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RESUMO

Lesbes de nervos periféricos em membros superiores ocorrem
predominantemente em adultos jovens preferencialmente homens na maioria das vezes
causadas por objetos cortantes. A microcirurgia € o tratamento de escolha para essas
lesdes, sendo a regeneracdo apds a microcirurgia geralmente avaliada com exames
clinicos e eletrofisiologicos. O objetivo deste estudo foi o de utilizar a ressonéncia
magnética (RM) para investigar a regeneracado do nervo periférico apds neurotmese
completa, e comparar os resultados de RM com os obtidos com as avaliagdes clinicas
e EMG. Foi realizada analise prospectiva de 6 pacientes encaminhados para a Unidade
de Neurocirurgia do Hospital Universitario de Brasilia (HUB) com diagndstico de
neurotmese traumatica do nervo ulnar. Os pacientes submetidos a sutura primaria foram
seguidos com a avaliagao clinica para monitorar a progressao da regeneracao nervosa
e a recuperacao clinica, que incluiu exame fisico, eletromiografia (EMG) e ressonéncia
magnética nos dias 14 e 50 de pdés-operatdrio, juntamente com EMG apds 6 meses.
Intensidades do sinal T2 em RM de 1.5T foram analisados simultaneamente com outras
avaliacbes clinicas. Observamos sinais T2 hiperintensos no primeiro exame pos-
operatdrio, que diminuiu significativamente no segundo exame pés-operatorio (p < 0,05).
Todos os pacientes apresentaram recuperagao parcial da funcdo do nervo 6 meses
apos a cirurgia. Estes achados corroboram os de estudos anteriores onde foram
utilizados modelos experimentais. A diminui¢do de sinal de RM em nervos reparados
poderia ser diretamente correlacionada com o crescimento de axénios em regeneracao.
Portanto, RM de 1.5T pode ser usada para diagnosticar descontinuidades de nervos
periféricos, detectar neuromas, monitorar a regeneracdo do nervo, e determinar o
prognostico apds a reparagdo, apresentando-se como um exame nado invasivo e

extremamente util.
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ABSTRACT

Peripheral nerve lesions in the upper limbs occur predominantly in
reproductive-age men and are often caused by sharp objects. Microsurgery is the choice
treatment for these injuries, and regeneration after surgery typically is evaluated with
clinical and electrophysiological examinations. The aim of this study was to use magnetic
resonance imaging (MRI) to investigate peripheral nerve regeneration after complete
neurotmesis, and to compare the MRI findings with those obtained with clinical and EMG
evaluations. We conducted a prospective analysis of 6 patients referred to the
Neurosurgery Unit of the University Hospital of Brasilia (HUB) with a diagnosis of
traumatic neurotmesis of the ulnar nerve. Patients that underwent primary neurorhaphy
were followed with clinical evaluation to monitor the progression of nerve regeneration
and clinical recovery, which included physical examination, electromyography (EMG)
and MRI on post operative days 14 and 50 and physical examination along with EMG
after 6 months. T2 signal intensities on 1.5-T MRI were analyzed simultaneously with
other clinical evaluations. We observed hyperintense T2 signals at the first postoperative
examination, which decreased significantly by the second postoperative examination (p
< 0.05). All patients showed partial recovery of nerve function 6 months after surgery.
These findings corroborate those of previous studies using experimental models and at
least 1.5-T MRI. The signal decrease in the repaired nerves could be correlated to the
ingrowth of regenerating axons. Therefore, 1.5-T MRI might be used to diagnose
discontinuities within peripheral nerves, detect neuromas, monitor nerve regeneration,
and determine the prognosis after peripheral nerve repair, presenting as a non-invasive

exam.
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Figura 1: As setas indicam o aspecto radiolégico de imagem obtida por RM 1.5T com
corte axial ponderado em T2 (T2-weighted), de punho sem evidéncia de lesdo do nervo
mediano (a esquerda) ou do nervo ulnar (a direita), onde se pode observar o padrao

isointenso dos nervos sadios.

Figura 2: Lesdo do nervo ulnar ao nivel do punho em pré e pds-operatorio. A.
Neurotmese, aspecto inicial. B. Aspecto final da neurorrafia primaria com jungéo

uniforme do coto distal e proximal. (Fotos do autor)
Figura 3- Desenho do Estudo

Figura 4- Avaliagcao da forga muscular pela escala do Medical Reseach Council (MRC)
[14].

Figura 5: Exame de RM-1,5T em T2-weighted, cortes axiais paciente 1.: A/C coto
proximal (15 mm da linha de sutura) no 14° dia de pds operatério (PO) (A) e 50° dia de
PO (C), B/D coto distal (15 mm da linha de sutura) no 14° dia de PO (B) e no 50° dia de

PO (D). O circulo mostra o nervo ulnar; As setas mostram o nervo mediano.

Figura 6: Exame de RM-1,5T em T2-weighted, cortes axiais paciente 2. A/C coto
proximal (15 mm da linha de sutura) no 14° dia de pds operatério (PO) (A) e 50° dia de
PO (C), B/D coto distal (15 mm da linha de sutura) no 14° dia de PO (B) e no 50° dia de
PO (D). O circulo mostra o nervo ulnar; As setas mostram o nervo mediano.

Figura 7: A curva de tendéncia (moving average) nos cotos proximal e distal ao 14°
DPO. Cada paciente é representado por um quadrado e cada quadrado representa o
sinal da RM ponderado em T2 relag&o entre o nervo ulnar estudado e nervo mediano —
controle.

Figura 8: A curva de tendéncia (moving average) nos cotos proximal e distal ao 50°
DPO. Cada paciente é representado por um quadrado e cada quadrado representa o
sinal da RM ponderado em T2 relag&o entre o nervo ulnar estudado e nervo mediano —
controle.

Figura 9: A curva de tendéncia (moving average) nos cotos proximal e distal ao 14° e
50° DPO. Os pontos quadrados e triangulares representam a relagao do sinal ponderado
em T2 das imagens de RM entre nervo ulnar e nervo mediano ipsilateral de controle de
cada paciente. #A diferenca da relagao de sinal entre dois pontos na linha de tempo foi

estatisticamente significante (Wilcoxon rank test, p < 0.05).



Tabela 1: Classificagao de lesdo de nervo segundo Seddon e Sunderland.

Tabela 2: Classificacdo das lesbes traumaticas de nervo periférico e suas
caracteristicas radiologicas em RM.

Tabela 3: Dados epidemioldgicos.

Tabela 4: RM: intensidade do sinal medida nos cotos proximal e distal nos dias 14 e 50

de pds operatorio.

Tabela 5: ENMG achados e status funcional avaliado ao 50° DPO e sexto més de pés
operatdrio. Fib: Fibrilagdo, OAP: onda aguda positiva, Rec: Recrutamento, MRC-

(Medical Research Council). Avaliagao da forga muscular.



1. INTRODUCAO



Deficits neurologicos motores ou sensitivos ocasionados por lesdo traumatica
de nervo periférico (NP) podem ser psicologicamente, socialmente e economicamente
devastadores, resultantes de complicacdes e sequelas decorrentes da lesdo do nervo,
podendo ainda limitar as atividades profissionais e cotidianas do individuo. No entanto,
estudos epidemiolégicos que avaliam lesbes de nervos periféricos geralmente
envolvem amostras pequenas, em virtude da maioria das lesbes agudas descritas
tendo sido admitidas em servigos de urgéncia [1, 2]. Esses estudos relatam a
prevaléncia de lesdes de nervos periféricos nos membros superiores em torno de
27%, com predominio no sexo masculino com idade inferior a 36 anos de idade [1]. A
prevaléncia de lesdo para o nervo radial, nervo mediano, e nervo ulnar foi de 25%,
22%, e 19,4%, respectivamente. A prevaléncia de lesdo combinada de nervo foi de
16,7% para o nervo mediano e nervo ulnar, e 7% para nervo mediano, nervo ulnar,
nervo radial e outros, segundo dados epidemiolégicos regionais mas que
correspondem apenas a parte da prevaléncia destes pacientes no Distrito Federal. Na
maioria dos casos, a lesao foi causada por um objeto cortante [3,4]. Apds a lesdo do
nervo, uma série de modificagdes conhecidas como cromatélise ocorrem no corpo
celular do neurdnio, sendo que a produgao axoplasmatica, permite a regeneragao dos
nervos em humanos, com taxa de regeneragédo do crescimento axonal de 1 mm por
dia ser universalmente aceita [5]. Degeneragdao Walleriana € o processo de
degeneragdo axonal que ocorre, principalmente, no segmento distal a lesdo que
perdeu continuidade com o corpo da célula, ocorrendo também em seu coto proximal
alguns milimetros proximais a lesédo e, a extensdo da degeneragao axonal no coto
proximal varia de acordo com a gravidade do trauma. No processo de degeneragao
Walleriana, a estrutura axonal é degradada pela fagocitose, o que deixa um conduto
vazio envolto por endoneuro que pode receber o axoplasma em crescimento

produzido pelo corpo da célula durante a regeneragédo do axénio.



