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Pain in brachial plexus avulsion

*Brachial plexus Injury Galen 1staD

Birth-related brachial plexus palsy (obstetric brachial plexus paralysis) Smillie1764
* Non-birth-related brachial plexus palsy Flaubert 1827

*Dorsal and ventral brachial plexus root avulsion Adson 1922

» Lumbosacral plexus avulsion Nosik 1955
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Pain in brachial plexus avulsion

(. "Brachial
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The Brachial Plexus

Divisions Cords Branches
A A

Shoulder

Hand

Vulnerability
* Dorsal root lacks epineurium and endoneurium

« Low complacence of cervical roots: shorter length and angulation predisposing to mechanical stretching

« Greatest structural fragility in the dorsal root entry region in the spinal cord Benjamin 2005 ISPRM A@:ﬂ o0



Pain in brachial plexus avulsion

Classification of Brachial Plexus Lesion
* Preganglionic lesions (root avulsion): discontinuation at their junction with the spinal cord
« Postganglionic lesions: rupture or discontinuity of nerve tissue distal to the dorsal root ganglion and or of brachial

roots, plexullar trunks, divisions or nerve branches entrapment by scar tissue

« Combination of lesions Park et al. 2017
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High-energy trauma to the upper extremity and or neck

Brachial plexus: Neuropraxia
Axonotmesis

Neurotmesis ‘ ’53
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Roots: Axonopraxia
Axonotmesis



Pain in brachial plexus avulsion
« Brachial plexus birth injury: 0.4-5.0/1,000 births Lindqvist et al. 2012
*Traumatic brachial plexus injuries: 1% of patients involved in major trauma Midha 1997

*Upward trend of occurrence Dubuisson & Klin, 2002
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Violent distraction of brachial plexus nerve structures

Trauma %
*Motorcycle accident 66.1
«Car accident 14.3
*Trampling 14.3
*Industrial/spotrs/domestic 5.0
+70% moto-vehicles accidents

+70% motorcycles or bicycles Narakas 1985
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https://www.scielo.br/j/rbort/a/5Zs9bw5TdLfGfsqFsTQxKgP/

Pain in brachial plexus avulsion

Mean age of 26.4 yo
Male 90.5%
High social cost: man-hours of work lost by the patients and man-hours of caregivers work.
Total indirect cost $1,113,962 / patient over the postinjury lifetime Hong et al. 2019

N=116
24 — 79 yo (mean=40.3; sd=14.7)

<21  21-30 3140 4150 51-60  >60 Joren A= @
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Author(s) /year
Stevens 1934

Tracy e Brannon 1958
Davis 1947

Bonney 1959
Taylor 1962
Yeoman & Seddon 1963
Zorub 1974
Ishijima 1988
Thomas & Sheehy 1988
Birch 1996

Htut 2006
Flores 2006
Ciaramitaro 2010
Bertelli 2011

Jain 2012

De Moraes 2015

Zhou 2016
Bertelli 2017
Patroclo 2018
Clifton 2018

USA - Boston

USA -San Antonio
USA -Chicago

England - London
USA - Los Angeles
England - London

Japan

England - London
England - London
England — London
Brazil - Brasilia
Brazil - Sao Paulo
Brazil — Florianopolis

india — Tamil Nad

Brazil - Goiania
China - Shanghai
Brazil - Florianopolis
Brazil - Rio de Janeiro
USA — Mayo Clinic

BPA in BPI patients

4 (3%) / 135

9 (69%) / 13
2 (11%) /17

13 (45%) / 29
3 (50%) / 6

86 (48%) /180
21 (30%) /70
19 (54%) / 35
19 (100%)

148 (12%) / 1162
76 (100%)
16 (76% )/ 20

2 (10%) / 7

64 (42%) / 150
70 (23%) / 304

10 (21%) of 48

30 (100%)

257 (45%) / 512
50 (44%) / 114
74 (16%) | 454

*Upper limb amputation: 50-85%
» chronic pain: 54—-87%
» phantom limb pain

*CRPS: 21%



Pain in brachial plexus avulsion

Cervical roots avulsed
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Pain in brachial plexus avulsion

Associated injuries

Other traumatic lesions

Bone fractures

Impairment of consciousness

Vascular lesions

Visceral lesions

Associated orthopedic lesions

Surgery just after admission to the ER

49%

Hand

Forearm or upper arm

Thoracic and/or abdominal

Lower limb

Shoulder or shoulder girdle

Neurosurgery

Pelvis

Ribs

Orthopedic

NE

Vertebrae

Vascular

Traumatic lower limb amputation

Total

Total




Pain in brachial plexus avulsion

*Motor, sensory, and sympathetic disturbances upper limb, shoulder, and or diaphragm motor déficits, arreflexia..: 100%

*Autonomic disturbances: Claude Bernard-Horner’s (64.0%)*, temperature, upper limb vascular perfusion......

