawal (30s) and/or vocalization.

Mechanical Hyperalgesia (Pin Prick)
Pin prick test was performed using a safety pin after 5minute
acclimation of the elevated grid.13 A brief stimulation was
applied to the lateral part of the plantar surface of the hind
paw. The duration of paw withdrawal was recorded. An
arbitrary minimal time of 0.5s was used as normal response
time. The maximum cut-off time was 15s.

Mechanical Allodynia (Electronic Von Frey)
SNI animals developed hypersensitivity to mechanical sti-
mulation, which was measured using an electronic von Frey
(Bioseb, Chaville, France) device.21,22 The hand-held force
transducer of the device can generate force from 0–500 g in
0.1 g intervals. After an acclimation period of 15 minute, the
plastic tip of the transducer was applied perpendicularly to
the lateral plantar surface of thehind paw. The lowest force at
which a brisk withdraw of the hind paw was recorded. The
test was repeated three times with a 5-minute interval
between each measurement, and the mean of the three
measurements was computed for analysis.

Statistical Analysis for ln Vivo and ln Vitro
Experiments
For the MTS assays, one way ANOVA lith Tukey’s multiple
comparisons test were used to compare the effects between
groups. For behavior data, results were presented as mean
þ standard error of the mean (SEM). Unpaired two-tailed t-

Fig. 1 Illustration of in vivo laser scanning pathway and primary targets.
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test was used to compare the immediate effects between
before and after irradiation. For longterm behavior data,
Two-way ANOVA with Sidak’s multiple comparisons test
was used to compare control and long-term LT groups.
Family-wise significance and confidence levels were set at
0.05 (95% confidence interval).

Results

ln Vitro Experiments
All the LT groupswith treatment times of 2, 5, 30, 60 and 120s
had statistically significant lower mitochondrial metabolism
comparedwith controls (►Fig. 2). Therewas no difference in
the metabolic inhibition for all irradiation times tested. This
finding is due to the fact that 40minutes post irradiationwas
previously identified as the peak time post-irradiation for
change in mitochondrial metabolism.18

ln all LT groups, varicosities and undulations were present
in neurites of DRG neurons with a cell body diameter of 30
µm or less compared with the control group (►Fig. 3). These
neurons are associated with C and Aδ fiber types which in
vivo are the unmyelinated and lightly myelinated axons
conveying pain and temperature sensory information. The
neurites of DRG neurons with a cell body diameter �30 µm
began to form varicosities only in the 120s group (►Fig. 3).
Neurons of this size are associated with Aα and Aβ fiber
types, which in vivo are myelinated and convey propriocep-
tive, two-point tactile and vibration sensory information. It
is critical to remember that in our culturemodel there are no
Schwann cells and therefore no myelination of the neurites.
Therefore, the response of the neurons to the laser irradiation
is not related to the degree of myelination.

ln Vivo Experiments

Power Measurement
For an output power of 3, 5 and 10 W, the fluence rate was
measured as 80 mW/cm2, 165 mW/cm2 and 270 mW/cm2,

respectively. Thefluence rate of 270mW/cm2was the closest
power density to the target 300 m W/cm2 which was used in
the in vitro experiments. Therefore, an output power of 1 OW
was chosen for in vivo laser irradiation experiments.

Behavior Tests
For all hyperalgesia and allodynia behavior tests done, there
was no significant difference found between control and
experimental groups on day 7 postsurgery prior to the laser
treatments. On day 7 within 1 hour after irradiation, the
involved area of the lateral plantar surface of the hind paw
was tested.

For heat hyperalgesia, there was a statistically significant
decrease in sensitivity to the heat stimulus (p < 0.05) com-
paredwith themeasurements done on day 7 prior to the laser
treatment (►Fig. 4a) within onehour after irradiation. For the
long term measurements, a decrease in the sensitivity to the
heat stimulus was found in the LT group compared with the
control group (p < 0.05) on day 15 and day 21 (►Fig. 4b). The
lackof a significant difference on day 12 and day 18was due to
the greater variability in the standard error of the means. A
greater number of animals in each groupwould likely result in
decreased heat hyperalgesia for all time points.

For cold allodynia, a significant decrease in sensitivity to the
cold stimulus was found within 1 hour post-LT (p < 0.001,
►Fig. 5a). The sensitivity to the cold stimulus returned to the
control levels after 5 days post-LT (Day 12) (►Fig. 5b).

For mechanical hyperalgesia, a significant decrease in
sensitivity to the pin prick stimulus (p < 0.05) occurred
within 1 hour after LT (►Fig. 6a) and also returned to the
control level after 5 days post-LT on Day 12 (►Fig. 6b).

For mechanical allodynia using electronic Von Frey test,
no significant difference was found (►Fig. 7a and –7b)
between control and LT groups for all time points examined
post-laser treatment.

Discussion

ln the present study, in vitro and pre-clinical animal experi-
ments explored the mechanistic basis underlying photo-
neuromodulation of neuropathic pain at an irradiance
of300 and 270 mW/cm2. Chow et al. (2007) reported that
laser irradiation using a CW 830 nm wavelength laser with
an irradiance of 300 m W/cm2 induced axonal varicosities
in DRG small and medium neurons which represent the
type C and Ao fibers related to pain, temperature and light
touch perception.15 Chow et al.11 hypothesized that the
laser irradiation blocks nociceptor-specific neurons by
microtubule disruption with varicosity formation as the
key morphological feature. With our treatment parameters,
varicosities and undulations formed in in vitro neurites of
DRG neurons with a diameter of 30µm or less at all
irradiation times examined and in neurites of DRG neurons
with a diameter greater than 30µm in the 120s irradiation
group in contrast to Chow’s study. These large neurons
represent the Aa and Aβ large myelinated neurons related to
the perception of proprioception, vibration and two point
tactile discrimination.

Fig. 2 Statistically significant reduction of mitochondrial metabolism
as measured by MTS assay. �p < 0.005,��p < 0.01 compared with
control group.
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Early varicosity formation in axons have been associated
with injury of the central and peripheral nervous systems23–25

and many neurodegenerative diseases.26,27 Interestingly,
many reports suggest that varicosity formations in dendrites
are neuroprotective (see the recent publication by Liebert for
discussion).28 Besides laser irradiation, several chemical and
physical agents including anesthetics have been reported to
cause varicosity formation in neurons of various sizes.29–31

Varicosities formwhenthere isbreakageof themicrotubules.23

This cytoskeletal disruption affects axonal flowandmitochon-
drial function,15,28 impairs nerve conduction32 and signal
transduction.33 ln the present study, mitochondrial metabo-
lismmeasured using theMTS assaywas significantly lower for

all irradiated groups comparedwith controls. These datawere
based on the addition of the MTS solution at 40minutes post-
irradiation which has been previously identified as the peak
time for change in mitochondrial metabolism.18 Previously,
Chow et al (2007) examined mitochondrial membrane poten-
tial inDRGneurons treatedwith830 nmwavelength lightwith
an irradiance of 300 mW/cm2 for 30 second. A statistically
significant decrease in themitochondrial membrane potential
was found by 5 minute post-irradiation and progressed over
the total 30 minutes post-irradiation time.15 ln preliminary
studies to determine a maximal irradiance that could block
pain transmission and not cause permanentdamage, the effect
of 600 m W/cm2 at irradiation times of 60s or 120s was

Fig. 3 Photomicrographs of control and L T DRG neurons immune-labeled with β-Tubulin III. Varicosities and undulations were present in L T groups.
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Fig. 4 Heat hyperalgesia. There was a decrease in sensitivity to the
heat stimulus (p < 0.05) within one hour after irradiation
(►Figure 4a). For the long term, a decrease was found in the LT group
(p < 0.05) on day 15 and 21 (►Figure 4b).

Fig. 5 Cold allodynia. A decrease in sensitivity to the cold stimulus
was found within 1 hour post-LT (p < 0.001, ►Figure 5a). The
sensitivity to the cold stimulus returned to the control levels after
5 days post-LT (Day 12) (►Figure 5b).

Fig. 6 Mechanical hyperalgesia. A significant decrease in sensitivity
to the pin prick stimulus (p < 0.05) occurred within 1 hour after LT
(►Figure 6a) and returned to the control level after 5 days post-LT on
Day 12 (►Figure 6b).

Fig. 7 Mechanical allodynia. No significant difference was found
(►Figure 7a and –7b).
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examined. This combination of parameters caused a statisti-
cally significant decrease inmitochondrialmetabolic activities
compared with the controls and the cells irradiated with 300
mW/cm2at60or120s indicating that an irradiancehigher that
300m W/cm2 may be more effective (data not shown).

Different sizes and types of neurons have differential
susceptibility to stimuli that cause axonal varicosity forma-
tion. Magdesian et al. (2012) designed experiments to apply
gradual nano-scale forces to compress axons of rat hippocam-
pal or DRG neurons in a microfluidic chamber.34 They found
that the two types of neurons undergo similar morphological
changes including varicosity formation but their response
differed in intensity and time. The hippocampal axons com-
pletely recovered axonal transport when compressed to pres-
suresupto65 � 30Pascal (Pa) for1Ominwhile theDRGaxons
resisted pressures up to 540 � 220 Pa. The authors related the
differences in the neuronal response to the composition of the
cytoskeletal elements and thus the viscoelastic properties of
the axons. They determined that the DRG axons had 7 times
more neurofilaments than the hippocampal axons.34 Also,
neurofilament/microtubule ratios are three times higher in
the peripheral nervous system than in the central nervous
system.35 Furthermore, there are higher numbers of micro-
tubules in unmyelinated axons compared with myelinated
axons.36 It is important to remember that in our culturemodel
there were no Schwann cells and therefore no myelination of
theneurites. Therefore, the responseof theneurons to thelaser
irradiation was not related to the degree of myelination but
may be related to differences in the neurofilament/microtu-
bule ratios.

The primary target of the near-infrared light within
neurons that results in the cytoskeletal disruption and
varicosity formation has not been identified. It has been
suggested that the light may be directly absorbed by proteins
involved in microtubule stability/instability inducing a con-
formational change.28 Another possibility is that a calcium
influx occurs which is followed by the activation of calcium
dependent proteases, such as calpain, which cleave and
degrade cytoplasmic proteins.37

The present study demonstrates that transcutaneous
irradiation with an output power of 1 O W delivered
270 m W/cm2 to the DRG and sciatic nerve and blocked
pain and thermal transmission, but did not affectmechanical
allodynia which relayed by large myelinated fibers. Laser
irradiation of the rat sciatic nerve decreased small and
medium sizes fiber somatosensory evoked potentials but
did affect fast conducting large fibers.32

Of clinical relevance is the duration of the effect. As
demonstrated, even after 21 days, the laser treated group
showed less sensitivity to the heat stimulus compared with
control group. For cold allodynia and mechanical hyperalge-
sia, the duration of the effect was 5 days. ln contrast to our
results, a study on the assessment of neuropathic pain relief
in a chronic constriction injury rat sciatic nerve model
reported that laser treatment (980 nm wavelength, irradi-
ance on the surface of the skin ¼ 248 mW/cm2, irradiation
times 16 second at 3 sites) caused an increase in mechanical
allodynia and thermal threshold at 7 and 14 days post-

surgery. Unlike the present study in which irradiation was
done only once, irradiation was done daily for 14 days.38

BasedonourstudiesonPBMTandnerveregenerationaswell
as neuropathic pain and a survey of the literature, we propose
two methods that can be used to modulate neuropathic pain
basedon irradiancelevelsofnear infrared lightat the levelof the
target tissue. The first of these methods uses low irradiances in
the range of 1 O to 100mW/cm2 and causes a decrease in pain
response by altering chronic inflammation13 and decreasing
mechanical allodynia.13,39 The mechanisms involved at these
irradiance levels are the currently knowand acceptedmechan-
isms of PBM.40–42 The second method utilizes irradiances in a
range from 250 mW/cm2 to 1.73 W/cm2 which suppress
conduction velocity and/or reduce the amplitude of the action
potentials16 and rapidly block pain transmission as demon-
strated in the current pre-clinical animal data and human
data.17 The mechanism involved at these irradiance levels is
the alteration of the neuronalmicrotubules as discussed above.
It is important to note that to transcutaneously deliver these
irradiance levels at the target tissuemuchhigh levels need to be
used at the surface of the skin. We further propose that a
combination therapy approach may result in the improved
clinical outcomes for treating neuropathic pain. This approach
would involve initial use of a high irradiance treatment to block
the pain transmission followed by a series of low irradiance
treatments along the course of the involved nerve to alter the
chronic pathology and inflammation.
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Introduction

Schwannomas (that is, tumors formed by Schwann cells) are
very rare, and only 0.3 to 3.2% of them are malignant.
Schwannomas are usually located in the head or spine,1,2

and only � 3 to 3.2% can be found in presacral regions.3

The retroperitoneal presacral region is where uterine
growth occurs during pregnancy; thus, it is a region that favors
mass development. Tumors in this region are often asymptom-
atic and are discovered casually during routine gynecological

exams. The recommended treatment is surgical removal of the
tumor and of the capsule, and recent studies have reported the
use of laparoscopic surgery4 for this procedure. Retroperitone-
al presacral tumors are complex and require the collaboration
of professionals from several areas (such as general surgery,
gynecology, neurosurgery and urology).3

In this study, we present the case of a 23-year-old female
patientwitharetroperitonealpresacral schwannomaanddiscuss
in detail the surgical technique used and the clinical outcome.

