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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
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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 55years 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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