*Sensory negative symptoms and or signs: nociceptive, tactile and or termal anaesthesia or hypoesthesia

*Positive sensory symptoms and or signs: neuropathic, nociceptive, nociplastic and mixed pains, hyperalgesia & allodynea, Tinel-Hoffman's
sign over the cervical or proximal upper limb (74.6%)*

*Dysthrophic sequelae: skin, subcutaneous tissue, muscleskeletal structures and vesels Simon et al. 2015

Medscapee www.medscape.com

Central neuropathic pain: lesion of Lissauer’s tract and laminas | and lle of the DH Sindou,1974; Guenot et al. 2003 .
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Pain in brachial plexus avulsion

*Dysfunctions deficits. and disabilities » Use of slings 58.9%

: » Scoliosis 80.4%
sImpairment of self steen

*Sensorial, motor, autonomic deficits and physical and psychological sequelae + mixed pains

w—g|
1

Siqueira & Martins /

QoL impairment
%

*Pain 64.3
*Motor deficit 14.3
*Pain and motor deficit 8,9
*Other 8,9



https://pubmed.ncbi.nlm.nih.gov/?term=Khadilkar%20SV%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Khade%20SS%5BAuthor%5D

Pain in brachial plexus avulsion

Grade of upper limb functionality

Right upper limb Left upper limb

Minimum

Maximum




Pain in brachial plexus avulsion

*Prevalence: 70% of the patients Bonnard & Barakas 1985, Brussels 1988, Zhou et al. 2016
*Severe 10%-25% of the patients

*The most important complaint: 10%-90% of the patients Zorub et al. 1974

*Higher occurrence: number of (superior avulsed) roots, older patients Htut 2006,

eLess common in C8-T1 avulsion Bertelli et al. 2011

*Predisposing factors: alcohol abuse, smoking, psychiatric co-morbidities, marital status Saiz-Sapena et al.

*Time life occurrence and intensity: spontaneous progressive improvement » 30% 3 years later
*Temporal presentation: acute / chronicle
*Quality of neuropathic pains

- Constant: tingling, burning, crushing, tearing, throbbing, pulling...

- Paroxysmal: shooting, electric shocks/ seconds - minutes Naraka 1979, Teixeira et al. 1999



Pain in brachial plexus avulsion

Pain aetiologies & mechanisms
Aetiology of pain
* Neuropathic Simon et al. 2015

- Peripheral nervous system: brachial plexus trauma Davis et al. 1947

- Central nervous system: root avulsion Teixeira 2005
* Non-neuropathic pains
- Musculoskeletal: osteoarticular, myofascial
- Other organs

- Unrelated

- Psychogenic’/nociplastic

* Neuropathic pain: 67% Severe dysfunctions and disabilities and impairment of social integrity

« Non-neuropathic pain: 33% Ciaramitaro et al. 2010 Dserw % o)



Pain in brachial plexus avulsion

*Neuropathic pain (NeP): “pain arising as a direct consequence of a lesion, or disease affecting the somatosensory system” Treede et al., 2008
 Avulsion » central neuropathic pain: lesion between the root entry point into the spinal cord to 2 mm deep into the DH

(laminas | - lle) Teixeira, 2015, Mohanty et al. 2016, Sindou 1974, Guenot et al. 2003

*Traumatic plexopathy » peripheral meuropathic pain: post-ganglonar ectompic potentials, ephatic currents, sympathetic abnormalities
v
*Desinhibition of nociceptive DH neurons Naraka 1979, Parry 1980, Nashold 1988, Teixeira et al. 1999

*Sprouting of intact fibers
*Glia activation: release of chemokines and pro-inflammatory cytokines P pain signaling (CGRP, sP, glutamate) Paszcuk et al. 2011, Zhong 2021
*Microglia » proinflammatory cytokines: maladaptive neuroplasticity BDNF activity Huang et al. 2021

*Sensitisation and neuroplasticity of supraspinal neurons

Avulsion: central neuropathic pain

NN G0t of ol 2002

DR,

Truini et al. 2013

Neuropathic pain
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VAS Pain scores

Hand (92%)
Forehand (90%)
Arm (40%)
Shoulder ( 6%)

Cervical region VAS=96
Scapular region VAS=90

MPS:

Trapesius

Escalenes
Sternocleidomastoid

Body axis muscles
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Pain in brachial plexus avulsion

Predominant location of pain

The most frequent localizations of neuropathic pain: hand, wrist, forearm, and elbow Bonney 1959
Location of pain

Hand, forearm

w
(oe]

Hand, forearm,

Hand

Hand, forearm, arm, cervical

(%)
Neuropathic pains: 44,1
Mixed pains: 55,8
Neck 28.6
Dorsal region 19.6
Whole Back 14.3
Low back 12.5
Pectoral region 8.9
Head 7.1