1.1.Tipos de lesao

Lesdes de nervo periférico podem ser classificadas de acordo com Seddon [6, 7]
em 3 graus ou de acordo com Sunderland em 5 graus [8] (Tabela 1). Em neurotmese,
a integridade do epineuro em torno do nervo é danificada e normalmente requer
tratamento cirurgico. A regeneracdo e reinervagcdo nunca sao completas e ha uma
razao a ser explicada neste texto para isso. Estes pacientes tém tipicamente

deficiéncias motoras e sensoriais permanentes.

Tabela 1: Classificagédo de lesdo de nervo segundo Seddon e Sunderland.

Seddon Sunderland Lesao Recuperagao
Neuropraxia Grau | Bloqueio de Rapida e
condugao excelente
Axonotmese Grau Il Ruptura do Lenta e excelente
axbnio sem

interrupgao dos

tubulos da lamina

basal
Grau lll Ruptura do Lenta e
axobnio e dos incompleta

tubulos da lamina
basal
Grau IV Bloqueio Nenhuma
completo pela
cicatriz
Neurotmese Grau V Transecgao Nenhuma

completa

Fonte: adaptado pelo autor de Seddon e Sunderland



O membro superior € o mais acometido com maior frequéncia de lesdo dos
nervos mediano, ulnar e radial [6, 7]. No entanto, para determinar um diagndéstico
acurado, estabelecer prognaostico, ou o a terapéutica adequada, a discriminagao entre

axonotmese e neurotmese é crucial.

Regeneracao nervosa é tipicamente monitorada através de exame clinico por
reavaliagbes seriadas, as quais inclui a taxa de progressédo do sinal de Tinel no

membro afetado em conjunto com os achados de exames eletrofisiologicos [9].

A avaliagao neurofisiolégica € comumente usada para monitorar a fungédo do
nervo, mas este monitoramento ndo pode distinguir entre axonotmese e neurotmese,
sem que haja espera cronoldgica, o que pode levar a piora na recuperagao da fungéo
deste paciente se a diferenciacao for feita tardiamente.

Além do crescente interesse em ultrassonografia (ecografia), a ressonéncia
magnética (RM) vem se estabelecendo como uma ferramenta mais util para avaliar
lesdes traumaticas de nervo periférico [10, 11], pois a perda de continuidade em um
determinado nervo pode ser melhor identificada com RM, auxiliando na necessidade

de reintervencgéo cirurgica [12,13] quando necessario.



1.2. Padrao radiolégico

Quando avaliados por RM, os nervos periféricos normalmente mostram sinal
intermediario em imagens ponderadas em T2 (T2-weighted), entre a gordura e
musculatura adjacente, usualmente é levemente hipointenso em T2. A Tabela 2 traz
as alteracdes esperadas nas imagens de nervo periferico e musculo além de inferir

sobre progndstico de acordo com cada tipo de lesao.

Durante o periodo que se segue a lesdo do nervo, este exibe sinal hiperintenso
que desaparece apos varias semanas quando 0 axdnio comega a crescer no processo

de regeneracéo [14-20].

Figura 1: As setas indicam o aspecto radiolégico de imagem obtida por RM
1.5T com corte axial ponderado em T2 (T2-weighted), de punho sem evidéncia de
lesdo do nervo mediano (a esquerda) ou do nervo ulnar (a direita), onde se pode

observar o padrao isointenso dos nervos sadios.
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1.3. Abordagem Cirurgica

A abordagem cirurgica a ser adotada varia conforme o tipo de trauma e a leséo.
Lesbes causadas por trauma mecanico por cortes incisos sao mais simples de serem
diagnosticadas e devem ser tratadas por reconstrugdo cirurgica [21]. Nervos
periféricos podem ser tratados basicamente por neurdlise, ou reconstrucdo com
suturas e enxertos. A neurdlise pode liberar e descomprimir nervos periféricos quando
sdo comprimidos principalmente por lesdo isquémica ou mecanica, mas nao €
utilizada como técnica principal em lesées mais graves como na neurotmese por

exemplo.

A técnica usada para suturar o nervo € um fator que pode afetar a recuperagao
funcional; a reconstrucdo pode ser realizada com sutura epiperineural (interna e
externa), perineural, ou sutura epineural, sendo a epineural a mais comumente usada.
E possivel realizar enxertos autélogos interfasciculares com nervo sural ou neurotubos

modernos (tubos acido poliglicdlico, colagéno, etc) [22, 23].

Da mesma forma, o tratamento com fatores neurotroficos que promovem a
regeneracao dos nervos, tais como o fator de crescimento do nervo, podem também
serem utilizados [24, 25]. Algumas substancias, como gangliosideos e neurocinas, ja
sao utilizados para fins terapéuticos [26]. O resultado apds reconstrugdo de nervos
periféricos permanece abaixo do ideal, ja que apenas 10% dos adultos vai recuperar

a funcédo normal do nervo.

Esses dados levantam a questao se os avangos nas técnicas de microcirurgia
e seu acompanhamento pds-operatério sdo suficientes para detectar ou prever
resultados ruins mais precocemente, e se podem melhorar o acompanhamento pos-

operatorio [27-29].

Exames de imagem néo invasivos podem fornecer um meio para monitorar o
progresso da coaptagao e da regeneragao do nervo, a qual pode ser prejudicada por
formacéo cicatricial, frequentemente nao detectada ao exame clinico mas facilmente
vista aos exames de imagem, podendo prever o resultado clinico ou rever o tratamento
[30, 31].



Neste cenario, uma nova intervengdo cirurgica é obrigatoria [32,33]. ApoOs
transecgdo completa do nervo com coaptagéo cirurgica (neurorrafia) subsequente e
regeneracao, a imagem pode revelar descontinuidades ou neuromas em formacao.
Em condigdes livres de tensdo, uma coaptacdo epineural ou fascicular das
extremidades do nervo & geralmente aceita como técnica adequada e suficiente para

um bom resultado [34, 35].



2. OBJETIVOS
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2.1. OBJETIVO GERAL

O objetivo deste estudo foi avaliar a utilidade da RM convencional (1,5T) como
exame complementar a pratica clinica e Eletroneuromigrafia (ENMG) no
monitoramento da regeneragao neural de pacientes com neurotmese do nervo ulnar

submetidos a neurorrafia primaria na regido do punho.

2.2. OBJETIVOS SECUNDARIOS

Identificar precocemente alteragdes andmalas no progresso da regeneragao do
nervo ulnar, possibilitando reintervengdes em tempo habil, bem como inferir sobre o

prognastico.

Verificar os resultados de seguimento destes pacientes aos 6 meses da
intervengao cirurgica comparando a avaliagao clinica, ENMG e RM.

11



3. METODOLOGIA
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3.1. MATERIAL E METODO

Entre maio de 2012 e julho de 2013, avaliou-se prospectivamente na Unidade
de Neurocirurgia do Hospital Universitario de Brasilia (HUB), pacientes com
neurotmese do nervo ulnar pos lesdo traumatica causada por objeto cortante,

submetidos a neurorrafia primaria na regiao do punho [32, 33]. (Figura 2)

Todos foram operados e companhados pelo mesmo cirurgido (OM). Pacientes
com contraindicagdes a realizagdo de exame de RM foram excluidos, tais como

portadores de marcapasso cardiaco.