Keywords

► schwannoma
► laparoscopic surgery
► presacral space
► retroperitoneal space

Abstract Retroperitoneal presacral schwannomas are uncommon and are usually diagnosed
accidentally. We present here the case of a 23-year-old woman diagnosed with an
expansive pelvic lesion during a routine gynecological examination. The precise
location of the tumor, as well as its relation to adjacent structures, was determined
through magnetic resonance imaging (MRI). The patient underwent laparoscopic
lesion resection and the diagnosis was confirmed by immunohistochemistry. An MRI
performed 2 months after surgery confirmed complete lesion resection.

Palavras-chave

► schwannoma
► cirurgia laparoscópica
► espaço pré-sacral
► espaço

retroperitoneal

Resumo Schwannomas pré-sacrais retroperitoneais são incomuns e geralmente diagnosticados
acidentalmente. O caso apresentado envolve uma mulher de 23 anos, que teve o
diagnóstico de lesão expansiva pélvica estabelecido em consulta ginecológica de
rotina. A ressonância magnética ajudou a determinar a localização precisa do tumor e
suas relações com estruturas adjacentes. A paciente foi submetida à ressecção da lesão
por técnica laparoscópica e o diagnóstico de Schwannoma foi confirmado histopato-
logicamente e por imunohistoquímica. O exame de ressonância magnética realizado
dois meses após a cirurgia confirmou a ressecção completa do tumor.
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Case Report

History and Physical Exam
This was a 23-year-old female patient with a retroperitoneal
presacral tumor diagnosed during a routine gynecological
exam. For the previous 2 years, the patient had suffered from
severe abdominal pain during menstruation, which was
suspected to be due to endometriosis. A pelvic ultrasound
revealed a solid nodule in the retrouterine region measuring
42 � 36 mm.

A magnetic resonance imaging (MRI) with abdominal and
pelvic contrast revealed a heterogeneous nodular image with
predominanthyposignal inT1andpredominanthypersignal in
T2 (with hyposignal in the central foci), involving the right S2
nerve root immediately after emerging from the sacral fora-
men, with no signs of hemorrhage or adipose tissue, and with
heterogeneous central enhancement. The lesion diverted the
upper third of the rectum contralaterally, with a preserved
adipose cleavage plane measuring 39 � 43 � 38 mm. Diag-
nosis was that of a possible giant schwannoma. The patient
was admitted to thedepartmentofneurosurgery, referring the
abdominal pain that had triggered the investigation, aswell as
pain in the lumbar region and lower limbs, in addition to lower
limb paresthesia. She underwent a lumbosacral spine con-
trast-enhanced MRI immediately before the surgery, which
confirmed the solid, roughly oval expansive lesion with well-
defined contours and signal intensity and a heterogeneous
enhancement projecting into the pelvis that altered bone
structure. The lesion was � 46 � 43 � 39 mm (►Fig. 1).

Surgery
We chose to perform laparoscopic surgerywith the aid of the
ultrasonic aspirator. The patient was submitted to pure
intravenous general anesthesia and orotracheal intubation,

withmean arterial pressure (MAP) and bispectral index (BIS)
monitoring. A 1-cm infraumbilical incision was made to
introduce the first trocar (10 mm). The second trocar (5
mm) was inserted into the left iliac fossa, and the third (10
mm) into the right flank (►Fig. 2). An initial inspection of the
region showed a bulge in the right iliac region displacing the
rectum to the left, posterior to the uterus.

The uterus was fixed with stitches to the anterior abdomi-
nal wall and the mesorectum was dissected in the right iliac
region. The tumor was located in the retroperitoneal plane; it
originated from the sacral region and occupied a large portion
of the retrorectal pelvic region. We dissected and incised part
of thecapsule, allowing access to the inside of the lesion,which
appeared friable and sandy. We conducted a paraincision by
inserting a long tip of the ultrasonic aspirator into the abdom-
inal cavity. The lesion volume was reduced considerably
through debulking using aspiration at 40% ultrasonic power.
It was thus possible to identify the tumor pedicle originating
from the root of S2, which was then ligated and coagulated,
allowing for complete tumor resection. Next, we conducted
the hemostasis check and closed the planes.

The macroscopic pathology exam revealed a solid lesion
measuring 40 � 30 � 20mm.When it was cut, we observed
a capsule with yellowish tissue, with a finely granular, firm
and friable interior. The histological sections stained with
hematoxylin-eosin revealed tissue fragments with architec-
tural and cellular characteristics consistent with a diagnosis
of fusocellular neoplasia. Immunohistochemistry confirmed
the diagnosis ofmixed peripheral nerve sheath tumor, with a
schwannoma/neurofibroma pattern (►Fig. 3). Positive S100
protein suggested the lesion was benign.

Postoperative Care
The patient did not present any postoperative complications.
On the first postoperative day, she reported mild pain at the
surgical site, accompanied by paresthesia in the right lower
limb. On the second postoperative day, she also reported
paresthesia in the perianal region. The patient was discharged
on the third postoperative day, at which time the symptoms
had improved.

Fig. 1 Lumbosacral spine contrast-enhanced magnetic resonance
imaging. (A) Sagittal T2-weighted image showing tumor location in
the presacral region.

Fig. 2 Laparoscopic surgical route showing the distribution of the
trocars, as well as the ultrasonic aspirator during the infraumbilical
paraincision.
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At the 30-day follow-up, the patient was in good general
condition. She reported pain in the right gluteal region and
some improvement of the paresthesia, which was accompa-
nied by a slight motor deficit in the right lower limb. At that
time, the patient underwent a lumbosacral spine contrast-
enhanced MRI to check for the presence of residual lesion
tissue, root lesions and/or local fibrosis. Imaging revealed
that the tumor had been completely removed (►Fig. 4).

At the 5-month evaluation, the patient reported difficulty
in performing certain movements and altered sensitivity in
the lower right limb. Muscle flexibility and strength had
returned to presurgical levels, and paresthesia in the perianal
region had resolved.

Discussion

Schwannomas are very rare benign sacral tumors that can
occur at any level of the spinal cord but are most frequently
found in the lumbar region,5,6 as was the case of the patient
presented here. Because of their size and proximity to the
sacral nerve roots, these tumors require a team approach
involving neurosurgeons and general surgeons.7,8 The surgi-
cal team was composed of one neurosurgeon and two
general surgeons with a long experience in the laparoscopic
approach. Several studies have suggested that presacral
schwannomas with a large retroperitoneal presacral compo-
nent should be accessed anteriorly,9 so the approach was
correctly indicated in this case.

Retroperitoneal presacral schwannomas are difficult to
diagnose preoperatively. While ultrasonography, computed
tomography (CT) and MRI can reveal information about
tumor size, location and neighboring tissues, they cannot
confirm diagnosis. In a review of 82 retroperitoneal schwan-
nomas, only 15.9% of tumors were identified preoperatively
using these imaging techniques.10,11

Late discovery of presacral tumors is common because of
their slow-growingnature andnonspecific symptoms. Thus, at

the time of diagnosis, these tumors tend to be considerably
large.8 The most frequent neurological sign associated with
these tumors isdecreasedsensitivity in thelower limbs.9 In the
casepresentedhere, thetumorwasvery largeand thepatient’s
only symptom at the time of diagnosis was pain. Presacral
schwannomas are more frequently observed among women.3

Because the patient presented in this case report was young,
we chose to use videolaparoscopy,which avoids leaving a large
scar on the anterior abdominal wall. In addition, videolaparo-
scopy offers a safe and efficient way of approaching benign
schwannomas with better visualization, especially in narrow
anatomical spaces.1 A recent publication suggested using
intramuscular access as an alternative technique for resecting
pelvic schwannomas, but this method involved a relatively
longer surgical time and difficulty with hemostasis.12

Comparedwith laparotomy, videolaparoscopy has a lower
risk of intra and postoperative bleeding, a lower risk of
infection, and a shorter postoperative hospital stay.

The goal of treating presacral tumors is their complete
resection, and in this case, we found the ultrasonic aspirator
to be very useful to this end. It reduces the tumor volume and
consequently the tension on adjacent structures (uterus and
appendages, pelvic vessels, bladder)while avoiding excessive
manipulation of the adjacent area. The aspirator is mainly
used for rapid debulking of the tumor’s center without
causing movement in the surrounding tissue. It avoids the
thermal injury caused by cautery and avoids overcrowding
the surgical field. The aspirated tissue can be submitted to
anatomopathological examination, including immunohis-
tochemistry, with little cellular distortions.13

The ultimate goal of the surgical treatment is complete
tumor excision without neurological sequelae, which is possi-
ble in most cases6. Here, we were able to perform complete
tumor excision, which resulted in mild neurological sequelae
that evolved well over the 5 months following surgery. Benign

Fig. 3 Immunohistochemistry for S100-positive protein confirming diag-
nosis of mixed peripheral nerve sheath tumor with a schwannoma/neuro-
fibroma pattern.

Fig. 4 Lumbosacral spine contrast-enhanced T2-weighted magnetic
resonance imaging (A) showing the lesion’s total excision.
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tumors in this location do not present a risk of distant metasta-
ses, have lowrecurrence rates andhaveanexcellentprognosis.9

This case was challenging, and the techniques utilized
proved successful. We will continue to search for new
emerging techniques and improvements to our methods
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Abstract The present study presents the case of a 66-year-old patient diagnosed with prostate
adenocarcinoma 4 years earlier and treatedwith prostatectomy, radiotherapy, chemother-
apy andhormonetherapybut still displayinghighprostate-specific antigen (PSA) levels. The
patient complaints were double vision and headaches. Upon physical examination, he
displayed6th cranial nerve paresis and5th cranial nerve paresthesia. Amagnetic resonance
imaging (MRI) exam was performed, which revealed a mass on the right trigeminal cave.
The patient underwent surgical removal of the tumor, and the pathological analysis of the
specimen established metastatic prostate cancer as the diagnosis.
Brainmetastases fromprostate cancer are extremely rare andmark advanced disease, with
immune system failure and blood-brain barrier breach. Prostate-specific antigen levels do
not correlate with the possibility of metastatic disease. Prostate adenocarcinoma is the
histologic typemost commonly associatedwithbrainmetastases,with themeningesbeing
more frequently affected, followed by the brain parenchyma. The neurological symptoms
more often displayed are non-focal, such as headaches and mental confusion. Surgery
associated with radiotherapy is the most validated treatment.

Resumo O presente estudo apresenta o caso de um paciente de 66 anos, há 4 anos
diagnosticado com adenocarcinoma de próstata e tratado com prostatectomia,
radioterapia, quimioterapia e hormonioterapia, porém mantendo elevados níveis de
antígeno específico de próstata (PSA, na sigla em inglês). Inicialmente, o paciente se
queixou de diplopia e cefaléia. Ao exame físico, apresentava paresia do 6° nervo
craniano e parestesia do 5° nervo craniano. Foi realizada uma ressonância magnética,
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Introduction

Brain metastasis occurs in 25% of cancer patients, most
commonly from melanoma, lungs, breast or kidney carcino-
ma.1 Metastatic disease in the central nervous system (CNS)
is rare in cases of prostate cancer. The frequency of brain
metastasis seen in autopsies from patients diagnosed with
prostate cancer is very low,2 and in vivo intracranial metas-
tases are diagnosed only 0.1% of the time, with the trigeminal
cave impairment being even rarer.