Hand, forearm, arm, shoulder

Hand, forearm, arm, shoulder, chest

Hand, forearm, upper arm, chest

Hand, forearm, shoulder

Shoulder, arm

Shoulder, arm, forearm, hand

Shoulder, hand, forearm

Arm, hand

Arm

Forearm, arm, hand, cervical

Forearm, arm

Foot

Foot, knee

RPlrlr|lRr|lPr|lRr|Rr|Rr|Rr]lRr]Rr|[Rr]R,r]|NM|w]| oo

Foot, leg

Total




Pain in brachial plexus avulsion

Phantom limb pain and sensation aspects, n (%) MP NP No Pain p*
Phantom limb pain after injury, yes 19 (100) 16 (100) 7(100)  0.123*
Interval between the appearance of phantom limb

pain and the injury

first week 3(15.8) 7437) 0(0.0) 0.048*

firsts 6 months 3(15.8) 4(25.0) 5(71.4)

more then 6 months 13 (68.4) 5(31.3) 2(28.6)

Still has phantom limb pain

No 3(15.8) 5(31.3) 1(14.3) 0475~
. Yes 16 (84.2)  11(68.7) 6(85.7)

Phantom sensations 83.3% Phantom limb pain requency
Sometimes a year 2(10.5) 0(0.0) 3(42.8) 0.130*
Sometimes a week 6 (31.6) 5(31.3) 2(28.6)

Daily 8 (42.1) 6 (37.6) 1(14.3)

° Statlc 81 . O% Not applicable 3(158)  5(31.3)  1(14.3)

Phantom limb thermal sensation (burning / freezing)

No 12 (63.2)  13(812) 6(85.7) 0.352*
. Yes 7(36.8) 3(18.8)  1(14.3)
) Dyn am |C 54’ 8% . :::::;‘;m limb non-thermal sensation (itch, shock,
No 13(68.4)  14(875) 5(71.4) 0.397*
. . Yes 6(31.7) 2(12.5) 2(28.6)
« Perception of movement during sleep 75.0% phantom limb movement sensation
No 7(36.8) 9 (56.3) 3(15.8) o0.512*
Yes 12 (63.2) 7437) 4(17.4)

- Phantom limb touchingipsilateral hemiface 16.3% Chape somathing et tchesy

No 8(42.1) 8(50.0) 5(71.4) 0415~

Yes 11 (57.9) 8(50.0) 2(28.6)
¢ Dys m O rp h O m etry Dynamic phantom limb sensation (opens and closes

. . the hand, rotates, or rocks the limb)

Limb shortening 16.1% No 768 o3 3(429) o512
. . . . 4 (571

LI m b StretC h Ig 37 . 5% ;teastic phantom limb sensation (member stretched or 128 e ( :

flexed)

No 10 (52.6) 11(68.7) 6(85.7) 0.264*

Yes 9(47.3) 5(31.3) 1(14.3)

The phantom limb sensation moves involuntarily

No 6(31.6) 7 (43.7) 3(42.9) 0731

Yes 13 (68.4) 9(56.3) 4(57.1)

Phantom limb sensation interference in habitual

tasks

Moderate / very much 2(10.6) 1(6.2) 0(0.0) 0.753

Little / nothing 13 (68.4) 10 (62.5) 6(85.7)

Not applicable/ without answer 4(21.0) 5(6.3) 1(14.3) ? ,:S!E?::;_w "é‘
Total 19(100) 16 (100) 7 (100) SPRM A AL
*x2 test e

** Yates correction
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Parameter

Followup

Localization

Character

Feature
Stable
Progressive
Regressive
Floating
TOTAL

Morning

Night

Daytime

Morning and night
TOTAL

Deep

Superficial
Supeficial and deep
TOTAL

Constant

Paroxysmal

Paroxysmal and constant
TOTAL

Progression, rytmyn, ;icalization, and character of pain

(%)
(86,2)
(11,2)
(1,7)
(%))
(100,0)

(1,7)
(11,2)
(85,4)
(1,7)
(100,0)

(93,1)

(3.4

3.4
(100,0)

(71,6)

(3.5)

(25,0)
(100,0)




Pain in brachial plexus avulsion

Sensitive

Affective

MPQ pain descriptors

Mean global score = 11.7 (>evaluative)

Evaluative

Miscelanea

Burning

Sickening

Intense

Cool

Flashing

Tiring

Umbearable

Thight

Tingling

Blinding

Troublesome

Drawing

Throbbing

Frightful

Miserable

Torturing

Jumping

Exausting

Annoying

Cold

Pricking

Fearful

Numb

Tugging

Grueling

Spreading

Heavy

Suffocating

Pressing

Vicious

Aching

Terrifying

Pinching

Punishing

Smarting

Wretched

Crushing

Punshing

Phantom Limb Pain 23 (18.8%) 40%
Active 14 (60.9%)
Static 5 (21.7%)
Sporadic 4 (17.4%)
Dominant 14 (60.9%)
Non-dominant 9 (39.1%)
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Number of NPSI descriptors higher in mixed pain / neuropathic pain patients