Figura 2: Lesdo do nervo ulnar ao nivel do punho em pré e pds-operatério. A. Neurotmese, aspecto
inicial. B. Aspecto final da neurorrafia primaria com jungao uniforme do coto distal e proximal. (Fotos

do autor)

13



Apoés a cirurgia, todos foram submetidos a cuidados pés-operatorios padrao
(imobilizagao, fisioterapia) e exame de RM no 14° dia e 50° dia pés-operatdrio (DPO).
Avaliacdo clinica concomitante ao exame de eletroneuromiografia (ENMG) foi
realizada no 50° dia e aos 6 meses DPO em cada paciente. (Figura 3)

3.2. Desenho do estudo

RM no 14° DPO

RM no 50° DPO

Reparo da neurotmese

ulnar por neurorrafia 15 mm 15 mm
primaria Segmento proximal e Segmento proximal e
distal e ENMG

distal J

|

12 meses de pos-
operatério

6 meses de pos-
operatorio

Avaliagao clinica e da
progresséo do sinal de
Tinel

Avaliacdo clinica e da
progresséao do sinal de
Tinel e ENMG

Figura 3: Desenho do Estudo
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3.3. Aprovacgio no Comité de Etica

O estudo foi aprovado pelo comité de ética da Faculdade de Medicina da
Universidade de Brasilia sob registro numero 082/11. Também foi aprovado pelo
Departamento de Ensino e Pesquisa (DAEP) do Hospital Universitario de Brasilia
(HUB).Todos os participantes forneceram consentimento por escrito e seus familiares
receberam todas as informagdes antes e durante a pesquisa.

3.4. Exame de Ressonancia Magnética

Foi utilizada uma RM GE (Milwaukee, WI, EUA) de 1,5 Tesla equipada com sistema
de gradiente BGA12 (200mT/m) e bobina de volume (Bruker BioSpin) com diametro
interno de 7 cm foi utilizada para excitacéo de radiofrequéncia e recepgao dos sinais,
utilizada em todos os exames. Foram realizadas RM do punho nos dias 14° e 50° do
pos-operatorio, com mao e punho imobilizados com tala em posi¢cao semi-pronada
acima da cabeca. Os sinais da RM foram delimitados manualmente em cortes dentro
de uma circunferéncia de 0,030 cm? na &rea central do nervo. Estes foram
determinados 15 mm proximal e distal no nivel correspondente a lesdo no nervo ulnar
e no nervo mediano ipsilateral (considerado saudavel e usado como controle) pelo
delineamento manual da circunferéncia do nervo como regiéo de interesse intraneural
(ROI- region of interest) em cada corte axial para determinar a relagéo contrast-to-
noise, o local de 15 mm proximal e distal ao ponto da leséo foi determinado em virtude
da taxa aceita de crescimento axonal de 1mm/dia em consonancia com os periodos
dos exames a serem feitos no pds-operatério. Outros ROIs foram posicionados nos
musculos tenares bem como no ar (desvio padrao do ar, SDair -standart deviation air).
A medida de intensidade do sinal foi realizada duas vezes pelo mesmo pesquisador
(PM) Unidade de Radiologia do HUB) e esta intensidade em T2 foi calculada utilizando
o programa OSIRIX (Genebra, Suiga) software gratuito, obtido através de download
direto no site (http://www.osirix-viewer.com/Downloads.html). As intensidades médias
dos sinais nos cotos proximal e distal dos nervos manipulados foram entdo calculadas
(férmula abaixo) como uma raz&o do sinal médio nos nervos de controle (nervo
Mediano ipsilateral). Formula: Sinal T2 relativo: Gray Value (tons de cinza) do nervo
manipulado / Gray Value do nervo controle (n. Mediano) x 100.
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3.5. Eletroneuromiografia

Todos os pacientes foram submetidos a ENMG dos membros superiores no 50°
dia e ao sexto més do periodo pds-operatdrio no departamento de neurofisiologia do
Hospital de Base do Distrito Federal, seguindo protocolos ja estabelecidos para
avaliacdo e nervos perfiféricos utilizando o aparelho Nihon-Kohden. Foram
consideradas as seguintes variaveis: Fibrilagdo (Fib), Onda Aguda Positiva (OAP),
Recrutamento (REC).

3.6. Exame Clinico

Foram realizados exames clinicos por um unico avaliador (OM), para
verificacdo do Status funcional do nervo, a admissdo e ao sexto més e ao final de
acompanhamento, utilizando a analise do grau de for¢ca muscular conforme

padronizado pela escala, do Medical Reseach Council (MRC) [14] Figura 4.
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0 | Néo se percebe nenhuma contracdo

1 Traco de contracdo, sem producdo de movimento

Contragéo fraca, produzindo movimento com a eliminaco da gravidade

Realiza movimento contra a gravidade, porém sem resisténcia adicional

Realiza movimento contra a resisténcia externa moderada e gravidade

sl N

E capaz de superar maior quantidade de resisténcia que no nivel anterior

Figura 4: Avaliacédo da forga muscular pela escala do Medical Reseach Council (MRC)
[14].

3.6. Analise estatistica

A analise estatistica dos dados de ressonéncia magnética foi realizada com o
programa SPSS 21.0 (SPSS, Inc., Chicago, lllinois). As diferengcas dependentes do
tempo dentro de um grupo, foram analisados com o teste de Wilcoxon (Wilcoxon
signed-ranks test) para amostras pareadas de dados n&o paramétricos. Valores de p
< 0,05 foram considerados estatisticamente significativos.
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4. RESULTADOS
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Seis pacientes adultos jovens, 22 a 34 anos de idade sendo 4 do sexo
masculino e 2 do sexo feminino com lesdo aguda de nervo ulnar foram operados
durante o periodo de maio de 2012 a julho de 2013 (Tabela 3). Todos os 6
realizaram RM, ENMG e retornaram para revisdo no 14° e 50° dias (Tabela 3). O
periodo médio de seguimento foi de 12,5 meses.

Tabela 3: Dados epidemioldgicos.

Paciente Idade Género Tempo de Tempo de Tipo de

lesao seguimento lesao
(Dias) (Meses)

1 22 M 10 12 neurotmese

2 27 F 5 12 neurotmese

3 31 M 12 14 neurotmese

4 23 M 13 12 neurotmese

5 34 M 8 13 neurotmese

6 24 F 9 12 neurotmese

4.1. Ressonancia Magnética

As imagens de RM (1,5T) do nervo ulnar em T2 a 15 mm do coto proximal e
distal obtidas entre 14° e 50° DPO registram a continuidade dos nervos coaptados

cirurgicamente em dois exames pareados.

As Figuras 5 e 6 apresentam imagens (T2-weighted) de 2 pacientes com
neurotmese do nervo ulnar no punho que foram submetidos neurorrafia primaria no
punho, e mostram cortes a 15 mm da linha de sutura proximal e distal no 14° (A/B) e
50° (C/D) dia respectivamente de PO, onde se pode verificar a evolugdo da
intensidade do sinal comparando o sinal axial do nervo ulnar reparado com o sinal
axial do nervo mediano ipsilateral utilizado como controle de imagem. Como as
imagens indicam (Figuras 5 e 6), o sinal de imagens T2-weighted ao 14° dia apos a

cirurgia, o coto distal exibe hipersinal em relagdo ao coto proximal quando se compara
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A com B, mas com diminui¢ao deste hipersinal do coto distal quando verificado ao 50°

dia ap6s a cirurgia (comparando C com D).

Figura 5: Exame de RM-1,5T em T2-weighted, cortes axiais paciente 1.: A/C coto proximal
(15 mm da linha de sutura) no 14° dia de pds-operatério (PO) (A) e 50° dia de PO (C), B/D
coto distal (15 mm da linha de sutura) no 14° dia de PO (B) e no 50° dia de PO (D). O circulo
mostra o nervo ulnar; As setas mostram o nervo mediano.
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Figura 6: Exame de RM-1,5T em T2-weighted, cortes axiais paciente 2. A/C coto proximal
(15 mm da linha de sutura) no 14° dia de pos-operatério (PO) (A) e 50° dia de PO (C), B/D
coto distal (15 mm da linha de sutura) no 14° dia de PO (B) e no 50° dia de PO (D). O circulo
mostra o nervo ulnar; As setas mostram o nervo mediano.

