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Epidemiology and Estimated Cost of Brachial Plexus
Surgeries Performed through the Unified Health
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Abstract Introduction The brachial plexus is responsible for the innervation of the upper
extremity of the body. About 10 to 20% of the peripheral nerve lesions are brachial
plexus lesions.
Objective To describe the epidemiology of the brachial plexus microsurgery with
exploration and neurolysis (BPMEN) and the brachial plexus microsurgery with nerve
graft (BPMNG) performed through the Brazilian Unified Health System (SUS, in the
Portuguese acronym) from 2008 to 2016.
Methodology A descriptive epidemiological study whose data were obtained from
the Department of Informatics of the SUS (Datasus, in the Portuguese acronym). The
study consisted of all patients submitted to BPMEN (code: 0403020034) and to BPMNG
(code: 0403020042).
Result/Discussion A total of 5,295 procedures were performed with an annual
incidence of 2.94/1 million inhabitants. The hospital expenses of these 2 codes totaled
R$ 4,492,603.88 (US$ 1,417,225.10). The BPMNG code presented an annual average of
expenses with professional services of R$ 99,732.20 (US$ 31,461.26), and total
expenses of R$ 897,589.83 (US$ 283,151.36). The amount transferred to the physician
in this code in 2008 was R$ 294.56 (US$ 92.92), and currently it is R$ 441.84 (US$
139.38). The BPMEN code presented an annual average of expenses of R$ 68,579.15
(US$ 21,633.80), with total expenses of R$ 617,212.40 (US$ 194,704.22). The amount
transferred to the physician in this code in 2008 was R$ 153.44 (US$ 48.40), and
currently it is R$ 230.16 (US$72.60). Both codes presented a lag in the transfer values
to the physician that ranged from 16.55 to 17.64% when using the Brazilian national
price index for the general consumer (IPCA, in the Portuguese acronym) as an inflation
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Introduction

The brachial plexus is a complex network of nerves that is
responsible for the innervation of the upper extremity of the
body. It is formedintheposteriorcervical trianglebytherootsof
C5 toT1 and it can receive contributions of C4 and T2 or not.1–3

American and European studies have shown that between
10 and 20% of peripheral nerve injuries are brachial plexus
lesions, and that between 80 and 90% of these injuries are
caused by automobile accidents.3

Brachial plexus injury is considered a devastating disease
among adults, and characteristically entails a large socioeco-
nomic impact in the lives of these patients. The real incidence
of this type of trauma in Brazil is still unknown.

This incidencehas probably increased in recent yearswith
the increase in accidents involving motor vehicles of two
wheels, mainly in large cities.4,5

Currently, there are few studies devoted to assessing the
costs resulting from the surgical procedure of the patients
with this type of injury. It is known that the treatment of
brachial plexus lesions provides savings to the public budget.
The results showed that the economy obtained with the
surgical treatment of brachial plexus lesionsmay exceed 65%
of the economic value of the welfare compensation that
would have been attributed to the same patients if they
had not undergone surgical treatment, as Felici et al demon-
strated in 2014.5

The present study aims to characterize the epidemiological
data related to the number of annual procedures, hospital and
professional expenses, mean length of stay and number of
deaths of patients admitted by the Brazilian Unified Health
System (SUS, in thePortuguese acronym), and inflation impact
on the costs ofprofessional services in the2008 to2016period,
using the surgical codes microsurgery of the brachial plexus

parameter during the period studied. The mean number of hospitalization days for
these 2 codes was 3.79.
Conclusion The absence of deaths and the low rate of hospital stay confirm that the
procedure is safe, with a low morbimortality rate. Both codes presented a lag in the
transfer values to the physician at the end of the period.

Resumo Introdução O plexo braquial é responsável pela inervação da extremidade superior do
corpo. Cerca de 10 a 20% das lesões dos nervos periféricos são lesões do plexo braquial.
No Brasil, a maior parte dos procedimentos cirúrgicos é realizada pelo Sistema Único de
Saúde (SUS), que é público e atende a toda a população.
Objetivo Descrever a epidemiologia dos procedimentos de microcirurgia do plexo
braquial com exploração e neurólise (MPBEN) e microcirurgia do plexo braquial com
microenxertia (MPBM) realizados pelo SUS no período de 2008 a 2016.
Metodologia Trata-se de um estudo epidemiológico descritivo, cujos dados foram
obtidos pelo Departamento de Informática do SUS (Datasus). O estudo foi constituído
por todos os pacientes submetidos a MPBEN (código: 0403020034) e a MPBM (código:
0403020042) em nossa instituição.
Resultado/Discussão Foram realizados 5.295 procedimentos com uma incidência
anual de 2,94/1 milhão habitantes. Os gastos hospitalares desses dois códigos
totalizaram R$ 4.492.603,88 (US$ 1.417.225,10). O código de MPBEN apresentou
uma média anual de gastos de R$ 68.579,15 (US$ 21.633,80), com um total de gastos
de R$ 617.212,40 (US$ 194.704,22). O valor do repasse aomédico para esse código em
2008 era de R$ 153,44 (US$ 48,40), e atualmente é de R$ 230,16 (US$ 72,60). O código
de MPBM apresentou uma média anual de gastos com serviços profissionais de R$
99.732,20 (US$ 31.461,26), e um total de gastos de R$ 897.589,83 (US$ 283.151,36).
O valor do repasse ao médico para esse código em 2008 era de R$ 294,56 (US$ 92,92),
e atualmente é de R$ 441,84 (US$139,38). Ambos os códigos apresentaram uma
defasagem dos valores dos serviços profissionais que oscilou entre 16,55 e 17,64%, ao
se utilizar o índice nacional de preços ao consumidor amplo (IPCA) como parâmetro de
inflação durante o período estudado. Notou-se que a média de dias de internação
desses 2 códigos foi de 3,79.
Conclusão A ausência de óbitos e a baixa taxa de permanência hospitalar atestamque
o procedimento é seguro, com baixa taxa de morbimortalidade. Ambos os códigos
apresentaram defasagem dos valores de repasse ao médico no final do período

Palavras-chave

► epidemiologia
► plexo braquial
► microcirurgia
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with exploration and neurolysis (MPBEN) andmicrosurgeryof
the brachial plexus with micrografting (MPBM).

Methodology

This is a descriptive epidemiological study using data obtained
through consultation with the database of the Department of
Informatics of the SUS (Datasus, in the Portuguese acronym), at
the electronic address http://www.datasus.gov.br, accessed in
August 2017. In the present study, all cases of patients under-
going MPBEN (code: 0403020034) or MPBM (code: 040302
0042) were included in the period from January 2008 to
December 2016. The tableswere elaboratedwith data obtained
fromDatasus. It is important toemphasizethatDatasusdoesnot
provide data regarding the specialty of the physician who
performed the procedure. To calculate the inflation impact on

the surgical codes during the study period, thenational indexof
wide consumer prices (IPCA, in the Portuguese acronym) was
considered. The IPCA was chosen because it is an index that
covers families with monthly incomes comprised between 1
and 40 minimum wages, whatever the source of income, and
residents in the urban areas of the regions. For the calculation
of the IPCA, we used the program available online on the
calculator platform of the Central Bank of Brazil (https://
www3.bcb.gov.br/CALCIDADAO/publico/exibirFormCorrecao-
Valores.do?method=exibirFormCorrecaoValores), in which it
was possible to post the value to be corrected, specifying the
time interval and the index to be used for correcting the values
inReais.6,7For theconversion fromReal toDollar,weconsidered
the quotation on August 12, 2017: R$1¼U$3.17.

It was not necessary to submit the project to the Research
Committee, because it is a public domain database.

Results

►Table 1 contains the total number of hospitalizations for
the MPBEN and MPBM codes occurring in the period from
January 2008 to December 2016. The first code totaled 3,025
hospitalizations, and the second, 2,270, which, when added
together, resulted in the amount of 5,295 procedures.

According to ►Table 2, referring to the MPBM code, the
average cost of hospital services fluctuated from R$
204,887.33, lower annual cost in 2008, R$ 381,803.57, maxi-
mum annual value in 2016. An increase of 86.34% was
evidenced in the costs during the study period. Hospital
costs for this technique totaled R$ 2,613,851.20. It is impor-
tant to mention that the expense of hospital service does not
include the expense of the surgeon.

►Table 3, referring to the MPBEN code, revealed an
increase of 69.46% in the costs of hospital services in Reais
when compared to the annual minimum cost in 2008 to the
annual maximum in 2013. The total value of hospital
expenses in the period 2008 to 2016 was R$ 1,878,752.68.

When comparing ►Tables 2 and 3 in relation to the costs
of hospital services, it is observed that the maximum annual

Table 1 Total number of hospitalizations for the procedures of
brachial plexus microsurgery with exploration and neurolysis
(code 0403020034) and micrografting of the brachial plexus
with micrograft (code 0403020042) from 2008 to 2016, in the
Brazilian Unified Health System

Year Brachial plexus
microsurgery with
exploration and neurolysis

Brachial plexus
microsurgery with
micrografting

2008 248 184

2009 288 220

2010 332 201

2011 324 226

2012 399 234

2013 388 286

2014 363 304

2015 366 286

2016 317 329

Total 3,025 2,270

Table 2 Values in Reais and Dollars of hospital and professionals’ expenses in brachial plexus microsurgery with micrografting
(code 0403020042) from 2008 to 2016, in the unified Health system

Year Hospital services
in Reais

Hospital services
in Dollars

Professionals services
in Reais

Professionals services
in Dollars

2008 R$ 204,887.33 US$ 64,633.22 R$ 54,559.11 US$ 18,157.44

2009 R$ 244,434.05 US$ 77,108.53 R$ 64,803.20 US$ 20,442.64

2010 R$ 229,536.97 US$ 72,409.13 R$ 59,206.56 US$ 18,677.14

2011 R$ 260,392.61 US$ 82,142.77 R$ 83,213.20 US$ 26,250.22

2012 R$ 270,295.45 US$ 85,266.70 R$ 103,390.56 US$ 32,615.31

2013 R$ 328,449.84 US$ 103,611.93 R$ 126,366.24 US$ 39,863.20

2014 R$ 356,666.81 US$ 112,513.18 R$ 134,319.36 US$ 42,372.03

2015 R$ 337,384.61 US$ 106,430.04 R$ 126,366.24 US$ 39,863.16

2016 R$ 381,803.57 US$ 120,442.76 R$ 145,365.36 US$ 45,856.58

Total R$ 2,613,851.24 US$ 824,558.73 R$ 897,589.83 US$ 283,151.36
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expenditure with MPBM was R$ 131,567.85, more costly
than the maximum annual expenditure with MPBEN.
Expenses with the costs of hospital services in these two
procedures were R$ 4,492,603.88.

When assessing the value with professional services, it
was noted that theMPBEN code presented an annual average
of expenditures during the analyzed period of R$ 68,579.15,
with a total of expenses of R$ 617,212.40. This code pre-
sented the lowest expense with professional services in the
year 2008 (R$ 54,559.11) and the highest expenditure in
2016 (R$ 145,365.36). The value of the transfer of this SUS
code to the surgeon in 2008was R$ 153.44, and it is currently
R$ 230.16. When correcting the value of this code by means
of the actual inflation rate (IPCA) between January 2008 and
December 2016, it should be R$ 270.78. Consequently, the lag
of the value for this code is 17.64% (equivalent to R$ 40.62)
during the time interval studied.

On the other hand, the MPBM code presented an annual
average of expenses with professional services of R$
99,732.20 during that same period, with a total of expenses
of R$ 897,589.83. This code presented the lowest expense in
the year 2008 (R$ 38,053.22), and the highest expenditure
in 2012 (R$ 91,833.84). The value of the transfer of this SUS
code to the surgeon in 2008 was R$ 294.56, and it is
currently R$ 441.84. When correcting the value of this
code by the actual inflation rate (IPCA) between January
2008 and December 2016, it should be R$ 514.98 at the end
of the period. The value lag for this code was 16.55%
(equivalent to R$ 73.14) during the time interval of the
present study.

The mean length of hospital stay of the patients is shown
in ►Tables 4 and 5. With the MPBM code (►Table 5), it was
noted that the average permanence during the 9 years
analyzed was 3.92 days, higher than the average with the
MPBEN code, which was 3.67 days. Only in the years 2008
and 2011 the mean length of hospital stay was higher with
the MPBEN code.

There was no death rate in any of the years in both
techniques, and for this reason this was not recorded in
the table.

Discussion

InBrazil, a studyconductedat theFederalDistrict, involving35
patients, demonstrated thatmost brachial plexus lesionswere
located in the supraclavicular region (62%), being 21 (60%)
traction mechanism injuries, 9 (25%) by firearm projectile, 3

Table 3 Values in Reais and Dollars of hospital and professionals’ expenses in brachial plexus microsurgery with exploration and
neurolysis (Code 0403020034) from 2008 to 2016, in the unified health system

Year Hospital services
in Reais

Hospital services
in Dollars

Professionals services
in Reais

Professionals services
in Dollars

2008 R$ 147,666.42 US$ 46,582.46 R$ 38,053.12 US$ 12,004.13

2009 R$ 172,157.56 US$ 54,308.37 R$ 44,190.72 US$ 13,940.29

2010 R$ 202,415.20 US$ 63,853.37 R$ 50,942.08 US$ 16,070.05

2011 R$ 200,206.11 US$ 63,156.50 R$ 62,143.20 US$ 19,603.53

2012 R$ 242,145.98 US$ 76,386.74 R$ 91,833.84 US$ 28,969.66

2013 R$ 250,235.72 US$ 79,094.87 R$ 89,302.08 US$ 28,171.00

2014 R$ 228,730.74 US$ 72,154.80 R$ 83,548.08 US$ 26,355.61

2015 R$ 232,640.84 US$ 73,388.27 R$ 84,238.56 US$ 26,573.67

2016 R$ 202,554.11 US$ 63,897.19 R$ 72,960.72 US$ 23,016.00

Total R$ 1,878,752.68 US$ 592,666.43 R$ 617,212.40 US$ 194.704,22 194,704.22

Table 4 Mean length of hospital stay in microsurgery of the
brachial plexus withmicrografting (code 0403020042) from 2008
to 2016, in the Brazilian Unified Health System

Year Mean stay (days)

2008 3.8

2009 4.2

2010 4.1

2011 3.8

2012 4.0

2013 3.7

2014 4.0

2015 3.9

2016 3.8

Table 5 Mean length of hospital stay in brachial plexus
microsurgery with exploration and Neurolysis (Code 0403020034)
from 2008 to 2016 in the Brazilian Unified Health System

Year Mean stay (days)

2008 3.9

2009 3.6

2010 3.7

2011 3.9

2012 3.4

2013 3.7

2014 3.7

2015 3.8

2016 3.4
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(8.5%) compression, and 2 (5.7%) sharp wounds.8 Motorcycle
accidents accounted for 54% of the causes of trauma with
radicular avulsion in 76% of the cases.8 Another study con-
ducted in Belo Horizonte involved 47 patients undergoing
surgery for the treatment of brachial plexus injury that were
retrospectively evaluated in the period from 2010 to 2011.9 In
this study, 91.5%of thepatientsweremales,with ameanageof
34.4 years. Traffic accidents were the main causes of trauma
(97.9%), and motorcycle accidents were responsible for 68.1%
of the injuries.9 The mean time between the specialized
consultation and the surgical treatment was 10 months.9

In a study conducted in the city of São Paulo, in the period
between 2004 and 2012, involving 406patientswith brachial
plexus injury, 94.6% were males, and motorcycle accidents
were responsible for 79% of the cases.10 It was observed that
most of the lesions occurred in the supraclavicular region,
with patients in this study with a mean age of 28.38 years.
The complete type lesions occurred in 46.1% of the cases,
30.1% compromised the spinal nerves C5-C6, 20.9% were
lesions with C5-C6-C7 pattern, and 2.9% were lesions involv-
ing the C8-T1 spinal nerves.10

The Brazilian population presented an increase of
14,280,000 inhabitants during the study period, between
2008 and 2016. In 2008, Brazil’s population was estimated at
191.8 million inhabitants. It is observed that the annual inci-
dence of surgical procedures considering the codes of MPBM
(code: 0403020034) and of MPBEN (code: 0403020042) in
2008, therewere 2.25 procedures/1million inhabitants. Subse-
quently, in 2016, the annual incidence was 3,13 procedures/1
million inhabitants, when the population was 206,080,000
inhabitants. It is noted that the highest incidence of procedures
occurred in 2013, with 3,36/1 million inhabitants. A study by
Flores identified an estimated incidence of 1.75 cases/100
thousand inhabitants/year in the region of the Federal District
between the years 2004 and 2005.8

An international study conducted in 2010 in a trauma
center in New Delhi, India, followed 69 hospitalized patients
aged between11 and 55 years old (mean age of 24.6 years old),
all males and with different degrees of brachial plexus injury.
The average hospital stay was 14 days, varying from 2 to
43 days. It was noted that the average of days of hospital
stay inBrazil according to the present studywas3.79. Of the69
patients in the Indian study, 60 (87%) were submitted to
surgical intervention and presented average permanence in
the hospital of 12 days, and the mean postoperative stay was
2 days. The average preoperative expenditureswere 43,117.75
Indian rupeesper patient, andpostoperative expenditures had
an average of 6,449.14 Indian rupees per patient. The other 9
patients (13%) opted for conservative treatment after a period
of waiting and counseling that lasted on average 6 days and
cost the hospital an average of 25,147.61 Indian rupees per
patient, which corresponds to US$ 503.00. The total hospital
expense with 69 patients was 3,588,402.00 Indian rupees,
which corresponds to U$ 71,774.86.11

It is important to mention that the economy obtained
through surgical treatment of brachial plexus lesions may
exceed 65% of the economic value of the compensation that
would have been attributed to the same patients if they had

not undergone surgical treatment, as Felici et al demon-
strated in 2014.5

The technique with micrografting was used more in 2016
and presented an increment of 78% when compared with the
year 2008. The technique with exploration and neurolysis, in
turn, was more performed in 2012, with an increase of 27.8%
when comparedwith 2008 and 2016. It is perceived, therefore,
that the techniquewithmicrografting was progressivelymore
used over these years. It is unclear what caused the MPBM
code to present an increase in its realization. There are some
possibilities, such as the greater preparation of surgeons over
the period studied, since themicrografting is technicallymore
complex than simple exploration and neurolysis. Another
possibility that could perhaps justify the raise in use of the
MPBEN code is that it has the highest value honorarium
compared with isolated neurolysis.

The main limitation of the present study was not including
data from the complementary health system, of restricted
access in comparisonwith SUS information. In addition, there
is a notorious scarcity of national and global epidemiological
contents related to the incidence and prevalence of brachial
plexus lesions. Another possible setback of this work was the
probability of multiple and/or erroneous diagnoses being
included in the results found at Datasus.

Conclusion

The absence of deaths and the low rate of hospital stay show
that the MPBEN and MPBM codes are safe, with lowmorbid-
ity and mortality rates. Both codes present a lag of the pass
values to the physicians in the end of the period. Studies that
include data from the complementary health system will be
important for complementing the data in the present study.
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Abstract Introduction There are more than 1,500 hospital procedures included in the Brazilian
Unified Healthcare System’s (SUS, in the Portuguese acronym) table, which is the
reference for service payment provided by establishments serving the public health
network, and they are stagnant. The underfinancing of procedures is so dramatic that
in some cases the amounts paid by the SUS are even lower than the taxes generated by
the costs of the same procedures in Brazilian private hospitals. This article aims to
compare the evolution of the compensation of neurosurgical procedures by calculating
the percentile of the lag in the values transferred to both neurosurgeons and hospitals,
according to the SUS table, establishing the ideal and real values according to the
current inflation, in a retrospective 9-year comparison.
Methodology This is an observational, comparative, retrospective study, based on
the values of medical and hospital money transfers of 25 neurosurgical procedures in
2008, which were corrected according to the 2017 National Consumer Price Index
(IPCA, in the Portuguese acronym).
Results Through this study, from 2008 to 2017, the transfers of medical fees
regarding neurosurgical techniques are almost completely outdated. As examples,
we can mention: the external/subgaleal ventricular shunt, with a deficit of 43.6%; the
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electrode implant for brain stimulation, with - 41.67%; and decompressive craniotomy,
with - 32.21% in relation to the corrected value. Only 4 of the 25 neurosurgeries present
a value above that predicted by the IPCA, one of them being cerebral aneurysm
embolization larger than 1.5 cm with a narrow neck (þ 8.0%). Regarding the money
transfers to hospitals, all procedures are 43.6% lower than expected, since there was no
readjustment in the amounts paid to the institutions in the analyzed period. For
example, in 2008, for the transposition of the cubital nerve, R$ 267.30 were
transferred, and the same amount was maintained in 2017; and, for the surgical
treatment of compressive syndrome in osteofibrous tunnel at carpal level (R$ 145.18),
the amount also remained fixed throughout these 9 years.
Conclusion Because they did not follow the evolution of the economy, in 80% of the
surgeries, the neurosurgeons did not have their economic demands met regarding the
procedures performed through SUS. And the data became even more alarming when
the money transfers to hospitals were evaluated, since there was no evolution in the
money transfers for any of the neurosurgeries evaluated.

Resumo Introdução Mais de 1.500 procedimentos hospitalares incluídos na tabela do Sistema
Único de Saúde (SUS)— considerada padrão de referência para pagamento dos serviços
prestados por estabelecimentos que atendem à rede pública da saúde—estão estag-
nados. O subfinanciamento dos procedimentos é tão dramático que, em alguns casos,
os valores pagos pelo SUS ficam abaixo até mesmo dos impostos gerados pelos custos
dos mesmos procedimentos realizados nos hospitais particulares com fins lucrativos.
Por meio deste artigo, objetiva-se, portanto, comparar a evolução da remuneração dos
procedimentos neurocirúrgicos, calculando a porcentagem de defasagem dos valores
repassados tanto aos neurocirurgiões quanto aos hospitais, segundo a tabela SUS,
estabelecendo os valores ideais e reais de acordo com a inflação vigente, em um
comparativo retrospectivo de 9 anos.
Metodologia Trata-se de um estudo do tipo observacional, comparativo-retrospec-
tivo, baseado em valores do repasse médico e hospitalar de 25 procedimentos
neurocirúrgicos em 2008, corrigidos conforme o valor do Índice Nacional de Preços
ao Consumidor Amplo (IPCA) de 2017.
Resultados Por meio deste estudo, percebeu-se que de 2008 até 2017, os repasses
dos honorários médicos referentes às técnicas neurocirúrgicas encontravam-se, quase
em sua totalidade, desatualizados. Como exemplo, podem ser citados: a derivação
ventricular externa/subgaleal, com déficit de 43,6%; o implante de eletrodo para
estimulação cerebral, com - 41,67%; e a craniotomia descompressiva, com - 32,21% em
relação ao valor corrigido. Apenas 4 das 25 neurocirurgias encontravam-se com valor
acima do previsto pelo IPCA, entre as quais encontrava-se a embolização de aneurisma
cerebral maior do que 1,5 cm com colo estreito (þ 8,0%). No que tange ao repasse
hospitalar, todos os procedimentos estavam 43,6% abaixo do esperado, uma vez que
não houve reajuste dos valores pagos às instituições no período analisado. Repassava-
se, em 2008, o valor de R$ 267,30 pelo procedimento de transposição do nervo cubital,
por exemplo. A mesma quantia foi mantida em 2017. O mesmo ocorreu com o valor
pago pelo tratamento cirúrgico da síndrome compressiva em túnel osteofibroso no
nível do carpo (R$ 145,18), que também se manteve fixo ao longo desses 9 anos.
Conclusão Por não terem acompanhado a evolução da economia, em mais de 80%
das cirurgias, os neurocirurgiões não tiveram suas demandas econômicas atendidas
quanto aos procedimentos realizados pelo SUS. E os dados se tornam ainda mais
alarmantes quando avaliado o repasse hospitalar, pois não houve evolução nos
repasses para nenhuma das neurocirurgias avaliadas.

Palavras-chave

► neurocirurgia
► inflação
► honorários

médicos
► custos hospitalares
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Introduction

The Unified Health System (SUS, in the Portuguese acronym)
table, considered a reference for service payment provided
by affiliated and philanthropic establishments that serve the
public health network, maintains the values of more than
1,500 surgical procedures.1

>Medical conditions requiring surgical procedures rep-
resent more than 10% of the total number of affections in
the world. Due to the more restricted access to health, the
cases already arrive with a higher degree of complexity.
Subspecialty procedures, such as those of neurosurgery,
represent a major impact on the economy. In addition to the
direct cost of these procedures, it is considered that the
more invasive and delicate, the more expensive they
become, requiring longer hospitalization, and generating
more hospital costs. 2

Despite the financial sustainability in the health sector
being foreseen in the law n. 8.080/90, which explains the
need for a balance between the remuneration of the SUS
service providers and the contracting establishment, there is
great risk in surgical practice. Over the years, treatment costs
have increased due to equipment modernization, emergence
of new techniques and medications, as well as the discovery
of new illnesses. The scarcity of resources has made the
management of these costs increasingly complex, requiring a
difficult choice about which sector of the institution needs
more investment application. In addition, hospitals fail to
make an exact estimate of their expenditures, since they do
not have a permanent control of these, which increases the
risk of financial collapse of these entities.3,4

In this way, even if there is a table with fixed transfer
values (SUS table), such values will hardly cover the actual
costs of each procedure, since, in addition to the direct cost,
there are countless and unpredictable complications that
require longer hospitalization and, consequently, more
resources.3,4

Inflation, a generalized and universal phenomenon, is
defined as the simultaneous increase in the prices of various
goods or services, in a certain region, in a certain period,
which results in currency devaluation.5

This, therefore, was the parameter used by this article as
basis for calculating the increase in the remuneration of
neurosurgeons and the effective hospital transfer through
SUS financed procedures. Through the comparison between
the same variables, in an interval of 9 years, the discrepancies
between the ideal and real values were measured.

With the present study, we aimed to: calculate the
percentage of lag in the SUS table of 24 neurosurgical
procedures considering a period of 9 years, through the
national index of wide consumer prices (IPCA, in the Portu-
guese acronym), official inflation index in Brazil; establish
the ideal and real values of financial transfers to institutions
and medical professionals, according to the impact of the
current inflation; calculate neurosurgeon remuneration con-
sidering the basic salary in the corresponding period, and
comparing the data obtained in the years 2008 to 2017, to
evaluate the purchasing power with the medical salary.

Methodology

A descriptive, comparative and retrospective research was
performed, based on the values of the neurosurgery pro-
cedures in 2008 corrected according to the 2017 IPCA, from
the citizen’s calculator of the Central Bank of Brazil. The
most commonly used codes from each surgery subgroup
were considered. The IPCA was considered to calculate the
impact of inflation on the surgical codes during the study
period. We chose the IPCA because it is an index that covers
families living in urban areas with monthly incomes com-
prised between 1 and 40 minimum wages—whatever the
source of income. For IPCA calculation, the software used
was the online citizen’s calculator platform, from the
Brazilian Central Bank. Through this software, it was pos-
sible to post the value to be corrected and to specify the
time interval and the index to be used for correcting the
values in Reais. The search sites SciELO and Bireme were
used as a source of research for the choice of scientific
articles, associating the terms neurosurgery; inflation;med-
ical fees; SUS neurosurgery medical fees; inflation; and
health. We sought to select articles with available text,
with researches conducted in humans, in English, Portu-
guese, and Spanish. Articles published in languages other
than English, Portuguese, and Spanish were excluded. After
application of the appropriate research filters, the articles
were selected by title and abstract, for later integral
analysis. Those who did not meet the criteria were exclud-
ed. The databases of the Government (department of
informatics of the SUS, [Datasus, in the Portuguese acro-
nym], the Brazilian Institute of Geography and Statistics
(IBGE, in the Portuguese acronym), the Diário Oficial da
União (which is the official journal of the federal govern-
ment of Brazil), the citizen’s calculator platform, the Cen-
tral Bank of Brazil and the Federal Council of Medicine
website were used.1,6–9

Results

Based on the data collected in the SUS table, analyses were
performed to check the readjustment of the values passed on
to both neurosurgeons and hospitals, considering the infla-
tion variation in the studied period (2008–2017). It was an
analysis of the evolution of medical fees and the financing of
institutions in this 9-year period (►Table 1).

Analyzing ►Table 1, it is noted that the lowest medical
onlendings in 2017 were: cranial trepanation (R$ 107.52);
surgical treatment of compressive syndrome in osteofibrous
tunnel at the carpal level (R$ 202.44); transposition of the
cubital nerve (R$ 247.95); subgaleal external ventricular shunt
(R$ 286.00); anterior cervical discectomy (1 level) (R$ 380.00);
and decompressive craniotomy (R$ 391.86). Among the proce-
dures with greater transfer, we highlight microsurgery for
aneurysm of the anterior cerebral circulation lower than
1.5 cm (R$ 2,054.08), and microsurgery for intracranial tumor
(R$ 1,568.00). In terms of greater lag caused by inflation, the
following procedures are provided: peritoneal external ventric-
ular shunt/atrium/pleura/raqui; Subgaleal external ventricular
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shunt; and cervical discectomy by the anterior pathway
(1 level), with a rate of - 43.6% in the analyzed period.

If there had been proper correction of the values according
to inflation in2017, itwouldhave:peritoneum/atrium/pleura/
raqui external ventricular shunt passing from R$ 682.08 to R$
1,209.51; Subgaleal externalventricular shuntpassing fromR$
286.00 to R$ 507,16; and cervical discectomy by anterior
pathway (1 level), from R$ 380.00 to R$ 673.84.

Only4of the25proceduresanalyzedwere readjustedabove
inflation: embolization of cerebral aneurysm greater than
1.5 cmwith a narrow neck (R$ 858.00;þ 8.0%); microsurgery
for intracranial tumor (R$ 1,568.00;þ 12.78%); microsurgery
for arteriovenous malformation (R$ 1,209.60;þ 39.2%), and
microsurgery for aneurysmof the anterior cerebral circulation
lower than 1.5 cm (R$ 2,054.08;þ 80.0%).

Themeanvalue passed on to neurosurgeons regarding the
24 neurosurgical procedures evaluated in 2008 was approx-
imately R$ 504.26 per procedure. This means that, in 2017,
the amount was R$ 731.74, and if inflation had been consid-
ered in the course of these 9 years, this value should have
been R$ 908.06. Thus, we find a mean impairment of R$
176.30 per performed surgery.

In the hospital context, the lowest onlendings were related
to: the surgical treatment of the compressive syndrome in the
osteofibrous tunnel at the carpal level (R$ 145.18); the trans-
position of the cubital nerve (R$ 267.30); the decompressive
craniotomy (R$ 415.89); and cranial trepanation (R $494.83).