Roots avulsion diagnoses, n (%) 0.695
1 or 2 roots 8 (36.3) 9 (41) 5(22.7)
3 roots 2(18.2) 5 (45.4) 4 (36.4)
4 or 5 roots 9 (39.2) 10 (43.4) 4(17.4)
Total 19 (100) 24 (100) 13 (100)
Table 3S. Distribution of pain according to injury characteristics among patients with BPA
Variable Pain No Pain Total p*
n % n % n %
Lesion cause
Motocycle accident 28 757 9 243 37 100 0,952**
Others 15 789 4 211 19 100
Main cause of annoyance
[ Pain with or without lack of movement 40 976 1 24 41 100 <0,001** ]
Others 3 20 12 80 15 100
Total 43 76,8 13 23,2 56 100
MxNP MxNoP NP xNoP
NPSI - Descriptives NP MP No Pain P p** p** p**
Burning 489+368 692+286 046+1.20 < 0.001 0.616 <0.001 0.002
Squeezing 3,79+3,91 5,33+£3,87 0.00+0.00 < 0.001 0.424 < 0.001 0.003
Pressure 363+3,89 488+362 0.15+0.55 < 0.001 0472 <0.001 0.017
Electric Shocks 484 +413 5,50+3,01 0.61+222 < 0.001 0.940 <0.001 0.009
Stabbing 3,79+424 450+3,67 0.00%0.00 0.001 0.780 <0.001 0.013
Provoked by brushing 1,68 +3,06 4,42+406 0.15+0.55 0.001 0.059 0.003 0.216
[ Provoked by pressure 1,74+3,30 5,17+3,64 0.15+0.55 < 0.001 0.008 <0.001 0.322 ]
Provoked by contact with cold 268+4,03 5,38+3,74 0.00%0.00 < 0.001 0.094 <0.001 0.042
Pins and needles 3,21+417 458+4,03 0.61+222 0.012 0.556 0.007 0.099+
521+424 475+385 1.46+3.23 0.025 0.785 0.042 0.036 o

Tingling

by
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Pain in brachial plexus avulsion

BPI, DN4, and NPSI scores higher in mixed pain patients

Characterization of pain syndromes in patients with brachial plexus No Pain MP x NP MP x NoP NP x NoP
avulsion, n (%) NP 19 (33.9) MP 24 (429) 13(23.2) p* pr* p** p**
BPI pain VAS (0-100) 69.8+289 726+237 092+278 <0.001 0.928 < 0.001 <0.001
BPI pain intensity (0—10) 6.21+1.75 6.46+1.47 053+145 <0.001 0.942 < 0.001 <0.001
BPI pain interference (0—10) 5.09+280 6.75+242 1.19+3.02 <0.001 0.174 < 0.001 <0.001
DN4 score (0-10) 574+169 721+125 3.15+177 <0.001 0.008 < 0.001 0.002
No-neuropathic pain, DN4 < 4, n (%) 2(11.8) 0(0) 9 (69.2)
Neuropathic pain, DN4 >4, n (%) 17 (88.2) 24 (100) 4 (30.8)
Quality of neuropathic pain (NPSI)
Continuous ongoing superficial pain (burning), Intensity (0—10) 489+368 692+£286 046+1.20 <0.001 0.161 < 0.001 0.002
Continuous ongoing deep pain (pressure/squeezing), Intensity (0-10) 371+346 510+£3.32 0.07+0.27 <0.001 0.340 <0.001 < 0.001
Evoked pain (allodynia to brush, cold and pressure), Intensity (0—10) 432+3.71 500+253 0.30+1.11 <0.001 0.742 < 0.001 0.003
l Paroxysmal pain (electric shocks/stabbing). Intensity (0-10) 204+247 499+3.05 0.10+0.37 <0.001 _ 0.007 < 0.001 0.009 |
Paraesthesia/Dysaesthesia (tingling, pins and needles), Intensity (0—10) 4.21 +3.08 467+285 1.04+183 0.002 0.986 0.002 0.008
NPSI- total score (0—100) 3.55+2.02 514+2.04 0.36+0.54 <0.001 0.036 <0.001 <0.001
Brief-MPQ, Sensory (0-8) 0.71+0.25 0.81+£0.18 0.1410.25 <0.001 0.414 <0.001 <0.001
Affective (0-5) 0.76+029 073+0.30 0.06+0.15 <0.001 0.918 < 0.001 <0.001
Evaluative (0-2) 0.86+0.23 0.79+£0.25 0.1910.33 <0.001 0.629 < 0.001 <0.001
Total score (0—-15) 1140+3.20 12.00+268 1.77+3.00 <0.001 0.926 <0.001 <0.001  BPI Functional interference
; : % " A,,:,‘r " :,:ur e A*:.,‘Ur Neuropathic Pain
BPI - funcional Interefence NP MP No Pain p p p p .
= Issues focused on the psychic:
[ General activity 500+£320 750+241 073241 <0.001 0.032 < 0.001 0.005 ] ability to walk, relationship
Mood 563+3.32 6.08+340 045+%151 <0.001 0.908 <0.001 <0.001 \\ith other people, appreciation of
walking ability 442 +378 6.46+345 1.18+3.06 0.002 0.180  0.004 0.044  the life
Normal work 6.11+£457 7.96+321 0.73+241 <0.001 0.452 <0.001 0.005 Mixed Pain
Relation with other people 416+395 592+357 136%3.04 0.005 0.272  0.004 0.131 Issues focused on the physic:
Sleep 579+399 7.92+265 000£0.00 <0001 0167 <0.001 <o0.001 Ceneralactivity, work and sleep
Enjoyment of life 453+356 546+381 1.18+271 0.009 0.643 0.010 0.029
Total Score 509+280 6.76+242 0.38£0.93 <0.001 0942 <0.001 < 0.001 2 SPRM t‘sx ;:‘