Case Presentation

A 66-year-old patient diagnosed with prostate adenocarcino-
ma 4 years earlier and treated with prostatectomy, radiother-
apy, chemotherapy and hormone therapy but still displaying
high prostate-specific antigen (PSA) levels (2,396 ng/ml) pre-
sented new symptoms of double vision and holocranial head-
ache. Upon examination, the patient displayed 6th cranial
nerve paresis and 5th cranial nerve paresthesia. The remaining
cranial nerves did not display any alteration. A head magnetic
resonance imaging (MRI) revealed a contrast-enhanced
expanding lesion on the right trigeminal cave, measuring
2.3 � 1.5 cm, seemingly infiltrating the meninges, probably
representing a meningioma. (►Fig. 1)

The lesion was removed through right cerebellopontine
anglemicrosurgery, and the immunohistochemistry analysis
of the surgical specimen revealed positive pan cytokeratin
and PSA antibody stainmetastatic carcinoma, thus establish-
ing the diagnosis. The patient recovered well from the
procedure, with resolution of the neurological symptoms.

Discussion

According to the National Cancer Institute (INCA, in the
Portuguese acronym), prostate cancer is the second most
common type of cancer among men in Brazil, with an
estimation of 68,220 new cases in 2018.4 Roughly 80% of
patients receive a diagnosis through tissue biopsy, per-
formed due to high PSA levels in the absence of symptoms.
Prostate cancer metastasis occurs mainly in the bones, lungs
and liver, with the brain being a rare site of dissemination.5

Prostate cancer CNSmetastases have a 0.6 to 4.4% prevalence
in autopsies, and in most cases comprise meningeal involve-

ment (67%), followed by brain (25%) and, to a lesser degree,
cerebellar disease (8%).5,6 In living subjects, CNS prostate
cancer metastases account for less than 0.1% of cases.3 The
longer life-expectancy due to new treatments for patients
with prostate carcinoma, associated with a rising incidence
of this kind of cancer, indicate a likely increase in cases of CNS
metastases related to the disease.7

The rising PSA levels of our patient do not correlate with
the development of CNS metastasis;6,8 however, adenocar-
cinoma histologic type, as presented in this report, has a
greater rate of incidence of this kind of dissemination
compared with the small-cell carcinoma type.

Concerning the pathophysiology of CNS prostate cancer
dissemination, it is known that the prostate neoplastic cells
have little affinity to brain tissue. Thus, the occurrence of
metastasis in this site is believed to take place in the late-
stage disease context of immunological failure and blood-
brain barrier breaching.5,9 Our patient had a late-stage
prostate cancer, diagnosed 4 years before the metastasis
that was resistant to sequential lines of treatment.

The distribution of brain metastases in prostate cancer is
similar to other neoplastic diseases, with the supratentorial
region being more frequently inflicted than the infratentorial,
ona3:1 ratio. Thismaybethanks togreater bloodsupply tothe
supratentorial compartment.10Late-stageprostatecancerCNS
dissemination routes include direct involvement through a
cranial lesion expansion, lymphatic or hematologic dissemi-
nation.10 In our case, the patient presented with a metastatic
lesion in the supratentorial region on the right cerebellopon-
tine angle, making it possible to infer that the metastatic
disease developed through hematologic dissemination.

The trigeminal cave impairment due to neoplastic disease
arisesmainly frommeningiomas, schwannomas andmetasta-
sis.11 Reports from Soni CR et al show a subtle clinical differ-
entiationbetween them.Malignant tumors involvingMeckel’s
Cave displayedgreater trigeminalmotor and sensitive involve-
ment, which manifests itself as pain (76% of the time) and
paresthesia (67%), while benign neoplasms displayes less pain
(23%) and also less paraesthesia (36%). Nevertheless, only
anatomopathological analysis can confirm the diagnosis.12

Neurological manifestations vary, with non-focal symp-
toms being the most common presentation. Headaches,
altered mental status, memory deficits, double vision asso-
ciated to 3rd, 4th and 6th cranial nerve palsy, motor deficit and

em que foi observado um tumor no cavo trigeminal do lado direito. O paciente foi
submetido a uma neurocirurgia e a análise anatomopatológia evidenciou carcinoma
prostático metastático.
As metástases cerebrais de câncer de próstata são extremamente raras e indicam
doença avançada, com falha do sistema imune e da barreia hematoencefálica. O valor
de PSA não está relacionado com a ocorrência de metástases. O tipo histológico mais
comum às metástases cerebrais é o adenocarcinoma, e o principal sítio de acometi-
mento são as meninges, seguidas pelo parênquima cerebral. Os sintomas neurológicos
mais comuns são não focais, como cefaleia e confusão mental. O tratamento mais
validado é cirurgia associada à radioterapia.

Palavras-chave

► cavo de meckel
► câncer de próstata

metastático
► tumor de base de

crânio
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intracranial bleeding are the main symptoms.1,2,6,13 Our
patient, due to the trigeminal cave extension of the disease,
displayed, initially, headache, double vision, 6th cranial nerve
paresis and 5th cranial nerve paresthesia.

Validated treatments for intracranial metastasis include
neurosurgery, radiotherapy and hormone therapy. Besides
these, Kohri et al14 reported good results with daily admin-
istration of estramustine phosphate sodium. Currently,
there is a lack of clinical trials suggesting the best thera-
peutic scheme for prostate cancer brain metastasis. Howev-
er, there is a greater propensity to opt for surgery in
conjunction with radiotherapy, as in other kinds of
metastasis.2,13

Untreated patients have a 1, up to 2, months life expec-
tancy, and, taking into account the available evidence, the
combination of surgery and radiotherapy seems to ensure
the greatest increments in patient longevity, even in a poor
prognosis multiple metastasis scenario. Patients treated this
way die predominantly from systemic illness, and the brain
impairment seems controlled.13 The patient presented in
this case received optimized treatment with chemotherapy
and hormone therapy and underwent neurosurgery to resect
the metastatic disease and is still being followed up.

Conclusion

The possibility of CNSmetastatic disease should be considered
in patients with late-stage prostate carcinoma that present
neurological symptoms. The best treatment for metastasis is
still debatable; however, the association of surgery and radio-
therapy seems to be the best option at present.
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Abstract Foramen magnum meningiomas cause different symptoms based on the size and the
location of the tumor. They often present with involvement of the long tracts and of the
lower cranial nerves.Ataxia andoccipitocervical headacheareother common symptoms. In
the present study, we report a case of foramen magnum meningioma presenting with
cough syncope. Amass lesion located anterolateral to the foramenmagnumwas detected
in a 38-year-oldmanduring amagnetic resonance imaging (MRI) exam; the lesionextended
from the inferior clivus to the level of the C2 vertebra. The neural axis has pushed towards
posterior and contralateral side by the mass. We think that syncope occurred due to the
encasement of the vertebral arteries by the tumor in addition to the compression of the
neural axis. The posterolateral approachwithout condylar resection provides a safe surgical
plane for total excision of these tumors. In our case, the tumor was totally removed and the
syncope episodes were resolved.

Palavras-chave

► abordagem lateral
► meningioma do

forame magno
► sincope

Resumo Osmeningiomasdo foramemagnocausamsintomasdiferentes combasenotamanhoena
localização do tumor. Eles frequentemente apresentam envolvimento dos longos tratos e
dos nervos cranianos inferiores. Ataxia e cefaleia occipitocervical são outros sintomas
comuns. No presente estudo, relatamos um caso de meningioma do forame magno que
apresentava síncope por tosse. Uma lesão em massa, localizada anterolateralmente ao
foramemagno, foi detectada emumhomemde38anosduranteumexamede ressonância
magnética (RM). A lesão se estendia do clivus inferior ao nível da vértebra C2. O eixo neural
foi empurrado para o lado posterior e contralateral pela massa. Pensamos que a síncope
ocorreudevido aoencapsulamentodas artérias vertebrais pelo tumor, alémda compressão
do eixo neural. A abordagem posterolateral sem ressecção condilar oferece um plano
cirúrgico seguropara a excisão total desses tumores.Nonosso caso, o tumor foi totalmente
removido e os episódios de síncope foram resolvidos.

received
September 19, 2018
accepted
October 30, 2018

DOI https://doi.org/
10.1055/s-0038-1676532.
ISSN 0103-5355.

Copyright © 2018 by Thieme Revinter
Publicações Ltda, Rio de Janeiro, Brazil

Case Report | Relato de Caso334



Introduction

Approximately 0.2 to 3.2% of meningiomas are located in the
foramenmagnumwhich is between one-third inferior part of
clivus and the level of the C2 vertebra. The majority of mass
lesions are meningiomas in the foramen magnum.1,2 This
small area harbors dense neural and vascular structures;
thus, pathologies involving the foramen magnum display a
wide spectrumof symptoms. Foramenmagnummeningiomas
mainly manifest with motor and sensorial deficits (hemipa-
resis, paresthesia), lower cranial nerve palsy, cervico-occipital
pain, gait disorder, and cerebellar ataxia.3,4 It has been
reported that theypresentwithdropattacks in rare instances.5

Syncope is amild formof temporary loss of consciousness.
It is generally caused by transient global cerebral hypoper-
fusion and the patient recovers spontaneouslywithin several
minutes.6 It is known that congenital anomalies of the
craniocervical junction lead to syncope and that cough
may trigger syncope in these cases.7–12

In the present article, we report a case of foramen
magnum meningioma presenting with cough syncope. To
the best of our knowledge, no such case has been reported in
the literature so far. In the present case report, we discuss the
radiological appearance, the mechanism underlying the
syncope episodes, and the treatment of the patient.

Case Report

A 38-year-old man presented with recurrent syncope epi-
sodes following cough. It was found that he was an active
smoker but had no history ofmedication. He reported that he
had infrequent occipitocervical headache, which worsened
with cough. In addition, it was found that he had transient
paresthesia involving different body regions.

Physical Examination
Motor and sensorial assessments were normal in the neuro-
logical examination. The lower cranial nerves were intact.

There were no pathological reflexes, with normoactive deep
tendon reflexes. The cerebellar tests were found to be
normal. In the cardiac examination, no pathology was
detected. The electrocardiogram and echocardiogram exams
were normal. Blood pressure was within the normal range.
Complete blood count and biochemical tests were normal.

Radiological Evaluation
In a cranial magnetic resonance imaging (MRI) exam, a mass
lesion with dense contrast enhancement compatible with
meningioma was detected, which appeared hypointense on
T1 weighted sequences and hyperintense in T2-weighted
sequences. The mass lesion was anterolateral to the foramen
magnumon the left side, extending from the inferior clivus to
the level of the C2 vertebra. It was compatible with an L-type
tumor, according to the classification system proposed by
Kano et al,3 and, according to the classification system based
on the relation with the vertebral artery (VA) proposed by
Bernard et al, it was compatiblewith a both-sided tumor.13,14

The brainstem and the cervical cord were pushed posterior
and contralateral side (►Fig. 1a and 1b). The V4 segment of
both VAswere encased by the tumor (►Figs. 1a and 2). On the
computed tomography (CT) scan, the calcification on the
wall of the left V4 segment was striking (►Fig. 3).

Surgical Treatment
Depending on the size and location, several surgical
approaches have been used in the treatment of foramen
magnummeningiomas.3,14–17 In our case, we performed the
surgery via the posterolateral approach (far lateral approach/
retrocondylar far lateral approach). The VA transposition is
generally unnecessary in intradural tumors of the foramen
magnum.3,14 We did not perform a VA transposition in our
case. Therewas awide surgical plane, since the tumor shifted
the neural axis toward the posterolateral space. Thus, no
condylar resection or drilling of the jugular tubercle was
required during surgery. The tumor was in the anterior side
of the dentate ligament. Bernard et al. proposed another

Fig. 1 (a–b) The T1- weighted magnetic resonance imaging (a; axial, b; sagittal) shows a mass lesion with dense contrast enhancement on the
anterolateral foramen magnum, extending from the inferior clivus to the level of the C2 vertebra.
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classification based on the relation of tumor with the dentate
ligament.13 In our case, the tumor was compatible with
lateral foramen magnum tumor according to this classifica-
tion. The dentate ligament was transected to release the

neural axis. First, debulking was performed. The left VA was
encased by the tumor; thus, the left VA and its brancheswere
carefully dissected from the tumor tissue. After debulking,
the contralateral VA was appeared. The tumor was totally
excisedwhile preserving the roots of the C1 and C2 vertebrae
and the lower cranial nerves (►Fig. 4a and 4b).

In the postoperative neurological examination, there was
no motor or sensorial deficit. The lower cranial nerves were
found to be normal. The syncope episodes following cough
were fully resolved. At the follow-up visits at 3, 6, and 12
months, no headache, syncope episodes or abnormal neuro-
logical finding were observed. No recurrence was observed
in the cranial MRI images.