The procedures with best onlendings were: microsurgery
for arteriovenous malformation (R$ 1,698.05); posterior
thoracolumbosacral arthrodesis in 2 levels, including

Table 1 Physicians’ fees in 24 Unified Health System neurosurgical codes of 2008 and 2017, and calculation of the corrected value
according to the National Consumer Price Index

Procedures Medical
Fees 2008

Real Medical
Fees 2017

Corrected
Medical
Fees 2017

Difference
between
fees (%)

Posterior thoracolumbosacral arthrodesis
(2 levels; includes instrumentation)

R$ 1,155.78 R$ 1,155.78 R$ 2,049.51 �43.6%

Decompressive craniotomy R$ 261.24 R$ 391.86 R$ 578.07 �32.21%

Peritoneum/atrium/pleura/raqui external ventricular shunt R$ 454.72 R$ 682.08 R$ 1,209.51 �43.6%

Subgaleal external ventricular shunt R$ 220.64 R$ 286.00 R$ 507.16 �43.6%

Anterior cervical discectomy (up to 2 levels with microscope) R$ 470.00 R$ 470.00 R$ 833.44 �43.6%

Anterior cervical discectomy (1 level) R$ 380.00 R$ 380.00 R$ 673.84 �43.6%

Posterior cervical/lumbar/loin-sacral discectomy
(1 level with microscope)

R$ 470.00 R$ 470.00 R$ 833.44 �43.6%

Posterior cervical/lumbar/loin-sacral discectomy
(2 or more levels with a microscope)

R$ 533,52 R$ 456,00 R$ 808,61 �43.6%

Cerebral aneurysm embolization greater than
15 mm with narrow neck

R$ 448.00 R$ 858.00 R$ 794.43 þ8.0%

Electrode implant for cerebral stimulation R$ 933.34 R$ 965.25 R$ 1.655.07 �41.67%

Intrathecal implant of drug infusion pump R$ 597.18 R$ 607.75 R$ 1,058.96 �42.6%

Endoscopic cerebral microsurgery R$ 932.96 R$ 1,399.44 R$ 1,654.39 �15.41%

Medullary tumor microsurgery R$ 694.40 R$ 1,041.60 R$ 1,231.36 �15.41%

Microsurgery for anterior cerebral circulation
aneurysm smaller than 1.5 cm

R$ 784.00 R$ 2,054.08 R$ 1,140.86 þ80.0%

Microsurgery for arteriovenous malformation R$ 604.80 R$ 1,209.60 R$ 868.91 þ39.2%

Microsurgery for intracranial tumor R$ 784.00 R$ 1,568.00 R$ 1,390.25 þ12.78%

Craniofacial reconstruction R$ 447.96 R$ 671.94 R$ 794.36 �15.41%

Transposition of the cubital nerve R$ 165.30 R$ 247.95 R$ 293.12 �15.41%

Surgical treatment of extradural hematoma R$ 454.72 R$ 682.08 R$ 806.34 �15.41%

Surgical treatment of intracerebral hematoma R$ 325.99 R$ 488.99 R$ 867.11 �43.6%

Surgical treatment of acute subdural hematoma R$ 454.72 R$ 682.08 R$ 806.34 �15.41%

Surgical treatment of compressive syndrome
in osteofibrous tunnel at carpal level

R$ 134.96 R$ 202.44 R$ 239.32 �15.41%

Surgical treatment for open dysraphism R$ 322.56 R$ 483.84 R$ 571.99 �15.41%

Cranial trepanation R$ 71.68 R$ 107.52 R$ 127.11 �15.41%
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instrumentation (R$ 1,625.92); and spinal cord tumor
microsurgery (R$ 1,603.32).

It was found that there was a lag of 43.6% in the values
passed to the hospitals during the studied period, according
to the IPCA. There was no kind of readjustment in the values
of the onlendings to the institutions during the period
analyzed. The mean of the values passed in this period was
R$ 1,049.29, and the corrected mean would be R$ 1,860.87,
that is, there was a R$ 811.58 difference (►Table 2).

After the conversion of the values of each procedure into
minimum wages in the years 2008 and 2017, it was
observed that the value of the transfer to the neurosurgeons
regarding all procedures (except microsurgery for aneu-
rysm of the anterior cerebral circulation less than 1.5 cm)
did not follow the proportion of increase in the minimum
wage in the past 9 years (►Table 3). During the period 2008
to 2017, the minimum wage presented a correction of
125.78%

Table 2 Transfer of hospital values of the 24 neurosurgical procedures (2008 and 2017) and calculation of corrected values
according to the National Consumer Price Index

Neurosurgical procedures Hospital
budget 2008

Hospital
budget 2017

Corrected hospital
budget 2017

Posterior thoracolumbosacral arthrodesis
(2 levels; includes instrumentation)

R$ 1,625.92 R$ 1,625.92 R$ 2,883.20

Decompressive craniotomy R$ 415.89 R$ 415.89 R$ 737.40

Peritoneum/atrium/pleura/raqui external ventricular shunt R$ 818.64 R$ 818.64 R$ 1,451.67

Subgaleal external ventricular shunt R$ 799.64 R$ 799.64 R$ 1,417.98

Anterior cervical discectomy (up to 2 levels with microscope) R$ 1,250.27 R$ 1,250.27 R$ 2,217.07

Anterior cervical discectomy (1 level) R$ 963.00 R$ 963.00 R$ 1,707.66

Posterior cervical/lumbar/loin-sacral discectomy
(1 level with microscope)

R$ 1,250.27 R$ 1,250.27 R$ 2,217.07

Posterior cervical/lumbar/loin-sacral discectomy
(2 or more levels with a microscope)

R$ 1,252.40 R$ 1,252.40 R$ 2,220.70

Cerebral aneurysm embolization greater than
15 mm with narrow neck

R$ 1,238.88 R$ 1,238.88 R$ 2,196.87

Electrode implant for cerebral stimulation R$ 1,023.06 R$ 1,023.06 R$ 1,814.16

Intrathecal implant of drug infusion pump R$ 720.66 R$ 720.66 R$ 1,277.93

Endoscopic cerebral microsurgery R$ 1,770.17 R$ 1,770.17 R$ 3,138.99

Medullary tumor microsurgery R$ 1,603.32 R$ 1,603.32 R$ 2,843.12

Microsurgery for anterior cerebral circulation
aneurysm smaller than 1.5 cm

R$ 1,591.63 R$ 1,591.63 R$ 2,822.39

Microsurgery for arteriovenous malformation R$ 1,698.05 R$ 1,698.05 R$ 3,011.11

Microsurgery for intracranial tumor R$ 1,591.63 R$ 1,591.63 R$ 2,822.39

Craniofacial reconstruction R$ 1,346.57 R$ 1,346.57 R$ 2,387.84

Transposition of the cubital nerve R$ 267.30 R$ 267.30 R$ 474.00

Surgical treatment of extradural hematoma R$ 816.64 R$ 816.64 R$ 1,448.13

Surgical treatment of intracerebral hematoma R$ 821.20 R$ 821.20 R$ 1,456.21

Surgical treatment of acute subdural hematoma R$ 818.64 R$ 818.64 R$ 1,451.67

Surgical treatment of compressive syndrome
in osteofibrous tunnel at carpal level

R$ 145.18 R$ 145.18 R$ 257.44

Surgical treatment for open dysraphism R$ 859.28 R$ 859.28 R$ 1,523.74

Cranial trepanation R$ 494.83 R$ 494.83 R$ 877.47

Table 3 Conversion of the transfer value of the neurosurgical code in minimum wages in the years 2008 and 2017 (100%¼ 1
minimum wage for the respective year)

Neurosurgical procedures Salary compromise 2008 (%)� Salary compromise 2017 (%)��

Posterior thoracolumbosacral arthrodesis
(2 levels; includes instrumentation)

278.5% 173.52%

(Continued)
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Discussion

The present study evidences the lag ofmedical fees related to
the procedures, in almost its totality. An example is the
external/subgaleal ventricular shunt, with a deficit of 43.6%
in its value. It was found that few neurosurgeries received a
value above that predicted by IPCA, and one of themwas the
embolization of cerebral aneurysm greater than 1.5 cm with
a narrow neck (þ 8%). The mismatch of the values becomes
evenmore inconsistent when the calculation of the accumu-
lated inflation in the past 9 years, according to IPCA, reaches
almost 78%.8

Apparently, health professionals are exposed tomismatch
of salary adjustments in relation to the current inflation,
even internationally. According to a study performed by Perri
et al on the wage transfer to vascular surgeons in the United

States between 2010 and 2015, therewas a 20.9% decrease in
medical transfer, while the hospital equivalent decreased
6.6%. Due to the health system in the United States being
different from the Brazilian one, the greater deficit fell on
surgeons.10

Other variables can also be compared, such as the increase
in theminimumwage in this time interval. In 2008, the value
was R$ 415.00,while in 2017 the salarywas R$ 937.00. It is an
increase ofmore than 125%, while the average increase of the
transfer to neurosurgeons by SUS financed procedures,
according to the calculations in this article, was only
45%.11,12

Considering the increase of the Brazilian population in the
past 10 years, according to the IBGE, in a census performed in
2007, the populationwas 183.9 million inhabitants. Today, it
is estimated that the population is � 208.4 million

Table 3 (Continued)

Neurosurgical procedures Salary compromise 2008 (%)� Salary compromise 2017 (%)��

Decompressive craniotomy 62.94% 41.82%

Peritoneum/atrium/pleura/raqui external
ventricular shunt

109.57% 72.79%

Subgaleal external ventricular shunt 53.16% 30.52%

Anterior cervical discectomy
(up to 2 levels with microscope)

113.25% 50.16%

Anterior cervical discectomy (1 level) 91.56% 40.55%

Posterior cervical/lumbar/loin-sacral discectomy
(1 level with microscope)

113.25% 50.16%

Posterior cervical/lumbar/loin-sacral discectomy
(2 or more levels with a microscope)

128.55% 48.66%

Cerebral aneurysm embolization greater than
15 mm with narrow neck

107.95% 91.56%

Electrode implant for cerebral stimulation 224.9% 103.1%

Intrathecal implant of drug infusion pump 143.89% 64.86%

Endoscopic cerebral microsurgery 224.8% 149.35%

Medullary tumor microsurgery 167.32% 111.16%

Microsurgery for anterior cerebral circulation
aneurysm smaller than 1.5 cm

188.91% 219.21%

Microsurgery for arteriovenous malformation 145.73% 129.09%

Microsurgery for intracranial tumor 188.91% 167.34%

Craniofacial reconstruction 107.94% 71.71%

Transposition of the cubital nerve 39.83% 26.46%

Surgical treatment of extradural hematoma 109.57% 72.79%

Surgical treatment of intracerebral hematoma 78.55% 52.18%

Surgical treatment of acute subdural hematoma 109.57% 72.79%

Surgical treatment of compressive syndrome
in Osteofibrous tunnel at carpal level

35.52% 21.6%

Surgical treatment for open dysraphism 72.72% 51.63%

Cranial trepanation 17.27% 11.47%
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inhabitants. It is possible to infer that, with the increase of
almost 12% of the population, the demand of health services
increased concomitantly. The investments in health,
however, did not follow the growth and population
demands, nor considered this impact on the SUS service
providers, who had their work intensified in recent years,
without, however, receiving the monetary equivalent.12

Given the complexity of the issue, it is certain that other
variables are implicated in the process of increasing the
expenditures of institutions in recent years, such as the
salary of other employees (nursing, administration, safety,
cleaning assistants, among others). An important point
should also be emphasized, although not considered in the
present study: the use ofmultiple surgery codes and sequen-
tial surgeries, when it is possible to use two ormore codes for
the same hospital admission guide with bigger transfer,
consequently.

Conclusion

The inflation imposes undeniable impacts on society,
dictating, in a blunt way, the remuneration, the values of
taxes and the basic wages in all spheres of the economy.
Unequivocally, the health area suffers the negative impacts
of inflation, as it was proved in the present study. In 9 years,
there were small adjustments in the values of some SUS
procedures in the field of neurosurgery, and about more
than 80% of the procedures surveyed were found to be
stalled. This finding makes it true to assume that neuro-
surgeons, as well as the hospitals in which neurosurgeries
are performed, do not have their economic demands
attended regarding the surgical procedures performed by
the SUS. Therefore, it is necessary to carry out more studies
on this topic, to determine inflation’s real impact on the
cost of neurosurgical procedures and the remuneration of
neurosurgeons in the field of private medicine, as well as
studies covering other medical specialties.
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Introduction

Traumatic brain injury (TBI) is the largest public health
problem in the United States, with � 235,000 non-fatal
hospitalizations annually; a total of 1.1 million of Americans
with TBI are treated and discharged from the emergency
department every year; � 50,000 of these patients die at the
scene, and 20,000 perish during hospital care.1 Traumatic
brain injury refers to brain damage, and it can be divided into
open (penetrating, with skull andmeninges perforation) and

closed TBI (contusions, concussions and diffuse axonal
lesion). Open and closed traumas are distinguished by the
nature of the lesion, as well as the underlying pathophysio-
logical processes and associated cognitive changes. The high-
est TBI probability is observed in individuals between 15 and
24 years-old, with a 2:1 male predominance. Lower socio-
economic and educational levels and unemployment appear
to be risk factors for increased likelihood of TBI and worse
prognosis. Traumatic brain injury can be classified as mild,
moderate, or severe, depending on the duration of
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Abstract Traumatic brain injury (TBI) is a major public health problem inWestern countries. ATBI
brings many negative consequences, including behavioral and cognitive changes,
which affect social adjustment and the performance of functional activities. Cognitive
evaluation after TBI is a complex issue in what pertains to definition of the most
appropriate questionnaires for clinical use in a comprehensive analysis of the condition
of the patient. In this paper, we described a critical review of the main cognitive
assessment tests currently used in clinical and research settings in patients with TBI.
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Resumo O traumatismo cranioencefálico (TCE) é o maior problema de saúde pública nos países
ocidentais. A ocorrência de um TCE traz diversas consequências negativas ao indivíduo,
incluindo alterações comportamentais e cognitivas que afetam o ajustamento social e
o desempenho em atividades funcionais. A avaliação das alterações cognitivas
apresenta dificuldades de definição dos questionários e testes mais apropriados
para análise ampla das condições do paciente para aplicação clínica. Neste artigo,
realizamos uma revisão crítica dos principais testes de avaliação cognitiva utilizados
atualmente, em ambiente clínico e de pesquisa, em pacientes com TCE.
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unconsciousness, the level of consciousness according to the
Glasgow coma scale, and the presence of posttraumatic
amnesia.

Mechanisms of Neuronal Injury

The evolution of closed-trauma TBI patients can be different
from that of those patients with open trauma. In closed
trauma, brain injury can occur in two stages: primary
damage, beginning during impact; and secondary damage,
which results from the physiological process triggered by the
primary injury. These primary lesions result from white
matter involvement, which is caused by rotational forces
and/or acceleration/deceleration in the encephalic parench-
yma, stretching and injuring axons. Lesion are usually multi-
ple, predominating at the transition sites between white/
gray matter, and at the corpus callosum, hippocampus,
dorsolateral aspect of the brainstem and the cerebellum,
resulting in widespread cognitive dysfunctions—often
related to the frontal lobes—and behavioral changes—includ-
ing impulsivity, aggressiveness, depression and executive
functions deficits, such as in planning, self-monitoring,
impulse control, and volition.2

Mild TBI accounts for 10 to 15% of skull traumas, and it is
followedbylatesymptoms(postconcussionsyndrome).Diffuse
axonal injury (DAI) is one of the most important causes of
neurological sequelae in TBI patients. Although DAI usually
results in clinical changes, abnormal findings are often not
identifiedbyconventional imaging techniques.3Diffuse axonal
injury is considered one of themost common types of primary
neuronal injury inpatientswith severehead injury,4,5 although
it may represent the end event of a TBI initially classified as
mild.6 Although traumatic DAI results in axotomy (axon trans-
ection or disruption), this process is immediate only in areas
sustaining major damage, most of which probably occur 12 to
24 hours after the initial trauma.7 Approximately one third of
the patientswho died after a TBI have spoken or obeyed orders
before their death, suggesting that initial trauma alone is not
lethal, although its consequences may be.8 These chronic DAI
consequences usually cause global, cognitive, motor, sensory,
and autonomic dysfunctions.

Posttraumatic Brain Injury Cognitive
Dysfunctions

Mild TBIs are often more difficult to diagnose. This is due to
the rapid resolution of acute signs and symptoms (e.g., loss of
consciousness, posttraumatic amnesia, disorientation and
confusion), as well as the typical absence of objective injury
evidence from imaging tests. Although “minor” injuries are
not given much thought, � 15% to 30% of the patients are at
risk of developing postconcussion syndrome (PCS). Postcon-
cussion syndrome is a term used to describe the set of
physical, cognitive and emotional symptoms associated
with TBI.9 These symptoms can result in disability and
suffering, and they can raise societal health costs. Despite
scanty studies, there is a growing recognition that PCS is best
understood in terms of biological, psychological and social

interaction. Postconcussion syndrome is often self-limiting,
but patients may have persistent symptoms, such as: (1)
headache, (2) dizziness, (3) fatigue, (4) irritability, (5) insom-
nia, (6) problems with concentration, (7) memory difficulty
and (8) stress, anxiety and depressive symptoms or alcohol
intolerance.10 Postconcussion syndrome is deemed persis-
tent when symptoms are sustained for more than 3 months.

A TBI has several negative consequences for the subject,
including behavioral changes (inappropriate social behavior,
depression, anxiety) and cognitive impairment (difficulty in
perceiving deficits, memory changes, executive dysfunc-
tions, language impairment), which affect social adjustment
and performance in functional activities for long periods of
time. Patients who have suffered severe trauma are often
unable to return towork without some support.2 In addition,
the impact of TBI affects family members, increasing the
burden on caregivers and reducing the quality of life for all
people, especially in more severe cases. Demographic char-
acteristics, such as schooling, substance abuse, age at the
time of trauma, type of work or profession are variables that
may interfere with the return of the patient to the work
routine, that is, the evolution for a better or worse prognosis.
Some authors11 report that patients younger than 40 years-
old were more successful in returning to work, but others
failed to show any correlation between age and a better
prognosis after TBI.12 Gender does not seem to be a relevant
factor in prognosis.13

Although TBI patients present transient neurological def-
icits,14 cognitive changes may be persistent, especially after
moderate and severe lesions, and these include decreased
mental flexibility and attention, shifting sets, alterations in
planning, organization, sequencing, judgment, verbal flu-
ency and operational memory, as well as impulsivity. Little
et al15 analyzed 24 patients with mild and moderate TBI and
found changes in executive function, attention and memory.
The lesion type and severity, as well as the location of the
focal lesion, are predictors of possible cognitive, behavioral,
and psychosocial changes in these patients. However, given
the variety of posttraumatic brain injury, and cognitive and
behavioral changes, only a thorough neuropsychological
examination can verify the individual characteristics of the
dysfunctions of a patient, such as assessingwhether verbal or
visual spatial function is more impaired, and determining
the presence of behavioral exacerbation or frontal inertia,
and learning ability and mnemonic impairments.2

Instruments to Evaluate the Functional and
Cognitive Recovery of TBI Patients

In 2010, the Liaison Federation and consultants for TBI
projects formed a new group to build a set of recommenda-
tions to expand the definitions list, calling it common data
elements (CDE). The CDE proposes the use of instruments to
compare the outcomes of TBI studies—from demographic
variables and clinical results across the whole spectrum of
the condition—and to categorize such elements as basic,
supplementary or emerging.16 The CDE makes specific
recommendations for pediatric and military TBI groups,
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which will not be discussed here. The CDE is divided into
modules, which, in turn, are grouped into categories:

(1) Characteristics of the participant/subject (e.g., demo-
graphic and social status characterization);

(2) Family history of the participant/subject (e.g., medical
and family history);

(3) Events related to the disease/injury (e.g., classification
and characterization of the disease);

(4) Evaluation and examinations (physical and neurological
exams; vital signs; laboratorial tests and diagnostic ima-
ging; treatment and intervention; results and summary of
all recommended measures and outcomes; overall result;
academic recommendations; skills and adaptations for
daily life; functional behavior; cognitive activities limita-
tions; communication disorders and deafness; exertion
and vitality symptoms; physical functions; post-concus-
sion and TCE-related symptoms; social cognition; neurop-
sychological impairments, among others).

The CDE recommends, specifically in the evaluations and
exams module, some instruments to be used in neuropsy-
chological evaluation, as well as scales and psychometric
instruments for cognitive functions assessment. The sug-
gested outcome measurements are the Glasgow Outcome
Scale (GOS)17 and the Glasgow Outcome Scale Extended
(GOSE),18 the Disability Rating Scale (DRS),19 and the
Mayo-Portland Adaptability Inventory-4 (MPAI-4);20 how-
ever, these scales were not standardized for the Brazilian

population. Other outcome measures scales, such as the
Functional IndependenceMeasure (FIM),21 thehealth survey
SF-12,22 the Alcohol Use Disorders Identification Test: Self-
Report Version (AUDIT)23 and the Alcohol, Smoking, and
Substance Use Involvement Screening Test (ASSIST)24 have
Brazilian validation.

To assess cognitive functions in adult patients with TBI, the
CDE recommends some instruments, as listed in ►Table 1.

There are few standardized instruments for the Brazilian
population, as shown in►Table 1, which is a problem for the
exclusive use of CDE-recommended instruments for cogni-
tive evaluation of TBI patients in the clinical, research and
diagnostic settings.

Tests like those suggested by the CDEmay be an option to
aid a more accurate diagnostic evaluation. To evaluate epi-
sodic visual spatial memory learning, the CDE recommends
the Brief Visuospatial Memory Test—Revised (BVMT-R), in
which consists of six simple and distinct geometric figures
distributed as a matrix on a sheet of paper. The matrix is
displayed for 10 seconds and withdrawn; then, the patient is
asked to reproduce the figures, considering both their loca-
tion on the sheet and their graphic characteristics. This same
procedure is repeated twomore times, and, after 25 seconds,
the late recall is requested. After the late recall, the pre-
viously learned figures are recognized, among other six new
figures. Rey’s Complex Figure, a recognized and approved
test for clinical use, consists of a copy and memory test of
complex geometrical figures, and it can be used as a measure

Table 1 Common data elements classification per traumatic brain injury study type, relevant population, and recommendations of
outcome measurements for cognitive impairments

Instruments for outcome measurements Acute
hospitalization

Moderate/severe
rehabilitation

Mild concussion/TBI

Automated Neuropsychological Assessment Metrics (ANAM)� Supplementary Supplementary Supplementary

Brief Visuospatial Memory Test—Revised (BVMT-R)� Supplementary Supplementary Supplementary

Color-Word Interference Test� Supplementary Supplementary Supplementary

Controlled Oral Word Association Test (COWAT)� Supplementary Supplementary Supplementary

Grooved Pegboard Test� Supplementary Supplementary Supplementary

NIH Toolbox Cognitive Battery� Supplementary Supplementary Supplementary

Rey Auditory Verbal Learning Test (RAVLT)�� Basic Basic Basic

Symbol Digit Modalities Test� Supplementary Supplementary Supplementary

Trail Making Test (TMT)� Basic Basic Basic

Wechsler Adult Intelligence Scale
(WAIS-IV), Digit Span subtest���

Supplementary Supplementary Supplementary

Wechsler Adult Intelligence Scale
(WAIS-IV), Letter-Number Sequencing subtest���

Supplementary Supplementary Supplementary

Wechsler Adult Intelligence Scale
(WAIS-IV), Processing speed factorial index���

Basic Basic Basic

Word Reading Subtest of the Wide Range
Achievement Test (WRAT-4)�

Supplementary Supplementary Supplementary

Abbreviations: NIH, National Institutes of Health; TBI, traumatic brain injury.
Source: http://www.commondataelements.ninds.nih.gov/tbi.aspx#tab=Data_Standards.
�Test without Brazilian standardization.
��Test adapted for the Brazilian population (without the validation of CRP).
���Test with Brazilian standardization (WAIS-III, since WAIS-IV has not been released yet).
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of episodic memory and visual constructive planning.
Although these are tests assessing broad visual spatial epi-
sodic memory, numerous other measures are distinct and
peculiar to each evaluation instrument.

The most commonly used trail test for attention and
cognitive functioning processes assessment, also recom-
mended by the CDE, is the Trail Making Test (TMT). The test
is divided into two portions: the first one (TMT A) involves
simple visual search andmotor speed; the second one (TMT B)
demands amore complex visual search as a functionof stimuli
change, involving the executive functions performance. A test
analogous to the TMT is the Color Trail Test (CTT), which was
adapted for theBrazilianpopulation.Althoughthefirst portion
of the test demands cognitive aspects, similar to TMT A,
the second portion of the color trail test is more demanding
compared with TMT B (see adapted manual in Rabelo et al,
2010); thus, theuseof bothTMTandCTTmaybean interesting
option for neuropsychological evaluation.

The Rey Auditory Verbal Learning Test (RAVLT) was
adapted to the Brazilian population, and, over time, other
studies were performed to adapt tests to specific Brazilian
populations, such as the elderly.25 The RAVLT consists of a list
of 15words that are read by the examiner; next, the patient is
asked to repeats as many words as he/she can remember.
This same procedure is repeated 4 more times, and, after
25 seconds, the late recall is requested. Late recognition of
previously learned words is also performed. RAVLT is not
standardized for the Brazilian population and, to date, it has
not received a favorable opinion by the Brazilian Federal
Council of Psychology for clinical use.

The tests below are not standardized for the Brazilian
population. Their use in research requires caution during
results interpretation.

• Automated Neuropsychological Assessment Metrics
(ANAM): a computerized test that assesses speed and
accuracy of attention, memory and thinking ability.

• Color-Word Interference Test: a test assessing attention,
executive functioning and inhibitory control.

• Controlled Oral Word Association Test (COWAT): a test to
assess verbal fluency and executive functioning.

• Grooved Pegboard Test: it assesses fine motor skills and
coordination.

• National Institutes of Health (NIH) Toolbox Cognitive
Battery: it consists in a battery for executive functions,
attention, episodic memory, language, processing speed
and operational memory evaluation.

• Symbol DigitModalities Test: it assesses processing speed.
• Word Reading Subtest of the Wide Range Achievement
Test (WRAT-4): it provides a basic measure of reading,
spelling, comprehension, and mathematical academic
skills.

Conclusion

Traumatic brain injury patients represent a challenge for acute
and chronic care. The evaluation of functional recovery and
cognitive alterations is difficult because of thedefinitionof the
most appropriate questionnaires and tests for a broad analysis

of the patient’s conditions, both for clinical and research
application. The tests suggested by the CDE may be used, but
their limitations should be considered due to the lack of
validation of international instruments for our population. It
is suggested, whenever possible, to include similar standar-
dized tests, such as the factorial processing rate (Weschler
scales—WAIS-III), which aid in the interpretation, diagnosis
and better management of the patient and his/her family.
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Introduction

Korbinian Brodmann30 became a milestone for modern neu-
roscience with the publication of his monograph in 1909. The
path toward the finding of cerebral cortical functions was
initiated there. With technological advancement, the neuro-
imaging techniques currently available have transformed the
knowledge about the human brain. Positron emission tomog-
raphy (PET), functional nuclear magnetic resonance (fNMR),

electroencephalography (EEG), electrocorticography (ECoG),
magnetoencephalography (MEG), and, more recently, optical
infrared spectroscopy (OIRS) have been opening the field for
the discovery of cerebral cortical functions, enabling a greater
understanding of brain diseases, and increasing, as never
before, neurophysiological knowledge. Associated with mac-
roscopic knowledge provided by neuroimaging, microscopic
knowledge has also made contributions: optogenetics and
molecular biology are fundamental tools to understand brain
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► brain functions
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Abstract In 1909, Korbinian Brodmann described 52 functional brain areas, 43 of them found in
the human brain. More than a century later, his devoted functional map was
incremented by Glasser et al in 2016, using functional nuclear magnetic resonance
imaging techniques to propose the existence of 180 functional areas in each
hemisphere, based on their cortical thickness, degree of myelination (cortical myelin
content), neuronal interconnection, topographic organization, multitask answers, and
assessment in their resting state. This opens a huge possibility, through functional
neuroanatomy, to understand a little more about normal brain function and its
functional impairment in the presence of a disease.
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Resumo Em 1909, Korbinian Brodmann descreveu 52 áreas funcionais cerebrais, sendo 43 delas
encontradas no cérebro humano. Seu consagrado mapa funcional foi incrementado
por Glasser et al em 2016, utilizando técnicas de ressonância nuclear magnética
funcional para propor a existência de 180 áreas funcionais em cada hemisfério,
baseadas em sua espessura cortical, grau de mielinização, interconexão neuronal,
organização topográfica, respostas a multitarefas ,e avaliação no seu estado de
repouso. Abre-se uma enorme possibilidade, por meio da neuroanatomia funcional,
de se entender um pouco mais sobre o funcionamento cerebral normal e do seu
comprometimento funcional na presença de uma doença.

received
August 11, 2016
accepted
November 9, 2016

DOI https://doi.org/
10.1055/s-0036-1597573.
ISSN 0103-5355.

Copyright © 2020 by Thieme Revinter
Publicações Ltda, Rio de Janeiro, Brazil

THIEME

Review Article | Artigo de Revisão 261



functioning. Peng et al6 published several studies confirming
the functional division proposed through the gene signature
present in each anatomical region to be plausible. More than a
century after the publication of Brodmann, Glasser et al
published, in 20162, a new functional cortical map. Based on
several fNMR studies present in the Human Connectome
Project (HCP) databases, the degrees of cortical myelinization
and cortical thickness were observed byMRI imagesweighted
in high resolutions T1 and T2, while the cortical function was
checkedbybloodoxygen level dependent (BOLD) fNMRduring
multitask tests. The connectivity and topography were also
evaluated by fNMR in the cerebral rest states. Glasser et al2–4

described 180 functional areas present in each cerebral hemi-
sphere, promising to add to the original Brodmann30 map the
information currently available. No technology alonewill offer
the answers that theneuroscientific community seeks, but the
various methods used together, associatedwith those already
established, such as the functional map of Brodmann,30 will
provide this functional understanding of the brain.1–6

Objective

Theauthorspresent the resultof several studiesdemonstrating
the current knowledge about cerebral cortical functions and
correlate the current knowledge obtained through functional
neuroimages with those recommended by Korbinian Brod-
mann30 more than a century ago.

Materials and Methods

A quantitative and descriptive research through a narra-
tive review of the literature was conducted in the Latin
American and Caribbean Health Sciences Literature (LILACS,
in Portuguese) and the National Library of Medicine
(PubMed) databases in August 2016, using the following
descriptors: Brodmann areas; brain cortical areas; intelli-
gence circuitry; brain functions; new brain areas; and learn-
ing brain circuitry.

The present study has the following guiding question:
what dowe currently know about cerebral cortical functions
that is still related to those proposed by Brodmann in 1909?
The inclusion criteria were: updated publications from 2001
to 2016, with rare exceptions, written in Portuguese, Spanish
and English, with online access to the full text. Duplicate
articles were excluded. For the analysis of the articles
included in this review, the following aspects were observed:
year of publication, type of periodical, place where the study
was conducted, methodology used, and main results.

Development

Historical aspects of the functional cortical mapping. In
1909, Korbinian Brodmann,30 a German physician, published
a monograph with the experiments he performed in the
laboratories of Oskar and Cécilie Vogt in Berlin. Influenced by
the ideas of phrenologists Gall and Spurzheim, Brodmann
integrated the cytoarchitecture found by Vogt et al and the
functional information published by Wernicke and Broca.