O sinal das imagens ponderadas na RM em T2 apresentaram um padrao
caracteristico indicado por uma curva de tendéncia, com o sinal para o coto proximal

abaixo do sinal medido para o coto distal (Figuras 7 e 8).
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Figura 7: A curva de tendéncia (moving average) nos cotos proximal e distal ao 14° DPO. Cada
paciente é representado por um quadrado e cada quadrado representa o sinal da RM ponderado em
T2 relagéo entre o nervo ulnar estudado e nervo mediano — controle.
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Figura 8: A curva de tendéncia (moving average) nos cotos proximal e distal ao 50° DPO. Cada
paciente é representado por um quadrado e cada quadrado representa o sinal da RM ponderado em
T2 relagéo entre o nervo ulnar estudado e nervo mediano — controle.
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O mesmo padrao foi observado nas imagens de ressonancia magnética

obtidas 50 dias ap0s a cirurgia (Figura 9 e Tabela 4).

Tabela 4: RM: intensidade do sinal medida nos cotos proximal e distal nos dias 14 e 50 de pés-
operatorio.

Paciente RM Proximal RM Distal

dia 14 dia 50 dia 14 dia 50
1 147 112 188 130
2 119 93 248 238
3 153 90 227 211
4 140 97 219 184
5 140 88 204 198
6 130 103 200 144
300

Median nerve

250
4 Ti4
T2 200
% 150 o8
- — 2 per. Mov. Avg,
0 (T14)
50 — 2 per. Mov. Avg.
N (T50)
0 #p<0.028

PROXIMAL DISTAL

Figura 9: A curva de tendéncia (moving average) nos cotos proximal e distal ao 14° e 50° DPO. Os
pontos quadrados e triangulares representam a relagéo do sinal ponderado em T2 das imagens de RM
entre nervo ulnar e nervo mediano ipsilateral de controle de cada paciente. #A diferenca da relagao de
sinal entre dois pontos na linha de tempo foi estatisticamente significante (Wilcoxon rank test, p < 0.05).
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A analise por ENMG foi realizada em todos os pacientes 50° DPO e seis meses
apos a cirurgia. Em todos os pacientes que a ENMG apresentou padrao desnervatério
ao 50° DPO e de reinervagao ao sexto més, consistente com o exame clinico nessas

mesmas datas (Tabela 5).

Tabela 5: ENMG achados e status funcional avaliado ao 50° DPO e sexto més de pés-operatério. Fib:
Fibrilagao, OAP: onda aguda positiva, Rec: Recrutamento, MRC- (Medical Research Council).

Avaliacédo da forga muscular.

Paciente EMG 50 EMG 6 més Status funcional 6 més
1 Fib 3+, OAP Rec 2+ MRC IV
2 Fib 2+, Rec 2+ MRC I
3 Fib 1+, OAP Rec 3+ MRC V
4 Fib 1+, OAP Rec 3+ MRC IV
5 Fib 1+ Rec 3+ MRC V
6 Fib 2+, OAP Rec 2+ MRC IV
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5. DISCUSSAO
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Ao monitoramento de lesdes de nervos periféricos no pos-operatorio tem sido
dada pouca ateng&do uma vez que os mecanismos e fisiologia de sua reparagao ainda
permanecem obscuros. Além disso, a falha de tratamento a pobreza de resultados
apos o reparo cirurgico sao de certa forma desencorajadores. Apds lesao grave de
nervo, a degenerag&o axonal ocorre, e as diferengas entre neurotmese e axonotmese

séo significativas.

Em neurotmese submetida a neurorrafia, as células de Schwann podem migrar
e reconstruir o nervo em ambientes que favorecam o crescimento dos axénios em
regeneracao [2, 36, 37]. A utilizacdo da RM em NP tem se mostrado de grande
utilidade, pois pode revelar distorcdo mecanica, edema, hiperintensidade do sinal, ou
descontinuidades [36, 38-41].

A ENMG é habitualmente utilizada para diagndstico de lesdes de nervos
periféricos; estimulacdo proximal do nervo ao local da lesao tipicamente produz uma
onda M, que esta ausente 4-5 dias apds a lesdo. Além disso, ENMG revela fibrilagbes
ou ondas agudas positivas em musculos desnervados aproximadamente 3 semanas
apo6s a lesdo. No entanto, a analise por ENMG nem sempre pode detectar lesdo de
nervo periférico, uma vez que os resultados de ENMG s&o examinador dependente,
sendo ainda um meétodo invasivo de analise. Ha também dificuldades em obter
resultados objetivos e reprodutiveis em criangas, ou com musculos localizados mais
profundamente [42, 43]. Dessa forma a RM se torna mais atrativa, por ser um exame
ndo invasivo e com menor dependéncia do examinador. O sinal em imagens de RM
de um nervo periférico normal, quando ponderados em T2 é isointenso a levemente
hiperintenso em comparagdo com o musculo normal. Em nervos periféricos lesados
as imagens de RM mostram aumento do sinal de T2, que se inicia na regido da lesédo
e se estende distalmente [20, 44]. Bryan et al. [42] observaram uma correlagéo
negativa entre a amplitude do potencial de agdo muscular composto do musculo tibial
anterior e as imagens ponderadas em T2 em pacientes com esclerose lateral
amiotréfica, o que espelha as imagens de RM com estudos eletrofisiolégicos em

lesdes nervosas.
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A relacédo entre o grau de lesao do nervo periférico e a intensidade do sinal em
RM ainda ndo esta bem caracterizado, e a relagao entre a fungdo com recuperacao
do sinal ainda nao estdo bem definido.

Ao comparar neurotmese irreversivel, neurotmese reversivel, axonotmese
grave, e axonotmese moderada, Yamade et al. [45], concluiu que o grau e a evolugéo
clinica da lesdo do nervo correlaciona-se com a evolugdo no tempo do sinal de
hiperintensidade em T2 no nervo afetado. Estas mudangas de sinal em imagens de
RM podem ser utilizadas para diagnosticar lesdes dos nervos periféricos. No grupo
neurotmese reversivel (com coaptagdo subsequente), os valores de T2 para os
musculos afetados diminuiu mais tardiamente do que aqueles para os grupos
axonotmese graves e moderadas. Da mesma forma, essa nogao foi apoiada por
estudos de ressonéncia magnética, onde ferimentos axonotmeses e neurotmeses

induzidos, levaram ao aumento do sinal em T2 no nervo lesado [45].

O monitoramento apds reparo de nervos periféricos onde foi utilizado conduites
podeser melhor realizado pelo tempo de relaxamento da RM quando ponderado em
T2 [46-50]. O resultado clinico das lesbes nervosas se correlaciona com a evolugéo
temporal das mudangas observadas na hiperintensidade do sinal T2 do nervo lesado.
Além disso, esta nogao é apoiada por estudos de RM com foco no tecido alvo onde
ferimentos axonotmese e neurotmese causaram um sinal T2 aumentado [45]. Estas
mudangas de sinal da RM podem ser utilizadas para diagnosticar lesbes dos nervos
periféricos [37, 48].

Do mesmo modo, o inicio do aparecimento de regeneragao do nervo antes de
4 semanas € evidenciado pelo diminuigao do sinal do nervo afetado. Em contrapartida,
outro estudo ndo apoia essa nogao porque quase todos os detritos estavam ausentes
no 21° DPO [47].

Em contraste, apdés as lesdes por esmagamento, os axdnios mostram
tamanhos e densidades normais com arquitetura fascicular normal, que resulta em

reinervagao do alvo [14, 19, 51].

Apoés a lesdo, o hipersinal visto a RM aparece no segmento afetado que
normaliza a partir da regido traumatica e se estende distalmente dentro de varias

27



semanas [14-20]. Na pratica clinica, exames de RM obtidas 5-6 semanas de pos-
operatorio podem mostrar diferengas marcantes em seus sinais de imagens RM
ponderadas em T2. Portanto, este € um momento crucial em que essas diferengas de
imagem podem indicar a regeneragdo bem ou mal sucedida. No entanto, nenhum
estudo prévio examinou mudancas de sinal de RM em nervo periférico apds completa

neurotmese e regeneragao subsequente apds corre¢do microcirurgica.

Ao comparar 2 pontos em intervalos de tempo distintos, podemos detectar
diferencas significativas no curso de nivel de intensidade e tempo de sinais em
imagens de RM ponderadas em T2 em nervos ulnares reparados com sucesso apos
um ano de acompanhamento. De acordo com estudos anteriores, a normalizagao do
sinal de T2 ndo se correlacionou com uma aparéncia histolégica normal, como foi
relatado para modelos de axonotmeses e neurotmeses [3, 6, 7]. Em contraste, nossos
dados sugerem que o mesmo sinal ndo normaliza ao 50° dia apos a cirurgia (Figura
9). Em relagdo ao mal resultado da cirurgia do nervo periférico, dois exames de RM
pos-operatoria realizados em diferentes periodos podem proporcionar um melhor
meétodo clinico para distinguir entre reparo bem e mal sucedido, demonstrado pela
tendéncia de queda no sinal de T2 no coto proximal e no coto distal ao longo da
regeneracao esta tendéncia de queda se seguira, em relagdo ao sinal de T2 nos 14°
e 50° dias apds a cirurgia [14, 19, 47].