Discussion

Foramen magnum meningiomas cause different symptoms,
and findings vary depending on the localization and on the
size of the tumor. They often present with involvement of the
long tracts and of the lower cranial nerves. Cerebellar
findings such as ataxia and headache, generally in the
occipitocervical region, are also commonly seen symp-
toms.3,4,13,17,18 In our case, the presenting complaint were
syncope episodes triggered by repetitive cough. This type of
syncope episode has not been reported in association with
foramen magnum meningiomas in the literature so far.
Syncope or drop attacks can be rarely seen in association
with craniovertebral junction anomalies. The pathophysiol-
ogy underlying syncope has not been fully understood in
craniocervical junction anomalies. Mainly, midbrain ascend-
ing reticular activating system compression and insufficien-
cy due to compression in vertebrobasilar flow has been
discussed.7–12,19,20 Ireland et al reported transient medullar
compression as the cause of syncope.20 The presence of

Fig. 2 T1- weighted contrast enhanced coronal magnetic resonance
imaging; The V4 segment of both VAs was encased by the tumor.

Fig. 3 (a–b) (a) Axial T1- weightedmagnetic resonance imaging (b) computed tomography scan, showing the calcification on the wall of the left
V4 segment (white arrows).
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cardiovascular efferent sympathetic and parasympathetic
neural pathways (cranial nerves IX and X, nucleus of the
solitary tract) in the medulla oblongata supports this
hypothesis.

There is a striking report on the relationship between the
mechanism of syncope following cough and cerebellar tonsil
herniation by Larson et al.12 Cough induces syncope by in-
creasing the medullar compression in cases with craniocer-
vical junction anomalies (for example, Chiari, basilar
invagination, atlas assimilation). Cough enhances the com-
pression effect of the foramenmagnum tumor on themedulla
by elevating the intracranial pressure; thus, the increased
medullar compression influences the cardiovascular neural
pathways, resulting in reflex cardiac inhibition/vasodepres-
sion. This causes syncope. We called this mechanism as a
“directmechanism”which explains syncope that occurs due to
the neural axis compression by the foramen magnum tumor.

Vertebrobasilar insufficiency (VBI) is another pathophysio-
logical mechanism implied in syncope in craniocervical junc-
tion anomalies.9,10 The elevated intracranial pressure due to
cough exacerbates the compression on the vertebrobasilar
system,with a decrease in cerebral perfusion. It is well known
that bilateral VA compression is a cause of syncope.21 In this
hypothesis, anomalies of the vertebrobasilar system or verte-
brobasilarmalpositionplayan important role.7 In our case, the
tumor encased the V4 segments of both VAs. Prolonged cough
with increased compression by the tumor on the VAs may be
the cause of syncope by decreasing cerebral perfusionwith an
elevated intracranial pressure. We think that the thickening
and the marked calcification on the wall of the left VA had an
impact on the decreased blood flow in our case. In addition,
elevated intrathoracic pressure during prolonged cough
decreases the venous return, resulting in a decreased cardiac
output.6 The decreased cardiac output enhances the vertebro-
basilar insufficiency. We have called this mechanism as an

“indirect mechanism” that explains syncope that occurs be-
cause of vertebrobasilar insufficiency.

Are the syncope episodes seen in our case episodes of
primary reflex syncope or are they caused by themass lesion
in the foramen magnum? It is extremely challenging to
differentiate these two conditions. In our case, the complete
resolution of the syncope episodes after the resection of the
mass lesion indicates that the foramen magnum mass was
the cause of the syncope episodes.

The surgery in tumors located anterolateral to the fora-
men magnum is a specialized procedure due to the presence
of neural and vascular structures in this region, and to the
anatomy of the craniovertebral junction. Tumor size and
location are important parameters in the selection of the
surgical approach. The posterolateral approach (far lateral
approach) including partial and complete condylar resection
and drilling of the jugular tubercle, or the midline posterior
approach, are commonly used in the surgery of these
tumors.2–4,14,17,22 The encasement of the vertebral artery
by the tumor is another factor limiting the complete resec-
tion of these tumors. In our case, there was a marked
encasement of bilateral VAs, calcification, and thickening
of the wall of the right VA. Similarly to the report of Kano et
al,3 the large L-type meningioma in our case was totally
excised by the posterolateral approach (far lateral approach)
without condylar resection. This approach provided a safe
surgical plane for the excision of the tumor without insulting
the calcified VA and the branches encased by the tumor.

In conclusion, foramen magnum meningiomas may pres-
ent with cough syncope. The encasement of the VA by the
tumor, tumor invasion of the arterial wall, and calcification
may play a role in syncope. The posterolateral (far lateral)
approach provides a safe surgical plane for total excision of
the tumor without condylar resection. Total excision pro-
vides cure of the syncope episodes.

Fig. 4 (a–b) T1-weighted axial (a), sagittal (b) magnetic resonance imaging. The tumor was totally excised.
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Abstract Introduction Intracranial dermoid tumors represent a rare clinical entity that
accounts for 0.04 to 0.6% of all intracranial tumors. Their location in the posterior
fossa is uncommon.
Objectives To report the case of a young woman with a posterior fossa dermoid cyst
treated by right far lateral approach.
Case Report A 17-year-old woman presenting with swallowing difficulties for 6 weeks
was referred for a neurological investigation. Amagnetic resonance imaging (MRI) scan
showed a hyperintense T1-weighted large expansive lesion occupying the posterior
fossa and compressing the anterior face of the brain stem and cerebellum. The patient
underwent surgical treatment by right far lateral approach with decompression of
vascular and neural structures. The patient presented an uneventful recovery, and was
discharged home on the fourth postoperative day without any additional neurological
deficits. The anatomopathological analysis confirmed the diagnosis of dermoid cyst.
Conclusion The far lateral approach is a safe and feasible route to appropriately treat
large posterior fossa dermoid cysts. Decompression of vascular and neural structures is
essential to achieve good symptom control.

Resumo Introdução Tumores dermoides intracraniais são casos clínicos raros que represen-
tam de 0,04 a 0,6% de todos os tumores intracraniais. Sua localização na fossa posterior
é incomum.
Objetivos Relatar o caso de uma jovem com cisto dermoide na fossa posterior tratado
pela lateral direita.
Relato de Caso Paciente de 17 anos apresentando dificuldades de engolir há seis
meses encaminhada para investigação neurológica. Imagem de ressonânciamagnética
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Introduction

Dermoid cysts, also called dermoid tumors, are extremely
rare benign congenital cystic masses of embryological origin
that account for 0.04 to 0.6% of all intracranial tumors.1–4

Dermoid and epidermoid cysts arise from defects in the
separation of the neuroectoderm during the formation of
the neural tube, leading to sequestration of ectodermal
remnants, and intracranial dermoid cysts occur at either
end of the neuraxis and mostly near the midline.5–7 Intra-
cranial dermoids are found in the posterior fossa, supra, and
parasellar regions.8–10 Dermoids enlarge slowly and accu-
mulate viscous or semi-solid yellow material composed of
desquamated epithelium, sebaceous gland secretions, fat, oil,
and hair. The presence of skin components (hair follicles,
sebaceous, and sweat glands) in the cyst wall and contents
distinguishes dermoids from epidermoid cysts.11

The aim of the present study is to describe the case of a
young womanwith a posterior fossa dermoid cyst treated by
right far lateral approach.

Case Report

A 17-year-old woman presenting with swallowing difficul-
ties and headaches that had begun six weeks before was
referred for a neurological investigation. The neurological
examination revealed no motor deficits or cranial nerve
palsy. A magnetic resonance imaging (MRI) scan showed a
hyperintense T1-weighted large expansive lesion occupying
the posterior fossa and compressing the anterior face of the
brain stem and cerebellum (►Fig. 1). The patient underwent
surgical treatment by right far lateral approach on lateral
position with cyst resection and decompression of vascular
and neural structures (►Figs. 2 and 3). The patient presented
an uneventful recovery, and was discharged home on the
fourth postoperative day without any additional neurologi-
cal deficits. The anatomopathological analysis confirmed the
diagnosis of dermoid cyst.

Discussion

Dermoid cysts, also called dermoid tumors, are extremely
rare benign congenital cystic masses of embryological origin
that account for 0.04 to 0.6% of all intracranial tumors.1–4

Moreover, intracranial dermoid cysts have the component of
keratinized squamous epithelium originated from the ecto-
derm, and composed of dermal materials like hair and
sebaceous glands.5–7 They are � 3 to 10 times less frequent
than epidermoid tumors, and have a tendency of being
located near the subarachnoid space, sulci or fissures be-
cause of the space that presents minimal resistance to an
easy growth rate, and themidline in the base of the skull.12,13

Dermoid tumors located in the posterior fossa are frequent
and usually require an appropriate surgical route to minimize
brain retraction, postoperative edema and risk of recur-
rence.14,15 The far lateral approach seems to be an excellent
route to totally remove posterior fossa lesions that occupy the
most anterior face of brain stem, cerebellum and ventral
foramen magnum.16,17 This approach has been used for
many neurosurgical pathologies of the posterior fossa, includ-
ing tumors, such asmeningioma and chordoma, and posterior
circulation aneurysm.18–21 Large cystic lesions involving the
craniocervical junctions are also described as possible indica-
tions for a far lateral approach, once a better operative view of
the cysts in the ventral dural space of the lower clivus and
foramenmagnum,and less riskof traumato thebrain stemand
cervical cord, can be easily achieved with this approach.22

There are many descriptions of the far lateral approach
technique. Classically, the standard incision for the far lateral
suboccipital approaches has been the “reverse hockey stick”
incision, in which the skin and muscles of the suboccipital
area are elevated and reflected inferiorly.14–17 However, Lau
and colleagues21 proposed a C-shape incision as an alterna-
tive to reduce muscle retraction and postoperative cervical
pain. Vertebral artery exposure is also an essential step to
safely perform the approach. Campero and colleagues23

highlighted the nuchal lines as anatomical landmarks to
appropriately dissect the suboccipital muscles and expose
the vertebral artery before performing the craniotomy. In the
present report, we performed the far lateral approach to
safely remove the lesion and preserve the neural andvascular
structures compressed by the cyst.

In conclusion, the far lateral approach provides adequate
exposure for the surgical treatment of ventral lesions in the
craniocervical junction. Minimal retraction, preservation of
involved neural structures and a refined microsurgical tech-
nique are themost important steps to safely remove dermoid
cysts of the posterior fossa.

mostrou uma lesão larga hipertensa T1 ocupando a fossa posterior e comprimindo a
face anterior do tronco cerebral e cerebelo. A paciente foi submetida a tratamento
cirúrgico pela abordagem extremo-lateral direita com descompressão das estruturas
vascular e neural. A paciente apresentou rápida melhora e recebeu alta 4 dias após o
procedimento sem nenhum déficit neurológico. A análise anatomopatológica confir-
mou o diagnóstico de cisto dermoide.
Conclusão A abordagem extremo-lateral direita é o acessomais seguro e factível para
tratar apropriadamente largos cistos dermoides na fossa posterior. Descompressão das
estruturas vascular e neural é fundamental para alcançar bom controle sintomático.

Palavras-chave

► cisto dermoide
► abordagem extremo-

lateral

Arquivos Brasileiros de Neurocirurgia Vol. 37 No. 4/2018

Dermoid Cyst and Far-Lateral Approach Meguins et al.340



Fig. 2 Patient positioning on left decubitus and drawing of skin
incision performed in the right far lateral approach. Fig. 3 Intraoperative final view after total resection of the cystic lesion.

Fig. 1 Magnetic resonance imaging scan showing an expansive lesion occupying the posterior fossa (right: preoperative images; left:
postoperative images).
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Abstract Introduction Aneurysms of the posterior cerebral artery (PCA) represent � 1% of all
intracranial aneurysms and usually present with subarachnoid hemorrhage.
Objective The aimof the present study is to describe the case of an adultman presenting
a saccular aneurysm of the right PCA at the posterior half of the postcommunicating (P2P)
segment, and to discuss the technical nuances of the approach and of the clipping process.
Case Report An investigation of a chronic headache in a 55-year-old man found a
saccular aneurysm located just posterior to the most lateral portion of the right
cerebral peduncle. A digital subtraction arteriography revealed a 7.8 mm � 5.6 mm
� 4.8 mm posterior-medial projecting aneurysm of the right PCA at the P2P segment.
A subtemporal approach was performed with partial aspiration of the right para-
hippocampal gyrus for a better exposure of the vascular structures. A proximal
temporary occlusion of the PCA was performed at the anterior half of the postcom-
municating P2A segment. The aneurysm was clipped with two semi-curved clips. The
patient presented an uneventful recovery and was discharged from the hospital on the
third postoperative day without any additional neurological deficits.
Conclusion Aneurysms of the PCA are an uncommon vascular disease that challenges
the ability of the neurosurgeons due to their many anatomical nuances, to their vast
number of perforators, and to the risk of bleeding. However, the operative manage-
ment of aneurysms of the PCA is technically feasible, safe and effective when
performed respecting microsurgical principles.
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Introduction

Aneurysmsof theposteriorcerebral artery (PCA) represent�1%
of all intracranial aneurysms.1–4 The surgical approach and
dissection of the PCA is technically challenging due to the
complexity of its perforating branches and their intimate rela-
tionship with the cranial nerves and with the upper brain
stem.5,6 A precise knowledge of the segmental anatomy of the
PCA and its branches is essential when the surgical or endovas-
cular approach to an aneurysm is planned, particularly if parent
vessel occlusion is contemplated as a temporary control.7–9

The aim of the present study is to describe the case of an
adult man presenting with a saccular aneurysm of the right
PCA at the posterior half of the postcommunicating (P2P)
segment, and to discuss the technical nuances of the ap-
proach and of the clipping process.