Through the observations that Brodmann30 found in the gray
matter of the brain, considering the presentation of the
number of cell layers, cellular morphology, distribution of
dendritic connections and neuronal types, the cortical areas
were divided into numbers, a division that is still used today
in modern neuroscience. Brodmann used animal models to
create a numerical homology corresponding to the cortical
areas; he found 43 functional areas (11 regions) attributed to
the human cerebral cortex, and, in other primates, 52 areas
are described. The areas are numbered between 1 and 52,
with no homology between areas 12 and 16 and 48 and 51,
which are present in monkeys. Moreover, in his classic
monograph, Brodmann30 points out that the cellular
polymorphism and the connective network in the human
cerebral cortex have much higher complexity when com-
paredwith those of other primates (►Fig. 1). Finally, in 1909,
Brodmann published his monograph,30 in which only 36 of
the 324 pages are devoted to the cortical functional reports
found in thehuman brain. However, 5 years later, Brodmann8

published an extensive study describing the functional
cytoarchitectural areas of thebrainwith electrophysiological
correlations observed in animals undergoing brain inju-
ries.7,8 Neuroscience has advanced considerably in the last
century after its publication. Great discoveries in thefields of
clinical neurology, neurosurgery and psychiatry were based
on the functional map described by Brodmann. In addition,
Vogt et al used studies with myelination patterns to subdi-
vide the Brodmann areas into subareas, highlighting intra-
cortical regional fibers, thus creating a combination of
Brodmann’s cytoarchitectural areas with their functional
myeloarchitectonic maps. In 1925, Von Economo and Koski-
nas published a detailed cytoarchitectural description of the
cortical areas, adding to it information not mentioned by
Brodmann. Subsequent maps, including those of the Russian
School (1949), only pay tribute to the concepts of Brodmann,
changing the extensions of the previously described areas.
Lashley and Clark highlighted that, despite the efforts by
Brodmann8,30 and Vogt, their works are difficult to repro-
duce due to the great individual variability of cortical struc-
tures, which is even more pronounced when other animal
species are considered.7

Applied Neurotechnology. In the 1980s, once again the
conceptsofBrodmanngainedprominence in theneurosciences.
With the introduction of fNMR techniques, it became possible
to observe a living brain in full neurophysiological activity.
Throughseveralstudyprotocols, thevarious tasksdemandedby
neurons were verified by resonance images, offering the possi-
bility of a real functional cortical mapping. Brodmann’s func-
tional maps were quickly recreated three-dimensionally
through software, with new conceptions of extremely precise
and individualized stereotaxic maps. The intrasulcal regions,
which are responsible for two thirds of the total cortical surface,
andwere not considered by Brodmann, were remapped, giving
rise to several stereotactic atlases currently used (such as the
Atlas of Talairach and Tournoux, for example). In the 21st
century, technological tools offer multimodal maps, not only
regarding cytoarchitectural information, but correlating it with
cerebral neurocircuitry, molecular organization, genetics and
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individual functional aspects. The NMR by diffusion tensor
imaging (DTI) reveals the correlated subcortical structures,
emphasizing neurocircuitry with the visualization of thewhite
fibers that interconnect multiple cortical and subcortical
centers.9–11

Brodmann’s functional areas – classic concepts updated
by fNMR.Out of the 43 functional areas (BA [Brodmann Area])
Brodmanndescribed inhis cytoarchitectural study,8 somehave
greater clinical relevance (►Fig. 1). AB3a/b,1,2 (primary sen-
sory areas): located in the postcentral gyrus, therefore, poste-
rior to the central groove, in the territory of the parietal lobe,
they receive afferences from the thalamus, with primary
sensory information. They receive nociceptive, thermal infor-
mation from the protopathic (coarse) touch, the epicritic touch
(fine), vibration, andconsciousproprioception.Neurons inarea
3areceive input signals fromneuromuscularspindlesandother
deep receptors. Neurons present in area 3b receive signs of
specificclassesof touchreceptors in theskin.Neurons inareas1
and 2 receive convergent input signals from multiple types of
somatosensory receptors that innervate the same parts of the
body. The clinical significance of the lesions present in the
postcentral gyrus may correspond to paresthesia, anesthesia,
hypoesthesia (thermal, tactileorpainful).12,13The involvement
of secondary and tertiary areas of sensitivity corresponding to
AB 5 and 7 (upper parietal lobe), area 5 neurons are active
mainly in the active movements of the hand and in the
modalities of integrated sensitivity (protopathic and epicritic),
and its lesions can be clinically studiedwith: apraxia (ideomo-
tor, ideational, constructive and dressing apraxia), dysgraphia,
hemineglect, graphesthesia, stereognosis and spatial disorien-
tation. Anatomically, the intraparietal sulcus divides the inferi-

or upper parietal lobe, creating a band around the intraparietal
sulcus called the V2 area, which, along with the AB3a area,
receives information from the vestibular system, with impor-
tant control of body balance. AB4 (primary motor area):
located in the precentral gyrus, anterior to the central groove,
it has the pyramidal cells of Betz, thus originating the cortico-
spinal and corticonuclear tracts, which are responsible for the
initiation of the voluntary motor act. A lesion in this structure
will be represented by paresis, and rarely plegia due to the
complementation of the motor act by secondary pathways,
which are also called extrapyramidal. The motor area of the
speech, named by Brodmann as AB44 (also called the Broca
area) is very close to the precentralgyrus, being responsible for
the speech motor act (voluntary). The premotor cortex and
supplementary motor area are immediately anterior to the
precentral gyrus, in the frontal lobe, and correspond to the
AB6aα and AB6aβ areas respectively. These areas work in
combinationwith the precentral gyrus inmotor programming.
Recent studies onneuroimaging reveal that the supplementary
motor area is responsible for motor memory, that is, it stores
information about motor acts already learned, while the
premotor area uses its cells to learn new motor schemes.
Lesions in these structures are related to ideomotor apraxia,
loss of motor sequence of movements, including walking and
the harmonious sequence of movement. If the lesion is large
enough to involve the Broca area, motor aphasia or motor
transcortical aphasiamay be perceived. The control area of the
contralateralconjugatedgaze(horizontalbalconymovements),
or AB8, is located anteriorly to AB6. The lesions in this area
classically course with deviation from the conjugated gaze to
the side of the lesion (déviation conjuguée); however, in

Fig. 1 Traditional functional areas described in 1909 by Korbinian Brodmann, 43 in the human species, 8 with functional characterizations
implemented with neuroimaging exams. The black dotted line represents the primary motor cortex or AB4, and the white dotted line, the pre-
motor and supplementary motor areas, which together are called AB6.
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addition to this function, the neuroimaging revealed that this
region also participates in executive functions (planning, rea-
soning, learning engine and behavior), language and working
memory. Some authors report that lesions in this area may be
related to mutism and/or difficulty to initiate speech. The
prefrontal area, which is uniformly related to the control of
behavior, is located more anteriorly to AB8. AB9 and 10 are
called the dorsolateral prefrontal cortex. They occupy
the largest portion of the middle frontal gyrus, which is
responsible for working memory, that is, for intellectual func-
tions, memory, focus, decision-making and attention. The
lesions in these structures will heal with dysexecutive
syndromes, causing difficulty in reasoning, concentration,
decision-making and abstract thinking. The mechanisms of
consolidation of memories, as well as the processes of volun-
tary forgetfulness, depend on the functioning of this region,
which is compromised in the presence of injuries. The medial
portions of these regions (AB9 and 10) correspond to the
ventromedial prefrontal cortex, which is related to the emo-
tional aspects of the aforementioned executive functions,
including meditation, judgment, reward circuit and benefit
versus disadvantage in decision-making or choice. Still in the
prefrontal cortex, there is a third anatomo-functional subdivi-
sion called AB11,12, or orbitofrontal cortex. This region is
associated with attention, focus, hyperactivity and behavior
(impulsiveness). Injuries in this region are related to loss of
social censorship, hypersexuality, impairment in social inter-
action, drug abuse and obsessive-compulsive behavior. The
occipital lobe holds the circuits related to vision, consisting
of several areas: AB17 or V1, which is considered the primary
visual cortex; the upper visual field is projected beneath the
calcarine groove, while the inferior visual field is projected
abovethecalcarinesulcusof theoccipital lobe.The lesions inV1
regions course with homonymous hemianopsia, heterono-
mous hemianopsia, quadrantanopsia, scotomas, complete
blindness or bilateral amaurosis. AB17 identifies information
corresponding to luminosity, shape, color, pattern, and move-
ment of objects. However, AB18 or V2, which is classified as
the secondaryorprestriatedvisual cortex, is responsible for the
first visual associative information. The V2 area processes
complex information about the shape and contour of objects,
and the layer of neurons present in V2 is responsible for the
visual memory and its long-term consolidation, in addition to
recognizingobjects. Theclinical expressionof lesions inV2may
course with visual agnosia, achromatopsia, prosopagnosia and
topographic agnosia. Lesions in V2 on the left classically course
with alexia. It is noteworthy that studies with fNMR show that
the V2 area often works with AB19 and 37. Finally, AB19
(associative visual cortex, which is also part of the Wernicke
area), or areasV3 andV5 (dorsal), shares the same functions as
AB18; However, some functions such as precise spatial loca-
tion, and telling the individualwhere the visualized object is in
space, belong exclusively to AB19. Still belonging to AB19, the
V4 area (ventral) corresponds to the interpretation of the
meaning of the object, telling the individual what is being
seen. With functional neuroimaging techniques, there are
more and more retinotoxic areas subdividing AB19, but it is
not the purpose of the present article to highlight them. Some

psychiatric syndromes are manifested by alterations in these
regions, such as Capgras syndrome and Fregoli syndrome.14–16

Present in the lower temporal gyrus, in lateral view, AB20 is
responsible for functions related to the recognition of objects
and, consequently, is part of thememorymechanisms. Studies
with fNMRrecently revealed thatAB20 ispartof the complexof
regions related to language comprehension, being also part of
the Wernicke area. AB20 relates to lexical and semantic proc-
essing, understanding of metaphors, and production and
interpretation of language. In parallel, also in this region, there
isparticipationofvisualprocessing, including theperceptionof
objects ina scenario.Due to theproximityof the structures that
compose the limbic system, this region seems to have the
ability to interpret the intentions of others (and is possibly
correlated to systems of mirror neurons). Above AB20, in the
meantemporalgyrus, isAB21,whosefunction isstilluncertain,
but it seems involve the ability to recognize faces (known
physiognomy), to understand the meaning of words during
reading, and to estimate distances. Along with AB22, AB21
assists in the sound comprehension of melodies. An integral
part of the areaof languageorareaofWernicke,AB22 is located
in the upper temporal gyrus, circling primary auditory area 41
andassociative auditoryarea42, insinuating into the interior of
theparietal lobe,marking its limitwithWernickearea29. Some
authors subdivide AB22 into 22A and 22B, and the latter, when
injured, is associated with Wernicke aphasia or expression,
when the interpretive capacity is severely impaired, without
speech involvement. AB41 and 42, which are located in the
upper temporal gyrus, are considered primary and associative
auditory areas respectively. This region has a tonotopic map,
with sound intensity (acute-severe) recognition. The lesions in
the transverse temporal gyrus of Heschl (primary auditory
area), bilaterally, are bilateral cortical deafness. Possibly, in this
transverse temporal gyrus, there is a circuit of mirror neurons,
which may be activated when the individual visualizes the
orofacial gestures related to pronunciation.17,18

AB37, a region of discontinuity of the middle and inferior
temporal gyrus, is located in the transition between the
temporal and occipital lobes. Currently, there is a relative
consensus on its functionality: colorful visual information;
naming (with involvement of the memory circuits); and
facial, numerical and lexicon recognition. Lesions in AB37
may course clinically with semantic paraphasia and
difficulty in finding words during a conversation, anomy,
prosopagnosia and visuo-constructive apraxia.19 AB38 is in
the anterior pole of the temporal lobe, and is related to
complex emotional responses. In Alzheimer disease, this will
be one of the first areas involved, usually presenting with
epileptic seizures of the temporal lobe. Studies with fNMR
revealed that this area participates in several neurocircuits,
including: working memory, phonognosia (recognition of
familiar sounds, aversive and pleasurable response to
sounds), language processing, and executive and emotional
functions. The olfactory pathways, unlike other sensory
modalities, do not have a specific location in the cerebral
cortex; several areas receive their afferences: the hypothala-
mus, the thalamus, the amygdaloidal complex, the prefrontal
area, and AB34 (temporal lobe uncus).
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Lesions in AB34 are related to epileptic seizures of the
temporal lobe that course with cacosmy.20,21 Anatomically,
the parietal lobe is subdivided into the upper and lower
parietal lobes, and the lower is formed by the angular gyrus
and supramarginal gyrus. The angular rotation corresponds
to AB39, that is, part of the Wernicke area, which is respon-
sible for the concepts of quantification, and spatial orienta-
tion, that is, for mathematics. The lesions in this region of the
left hemisphere develop with Gerstmann syndrome (digital
agnosia, temporospatial disorientation, dysgraphia and de-
velopmental dyscalculia), a semantic aphasia. The angular
rotation region has a great associative capacity: auditory,
spatial and visual information, beingone of the last regions to
mature. Arithmetic, somatognosia and language (reading)
skills are attributed to the angular gyrus. In particular, the
angular rotation of the right hemisphere correlates with
visuo-spatial processing, and its lesions are associated with
heminegligence. In parallel, studies with fNMR showed that
this region also acts in verbal creative processing. Laterally to
the angular gyrus, composing the inferior parietal lobe, there
is the supramarginal gyrus, or AB40, another Wernicke area
component. This region has great activity in complex verbal
processing, creativity and semantic processing. Clinically,
lesions in this region may result in Wernicke aphasia or
sensory transcortical aphasia. In the right hemisphere, the
supramarginal gyrus region correlates with self-reflec-
tion.22,23 Still in the parietal lobe, but in the uttermost lateral
portion of the postcentral gyrus, isAB43, which is considered
the primary gustatory cortex. Lesions in this area still have an
uncertain character and may course with dysgeusia or ageu-
sia. The motor area of the speech, or Broca area, classified by
Brodmann as AB44, is in the inferior frontal gyrus, in its pars
opercularis and triangularis. Neuroimaging revealed that, in
individuals diagnosed with autistic spectrum disorder,
includingAsperger syndrome, there is a significant reduction
in graymatter in AB44. Some authors consider the Broca area
as the association between AB44 and AB45. According to
recent studies, the anterior insula should be included in the
so-called Broca area due to its involvement in speech motor
planning (phonological and semantic fluency). Clinically,
lesions in these regions are called motor aphasia (or Broca
aphasia), and its variant, transcortical motor aphasia. The
working memory uses this region intensely in the produc-
tion and search for the correct words to be used according to
each occasion. It is also worth noting that the Broca area is
responsible for speech itself in the left hemisphere, giving
this hemisphere its dominant characteristic. Intonation,
melody and prosody correlate to the functions of the Broca
area of the non-dominant hemisphere, which, in general, is
the right hemisphere. Still with motor characteristics, the
system of mirror neurons seems present in this region by
internally mimicking a movement only visualized and pre-
viously learned. In the most anterior portion of the frontal
lobe, AB9 and 46 represent the dorsolateral prefrontal (DLPF)
cortex. However, fNMMR exams reveal that this region
corresponds to AB9, 10, 11, 12, 45, 46 and to the upper
portion of AB47.24,25 These areas are related to the integra-
tion between somatosensory information and motor plan-

ning and response, including associated intellectual
functions. The DLPF cortex represents working memory
itself, and practically all intellectual functions that require
cortical and subcortical participation use the DLPF. AB32,
which is located in the prefrontal cortex, receives several
fascicles (not only the arched fascicle, but also the longitudi-
nal and uncinated fascicles) of theWernicke area, possessing
special importance in the intelligence circuit when choosing
one of the various hypotheses of possible answers to a
problem, thus forwarding its final information to the Broca
area. Clinically, the lesions in the DLPF cortex result in
executive dysfunctions and impairment of affection, social
judgment, executive memory and abstract thinking. The
lower and central portions of AB47 are related to semantic
and phonological processing, besides assisting in decision-
making (cost versus benefit). In►Table 1, the cerebral cortex
is separated by lobes (frontal, parietal, temporal, occipital
and limbic lobes), highlighting their main functions and
clinical syndromes correlated with the corresponding AB,
as well as their treatment.14,22–24,26–33

The Fick principle and cerebral metabolism: fMNR.
Adolf Eugen Fick developed a technique to measure the
cardiac output by establishing a physical law with which it
becomes possible to measure the metabolic rate of an organ
from the clearance of a serummarker. Seymour Kety and Carl
F. Schmidt adapted the Fick principle to study cerebral
metabolism. In 1990, Seiji Ogawa and David Tank presented
the fNMR technique using the BOLD method to estimate
cerebral metabolism through the brain’s oxygen consump-
tion from arterial blood. The fNMR detects changes in the
content of deoxyhemoglobin within a unit of volume in the
encephalon. Applying the Fick law, the concentration of
deoxyhemoglobin is proportional to the cerebral metabolic
rate for oxygen divided by the cerebral blood flow. It is, thus,
through energetic metabolism that fNMR can reveal the
cerebral metabolic rate in the various areas during a task.
The fNMR, therefore, is not able to reveal the activity of a
neuron, but reflects the metabolism of that cerebral region.
The fNMR differs from PET, since, in the latter, there is a need
for the administration of radionucleotides in the blood-
stream that emit positrons (positive loads of a particle),
behaving like the deoxyhemoglobin used by the fNMR.
However, here, there are gamma wave emissions. Despite
the great advances in neuroscience with the fNMR, there are
limitations. There are four variables that correlate with brain
metabolism: 1) glucose uptake; 2) cerebral blood flow; 3)
cerebral blood volume; and 4) deoxyhemoglobin content,
the latter being the basis of the BOLD technique. The content
of deoxyhemoglobin cannot be measured in absolute terms,
resulting from the correlation between cerebral blood flow,
cerebral blood volume and the basal metabolism of the
cortical region (or resting state). It is clear, therefore, that
different cortical regions, with different metabolisms in
resting states, will present different BOLD values, which
may originate false functional interpretations. Another lim-
iting factor is the use of BOLD fNMR techniques in patients
with vasculopathies: neuroimaging alterations may be more
correlated to perfusion deficit than to neuronal (functional)
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Table 1 Correlation of anatomo-clinical findings with Brodmann’s areas, separated by lobes, with identification of their
corresponding tracts

FRONTAL LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

1. Motor syndrome

Hemiparesia, hemiplegia 4,6 Corticospinal tract

Apraxia 6,8 ULF

Abnormality of conjugated gaze 8, 9, 46 MLF and cingulate

2. Cognitive syndrome

Memory, abstract thinking and behavior
inhibition deficits

8, 9, 47 ULF, uncinate and frontostriatal (internal
capsule)

Dysexecutive symptoms
(learning, planning, focus)

6, 8, 9 Frontostriatal (internal capsule)

Aprosodia/Motor afasia (Broca) 6, 44, 45 Arched fascicle

Heminegligence 6 ULF

Ideomotor apraxia 6, 8 ULF, corpus callosum

3. Abulia

Loss of interest 10, 11, 24, 32, 33 Subcallous cingulate

Mutism and akinesia 6, 8, 9, 24, 32 Dorsal cingulate and ULF

Lack of concentration and loss of motivation 8, 9, 10, 24, 32, 33 Anterior cingulate and inner capsule

4. Behavioral syndrome

Personality alterations, emotional lability, social
disinhibition, hypersexuality, motor imitation,
primitive reflexes (grasp/hold), impulsiveness

10, 11, 47 Uncinate, frontostriatal (internal capsule) e
LFOF

Dysphemia 6, 44, 45 Anterior thalamic projection

PARIETAL LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

1. Somatosensory and tactile syndrome

Disestesia, hipoestesia, hyperestesia, alodinia 3a, 3b, 1, 2 Inner capsule (superior thalamic projection)

Hallucination and tactile perseveration 3a, 3b, 1, 2, 5, 40 Inner capsule (superior thalamic projection)

Stereognosis, agrafoestesia, extinction 5, 7, 40 ULF, inner capsule (superior thalamic
projection)

2. Motor syndrome

Ataxia 5, 7, 19 ULF, cingulate

Apraxia (ideomotor, ideational, constructive) 5, 7, 39, 40 ULF and arched, corpus callosum trunk

Oculomotor apraxia 5, 7 ULF

3. Language syndromes

Dyscalculia, alexia, agraphia, conduction
aphasia, impairment of verbal memory, anomia,
dyslexia, Gerstmann syndrome

39, 40 Arched fascicle

4. Complex visual syndromes

Unreality sensation, out-of-body experiences 39, 19 Thalamic projection and arched volume

OCCIPITAL LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

1. Simple visual syndromes

Scotomas, phosphonae, quadrantanopsia,
hemianopsia, blindness

17 (V1 area) Optical radiation
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deficit itself. The inhibitory synapses also heal with higher
metabolic demand, increasing the BOLD signal with the
inhibitory character of that cortical region. And, finally, the
experiments with the BOLD technique used in the same
individual are irreproducible with time, since, with learning,
neurons naturally consume less energy to perform the same
function due to their neuroplasticity.1,32,34–36

New proposed subdivisions. After Brodmann’s publica-
tion in 1909,30 a new cortical functional map is published for

the first time (►Fig. 2). Since Brodmann, neuroscientists try
to subdivide the cortical and subcortical areas to update
them with the new knowledge obtained by neuroimages.
Subareas differ microstructurally, presenting a functional
specialization, forming a real connection network, which
has been identified, at least partially, nowadays. Glasser
et al2–5 published, in 2016, the most recent cortical subdivi-
sion since 1909. According to the authors, each hemisphere
has � 50 to 200 functional areas, based on its topography,

Table 1 (Continued)

FRONTAL LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

2. Dorsal visual syndromes

Acinetopsia, visual hallucination of motion,
Alloesthesia

19 (V3 area) ULF

3. Ventral visual syndromes

Achromatopsia, visual agnosia, alexia, visual
hallucination, prosopagnosia, visual amnesia,
Capgras syndrome, Fregoli syndrome

18 (V2 area), 19, 37 LLV, lower fronto-occipital fascicle

TEMPORAL LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

1. Hearing circuit

Cortical deafness, dysacusis 41 Acoustic radiation

2. Language syndromes

Wernicke aphasia, transcortical sensory aphasia,
conduction aphasia, anomia

42, 22, 37

3. Behavioral syndromes and memory

Semantic dementia 20, 21, 38 Uncinated fascicle and LLV

Reduction of verbal fluency 38 Uncinated fascicle

LIMBIC LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

1. Hypothalamic-hippocampal syndrome

Anterograde and retrograde amnesia 28 Fornix and mammillothalamic tract

Alzheimee (early stage) 23, 26, 28, 29, 30, 35 Fornix and posterior cingulate

Korsakoff Mammillothalamic tract

Topographic disorientation 26, 29, 30, 35 Cingulate, LLV

2. Amygdalo-orbitofrontal syndrome

Klüver-Bucy syndrome (apathy, hyperorality,
perversion of appetite, visual agnosia,
hypersexuality)

28, 34, 36, 38 Uncinate, LLV

Personality changes 11, 32, 33, 34 Uncinate e cingulate

3. Paralimbic syndromes

Indifference to pain 24, 32, 33 Anterior cingulate and thalamic projection

Hyposmia (common in Parkinson and
Alzheimer), hyperosmia

12, 25, 32 Cingulate

Apathy 24, 32, 33 Anterior cingulate

Depression, irritability 24, 25, 32, 33 Subcallosum cingulate

Semantic dementia 36, 38 Uncinate, LLV

Abbreviations: LFOF, lower fronto-occipital fascicle; LLV, lower longitudinal volume; MLF, medial longitudinal fascicle; ULF, upper longitudinal fascicle.
Note: modified from Catani et al, 2012.33
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interconnection, cytoarchitecture and function. Using the
fNMR data from the Human Connectome Project (HCP)
database, the degree of cortical myelinization and cortical
thickness were observed by T1- and T2-weighted MRI
images, while cortical function was verified by BOLD fNMR
during multitasking testing. The connectivity and topogra-
phy were also evaluated by fNMR in the cerebral resting
states. Glasser et al2–5 described 180 functional areas present
in each cerebral hemisphere, all confirmed by the method-
ology adopted by the authors. Of the 180 areas, 83 were
named according to their function previously described by
numerous neuroanatomical scientific studies that used in-
vasive methods, others were simply subdivided (such as BA
31, BA 31a [Anterior Brodmann Area 31], 31PD [Poster-
odorsal BA 31], 31PV [Posteroventral BA 31], for example),
and some areas received new names. The similarity between
the functional areas of both hemispheres is impressive. The
data published by Glasser et al2 have important clinical
implications for neurosurgical interventions. Through non-
invasive methods of neuroimaging, these professionals can
obtain extremely detailed functional maps of their patients,
thus reducing surgical morbidity. Compared with inferior
animals, the human cerebral cortex becomes much more
complex because of the cognitive functions present in the
dorsolateral, temporal and parietal prefrontal regions.

The authors subdivided the 180 areas into 22 functional
regions. The first group consists of five regions involved with
visual function (essentially, the occipital lobe): 1) the primary
visual cortex (including area V1 [AB17]); 2) the visual cortex

(areas V2 and V3 [AB18 and 19, and also the AB19 subdivided
intohOC3v [ventral thirdvisual area -V3], hOC3d [dorsal third
visual área - V3], hOC4v [ventral fourth visual area], hOC4d
[dorsal fourth visual area], hOC4lp [lateroposterior fourth
visual area - V4], hOC4la [lateroanterior fourth visual area -
V4], hOC5v [ventralfifthvisual area], hOC5d [dorsalfifthvisual
area]); 3) the dorsal visual (V3A, V3B, V6, V6A, V7 and IPS1
[Intraparietal sulcus area 1]), responsible for the spatial loca-
tion of the visualized object; 4) the ventral visual (V8, the
ventral visual complex [VVC], the PIT (Posterior Inferotempo-
ral) complex, the fusiform facial complex [FFC], the ventrome-
dial visual area [VMV1, 2 and 3]), which is responsible for
recognition of visualized objects and facial recognition; 5) and
the MT (Middle Temporal Area) complex and neighboring
areas, which are formed by the side of the occipital lobe and
the posterior temporal cortex, which are cell groups that
perceive moving images, adjusting the conjugated movement
of the gaze via the intraparietal sulcus and AB8.2–5,37

The second group consists of four areas with primary
sensory and motor functions; Therefore, the frontal and
parietal lobes, essentially: 6) the sensorimotor cortex (AB3a,
b, 1, 2 and 4,which are surrounded by the 6MP (Supplementar
Motor Area 6), 6d, frontal eye field [FEF], 55b and 6v areas); 7)
the rotating medial 24dd (cingulate motor cortex dorsal area
24), 24dv (cingulate motor cortex ventrodorsal area 24) gyrus
and sensorimotor paracentral lobe 6ma (Anterior motor área
6), SCEF (supplementary and cingulate eye field), 5m (motor
area 5), 5L (lateral motor area 5), 5MV (ventral motor area 5);
8) the premotor cortex (55b, 6d, 6a, 6v, 6r; AB8was subdivided

Fig. 2 New cerebral cortical functional map with 180 areas present in each hemisphere and some regional functional characteristics. The
numbers represent the 22 large regions separated by Glasser et al:2–5 (1) primary visual cortex (V1); (2) visual cortex (V2/V3); (3) dorsal visual;
(4) ventral visual; (5) MT complex; (6) sensorimotor cortex; (7) cingulate rotation and sensorimotor paracentral lobe; (8) premotor cortex; (9)
posterior opercular cortex; (10) primary auditory cortex; (11) secondary auditory cortex; (12) frontal and insular opercular cortices; (13) medial
temporal cortex; (14) lateral temporal cortex; (15) sensory area: parieto-occipitotemporal junction; (16) upper parietal; (17) inferior parietal;
(18) posterior cingulate; (19) medial anterior and pre-frontal cingulate; (20) frontal orbitopolar; (21) lower frontal; (22) dorsolateral prefrontal.
Source: Adapted from Glasser et al (2016).2–5
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into the FEFandprefrontal eyefield [PEF]); and9) theposterior
opercular cortex SII (BA 5 and BA 7).

The third group consists of three functional regions
related to hearing, essentially corresponding to the temporal
lobe: 10) the primary auditory cortex (AB41 replaced by A1
and several subdivisions: (medial belt), LBelt (lateral belt),
PBelt (posterior belt), RI (retro-insular cortex)); 11) the
secondary auditory cortex (AB42 subdivided into 8 areas);
12) the frontal and insular opercular cortices (which are
subdivided into 13 areas: area 52, the parainsular [PI] cortex,
the granular index [GI], the posterior insula [PoI1 and PoI2],
the frontal opercular area [FOP2 and FOP3], the middle
insular [MI] area, the anteroventral insular [AVI] area, the
complex of the anterior agranular insular [CAAI] area, the
piriformis [PIR] cortex, FOP4 and FOP5).

The fourthgroup consists of twoareas that complement the
functions related to the temporal lobe: 13) the medial tempo-
ral cortex (hippocampus, presubiculum, entorhinal cortex,
perientorhinal cortex, ectorhinal complexandperi-hippocam-
pal areas1,2 and3); 14)and thelateral temporal cortex (which
issubdivided intonineareas). Thefifthgroupconsists ofa large
area composed of four functional regions present in the
posterior parietal lobe: 15) the sensory area: the parieto-
occipitotemporal junction (AB39and40,which are subdivided
into 5 multimodal areas: TPOJ1 (temporo-parieto-occipital
junction 1), TPOJ2 (temporo-parieto-occipital junction 2),
TPOJ3 (temporo-parieto-occipital junction 3), the upper visual
temporal [UVT] area, and the perissilvian language [PSL] area),
formed by the tertiary associative areas or Wernicke area,
which is responsible for language; 16) the upper parietal areas
(areas around the intraparietal sulcus, AB5 and7: LIPv (ventral
lateral intraparietal area), LIPd (dorsal lateral intraparietal
area), VIP (ventral intraparietal complex), AIP (anterior intra-
parietal complex), MIP (medial intraparietal area), 7am (ante-
romedial BA 7), 7pl (posterolateral BA 7), 7al (anterolateral BA
7), 7pm (posteromedial BA 7)), which are subdivided into ten
associative areas between the visual and somatosensory func-
tions; 17) the inferior parietal area (subdivided into ten areas:
IP0 (intraparietal area 0), IP1 (intraparietal area 1), IP2 (intra-
parietal area 2), PFm (prefrontal motor complex), PF (prefron-
tal complex), PFop (opercular prefrontal area)), an area that
suffered significant expansion in the human brain when
compared with other animals, and is part of the language
area (classically, AB39 and 40); 18) the posterior cingulate
(subdivided into 14 areas), which participates in several
associative neurocircuits, highlighting the dorsal visual tran-
sitional (DVT) cortex, the extrastriated visual cortex, the
parieto-occipital sulcus (POS1 and POS2) region and the
retrosplenic complex (AB29 and 30).