Pain in brachial plexus avulsion

QoL SF-12 physical domain worse in mixed pain patients

Table 7S. Descriptive statistics (mean * SD) of the presence of pain according to characteristics of functionality, quality
of life and health in patients with BPA.

M x NP M x NoP NP x NoP

Psychological aspects NP MP No Pain p* p** p** p**
HADS
Anxiety (0-21) 7.00 £5.43 8.46 +4.16 1.15+1.95 <0,001 0.605 <0.001 0.001
Depression (0-21) 542 +4.76 6.88 + 3.96 1.38 + 2.84 <0,001 0.437 <0.001 0.009
Pain catastrophizing scale
Rumination (0-5) 2.83+1.97 2.58 + 1.57 0.31+£0.99 <0,001 0.882 <0.001 0.002
Helplessness (0-5) 2.08 £ 1.65 2.69 +1.30 0.23+£0.45 <0,001 0.304 <0.001 0.004
Total (0-5) 2.46 + 1.61 2.64 +1.31 0,27 £0.70 <0,001 0.899 <0.001 0.002
Quality of life and
disability
SF-12

PCS (0-100) 38.6 £ 9.70 31.2 +7.50 51.2+7.40 <0,001 0.044 <0.001 0.003
MCS (0—-100) 459+ 13.6 47.0+13.7 54.6 £ 9.52 0.173 0.899 0.393 0.118
Quick Dash score (0-100) 61.5+22.0 66.2 + 13.5 21.3+16.6 <0,001 0.919 <0.001 <0.001

* Kuskal-wallis with **Dwass-Steel-Critchlow-Fligner pairwise comparisons
Abbreviations: MP, mixed pain; NP, neurophatic pain; NoP, no pain; HADS: Hospital Anxiety Depression Symptoms;

QF-12- Health ciirvew 12-itam niiectinnnaira: PCS- nhveiral romnnnant: MCS: meantal conmnnnant



Pain in brachial plexus avulsion
Cortical Excitability

«Contralateral motor cortex TMS induced paresthesias in the affected limb

*Surface area: 2.1 - 42.8 2cm (mean=10.6 cm?; SD=11.11; median=26.1 cm)
Motor Evoked Potential

..................

« Mixed pain: variation 4.222cm

« Pain-free group: variation 3.32%cm

« Neuropathic pain: variation 1.71%cm

| / 1 Grafico 27. Média das Areas Corticais (cm3) do cortex motor primario
SO FAN segundo as areas avaliadas e dor entre os doentes com APB.

4

s VP V. _Soniiny

threshhold
N (%) N (%) N (%) 18

16

R I e = 14
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81290 ) 2 (100.0) 2 (5.7) 9 2p2
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semdor misto neuropdtica

M Area Cortical ipsilateral M Area Cortical contralateral
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Cortical Excitability

Motor Evoked Potential, Intracorticai Inhibition, Resinting Motor Potential, Intracortical Facilitation

' Tipo LMR PEM 120 PEM 140
de Dor ipsilateral :;Otgtr;&; trapézio p* p** ipsilateral Icaotgtrﬁ trapézio p* p** ipsilateral I?tre]trl:: trapézio p* p**
semdor [48;40-52]  [46; 39-61] [48,5; 45-57] 0.3672 08122 [228; 22,3-719] [80,4; 27,2-430) [53,5; 26,7-129] 0.588 0,380 [947; 48-1570] [335; 68-934] [113; 46-181] 0,455 0,380
comdor [50;43-58]  [30;0-57] [54; 48-63] <0.001s <0.0012 [183; 66,9-487] [11,2; 0-217] [93,2; 32,2-170] 0,003 0,725 [438; 173-967] [10;0-520] [172; 60,5-399] 0.0242 0,735
misto [50; 43,5-58] [19; 0-54] [55; 48-64] 0.0022 <0,001 [193; 72-515] [5,6; 0-340]  [85.3; 39,3-167] 0.037 0,922 [710; 180-1525] [5; 0-1500] [241; 62,8-391] 0,060 0,833
neuropatico [50; 43-55]  [30; 0-60] [53; 48,5-61,5] 0.097 0,033 [144;55,9-372] [21,9; 0-156] [142; 24,7-172] 0.064 0,489 [275; 144-587] [26,3; 0-463] [126; 52,9-404] 0,313% 0,934
Inibigao Intracortical Facilitacdo Intracortical