Case Report

A 55-year-old man was referred for neurological investiga-
tion due to a persistent headache with significant worsen-
ing on the previous 4 weeks. The patient was treating
arterial hypertension with good clinical control. A magnet-
ic resonance imaging (MRI) exam revealed a saccular
formation located just posterior to the most lateral portion
of the right cerebral peduncle (►Fig. 1). A digital subtrac-
tion arteriography revealed a 7.8 mm � 5.6 mm � 4.8 mm
posterior-medial projecting aneurysm of the right PCA at
the P2P segment (►Figs. 1 and 2). A subtemporal approach
was performed with partial aspiration of the right para-

hippocampal gyrus for a better exposure of the vascular
structures. A proximal temporary occlusion of the PCA was
performed at the anterior half of the postcommunicating
(P2A) segment. The aneurysm was clipped with two semi-
curved clips (►Figs. 2 and 3). The patient presented an
uneventful recovery and was discharged from the hospital
on the third postoperative day without any additional
neurological deficits. A postoperative digital subtraction
arteriography showed no residual aneurysm filing
(►Fig. 4).

Discussion

Aneurysmsof thePCAaccount forbetween�0.7and2.3%ofall
intracranial aneurysms4,10,11 and may be associated with
innumerous vascular anomalies, such as Moyamoya disease,
arteriovenous malformation, and arterial occlusion, as well as
with systemic diseases, such as bacterial sepsis, tumor emboli,
Marfan syndrome, Ehlers-Danlos syndrome, systemic lupus
erythematosus, and head injury.11–13 Aneurysms of the PCA
are usually associated with vertebrobasilar and/or posterior
circulation fusiform or saccular additional aneurysms affect-
ing the midbrain perforating branches.4,10,11 However, distal
aneurysmsof thePCA locatedat theP2P segmentor at the P2P-
P3 junction are an extremely rare disease.

The surgical treatment of aneurysms located at the P2P-
P3 junction is challenging, andmost of the cases are current-
ly treated via endovascular route.7,14–17 Coil embolization,
stent-assisted or balloon-assisted coiling, and flow diverters
are themain techniques used to occlude posterior circulation

Palavras Chave

► artéria cerebral
posterior

► aneurisma

Resumo Introdução Aneurismas da artéria cerebral posterior (PCA) representam aproxima-
damente 1% de todos os aneurismas intracranianos e usualmente apresentam
hemorragia subaracnoidea.
Objetivo O objetivo do presente estudo é descrever o caso de um homem adulto
portador de aneurisma sacular da PCA direita, segmento P2P, e discutir as nuances
técnicas da abordagem e do processo de clipagem.
Relato de caso Um homem de 55 anos investigando cefaléia crônica descobriu a
presença de um aneurisma sacular localizado logo após a porção mais lateral do
pedúnculo cerebral direito. A arteriografia de subtração digital revelou um aneurisma
de projeção póstero-medial de 7,8 mm x 5,6 m x 4,8 mm da PCA direita, segmento P2P.
Uma abordagem subtemporal foi realizada com aspiração parcial do giro para-
hipocampal direito para melhor exposição das estruturas vasculares. A oclusão
temporária proximal do PCA foi realizada no segmento P2A. O aneurisma foi clipado
com dois clipes semi-curvos. A paciente apresentou uma recuperação sem complica-
ções e recebeu alta hospitalar no terceiro dia pós-operatório sem apresentar nenhum
déficit neurológico adicional.
Conclusão O aneurisma da PCA é uma doença vascular incomum que desafia a
capacidade do neurocirurgião devido às inúmeras nuances anatômicas, grande
número de perfurantes e risco de sangramento. Entretanto, o manejo cirúrgico do
aneurisma da PCA é tecnicamente viável, seguro e eficaz quando realizado respeitando-
se os princípios microcirúrgicos.
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aneurysms.7,14–17 However, endovascular techniques may
not completely exclude saccular dilation, with persistent
neck flow, generally do not resolve mass effect in giant
lesions, and present a risk of occlusion of the small perforat-
ing arteries. The operative management allows a direct
approach of the aneurysm, as well as arterial reconstruction
with direct clipping or by-pass techniques, and the removal
of mass effect over the nearby structures.18,19

Great advances have been achieved in the surgical treat-
ment of posterior circulation aneurysms as the result of a
refined anatomical knowledge of the basal cisterns and of
their vascular contents, and of appropriate skull base
approaches and clinical experience.20,21 Several surgical
approaches with modifications and combinations have

been described to access the posterior portion of the PCA.
However, choosing wisely the appropriate operative route
remains an important step for perfect clipping and requires
a precise understanding of the drawbacks of each approach,
as well as of the anatomical variations of the region.
Figueiredo et al22 showed the appropriateness of four
different surgical approaches of the ambient cistern, as
well as the advantages of performing a resection of the
parahippocampal gyrus before clipping distal PCA aneur-
ysms according to their location in the cistern. Goehre
et al19 affirmed that the subtemporal approach is a suitable
route to aneurysms at the P1, P1-P2 junction, and P2
segments, as well to those located at the anterior portion
of the P3 segment. Through this approach, the cerebrospinal

Fig. 1 Digital subtraction arteriography (2D and 3D) and magnetic resonance imaging revealing a saccular formation located just posterior to
the most lateral portion of the right cerebral peduncle.
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fluid can be released before retraction is necessary to
prevent temporal lobe injury.19

In 1997, Seoane et al23 didactically divided the anatomical
segments of the PCA aneurysms in three different regions/
segments. The anterior segment, or S1, is located inside the
interpeduncular, crural and ambient cisterns, and in intimate
relationship with the lateral aspect of the cerebral peduncle,

and should be approached via a pterional, a pretemporal, or a
subtemporal route. The middle segment, or S2, is located
inside the ambient and quadrigeminal cisterns, extends
from the most lateral aspect of the PCA inside the quadrige-
minal cistern, the so-called collicular point, and is best man-
aged through the subtemporal approach (usually requiring
some parahippocampal gyrus resection) or through the

Fig. 2 Intraoperative imaging showing the aneurysm clipped with two semi-curved clips.

Fig. 3 Postoperative computed tomography showing the surgical site.
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subtemporal transventricular route. The posterior segment, or
S3, is located inside the quadrigeminal cistern, which includes
the collicular point and extends to the distal branches of the
PCA inside the calcarine and parieto-occipital sulci and should
be approached through an occipital interhemispheric route. In
the present case, the aneurysm was located at the P2P-P3
junction andwasmanagedwith a subtemporal approachwith
limited parahippocampal gyrus resection without neurologi-
cal complications.

In conclusion, the management of posterior circulation
aneurysms remains challenging for neurosurgeons due to
their deep location, to the difficult exposure, to the numer-
ous surrounding cranial nerves and perforators, to the nar-
rowness of surgical field, and to the limited space to operate.
In the present case, we presented a distal PCA aneurysm
located at the P2P-P3 junction and highlighted that the
subtemporal approach is a safe and feasible route to appro-
priately clip this type of intracranial vascular disease.
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Abstract Endoscopic third ventriculostomy (ETV) is an increasingly common neurosurgical proce-
dure. Hemostatic agentes (porcine gelatin and oxidized cellulose) are normally placed to
plug thecorticalholeafter ETV toavoidcerebral spinalfluid leakage, subdural hygroma,and
hemorrhage. Here we report the case of a 6-year-old boy with hydrocephalus who
underwent ETV and which oxidized cellulose was placed to plug the cortical hole. Magnetic
resonance imaging of the head performed 3 months after the procedure showed the
presence of oxidized cellulose in the ventricle. After an unsuccessful attempt to remove the
cellulose, it was decided that the patient should be kept under observation. Twoyears later,
the child is in good health and without any complaints. Hemostatic agents (especially
oxidized cellulose) used on the cortical hole after ETV can migrate to the ventricle and
compromise theprocedure. Follow-up shouldbeperformed for suchpatients, and themain
focus should be on not causing further injury.
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Resumo A Terceiro Ventriculostomia Endoscópica (TVE) é atualmente um procedimento
neurocirúrgico muito utilizado. Agentes hemostáticos (gelatina suína, celulose oxi-
dada) normalmente são colocados na pequena lobotomia após a TVE para evitar fístula
liquórica, higroma subdural e sangramento. Relatamos um caso de uma criança de 6
anos com hidrocefalia que, após realizado a TVE, foi colocada celulose oxidada no local
da pequena lobotomia. Depois de 6 meses, ao realizar uma RM de crânio, foi
evidenciada a presença de celulose oxidada no ventrículo. Apesar da tentativa de
retirada sem sucesso, foi optado por observação e após 4 anos a criança encontra-se
bem, sem queixas. A utilização de agentes hemostáticos (principalmente celulose
oxidada) na lobotomia após a TVE pode migrar para o ventrículo e comprometer o
procedimento. Sempre com a preocupação de não causar mais danos, pode ser feito o
acompanhamento do paciente.
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Introduction

Endoscopic third ventriculostomy (ETV) is an increasingly
common procedure, especially for the treatment of non-com-
municating hydrocephalus.1 Several studies have confirmed
the high success rate and low complication rate of ETV.
Therefore, ETV is considered a safe and effective treatment
for obstructive or non-communicating hydrocephalus.2,3

The literature describes various complications associated
with the procedure, including bradycardia, hypothalamic dys-
function, and hemorrhage resulting from artery or ependymal
vein lesions or from a choroid plexus lesion.4 Hemostatic
agents (porcine gelatin and oxidized cellulose) are placed on
the cortical hole through which the neuroendoscope is
inserted to avoid complications, such as cerebral spinal fluid
(CSF) leakage, subdural hygroma, and hemorrhage.1,5

In the present article, we report the case of a child with
non-communicating hydrocephalus who underwent ETV
and subsequently experienced a complication, the migration
of the hemostatic agent (oxidized cellulose) to the ventricle.

Case Report

We report the case of a 6-year-old boywith classic symptoms
of intracranial hypertension (headache, vomiting, and pap-
illedema). Computed tomography (CT) and magnetic reso-
nance imaging (MRI) examswere performed, and the patient
was diagnosed with non-communicating hydrocephalus.
Subsequently, ETV was performed with no immediate com-

plications. A piece of Surgicel oxidized cellulose (Ethicon,
Bridgewater, NJ, USA)was placed on the cortical hole to avoid
CSF leakage and achieve local hemostasis. In the immediate
postoperative period, the patient recovered well with no
complications. On the 5th postoperative day, the patient
remained stable and was discharged from the hospital. At
the 3-month follow-up, the patient was well and exhibited

Fig. 1 Axial T2-weighted magnetic resonance imaging showing
(arrow) oxidized cellulose in the ventricle.

Fig. 2 Sagittal constructive interference in steady state (CISS) image
showing (arrow) ventriculostomy patency.

Fig. 3 Axial T2-weighted magnetic resonance imaging. Reabsorption
of cellulose oxide.
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no neurological complaints. However, anMRI exam to assess
the CSF flow was requested to record the performance of the
ETV. To our surprise, a piece of oxidized cellulose was found
inside the ventricle (►Fig. 1), but the stoma was present on
the floor of the third ventricle and CSF flow was observed
(►Fig. 2). Another procedure was performed to attempt to
remove the oxidized cellulose, but it was not successful
because of its adherence to the choroid plexus and the risk
of bleeding, which could have caused injury to the patient,
who was asymptomatic. Therefore, it was decided that the
patient would be monitored with follow-up imaging exami-
nations. After 2 years, the child remains asymptomaticwith a
functioning ETV (►Fig. 3 and ►Fig. 4).