The last four functional anterior areas cover the frontal
lobe: 19) the anterior and medial prefrontal cingulates
(classically described as AB32, 33 and 24, they are subdivided
into 15 areas, with emphasis on AB32, or the paralimbic
cortex, which is divided into D32 (dorsal BA 32), P32 (poste-
rior BA 32), S32 (superior BA 32), P32PR (posterior prime
segment of BA 32), A32PR (anterior prime segment of BA
32)), which are formed by a region interconnected to several
circuits, including cognitive areas, primary motor areas and

premotor areas; 20) the orbitopolar frontal cortex (which is
subdivided into 11 areas and complexes); 21) the inferior
frontal cortex (including AB44 and 45 or drill area, which is
subdivided into 44d (dorsal BA 44), 44v (ventral BA 44), 45a
(anterior BA 45), 45p (posterior BA 45), 47l (lateral BA 47));
22) the DLPF, which is formed by the largest functional
heterogeneous area present in the human neocortex; this
area has similaritieswith the inferior parietal lobe and lateral
temporal cortex, also forming one of the tertiary associative
areas. It is subdivided into 13 areas: 9A (anterior BA 9), 9P
(posterior BA 9), 46 (BA 46), i6-8 (interior transitional BA 6-
8), s6-8 (superior transitional BA 6-8) 8AD (anterodorsal BA
8), P9-46v (posterior transitional BA 9-46), A9-46v (anterior
transitional BA 9-46), 9-46d (dorsal transitional BA 9-46).
There is a remarkable interhemispheric asymmetry in the
SFL region (upper frontal language), which is larger on the
left, and is involved in the language circuit.2–5,38–40

Genetics and the fNMR. An additional step to the macro-
scopic functionalmappingwould be to add thegenepattern to
the studied areas, correlating them with their transcriptional
profiles. For that, Peng et al6 separated the cerebral cortex into
12 functional areas, determined by fNMR, and studied their
gene expression patterns, comparing them in more than two
thousand individuals. A huge similarity was found between
the gene expression of these fNMR preselected areas, showing
that the functional macroscopic division proposed was feasi-
ble. With these genetic data, it becomes possible to identify a
functional brain region only by the pattern of expression of
some genes. Additionally, the authors found several gene co-
expressions (71.4% of the genes) belonging to the 4 studied
lobes (frontal, parietal, temporal and occipital lobes), attribut-
ing to the frontal lobe the greatest presence of specific genes,
which is not found in the other lobes.6,41–44

Conclusion

Korbinian Brodmann revolutionized neuroscience by pub-
lishing, in 1909, his functional map of the human cerebral
cortex. More than creating a map, Brodmann paved the way
for the understanding of diseases, behaviors and the normal
functioning of the human brain. Based on his concepts, new
works were performed and added information, filling a huge
functional gap that was still present. Only in the decades of
1980 and 1990, when the neuroimaging exams began to
revealmore concrete data on the functioningof a living brain,
it was possible to correlate neuroanatomy with neurophysi-
ology in vivo. The technology continues to advance both in
the macroscopic and microscopic aspects, offering a unique
windowof opportunity for a cerebral remapping, or rather an
increment to the map drawn in 1909. Glasser et al2–5 pub-
lished, in 2016, the first map since 1909, presenting 180
functional areas in each cerebral hemisphere, based on
topographic regions, myelinization patterns and cortical
thickness of the different regions, BOLD fNMR techniques
with responses to multitasking in vivo and brain functioning
in their resting state, offering neuroscience a uniquemoment
of interpretation of the cerebral functions. It is worth noting
that, even with this technological arsenal, it is still very
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difficult to determine a common pattern, because each
individual is unique and has neuro-anatomo-functional par-
ticularities, leaving the neuroscientists, neurologists and
neurosurgeons to explore them in an individualized way.
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Abstract Deep brain stimulation has become an option for advanced Parkinson’s disease
treatment since the 1990s, but the first reports are from Benabid’s team, a French
neurosurgeon, in the 1980s. The subthalamic nucleus (STN), more specifically its
dorsolateral portion, is the most commonly stimulated brain area. One of the major
aspects for a good surgical result is the accurate location of this target. Therefore, the
present article aimed to identify landmarks that facilitate and refine the location of the
STN using nuclear magnetic resonance imaging (NMRI) of the skull. In order to achieve
this goal, a search for articles was performed using the PubMed and Science Direct
online databases, and articles regarding the use of NMRI to target STN were included.
The precise location of the dorsolateral portion of the STN is fundamental to achieve
the best possible effect on motor symptoms and to minimize side effects. One of the
most used location methods is the NMRI, associated or not with tomography or
ventriculography. The location strategies can be classified as direct and indirect.
Landmarks are among the indirect strategies, and the most important ones (red
nucleus, Sukeroku sign, dent internal capsule sign, supramammillary commissure,
mammillothalamic tract, and interpeduncular cistern) are described in the present
article. The various landmarks can be combined to locate with more accuracy the
dorsolateral portion of the STN and the ideal position of the electrodes to achieve the
best possible clinical result.

Resumo A estimulação cerebral profunda surgiu como opção terapêutica para a doença de
Parkinson avançada na década de 1990, mas os primeiros relatos são do grupo de
Benabid, neurocirurgião francês, na década de 1980. O núcleo subtalâmico (NST), mais
especificamente sua porção dorsolateral, é o alvo mais comumente abordado. Um dos
fatores primordiais para o bom resultado cirúrgico é a localização precisa desse alvo.
Assim, este artigo teve como objetivo identificar marcos que facilitem e aprimorem a
localização do NST por ressonância nuclear magnética (RNM) de crânio. Para isso, foi
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Introduction

Parkinson disease, which was described by James Parkinson
in 1817, is a degenerative and progressive disorder of the
central nervous system characterized by the idiopathic loss
of dopaminergic neurons, predominantly of the nigrostriatal
pathway. The cardinal signs of this disease are bradykinesia,
muscle stiffness, resting tremor and postural instability.1

Over the last five decades, levodopa has been considered
the gold standard for the treatment of the disease. However,
in the long term, motor complications can occur, such as
dyskinesia and motor fluctuations, which make the clinical
management of the patients difficult.1

Deep cerebral stimulation emerged as a therapeutic option
for advanced Parkinson disease in the 1990s. The first reports
are from the group assembled by Benabid, a French neuro-
surgeon, in the 1980s.2 The primary targets are the interme-
diate ventral nucleus of the thalamus, the subthalamicnucleus
(STN), and the internal pale globe. Some of the inclusion
criteria for the procedure are: refractoriness to medication,
with motor fluctuations and dyskinesia induced by levodopa;
refractory and incapacitating tremor; drug intolerance;
absence of severe comorbidities; and absence of dementia or
uncontrolled psychiatric disorders.3 The STN is the nucleus
most commonly used by surgeons in the surgical treatment of
Parkinson disease, targeting its dorsolateral portion.4

One of the most important factors for the surgical out-
come is the accurate location of the target, because the
position of the electrode determines the area through which
the electric current will spread.5 Nuclear magnetic reso-
nance imaging (NMRI) of the skull is the imaging exam
currently used to find targets in stereotactic surgeries,
both by the direct and indirect methods. Thus, the present
article aimed to define landmarks to facilitate and refine the
location of the STN by skull NMRI.

Methodology

Inorder to reviewofdifferent locationmethods,weperformed
an article search on the PubMed and Science Direct databases,

with the following descriptors: targeting; nuclear magnetic
resonance imaging; NMRI; visualization; subthalamic nucleus;
STN; and landmarks. After the search, the references were
explored to find other relevant studies. The inclusion criteria
were relevant publications with qualitative or quantitative
data using cranial NMRI for STN localization. The exclusion
criterionwas articles in any language other thanEnglish. In the
final search, duplicate references were excluded.

Results and Discussion

The STN is a small structure,with approximate dimensions of
3mm x 5mm x 12mm, of ovoid format, with oblique
orientation, variable position, and often difficult anatomical
location.6,7 Its anterior and lateral limits are wrapped by the
fibers of the internal capsule. Rostromedially, it is in contact
with the nuclei of the Forel fields and the posterolateral
hypothalamic area, while posteromedially it is adjacent to
the red nucleus (RN). Its ventral boundary is given by the
cerebral peduncle and the black substance. Dorsally, the STN
is limited by a portion of the lenticular issue and the
uncertain zone.8Moreover, the STN can be divided into three
portions, determined by their connectivity: the dorsolateral
portion, which integrates the sensory-motor circuit; the
ventromedial portion, which integrates the association
circuit; and the medial portion, which integrates the limbic
circuit.7

Despite being difficult to find, the precise location of the
dorsolateral portion of the STN is of fundamental importance
in order to achieve the best clinical response on the motor
symptoms of Parkinson disease and to minimize its side
effects on cognition and behavior, which are reported by �
40% to 50% of the patients. These side effects are probably the
result of a suboptimal position of the electrode and stimula-
tion of non-motor portions of the STN.4

There are several location methods used in the context of
STNstimulation,withnoconsensusonwhichwouldbethebest.
The choice ofwhichmethod to beuseddependson the facilities
of the institution inwhich the procedurewill beperformed and

realizada busca de artigos nas bases de dados PubMed e Science Direct, incluindo-se
estudos sobre o uso da RNM de crânio para localização do NST. A localização precisa da
porção dorsolateral do NST é de fundamental importância para se atingir a melhor
resposta clínica sobre os sintomas motores da doença eminimizar os efeitos colaterais.
A RNM de crânio é uma das modalidades de localização mais utilizadas, podendo ser
associada ou não à tomografia de crânio ou à ventriculografia. As estratégias de
localização podem ser classificadas em direta e indireta. Os marcos estão entre as
estratégias indiretas de visualização, e os principais (núcleo rubro, sinal de Sukeroku,
sinal do entalhe da cápsula interna, comissura supramamilar, trato mamilo talâmico e
cisterna interpeduncular) são descritos neste artigo. Os diversos marcos podem ser
utilizados de forma integrada para se obter localização mais precisa da porção
dorsolateral do NST e o posicionamento ideal dos eletrodos para atingir melhor
resposta clínica.
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the familiarity of the surgeon with the technique to be
employed.9

Cranial NMRI is one of the most used modalities for the
location of the STN, which may be associated or not with
skull tomography or ventriculography. Some of the advan-
tages of the cranial NMRI are that it enables a better
demarcation of the basal nuclei, a better visualization of
critical structures for the prevention of injuries that may be
inadvertently caused, and a clear demarcation of the electro-
de’s trajectory. The disadvantage of the magnetic field is
nonlinear distortion, especially in the anteroposterior and
medial-lateral axes.4,9

The strategies to locate the dorsolateral portion of the STN
can be classified as direct and indirect. The first is the direct
visualization of the nucleus in the cranial NMRI images,
whereas the second one uses fixed distances or themidpoint
of the line between the anterior commissure (AC) and the
posterior commissure (PC).10 The main landmarks in use are
cited and described in the following sections.

Red Nucleus

The RN is a landmark widely used in practice for several
reasons, such as anatomical proximity to the STN, easy
visualization, and visualization on T1 images with little
distortion.11 Thus, many studies on its use determine the
location of the STN.

The STN coordinates can be defined as follows: the x
coordinate is 3mm laterally to the intersection point of the
most lateral edge of the RN, with the anterior edge of the RN
in the axial plane, using a fast spin-echo, T2-weighted (T2-W)
sequence. The z coordinate is 2mm inferior from the upper
edge of the RN in the coronal plane. These coordinates were
based on the spatial relationship between the upper portion
of the STN and the RN in the Schaltenbrand-Wahren Atlas
(►Fig. 1).12

►Fig. 2 shows a coronal cut perpendicular to the AC-PC line
and, through amultiplanar image, reformatted from the T2-W
sequence, three hypointense signs in the upper portion of the
mesencephalon, corresponding totheSTN, theanterior edgeof

the RN and the black substance. The STN coordinates can also
be determined as follows: the x coordinate is half of the
distance between the centers of the subthalami, and the z
coordinate is thedistancebetween theprojectionof thePCand
the line that unites the centers of the subthalami in the coronal
plane. The y coordinate is the distance between the anterior
edge of the RN and the projection of the PC, verified by the
sagittal view.13

Sukeroku Sign and Dent Internal Capsule
Sign

Using the short tau inversion recovery (STIR) sequence in the
coronal plane, in an incidence perpendicular to the AC-PC
line and at the internal auditory canal level, the STN and the
black substance are found in the same plane, with the first
one located cranially to the second. Taking this relationship
as a base, theblack substance can be described as an eye,with
the STN assuming the shape of the makeup of Sukeroku, a
character in a Japanese Kabuki play. In the axial plane,
parallel to the AC-PC line and at the level of the mammillary
body, the STN can be seen more medially as a notch in the
contour of the internal capsule (►Fig. 3).14

Supramammillary Commissure

The supramammillary commissure (SMC) is one of the
structures that binds the right and left cerebral hemispheres,
making anatomical relations previously with the optical
tracts, the mammillary bodies and the middle-commissural
line, medially and subsequently with the RN. In the coronal
section (►Fig. 4), the commissural midpoint (CMP) is 5 to
7mm below the midpoint of the AC-PC line. The top edge of
the SMC is 4mmbelow themidpoint of the AC-PC line, and at
the same level as the intended target in the STN, but medial
to it at 12mm. In the axial section (►Fig. 5), the images show
that the central portion of the SMC is between 3mm and
4mmposteriorly to the midpoint of the AC-PC line, while the
target is 12mm laterally to the CMP. In the sagittal section
(►Fig. 6), the upper edge of the SMC and the target are at the

Fig. 1 STN location using the RN (x¼3 mm laterally to the most lateral edge; z¼2 mm inferiorly to the upper edge of the RN). (A) Axial
projection. (B) Coronal projection.12 Abbreviations: RN, red nucleus; STN, subthalamic nucleus; ZI, zona incerta.
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Fig. 2 STN visualization using amultiplanar, coronal, reformatted T2-weighted image. (A) Coronal image showing an incidence perpendicular to
the plane of the line between the anterior commissure and the posterior commissure, with three hypointense structures corresponding to the
STN, the anterior edge of the RN and the BS. The x coordinate is calculated as half of the distance between the centers of the two STNs. The z
coordinate represents the distance between P (projection of the posterior commissure) and the line that crosses the STN. The horizontal line
represents the level of the cutting plane of the axial view of B. (B) Axial image showing the RN and the STN. The y coordinate represents the
distance (vertical white line) between P and the horizontal white line. This line runs through the anterior edge of the RN and the center of the two
STNs. (C) Parasagittal view. The horizontal and vertical white lines are projections of the white lines of the axial and coronal views, and they
represent the y and z coordinates respectively.13 Abbreviations: RN, red nucleus; STN, subthalamic nucleus; SN, substantia nigra.
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Fig. 3 Sukeroku sign and dent internal capsule sign. (A) The arrows point to the STN, and the arrow heads point to the black substance. (B)
Schematic drawing of the Sukeroku sign. (C) Sukeroku, a character in a Japanese Kabuki play, with his distinctive made-up eyes. (D and E) Dent
internal capsule sign.14 Abbreviations: RN, red nucleus; STN, subthalamic nucleus; Th, thalamus.
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same level, 3mm posteriorly and 4mm below the midpoint
of the AC-PC line.15

In order to observe the so-called mustache sign, it is
necessary to locate the thicker portion of SMC in the coronal
sections and, from its middle portion, a line with a 30° angle
from the horizon is drawn to the lateral part of the skull. So,
the length of the short side of this triangle opposite to the 30°
angle is 4mm, whereas the long side is 12mm, and the
hypotenuse, 12.3mm. A line traced at the lower perpendic-
ular part from the caudate thalamus groovewill intersect the
30° angle of themustache on the STN target. Thismethod has

disadvantageswhen it is used in thebrains of elderly patients
due to the increase and distortion of the ventricle.

Both landmarks were visualized in the present study
through NMRI in a cranial magnetization-prepared rapid
gradient-echo (MP-RAGE) sequence with T2-W images.15

Mammillothalamic Tract

The mammillothalamic tract is easily visualized in NMRI
images of the skull, since it is a small, hypodense and round
image of the third ventricle. It is possible to find it in axial
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sections, � 5 to 6mm medially to the anterior edge of the
STN. The center of the mammillothalamic tract may be a
good anterior landmark of the STN, because it is located �
4mm anteriorly to the RN (►Fig. 7).

Interpeduncular Cistern

The interpeduncular cistern (IC) is a strong predictor of the
STN laterality, and can be used as an additional landmark for
several reasons, such as its anatomical proximity to the STN,
its easy visualization, the fact that it can be observed on T1-
weighted images with few distortions, and the fact that it
provides a constant point that assists in the standardization of
thepatients. It ispossible to locate the IC in the coronalplaneas

themidpoint of the vertical distancemade by the shape of the
sagittal view of the bridge and the peduncle in the midline,
which form a cursive “a.” The target can be found using the
mathematical formula: x coordinate for the STN¼0.6 x IC
widthþ7mm (►Fig. 8).11

Conclusion

There are several landmarks to visualize the STN, and there is
no consensus on the best one to be used in each situation.
However, it is known that they can be used in an integrated
way to obtain a more accurate location of the dorsolateral
portion of the STN and, consequently, the ideal position of
the electrodes to achieve a better clinical response.
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Abstract Subarachnoid hemorrhage (SAH) accounts for 5 to 10% of all types of stroke, with
rupture of brain aneurysms being related to deficits in memory, executive functions,
and language. Changes in brain functions appear to be related to the presence of blood
in the subarachnoid space, and the Fisher Scale (FS) correlates the amount of blood
identified on computed tomography (CT). This paper presents a literature review of the
association of FS with cognitive deficits secondary to aneurysmal subarachnoid
hemorrhage (aSAH), using PubMed. The attempt to correlate the amount of blood
identified in the CT with the development of cognitive alterations presents conflicting
data. It was evidenced that some of the studies did not perform cognitive tests, or did
not show differences between the scores of FS due to sample difficulty. The FS, even
with its limitations and imperfections, seems to be a safe and easily reproducible way to
predict neurological, cognitive or neuropsychological deficits, in view of its routine use
when analyzing patients with aSAH.
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Resumo Hemorragia subaracnóidea (HSA) representa de 5 a 10% de todos os tipos de acidente
vascular encefálico, estando a ruptura de aneurismas cerebrais relacionada a déficits na
memória, nas funções executivas e na linguagem. As alterações nas funções cerebrais
parecem estar relacionadas à presença de sangue no espaço subaracnóideo, sendo a
escala de Fisher (EF) a forma de mensuração do conteúdo hemático, realizada através
de tomografia computadorizada (TC). O presente artigo apresenta uma revisão da
literatura sobre a associação da EF com déficits cognitivos secundários a HSA
aneurismática (HSAa), tendo como banco de dados para a pesquisa o PubMed. A
tentativa de correlacionar a quantidade de sangue identificada na TC de crânio com o
desenvolvimento de alterações cognitivas apresenta dados bastante conflitantes,
evidenciando que alguns dos trabalhos não realizaram testes cognitivos, ou não
demonstraram diferenças entre os graus da EF por dificuldade na amostragem. A EF,
mesmo com suas limitações e imperfeições, parece ser uma forma segura e de fácil
reprodutibilidade para predizer déficits neurológicos, cognitivos ou neuropsicológicos,
tendo em vista o seu uso rotineiro na análise de pacientes com HSAa.

received
June 26, 2017
accepted
August 24, 2017

DOI https://doi.org/
10.1055/s-0037-1606632.
ISSN 0103-5355.

Copyright © 2020 by Thieme Revinter
Publicações Ltda, Rio de Janeiro, Brazil

THIEME

Review Article | Artigo de Revisão 279



Introduction

Subarachnoid hemorrhage (HSA) represents 5 to 10% of all
types of cerebrovascular accidents, affecting mainly women
in the 5th decade of life.1,2

The main surgical treatment options for cerebral aneur-
ysms are microsurgery with clipping and the endovascular
technique with embolization, using microcoils. Both aim to
occlude the aneurysm, preventing the rebleeding and reduc-
ing the risk of complications.3

A review of the literature (61 studies) on cognitive evalu-
ation and functional outcome of patients with aneurysmatic
HSA (HSAa) revealed important deficits in memory (ranging
from 14 to 61%), in executive functions (ranging from 3 to
76%), and in language (ranging from zero to 76%).4

Alteration in brain functions seem to be related to the
presence of blood in the subarachnoid space.5 The Fisher
scale (FS) is the form ofmeasurement of the hematic content,
performed through computerized tomography (CT), which is
the most used exam in neurosurgical practice.6

Methodology

The present article presents a review of the literature on the
associationofFSwithcognitivedeficits secondary toHSAa.The
bibliographic references were accessed in the PubMed data-
base, using the following keywords: Fisher scale, Fisher grade,
subarachnoid hemorrhage, cognitive impairment, neuropsycho-
logical assessment, intracranial aneurysm and outcome, with
articles published in the last 20years (1997–2016).

Thus, the present article aims to discuss aspects related to
cognitive alterations and FS, performing a thorough analysis
of the selected studies, and not focusing specifically in
neuropsychological tests in the present review.

Fisher Scale, Modified Fisher and Claassen
The FS subdivides patients with HSAa into four groups
(►Table 1), according to the distribution and amount of
blood observed at CT performed after rupture of a cerebral
aneurysm.

Despite being a globallywidespread scale, the FShas several
limitations: patients with higher scores do not have a higher
riskofdeveloping vasospasm,due to thegreater involvementof
Fisher 36; itdoesn’tmake the separationbetweenpatientswith

cisternal HSA and intraventricular hemorrhage, a relevant
factor for the development of vasospasm7–9; and it doesn’t
take into account the density and clearance rate of the clot.10,11

Whenwe compared the FSwith themodified Fisher12 and
Claassen scales,8 we noticed an important difference in the
absence of blood. In the FS, absence of blood is classified as
Fisher 1, because this scale does not have a zero score, unlike
the other two most current scales.

Another important disparity is the evaluation of intra-
ventricular hemorrhage, considered Fisher 4 on the original
scale. It may correspond tomodified Fisher 2 or 4, depending
on the thickness of the HSA.12

The Claassen scale8 differentiates the involvement of both
lateral ventricles or of only one of them, a fact not specified in
the FS and modified Fisher. The presence of blood in the
lateral ventricles (especially when it occurs bilaterally), but
not in the 3rd or 4th ventricles, represents an important
predictor of vasospasm.8

For these reasons, Kramer et al13 compared the FS, the
modified Fisher and the Claassen scales, evaluating the
development of vasospasm and late infarction, evidencing
that the increase in scores has a linear relationship in the last
two, and that the FS Fisher 3 score is related to a higher
incidence of vasospasm (35%).

In terms of mortality, 18% of patients with HSAa evolve to
in-hospital death, the main causes being the direct effects of
initial hemorrhage (55%) and of the aneurysm rebleeding
(17%). As predictors of this mortality, we found: modified
Fisher, age of the patient, presence of loss of consciousness in
the ictus, Glasgow scale on admission, and size of the
aneurysm.14

In relation tomortality after rebleeding, it is known that it
is associatedwith higher scores of modified Fisher, as well as
larger aneurysms and with worse assessments on the Glas-
gow scale after the new bleeding.15

Fisher scale and vasospasm/late cerebral infarction may be
defined as a deterioration caused by vasospasm and/or an
infarction related to vasospasm evidenced in CT that was not
observed on admission or in the immediate postoperative CT.8

Approximately 60 to 70% of the patients with HSAa
present with radiological vasospasm, two thirds of which
present severe ischemic events that cause transient or per-
manent neurological deficits, configuring clinical or symp-
tomatic vasospasm.16

Fisher et al6 developed the main study that relates the
location and amount of blood in the subarachnoid space with
vasospasm development, finding a statistically significant cor-
relation for Fisher 3 score (92% sensitivity, 95% specificity, 96%
positive predictive value and 91% negative predictive value).6

The results of Hütter et al,17when comparing patientswith
minimal/mild HSAa (Fisher 1 and Fisher 2) with patients with
moderate/severe HSAa (Fisher 3 and Fisher 4), showed that
those with higher bleeding had worse assessments in relation
to quality of life.

Considering that the presence of intraparenchymal blood
and the hemoventriculum confers an additional risk to vaso-
spasm development, it was proposed to create a new Fisher
score 3þ4, combining massive cisternal hemorrhage with

Table 1 Fisher Scale for Aneurysmal Subarachnoid Hemorrhage

Score Description

Fisher 1 No subarachnoid blood detected

Fisher 2 Diffuse bleeding with all< 1-mm thickness
vertical layers (interhemispheric fissure,
insular cisterna, cisterna ambiens)

Fisher 3 Localized clot (defined as 3� 5mm) or
bleeding with 1-mm thickness vertical layer

Fisher 4 Intraventricular or intraparenchymatous clot,
with or without diffuse subarachnoid
hemorrhage.
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intraventricular or intraparenchymal hematoma>5mL. Thus,
the presenceof vasospasm in40%of the cases of Fisher 3 and in
68% of the Fisher 3þ4 was evidenced.18

In recent years, the concept of clot clearance rate has
emerged, and can be defined as the difference between the
initial and final volumes of the clot (in mL), divided by the
number ofdays11; or through the residual volume of the clot,
which is the percentage between the measurements of the
initial evaluation of the bleeding in relation to the analyses
over the days after the HSAa.19

The lower the clot clearance rate, Fisher 3 score, the higher
initial clot volume and thehigher initial clot density correlate
with the risk of developing vasospasm in univariate analyses.
However, only the highest initial volume of the clot and the
lowest daily clearance rate remain with statistical signifi-
cance in multivariate analyses.11

However, only the highest initial bleeding volume is
associatedwith late cerebral infarction, whenmeasurements
of each cistern, ventricle, parenchyma or groove near the
cortex are used.19

Vasospasm development differs between patients undergo-
ing microsurgical clipping and those undergoing endovascular
treatment. Initially, both groups present perianeurysmatic
spasm, with a distal progression only in microcoil-treated
patients.20

Approximately 86% of the patients with delayed cerebral
infarction had moderate or severe neuropsychological defi-
cits. The presence of ischemia is associated with a higher
propensity (6.38 times) for the development of cognitive
sequelae, when compared with patients with and without
late cerebral infarction.21

Fisher Scale and Cognitive Alterations
The attempt to correlate the amount of blood identified in
the cranial CTwith the development of cognitive alterations
in patients with HSA secondary to the rupture of cerebral
aneurysms presents very conflicting data (►Table 2).6

Kreiter et al22 showed that the presence of blood in the
interhemispheric fissure and in the sylvian fissure was
related to a higher cognitive decline, although it did not
demonstrate that higher scores were associated with cogni-

tive alterations, using the method pursued by Hijdra et al23

that graduates the hematic densities in 10 cisterns/fissures
and in the 4 ventricles.

Similarly, Caeiro et al24 showed that the hematic density
was not associated with neuropsychiatric disorders.

The FS was considered the most important factor related
to language dysfunction in patients with anterior circulation
aneurysm rupture.25

The neuropsychological evaluation (depression test) in
patients with HSAa showed greater involvement in cases
with anterior communicating artery aneurysm rupture,
when compared with other locations, not being evidenced
greater impairment of higher FS scores.26 However, when
evaluating the sample of this study, it was observed that
100% of the patients had FS scores 3 or 4 .

Wong et al27 demonstrated that 73% of the patients
presented cognitive decline, when the Montreal Cognitive
Assessment was used after 3 months of HSAa, with late
cerebral infarction being themain risk factor. However,when
analyzing our data, it is evident that 100% of the patients had
FS scores 3 or 4, a result that precludes the association
between the FS and cognitive deficits.

Sheldon et al28 showed a significant difference inworking
memory among patients with HSAa and individuals consid-
ered normal. However, it was not possible to differentiate
between the various degrees of the FS, probably due to the
small sample of patients with HSAa (n¼21). Comparing
neuropsychological assessments in 3 groups of patients
(HSAa, incidental aneurysms or perimesencephalic hemor-
rhage), it is evident that 78% of the patients with aneurys-
matic HSA had scores 1 or 2 on the Fisher scale, with no
difference in groups classified according to the FS.29

Literature reports indicate that 96% of patients with
ischemia had a FS score of 3 or 4, with higher scores of
this scale associated with 4.34 times greater propensity to
the presence of neuropsychological alterations in univariate
analysis, a fact not proven in multivariate analysis.21

When care tests were performed in patients with HSAa, it
wasobserved that58%of thesepresentedalterations, although
they had 4–5 scores in the Glasgow Outcome Scale (GOS). The
FS evaluation, performed through the median, showed no

Table 2 List of Articles Relating the Fisher's Scale (Fisher et al6) with Cognitive or Neuropsychological Assessments

Autors Publication Number
of cases

Fisher
1þ2

Fisher
3þ 4

Criteria Relation

Fisher et al (1980)6 Neurosurgery 47 38.3% 61.7% Vasospasm þ
Hütter et al (1998)25 Neurosurgery 51 22% 78% Memory/

attention
þ

Yoo et al (2011)26 Ann Rehabil Med 20 – 100% Depression –

Wong et al (2012)27 J Neurol Neurosurg Psychiatry 90 – 100% Cognition –

Sheldon et al (2013)28 J Neurol Sci 21 Not related Not related Memory –

Krajewski et al (2014)29 Neurosurgical Review 27 78% 22% Cognition –

Stienen et al (2014)21 World Neurosurg 92 28% 72% Cognition þ
Wallmark et al (2015)30 Stroke 19 Not related Not related Attention –

de Souza et al (2015)31 World Neurosurg 185 39.5% 60.5% Language þ
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statistical difference between patientswith attention disorder
and those considered normal, both with score 3.30 Our
research group correlated the various degrees of the FS with
language alterations in individuals with HSAa secondary to
rupture of the anterior circulation aneurysm in the period
preceding the treatment, evidencing that the groups of
patients with Fisher 3 and Fisher 4 presented worse scores
in all assessments performed.31

Conclusion

Because it is a pathology with high incidence in the popula-
tion, the study of factors associated with a better outcome
after rupture of a cerebral aneurysm is widely debated in the
literature.

Several studies have sought to correlate thevarious degrees
of the FS with cognitive alterations in individuals with HSAa.
However, some of these studies did not undergo cognitive
tests, or did not show differences between the FS grades by
sampling difficulties.

The FS, evenwith its limitations and imperfections, seems
to be a safe and easily reproducible way to predict neurolog-
ical, cognitive or neuropsychological deficits, in view of its
routine use in the analysis of patients with HSAa.

Conflict of Interests
The authors have no conflict of interests to declare.