Apesar do pequeno numero de pacientes apresentados neste estudo, todos
apresentaram recuperagao clinica apés 1 ano de acompanhamento, a significancia
estatistica pelo teste de classificagdes de Wilcoxon (p < 0,05), tanto na analise do coto
proximal e do coto distal (15 mm a partir da linha de sutura) nos 14° e 50° dias apds a
cirurgia, o que demonstra que a analise da intensidade de sinal nas imagens
ponderadas em T2 em diferentes intervalos de tempo pode diferenciar entre uma
sutura microciruargica bem e mal sucedida, e prever um resultado clinico de

recuperacéo neuroldgica favoravel precocemente.
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6. CONCLUSAO
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Este estudo apresenta um método para monitorar pacientes submetidos a
sutura primaria do nervo ulnar utilizando a ressonéncia magnética de 1.5 Tesla
primariamente como exame de monitoramento de crescimento axonal
comparativamente com exame clinico neuroldgico e eletroneuromiografia, exames

esses, de eleicdo atualmente neste tipo de seguimento pds-operatorio.

Por ser esta tecnologia de alto custo e estar disponivel apenas em centros de
referéncia, nenhum estudo prévio, quando avaliada nas principais bases de dados
Pubmed, Cochrane e Embase, analisou mudancgas do sinal de RM em nervo periférico
submetido a reconstrugédo, com a finalidade de observar a regeneragédo axonal apos
coaptacdo microcirurgica utilizando 1.5T RM. Os dados como demonstrados sugerem
que o curso de tempo do sinal T2-weighted nas extremidades proximal e distal do coto
diminui com a regeneragao do nervo, esse fendmeno foi identificado pela consonéncia
desses resultados de imagem -diminuicdo do sinal ao serem comparados com 0s
resultados clinicos- melhora neurologica funcional- e os obtidos de ENMG -padrao
eletromiografico reinervatorio- no protocolo estudado. Observamos de fato que a RM
pode ser uma ferramenta utii na monitorizacdo das neurotmeses, durante o
seguimento pos-operatorio, onde o cirurgido poderia antecipar o resultado clinico mais
precocemente do que com os métodos convencionais atualmente usados, tais como:
exame clinico e ENMG, Exame de RM de 1.5T ou de campo magnético superior em
nervo periférico provavelmente, ndo ira substituir exames clinicos ou eletrofisiolégicos,
mas podera desempenhar um importante papel no protocolo de acompanhamento
pos-operatorio.
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ANEXO 1
Termo de Consentimento Livre e Esclarecido - TCLE

@) (a) Senhor (a)

responsavel pelo Senhor (a)

estd sendo

convidado (a) a participar do projeto:  Meétodo pratico de avaliagdo para
acompanhamento da regeneragao pds-operatdria apos neurorrafia primaria do nervo
Ulnar utilizando Ressonancia Magnética de 1,5 Tesla.

Nosso objetivo € comprovar a importancia da avaliagdo por ressonancia
magneética nas neurorrafias primarias pds neurotmese do nervo ulnar melhorando o

prognostico neuroldgico e cirurgico antecipando o resultado clinico neuroldgico .

O (a) senhor (a) ou seus familiares receberao todos os esclarecimentos
necessarios antes e no decorrer da pesquisa e lhe asseguramos que seu nome nao
aparecera, sendo mantido o mais rigoroso sigilo através da omisséo total de quaisquer

informagdes que permitam identifica-lo (a).

Os pacientes participantes dessa pesquisa serdo submetidos a neurorrafia
primaria do nervo ulnar. Tal procedimento ja € realizado com frequéncia em paises
desenvolvidos. A qualquer momento o senhor ou outros responsaveis antes de

realizado o procedimento podem solicitar a saida da pesquisa.

O pesquisador deste projeto se compromete em dar o conhecimento ao

responsavel de todo o procedimento e término do mesmo.

Os resultados da pesquisa serdo divulgados aqui no Setor de Neurocirurgia e
para todo o Hospital Universitario de Brasilia podendo inclusive ser publicados
posteriormente. Os dados e materiais utilizados na pesquisa ficardo sobre a guarda
do Setor de Neurocirurgia do HUB.

Se o Senhor (a) tiver qualquer duvida em relag&o a pesquisa, por favor, telefone
para: Dr. Oswaldo Ribeiro Marquez Neto, na Unidade de Neurocirurgia do HUB, pelo
telefone: (61) 3315 1477, no horario comercial de segunda a sexta-feira.
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Este projeto foi Aprovado pelo Comité de Etica em Pesquisa em Seres
Humanos da Faculdade de Medicina CEP-FM. Qualquer duvida com relagdo a
assinatura do TCLE ou os direitos do sujeito da pesquisa podem ser obtidos atraves
do telefone: (61) 3448-5453.

Este documento foi elaborado em duas vias, uma ficara com o pesquisador

responsavel e a outra com o sujeito da pesquisa.

Nome / assinatura:

Parentesco (em caso de

familiar):

Pesquisador Responsavel

Nome e assinatura:

Brasilia, de de
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ANEXO 2

[ universidade de Brasilia

) Faculdade de Medicina
) Comité de Etica em Pesquisa em Seres Humanos — CEP-FM

ANALISE DE PROJETO DE PESQuISA

Registro do projeto. CEP-FM 082/2011.

Titulo. “Aplicacao clinica da ressonancia nuclear magnética no seguimento de pacientes
submelidos a neurorrafia primania do nervo ulnar e mediano”

Pesquisador responsavel. Oswaldo Ribeiro Marques Neto

Documentos analisados Folha de rosto. carta de encaminhamenlo assinada por lodos os
pesquisadores, projeto de pesquisa em portugués. Termo de Consentimento Livre e Esclarecido.
curriculum vitae do pesquisador principal e dos demais pesquisadores participantes, orcamento
€ cronograma do projeto de pesquisa, bibliografia pertinente.

Data de entrada. 01/12/2011.

Data da primeira avaliagao: 16/01/2011.

Proposicao do(a) Relator(a). 16/01/2011.

[ ]Aprovacao

[ X ] Reencaminhar ao pesquisador responsavel para atendimento de pendéncias
[ ) Nao aprovagao

Data do parecer final do(a) Relator(a) 29/02/2012

[ X ] Aprovacao

[ ]Nao aprovacao

Data da anélise pelo CEP-FM/UnB: 29/02/2012

PARECER

Com base na Resolugdo CNS/MS n ° 196/96 e resolucdes posteriores que regulamentam
a maténa, a Coordenacdo do Comité de Etica em Pesquisa Faculdade de Medicina da
Universidade de Brasiia decidiu aprovar “ad referendum” de acordo com o parecer do(a)

Reiator(a) do CEP-FM/UnB. o projelo de pesquisa acima especificado quanto aos seus aspectos
éticos.

Obse -
1. Modificagcées no protocolo devem ser submetidas ao CEP-FM/UnB antes de serem
implementada. assim como a comunicacao de eventos adversos decorrentes da pesquisa;

2. Os pesquisadores devem apresentar relatonios penodicos do andamento da pesquisa ao
CEP-FM, estando o primeiro previsto para 05 de setembro de 2012

Brasilia-DF 02/03/2012

Prof ? Dr 2 Elaine Maria de Oliveira
Coordenadora do CEP-FM/UnB

mewmm,wmmkm Asa Norte Brasiia DF CFP 70910-900
Telcfone (61) 3107 1918 Mndaseco eletrénicnacenfmunh ham -~
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Peripheral nerve injury is a common and important cause of morbidity and disability in
patients who have suffered a traumatic injury, particularly younger people. Various
different injuries can result in damage to specific nerves. In patients with muitiple
trauma, the prevalence of peripheral nerve injury is estimated at 2.8%, but can reach
5% with the inclusion of brachial plexus involvement. The radial, ulnar, and median
nerves are reported as most commonly affected following trauma of the upper limbs,
while the sciatic, peroneal, tibial, and femoral nerves are most often affected in the
lower limbs.