Discussion

Hemostatic agents (porcine gelatin and oxidized cellulose) are
used in several neurosurgical procedures to achieve hemosta-
sis.6–8 The hemostatic agent used in the present case was
oxidized cellulose,which is a product derived fromα-cellulose
and is available as an absorbable knitted fabric. It acts on the
intrinsic pathway of the coagulation cascade and promotes
blood clotting.9 In this patient, this hemostatic agent was
placed on the cortical hole to achieve hemostasis and to avoid
complications, such as CSF leakage and subdural hygroma.5

When the oxidized cellulose is placed on the cortical hole,
a portion of it also covers the tunnel through which the
neuroendoscope is inserted.1 Thus, oxidized cellulose can
migrate to the ventricle, especially if the cortical mantle is
thin. There is a risk of this piece of oxidized cellulose
migrating and obstructing the stoma made on the floor of
the third ventricle. However, depending on the timing of the
discovery of the oxidized cellulose within the ventricle, its
removal may not be easy and it may be preferable to merely
monitor the patient.

Conclusion

Endoscopic third ventriculostomy is an increasingly common
neurosurgical procedure and is therefore associated with
several complications until a sufficient degree of experience
is attained. The complication reported in the present case was
the migration of the hemostatic agent (oxidized cellulose) to
the ventricle, which threatened the success of the ETV. How-
ever, a close follow-up should be performed in these patients,
and a more aggressive intervention may be required.
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Abstract Objective In cases of hemifacial spasm caused by a tortuous vertebrobasilar artery
(TVBA), the traditional treatment technique involves Teflon (polytetrafluoroethylene),
which can be ineffective and fraught with recurrence and neurological complications.
In such cases, there are various techniques of arteriopexy using adhesive compositions,
‘suspending loops’ made of synthetic materials, dural or fascial flaps, surgical sutures
passed around or through the vascular adventitia, as well as fenestrated aneurysmal
clips. In the present paper, we describe a new technique of slinging the vertebral artery
(VA) to the petrous dura for microvascular decompression (MVD) in a patient with
hemifacial spasm caused by a TVBA.
Method A 50-year-old taxi driver presented with a left-sided severe hemifacial spasm. A
magnetic resonance imaging (MRI) scan of the brain showed a large tortuous left-sided
vertebral artery impinging and compressing the exit/entry zone of the 7th and 8th nerve
complex. After a craniotomy, a TVBAwas found impinging and compressing the entry zone
of the 7th and 8th nerve complex. Arachnoid bands attaching the artery to the nerve
complex and the pons were released by sharp microdissection. Through the upper part of
the incision, a 2.5 � 1 cm temporal fascia free flap was harvested. After the fixation of the
free flap, a 6–0 prolene suture was passed through its length several times using the
traditional Bengali sewing and stitching techniques to make embroidered quilts called
Nakshi katha. The ‘prolenated’ fasciawaspassedaround the compressingportion of theVA.
Both ends of the fasciawere brought together and stitched to the posterior petrous dura to
keep the TVBA away from the 7th and 8th nerves and the pons.
Result The patient had no hemifacial spasm immediately after the recovery from the
anesthesia. A postoperative MRI of the brain showed that the VA was away from the
entry zone of the 7th and 8th nerves.
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Introduction

Hemifacial spasm results from the compression of the facial
nerve root usually by cerebellar arteries, but sometimesmajor
blood vessels, such as the vertebral and basilar arteries, may
alsocausehemifacial spasm. Inhemifacial spasm,compression
of the facial nerve fibers by a tortuous/ectatic vertebral artery
(VA) is relatively common.1–7 Dilation and elongation of the
vertebral and basilar arteries with significant tortuosity is
usually called megadolichovertebrobasilar anomaly, doli-
choectasia of the vertebrobasilar artery, vertebrobasilar doli-
choectasia, or vertebrobasilar artery tortuosity. It canmanifest
as intracranial hemorrhage, obstructive hydrocephalus, ische-
mic strokes, spastic tetraparesis, trigeminal neuralgia, hemi-
facial spasm or vagoglossopharyngeal neuralgia.8–10 In such
cases, complete decompression of the cranial nerve roots is
verydifficult andcomplicated, sincethewalls ofa compressing
vessel are rigid and sometimes densely atherosclerotic. There-
fore, neurovascular decompression may be accompanied by
several complications and recurrence of symptoms. Various
modifications in the surgical technique of vascular decom-
pression are used in these cases of tortuous vertebrobasilar
artery (TVBA), from theplacementofmetal implants (between

the nerve root and the rigid vessel) to adhesive fixation of the
displaced vertebrobasilar artery.1–7,11–26

In the present paper, we describe a new technique to sling
a TVBA to the petrous dura for microvascular decompression
(MVD) in a patient with hemifacial spasm caused by a TVBA.

Case Report

A 50-year-old taxi driver presented with left-sided facial
twitching that increased progressively over the course of two
years; it was initially intermittent, but over the past eight
months it was almost continuous, and persisted during sleep.
He was treated several times with botulinum toxin injections,
and his condition was complicated by a case of keratoconjunc-
tivitis. His hearing was reduced (between 30 to 40%) on the left
side,withoccasional tinnitus.Hehadnoother systemicdisease.
Upon clinical examination, he had persistent hemifacial spasm
on the left side marked by deviation of the angle of the mouth,
with closure of the eyelids on the left side. He had significant
sensorineural hearing loss on the left side. The Hoffman sign
was bilaterally positive. Another neurological examination
revealed no abnormalities.

Conclusion The ‘prolenated’ temporal fascia slinging technique may be a very good
option of MVD in cases in which the causative vessel is a TVBA.

Resumo Objetivo Em casos de espasmo hemifacial causado por uma artéria vértebro-basilar
tortuosa (AVBT), a técnica tradicional de tratamento envolve Teflon (politetrafluore-
tileno), que pode ser ineficaz e repleta de recorrência e complicações neurológicas.
Nesses casos, existem várias técnicas de arteriopexia utilizando composições adesivas,
“Laços de suspensão” feitos de materiais sintéticos, retalhos durais ou fasciais, suturas
cirúrgicas passados ou através da adventícia vascular, bem como aneurismas fenes-
trados clipes. No presente artigo, descrevemos uma nova técnica de colagem da artéria
vertebral (AV) à dura-máter para descompressão microvascular (DMV) em um paciente
com espasmo hemifacial causado por um AVBT.
Método Um taxista de 50 anos apresentava um espasmo hemifacial grave do lado
esquerdo. Uma ressonância magnética (RM) de varredura do cérebro mostrou uma
grande artéria vertebral tortuosa do lado esquerdo, colidindo e comprimindo a zona de
saída / entrada do sétimo e oitavo nervos complexos. Após uma craniotomia, um TVBA
foi encontrado colidindo e comprimindo a zona de entrada do sétimo e oitavo nervos
complexos. Bandas aracnóides ligando a artéria ao complexo nervoso e a ponte foram
liberadas por microdissecção acentuada. Aravés de seu comprimento várias vezes
usando as técnicas tradicionais de costura e costura Bengali para fazer colchas bordadas
chamado Nakshi katha, a fachada "prolonada" foi passada em torno da porção de
compressão da AV. Ambas as extremidades da fáscia foram unidas e costuradas à dura
porção posterior petrosa para manter o AVBT longe do sétimo e oitavo nervos e da
ponte.
Resultado O paciente não apresentou espasmo hemifacial imediatamente após a
recuperação da anestesia. Uma ressonância magnética pós-operatória do cérebro
mostrou que a AV estava longe da zona de entrada do sétimo e oitavo nervos.
Conclusão A técnica de sling de fáscia temporal “prolenada” pode ser uma opção
muito boa de DMV nos casos em que o vaso causador é um AVBT.

Palavras-chave

► spam hemifacial
► descompressão

microvascular
slinging da artéria
vertebral

► arteriopexia a dura
petrosa
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A magnetic resonance imaging (MRI) scan of the brain
showed a large tortuous left-sided VA impinging and com-
pressing the entry zone of the 7th and 8th nerve complex
(►Fig. 1). Pure tone audiometry (PTA) showed left-sided
moderate sensorineural hearing loss. After appropriate
counseling, the patient underwent a surgical intervention.

Operative Techniques

Under general anesthesia with endotracheal intubation, the
patient was positioned in ‘three quarter prone’ by keeping
the left side up. Nerve monitors were put in position. A left-
sided retromastoid retrosigmoid lateral suboccipital crani-
otomy was performed. The dura was opened under the
operating microscope. Upon exploration of the left cerebel-
lopontine angle, a large tortuous VA was found. The artery
was impinging and compressing the entry/exit zone of the
7th and 8th nerve complex (►Fig. 2 & 3). There were thick
and tight arachnoid bands attaching the artery to the nerve
complex and the pons, which were released by sharp micro-
dissection. The dissection started just above the lower cranial
nerves and ascended progressively (using the bottom-up
technique) to free the entry/exit zone of the 7th and 8th
nerves. The arterial walls were thick and rigid but not
atherosclerotic. The compressing portion of the VA was
free of branches and could easily be mobilized from the
nerve entry/exit zone with a microdissecting instrument,

but it returned to a point close to its original position after
the removal of the dissecting instrument.

Through the upper part of the incision, a 2.5 � 1 cm
temporalis fascia free flap was harvested. After fixation and
stabilization of the free flap, a 6–0 prolene suture was passed
through its length several times using the traditional Bengali

Fig. 1 Preoperative T2-weighted images of a magnetic resonance imaging scan of the brain in axial (A, B, C) and coronal (D, E, F) views showing
that the exit/entry zones of the left-sided 7th and 8th nerves were deeply impinged by the tortuous vertebrobasilar artery (TVBA).

Fig. 2 Schematic (pencil drawing) perioperative picture of the
operative findings, that is, compression of the root exit/entry zone of
the 7th and 8th nerves at the cerebellopontine angle by the tortuous
vertebrobasilar artery (TVBA).
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sewing and stitching techniques to make embroidered quilts
called Nakshi katha (►Fig. 4 & 5). The ‘prolenated’ (sutured
with prolene) fascia was passed around the compressing
portion of the VA. Then, both ends of the fascia were brought

together and stitched to the posterior petrous dura (taking
great care not to injure the surrounding neurostructures) to
keep the TVBA away from the 7th and 8th nerves and the pons
(►Fig. 6 & 7). After an arteriopexy, Surgicel (Ethicon, Bridge-
water, NJ, US) was placed between the VA and the nerves. The
wound was closed accordingly, without a drain.

Postoperative Course

The patient had no hemifacial spasm immediately after the
recovery from the anesthesia, but he developed facial paresis
(Brackmann-House (B&H) grade 2), a more intense tinnitus
(in comparison with the preoperative status), and further
hearing deterioration on the left side.

Three months after the operation, the patient’s facial pare-
sis improved to B&H grade1, and the hearing also improved,
but was still worse in comparisonwith the preoperative state.
Though improved, he had occasional annoying tinnitus.

During the follow-up after 6 months, the patient reported
further improvement of the tinnitus, with less intensity and
frequency. The other neurological statuses were stable, with
absence of the Hoffman sign. An MRI scan of the brain
showed that the VA was away from the entry zone of the
7th and 8th nerves (►Fig. 8).

During the follow-up after 12 months, the patient had no
hemifacial spasm, but a persistent occasional tinnitus in
adoptive form.

Fig. 3 (A, B, C, D, E and F) Sequential perioperative pictures showing exposure of the compression of the nerve exit/entry zone (7th and 8th
nerves) by the tortuous vertebrobasilar artery (TVBA) at the left cerebellopontine angle.

Fig. 4 Schematic (pencil) drawing of techniques of ‘prolenation’ of
fascia or aponeurosis for slinging of TVBA.
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Discussion

Hemifacial spasmwas first described by Gowers in 1884. It is
a segmental myoclonus of facial muscles innervated by the
7th cranial nerve. This disorder usually presents in the fifth
or sixth decades of life, and occurs almost always unilaterally.

Bilateral involvement can occur rarely. Hemifacial spasm
usually starts with short clonic contractions of the orbicu-
laris oculi, and spreads to other facial muscles over the years
(corrugator, frontalis, orbicularis oris, platysma, and zygo-
maticus muscles).27,28

It is believed that irritating stimuli of the 7th nerve
nucleus in the pons causes hyperexcitability of the nucleus,
while such irritation to the proximal segment of the nerve
may cause ephaptic transmission within the 7th nerve. Both
mechanisms explain the involuntary rhythmic myoclonus
observed in hemifacial spasm.29

Tumor, arteriovenousmalformation, Paget disease, or other
compressive lesions, as well as stroke, multiple sclerosis and
basal meningitis, or other non-compressive lesions, may pres-
ent clinically as hemifacial spasm. Most cases are idiopathic,
and are due to compression by aberrant vessels such as the
distal branch of the anterior inferior cerebellar artery or a VA
on the root exit zone of 7th nerve in the cerebellopontine
angle.27

Injections of botulinum toxin are the initial treatment in
most cases of hemifacial spasm. Transient relief of the spasm
lasts for 3 to 6months, and beginswithin 3 to 5 days after the
injection. Sometimes, it may present some serious compli-
cations, such as ptosis, persistent spasm, diplopia, exposure
keratitis/ulcer, facial asymmetry etc.27,28

Fig. 5 (A, B, C and D) perioperative pictures of ‘prolenation’ of temporalis fascia with 6-0 prolene in the techniques of ‘Nokshi katha’ stitching.