References
1 Clinchot DM, Bogner JA, Kaplan PE. Cerebral aneurysms: analysis

of rehabilitation outcomes. Arch Phys Med Rehabil 1997;78(04):
346–349

2 Dombovy ML, Drew-Cates J, Serdans R. Recovery and rehabilita-
tion following subarachnoid haemorrhage: Part II. Long-term
follow-up. Brain Inj 1998;12(10):887–894

3 Fraser JF, Riina H, Mitra N, Gobin YP, Simon AS, Stieg PE. Treatment of
ruptured intracranial aneurysms: looking to the past to register the
future.Neurosurgery2006;59(06):1157–1166, discussion1166–1167

4 Al-Khindi T, Macdonald RL, Schweizer TA. Cognitive and func-
tional outcome after aneurysmal subarachnoid hemorrhage.
Stroke 2010;41(08):e519–e536

5 Sonesson B, Säveland H, Ljunggren B, Brandt L. Cognitive func-
tioning after subarachnoid haemorrhage of unknown origin. Acta
Neurol Scand 1989;80(05):400–410

6 Fisher CM, Kistler JP, Davis JM. Relation of cerebral vasospasm to
subarachnoid hemorrhage visualized by computerized tomo-
graphic scanning. Neurosurgery 1980;6(01):1–9

7 Hijdra A, van Gijn J, Nagelkerke NJ, Vermeulen M, van Crevel H.
Prediction of delayed cerebral ischemia, rebleeding, and outcome
after aneurysmal subarachnoid hemorrhage. Stroke 1988;19(10):
1250–1256

8 Claassen J, Bernardini GL, Kreiter K, et al. Effect of cisternal and
ventricular blood on risk of delayed cerebral ischemia after
subarachnoid hemorrhage: the Fisher scale revisited. Stroke
2001;32(09):2012–2020

9 Macdonald RL, Rosengart A, Huo D, Karrison T. Factors associated
with the development of vasospasm after planned surgical treat-
ment of aneurysmal subarachnoid hemorrhage. J Neurosurg
2003;99(04):644–652

10 Fujita S. Computed tomographic grading with Hounsfield number
related to delayed vasospasm in cases of ruptured cerebral aneu-
rysm. Neurosurgery 1985;17(04):609–612

11 Reilly C, Amidei C, Tolentino J, Jahromi BS, Macdonald RL. Clot
volume and clearance rate as independent predictors of vaso-
spasm after aneurysmal subarachnoid hemorrhage. J Neurosurg
2004;101(02):255–261

12 Frontera JA, Claassen J, Schmidt JM, et al. Prediction of symp-
tomatic vasospasm after subarachnoid hemorrhage: the modi-
fied fisher scale. Neurosurgery 2006;59(01):21–27, discussion
21–27

13 Kramer AH, Hehir M, Nathan B, et al. A comparison of 3 radio-
graphic scales for the prediction of delayed ischemia and prog-
nosis following subarachnoid hemorrhage. J Neurosurg 2008;109
(02):199–207

14 Lantigua H, Ortega-Gutierrez S, Schmidt JM, et al. Subarachnoid
hemorrhage: who dies, and why? Crit Care 2015;19(01):309

15 Zhao B, Yang H, Zheng K, et al; AMPAS study group. Predictors of
good functional outcomes and mortality in patients with severe
rebleeding after aneurysmal subarachnoid hemorrhage. Clin
Neurol Neurosurg 2016;144:28–32

16 Kassell NF, Sasaki T, Colohan AR, Nazar G. Cerebral vasospasm
following aneurysmal subarachnoid hemorrhage. Stroke 1985;16
(04):562–572

17 Hütter BO, Kreitschmann-Andermahr I, Gilsbach JM. Health-
related quality of life after aneurysmal subarachnoid hemor-
rhage: impacts of bleeding severity, computerized tomography
findings, surgery, vasospasm, and neurological grade. J Neurosurg
2001;94(02):241–251

18 Klimo P Jr, Kestle JR, MacDonald JD, Schmidt RH. Marked reduc-
tion of cerebral vasospasmwith lumbar drainage of cerebrospinal
fluid after subarachnoid hemorrhage. J Neurosurg 2004;100(02):
215–224

19 Ko SB, Choi HA, Helbok R, et al. Quantitative analysis of hemor-
rhage clearance and delayed cerebral ischemia after subarachnoid
hemorrhage. J Neurointerv Surg 2016;8(09):923–926

20 Jones J, Sayre J, Chang R, et al. Cerebral vasospasm patterns
following aneurysmal subarachnoid hemorrhage: an angiograph-
ic study comparing coils with clips. J Neurointerv Surg 2015;7
(11):803–807

21 Stienen MN, Smoll NR, Weisshaupt R, et al. Delayed cerebral
ischemia predicts neurocognitive impairment following aneurys-
mal subarachnoid hemorrhage. World Neurosurg 2014;82(05):
e599–e605

22 Kreiter KT, CopelandD, Bernardini GL, et al. Predictors of cognitive
dysfunction after subarachnoid hemorrhage. Stroke 2002;33(01):
200–208

23 Hijdra A, Brouwers PJ, Vermeulen M, van Gijn J. Grading the
amount of blood on computed tomograms after subarachnoid
hemorrhage. Stroke 1990;21(08):1156–1161

24 Caeiro L, Santos CO, Ferro JM, Figueira ML. Neuropsychiatric
disturbances in acute subarachnoid haemorrhage. Eur J Neurol
2011;18(06):857–864

25 Hütter BO, Kreitschmann-Andermahr I, Gilsbach JM. Cognitive
deficits in the acute stage after subarachnoid hemorrhage. Neu-
rosurgery 1998;43(05):1054–1065

26 Yoo SD, Kim DH, Kim GK, Bark J. Characteristics of computerized
neuropsychologic test according to the location of aneurysmal
subarachnoid hemorrhage. Ann Rehabil Med 2011;35(05):
680–686

27 Wong GK, Lam S, Ngai K, Wong A, Mok V, Poon WS; Cognitive
Dysfunction after Aneurysmal Subarachnoid Haemorrhage Inves-
tigators. Evaluation of cognitive impairment by the Montreal
cognitive assessment in patients with aneurysmal subarachnoid
haemorrhage: prevalence, risk factors and correlations with
3 month outcomes. J Neurol Neurosurg Psychiatry 2012;83(11):
1112–1117

28 Sheldon S, Macdonald RL, Cusimano M, Spears J, Schweizer TA.
Long-term consequences of subarachnoid hemorrhage: examin-
ing working memory. J Neurol Sci 2013;332(1-2):145–147

Arquivos Brasileiros de Neurocirurgia Vol. 39 No. 4/2020

Fisher Grading Scale and Cognitive Deficits Souza et al.282



29 Krajewski K, Dombek S, Martens T, Köppen J, Westphal M,
Regelsberger J. Neuropsychological assessments in patients
with aneurysmal subarachnoid hemorrhage, perimesencephalic
SAH, and incidental aneurysms. Neurosurg Rev 2014;37(01):
55–62

30 Wallmark S, Lundström E, Wikström J, Ronne-Engström E. Atten-
tion deficits after aneurysmal subarachnoid hemorrhage mea-

sured using the test of variables of attention. Stroke 2015;46(05):
1374–1376

31 de Souza ML, Vieira AÇ, Andrade G, Quinino S, de Fátima Leal
Griz M, Azevedo-Filho HR. Fisher grading scale associated with
language disorders in patients with anterior circulation aneu-
rysmal subarachnoid hemorrhage. World Neurosurg 2015;84
(02):308–313

Arquivos Brasileiros de Neurocirurgia Vol. 39 No. 4/2020

Fisher Grading Scale and Cognitive Deficits Souza et al. 283



Subthalamic Nucleus: Neuroanatomical Review

Núcleo subtalâmico: Revisão neuroanatômica
Marcelo José Silva de Magalhães1 Claudiojanes dos Reis2 Juliana Rabelo da Silva Sousa3

Victória Souza Marques3 Tayná Cardoso Gonçalves3 Iara Cristina Vieira Ribeiro3

Leide Daiana Silveira Cardoso3 Victor Caribé Crosland Guimarães3

Frederico Gustavo de Souza Marques3 Sarah Dias Pereira3

1DepartmentofNeurosurgery,HospitalViladaSerra,Nova Lima,MG,Brazil
2Discipline of Anatomy, Faculdades Unidas do Norte de Minas
(FUNORTE), Montes Claros, MG Brazil

3 Faculdades Unidas do Norte de Minas (FUNORTE), Montes Claros,
MG, Brazil

Arq Bras Neurocir 2020;39(4):284–288.

Address for correspondence Marcelo José Silva de Magalhães, MD,
MSc, Rua Francisco Versiane Ataide, 760, apartamento 1301., Montes
Claros, MG, 39401-039, Brazil
(e-mail: marcelo7779@yahoo.com.br).

Keywords

► subthalamic nucleus
► efferent pathways
► chorea
► Parkinson disease

Abstract Discovered in 1865 by Jules Bernard Luys, the subthalamic nucleus is a set of small
nuclei located in the diencephalon, inferior to the thalamus and superior to the
substantia nigra, that can be visualized in a posterior coronal section. Histologically, it
consists of neurons compactly distributed and filled with a large number of blood
vessels and sparsemyelinated fibers. This review presents an analysis of this anatomical
region, considering what is most recent in the literature. Subthalamic neurons are
excitatory and use glutamate as the neurotransmitter. In healthy individuals, these
neurons are inhibited by nerve cells located in the side globus pallidus. However, if the
fibers that make up the afferent circuit are damaged, the neurons become highly
excitable, thus causing motor disturbances that can be classified as hyperkinetic, for
example ballism and chorea, or hypokinetic, for example Parkinson disease (PD). The
advent of deep brain stimulation has given the subthalamic nucleus great visibility.
Studies reveal that the stimulation of this nucleus improves themotor symptoms of PD.

Palavras-chave

► núcleo subtalâmico
► vias eferentes
► coreia
► doença de Parkinson

Resumo Descoberto em1865 por Jules Bernard Luys, o núcleo subtalâmico (NST) é um conjunto de
pequenos núcleos situados no diencéfalo, inferior ao tálamo e superior à substância negra,
que pode ser visualizado em um corte coronal posterior. Histologicamente, consiste em
neurônios distribuídos de forma compacta e preenchidos comumgrandenúmerode vasos
sanguíneos e fibras mielinizadas dispersas. Esta revisão apresenta uma análise sobre essa
região anatômica, considerando o que há na literatura a seu respeito. Os neurônios
subtalâmicos são excitatórios e utilizam o glutamato como neurotransmissor. Em indiví-
duos saudáveis, esses neurônios são inibidos por células nervosas localizadas no globo
pálido lateral. Contudo, seasfibrasquecompõemocircuitopaleoestriado forem lesadas,os
neurônios tornam-se altamente excitáveis, provocando assim distúrbios motores que
podemser classificados como: hipercinéticos, tais comobalismoe coreia, ou hipocinéticos,
por exemplo, doença de Parkinson (DP). O advento da estimulação cerebral profunda tem
concedido grande visibilidade ao NST. Estudos destacam que a estimulação desse núcleo
realmente ameniza os sintomas motores da DP.
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Introduction

The subthalamicnucleus (STN)was describedby Jules Bernard
Luys, in1985, as the “bandelette accessoire de l’olive supérieure”
(“upper olive accessory range”), thus showing its relationship
with the red nucleus, which was erroneously labeled as
“superior olive.” It was Auguste Forel who, in 1877, provided
amore appropriate description and suggested the termcorpus
Luysii, adenominationstill used for thisnucleus.1TheSTNisan
important structure in the modulation of the activity of the
base nuclei. It has a reciprocal connectionwith the pale globe,
with which it maintains excitatory efferences that inhibit
movement. Therefore, it is justified to assign the STN an
inhibitory effect on the movement.2,3

In Luys’ STN clinical studies, it was observed that the
lesions of the connections of this nucleus could also produce
contralateral hemichorea or hemiballism in humans.2 In
addition, this structure has been implicated in the physiopa-
thology of the Parkinson disease (PD).3

The present article aims to point out histological, anatomi-
cal and clinical considerationsof theSTN. This is a reviewof the
anatomical aspects of this structure, highlighting, particularly,
its topographic relations, its connections with other areas of
the nervous system in the context of movement modulation,
vascularization, histology and neurosurgical aspects agents
through deep cerebral stimulation for PD treatment.

Methodology

Themethod usedwas a reviewof the literature,which allowed
gathering, evaluating and summarizing the scientific evidence
on thesubject investigated to contribute to thedevelopmentof
knowledge in the theme.

The search for indexed publications in the following
databases was performed in April 2017: Pub-Med, Scielo,
and Web of Science. The following terms were used as
descriptors in the search: “subthalamic nucleus,” “subthala-
mic nucleus connections” and “clinical manifestations of the
subthalamic nucleus.”

The inclusion criteria were: articles published in Portu-
guese and English and their abstracts available in the data-
bases. Articles that did not address the proposed theme were
excluded.

Articles were selected with experimental design (clinical
trials, randomized or not) or observational (case-control stud-
ies, cohort studies, and studies before and after) and studies
conducted in humans, in which some of the following charac-
teristicswere evaluated: histology, anatomy, connections, and
functions of the STN as well as the clinical manifestations
associated with it. After reading the selected researches, the
analysis was proceeded, and, later, the discussion.

Discussion

Historical Aspects of the STN
The STN was discovered in 1865 by the French researcher
Jules Bernard Luys (1828–1897), who perceived it as a bridge
to the dispersion of the cerebellar influence over the striated

body, so that it would have “crucial role in the synthesis of
automatic motor actions.” In addition, Luys was the first to
characterize this structure as intimately linked to the nuclei
of the base.4

Inhisfirst andmost importantbook, Luysdescribed theSTN
as “bandelette accessoire de l’olive supérieure” (“upper olive
accessory range”), an incorrect anatomical description, as
critically noted by Auguste Forel (1848–1931), who remade
the description of the subthalamic gray formation in an article
in which one can read: “This term is inappropriate for at least
three reasons”1,2 (►Fig. 1).

Neuroanatomical Limits of STN
In some coronary sections of the cerebrum in the posterior
view, it is possible to locate the STN. It is an isoconvexnucleus
that is located superiorly to the substantia nigra and to the
tegument of the mesencephalon and, caudally, to the hypo-
thalamus.3 Medially limiting are: the nipple-thalamic fasci-
cle and the third ventricle. At the upper limit, the tegmental
area and the thalamus are visualized. Laterally, the white
matter and the cerebral pedunculus (►Fig. 1).3

Histological Considerations of the STN
In rodents, it was found that the STN consists of neurons
distributed compactly and filled with a large number of blood
vessels and scattered myelinated fibers. It was possible to
observe the cell body of the neuronswith plenty of organelles,
but with only a small amount of smooth and rough endoplas-
mic reticulum. The nucleus is presented with a widely invagi-
nated nuclear wrap and pale nucleoplasm with little
heterocromatine. Two types of axonic terminals were identi-
fied. The first type is a small terminal with medium-sized
round vesicles (possibly glutamatergic) and asymmetric syn-
apses, mainly with thin dendrites. The second type is a large
terminal with round and slightly flattened vesicles (possibly
GABAergic), presenting adhesion joints with their postsynap-
tic targets, in addition to symmetrical synapses, mainly with
bigger cell bodies and larger dendrites.5

Fig. 1 Subthalamic nucleus in coronal section at the level of the red
nucleus. 1-Internal capsule; 2-thalamus; 3-ventral tegmental area;
4-subthalamic nucleus; 5-Optical tract; 6-temporal horn of the lateral
ventricle; 7-Cerebral peduncle; 8-Hippocampus; 9-bridge; 10-inter-
peduncular fossa; 11-substantia nigra; 12-red nucleus; 13-third
ventricle. Source: Image courtesy of Marcelo JS Magalhães and
Claudiojanes Reis.
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Three types of neurons have been described in cats:

• Type I neurons – they are the main constituents, having
oval or polygonal cell bodies, average diameter of 26 mm
� 36 mm and 4 to 6 primary dendrites.

• Type II neurons – they presentmultipolar or polygonal cell
bodies, measuring on average 31� 43 μm and emitting
four to 7 primary dendrites.

• Type III neurons – they present polygonal cell bodies,
measuring 23� 26 μm on average and emitting 4 to 6
primary dendrites.6

Yelnik7 (1979), in a comparative approach, discovered only
one variety of golgi neuron type I, which is identical in cats,
monkeys, and humans. This type of neuron presents a cellular
body and is in an ovoid form, which gives it a fusiform appear-
ance when observed parallel to its long axis, while it seems
circular or polygonal when observed from other directions.7

Afferent and Efferent STN Fibers
The STN receives afferences mainly from the cerebral cortex,
the thalamus, the pale globe, and the brainstem. Regarding
efferences, the STN has connections with the pale globe, the
substantia nigra, the striated body and the brainstem.8

It is noteworthy that the STN is constituted mainly by
projection neurons.5 Based on their axonal targets, five
distinct types of projection neurons were identified9:

• Neurons that were projected for the reticular part of the
substantia nigra of the mesencephalon (BSt) and for the
medial pale globe (MPG) and the lateral pale globe (LPG)
segments (21.3%).

• Neurons aiming at the BSt and LPG (2.7%).
• Projecting neurons for the MPG and the LPG (48%).
• Neurons targeting only the LPG (10.7%).
• Neurons with axons that traveled the striated body, but
whose terminal ramification could not be visualized in
detail (17.3%).

Cortico-subthalamic projections—in primates, these
fibers emerge from the primary motor cortex, the supple-
mentary motor area, the supplementary premotor area and
the dorsal and ventral preengine cortex, the cingulate gyrus,
the somatosensory cortex and the insular cortex.8–10 These
projections predominantly innervate the dorsal aspect of
the STN and are integral components in the motor circuits of
the base nuclei.8–10

A complex intrinsic pattern of somatotopy was reported
in the STN, in which multiple homuncles were described.8

Thefibers of the primarymotor cortex related to the leg, arm,
and face are represented in the lateral area of the STN, while
the medial portion of the nucleus receives fibers from the
supplementary motor area, the dorsal premotor cortex, and
the ventral premotor cortex, in an inverse somatotropic
distribution (leg, arm and face, respectively, represented
from medial to lateral).11

Projection of the pale globe—it comprises one of the main
afferences. Practically the entire nucleus receives pallidal
fibers, which are in the mediolateral and rostrocaudal direc-
tions.12 The topographic and somatotropic distribution of

these afferences vary among the species. In rodents, the lateral
areas of the pale globe innervate the lateral STN, while the
median areas of the STN are innervated by the medial and
ventral pale.12 It is important to stress that the LPG afferences
belong to the indirect circuit of the base cores (►Fig. 2).

Efferences for the pale globe—the STN designs for both
segments of the pale globe (LPG and MPG). Subthalamic
nucleus fibers enter the pale globe through its posterior
portion, traversing a caudorostral direction.12 The medial
part of the STN projects mainly for the rostral LPG, the ventral
pale and the rostral MPG (associative and limbic territory).
The ventral portion of the STN is mainly associated with the
dorsomedial region of the LPG and the MPG (associative
territory). The caudal STN predominantly projects for the
motor area of the LPG and the MPG.12 It is important
to emphasize that the efferences for the MPG belong to the
indirect circuit of the nuclei of the base. (►Fig. 2)

Efferences for the substantia nigra—STN fibers are associat-
ed with the substantia nigra mainly through its ventromedial
region, spreading laterally in a rostrocaudal direction.12,13

Although most of these fibers infuse the reticular part, some
axonsascend to thecompactpart, beingoneof themechanisms
responsible for releasing dopamine.12,13

Efferences for the striated body—the STN sends few
projections to the striated body in rodents and primates.13

In primates, the ventricular associative and limbic regions
of the STN innervate mainly to the caudate, while the
dorsolateral motor portions of this nucleus innervated the
putamen.12 (►Table 1)

Biochemical Aspects of NST
Different neurotransmitters are found according to the con-
nections established with the STN.

The cortico-subthalamic pathway connects its terminals
with small dendrites in the STN through the neurotransmitter

Fig. 2 The diagram representing the indirect pathway of the basal
nuclei, involving the subthalamic nucleus (STN). Abbreviations: AMS,
supplementary motor area; PM, pre-motor area; M1, primary motor
area; C1, somesthetic cortex; Cns, a compact portion of the sub-
stantia nigra; SNr, reticulated portion of the substantia nigra; GPi,
Inner pale globe; GPe, external pale globe; Glu, glutamate; Dop,
dopamine; GABA, gamma-aminobutyric acid. Signs (þ) indicate ex-
citatory pathways and signs (–) indicate inhibitory pathways. Scheme
based on Salzo (2009).
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glutamate.14,15 The pale-subthalamic pathway, whose projec-
tions represent most of the STN afferences,12 has GABA as a
neurotransmitter.16 The brainstem projections for the STN
originate in the substantia nigra, both in rodents andprimates,
and inhumans.17Usingdopamineas aneurotransmitter, these
projectionsplayamodulator roleof the cortical andGABAergic
glutaminic afferences for the STN.16

Considering the main efferences of the STN, the subtha-
lamic-pallidal pathway represents most of the STN projec-
tions, and the subthalamic-nigral pathway in rodents present
the neurotransmitter glutamate (►Fig. 2).18,19

Vascularization of the STN
The STN is irrigated by the anterior chorioidea arteries,
branches of the internal carotid artery, which emerges just
above the origin of the posterior communicating artery.20

The drainage system is of the deepvenous type. Through this,
the deep cerebral veins, which flow into the internal cerebral
vein, drain to the magna vein.20

Neuropathological Considerations Related to the STN
Clinical studies of the Luys’ STN emerged in 1884, when Ralph
Canfield and James J. Putnam presented one of the first case
reports of hemiballism.2 This fact was evidenced in the litera-
ture in the study by Martin (1927), apud Parent et al,2 which
reviewed the world literature and found that 11 of the 12
patients previously reported with hemiballism presented
lesions in the STN area, including two with lesions restricted
to this, in addition to a case reported by the researcher himself
of a small hemorrhage almost limited to the STN.2 In 1947, it
wasobserved that the lesionsof theSTNconnectionscouldalso
produce contralateral hemichorea or hemiballism in men.2

Chorea is characterized by involuntary arrhythmic, rapid,
abruptly, non-repetitive movements in time and with vari-
able distribution, preferably distal.21,22 When chorea is
limited by a dimidium of the body, it is called hemichoreia.21

It Is evident that most of the studied choric syndromes are
associated with striated body, pale globe and STN atrophy.21

Ballism is characterized by involuntary hyperkineticmove-
ments, mainly of the proximal part of the limbs, with ample
displacement of the extremities due to the large amplitude of

themovement.21 It is commonlymanifested on a single side of
thebody, inwhichcase, it is calledhemiballism.When it affects
only one member, it is called monoballism; If it affects both
legs, it is called paraballism; And, if presented in widespread
form, biballism.22 When the intensity of these movements is
diminished, ballism becomes indistinguishable from cho-
rea.22,23 Most of the hemiballism tables are associated with
the lesion in the contralateral STN, and it is alreadyunderstood
that thesameclinical picture is also related to the lesions in the
afferent and efferent pathways of the nucleus, the striated
body, the thalamus, the black substance and their intercon-
nections.24–29 However, hemiballism caused by lesions in the
STN is more severe thanwhen occasioned by other reasons.29

In PD, which is characterized by tremor, bradykinesia, and
spasticity, it is noted the depletion of the neurotransmitter
dopamine. This disease stems mainly from a neurodegener-
ative process in the substantia nigra located in the mesen-
cephalon. In this pathology, the STN is hyperactive, and the
deep cerebral stimulation of the STN can improve stiffness
and bradykinesia.27 During the last few years, deep brain
stimulation (DBS) of STN has been established as a treatment
for a selected group of PD patients. The surgery is solely
directed to the treatment of the motor symptoms of PD. The
symptoms that show improvementwith the use of DBS in the
STN and in the MPG are those of the off period (akinesia,
stiffness, tremor), painful dystias and dyskinesias.28

Beloware presented criteria that should always be obeyed
in the selection of patients:

• Established diagnosis of PD.
• The patient should be obligatorily responsive to levodopa,
except in cases of patients whose predominant symptom
is tremor, which can be beneficiary of surgical treatment
independently of the previous response to levodopa.

• Unsatisfactory control of motor symptoms with better
clinical treatment. The response to levodopa in the pre-
operative period is thebest predictor for positive response
of the surgery. Patients with atypical parkinsonism, non-
responsive to levodopa, have a poor response with a deep
cerebral stimulator implant.

• Have at least 5 years of disease.
• Objective of improvement of motor symptoms of tremor
type, bradykinesia, and stiffness.

After the electrode implantation, the neurostimulator (also
called the implantable pulse generator) is buriedundergeneral
anesthesia, usually in the subclavicular region, very similar to a
cardiac pacemaker. The extensor cords are tunneled under the
subcutaneous plane, connecting the electrodes to the neuro-
stimulator. The STN and theMPG are themost commonly used
targets in DBS implantation for PD treatment.28

Apparently, the STN participates in the processing of moti-
vation, basedmainlyon the anatomical notion that the STN is a
unit of the limbic loop involving the prefrontal cortex, the
nucleus accumbens and the MPG.26 Experimental motivation
studies have established that STN lesions do not increase
hunger, but rather stimulate food motivation, explaining the
mechanisms of clinical reports of hyperphagia induced by
lesions in the STN.27–31

Table 1 Afferent and efferent fibers of the subthalamic9–13

nucleus

Afferences Efferences

Cortex Cortico-subthalamic
Motor cortex
Cingular cortex
Somato-sensorial
cortex
Insular cortexr

Pale globe Medial pale globe
Lateral pale globe

Medial pale globe
Lateral pale globe

Substantia
nigra

Reticular part (RBS)
Compact part (CBS)

Striated
body

Caudate putamen
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Conclusion

The importance of the STN is explained by its connections
with regions of great motor and non-motor importance, such
as the cerebral cortex, the thalamus, the pale globe, the
substantia nigra, the striated body, and the brainstem. Dis-
covered in 1865 by Luys, the STN is a set of small nuclei
located in the diencephalon, inferior to the thalamus and
superior to the substantia nigra, which can be visualized in a
posterior coronal section. Histologically, it is consisted of
neurons distributed in a compact form and filledwith a large
number of blood vessels and scatteredmyelinated fibers. The
advent of deep cerebral stimulation has granted STN great
visibility. Studies emphasize that the stimulation of this
nucleus really alleviates the motor symptoms of PD.

Conflict of Interests
The authors have no conflict of interests to declare.

References
1 Pearce JM. Thesubthalamicnucleus andJules BernardLuys

(1828–97). J Neurol Neurosurg Psychiatry 2001;71(06):783
2 Parent A, Parent M, Leroux-Hugon V. Jules Bernard Luys: a

singular figure of 19th century neurology. Can J Neurol Sci
2002;29(03):282–288

3 Hamani C, Saint-Cyr JA, Fraser J, Kaplitt M, Lozano AM. The
subthalamic nucleus in the context of movement disorders. Brain
2004;127(Pt 1):4–20

4 Parent A. Jules Bernard Luys and the subthalamic nucleus. Mov
Disord 2002;17(01):181–185

5 Chang HT, Kita H, Kitai ST. The fine structure of the rat sub-
thalamic nucleus: an electron microscopic study. J Comp Neurol
1983;221(01):113–123

6 Iwahori N. A Golgi study on the subthalamic nucleus of the cat.
J Comp Neurol 1978;182(03):383–397

7 Yelnik J, Percheron G. Subthalamic neurons in primates: a quan-
titative and comparative analysis. Neuroscience 1979;4(11):
1717–1743

8 Nambu A, Takada M, Inase M, Tokuno H. Dual somatotopical
representations in the primate subthalamic nucleus: evidence for
ordered but reversed body-map transformations from the prima-
ry motor cortex and the supplementary motor area. J Neurosci
1996;16(08):2671–2683

9 Sato F, Parent M, Levesque M, Parent A. Axonal branching pattern
of neurons of the subthalamic nucleus in primates. J CompNeurol
2000;424(01):142–152

10 Takada M, Tokuno H, Hamada I, et al. Organization of inputs from
cingulate motor areas to basal ganglia in macaque monkey. Eur J
Neurosci 2001;14(10):1633–1650

11 Nambu A, Tokuno H, Takada M. Functional significance of the
cortico-subthalamo-pallidal ‘hyperdirect’ pathway. Neurosci Res
2002;43(02):111–117

12 Parent A, Hazrati LN. Functional anatomy of the basal ganglia. II.
The place of subthalamic nucleus and external pallidum in basal
ganglia circuitry. Brain Res Brain Res Rev 1995;20(01):128–154

13 Smith Y, Hazrati LN, Parent A. Efferent projections of the sub-
thalamic nucleus in the squirrel monkey as studied by the PHA-L
anterograde tracing method. J Comp Neurol 1990;294(02):
306–323

14 Moriizumi T, Nakamura Y, Kitao Y, Kudo M. Ultrastructural
analyses of afferent terminals in the subthalamic nucleus of the
cat with a combined degeneration and horseradish peroxidase
tracing method. J Comp Neurol 1987;265(02):159–174

15 Romansky KV, Usunoff KG, Ivanov DP, Galabov GP. Corticosub-
thalamic projection in the cat: an electron microscopic study.
Brain Res 1979;163(02):319–322

16 Fonnum F, Gottesfeld Z, Grofova I. Distribution of glutamate
decarboxylase, choline acetyl-transferase and aromatic amino
acid decarboxylase in the basal ganglia of normal and operated
rats. Evidence for striatopallidal, striatoentopeduncular and stria-
tonigral GABAergic fibres. Brain Res 1978;143(01):125–138

17 François C, Savy C, Jan C, TandeD, Hirsch EC, Yelnik J. Dopaminergic
innervation of the subthalamic nucleus in the normal state, in
MPTP-treatedmonkeys, and inParkinson’s disease patients. J Comp
Neurol 2000;425(01):121–129

18 Joel D, Weiner I. The connections of the primate subthalamic
nucleus: indirect pathways and the open-interconnected scheme
of basal ganglia-thalamocortical circuitry. Brain Res Brain Res Rev
1997;23(1-2):62–78

19 Rinvik E, Ottersen OP. Terminals of subthalamonigral fibres are
enriched with glutamate-like immunoreactivity: an electron
microscopic, immunogold analysis in the cat. J Chem Neuroanat
1993;6(01):19–30

20 Ferreira A, Braga F. Anatomia microcirúrgica da artéria coroídea
anterior. Arq Neuro Psiquist 1990;48(04):448–453

21 Mendes MF, de Andrade LA, Ferraz HB. [Chorea: clinical analysis
of 119 cases]. Arq Neuropsiquiatr 1996;54(03):419–427

22 Barbeau A, Duvoisin RC, Gerstenbrand F, Lakke JP, Marsden CD,
Stern G. Classification of extrapyramidal disorders. Proposal for
an international classification and glossary of terms. J Neurol Sci
1981;51(02):311–327

23 Vidaković A, Dragasević N, Kostić VS. Hemiballism: report of 25
cases. J Neurol Neurosurg Psychiatry 1994;57(08):945–949

24 Lin JJ, Chang MK. Hemiballism-hemichorea and non-ketotic
hyperglycaemia. J Neurol Neurosurg Psychiatry 1994;57(06):
748–750

25 Lee MS, Marsden CD. Movement disorders following lesions of
the thalamus or subthalamic region. Mov Disord 1994;9(05):
493–507

26 Kargarfard M, Eetemadifar M, Mehrabi M, Maghzi AH, Hayat-
bakhsh MR. Fatigue, depression, and health-related quality of life
in patients with multiple sclerosis in Isfahan, Iran. Eur J Neurol
2012;19(03):431–437

27 Baunez C, Yelnik J, Mallet L. Six questions on the subthalamic
nucleus: lessons from animal models and from stimulated
patients. Neuroscience 2011;198:193–204

28 Tosta ED Rieder, Carlos L. Borges, Vanderci. Doença de Parkinson:
Recomendações. 1ª ed. São Paulo: Omnifarma; 2010

29 Postuma RB, Lang AE. Hemiballism: revisiting a classic disorder.
Lancet Neurol 2003;2(11):661–668

30 Coral P, Teive HAG, Werneck LC. Hemibalismo: relato de oito
casos. Arq Neuropsiquiatr 2000;58(3A):698–703

31 Lang AE. Persistent hemiballismus with lesions outside the sub-
thalamic nucleus. Can J Neurol Sci 1985;12(02):125–128

Arquivos Brasileiros de Neurocirurgia Vol. 39 No. 4/2020

Subthalamic Nucleus Magalhães et al.288



Terminology and Legislation referring to
Percutaneous Facet Procedures to Treat Low
Back Pain in Brazil – Current Status

Terminologia e legislação referentes aos procedimentos
percutâneos facetários para tratamento da lombalgia
no Brasil – Estado atual
Andrei Fernandes Joaquim1,6 Jeronimo Buzetti Milano2,6 Jefferson Walter Daniel3,6

Marcelo Luis Mudo4,6 Ricardo Vieira Botelho5,6

1Department of Neurology, Universidade Estadual de Campinas,
Campinas, SP, Brazil

2 Instituto de Neurologia de Curitiba, Curitiba, PR, Brazil
3Division of Neurosurgery, Santa Casa de São Paulo, São Paulo, School
of Medical Sciences, SP, Brazil

4Hospital São Camilo and Centro Universitário Nossa Senhora do
Patrocínio, Itu, SP, Brazil

5Hospital do Servidor Público Estadual, São Paulo, SP, Brazil
6Spine Department, Sociedade Brasileira de Neurocirurgia,
São Paulo, SP, Brazil

Arq Bras Neurocir 2020;39(4):289–293.