‘Tipo de Dor

ipsilateral contralateral trapézio p* p** ipsilateral contralateral trapézio p* p**
sem dor [403; 32,5-479] [121; 46,1-178] [79,9; 35-120] 0,033 0,677 [652; 44,9-944] [320; 124-429] [99,7; 46-135] 0,244 0,077
com dor [140: 39-283]  [0:0-150]  [85,5: 25,8-210] 0.023 0,831 [226: 103-879]  [0; 0-393]  [140: 47,4-287] <0.001 0,756
misto [143; 59,3-310] [12; 0-220]  [96,5; 42,9-240] 0.136 0,643 [244: 102-1186] [7,6:0-694] [135; 84,8-322] 0.021 0,684
neuropatico [126;354-283] [0;0-144]  [76,1; 15,7-140] 0.057 0,890 [194; 109-601]  [0: 0-192] [140; 22,1-214] 0.007 0,978

Contralateral hemisphere:
| MEP120% (p = 0.003), MEP140% (p = 0.024) and RMT (p < 0.001) ICF (p < 0.001).

Mixed pain: MRI (p = 0.002), MEP 120% (p = 0.037),ICF (p = 0.021), statistical trend of MEP 140% (p = 0.060).

Neuropathic pain: ICF (p = 0.007), trend MEP120% (p = 0.064), RMTL (p = 0.097) and ICI (p = 0.057)

vvvvvv
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Pain in brachial plexus avulsion
Workup

Acute phase of traumatic brachial plexopathy

» Accuracy of the diagnosis in acute phase difficult: anatomy of the plexus, incomplete and complex lesions and injuries

» Diagnosis and estimation the severity of the lesion » prognostic, surgical, and rehabilitative purposes

« Electrodiagnosis: a mainstay in the diagnostic evaluation after the 39 week

» Radiographies, computed tomography (bones and othe lesions), magnetic resonance imaging (peripheral nerve structures):
other soft-tissue or bone injuries

Management of traumatic brachial plexopathy

» Goals: preservation of the range of motion (ROM), improve strength, and management of pain

« Surgery: persistence of symptoms and signs despite appropriate conservative treatment

* Reparable injuries: primary reconstruction and debridement and decompression of the nerve issue
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Birth-related brachial plexus palsy
+ Controversies regarding surgical timing
« Small number of patients require surgical management

« Direct nerve transfers may minimize interpositional grafting procedures

Adult brachial plexus closed injury

« Evaluation of the situation, managing of pain, and starting rehabilitation.
« Advances

—Diagnostic imaging, electrophysiologics tests
— Physical therapy and rehabilitation: multidisciplinary approach: improves symptoms and function in children and those with a stretch-
type injury/outcome poorer in patients with root avulsions
» Acutely: traumatic mass effect » prevention of irreversible atrophy of denervated muscles
* Functional restoration: microsurgical early exploration, neurolysis, nerve repair, nerve transfer, nerve grafting, neurotization, free muscle and
tendon transfers, nerve rootlet reimplantation, .....
-Continuity of the nerve fascicles: conservative management
-Preganglionic brachial plexopathy and severe loss of function / multilevel root avulsions not amenable to direct repair: nerve
transfer B restauration of biceps function (C6) and shoulder mobility (C5)
-Post-ganglionic with damaged fascicles: nerve decompression, nerve grafting, excising the damaged plexus segment + nerve auto-
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graft with sural, phrenic, spinal accessory, or medial pectoral nerves
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No consensus on the analgesic management

Tricyclic antidepressants (amitryptiline) and or antiepileptic drugs

Empirical drug therapy

Simple analgesics and NSAIDs: no help in the chronic phase

TADs or serotonin and noradrenaline reuptake inhibitors (SNRIS)

ADs + anti-epileptic agents (gabapentin, pregabalin, topiramate, carbamazepine, oxcarbazepine lamotrigine)
Topicals: 5% lidocaine (lignocaine) patches, 8% capsaicine ?

Opioids: tramadol, tapentadol, morphine, oxycodone, methadone, TD buprenorphine

Botulinum toxin: post-ganglionic lesion

Other drugs: cannabinoids,ketamine, clonidine, nefopam, coxibs, pamycin, intrathecal Trichostatin, IV immunoglobulin?