Fig. 6 Schematic (pencil drawing) perioperative picture after slinging
of TVBA by ‘prolenated’ fascial sling with petrous dura.
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Most of the time, the patients become frustrated with the
injection, and want a permanent solution.

Carbamazepine and benzodiazepines are used in the
treatment of non-compressive hemifacial spasm. In patients
who refuse botulinum toxin injections and surgical decom-
pression, carbamazepine, benzodiazepines, and baclofen
may also be used, but this form of treatment is usually not
effective. Surgical treatment is required in cases of compres-
sive lesions. Microvascular decompression surgery can be an
effective treatment for those patients who do not want/
respond to botulinum toxin or have complications after the
injection.27,28,30

When the patient is fit for surgery and the cause is
compression of the nerve exit zone by a vascular loop, the
definitive choice of treatment should be MVD.

Ectatic vessels can cause hemifacial spasm by compress-
ing the exit zone of 7th nerve. The MVD of these vessels can
have an excellent outcome.31,32

Cases of apparent idiopathic hemifacial spasmmay bene-
fit from surgical exploration and MVD.

W. Dandy33 was the first to detect the compression of a
thickened vertebrobasilar artery as a cause of trigeminal
neuralgia, though he used the term ‘cirsoid aneurysm’ for the
vessel. E. Campbell and C. Keedy,34 and W. Gardner and G.

Sava35 described the compression of the nerve root entry
zone of the facial nerve caused by adjacent loops of the
tortuous and dilated VA.1The TVBA is more commonly in-
volved in the neurovascular conflict in patients with hemi-
facial spasm (14%) than in those with trigeminal neuralgia
(2.8–7.7%).1,2,4,5,18

The patients with vertebrobasilar artery compression
were older and predominantly male, with predominant
involvement of the left side of the face and high correlation
with ipsilateral hemifacial spasm and hypertension.18 The
higher frequency of left-sided involvement can be under-
stood by the asymmetric diameter of the VAs with higher
caliber on the ipsilateral side. This branching of the left VA
from the subclavian artery originating directly from the
aortic arch is another important factor that results in more
pronounced pulse wave transmission on the left side as
opposed to the right VA originating from the brachiocephalic
trunk. All of these hemodynamic factors result in tortuosity
and dolichoectatic changes in the distal (intracranial) seg-
ments of the left VA and thewhole vertebrobasilar artery.1,8,9

T. Fukushimaoperated1,663casesofhemifacial spasm,and
in 232 (14%) cases, compression (of the exit zone of the facial
nerve) was caused by a tortuous VA.2 In a study by M. Samii
et al,5whoreported143cases ofhemifacial spasm, facialnerve

Fig. 7 (A, B, C, D, E and F) Sequential perioperative pictures showing the slinging of the tortuous vertebrobasilar artery (TVBA) by a ‘prolenated’
fascial sling to the petrous dura at the left cerebellopontine angle decompressing the nerve exit/entry zone (of the 7th and 8th nerves).
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compression by the VAwas found in 32 (26.6%) cases; isolated
involvement of the VA was found only in 6 (4.2%) cases; and
both the anterior and posterior inferior cerebellar arteries
were the culprit vessels in the rest of the cases. S. Nagahiro
et al4 have observed compression of the facial nerve exit zone
by the vertebral artery in 14 patients out of 68 operated cases
with hemifacial spasm, but in 11 of them the nerve root was
also compressed by the cerebellar artery.

The increased frequency of postoperative complications
of the cranial nerves is due to many surgical manipulations
for the mobilization and transposition of the major vessels.
Major-vessel displacement is associated with the action of
both surgical instruments and dense arterial structures,
changing relationships with adjacent neurostructures on
the surrounding cranial nerves (4th, 6th, 8th, 9th and 10th
cranial nerves).1 Postoperatively, hearing loss, facial weak-
ness, lower cranial nerve dysfunctions, and ischemic strokes
of the medulla oblongata are more common in patients with
hemifacial spasm caused by TVBA compared with patients
with compression of the facial nerve by the cerebellar
artery.1,18

Hemifacial spasm disappears immediately after neurovas-
cular decompression in most of the cases. In the long-term
follow-up, thesymptomsrecuronly ina fewcases. Inhemifacial
spasm caused by a TVBA or cerebellar artery, the success rate is
similar (in the long-term follow-up), and is close to 90%.4,18

The primary target of the MVD is to eliminate the pulsating
effects of the vessels at the entry/exit zones of the cranial
nerves. The most frequently used technique is microsurgical
interposition, inwhich a fewsmall synthetic implants, typically
pieces of Teflon (polytetrafluoroethylene)wool, are sequential-
ly placed between the cranial nerve root and the compressing
culprit vessel. This technique has been successfully used not
only in patientswith compression caused by cerebellar arteries
with relatively small diameters, but also incasesofcompression
caused by bigger vessels, such as a TVBA. However, the use of
the microsurgical interposition technique to eliminate the
compression effect caused by big arteries has some limitations
and disadvantages. Apart from the common complications,
such as the displacement of the installed implant and the
formation of foreign body granulomas in the postoperative
period, the important characteristic of this method is the
necessity to insert a significantly larger-than-usual amount of
implanted material between the cranial nerve and the ectatic
vessel. This MVD technique results in the displacement and
deformation of the cranial nerve root itself, instead of in the
retraction/displacement of the major vessel away from the
primary position, due to the high density/thickness of its walls
and thehigh intraluminalpressure. The interposition technique
hasahigher success rate regarding theeliminationof trigeminal
neuralgia, though there is a higher chance of sensory distur-
bances on the face (theeffectofpartial rhizotomy), but its use in

Fig. 8 Postoperative T2-weighted images of amagnetic resonance imaging scan of the brain in axial (A, B and C) and coronal (D, E and F) views
showing that the left sided tortuous vertebrobasilar artery (TVBA) was shifted anterio-medially with the free exit/entry zones of the 7th and 8th
nerves.
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hemifacial spasmmayalmost inevitably result inpostoperative
paresis of the 7th nerve and hearing disturbance.1

In order to eliminate the compression of the nerve roots
caused by a TVBA, isolation techniques in combination with
the interposition technique are used in many ways. The
isolation technique may be performed by wrapping the
nerve roots and/or compressing vessels with many types
of implants (in the form of strips and bands), as well as by
implanting cylindrical and fenestrated aneurysmal clips
separating the vascular and neurostructures fromeach other.
However, this surgical technique is not fundamentally dif-
ferent from the interposition technique, because the
implants are in contact with the cranial nerve roots, and
need a much larger number of surgical manipulations.
Extreme variants of this kind of surgical ‘redundancy’ were
shown in a few cases of MVD inwhich the titanium implants
designed for the fixation of the craniotomy bone flaps were
used to isolate the TVBA from the 5th cranial nerve root.12,24

The transposition of the arteries involved in the neuro-
vascular decompressionwithminimal surgical impact on the
neurostructures is themost effective and acceptable method
of MVD. During the operation, after the identification of the
culprit vessels in the entry/exit zones of the corresponding
cranial nerve roots, the objective of the surgery is tomobilize
and displace the artery from its original site, and to place and
keep it in the new position. Mobilization and placement of
major vessels away from nerve roots is a complicated opera-
tion that requires skill because of the severe tortuosity and
high density of the atherosclerotic walls. Sharp microdissec-
tion of the arachnoid membranes fixing the TVBA to the
brainstem should begin below the level of the affected
cranial nerve root. In cases of hemifacial spasm, microdis-
section should be started with the separation of the caudal
group of cranial nerves. The method of phased ‘bottom-up’
arachnoid microdissection along the brainstem enables the
gradual mobilization of the TVBA, the assessment of its
mobility, and the timely identification of the entrances of
the cerebellar and brainstem arteries hidden by nerve roots.1

Implant placement between the brainstem and the artery
is technically simple. Numerous Teflon implants in the form
of pellets and lumps to tampon the space formed after the
mobilization of the compressing artery are used by most of
the authors, which gives reliable fixation of the newly
formed neurovascular relationships. Muscles, the fascia,
fat, cotton, surgical materials etc. are the other materials
that can be used.1

Grigoryan et al,1 in 2016, published a series of MVD
associated with vertebrobasilar artery tortuosity in which
the TVBA was mobilized by microdissection of the arachnoid
membranes between the artery and the brainstem and
retracted laterally. Then, the TVBA was displaced away from
the brainstem in the caudo-rostral direction. These microsur-
gical manipulations resulted in ‘spontaneous’ decompression
of the cranial nerve roots without implantation of prostheses
between the vessel and the nerve root entry/exit zone. Inmost
cases (28 out of 30), they used pieces of muscle and adipose
tissue,whichwere inserted inaphasedmanner for thefixation
of the displaced artery away from the brainstem. The place-

ment of tissue autoimplants is easy to perform due to the
possibilityof arbitrarymodelingof the size of the tissuepieces,
and it requires no additional surgical procedures after the
mobilization and displacement of the artery. During the
placement of the implant in the ‘bottom-up’ direction and
gradual TVBA retraction from the brainstem, the mobilized
and displaced artery ‘spontaneously’ moves away from the
entry/exit zone of the compressed nerve. Because of the
‘spontaneous’ decompression, microsurgical manipulation
on the cranial nerve roots is not performed, and the implants
are not inserted between the TVBA and the nerves, which
avoids the development of postoperative cicatricial deformity
of the cranial nerve fibers. Newly formed neurovascular
relationships are further strengthenedwith fibrin glue, which
preserves the spatial arrangement of the mobilized and dis-
placed artery until the final fixation of the TVBA by cicatricial
adhesions with the autoimplant and the dura mater. No
recurrence of clinical symptoms was observed in the series.1

There are various techniques of microsurgical arteriopexy.
Arteriopexy can be performed using adhesive compositions,
‘suspending loops’ made of synthetic materials, dural and
fascial flaps, microsurgical sutures passed around or through
the vascular adventitia, as well as fenestrated aneurysmal
clips.6,11,13–16,19–26 The double-stick tape technique for the
transposition of an offending vessel in MVD in hemifacial
spams was described by Ichikawa et al in 2011.16

The use of sling/loop fixation of the artery is the most
attractive and reasonable way of performing neurovascular
decompression, since: the success rate is very high; it elim-
inates the need to install a large implant; it reduces the
chance of developing aseptic granuloma; and it reduces the
chance of postoperative neurological complications that
occur due to the placement of large implants.

However, the implementation of this technique requires
the expansion of the surgical field by increasing cerebellum
retraction, and may be accompanied by additional injury to
both nervous and vascular structures, with increased num-
ber of postoperative complications. Additionally, it is a more
complicated procedure.6,11,13–16,19–26

Ferreira et al, in 2011,14 described vertebral arteriopexy for
MVDof the facial nerve in the treatmentofhemifacial spasmin
6 patients. During the operation, after the identification of the
site of VA compression, the artery was adequately mobilized
and displaced for the decompression. Great actions that re-
quire skill were taken to avoid kinking/damage of the perfo-
rating arteries arising from the VA. Two 8–0 nylon
microsutures were passed through to the adventitia of the
VA and then through the clival or petrous dura, and then tied
carefully to alleviate compression on the facial nerve. Postop-
eratively, all patientshadcomplete resolutionof thehemifacial
spasm, but one patient suffered from hearing loss, another
developed a postoperative transient unilateral vocal cord
paralysis, and a third patient developed a pseudomeningocele
that resolved with the placement of a lumbar drain.14

Lin et al, in 2012,19 performed vertebral or basilar artery
mobilization and transposition using the vascular sling with
a strip of non-absorbable dural tape. The vertebrobasilar
artery-sling complex was then fixed to the petrous dura by
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an aneurysm clip through the dural bridge. The direction and
angle of traction on the vertebrobasilar artery was adjusted
using different lengths of clip or the horizontal level of the
dural bridge. They used this technique in seven cases with
very good results. They concluded it is an easy and adjustable
way to perform MVD safely and effectively.

Here we describe the newmodified technique to perform
the slinging of a tortuous and large ectatic VA using the
‘prolenated’ temporal fascial sling on the petrous dura.