Address for correspondence Andrei Fernandes Joaquim, Department
of Neurology, Universidade Estadual de Campinas (Unicamp),
Campinas, SP, Brazil (e-mail: andjoaquim@yahoo.com).

Keywords

► percutaneous
procedures

► denervation
► facetary
► facet joints
► terminology
► legislation

Abstract Incongruities in the terminology and in the Brazilian legislation about percutaneous
facet procedures (PFPs) for the treatment of chronic lower back pain are frequently the
subject of litigations between health professionals and supplementary healthcare
providers. The Brazilian Hierarchical Classification of Medical Procedures (CBHPM, in
the Portuguese acronym) describes four types of PFPs, while the Brazilian Unified
Supplementary Health Terminology (TUSS, in the Portuguese acronym) describes five
distinct lumbar PFPs, which correlate with the ones described on the List of Procedures
and Events in Health, created by the Brazilian National Agency of Supplementary Health
(ANS, in the Portuguese acronym). In the present paper, we review the terminology of
the procedures, proposing the unification of the terminology and the abolition of
redundancies in the tables. Finally, we developed a single terminology proposal for the
PFPs based on their complexity and objectives to be used for the treatment of lower
back pain.

Resumo As incongruências na terminologia e na legislação brasileira sobre os procedimentos
percutâneos facetários (PPFs) para tratamento da dor lombar crônica são constante-
mente motivos de litígios entre profissionais de saúde e operadoras de saúde
suplementar. A Classificação Brasileira Hierarquizada de Procedimentos Médicos

received
September 29, 2017
accepted
October 17, 2017

DOI https://doi.org/
10.1055/s-0037-1608908.
ISSN 0103-5355.

Copyright © 2020 by Thieme Revinter
Publicações Ltda, Rio de Janeiro, Brazil

THIEME

Review Article | Artigo de Revisão 289



Introduction

Lower back pain is one of the most frequent disorders
affecting the population, with � between 60 and 80% of
people presenting at least one episode of pain.1 The treat-
ment is often complex, with an important economic and
social impact. In � between 15 and 45% of the cases, some
authors believe that low back pain has a larger component
originating from lumbar facets (or zygapophyseal joints).2,3

Among themain characteristics of the lumbar painwith facet
origin, in addition to the pain in the lumbar region itself,
there is also an increase in pain intensity with spine exten-
sion; irradiation of the pain to the posterior region of the
thigh but not below the knees, pain on palpation of posterior
spine elements and response to pain controlwith injection of
perifaceted local anesthetics or in the medial dorsal branch
region.2,3 Based on this physiopathological concept, surgical
procedures for cutaneous blocking (temporary or definitive)
of the pain impulse from the facets have been used in the
diagnosis (such as therapeutic tests) or in the treatment of
the so-called facet pain.4,5

Thepresentarticleaimstodiscuss theBrazilian terminology
and legislation regarding the faceted percutaneous procedures
for the treatment of lumbar pain, since the theme is constantly
the target of disputes between health practitioners.

Definitions and Terms

The term "rhizotomy" is often used in the description of the
percutaneous treatment of facet pain. "Rizo" refers to the
roots, while "Tomy" means section or "Cut." The term
rhizotomy is often used as a synonym to "neurotomy," a
term that refers to the section or cut of a nerve or nervous
root. The term denervation seems to be more appropriate,
since it means depriving an area of a specific nerve, but not
necessarily cutting it, being, thus, more appropriate.

Rhizotomies are used for the treatment of various neuro-
surgical diseases, such as selective dorsal rhizotomy (SDR),
used for the treatment of spasticity, especially in patients
with severe spastic diparesis or diplegia of limbs (usually
related to cerebral palsy).6,7 There are also rhizotomies for
treating trigeminal neuralgia, performed with alcohol or
phenol (chemical rhizomes), with a balloon (mechanical
rhizotomy) or radiofrequency, for the destruction of sensory
fibers and symptoms relief.6,7

However, the present article focuses on the rhizotomies
made in the spine for pain treatment. Since the targets of the
injury or anesthetic blockade are the nervous branches and
not the roots, the term rhizotomy seems incorrect, so the
term used from now on is denervation. In the lumbar spine,
rhizotomies are used to damage the dorsal-medial branches
of the spinal nerves, with the aim of damaging the sensory
fibers that cause back pain related to the factional syn-
drome.2,4 They can be chemically performed, usually with
local anesthetic and corticosteroids, or with radiofrequency
injury, where an electrical current will result in selective
neural injury. In general, two or three levels should be
injured so that the facets are denervated, since innervation
is generally multisegmental.2,4

Current Legislation

The Brazilian Hierarchized Classification of Medical Proce-
dures (CBHPM, in the Portuguese acronym) constitutes
the parameter of medical payments that aims to ensure the
adequate and balanced remuneration of the medical services
provided.8 Itwasa resultofa jointactionbetween theBrazilian
Physician Association (AMB, in the Portuguese acronym), the
Federal Council ofMedicine (CFM, in the Portuguese acronym)
andmedical specialty societies. The CBHPM is the responsibil-
ity of AMB, which is also responsible for the inclusion of new
items in the table.

There are four different forms of facetary percutaneous
procedures described in the CBHPM (►Table 1).8

The unified terminology of supplementary health (TUSS, in
the Portuguese acronym), in which the codes and nomencla-
tures of the medical procedures are standardized in harmony
with the information of private health, determined by the
information exchange in supplementary health (TISS, in the
Portugueseacronym),was createdby theNational Supplemen-
tary Health Agency (ANS, in the Portuguese acronym), and its
use has become mandatory since 2010.9 It is based on the
CBHPM 5th edition. The TUSS is not a price table, but a
terminological reference, and in it five distinct lumbar faceted
percutaneous procedures are described.

The Rol de ProcedimentosMédicos e Eventos emSaúde (list
of medical procedures and health events) is the list of proce-
dures, exams and treatments with mandatory coverage by
health plans.10 It should be noted that this is the minimum
coverage thehealth plans should offer, it is valid for planswith

(CBHPM) descreve quatro tipos de PPFs, enquanto a Terminologia Unificada de Saúde
Suplementar (TUSS) descreve cinco PPFs lombares distintos, os quais se correlacionam
com o os tipos listados no Rol de Procedimentos e Eventos em Saúde, elaborado pela
Agência Nacional de Saúde Suplementar (ANS). No presente artigo, revisamos a
terminologia dos procedimentos, propondo a unificação da terminologia e a abolição
de redundâncias nas tabelas. Elaboramos, por fim, uma proposta de terminologia única
dos PPFs usados para tratamento da dor lombar baseada em sua complexidade e
objetivos.

Palavras-chave

► procedimentos
percutâneos

► denervação
► facetária
► facetas
► terminologia
► legislação
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contracts beginning after the 1st of January 1999, and it is
revised every 2 years. The 1st list was published in 1998, and it
was updated in 2001, 2004, 2008, 2010, 2011 and 2013. The
current list, updated in January 2, 2016, includes 21 new
procedures, such as laboratory exams and oral medication
for cancer treatment, aswell as the expansion of consultations
with speech therapists, nutritionists, physical therapists and
psychotherapists.10 Currently, in the health plans contracted
after January 2, 1999, theminimumcoverage of health plans is
defined by the CBHPM and TUSS tables and the list of proce-
dures and events in health. There are also four forms of lumbar
faceted percutaneous procedures described in it.

The ANS elaborated a table with the correlation between
the items in the list of procedures and health events and the
corresponding terms in the TUSS (►Table 2).9

Considering that the procedures are not detailed, there
are no scientific criteria for differentiating them. Terminolo-
gies can be used, in our opinion, to refer to the procedure
performed in a chemical or radiofrequency manner.

In the ANS 2016 list, there are four different procedures,
one of which is percutaneous rhizotomy with or without
radiofrequency, with a guideline of use (DUT, in portuguese
acronym).10,11 The following four procedures are described:

1. Percutaneous denervation of articular facet – Group:
Central and peripheral nervous system; Subgroup: Pe-
ripheral nerves.

2. Paraspinal facet block – Group: Other invasive proce-
dures; Subgroup: Anesthetic nerve blocks and neurovas-
cular stimuli.

3. Vertebral column: Foraminal, facet or articular infiltration
– Group: Diagnostic methods per image; Subgroup: In-
terventional and therapeutical diagnostic methods by
image.

4. Percutaneous rhizotomy with or without radiofrequency
(with DUT) – Group: Central and peripheral nervous
system; Subgroup: Peripheral nerves. To use this proce-
dure, see DUT number 62.11 In it, percutaneous rhizotomy
with or without radiofrequency has the following criteria
for use:

4.1 Mandatory coverage for patients with facet pain
(lumbago, back pain or cervicalgia), when all the
criteria of group I and none of the criteria of group II
are fulfilled:

Group I

(a) Limitation of activities of daily living (ADLs) for at least
6 weeks;

(b) Reduction> 50% of the reported pain measured by the
visual analogue scale (VAS) after facet infiltration using
local anesthetic;

(c) Failure in the appropriate conservative treatment.

Table 1 Description of facet percutaneous procedures according to the Brazilian Medical Association 2016 Brazilian Hierarchical
Classification of Medical Procedures

Procedure Code Operacional
cost – size

Auxiliaries
number

Anesthetic
size

Percutaneuos rhizotomy per segment – any method 3.14.03.33–6 10C 01 5

Articular facet percutaneous denervation per segment 3.14.03.03–4 9C 01 4

Paraspinal facet block 3.16.02.12–6 4C 0 3

Spine: foraminal , facet or articular infiltration 4.08.13.35–5 5A 0 5

Table 2 Correlation table between the unified supplementary health terminology (see 1.0.2) and the list of procedures and events
in health of the National Agency for Supplementary Health (RN n 262/2011 altered by RN N 281/2011)

TUSS code Group – Subgroup – TUSS Procedure TUSS ANS list (RN n. 262/2011 altered
by RN n. 281/2011)

40813363 Diagnostic and therapeutical
procedures – interventional methods

Spine: foraminal , facet or
articular infiltration

Extra-articular diagnnostic or
therapeutical punction /artrocentesis
(infiltration/dry needling):
imaging-oriented or not

31403034 Invasive surgical procedures –
central and peripheric nervous system

Articular facet percutaneous
denervation per segment

Articular facet percutaneous
denervation

31403336 Invasive surgical procedures –
central and peripheric nervous system

Percutaneuos rhizotomy
per segment – any method

Percutaneuos rhizotomy

31602126 Invasive surgical procedures –
other procedures

Paraspinal facet block Paraspinal facet block

30715423 Invasive surgical procedures –
musculoskeletal system

Radiculotomy Percutaneuos rhizotomy

Abbreviations: ANS, National Agency for Supplementary Health; TUSS, unified supplementary health terminology
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Group II

(a) Previous spinal surgery in the analyzed segment;
(b) Disc herniation;
(c) Signs of surgical stenosis or potential instability.

4.2 Mandatory coverage for patients with focal and in-
tense spasticity with disabling symptoms, even after the
completion of medical and treatment with a physical
therapist.
4.3 Patients with trigeminal, glossopharyngeal, occipital
or intermediate nerve neuralgia, refractory or intolerant
to continuous clinical treatment for at least 3 months.

As an important consideration, the DUT 62 published in the
ANS list does not specify the form of rhizotomy (with or
without radiofrequency) for which it applies. Thus, the
technical opinion published in August 2015 by the Brazilian
Column Society (SBC, in the Portuguese acronym), disputes
the ANS’s DUT.12 The requests from SBC for DUT change are
summarized below:

Request n. 1: Define that this DUT applies only to cases in
which the radiofrequency method is used, and does not
apply to percutaneous chemical rhizotomy. Reason: The
DUTwasproposed to guide the percutaneous radiofrequency
rhizotomy, not the chemical procedure, which became sys-
tematically denied by the carriers, in many cases, based on
the DUT. Thus, the DUT should not be used for periradicular
or facet infiltrations (or percutaneous rhizotomies by chem-
ical method)

Request n. 2: Removal of group II, which cites the exclu-
sion criteria for the procedure.

Reasons

– Previous surgery in another segment is not contraindica-
tion for the performance of the radiofrequency rhizotomy;

– Herniated discs are not contraindications to facet rhizot-
omies, because the degenerative disc process can occur
simultaneously in the articular facets.

– Casesof lumbar stenosis canbebeneficiatedby rhizotomies
when the lumbar pain component is more exuberant.

Request n. 3: Inclusion of the considerations elaborated by
the Brazilian SocietyofNeurosurgery (SBN, in the Portuguese
acronym) related to the use of radiofrequency in treating
spinal diseases, published in June 2014.

Reason: In document SBN-89/2014,13The SBNelaborates a
document directed to the health plans carriers due to the
constant denials they gave to patents for facet and periradic-
ular infiltrations, based on DUT 62. In the document, SBN
clarifies that the DUT of the ANS refers exclusively to radio-
frequency rhizotomies, and cannot be extrapolated to facet or
periradicular infiltrations. Moreover, it proposes that radio-
frequency rhizotomy should have higher fees than those of
infiltrations, since it requires a longer time of radiological
exposure, knowledge and management of technological
resources and locational tests that precede the ablation.
Finally, they emphasize that the DUT does not contemplate
the exceptions, already exposed above in the SBC document.

The document concludes with the consideration that the
tomography or radioscopy-guided infiltrations correspond,
in technical terms, to percutaneous rhizotomy by chemical
agents and, therefore, it should be charged the same as the
CBHPM code 3.14.03.33.6 (Percutaneous rhizotomy by any
method per segment — 10C).

Discussion

Firstly, lack of definition for the terminology leads to different
types of interpretations, which can make health plan carriers
classify interventions as small size procedures, despite their
technical characteristics, todecrease the compensationpaid to
health professionals. In our interpretation, considering the
previous exposure, where the "rhizotomy" or "radiculotomy"
corresponds to the section of nerves, we believe that the term
"denervation" should be used preferentially. The terms rhizot-
omy and radiculotomy would not be used for percutaneous
procedures in the spine, be they with local anesthetic, any
other chemical method or even radiofrequency.

Moreover, according to the SBN-89/2014 evaluation and
the attached justification, percutaneous radiofrequency de-
nervation should be consideredmore complex than chemical
denervation.13

The facet blockadewith local anesthetic, necessary for the
diagnosis of facet syndrome and a prerequisite for the use of
radiofrequency, requires the same technical nuances as the
facet denervation by chemical method, therefore they can be
under a single code, since it represents the same procedure.

In thisway, hierarchically, therewould be the definition of
two procedures:

1. Percutaneous denervation by chemical method (including
diagnostic facet block with local anesthetic) by segment

2. Radiofrequency percutaneous denervation -with revision
of the DUT 62, according to the suggestion of the SBN and
the SBC, by segment.

Evenmore so, although the operational size is similar, it is
essential to separate the foraminal (epidural) infiltrations
from the facet ones, since they have distinct clinical indica-
tions as well as different complication profiles. Epidural
infiltrations could be described, as follows, in three groups:

1. foraminal steroids and/or local anesthetic infiltration per
segment

2. interlaminar steroids and/or local anesthetics infiltration
per segment

3. caudal steroids and/or local anesthetics infiltration

Conclusions

Terminology unification and the abolition of redundancies in
the tables, referring to the same procedures with different
hierarchizations, are fundamental to reduce litigations between
physicians and health carriers. In addition, it allows better
future scientific studies, both evaluating the effectiveness of
the methods and cost. In the present article, we present a
proposal of a single terminologyandhierarchizationof the facet
percutaneousproceduresusedfor thetreatmentof lumbarpain.
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Abstract Introduction Spinal cord injury (SCI) is common in polytrauma patients. The standard
exam for the initial evaluation is computed tomography (CT), due to its higher
sensitivity and specificity when compared with plain radiographs. However, CT is
insufficient for the management of some cases, especially to evaluate ligamentous and
spinal cord injuries. The objective of the present study is to describe clinical scenarios in
which the CT scan was insufficient to guide the treatment of SCIs.
Methods We present the cases of four polytrauma patients with normal CT scans at
admission and with unstable or surgically-treated lesions.
Discussion The cases reported evidence the need for ongoing neurological surveil-
lance with serial physical examination and magnetic resonance imaging (MRI) in cases
of neurological injury not explained by CT or occult instability.
Conclusion Computed tomography is not always sufficient to determine the man-
agement of SCIs. A comprehensive evaluation of the clinical data, CT findings and,
occasionally, MRI findings is crucial in order to choose the best conduct.

Palavras-chave

► traumatismo
raquimedular

► tomografia
computadorizada

► politraumatismo
► diagnóstico

Resumo Introdução O trauma raquimedular (TRM) é frequente no paciente politraumatizado. O
exame padrão para avaliação inicial é a tomografia computadorizada (TC), dada a alta
sensibilidade e especificidade quando comparada às radiografias simples da coluna. Entre-
tanto, a TC é insuficiente em algumas situações, principalmente no diagnóstico de lesões
ligamentares emedulares. O objetivo deste trabalho émostrar situações emque a TC não foi
suficiente para o diagnóstico das lesões medulares e o manejo dos pacientes com TRM.
Métodos Apresentamos quatro pacientes, vítimas de politraumatismo, com TC
normal na admissão, e com lesões da coluna instáveis ou que necessitaram de
tratamento cirúrgico.
Discussão Os casos em questão retratam a necessidade de vigilância neurológica
contínua com exame físico seriado e realização de ressonância magnética (RM) em
casos de lesão neurológica não explicada pela TC ou suspeita de instabilidade oculta.
Conclusão A TC nem sempre é suficiente para o manejo do TRM. A avaliação global
dos dados clínicos, achados tomográficos e, eventualmente, da RM, é fundamental
para escolher a melhor conduta.
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Introduction

Between 13% and 30% of the patients who are victims of
severe trauma present traumatic injuries in the spine, and
about 1/3 of them will require surgical treatment of these
fractures.1–3

The description of the scenario and the mechanism of
trauma is fundamental in the initial care to raise the suspi-
cion of lesions to the spine. Most of these lesions originate
from automobile accidents and falls from great height,4–6

and they are more commonly located in the thoracolumbar
and cervical regions.5,6

After the initial stabilization of the patient, as recom-
mended by the Advanced Trauma Life Support (ATLS)
training program, pelvis, chest and cervical spine profile
radiography exams are performed.4,7 If there is suspicion of
spinal trauma in other segments, radiological complemen-
tation is necessary.4

The difficulty in obtaining quality exams in simple radiog-
raphies of the cervicothoracic and craniocervical junction,
especially in obese patients, as well as the difficulty to
visualize disc-ligamentous and medullar lesions, resulted
in the adoption of the computed tomography (CT) as the
standard examination in the evaluation of spinal cord inju-
ries (SCIs) in many trauma centers.4,8,9

The CT has a sensitivity higher than 98% for the diagnosis of
spinal lesions (bone or disc-ligamentous), which is much
higher than that of conventional radiographs. Additionally, it
adds more information and details when the cuts are thinner
(1–2mm)and the images are reconstructed tridimensionally.4

About 40% of fractures detected by CT are not observed with
simple X-rays, or appear in an incomplete manner.4,10,11

On the contrary, magnetic resonance imaging (MRI) is not
commonly used for the initial evaluation, given the fact that
it is a longer, more cost-intensive examination, not available
in most minor trauma centers, and with greater technical
difficulties for its performance in polytrauma patients.12

In this context, the community of surgeons AOSpine
recently published a new classification system for cervical,
thoracolumbar and sacral fractures essentially based on the
CT, which is an exam that is fast and widely available,
characteristics that are paramount for the identification of
spine instability and for therapeutic decision-making.13

Despite the high sensitivity of the CT to evaluate spinal
lesions related to the polytrauma patient, in some situations,
especially in cases of osteoligamentous or medullar lesions,
performing the MRI is indispensable to understand the trauma
and for therapeutic decision-making, as well as to avoid cata-
strophicneurologicaldamagecausedbyoccult instabilities.13–15

The objective of the present study is to report clinical
cases in which the CT was insufficient for the diagnosis and
therapeutic decision regarding patients with SCI.

Materials and Methods

We present a series of non-consecutive cases cared for by the
main author (AFJ) and obtained from the spine surgery
database of the teaching hospital of Universidade Estadual
de Campinas. The database is approved by the Ethics and
Research Committee of the institution.

The inclusion criteria were: patients who were victims of
polytrauma with normal spinal CT or with apparently stable
lesions, but who presented highly unstable lesions, or with
neurological risk at admission or delayed.

Cases

1) A male patient, 27 years old, victim of a motorcycle
accident, was admitted to the emergency room with
Glasgow Coma Scale (GCS) score of 15, but with loss of
sensitivity at level T6, paraplegic, and with hypotonic
sphincter (Asia Impairment Scale [AIS] A). The total spinal
CT at admission did not show evident alterations
(►Fig. 1A – sagittal tomography at admission), and a

Fig. 1 (A) Computed tomography (CT) of the spine at admission, sagittal cut, without evident alterations related to trauma. (B) T2-weighted
magnetic resonance imaging (MRI) sequence with fat suppression (short tau inversion recovery – STIR) showing small disc extrusion betweenT3
and T4, with change in medullary signal and ligamentous injury between posterior elements of T3 and T4. (C) The T2 sequence shows an
interspinal ligament hypersignal, suggesting rupture, besides the spinal compressive effect extending from T1 to the medullary cone level. (D)
Postoperative control CT of the arthrodesis with posterior instrumentation, fixating 4 levels (T2345). (E) Three-dimensional (3D) reconstruction
showing the final aspect of the arthrodesis.
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spinal MRI was performed, which evidenced a spinal cord
signal alteration in the T2 sequence from level T1 to the
medullary cone, with distraction between T3 and T4
(►Figs. 1B and 1C). The patient was submitted to posterior
arthrodesis (►Figs. 1D and 1E – postoperative sagittal CT)
between T23 and T45.
2) A female patient, 44 years old, victim of polytrauma
with closed abdominal trauma, was admitted to the
emergency section with GCS 15, without motor deficits.
The lumbar spine CT at admission showed no evident
alterations (►Fig. 2A). She was submitted to exploratory
laparotomy with right hemicolectomy and segmental
enterectomy that evolved with postoperative fistula,
with no need for surgical retreatment, but requiring
prolonged hospitalization for three weeks with the gen-
eral surgery team. About four months after hospital
discharge, in an outpatient return consultation, the con-
dition evolved with deformity and lumbar pain. An MRI
and a new spinal CT showed listhesis between L3 and L4
(►Figs. 2B and 2C). The patient was submitted to posterior
fixation through the route between L2 and L5, with total
improvement of pain (►Fig. 2A).
3) A male patient, 36 years old, victim of a motorcycle
accident, was admitted to the emergency department
with GCS 15, tetraparesis (proximal grade III and distal
grade II strengths in the right upper limb, proximal grade
II and distal I strengths in the left upper limb, proximal

grade II and distal grade I strengths in the lower right
hand, and proximal grade III and distal grade II strengths
in the left lower limb, compatible with centromedullary
syndrome), hypoesthesia at level T6, and hypotonic
sphincter (AIS C). The CT at admission did not show
significant alterations in the spine (►Fig. 3A). The patient
was maintained with rigid cervical collar and en bloc
mobilization until the MRI, due to the presence of neuro-
logical deficit. After the MRI, an extensive spinal cord
injury was found associated with a narrow cervical canal
(►Figs. 3B and 3C). Subsequently, the patient underwent
cervical arthrodesis through the posterior route between
C3 and C6, with spinal-cord decompression (►Figs. 3D, 3E
and 3F), with significantly improved symptoms with
2 months of outpatient follow-up (AIS D).
4) A male patient, 25 years old, was admitted to the
emergency department after being found on a public
road with a history of motorcycle crash and ejected
helmet. He evolved with cardiorespiratory arrest, requir-
ing three cycles of resuscitation. He arrived intubated
with GCS 3, cervical collar, isomyopic pupils, evident right
tibial trauma, and hypovolemic shock. After the initial
stabilization measures, he was submitted to skull (Mar-
shall 2) and cervical spine CTs (►Figs. 4A and 4B).

a. The patient was submitted to amputation of the right
inferior limb (RIL), with good evolution due to the
extent of the traumatic injury in his tibia. Off sedation,

Fig. 2 (A) Sagittal CT of the thoracolumbar spine without evident alterations related to trauma at admission. (B) CT of thoracolumbar spine
performed � 4 months after the initial event, when the patient evolved with lumbar pain and deformity, showing listhesis of L3 over L4 with
distancing of spinal processes. (C) MRI in a T2-weighted sequence showing listhesis of L3 over L4, posterior ligament injury, and cauda equina
compression. (D) Postoperative control CT showing arthrodesis by the posterior pathway between L2 and L5.
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he did not presentmotor deficits, and fully regained his
consciousness. In � 30 days of hospitalization, he
evolved with a vicious posture in the cervical region,
and was submitted to a new CTof the cervical spine on
the 34th day of hospitalization, which evidenced
severe dislocation between C1 and C2 (►Figs. 4C

and 4D). The patient was submitted to posterior
arthrodesis with complete improvement of posture,
and evolved without neurological deficits (►Figs. 4E).

Discussion

In the present study,we discussed a series of cases of patients
with severe polytrauma and SCI not adequately documented
in the spinal CT at hospital admission. The cases in question
reflect the importance of the need for constant neurological
surveillance, with repetition of the physical examination and
the performance of new imaging exams, such as the MRI, in
cases of suspicion of instability or neurological injury not
explained by the CT findings.

In a series with 188 polytrauma patients with cervical
spine injury, in 37% of the cases the lateral incidence failed to
provide the correct diagnosis, and the CT failed in 3 cases in
which there were disco-ligamentous lesions.4,11

Nuñes et al,16 who studied a group of 88 victims of severe
polytrauma, comparing the helical tomography with simple

radiographs for the diagnosis of cervical spine lesions,
detected that 32 patients (36.4%) with cervical fracture
were not diagnosed by X-ray, only by CT. The authors broadly
advocate the use of CT to detect lesions in victims of severe
polytrauma.16

Although the CT presents high sensitivity for the diagnosis
of fractures, especially when compared with radiographs, it
fails in cases of disco-ligamentous lesions, a situation in
which the MRI has higher sensitivity.15–17

Pizones et al18 prospectively evaluated 33 patients using
simple radiography, and classified the lesions according to
the system proposed by the AOSpine. Subsequently, these
patients were submitted to MRIs. From 41 fractures diag-
nosed using CT and radiography, therewas an increment of 9
additional lesions not revealed by the first 2 exams, totaling
50 fractures. In addition, the MRI detected 18 occult (disco-
ligamentous) lesions, causing the classification of the lesions
to change from A to B in 24% of the patients, and the
therapeutic approach in 16% of the cases. The authors
concluded that the MRI is fundamental for the treatment
of thoracolumbar traumas.18

Based on this premise, Rihn et al19 conducted a prospec-
tive study to evaluate MRI accuracy in the diagnosis of
lesions of the posterior ligament complex (PLC) in victims
of thoracolumbar trauma, compared with the intraoperative
findings. The authors concluded that the MRI findings

Fig. 3 (A) CT at admission, without evident alterations. (B) MRI in a T2-weighted sequence with fat suppression with extensive hypersignal in
posterior elements of the cervical spine and hypersignal in the cervical medulla, with evident compression, without listhesis. (C) MRI in a T2-
weighted sequence, showing traumatic myelopathy from C4 to C7, bulging of diffuse disc from C5 to C6, determining vertebral canal stenosis
and edema area in the cervical and dorsal muscle-adipose planes. (D and E) Postoperative sagittal section CT with laminectomy and cervical
arthrodesis by posterior route between C3 and C6. (F) CT with 3D reconstruction showing the final aspect of the arthrodesis.
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showed a highnegative predictive value, and sensitivity close
to 100%; however, they had relatively low specificity, varying
from 51.5% to 80.5%. Such relatively low sensitivity values
and positive predictive value may result in greater surgical
interventions in lesions that could once be treated conserva-
tively. The authors conclude, therefore, that MRI findings
cannot be used alone for the therapeutic decision.19 Such
evidence was corroborated by other studies.14

To establish a system of reproducible, simple and efficient
classification, the AOSpine proposed a new model that, in
addition to the criteria of morphology and lesion of ligament
complex, also included facet lesion and the neurological
status of the patient, which are fundamental conditions for
the therapeutic decision-making regarding thoracolumbar
and cervical fractures. Such conditions are evaluated by CT,
because it is a fast and easy-to-access exam. However, many

times, as we show in our sequence of cases, an MRI or a new
CT is necessary to detect SCIs, disco-ligamentous lesions, and
delayed instabilities.13–15

Regarding cervical spine trauma specifically, patients with
GCS 15, without drug or narcotic effect, without neurological
deficits, andwho do not have pain on palpation of the cervical
spine, may have the cervical collar removedwithout the need
for complementary exams, a recommendation that has been
proven by more than 20 clinical trials, which was also incor-
porated by the ATLS.12,20 However, awake patients with pain
or tenderness in the neck and normal CTmay have the cervical
collar removed as long as the radiograph in extension-flexion
is adequate, or the MRI of the cervical spine does not show
alterations.21

For patients who are symptomatic or who do not have a
trustworthy exam, the primary scanning modality is the CT

Fig. 4 (A and B) CT at admission, coronal and sagittal images respectively. Good cervical spine alignment and fracture of the C7 transverse
process are noted. (C and D) CT of the 34the day of hospitalization, when the patient began to present a vicious cervical posture. There was a
dislocation between C1 and C2 and an increase in the atlanto-dental interval in the sagittal section. (E) 3D CT for postoperative control after the
patient underwent posterior cervical arthrodesis with lateral mass screws in C1 and lamina in C2.
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from the occiput up to T1, with sagittal and coronal recon-
struction. Simple radiographs do not add information, and,
therefore, are unnecessary.20 In the case of patients with
normal cervical CT and coarse movements in the four limbs,
and intubated patients, the cervical collar should be main-
tained until it is possible to perform a trustworthy clinical
examination or an MRI.21 However, some authors argue that
the cervical collar of patients intubated but with cervical CT
without alterations can be removed, since the incidence of
ligament injuries in these cases is lower than 5%, with the
incidence of significant lesions from the clinical point of view
in less than 1% of the cases.20

Conclusion

Based on the cases reported and the literature review, we
conclude that SCI is a multifaceted and complex disease. The
serial neurological evaluation of the individual is necessary,
as it complements the imaging exams.