Electroacupuncture
Transcutaneous electrical nerve stimulation (TENS)

Stellate ganglion blocks: CRPS
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NEUROL-2212; No. of Pages 28
: - Neuropathic pain
Available online at Elsevier Masson France
ScienceDirect EM|consulte
www.sciencedirect.com www.em-consulte.com
L ] L}
Practice guidelines Focal peripheral NP Other peripheral or central NP
Pharmacological and non-pharmacological l l
trea.tments for neuropathic pain: .SystematIc | : - SNRIs (Duloxetine (60-120mg/d) or
review and French recommendations m s Lidocaine plasters (7-3 or :
1 line plasters, 12h/d) i Venlafaxine (150-225mg/d))
X. Moisset“", D. Bouhassira %%, J. Avez Couturier %, H. Alchaar/, TENS (2 3(') minutes/d) Gabapentin (1200-3600mg/d)
S. Conradi9, M.H. Delmotte", M. Lanteri-Minet ", J.P. Lefaucheur’™:, s Tricyclic antidepressants (10-150mg/d)
G. Mick!, V. Piano™, G. Pickering ", E. Piquet’, C. Regis®, E. Salvat?,
N. Attalc ............................................................................
Capsaicin 8% patch (1-4 Pregabalin (150-600mg/d)
2nd Jine patches/ 3 months) or Tramadol (100-400mg/d)
Botulinum toxin A (50-300 4 Combination therapy 2
units/ 3 months) (antidepressants + gabapentinoids) ©
> &
............................................................................ R
£
HF-rTMS of M1 (>5Hz, >1200pulses/session) S
3" line Spinal cord stimulation (FBSS and diabetic neuropathic pain) aQ
Strong opioids alone or in combination (in absence of
alternative, <150MME/day, after risk of abuse evaluation) s

Fig. 2 - Proposed therapeutic algorithm for neuropathic pain treatment in adults. Only treatments available in France in June
2019 were considered. For practical considerations, see Table 4. NP: neuropathic pain; TCAs: tricyclic antidepressants;
TENS: transcutaneous electrical nerve stimulation; HF-rTMS: high-frequency repetitive transcranial magnetic stimulation;
Ma1: primary motor cortex; BTX-A: botulinum toxin type A; FBSS: failed back surgery syndrome; MME: mg morphine
equivalent.
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Surgery

*Restaurative surgery

-Brachial plexus injury repair with direct suture, grafts or nerve transfers, minimizes the incidence and severity of neuropathic pain???

-Sooner the repair/ better the result Berman et al. 1996

« Continuous pain: neuromodulation
-Post-ganglionic lesion: peripheral nerve stimulation: 50—-83%» pain relief: 65-80% of the patients
-Cervical spinal cord stimulation: brachial plexus injuries effective in is 50%, failed previous DREZotomy?
-Pulsed radiofrequency: plexular lesion without avulsion?

-Thalamic and periaqueductal grey matter deep brain stimulation: 55% improvement in BPIl and post-amputation pains
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y g
TABLE 3. Percentage Paln Relief at Final Follow-up for Patients Receiving DREZ Lesloning for BPA ; y 3
= a4 W
Degree of paln rellef at final follow-up (%) s 4 / \ \ ﬁf\_ g J
y S Y i | & v f/
Lesioning method Refarence No. of BPA patlents 75% to 100% 50% to 75%  25% to 50% <25% = =/ ', i \ y
\
MDT Jeanmoned and Sindou, 19919 3 67% 0% 33% 0%
MDT Emery et al, 19978 37 659% 27% 8% P ,
-~
MDT Guenot et al, 20032 9 449% 22% 1% 22% f / \ s
MDT Sindou et al, 20057 55 38% 31% 31% 0% ) / ~ N
MDT? Prestor, 2006 26 76% (12% "complate”) 24% =\ '
MDT Zheng et al, 2009% 14 64% 36% v S - /’/ o
MDT Aichaoui et al, 2011* 29 599% 24% 7% 10% S —
MDT Dong et al, 2012% 7 100% 0% 0% 0% . - — -
RF Nashold and Ostdahl, 1979 18 56% 7% 28%
RF Thomas and Sheehy, 19833 19 52% 32% 16%
RF Richter and Seitz, 1984>* 7 71% 0% 0% 29%
RF Samii and Moringlane, 19846 22 F7%° 149° 9%
RF Thomas and Jones, 1984% 34 59% 26% 15% . . ) .
RPb Bruxelle et al, 19881 8 39 % 0% 0% Paroxysmal painful discharges: ablative procedures
RF Campbell et al, 1988%° 10 80% 20% 0% 0% .
b . EA_7E0
RF Friedman et al, 1988° 39 a5 13% 0% 339 DREZotomy: 50—75% of the paroxysmal pain
RF Ishijima et al, 1988%* 19 829% 18% 0% 0% . . .
RF Young, 1990% 18 75% 259 less in inconstant pain/10% of patients
RF Kumagai et al, 1992°° 7 29% 14% 57% 0% i i . i i
RF Thomas and Kitchen, 19942 44 68% 1% 1% Complications: ipsilateral lower limb weakness and ataxia,
RF Fazl et al, 199552 4 100% 0% _
RF Rath et al, 19975 3 57% 26% 17% 13-20% recurrence (constant pain)
RF Samii et al, 2001"° 47 63% 37% 0%
RF Tomas and Haninec, 2005*7 2 62% 38% 0% Final FU acceptable pain control in 60%
RF Ali et al, 20114 1 55% (P) 18% (P) 27% (P)
7% (C) 0% (C) 73% (C)
RF Awad et al, 2013% 10 60% (30% "complete”) 40% (30% no relief)
RF Haninec et al, 2014%% 52 71% 1% 8%
Laser Powers et al, 198453 2 100% 0% 0%
Laser Powers et al, 198854 6 100% 0% 0%
Laser Young, 19907 4 509% 50%
us Dreval, 1993% 124 87% 13%
Various Ko et al, 2016 15 33% (13% “complete”) 33% 33%
Total/Average for all modallties 754 75.7% 24,3% !