Advantages of this Technique

– The temporal fascia/epicranial aponeurosis can be easily
harvested from the same wound.

– It is autologous, so there is no fear of an immune response.
– It is biologically modifiable.
– Due to the use of the prolene suture, it becomes non-

absorbable (to some extent) and sufficiently strong.
– As prolene is inert to the body tissue (fascia/aponeurosis),

there is very little chance of developing foreign body
granuloma.

– The ‘prolenation’ of the fascia/aponeurosis avoids the
folding and twisting of the fascia/aponeurosis during
the slinging to the petrous dura.

– There is an equal pressure on all surfaces of the artery that
are in contact with the sling.

– The acute angulation of the artery is much less probable.
– There would be a lower chance of perforator insult (by

injury, acute angulation or occlusion).
– The chance of arterial penetration is absent. Therefore,

thrombosis or infarct should be less probable.
– The force, direction and angulation of the traction on the

ectatic vessel are adjustable.

Disadvantages of this Technique

– It may not be applicable when sufficient perforator-free
vertebrobasilar vessel is not available.

– There is a chance of iatrogenic injury.
– A high microsurgical skill is required.

Conclusion

The present paper is a technical single case report. Therefore,
any decision-making comments cannot be made. But The
‘prolenated’ temporal fascia slinging technique may be a
very goodoption ofMVD in cases inwhich the causative vessel
is a TVBA.
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Introduction

Foramen magnum meningioma (FMM) comprises only be-
tween 1.1 and 3.8% of all brain and spinal cord tumors.
Although it is a very slow growing lesion, the FMM poses
significant challenges to the neurosurgeon.1,2 Symptoms are
often produced by mass effect of the surrounding structures,

such as thebrainstem, the upper cervical spinal cord, the lower
cranial nerves, and the vertebral artery.3,4 Anterior or antero-
lateral lesions of the foramenmagnum (FM) region require an
approach that allows a goodvisualizationof the lesionwithout
themanipulation of the neural or vascular regional structures.
Currently, the far lateral is considered the safest open neuro-
surgical approach for excising FM lesions.5–9
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Abstract Foramen magnum (FM) tumors represent one of the most complex cases for the
neurosurgeon, due to their location in a very anatomically complex region surrounded
by the brainstem and the lower cranial nerves, by bony elements of the craniocervical
junction, and by the vertebrobasilar vessels. Currently, the open approach of choice is a
lateral extension of the posteriormidline approach including far lateral, and extreme lateral
routes. However, the transoraltranspharyngeal approach remains the treatment of choice
in cases of diseases affecting the craniocervical junction. For very selective cases, the
endoscopic endonasal route to this region is another option.We present a case of a ventral
FM meningioma treated exclusively with the endoscopic endonasal approach.
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Resumo Tumores da região do forame magno (FM) representam um dos mais complexos
desafios para os neurocirurgiões, devido às lesões estarem localizadas em uma região
anatomicamente complexa, composta por elementos ósseos da transição crânio-
cervical, pelo sistema vascular vertebrobasilar, pelos nervos cranianos baixos e por
elementos do tronco cerebral. O acesso cirúrgico abertomais utilizado nos dias atuais é
uma extensão dos acessos posteriores da linha média, incluindo vias laterais e extremo
laterais. Entretanto, o acesso transoral transfaríngeo permanece o tratamento de
escolha para uma variedade de doenças que afetam a junção crânio-cervical. Uma
alternativa para casos muito bem selecionados é a via endoscópica endonasal para a
região. Apresentamos um caso demeningioma de FM tratado exclusivamente pormeio
de acesso endoscópico endonasal.
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In the last decades, skull base surgeons havebeen exploring
alternate anterior approaches to the FM and to the lower
clivus region, such as the transoraltranspharyngeal route.10,11

Besides this approach, there is the direct route, with excellent
visualization of the FM lesion, which has some disadvantages,
such as incomplete resections for tumors extending laterally,
craniocervical instability, and cerebrospinal fluid (CSF) leak-
age with infections.12–14 Although the extended endoscopic
endonasal approach ismost commonly used to treat theupper
tomiddle clivus and the suprasellar regions, theFMcanalso be
reached.15–19Here, we describe a case of FMM that was totally
resected with an endoscopic endonasal approach.

Case

A 39-year-old female was admitted with a 6-month history of
paresthesia in 4 extremities and a 5-month history of bilateral
lowerextremityweakness.Onadmission, the10thcranialnerve
was impaired bilaterally and the function of the left 12th cranial
nerve was also disturbed. Also, spastic tetraparesis was
observed, worst in the left lower and right upper extremities.
Before being referred to our institution, a protective tracheos-
tomywasperformed, and the patient alsowas on a nasoenteral
feeding tube. A magnetic resonance imaging (MRI) exam
revealed an anterior foramen meningioma with an important
compressionof thebrainstemandof thecraniocervicaljunction
(►Fig. 1). After the case was discussed in our group, an
endoscopic endonasal approach was proposed to the patient.

The patient was operated on in the prone position under
general anesthesia. A lumbar drain was placed before the
main procedure. The surgical procedure was performed
using rod lens endoscopes (4 mm in diameter, 18 cm in
length, 0° scope) with a high-definition camera. Also, a
neuronavigation system and fluoroscopy were available.

First, we drilled out the maxillary crest to provide a lower
exposure of the ventral craniocervical junction. Then, after
identification of the lower part of the clivus and of the
anterior C1 tubercle by anatomical relationships, an initial
linear incision was made in the midline of the nasopharyn-
geal mucosa. After the subperiosteal dissection, all efforts
were made to expose the region as laterally as possible,
showing the middle part of both occipital condyles
(►Fig. 2A). Using a combination of high-speed drill, bone
curette and standard Kerrison rongeurs, the lower part of the
clivus, the superior part of the C1 arch and the medial face of
both occipital condyles were carefully removed with bleed-
ing control (►Fig. 2B).

After this extended bone removal, the dura mater was
initially opened with a linear middle line incision using a
micro-knife, and then a soft tissue tumor was observed
(►Fig. 2C). The opening was completed under visualization,
and the tumor was carefully dissected from the brainstem
and, the most important and dangerous part, from the
vertebral arteries (►Fig. 2D e 2E). Note that the right verte-
bral artery was partially encased by the tumor (►Fig. 2F).
After that, the whole lesionwas removed (►Fig. 2G) and a 30
and a 45° scopes were used to make an inspection for
residual lesions.

Subsequently, the closure was performed with a dural
membrane, fat (2H), fascia lata (2I) and a dural sealant.
Additionally, the lumbar drain was kept open for 60 hours
after the surgery, and all signs of CSF leakage were exhaus-
tively evaluated for 7 days. She was discharged 8 days after
the surgery without signs of CSF leakage, withmild improve-
ment of weakness, and with physical therapy and rehabilita-
tion for dysphasia. On the third postoperative day, she
underwent an MRI, without residual lesions or any sign of
acute complications (►Figure 3).

Fig. 1 (A) Preoperative sagittal gadolinium T1 magnetic resonance imaging. (B) Preoperative axial gadolinium T1 magnetic resonance imaging.
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Discussion

Hallopeau made the first description of a FMM in 1872,
presenting theselesions asa challenge to surgical excision.20–23

Frazier et al reported the first successful FMM resection in
1922.24 The developments of microneurosurgical techniques
and modern skull base approaches have allowed an improve-
ment in the results with an acceptable risk in most cases.

Our patient had an anterior FMM. Therefore, thebest option
was to approach the lesion anteriorly, by a transoraltransphar-

yngeal or endoscopic endonasal route. Our choicewas based in
our experience in endoscopic endonasal expanded skull base
surgeries and inouraccess toall the instrumentsneeded for the
procedure. The great advantage of the techniquewas the direct
viewof the lesionwithoutmanipulation of thebrainstem. Also,
a good exposureof the inferior clivus andof the anterior arch of
the C1 was necessary to have control of the vertebral arteries.
Our big challenge was the closure, because of the great CSF
leakage rate reported in the literature and of the controversy
about what is the best technique to close. We have chosen a

Fig. 2 Intraoperative endoscopic endonasal approach view. (A) Exposure of the anterior structures of the craniocervical junction, focusing on
the clivus and on the anterior C1 arch. (B) Drilling the medial face of the occipital condyle. (C) Initial dura opening. (D) Superior face of tumor
dissection. (E) Tumor dissection of the right vertebral artery. (F) Tumor dissection of the left vertebral artery. (G) Final aspect after complete
removal of the tumor, showing the brainstem, the upper cervical spinal cord, the right and left vertebral arteries, and the basilar artery. (H)
Closure with fat. (I) Closure with fascia lata. � occipital condyle; RVA, right vertebral artery; LVA, left vertebral artery; BA, basilar artery; MO,
medulla oblongata.
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multilayer closurewith a synthetic dural membrane, fat of the
patient, fascia lata and a dural sealant. Also, we kept a lumbar
drain for 60 hours after the procedure.

The transoraltranspharyngeal surgical approach provides
a direct view of the tumor without retraction of the brain
stem. It consists of a classical technique indicated for the
management of ventral lesions at the clivus, in the C1 and in
the C2. However, this is a very demanding approach with
disadvantages, due to CSF leakage, to the necessity of fusion
to restore the stability in the in craniocervical junction, to the
narrow working space, to the inadequate lateral view of the
tumor, and to the difficult vascular control of the vertebral
arteries.25–28

Analternative in case of failure of theendoscopic endonasal
approach was a far-lateral route. In the past, surgical
approaches to anterior FM lesions were through the posterior
midline, requiring significant brainstem retraction with high
morbidity and mortality rates. The far-lateral approach is a
lateral extension of the retrosigmoid approach to facilitate the
visualizationofand the access to theanterior portionof theFM
by the opening of occipital bone, of the C1, and of the occipital
condyle.25,26

The endoscopic endonasal approach has been considered
an option for transoraltranspharyngeal approach in very
selective cases. Most specialists in endoscopic endonasal
skull base techniques suggest this route for small to medi-
um-sized midline lesions without significant neurovascular
involvement,29,30 as we observed in the present case.

While there are many anatomical studies detailing the
possibility of using this approach to remove anterior FM
tumors, we have not found any specific study on this issue.
Also, future studies will be necessary to evaluate the use of
this approach to FM lesions, comparing results and compli-
cations with other techniques, as the transoral, the far-
lateral, and even the transcervical.
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prestígio lendário nas prateleiras de todos os departamentos de neurocirurgia do 
mundo, por mais de um quarto de século. Reconhecido por sua abrangência e 
acessibilidade, este guia portátil, em um único volume, é o recurso indispensável 
para qualquer profissional envolvido no cuidado de pacientes com distúrbios do 
sistema nervoso central – tanto para residentes em neurocirurgia e enfermeiros 
quanto para especialistas e profissionais afins da área médica.

Este clássico da literatura abrange toda a extensão e profundidade da 
neurociência, incluindo distúrbios neurológicos hereditários e adquiridos, 
anomalias do desenvolvimento, além de tópicos mais obscuros, como toxinas 
que afetam os sistemas nervosos central e periférico. O texto também inclui 
condições tratadas primariamente por neurologistas, que podem vir a ser 
tratadas por um neurocirurgião, como Parkinsonismo, esclerose múltipla, 
doenças do neurônio motor e demência. As informações mais recentes sobre 
anatomia, fisiologia, diagnóstico diferencial e princípios atuais do tratamento não 
cirúrgico e cirúrgico são fornecidas, abrangendo todas as faixas etárias, desde as 
condições pediátricas até as geriátricas.

= Gráficos expandidos e ilustrações em quatro cores
= Mais de 1600 páginas de informação prática, incluindo milhares de citações 

bibliográficas, referências úteis e um índice detalhado
= Princípios dos cuidados neurocríticos, com uma visão abrangente das 

condições, desde SAH até traumatismo craniano e medular, incluindo 
complicações como perda de sal cerebral, ressangramento, vasospasmo e 
morte cerebral.

Abrangente e convenientemente compacto, esta é a referência diária 
indispensável, o parceiro de estudos perfeito para revisão e concursos, ideal para 
provas de título. É, com certeza, uma obra valiosa para legiões de residentes em 
neurocirurgia e uma ferramenta essencial para qualquer profissional que trabalhe 
com neurociência.

Medone Neurosurgery é a fonte online em neurocirurgia mais 
abrangente do mundo. Para uma avaliação gratuita, acesse a página: 
http://thieme.com/eneurotrial

1.662 Páginas  – Papel Couché
Formato : 14 x 21 cm
Brochura
Ricamente Ilustrado em 4 Cores
ISBN: 978-85-67661-65-0
Especialidades: Neurocirurgia, Neurologia
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