The CT, which is an essential exam in the first care to the
polytrauma patient, is not always sufficient for the manage-
ment of SCIs at any level. The use of MRI is fundamental in
some cases, especially when there is doubt between the
conservative and surgical treatments. The combination of
the clinical information, the tomographic classification and,
eventually, theMRI data, are fundamental to choose the final
conduct and to improve prognosis.
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Abstract Low back pain is defined as pain located between the lower rib cage and the gluteal
folds, and its etiology is multifactorial, considerably affecting quality of life. The aim of
this literature review was to analyze the influence of the Pilates method on the
symptoms of patients with nonspecific low back pain, which is considered a promising
treatment for this type of pathology. A narrative review of the literature was carried out
using the PubMed, Pedro, Scopus and Scielo databases. To perform the search, Pilates
AND Low back nonspecific AND Pain were used as keywords. Articles published in the
last 5 years, randomized clinical trials that verified the influence of the Pilates method
in adult individuals with unspecified low back pain and full text in English were included.
Of the 77 articles identified, 7 articles met the inclusion criteria, 7 analyzed the primary
outcomes of pain intensity and disability, 5 articles compared Pilates with other
rehabilitation techniques and 2 studies compared the effectiveness of Pilates solo with
Pilates apparatus. It was concluded that all the techniques that were compared with
Pilates are effective, being difficult to affirm the superiority of Pilates over them in
relation to the reduction of pain and disability and improvement of quality of life.
However, the Pilates method has shown good results in pain perception and intensity,
functional capacity, fear of movement and the idea that movement can worsen your
condition, muscle strength, range of motion and flexibility.

Resumo A lombalgia é definida como dor localizada entre caixa torácica inferior e as pregas
glúteas, e sua etiologia é multifatorial, afetando consideravelmente a qualidade de
vida. O objetivo da presente revisão de literatura foi analisar a influência do método
Pilates na sintomatologia de pacientes com dor lombar não específica, sendo este
considerado um tratamento promissor para este tipo de patologia. Foi realizado uma
revisão narrativa da literatura utilizando as bases de dados PubMed, Pedro, Scopus e
Scielo. Para realizar a busca, foram utilizadas como palavras-chave Pilates AND Low
back nonspecific AND Pain. Foram incluídos artigos publicados nos últimos 5 anos,
ensaios clínicos randomizados que verificaram a influência do método Pilates em
indivíduos adultos com dor lombar não especifica e texto completo em inglês. Dos 77
artigos identificados, 7 artigos satisfizeram os critérios de inclusão, os 7 analisaram os
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Introduction

Low back pain is a substantial health problem and is con-
sidered a more prevalent musculoskeletal condition in de-
veloped countries.1 This condition results in functional
limitations, pain, andgeneral disability, significantly increas-
ing socioeconomic costs due to interventions and treatment
and abstention fromwork.2,3 Lowback pain is defined aspain
located between the lower ribcage and the gluteal folds, and
its etiology is multifactorial and is associated with age, sex,
smoking, alcoholism, bodyweight, social class, psychological
factors, education, mechanical trunk balance, physical activ-
ity, and labor.2

Lumbar involvement is classified into specific spinal
pathology, nerve root pain, and nonspecific low back pain,4

and by duration as acute, subacute, and chronic.3 Epidemio-
logic studies show that � 65 to 90% of the adult population
will experience low back pain at some point in life, with
nonspecific low back pain being present in 90% of these
cases.1,4 The prognosis of these patients is favorable, a small
portion of individuals seek care from a health professional to
reduce symptoms, which ends up improving pain, disability,
and short-term quality of life (QOL).2,5 Treatment for low
back pain may be conservative, pharmacological, surgical,
and rehabilitation. Usually thefirst recommended treatment
option is onpharmacological, such as exercises, motor con-
trol exercises, Pilates, Tai Chi, Yoga, and other therapies.4,5

When exercise is compared with other treatments or no
treatment, pain is reduced, and functionality is improved in
patients with nonspecific chronic low back pain,6 unlike
nonspecific acute lower back pain where exercise is not as
effective.4

Currently, an exercise program option has been gaining
prominence, the Pilates method, which includes stretching
exercises and muscle strengthening based on Contrology.7

The method was created by Joseph Hubertus Pilates
during the First World War, to improve and rehabilitate
physical abilities.8 It is based on six principles (centrali-
zation or powerhouse, concentration, control, precision,
breathing, and fluidity) and can be performed on the
ground or in appliances.9 Because it avoids excessive
impact and pressure on the muscles, joints, and tissues,
there is a reduction in the characteristic signs and symp-

toms of these patients, but there is conclusive evidence
that the Pilates method is better than other exercise
programs.4,10,11

Given the limited scientific evidence on the superiority of
Pilates over other types of exercise, the present literature
reviewaims to analyze the influence of the Pilatesmethod on
the symptomatology of patients with nonspecific low back
pain, which is considered a promising treatment for this type
of pathology.

Methods

A systematic review was performed using the PubMed,
Scopus, and Scielo databases. To perform the search, we
used as keywords Pilates AND Low back nonspecific AND
pain. We included articles published in English in the last 5
years. All of them were randomized controlled trials that
verified the influence of the Pilates method on adult individ-
uals with nonspecific low back pain. Exclusion criteria were
observational and prospective studies, case reports, and
systematic reviews. The flowchart shows the selection of
studies. (►Fig. 1) The primary outcomes were pain intensity
and disability, and the secondary outcomes are recovery and
method effect.

Results

In total, seven articles met the inclusion criteria and were
considered in the review. Seven analyzed the primary out-
comes of pain intensity and disability. Five articles compared
Pilates with other rehabilitation techniques, and two studies
compared the effectiveness of Mat Pilates with the Pilates
appliance.

►Table 1 summarizes the articles included in the re-
search, comparing different patient samples, interventions,
and outcomes in the treatment of nonspecific low back pain.

Discussion

The results found were grouped according to the effects on
these results: pain intensity, disability and kinesiophobia,
muscle strength, flexibility and range of motion, QOL, and
perceived effects and satisfaction with treatment.

desfechos primários de intensidade da dor e incapacidade, 5 artigos compararam o
Pilates com outras técnicas de reabilitação e 2 estudos compararam a efetividade do
Pilates solo com o Pilates aparelho. Concluí-se que todas as técnicas que foram
comparadas com o Pilates são eficazes, sendo difícil afirmar a superioridade do Pilates
sobre elas em relação à redução da dor e incapacidade e melhoria da qualidade de vida.
Contudo, o método Pilates tem demonstrado bons resultados na percepção e
intensidade de dor, na capacidade funcional, no medo do movimento e na ideia de
que o movimento pode piorar o seu quadro, na força muscular, amplitude de
movimento e flexibilidade.

Palavras-chave

► pilates
► dor lombar
► fisioterapia
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Pain Intensity
Pain is the most prominent symptom of low back pain.
Therefore, it is imperative to determine how to improve it.
Themost used instruments tomeasure this symptom are the
visual analog scale (VAS) and the numerical classification
scale (NRS).12

The article by da Luz et al compares the Pilates solo
method with the Pilates apparatus. Pain intensity was
assessed at short term (6 weeks) and medium-term (6
months) after randomization. In the intragroup comparison,
a significant difference was found for pain (p< 0.001) in the
medium term. In the comparison between groups, there was
no significant difference for this symptom in the short and
medium-term.13 Natour et al, who compared the interven-
tion group with the control group over time, found a signifi-
cant difference that favored the Pilates group concerning
pain (p< 0.001). Pain improvement was 1.59 cm on the 10
cmpain scale.4 In the study by Kofotolis et al, the result found
for pain was significant (p< 0.05) for Pilates participants
compared with the trunk strengthening exercise group and
the control group. Preassessment pain scores increased by
halfand postassessment pain scores in the Pilates eight-week
group.5 Preassessment pain scores increased by half and
postassessment pain scores in the Pilates eight-week group.5

After the 14-week study protocol proposed by Patti et al, it
was demonstrated a significant reduction (p< 0.001) of pain
in the Pilates experimental group before study randomiza-
tion (13.7� 5) and after completion. Pilates program
(6.5� 4) and control group before study randomization

(10.7� 7.8) and after Pilates program completion
(8.4� 7.8), but the reductionwas higher in the experimental
group.14 Bhadauria et al, in their study comparing three types
of interventions (Pilates, dynamic strengthening, and lumbar
stabilization), found that pain did not significantly decrease in
thePilatesgroupwhen comparedwithdynamic strengthening
and lumbar stabilization groups, but intragroup (a) the re-
duction was significant (p< 0.001), from preassessment
(6.42� 1.00) to postassessment (1.33� 0.98).15 In the article
by Cruz-Díaz, et al, intervention groups showed improvement
on pain at 6 and 12 weeks from baseline (mean PMG 3.3 and
2.1) and (mean PAG 2,1 and 1,70) with a p< 0.001, while no
changes were observed in control group (mean CG 5.06 and
4.96) p¼ 0.875. A significant improvement in pain was also
found in the study byValenza et al, in patientswho performed
Pilates for 8 weeks, being observed amean change of 2.3� 1.9
in current pain and of 2.0� 1.8. in the worst pain or the most
painful period when compared with the control group.16

Disability and Kinesiofobia
Disability is another subject addressed in the articles ana-
lyzed, being involved and multifactorial explained by the
difficulty or impossibility of performing tasks and activities
because of pain.17 The most commonway tomeasure is with
the Roland- Morris disability questionnaire and the Oswes-
try disability index, and the Patient- Specific Functional Scale
can also be used. Kinesiophobia, that is, fear of pain with any
movement, ends up affecting self-care, household chores,
work, social activities, and leisure. One of the most used

Fig. 1 Flowchart.
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Table 1 Summary of articles comparing different patient samples, interventions, and outcomes of the Pilates method in the
treatment of nonspecific low back pain

Article, year Patients Intervention Follow-up
time period

Outcome Conclusion

(Da Luz
et al.,
2014)13

86 patients (n 43
per group)
G Mat Pilates
G equipment-based
Pilates

The participants of both groups
received an individual and
supervised treatment. The first
session was to activate the
powerhouse.
The groups performed 15 to 20
exercises on the ground (G Mat
Pilates) and in the equipment (G
equipment-based Pilates) per
session, with each exercise being
repeated 10 times

The
intervention of
12 sessions for
6 weeks

Pain intensity;
disability; Global
perceived effect;
kinesiophobia

Equipment-based Pilates
was superior to Mat pilates
in the 6-month follow-up
for the outcomes of
disability and
kinesiophobia

Article, year Patients Intervention Follow-up time
period

Outcome Conclusion

(Natour et al.,
2014)4

60 patients (n¼ 30
per group)
G experimental
C control
_________

G experimental: medication
treatment and treatment with
the Pilates method
C control: Medication treatment
and did not undergo any other
intervention

The
intervention
occurred twice
a week for 90
days
_________

Pain intensity;
disability; quality of
life; satisfaction with
treatment; flexibility
_________.

The Plates method can be
used by patients with low
back pain to improve pain,
function and aspects
related to quality of life. In
this has harmful effects on
such patients addition,
method no

(Kofotolis
et al., 2016)5

101 patients
G Pilates (n¼ 37)
G Trunk
strengthening
exercise (n¼ 36)
G Control (n¼ 28)

G Pilates: Mat Pilates exercise
G Trunk strengthening exercise:
Exercises for strengthening the
abdomen and for the back and
stretching G control: did not
participate in any form of
organized exercise

Intervention of
24 sessions for
8 weeks

Pain intensity;
disability; Quality of
life

An 8-week Pilates program
improves quality of life and
reduced functional
disability more than either
a trunk strengthening
exercise program or
controls.

(Patti et al.,
2016)14

38 patients (n¼ 19
per group)
G experimental
G control
_________

The G experimental group
completed a Pilates matwork
exercise program, under the
supervision of an exercise
specialist. The G control group
was managed only with a social
program and use of NSAIDS

Intervention of
14 weeks
_________

Pain intensity;
disability;
posturography
_________.

The Pilates exercise
program yielded
improvements in pain and
posturography outcomes.

(Bhadauria,
Gurudut.,
2017)15

44 patients (n¼ 12
per group)
G Lumbar
stabilization
G Dynamic
strengthening
G Pilates

All the groups performed
interferential current and hot
moist pack.
G lumbar stabilization: 16 lumbar
stabilization exercises and the
“hollowing’ technique. G
dynamic strengthening:14
exercises for spinal extensor and
flexor muscle groups
G Pilates: activate the
powerhouse

The
intervention
occurred in 10
sessions in 3
weeks

Pain intensity;
disability; range of
motion; muscle
strength;

There was reduction of
pain, improvement in
range of motion,
functional ability and core
strength in all the
3 exercise groups.
However, lumbar
stabilization proved to be
the most effective form of
exercise for chronic low
back pain.

(Cruz-Diaz
et al., 2017)8

98 patients
G Mat Pilates
(n¼ 34)
G Equipment-based
Pilates (n¼ 34)
G control (n¼ 30)

G Mat Pilates and G Equipment-
based Pilates: warm up, main
Pilates training activity and cool
down

Intervention of
12 weeks

Pain intensity;
disability;
kinesiophobia;
transversus
abdominis activation

Pilates was effective in
improving pain, disability,
deep trunk muscles
activation and
kinesiophobia. The
equipment based Pilates
seems to provide faster
and better results
compared with Mat Pilates,
especially in the short term

(Valenza
et al., 2017)16

54 patients (n¼ 27
per group)
G Experimental
G Control

G experimental: Pilates exercise
program
G control: advice in the form of a
leaflet.

_________
Intervention of
8 weeks

_________.
Pain intensity;
Disability; lumbar
mobility; flexibility;
balance;

An 8-week Pilates exercise
program is effective in
improving disability, pain,
flexibility and balance in
patients with chronic
nonspecific low back pain.
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instruments currently to evaluate this symptom is the Tampa
Scale for Kinesiophobia (TKS).18 The article by da Luz et al
assessed disability using the Roland-Morris Questionnaire.
In the intragroup comparison, a significant difference was
found (p¼ 0.01), except for kinesiophobia (assessed by the
Tampa scale) in the Mat Pilates group in the middle group.
Deadline. Comparison between groups showed significant
improvement in disability outcomes (mean difference¼ 3.0
points, 95% confidence interval [CI]¼ 0.6–5.4), specific dis-
ability (meandifference¼ - 1.1 points, 95%CI¼ - 2.0–- 0.1) and
kinesiophobia (mean difference¼ 4.9 points, 95%CI¼ 1.6–
8.2). In the equipment-based Pilates-treated group at six
months follow-up.13 In their article, Natour et al also assessed
disability by the Roland-Morris Questionnaire, improvement
initially occurred in both groups, but the experimental group
continued to improve while the control group remained
unchanged. Thedifferencefound is significant for this outcome
(p< 0.001), that is, a two-point improvement in the question-
naire score for the experimental group.4 For disability, Kofot-
olis et al indicated that the Pilates group had significant
improvements compared with the trunk strengthening exer-
cise group after 3 months of intervention. The Pilates group
reported a significant increase in functional capacity from
baseline assessment to half and from baseline assessment to
final assessment, whereas the control group experienced a
significantdeteriorationobserved frombaselineassessment to
halfway.5 Disability was measured by the Oswestry Disability
Index by Patti et al, noting a lower score reduction for the
experimental group.14 Bhadauria et al had already used the
same instrument to assess disability,finding a reduction in the
questionnaire score in the Pilates group when the dynamic
strengthening group, but this reduction was not significant.
When compared within the group, the reduction was signifi-
cant (p< 0.001) for Pilates at thebeginning of the intervention
(28.17� 13.55) and at the end of the intervention
(8.42� 5.14).15 According to Cruz-Díaz et al, disability
obtained favorable results in the Roland Morris Disability
Questionnaire in the Pilates appliance group (6.73� 5.08
and 4.76� 4.9) and Pilates solo (7.94� 5.12 and 6.35� 5.3)
after6and12weeks, respectively, but thebest resultwas in the
appliance group (p< 0,001), significant in the intra and inter-
group comparison. In the assessment of kinesiophobia by TKS,
the improvement also occurred at 6 and 12 weeks in both
groups. In the appliance group, the mean scores (32) were
higher at the end of the intervention compared with the solo
group (31.73) and the control group (34.10).8 Valenza et al
verified disability in their article using theOswestry Disability
Index (p< 0.001) and Roland-Morris Questionnaire (mean
variation� standard deviation (SD) of 6.78� 0 and
2.40�mean the difference between groups of 3.2� 4.12,
p¼ 0.003), finding an average change of 16.35 and 5.31 points,
respectively, in the experimental group; this improvement
was observed with 6 weeks of treatment.16

Muscular Strength, Range of Movement and
Flexibility
Muscular strength disorders are often found in patients with
low back dysfunction, and it is estimated that> 80% of all

cases of low back pain are caused by weakness of the trunk
muscles.19 Only Bhadauria et al assessed muscle strength by
pressure biofeedback; as a result, they found no significant
improvement in the Pilates group compared with the dy-
namic strengthening group and the stabilization group.
Lower back, but showed significant improvement
(p< 0.0001) within the Pilates group. In this same article,
the range of motion was evaluated using the modified
Schober test and it was found that the three interventions
were beneficial in increasing the range of motion.15 Flexibil-
ity is pointed out as one of the causes that may be associated
with nonspecific low back pain when there is no good
condition of muscle stretching that contributes to the ap-
pearance of the symptoms and discomforts of lumbar dys-
function.20 The tests used in the articles analyzed to assess
flexibility were the sit and reach test and finger to the
ground. Natour et al, in their study, found no differences
between the groups over time. The authors believe that the
Pilates method improves flexibility, justifying that the in-
strument chosen to evaluate this outcome was not able to
measure correctly.4 In the article by Valenza et al, the Pilates
intervention group showed an improvement in flexibility,
while the control group showed no significant difference
(mean difference between groups 8.45� 9.65; p¼ 0.032).
The higher the value is the shortening of the trunk and lower
limb muscles.16

Quality of Life
Low back pain has an essential impact on the life of the
individual. The patient is depressed, anxious, and dissatis-
fied, characterizing a reduction in his QOL. The tools to assess
QOL should enable the detection of changes in health con-
ditions, the prognosis, risks, and benefits of a given thera-
peutic intervention.21 SF-36 is a generic measure of the QOL
assessment that should be analyzed by comparing preinter-
vention and postintervention scores for each patient indi-
vidually. Natour et al, in their article, used this questionnaire
to measure QOL, after a comparison between groups over
time, and found a significant difference, favoring the experi-
mental group in some domains of QOL such as functional
capacity (p< 0.046), pain (p< 0.010) and vitality
(p< 0.029).4 Kofotolis et al found in individuals in the Pilates
group an increase in QOL in the domains vitality, social
functioning, emotional role, physical role, general health,
and mental health, from pre-evaluation to the intermediate
evaluation and from the intermediate evaluation to post-
evaluation (p< 0.05) comparedwith the trunk strengthening
exercise group.5

Self-perception and Satisfaction
Self-perception can be defined as the feeling that patients
have regarding the changes in their lives due to the treatment
received, interfering in the relationship between objective
treatment outcomes and the degree of user satisfaction.22 In
their study, Da Luz et al evaluated the global perceived effect
through the global perceived effect scale, where the higher
the score, the greater the recovery from the condition. We
found no significant differences in the credibility and
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expectation of treatment for improvement between the
Pilates Solo and Pilates appliance group.13 Factors that lead
to satisfaction with treatment can be classified into psycho-
social, physical, discomfort, and pain. Satisfied patients
adhere more quickly to the treatment performed, not aban-
doning, and not changing the technique used.23 Natour et al,
although not finding a significant difference between groups
regarding satisfaction with treatment, observed a higher
number of ’much better’ responses on the Likert scale in
the Pilates group.4

Conclusions

Based on this narrative review highlighting the state of the
literature on this subject, we found useful results to clarify
the influence of the Pilates method on nonspecific low back
pain, considering its effects and benefits to patients. It is
concluded that all techniques that were compared with
Pilates are effective, being difficult to affirm the superiority
of Pilates over them concerning pain and disability reduction
and improving QOL. Finally, as can be observed in the studies
analyzed, the Pilates method has demonstrated excellent
results in pain perception and intensity, functional capacity,
fear of movement, and the idea that movement can worsen
the health perception, muscle strength, and flexibility. The
satisfaction and adherence of this method as a treatment
comes more and more, and the practice is indicated by
doctors and health professionals. Pilates is a strong ally in
the prevention and rehabilitation of low back pain due to the
globality of its exercises.
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Introduction

Paracoccidioidomycosis (PCM) is a systemic infection caused
by the dimorphic fungus Paracoccidioides brasiliensis, with
an annual incidence of 1 to 3 cases per 100,000 inhabitants in
endemic areas. Brazil accounts for at least 80% of the cases.1

The primary infection is usually asymptomatic, the dis-
ease usually occurs months or years after the primary
infection, and most of the times the lungs are affected; but
its hematogenous or lymphatic dissemination enables the
disease to reach any other organ.2 The central nervous
system (CNS) is affected in around 12% of the cases, and, in
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Abstract Paracoccidioidomycosis is a systemicmycosis caused by the Paracoccidioides brasiliensis
fungus, which is endemic in Latin America. Brazil is the country with the highest
number of cases. The affection of the central nervous system (CNS), a potentially fatal
condition, occurs in � 12% of the cases. The following forms of presentation are
identified: meningeal, which is unusual; meningoencephalitic; and pseudotumoral, the
latter two being more frequent. Imaging tests are essential for the diagnosis, but the
histological identification of the fungus is required for confirmation of the pathology.
The clinical picture depends on the neuraxial location. We present a case of a male rural
worker, with expansive lesions in the CNS compatible with paracoccidioidomycosis.
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Resumo A paracoccidioidomicose é uma micose sistêmica, endêmica na América Latina, causada
pelo fungo Paracoccidioides brasiliensis. O Brasil é o país com o maior número de casos. A
afecção do sistema nervoso central (SNC), condição potencialmente fatal, ocorre em torno
de 12% dos casos. Identificam-se as seguintes formas de apresentação: meníngea, mais
rara; meningoencefálica; e pseudotumoral, sendo estas duas últimas mais frequentes. Os
exames de imagem são fundamentais no auxílio diagnóstico, mas a identificação histoló-
gica do fungo é necessária para confirmação. O quadro clínico depende da localização no
neuroeixo. Apresentamos o caso de um homem, trabalhador rural, com formações
expansivas no SNC compatíveis com paracoccidioidomicose.
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these, supratentorial lesions are more common.3 Because
neuroparacoccidioidomycosis (NPCM) causes permanent se-
quelae, it should be considered in the differential diagnosis of
the meningoencephalic and expansive CNS processes.4

Case Report

Awhitemale patient, 53 years old, rural worker with a history
of alcoholism and smoking, presented a sudden picture of
dysarthria and difficulty to walk. The patient reported, how-
ever, progressive symptoms formonths,withvertigo, episodes
of fever, especially in theafternoon,andsignificantweight loss.
Upon physical examination, he presented cerebellar syn-
drome, nystagmus andpositive Romberg sign, aswell as septic
teeth. In primary care, a cranial computed tomography (CT)
was performed, with a hypodense image in the bridge region
and the left middle cerebellar peduncle, in addition to the
hypodense lesion in the left parietal region. The initial labora-
tory exams evidenced an increase in the inflammatory tests.
Magnetic resonance imaging (MRI)of theencephalonwas then
performed, and it revealed expansive lesions affecting the left
middle cerebellar bridge and peduncle, gadolinium annular

enhancement, and perilesional edema (►Fig. 1A, B, C). There
were also lesions in the cerebellar parenchyma and in the left
parietal region. The lesions presented hypersignal in their
central region in T2, and restriction to diffusion. An oncologic
investigationwas performed, but no primary neoplastic lesion
was found. The chest CTshowed anunspecific pattern,with no
lesion compatible with neoplasia. The patient was then sub-
mitted to a neurosurgical procedure for diagnostic elucidation
and excision of the lesion with mass effect in the posterior
fossa. During the procedure, an encapsulated lesion was
evidenced, and, when incised, it drained content compatible
with a purulent secretion. The lesion was drained, and the
partial removal of the capsule was performed, which was
extremely adhered to the cranial nerves and to the brainstem.
After the procedure, the patient evolvedwith regression of the
preoperativeneurological deficits. Theanalysisof thecollected
secretion evidenced a large amount of polymorphonuclear
leukocytes and blastoconidia in budding. The anatomopatho-
logical examination confirmed PCM (►Fig. 2A, B, C). After one
week of antibiotic therapy, a neuroimaging (CT) scan of the
skullwasperformed, evidencing a reduction in themass effect
and presence of portion enhancement of the capsule that had

Fig. 1 (A) Magnetic resonance imaging (MRI), T1-weighted axial sequence with gadolinium, showing an irregular lesion affecting the middle
cerebellar peduncle and cerebellar parenchyma, with strong contrast enhancement; (B) MRI, T1-weighted sequence with gadolinium, coronary
sections, showing the relationship of the lesion with the fourth ventricle, with displacement of the ventricle, but without invasion; (C) MRI, T1-
weighted sequence with gadolinium, axial, supratentorial, showing an annular lesion in the left parietal region, with strong contrast
enhancement.

Fig. 2 (A) Hematoxylin and eosin (HE) staining (histological sections), increase of 100x, evidencing a multi-inflammatory process with
multinucleated giant-cell and fungal structures inside it. (B) Grocott staining, increase of 100x and 400x, showing fungal structures –with typical
Paracoco morphology (“Mickey head”) – evidenced by the staining.
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not been approached (►Fig. 3A). The evolutionary chest CT
identified parenchymal opacities of the reticular pattern,
associated with opacities with a budding tree pattern, pre-
dominantly in the upper segments of the lungs, as well as
bronchiectasis and a small localized calcification (►Fig. 3b).
The patient was then submitted to antibiotic therapy with
amphotericin B for 15 days, and, after hospital discharge,
itraconazole for 6 weeks. The patient is being monitored
with radiological control, and since hospital discharge, he
has presented a gradual reduction in the lesions.

Discussion

Paracoccidioidomycosis (PCM) is a systemic infectious disease,
endemic in subtropical areas of Central and South America.
Brazil accumulates�80%of thecasesdescribed.1 It isestimated
that, in endemic areas, the incidence of PCM varies from 3 to 4
cases per 100,000 inhabitants per year.5 The disease can occur
in individualsofanyage range, including in2-year-old children,
but it mainly affects those aged between 30 and 50 years. It is
more prevalent in males. There is frequent association of PCM
with smoking and alcoholism.5

The infection occurs by inhalation of conidia, which form a
focus on the primary pulmonary complex. Extrapulmonary
foci occur by the lympho-hematogenous dissemination of
the fungus. The infection occurs mainly in the first 2 decades
of life, but the clinical manifestations develop between 30
and 50 years of age, with the reactivation of the latent
endogenous focus.4

Paracoccidioidomycosis can affect any organ. The lungs are
most commonly affected (50–100%), followed by the skin,
mucous membranes, lymph nodes, adrenal glands, CNS, liver
andbones. Impairmentof theCNSoccurs in�12%of the cases.3

It is a serious andpotentially incapacitating formof thedisease,
which is often fatal. Therefore, it should be considered in the
differentialdiagnosisofmeningoencephalic andexpansiveCNS
processes in order to establish early treatment and avoid the
emergence of incapacitating sequelae.4

The neurological infection is described as secondary, and
the main form of dissemination is hematological, due to the
predominance of lesions in areas with high blood flow.3

Immunologic factors may favor CNS impairment.1 The
involvement of the lungs, which is detectable through
radiology, is more frequent in cases of neurological injury
than in other forms of PCM: 61 to 83% of patients with
NPCM present pulmonary lesions, compared with 5% and
3.1% of patients with osteoarticular involvement and
involvement of the tube of the digestive tract respectively.4

Other studies have demonstrated a frequency of up to 93%
of concomitant pulmonary and neurological impairments,
which makes radiography useful in cases of suspected CNS
lesions.6

The clinical presentation of NPCM can be meningeal,
meningoencephalic and pseudotumoral.7 The latter is the
pseudotumoral is the most frequent form, and corresponds
to � 96% of the cases, and may mimic other pathologies and
presentations, such as: abscesses, granulomas, nodules or
intraparenchymal cysts, preferably with supratentorial locali-
zation, most commonly affecting the cerebral hemispheres.
Infratentorial lesions are also described, involving the bridge,
the bulb, andmainly the cerebellum. The signs and symptoms
are of expansive lesion in the CNSwith intracranial hyperten-
sion (IH): vomiting, headache and papilledema.