Physical examination, as well as the origin and location of the trauma, can indicate the
nerve involved and the type of nerve damage. However, the depth and severity of
damage, and the structures involved often cannot be determined initially, but depend
on longer periods of observation to reach a definitive and accurate diagnosis for which
treatment can be proposed.

Current approaches to locate and assess the severity of traumatic nerve injury involve
clinical and electrodiagnostic studies. From a clinical and neurophysiological point of
view, nerve injuries are classified in an attempt to correlate the degree of injury with
symptoms, type of pathology, and prognosis, as well as to determine the therapy to be
adopted.

However, the main disadvantage of these clinical and electrodiagnostic approaches to
classification is the low possibility of determining the extent of nerve damage in the first
6 weeks after the trauma. Until reinnervation processes begin, electrodiagnostic
studies cannot distinguish serious axonotmetic injuries (Sunderiand class 4) from
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complete nerve transection or neurotmesis (Sunderiand class 5). It has been shown in
various clinical settings that neurotmesis has better outcomes following early surgery
(<1 week after injury). However, less severe lesions can be managed without surgical
intervention. Furthermore, the distinction between serious axonal loss without nerve
discontinuity and injuries involving the nerve cross section is even more critical in
proximal lesions, where less time is available for observation and conservative
treatment.

The constraints of clinical and electrophysiological approaches has led to the
application of imaging techniques to assess traumatic nerve injury where there is need
for timely definition and early response in the therapeutic setting. Magnetic resonance
imaging (MRI) can complement clinical assessment in evaluating deep and proximal
segments of peripheral nerves.

MRI in the diagnosis of traumatic peripheral nerve injury has increasingly been used by
surgeons in clinical practice. In this systematic review, we analyze the use of magnetic
resonance (MR) for the evaluation of traumatic peripheral nerve diseases that are
surgically treatable. We also consider basic concepts in the evaluation of technical and
MR signs of peripheral nerve injuries.
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Abstract
Peripheral nerve injury is a common and important cause of morbidity and disability in pa-

tients who have suffered a traumatic injury, particularly younger people. Various different

injuries can result in damage to specific nerves. In patients with multiple trauma, the preva-

42



Review article

lence of peripheral nerve injury is estimated at 2.8%, but can reach 5% with the inclusion of
brachial plexus involvement. The radial, ulnar, and median nerves are reported as most
commonly affected following trauma of the upper limbs, while the sciatic, peroneal, tibial,
and femoral nerves are most often affected in the lower limbs.

Physical examination, as well as the origin and location of the trauma, can indicate the
nerve involved and the type of nerve damage. However, the depth and severity of damage,
and the structures involved often cannot be determined initially, but depend on longer peri-
ods of observation to reach a definitive and accurate diagnosis for which treatment can be
proposed.

Current approaches to locate and assess the severity of traumatic nerve injury involve clini-
cal and electrodiagnostic studies. From a clinical and neurophysiological point of view,
nerve injuries are classified in an attempt to correlate the degree of injury with symptoms,
type of pathology, and prognosis, as well as to determine the therapy to be adopted.

However, the main disadvantage of these clinical and electrodiagnostic approaches to clas-

sification is the low possibility of determining the extent of nerve damage in the first 6 weeks
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after the trauma. Until reinnervation processes begin, electrodiagnostic studies cannot dis-

tinguish serious axonotmetic injuries (Sunderland class 4) from complete nerve transection

or neurotmesis (Sunderland class 5). It has been shown in various clinical settings that neu-

rotmesis has better outcomes following early surgery (<1 week after injury). However, less

severe lesions can be managed without surgical intervention. Furthermore, the distinction

between serious axonal loss without nerve discontinuity and injuries involving the nerve

cross section is even more critical in proximal lesions, where less time is available for ob-

servation and conservative treatment.

The constraints of clinical and electrophysiological approaches has led to the application of
imaging techniques to assess traumatic nerve injury where there is need for timely defini-
tion and early response in the therapeutic setting. Magnetic resonance imaging (MRI) can
complement clinical assessment in evaluating deep and proximal segments of peripheral

nerves.

44



Review article

MRI in the diagnosis of traumatic peripheral nerve injury has increasingly been used by
surgeons in clinical practice. In this systematic review, we analyze the use of magnetic
resonance (MR) for the evaluation of traumatic peripheral nerve diseases that are surgically
treatable. We also consider basic concepts in the evaluation of technical and MR signs of

peripheral nerve injuries.

Introduction

Peripheral nerve injury is a common and important cause of morbidity and disability in pa-

tients who have suffered a traumatic injury, particularly younger people. Various different

injuries can result in damage to specific nerves. In patients with multiple trauma, the preva-

lence of peripheral nerve injury is estimated at 2.8%, but can reach 5% with the inclusion of

brachial plexus involvement.252628 The radial, ulnar, and median nerves are reported as

most commonly affected following trauma of the upper limbs, while the sciatic, peroneal,

tibial, and femoral nerves are most often affected in the lower limbs.3¢
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Physical examination, as well as the origin and location of the trauma, can indicate the
nerve involved and the type of nerve damage. However, the depth and severity of damage,
and the structures involved often cannot be determined initially, but depend on longer peri-
ods of observation to reach a definitive and accurate diagnosis for which treatment can be
proposed.36

Current approaches to locate and assess the severity of traumatic nerve injury

involve clinical and electrodiagnostic studies (evaluating nerve conduction velocity and
electromyography).® From a clinical and neurophysiological point of view, nerve injuries are
classified in an attempt to correlate the degree of injury with symptoms, type of pathology,

and prognosis, as well as to determine the therapy to be adopted.

In 1943, Seddon proposed a rating of nerve damage based on the type of nerve fiber injury
and the presence of nerve continuity. The latter is stratified into three main types: neu-
rotmesis, axonotmesis and neurapraxia (in decreasing order of severity and speed of re-

covery).3!

Neurotmesis causes serious injuries and has no potential for spontaneous recovery in

adults. It may occur as a result of serious injury, stretch injury, and laceration, which leads
5
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to loss of nerve continuity. In addition to a loss of axon continuity and myelin coverage,
there may be damage to internal architecture of the nerves including the perineurium and
endoneurium. If the nerve is cut completely, axonal regeneration produces a stump neuro-

ma at the proximal end of the nerve, where axon growth and fibrosis occur.

Axonotmesis involves the loss of continuity of a nerve’s axon and myelin coverage, but with
preservation of the nerve’s connective tissue structure. This loss of axonal continuity results
in Wallerian degeneration. Furthermore, electrodiagnostic studies two to three weeks later
indicate denervation potentials in muscles distal to the site of injury.® Loss of motor and
sensory potential is more complete with axonotmesis than with neurapraxia, and recovery
occurs only through axon regeneration, a process that takes valuable time. Generally, there
is retrograde degeneration of axons a few millimeters from the distal stump and this
process has to be overcome before axonal regeneration can begin. Subsequently, axonal
growth advances distally until the extremities. It is accepted that the proximal nerve end can
grow as fast as 2 to 3 mm per day, and as slowly as up to 1.5 mm per day distal from the

lesion.® Therefore, nerve regeneration takes several weeks.

Axonotmesis and neurotmesis usually result from more serious trauma or bruising than
does neurapraxia. Neurapraxia interrupts electric conduction of the impulse down the nerve
fascicles, and recovery occurs without Wallerian degeneration. This is the mildest form of
nerve damage and probably reflects biochemical damage caused by shock or concussion
injury to the fibers. In neurapraxia, there is temporary loss of nerve function, which reverses

after an average of 6 to 8 weeks, but can take up to 12 weeks.
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More recently, Sunderland proposed a more complete classification system, which further

stratifies the three types of injuries described by Seddon.33 However, the main disadvan-

tage of these clinical and electrodiagnostic approaches to classification is the low possibility

of determining the extent of nerve damage in the first 6 weeks after the trauma. Until rein-

nervation processes begin, electrodiagnostic studies cannot distinguish serious axonotmet-

ic injuries (Sunderland class 4) from complete nerve transection or neurotmesis (Sunder-

land class 5).34

It has been shown in various clinical settings that neurotmesis has better outcomes follow-

ing early surgery (<1 week after injury). However, less severe lesions can be managed

without surgical intervention.3” Furthermore, the distinction between serious axonal loss

without nerve discontinuity and injuries involving the nerve cross section is even more criti-

cal in proximal lesions, where less time is available for observation and conservative treat-

ment. 10
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The constraints of clinical and electrophysiological approaches has led to the application of
imaging techniques to assess traumatic nerve injury where there is need for timely defini-
tion and early response in the therapeutic setting. Magnetic resonance imaging (MRI) can
complement clinical assessment in evaluating deep and proximal segments of peripheral
nerves.'® Indeed, T2 values in denervated muscles can be particularly useful in diagnostics

in children and deep muscle.35

Objectives

MRI in the diagnosis of traumatic peripheral nerve injury has increasingly been used by
surgeons in clinical practice. In this article, we analyze the use of magnetic resonance (MR)
for the evaluation of traumatic peripheral nerve diseases that are surgically treatable. We
also consider basic concepts in the evaluation of technical and MR signs of peripheral

nerve injuries.