Pedroso et al,3 in their systematic review of 257 patients
with NPCM, stipulated the most affected CNS sites: the
cerebral hemispheres (47.6%),mainly the frontal and parietal
lobes, and the cerebellum (28.8%), which is responsible for
walking disorders, dizziness, nausea, vomiting and diplopia,
as well as rapid progression to IH.5 Spinal cord impairment is
described as rare. Intramedullary granulomas, in general,
cause spinal cord compression, determining a severe and
rapidly progressing condition.8 Spinal cord injuries predom-
inate in the thoracic segment, given the greater blood supply
of the region and the hematogenous dissemination of
P. brasiliensis.3 Lesions of the encephalic parenchyma may
occur as solitary or multiple granulomas. They present as

Fig. 3 (A) Post-operative cranioencephalic computed tomography (CT) scan with contrast, evidencing the area of surgical manipulation, as well
as persistence of the enhancement in part of the capsule that was not surgically approached; (B) chest CT scan showing reticular parenchymal
opacities and a budding-tree pattern in the upper segments of both lungs.
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histiocytic and giant-cell infiltrates, with central areas of
necrosis. Fungi are abundant in the periphery of the granu-
lomas.4 The meningeal presentation is regarded as rare.3 It
consists of a chronic inflammatory process at the base of the
encephalon, which may cause radicular or myeloid symp-
tomatology, similar to tuberculous meningoencephalitis.3

In 21%of the cases, theneurological symptomsbeginbefore
the systemic ones; in 33%, they occur simultaneously; and in
46%, the neurological symptoms arise after systemic symp-
toms. The symptoms vary depending on the affected site: in
cases of intraparenchymal affection, there are headache and
locational symptoms (and the most common are pyramidal);
in cases of affection of the meninges, meningeal syndrome
develops, with headache and neck stiffness; and in cases of
cerebellar affection, the symptoms are gait disturbances,
dizziness, nausea, vomiting and diplopia. Motor and sensory
deficits, cerebellar ataxia, cranial nerve palsy, epileptic seiz-
ures, disturbances in consciousness and mood, aphasia, signs
of intracranial hypertension and hydrocephalus may also
occur. Neuroparacoccidioidomycosis may also be asymptom-
atic, with an incidental diagnosis.9

The lackof specificity of the symptoms, the low sensitivity
of the diagnostic tests, the isolated occurrence of NPCM, and
the lack of previous systemic infection make the diagnosis of
NPCMdifficult.4,10 In cases ofmultifocal involvement, classic
symptoms of other systems may help in the clinical reason-
ing. In this context, it is important to perform chest radiog-
raphy, given the high frequency of association between
pulmonary and neurological impairments.3

Complementary laboratory exams are generally unspecific,
but theymaybe indicative ofNPCM.Neuroimaging studies (CT
and MRI) are considered essential to reveal the neurological
impairment of the disease, especially in the granulomatous
presentation. However, it may appear as other expansive
intracranial processes in imaging studies. Thus, the definitive
diagnosis is obtained only when the fungi are histologically
observed, or isolated from biopsies, or from the cerebrospinal
fluid (CSF, which is rare).4

The analysis of the CSF has low sensitivity and specificity,
and P. brasiliensis research is rarely positive, either by culture
or direct examination.7 Depending on the level of im-
pairment of the meninges, the CSF test may be normal.

Imaging exams are fundamental to guide the diagnosis of
NPCM. In CTs, paracoccidioidomycotic granulomas present as
rounded, hypodense lesions,with a hypercaptant halo in a ring
pattern, of variable location, without signs of bone formation
or destruction. The MRI is considered the best non-invasive
method to evaluate lesions of the meninges or parenchyma,
because it is more sensitive to identify intraparenchymal
lesions, especially infratentorial lesions, including those in
the cerebellum, cerebral trunk and spinal cord.9 Therefore, it
should be the gold standard to assess cases of suspicion of
NPCM. The MRI may not only show parenchyma involvement
and/or involvement of themeninges, butmay also be useful to
differentiate those lesions from other lesions.11 The lesions
were characterized by ISO (Isointense) or hyposignal in T1,
hyposignal in T2, with peripheral edema and nodular or ring
enhancement after contrast administration.12 However, both

imaging methods show unspecific characteristics, and histo-
pathology is the only way to confirm the diagnosis.13

The differential diagnosis of the granulomatous presenta-
tion of NPCM should include toxoplasmosis, neoplasms,
particularly malignant gliomas and metastatic tumors, tu-
berculosis, bacterial abscesses, neurocysticercosis, as well as
other mycoses such as cryptococcosis and histoplasmosis.
The meningoencephalic presentation should include menin-
goencephalitis, particularly the tuberculous kind.13

Medications are the usual treatment for NPCM. The use of
corticosteroids remains controversial. A positive response to
dexamethasone indicates an important actionof inflammation
and, therefore, edema in themechanismof the pathogenesis of
neurological symptoms. However, prolonged use of cortico-
steroids in infectious diseases for which a specific therapy has
not yet been established may cause dissemination and wors-
ening of the lesions.14 Thus, in the case herein reported, we
optednot to use corticosteroids due to the lackof knowledge of
the etiological agent of the preoperative lesion.

Sulfamidotherapy has been one of the treatments of
choice for NPCM, or it is used to maintain the treatment,
especially the association of sulfamethoxazole and trimeth-
oprim (SMX-TMP), due to its good penetration in the blood-
brain barrier (BBB) and low toxicity. In more severe cases,
such as those of children and adolescents, and of adults with
disseminated presentation, amphotericin B, a rapid-acting
medicine,may be used, but it should be limited because of its
high hepatic, renal and cardiac toxicity. Amphotericin B
should preferably be used in a hospital setting, because it
sometimes requires intrathecal administration, since it has
lower penetration in the BBB. Azolic derivatives, such as
itraconazole, remain a part of the therapeutic arsenal. Al-
though these drugs do not reach levels comparable to those
of the SMX-TMP in the CNS,6,15 they have presented thera-
peutic success, as evidenced in an increasing numbers of
reports. This is possibly due to the greater adherence to
treatment, because of the facilitated posology.13,15

In addition to the conservative treatment, surgical resec-
tion is indicated, with the patient having clinical conditions
and the lesion being surgically accessible, in cases of initial
diagnostic hypothesis of neoplasia, progressive spinal cord
compression, treatment inefficacy, and brainstem or ventric-
ular system compression.1,3 Even with the option of surgical
treatment, medication therapy should be initiated early,
because the manipulation of granulomas can cause the
dissemination of the disease.1

No trustworthy parameters have yet been established to
indicate the ideal and safe time to discontinue the therapy, as
well as for early reintroduction in case of recurrence. The
literature advises that the duration of the treatment is related
to reaching the criteria for clinical and radiological cure.4

Neuroparacoccidioidomycosis is a disease of high inca-
pacitating power, and the occurrence of sequelae is com-
mon, especially motor ones.3 The mortality is high,
estimated at around 53%.9 The factors predictive of a worse
prognosis are: advanced age, comorbidities, multisystemic
impairment, and meningoencephalic presentation associ-
ated with hydrocephaly.1
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Conclusion

Involvement of the CNS in PCM is a severe and incapacitating
form of the disease. Its diagnosis is a challenge due to the
absence of specificity of the exams and the clinical presenta-
tion, whichmimics other CNS pathologies. Thus, it is essential
to consider NPCM a diagnostic hypothesis in patients with
clinical andneurological conditions inendemic regionssuchas
Brazil, especially in rural areas. Due to the prevalence of
concomitant lung involvement, it is essential to perform chest
radiography. Finally, the diagnostic suspicion enables us to
initiate early treatment with antifungal agents, and to analyze
the need for surgical intervention, to avoid disabling sequelae.
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Abstract The Virchow-Robin spaces (VRSs), which are often incidentally observed in modern
structural neuroimaging examinations, are small cystic cavities that usually surround
the small arteries and arterioles at the level of basal ganglia, the anterior perforated
substance and the thalamic-mesencephalic junction. Typically, they have similar
physicochemical characteristics to cerebral spinal fluid (CSF) and there is no contrast
enhancement on brain CT andMRI images. Its real meaning is unknown, although some
contemporary studies have suggested that it might be related to certain traumatic
brain injury or several other central nervous system (CNS) disorders, as degenerative
diseases. Occasionally, some wide and atypical VRS may be mistaken for primary cystic
brain tumors, especially in the context of large and symptomatic lesions, multiple
clustered cysts, cortical lesions and if there is adjacent reactive gliosis. The present
paper reports four patients who were affected by atypical VRS mimicking brain tumors
that required imaging follow-up or even a biopsy to confirm the diagnosis or to indicate
the correct approach. Although it is not so unusual, one of them occurred concomi-
tantly and adjacent to a diffuse glioma (co-deleted 1p19q, WHO-GII).

Resumo Os espaços perivasculares alargados de Virchow-Robin (EVRs), que são frequentemente
observados incidentalmente nos modernos exames estruturais de neuroimagem como
pequenas cavidades císticas, geralmente circundam as pequenas artérias e arteríolas ao
nível dos gânglios da base, da substância perfurada anterior e da junção tálamo-mesence-
fálica. Normalmente, eles têm características físico-químicas semelhantes às do líquido
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Introduction

The Virchow-Robin spaces (VRSs), or perivascular spaces, are
small cystic cavities that usually surround thewalls of arteries,
arterioles, veins and venules at the level of the basal ganglia,
the anterior perforated substance and the thalamic-mesence-
phalic junction, as they course from the subarachnoid space
through the brain parenchyma.1–4 These spaces, which are
better visualized in magnetic resonance imaging (MRI) T2-
weighted images, are considered to be enlargedwhen the size
exceeds 2mm. Typically, its physicochemical characteristics
aresimilar to thecerebral spinalfluid (CSF), there isnocontrast
enhancement and the tissues surrounding it are totally normal
on brain computed tomography (CT) and MRI images. Com-
monly, they are asymptomatic and are found in all age groups,
although the frequency with which they are observed
increases with age. Although some contemporary studies
have suggested that it might be related to certain traumatic
brain injury and several other central nervous system (CNS)
disorders, its real meaning is unknown.5–24

Occasionally, some enlarged VRSs can reach a very large
volume, assume bizarre settings and have reactional gliosis
surrounding them. In these particular conditions they are so-
called atypical and tumefactive VRSs and may present them-
selves with symptoms such as seizures, hydrocephalus and
headache. Most often, atypical and tumefactive VRSs are
difficult todifferentiate fromacoupleofpathologic conditions,
especially fromsomeprimarycysticbrain tumorsandvascular
disorders. Sometimes, either follow-up over time with serial
imagingor a biopsy is needed toestablish the correct diagnosis
and the most appropriate management.1–11,25

Case Reports

Case 1
A25-year-old femalepatient,without anypastmedical history,
was admitted to the service complaining of early onset of short
focal seizureswith fast bilateral tonicclonicprogression. In that
time, her clinical history and semiology features were very
suggestive of frontal lobe epilepsy and her neurological exami-

nation was unremarkable. The brain MRI images showed
multiple small cystic lesions, in the cortex and in the white
matter of the superior andmiddle frontal gyri, with intensities
similar to the CSF (►Fig. 1). Faced with diagnostic hypotheses
of symptomatic epilepsy, triggered by atypical enlargedVRS or
multinodulatedvacuolarneuronal tumororothercysticglioma
tumor, the patient underwent surgical treatment. We have
performed an awake craniotomy -with brainmapping -which
was successful and got subtotal resection without any func-
tional impairment. The histopathological workup showed a
wide VRS around capillary vessels with normal surrounding
tissue. On the immunohistochemical analysis, the tissue was
positivelymarked forNeu-NandCD34delineating the vascular
contour (►Fig. 2).

Case 2
A 38-year-old male patient was submitted to brain CT and
MRI after mild accidental traumatic brain injury. The MRI
revealed small cystic lesions on T2-weighted in the cingulate
gyrus of the right frontal lobe without diffusion restriction
(►Fig. 3). There was no perilesional edema on fluid attenua-
tion inversion recovery (FLAIR) and no contrast enhance-
ment. The patient has been followed-up for 6 years and
remains asymptomatic. His periodic brain images have not
shown any progression of the lesions, which strongly sug-
gests the diagnosis of atypical VRS.

Case 3
A 49-year-old female patient was admitted to our servicewith
reentrant epileptic seizures. In her past medical history, it was
reported that she had diabetes, hypertension, and drug-resis-
tant epilepsy for 10 years secondary to a right frontal lobe
lesion. She had been previously submitted to a stereotactic
biopsy in an external service with inconclusive findings. She
underwent an MRI that revealed a small right frontal lesion,
with hyperintense signal on FLAIR and T2-weighted images,
mild hyperintense signal on T1 images, reasonable diffusion
restriction, infiltrative behavior, minor mass effect and no
contrast enhancement. Adjacent to these, thereweremultiple

cefalorraquidiano e não apresentam realce após a injeção de contraste iodado ou
paramagnético nas imagens obtidas por tomografia ou ressonância magnética de crânio.
O significado real desse achado é desconhecido, embora alguns estudos contemporâneos
tenham sugerido que eles possam estar relacionados a certas lesões cerebrais traumáticas
ou a vários outros distúrbios do sistema nervoso central (CNS), como algumas doenças
degenerativas. Ocasionalmente, alguns EVRs volumosos e atípicos podem ser confundidos
com tumores cerebrais primários císticos, especialmente no contexto de lesões grandes e
sintomáticas, cistos agrupados múltiplos, lesões corticais e se houver gliose reativa
adjacente. O presente artigo relata quatro pacientes portadores de EVR atípicos, mime-
tizando tumores cerebrais, que necessitaram de acompanhamento com imagens seriadas
ou até uma biópsia para confirmar o diagnóstico ou indicar o tratamento adequado.
Embora não seja tão incomum, um deles ocorreu concomitantemente e adjacente a um
glioma difuso (co-deletado 1p19q, OMS-GII).

Palavras-chave

► espaço de Virchow-
Robin

► espaço perivascular
aumentado

► espaço de Virchow-
Robin atípico

► tumor cerebral
cístico
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clustered cysts with signal very similar to CSF located in the
frontal, temporal, insular and parietal lobes; without restric-
tion to the movement of water molecules in the diffusion
sequence, also without contrast enhancement (►Fig. 4). The
patient was submitted to surgical treatment for resection of
those cystic lesions that were compatible with VRS on histo-
pathological analysis. In addition to this procedure, we have
performed a subtotal surgical resection of the infiltrative
lesion that, in the histopathological exam, was compatible
witholigodendroglioma (Grade II–WorldHealthOrganization

[WHO]) with the 1p19q codeletion and Ki-67 of 2%. The
immunohistochemistry stains were positive for glial fibrillary
acidic protein (GFAP) and negative for synaptophysin.

Case 4
An 8-year-old male patient, who has been affected by
epilepsy for a year, has just started his follow-up treatment
in our service. The seizures were easily controlled with
levotiracetam and his brainMRI images revealed small cystic
lesions on T2-weighted in the right occipital lobe without

Fig. 1 Case 1. Type 2 atypical enlarged VRS in the cerebral convexity mimicking a cystic primary tumor. The MRI of the brain demonstrates a
cystic lesion on the left frontal lobe. Visually, the signal intensity of the cystic contents is identical to those of CSF with all pulse sequences. The
sign intensity of the brain parenchyma surrounding is slightly higher than the normal tissue and there is no gadolinium enhancement. (A)
Coronal T2-weighted image, (B) Axial T2-weighted brain slice, (C) Axial fluid-attenuated inversion-recovery (FLAIR) view.

Fig. 2 Histological characterization of the enlarged Virchow Robin Space. (A) photomicrograph showing cystic dilation of the Virchow-Robin
space around a capillary vessel (arrow). Surrounding the dilatation, normal brain tissue is observed. (B): photomicrograph showing
immunohistochemical marker (CD34) delineating the vascular contour within a cystic dilation (arrow). (C): NeuN showing normal neuronal
organization in the brain parenchyma.
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diffusion restriction (►Fig. 5). There was no perilesional
edema on FLAIR and no contrast enhancement. The patient
remainswith good seizure control and he has been followed-
up for 4 years. His periodic brain images have not shown any
progression of the lesions, which is consistent with the
diagnosis of atypical VRS.

Discussion

The VRSs are perivascular cystic cavities (2–3mm) with a
CSF-like component filling inside within the brain parenchy-
ma.1–3 Those anatomic landmarks are observed in between
50 and 100% on MRI structural images depending on the age
of the patient and MRI resolution.1–3 These spaces charac-

terized by direct communication with subpial spaces are
covered by a double layer of piamater and have no commu-
nication with the subarachnoid compartment.2–4,17 Studies
with target radiotracers have shown that VRS has an impor-
tant role for the drainage of liquids and solute content from
the gray matter, which reaching those perivascular spaces,
from the extracellular compartment through passive diffu-
sivity, works as a lymphatic pathway of the brain. Besides
that, the VRS has a specific macrophagic population that
might be enrolled with some immunologic functions, even
though it has not been well documented.1–4,17,20

The enlarged VRS is defined as perivascular spaces wider
than3mm,which are rarely locatedon the cortical surface and
are often found in the inferior portion of the basal ganglia,

Fig. 3 Case2. Type2atypical enlargedVRS, in the left anterior cingulategyrus, that couldbemisdiagnosed as a cystic primary tumor.TheFLAIR images
show that cystic contents, as well the neighboring cerebral cortex, have identical signal intensity to those of CSF and the normal brain cortex, respectively.
Theappearanceofcystic lesionsalignedwithwhitematter tracts andwith theperimedulary veins strongly suggests anatypical enlargedVRSdiagnosis and it
was also reinforced by the stability of the findings for 6 years (A) Coronal FLAIR view, (B) Sagital FLAIR image.

Fig. 4 Case 3. Tumefactive VRS located adjacent to an oligodendroglial tumor. The MRI demonstrates multiple tumefactive perivascular
spaces of various sizes in the right frontal, insular and temporal lobes adjacent to a suspected T2-hyperintense frontal area which has T1
hyposignal and no enhancement after contrast. The anatomopathological study of the whole lesion was consistent with enlarged VRS adjoining a
1p/19q codeleted oligodendroglial tumor. (A) Coronal T2-weighted view, (B) Axial T2-weighted image, (C) Axial FLAIR image.↓Typical enlarged
VRS -.-> Atypical enlarged VRS � 1p/19q codeleted oligodendroglioma tumor.
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especially in the anterior perforated substance or even in the
anterior commissure, the substantia nigra, the dentate nucle-
us, the corpus callosum and the cingulate gyrus.2–12,14A study
evaluation with high-resolution MRI from 125 healthy sub-
jects reported an occurrence of 100% and1.6% of VRS andwide
VRS, respectively.2 It has been hypothesized a positive corre-
lation between those enlarged VSRs with a wide variety of
neurological diseases such as psychiatric disorders, dementia,
cognitive disturbances, multiple sclerosis, brain trauma and
microvascular anomalies of the brain.13–21

OnMRI, theVRS shares similar characteristics toCSF, that is,
hypointense signal in T1- and hyperintense signal on T2-
weighted images.1–4,19–23 There is no restriction to diffusion,
nogadoliniumenhancement, anda suppressed signalonFLAIR
sequences. Occasionally, the white matter surrounding those
perivascular spacesmight present amarkedgliosis. On coronal
and sagittal views, the VRS might assume a radial linear or
curvilinear appearance, since it follows the trajectory of blood
vessels, especially of medullary arteries. Grouped VRS on MRI
are named “État Criblé” or “Status Cribosum” since it has
similar appearance to a sieve.1–4,19–23 On brain CT, it might
be identified as CSF-like cystic lesions, without calcifications
or contrast enhancement.1–4,19–23

These enlarged VRSs might be classified in three types:
Type 1, the lenticulostriate arteries are involved at the level of
thebasal ganglia and anterior perforated substance; Type 2, if
it is located around the medullary veins of the brain, in the
superficial cortical region or in thewhitematter surrounding
it; Type 3, when the VRS is located close to the brainstem,
around the mesencephalic vessels, especially at the level of
the thalamomesencephalic junction.1,20

When very wide, the VRS are called tumefactive perivas-
cular spaces.7,13,23A special variant of this, which sometimes

can mimic cystic brain tumors, was recently described and
named anterior temporal lobe perivascular space. Most
often, this entity is associated with a looping of a branch
of the middle cerebral artery as well as with a focal region of
cortical thinning or nonexistent.13,23 Even though enlarged
VRS or tumefactive perivascular spaces may have
some degree of gliosis or minor expansive effect, rarely
any symptoms can be attributed to them.

The so-called atypical VRSs are enlarged perivascular
spaces which really present very large volumes or still take
the form of voluminous multiple clustered cysts. Although
they may occur in the cerebral convexity cortex and be
multifocal or bilateral, atypical VRSs commonly are solitary
and occur in thebrainstem, notably in the thalamic-encephalic
junction. Unlike the other mentioned variants of perivascular
spaces, atypical cases areoftenaccountable for symptomssuch
as headache, nausea, vomiting, seizures and drowsiness. The
main mechanisms involved in it are mass effect, perilesional
edema, gliosis and CSF flow disturbances caused by the
distortion of the Sylvius aqueduct and of the third ventricle,
with consequent hydrocephalus.3,6–12,20,22,23

Magnetic resonance imaging, with advanced imaging tech-
nique, is considered the gold standard approach for VRS
diagnosis and it permits the certainty of diagnosis in most
cases. Differential diagnosis includes arachnoid cysts, neuro-
epithelial cysts, lacunar stroke, multicystic encephalomalacia,
neurocysticercosis, neurocriptococcosis and cystic brain
tumors. Considering the above, usually arachnoid cysts are
also asymptomatic and there is no contrast enhancement;
inflammatory diseases presentmarked contrast enhancement
andCSF laboratorychanges; neurocysticercosis have anodular
component inside the cysts and usually come with parenchy-
mal calcifications; and vascular disorders are associated with

Fig. 5 Case 4. Type 2 atypical enlarged VRS, in the right occipital lobe. (A) Axial T2-weighted image shows linear to cystic hyperintense areas around the
right occipital horn. The signal intensity of the surrounding brain parenchyma is normal; (B) Coronal Flair image shows that the spot has CSF-like content. In
some areas, around the cystic lesions, there is a thin layer with hyperintense signal, and its appearance reflects gliosis, which is unusual.
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sudden symptoms in elderly people who have other risk
factors for stroke.5–10,16–20,22–25

Despite advanced MRI techniques, sometimes it is still
difficult to differentiate VRS from some cystic brain tumors.
Often, the density of the cystic contents of brain tumors is
slightly different from the one found in CSF, which frequently
help for a differential. In addition, brain tumors usually have
indolent symptoms, mass effect and perilesional edema.
Although MRI usually clarifies the diagnosis, a biopsy or
even a surgical resectionmight be required for some atypical
cases to have the diagnosis of certain stablished or to have
the symptoms under control. We have decided for surgical
approach on case 1 and 3 just to have the accurate diagnosis
and to get seizure control. In those cases, we also understood
that obtaining a sample of tissue was important to differen-
tiate enlarged VRS from low-grade glioma and vacuolating
multinodular neural tumor. The last, which is described as an
indolent neoplasm related to late-onset epilepsy, was re-
cently recognized as a new entity by the 2016 WHO classifi-
cation, and they behave more as a dysplastic/malformative
lesion than as a true neoplasmwith origin from a progenitor
type with origin from a progenitor neuroglial cell type
showing aberrant maturation.25
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Members from the Brazilian Neurosurgery Society Spine
Department (BNSSD) readwithenthrallment yourmanuscript
and wish to complement the authors for the initiative in
discussinga complex and controversial issue such as theChiari
I disease.

The panel’s consensus stated that a yearly MRI follow-up
interval is indicated for children that harbor a 5mm tonsils
foramen magnum caudal displacement. However, careful lit-
erature analyses disclose a normal tonsillar position range that
varies with age as posted by Mikullis et al.1 These authors
reported normal tonsillar position change with age and sug-
gested the following criteria as lower limits for ectopia: in the
first decade of life a 6mm descent is considered normal, in
the second and third, 5mm, from the fourth to the eighth,
4mm and beyond this age, 3mm. All these distances were
more than 2 standard deviations (SDs) over the normal range.
Despite that, we also believe that the position of the tonsils is
only an epiphenomenon, generally found concomitant with
the disease, characterized by altered craniocervical transition

cerebrospinal fluid (CSF) flow. Other authors have deeply
questioned2,3 a 5mmcutoff to consider the diagnosis of Chiari
diseasesince tonsillardescentmeasurementsvaryaccordingly
to other neglected parameters, such as asymmetric tonsillar
positions, anatomic vessels relationships and CSF flow. Thus,
what actually defines Chiari disease are the morphometric
parameters of the posterior cranial fossa and concomitant
typical clinicalfindings (8). Barkovich et al.4made this concept
even clearer comparing the mean tonsillar position between
normal and Chiari patients. They concluded that the most
important factor for diagnosis would not be tonsillar descent,
but compressions of the structures of the posterior fossa.
Beijani5, reviewing aspects of historical definitions before
and after the advent ofMRI, made clear that “there is no single
test that allows a clear-cut distinction between clinically
significant tonsillar ectopia and incidental tonsillar descent”.
Therefore, we consider two main issues in the diagnosis of
Chiari 1 disease: an absent cisternamagna,filledwith tonsillar
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tissue and clinically relevant symptoms associatedwith Chiari
disease.

It is evenmore paradoxical to designate the condition as a
deformity. Considering a small posterior cranial fossavolume
as the main cause of the disease,6 we can postulate that the
Chiari type 1 condition could be a developmental disease and
not congenital, since the patient is not bornwith the disease,
and certainly not a deformity, as many asymptomatic per-
sons might present a small posterior fossa and tonsillar
descent and should not be diagnosed with Chiari disease
(or Chiari deformity!).

Furthermore, we do not agree that the Chiari type 0 and
Chiari type 1,5 terms brought confusion to the literature
since these terms shed light on important issues regarding
underlying mechanisms involved in this disease.7,8

Regarding the mentioned clinical indications for surgery,
authors divide symptoms into major and minor and state
that major symptoms are a strong surgical indication. Even
though typical occipital headaches might improve with
surgical treatment, there are huge variations in headache
intensities and different impacts in quality of life. Thus,when
headache symptoms are satisfactorily controlled with medi-
cation, surgery can be postponed or avoided. Besides, head-
ache evaluation without other symptoms in children is even
harder. Therefore, suggesting surgery for all these patients, as
a strong recommendation, seems controversial.

The presence of hydrocephalus as a strong surgical recom-
mendation is also questionable, since the tonsillar ectopia
might be secondary to the hydrocephalus and this should be
treated before even considering the diagnosis of Chiari type 1.

Regarding the use of intraoperative ultrasound to decide
whether to perform duroplasty versus only bone decom-
pression, there was a not a clear statement. Bond et al9 had
demonstrated that the position of the head alters the
craniocervical junction CSF flow; therefore, the use of ultra-
sound is not conclusive when selecting between opening
versus not opening the dura during the surgery. There are
still many controversies in the literature and, therefore, we
cannot routinely recommend thismethod to decide between
opening or not the dura.

Finally, the theory that cerebellar tonsil caudal migration
occurs due to a supposed “caudal traction” of cranial nerve
structures in a so-called occult tethered cord syndrome is
also controversial. A recent systematic review published by
our group showed that filum terminale sectioning intended

to treat Chiari 1 disease is still an experimental treatment.
Furthermore, after 20 years of its proposal, it has still not
been proven to be effective. Thus, so far, this procedure
should not be recommended for Chiari type 1 treatment.10

We congratulate the authors for raising important infor-
mation regarding the diagnosis and the surgical decision-
making process in Chiari disease type 1, and hope that our
considerations might contribute in the continuous under-
standing and management of this challenging disease.
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Dear Editor,
We read with great interest the letter by Rusafa et al.,

which contains several relevant discussion points regarding
our publication. Their remarks certainly shed some more
light on the controversial topic that is the Chiari I deformity
(CID), and help to better understand this intricate pathology
and improve its clinical management, which were also the
main objectives of our article in the first place. We are in
accordance with most of the comments presented therein;
nevertheless, we believe that some of their discussion points
need further clarification.

The 5mm cutoff measurement of tonsillar ectopia for the
diagnosis of CID is definitely a matter of debate in the medical
literature. Obviously, it should not be considered in isolation,
especially for the indication of surgical treatment. The con-
comitance of a consistent clinical picture and cerebrospinal
fluid flow abnormalities, including syringomyelia (see section
4–clinical indications for surgery – of the original manuscript)
are just as significant as the tonsillar ectopia itself. However,
our report aimed at providing practical guidance for clinicians

dealing with CID, and it is important that they have some clear
information to decidewhether a given patient should undergo
further diagnostic assessments or evenbe referred to a special-
ist neurosurgeon. In addition, regarding the need for periodic
magnetic resonance imaging (MRI) follow-up,wewould like to
stress out that our statement pertains to the developing bodies
of the pediatric population, in whom not only the posterior
fossa structures but also the cerebellar tonsils position and
shape might change with time, let alone their anatomical
relationships1,2; therefore, in our opinion, and specifically for
children, radiological follow-up should be recommended and
analyzed along with the clinical features.

These concepts should also be brought to mind when
discussing the best nomenclature of Chiari I, which is, by the
way, very subjective. Probably, the most widely used denomi-
nation nowadays is “malformation,” coined by Hans Chiari
himself, which we find inaccurate because, and as Rusafa
et al. also state, Chiari I is not congenital. It is rarely seen in
thenewborn, andcerebellar tonsillar ectopia inearly childhood
is most likely the result of a discrepancy between postnatal
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growth of the cerebellum and the posterior cranial fossa.3 The
word “disease” does not seem appropriate as well, because
cerebellar tonsils in Chiari I are either normal or show areas of
pressure necrosis,3 in contrast with the neuronal disorganiza-
tion and brainstem dysplasia that have been described, for
example, in Chiari II. The term “deformity” seems to highlight
the dynamic and acquired nature of Chiari I, which can be
modified spontaneously or surgically. For these reasons, and
due to the fact that this entity is associated with various other
clinical situations,wehaveacceptedthesuggestionofDiRocco,4

who not only puts aside the term “malformation,” but also
suggests a contextualized classification distinguishing the dif-
ferent conditions placed under the umbrella definition of CID
(such as craniosynostosis, platybasia, craniocerebral dispropor-
tion, secondary neurulation abnormalities, bone metabolic
disorders, and so forth). Concerning the terms Chiari type 0
and Chiari type 1,5, the authors understand their usefulness,
but chose to keep them out of the discussion within the
Consensus report for it was a little beyond the scope of the
article.

We certainly agree that headaches can be very unspecific,
and have varying degrees and characteristics, especially in
children. This symptom should not be considered alone as an
indication for surgery; nonetheless, it requires careful follow-
up, and surgical therapy might be even considered in cases of
refractory persistent headaches with significant radiological
findings. Certain headache features, such as occipital location,
exertional and worsening with Valsalva maneuvers, are more
specifically related to clinically manifested CID.

We also agree that hydrocephalus should be treated prior to
consideration for foramenmagnumdecompression,mostoften
via endoscopic third-ventriculostomy, whenever possible. We
thankRusafa et al. for the reminder and take the opportunity to
clarify this issue. Likewise, the use of ultrasonography (US) for
the decision to perform duraplasty is still a controversial topic,
without consistent scientific evidence hitherto, which is why
we have not recommended it officially and only recall that it
can helpful in selected cases. We would even add that US is an
operator-dependent method, and should be used mostly by
neurosurgeons who have good experience with it.

Lastly, we once again definitely agree that there is no
evidence to recommend section of the filum terminale, from
aphysiopathological rationale and a scientific standpoint, for
the treatment of CID. We have emphasized this in a previous

letter from our group.5 At the time the Consensus report was
drafted, the work of Milano et al. and the Brazilian Neuro-
surgery Society Spine Department,6 which confirms this
assumption categorically, had not been published; neverthe-
less, it is an outstanding work with very convincing results,
for which the authors should be praised. Yet, for the sake of
discussion, it is worth mentioning the concept of occult
tethered cord syndrome (OTCS), defined as the presence of
symptoms consistent with tethering of the spinal cord by the
filum, but with the conus in a normal position.7 Occult
tethered cord syndrome is a well described condition known
to occur particularly (but not only) in connective tissue
disorders, such as Ehlers-Danlos disease.8 This might also
be one of the reasons why some patients experience clinical
improvement after section of the filum.

We thank again the colleagues for their insightful sugges-
tions and comments, and hope that any major misunder-
standings have been clarified. Ongoing discussions such as
this one are quintessential to provide us with better knowl-
edge of CID and to improve the quality of care of our patients.
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