Methods
Eligibility
Table 1 illustrates the inclusion and exclusion criteria used for assessing eligibility of articles
included in the study. We included studies that investigated the efficacy of MRI investiga-
tions of traumatic neuropathy in adults with clinically and/or electrophysiologically confirmed

traumatic neuropathy.

Table 1 Inclusion and exclusion criteria used to determine article eligibility
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Study identification
Studies were identified following a computerized search of MEDLINE (1950 to present),
EMBASE (1980 to present), and the COCHRANE database. The MEDLINE search was

conducted on PUBMED (available at http://www.ncbi.nim.nih.gov/pubmed), the EMBASE
search was conducted on OVID (available at http://ovidsp.ovid.com), and the COCHRANE

database was conducted using their online library (available at http://onlinelibrary.wiley.com/

cochranelibrary/search).

A set was created using the terms: ‘traumatic’, ‘nerve’, and ‘resonance’. This yielded 10,340
articles (MEDLINE, n = 758; EMBASE, n = 9564; and COCHRANE, n = 18). A search strat-
egy was then built by excluding articles that only concern plexus injury and adding the
terms ‘neuropathies’ and ‘neurotmesis’. In total, 5 studies were included in the review

(MEDLINE, n = 10; EMBASE, n = 7; and COCHRANE, n = 2).

Data extraction
We extracted all relevant information on the imaging findings and the use of magnetic reso-
nance in trauma. We did not include technical or specific radiological aspects of the imaging

techniques.

Results
The included articles were identified using a computerized search and the resulting data-
bases were then sorted according to the inclusion and exclusion criteria (Table 1). Five pa-

pers met the inclusion criteria (Table 2), effectively addressing the role of MRI in the evalua-

9
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tion of traumatic peripheral nerve injury. These five articles were subsequently evaluated by

analyzing their results, methodological approach, and conclusions presented.

Table 2 A summary of the five included articles

Each included article is discussed in further detail below.

a) Marquez Neto et al. (2016)

This prospective study aimed to investigate T2 signal changes during MRI in patients with
neurotmesis of the ulnar nerve at the wrist, treated using microsurgical epineural repair.
MRI (1.5T) was conducted in six patients who underwent primary repair after traumatic in
jury to the ulnar nerve. The authors reported that the T2 MRI signal increased 14 days after
surgery and decreased again 50 days after surgery. The T2 signal followed a characteristic
pattern, with a trend curve such that the proximal stump signal remained below the distal

stump signal.

The authors suggest that the T2-weighted time courses at the proximal and distal stumps
decrease with nerve regeneration. This could provide a useful tool to monitor neurotmesis,
enabling a surgeon to predict clinical outcomes sooner than with conventional methods.
Rather than following up patients with electrophysiological studies, two MRI exams could be

conducted at two different points after surgery.

b) Deniel et al. (2015)
10
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This non-systematic review describes the principal points of MRI imaging arising from the
literature on peripheral nerve compression or traumatic injury, before or after surgery. The
MRI signal of healthy peripheral nerves is similar to that of adjacent muscles on T1- or T2-
weighted MR images, although on T2-weighted images it can be slightly more intense.
Usually intravenous contrasts are not used on traumatic lesions, because enhancement is

not seen due to the blood-brain barrier.

Deniel and colleagues suggest that it is essential at the initial assessment to determine the
type of injury (neurapraxia, axonotmesis, or neurotmesis), using either the Seddon or Sun-
derland criteria, to stratify patients into three or five levels (Table 3).2° The type of injury will
determine the surgical treatment to be adopted and it is preferable to operate within 24—72
h to minimize nerve traction and fibrosis. Other causes of functional loss such as bruising or
compression should also be ruled out. We believe that the benefit of MRI is that the extent
of the lesion and degree of muscle involvement can usually be determined within 48 hours

of injury.

Table 3 presents the types, degree, pathophysiology, and electrophysiological changes ob-
served in lesions according to the Seddon or Sunderland criteria, along with the expected

MRI changes and expected recovery times.20

11
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Table 3 Classification of traumatic nerve injuries (adapted from Deniel et al. 2015)
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¢) Tagliafico et al. (2010)
In this paper, the authors separate findings according to three types of injury: (i) stretch, (i)
contusion, and (iii) penetrating wounds. Currently, the severity of traumatic lesions of pe-

ripheral nerves is assessed using clinical evaluation and electrodiagnostic studies (nerve
conduction velocity assessments and electromyography).® As outlined above, the nerve le-

sion can be classified from a clinical or neurophysiological point of view, in an attempt to

establish the degree of injury and prognosis. However, in this scenario, it is difficult to diffe-
rentiate between severe axonal loss without nerve discontinuity and neurotmesis, even if a

conservative and timely observation of the proximal limb lesion is conducted.?’

For these reasons, new imaging techniques are being developed and used to enable better
care and allow less time-consuming protocols for management of such lesions. New tech-
niques usually obtain T2-weighted MRI images, with a short tau inversion recovery [STIR],
and this reveals denervated muscles as regions of high signal intensity.’® T2 images of
muscle can be particularly useful in children and deep muscles.?’ , because of the difficulti-

es in reach deep seated muscles using EMG needles or even perform EMG in children.

Nerve stretching injuries commonly occur as a result of successive sprain or strain lesions,

as well as overuse. In the acute phases of complete nerve lacerations, MRI reveals edema
and hemorrhage at the injury/operation site, which produces high intensity T2-weighted sig-

nals that may be similar to the hyperintense signal of the nerve ends.

A characteristic injury is the tearing of nerve roots observed in brachial plexus trauma. An-

other typical site of nerve traction is the popliteal fossa, where the peroneal nerve may be
13
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stretched during high-grade sprains, knee dislocation, or fractures. In these cases, fat-sup-

pressed T2-weighted sequences reveal hyperintensities at the nerve due to an increased
water content related to intraneural edema. Additionally, MRI is able to demonstrate the

presence of and grade of denervation of muscles located distally to the site of the nerve le-

sion. In mild traumas, the neuroma may involve only one or a few fascicles while the cross-

sectional area of the nerve appears fairly normal or slightly enlarged.

Contusion trauma most often occurs where nerves are closely apposed to bony surfaces at
sites of low mobility and are therefore more vulnerable to excessive external pressure. Most
injuries are mild and there is no need for imaging. A typical contusion trauma involves intra-
neural swelling observed as hyperintensities of the nerve in T2-weighted and STIR images.
However, it is important to remember that an increased signal intensity of the ulnar nerve at
the cubital tunnel is commonly seen in up to 60% of asymptomatic subjects using fluid-sen-

sitive MRI.

In penetrating wounds, the nerve may be transected partially or completely. At the nerve
ends, regeneration results in a pseudomass composed of axons and connective tissue re-
flecting a disorganized repair process. In complete tears, bulbous-like stump (terminal) neu-
romas develop as small masses continuous with the opposite edges of the severed nerve.

Stump neuromas appear as hyperintensities in fluid-sensitive MRI. In most instances, they

are slightly larger than the axial diameter of the nerve.

14
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d) Thawait et al. (2011)

In this non-systematic literature review, the authors suggest that high-resolution MRI of pe-
ripheral nerves is an increasingly common and practical tool, given the availability of 3T
magnets, which provide high signal to noise ratios with quicker acquisition times, and higher

image contrast and resolution. 221

Thawait et al. suggest that traumatized nerves are visible as mild T2 hyperintensities with
changes in the fascicular pattern that varies from minimal to complete disruption. The nerve
course may be altered due to hematoma or fracture. However, nerves may or may not be
enlarged or show any contrast enhancement. The authors divide high-resolution MR neuro-
graphy (MRN) techniques into T2-based imaging and diffusion-based imaging. T2-based
MRI of peripheral nerves is generally preferred over diffusion-based imaging because radio-
logists are more familiar with T2-based imaging.22 With traumatic neuropathy, MRN may not
only identify abnormal nerves (Table 3), confirming clinical suspicions, but may also reveal

the underlying causative lesion.

d) Allen et al., 2008

15
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This is another non-systematic literature review, in which the authors summarize healthy
peripheral nerves as having a honeycomb appearance, with bundles of T1 isointensities

and mild T2 hyperintense fascicles separated by fat contained within the epineurium.8.23

The most common findings related to stretch trauma that they describe are: focal enlarge-
ment of nerve fascicles, with increased signal intensity on T2-weighted images, with, in
some cases, perineural edema or fibrosis. In the acute or subacute setting, denervated
musculature leads to increased signal intensity isolated to the location of the injured nerve
on T2-weighted imaging. Chronically, the muscles have decreased bulk along with re-
placement by fatty tissue.'®4! Treatment involves operating on severe irreversible lesions

within 24—72 h to reduce fibrosis and nerve retraction.

The authors conclude that MRI features of traumatic injuries can be subtle and may be
overlooked unless high-resolution imaging techniques are performed, and specific attention
is paid to the peripheral nerves. The authors recommend a joint effort in which the radiolo-
gist and surgeon work together as a team to make the appropriate diagnosis and treatment.
Previous studies reinforced the usefulness of MR neurorrhaphy to reveal mechanical distor-

tion of nerves, swelling, hyperintensity, or discontinuities.215:43

Discussion

Although several reviews of postoperative monitoring of peripheral nerve injuries have been
published, there has been little empirical study of the use of MRI to monitor peripheral ner-
ves. It is possible that this contributes to poor outcomes and treatment failure after surgical

repair. After severe nerve damage, axonal degeneration occurs, and there are clear diffe-

16
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rences between neurotmesis and axonotmesis. In complete neurotmesis, following treat-
ment with neurorrhaphy, Schwann cells migrate and rebuild the myelin sheath in environ-

ments where regenerating axons can grow.15.17.39

EMG is currently used to diagnose peripheral nerve injuries. Stimulation of the nerve proxi-
mal to the site of injury typically produces an M wave, which is absent 4-5 days after injury.
Approximately 3 weeks after injury, EMG reveals fibrillations or sharp waves in denervated
muscles. This is the point at which the attending physician is likely to demand the exams,
leading to delays in diagnosis and the choice of therapeutic intervention. Furthermore, EMG
analysis cannot detect peripheral nerve injury as expected, because EMG results may de-
pend on the examiner.'5 Furthermore, this type of analysis is invasive. In addition, it is diffi-
cult to obtain objective and reproducible results in children, or with deep muscles using the-
se techniques®27:35 Unlike EMG, MRI is noninvasive and less dependent on the examiner.

MRN can reveal mechanical distortion of nerves, swelling, hyperintensity, or discontinuities.

12,15

Additionally, analysis using an MRI scanner of 1.5T or higher field strengths can allow esti-
mation of the quality of adaptation.!" During the 2 weeks following surgery, there is normali-
zation of the MR signal across the suture line. In repaired nerves, the continuity of the nerve
is visible, and cases in which the suture might have failed could be detected at any time in
the serial scans. The MR signal of a healthy peripheral nerve on T2weighted MR is usually
isointense to mildly hyperintense compared with normal muscle. As outlined in Table 3 abo-
ve, injured peripheral nerves show an increased T2 signal that begins at the injured region
and extends distally.-38

In any case, as there is not a well-defined protocol for monitoring nerve injury using MRI,
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there remain several unknowns. The relationship between the degree of peripheral nerve
injury and the MRI signal strength remains poorly characterized, as is the relationship
between function and standard signal recovery. Yamade et al.*2 compared irreversible neu-
rotmesis, reversible neurotmesis, severe axonotmesis, and moderate axonotmesis, to con-
clude that the degree and clinical outcome of nerve injury correlates with the T2 hyperinten-
sity time course in the affected nerve. As such, these MR signal changes can be used to
diagnose peripheral nerve lesions. Furthermore, this notion was supported by MRI studies
in which axonotmesis and neurotmesis injuries induced an increased T2 signal in the inju-
red nerve.*2 Monitoring of peripheral nerve repair using conduits can be better accom-
plished using the MRI T2 relaxation time. Similarly, several other investigators have exami-

ned the time course of signal changes after axonotmesis during recovery.513:32

Nonetheless, there are some inconsistencies in the data, mainly regarding the type

of injury. It has previously been reported that T2 normalization did not correlate with normal
histological appearance, as was reported for axonotmesis and neurotmesis models.2%-30
However, others report that when regeneration processes begin following nerve repair, the-
re is normalization of the T2 signal between postoperative days 35 and 42.42 The clinical
outcome of nerve injuries correlates with the time course of observed changes in T2 signal
hyperintensity of the injured nerve. Moreover, this is supported by MRI studies focusing on
tissue where axonotmesis and neurotmesis injuries are associated with increased T2 sig-
nal.#2 Observations regarding the repaired nerve suggest that the persistently high T2 sig-
nal during the first 3 weeks following nerve injury indicates a more serious lesion that is
comparable to neurotmesis.5 In epineural nerve repair after neurotmesis, a more disorgani-

zed histologic pattern and an increased density of regenerating myelinated axons (postope
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rative day 60, 1.7 times control) are observed in the distal nerve stump.'? In contrast, after
nerve crush injuries, regenerating nerves show normal axon sizes and densities with a
normal fascicular architecture, which results in reinnervation of the target.23240 The regene-
rated distal nerve has an inadequate histological pattern after neurotmesis, and this could
explain the hypointense T2 signal from 7 weeks, which is not reported for axonotmesis. Re-
generating axons seem to accelerate T2weighted signal normalization in distal nerve
stumps, but there is no histological explanation for the delayed, but similar, decrease in T2

signal in the nerve segment.5

After injury, a hyperintense signal appears in the affected segment, which normalizes within
several weeks beginning from the traumatic region and extending distally.26:3842, |n the cli-
nic, MRIs obtained 5-6 weeks postoperatively can show striking differences in their T2 sig-
nals. Therefore, this is a crucial time when such imaging differences can indicate successful
or unsuccessful regeneration. However, except for Marquez et al., no prior report has exa-
mined MR signal changes in the peripheral nerve after complete neurotmesis or subse-
quent regeneration following microsurgical repair. By comparing two time points, we could
detect significant differences in the level and time course of T2 signals in successfully adap-
ted ulnar nerves after one year of follow up.2* In addition, Marquez et al. suggested that
normalization of the signal still had not occurred 50 days after surgery. Regarding poor out-
comes of peripheral nerve surgery, the authors suggest two postoperative MRI exams to be
conducted

at different periods. This may provide a better clinical method for distinguishing between

successful and unsuccessful repair, visible in a downward trend in the T2 signal at the pro

ximal and distal stump as the regeneration process ensues. These T2 signal patterns have
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been reported 14 and 50 days after surgery,5632 and despite small samples?4, in some stu
dies all patients showed clinical recovery at 1 year follow up (Wilcoxon rank test; p < 0.05),
both at the proximal and distal stump (15 mm from the suture line) by 14 and 50 days after
surgery. This demonstrates that analysis of T2weighted image signal intensity at different

time points can differentiate between successful and unsuccessful microsurgical neuror

rhaphy, and predict a favorable outcome earlier.

Although the radiological advances of using MRI in monitoring peripheral nerve injury are
fully established, some questions remain. These include the point at which changes in the
MRI signal begin, the ideal period for performing MRI in patients with suspicion of more se-
rious nerve injuries, and whether the MRI signal evoked by the nerve after a lesion can re-
turn to normal even without surgery. Although a large number of studies exist, we could not
identify a study that provided strong empirical evidence to answer these questions or to
suggest a protocol for MRI use in diagnosing or monitoring nerve injuries in the pre- or pos-
toperative period, even with the advent of new technologies.'® Nonetheless, such evidence
is necessary in order to reduce the delay in accurate diagnosis and identifying appropriate

treatment.
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