C, continuous pain component; MODT, microsurgical DREZotomiy; P, paroxysmal pain component; RF, radiofrequency; US, ultrasound.
#Modified procedure not incorporating microknife incision.
bModified procedure also incorporating microblade lesioning of cord.
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Ahthors/years

Tsubokawa et al. 1991
Nguyen et al. 2000
Teixeira et al. 1996
Meyerson 1993
Katayama et al. 2001
Rainov et al. 1997
Nguyen et al. 1999
Teixeira et al. 1998
Nguyen et al. 2000
Katayama et al. 1994
Teixeira et al. 2006
Katayama et al. 2001

Teixeira et al. 2006

Pain in brachial plexus avulsion

Type of pain
Central pain
Neuropathic pain
Neuropathic pain
Periphersl neuropathic pain
Neuropathic pain
Facial pain
Facial pain
Facial pain
Myelopathic pain
Wallerberg’'syndrome
BPA
Phantom limb pain

Complex regional pain syndrome

Motor cortex stimulation

Improvement (%)

75
77
66
50
48

83
67
33
66
83
20

Follo wup (m)
2

18
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“ Operculo-insular cortex TMS stimulation

SciVerse ScienceDirect ]‘_I\'I|
www sciencedirect.com www.em-consulte.com/en

ORIGINAL ARTICLE/ARTICLE ORIGINAL Ta rgeting the inSU|a POStero-Superlor InSUIa TMS

Into the Island: A new technique of non-invasive +  Did not affect thermal detection thresholds or heat pain thresholds/baseline values
cortical stimulation of the insula » Cold pain threshold decreased (towards analgesia) 1 hour after the stimulation ns

Table 1 Thermal thresholds measured by quantitative sensory testing and distances from the scalp to targets.

Distances and thresholds H Minimum Maximum Mean Std. Dewviation Related samples
Wilcoxon's Signed
Rank Test (P)
RMT_TA (XMSO) 7 39 83 5443 16.092
Distance between skull and insula (mm) 7 43.0 53.7 48.814 4.1735
Distance between skull and LL M1 (mm) 7  38.3 51.8 47114 4.8057 Ll
CDT_LUP.B (°C) 7 224 30.8 29.214  3.0394
COT_LUP_A (°C) 7 26.0 30.7 28.871  1.8200 A
WDT_LUP_B (C) 7 329 39.3 34.871  2.1523 0.093
WDT_LUP_A (*C) 7 331 36.4 33.900  1.1460 -
Distance (n=7) HPT_LUP_B (°C) 7 39.5 46.8 43,529 2.8582
2:2e47.124:8 mm HPT LUP A (°C) 7 398 482 44 079 3.1495 [T
3-4= 48.8+4.1 mm
- CPT_LUP.B (°C) 7 9.7 25.2 17.957  5.4052 0.061
- CPT_LUPA (°C) 7 3.8 20.3 12,543 6.1321 d

COT: cold detection threshold; WDT: warm detection threshold; HPT: heat pain thresheold; CPT: cold pain threshold; LUP: left upper limb;
LL: lower limb; M1: primary motor cortex; B: baseline; A: after; RMT: rest motor threshold; TA: tibialis anterior muscle; MSO: maximal
stimulator output.
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Intrathecal infusion of drugs

Drugs: opioids, Ca++ channel antagonists, NMDA antagonists, GABA agonists, alpha-2-adrenergic

agonists, acetylcholinesterase inhibitors and somatostatin analogue

ENV da dor pré e pos tratamento da dor cor com infuséo
intraspinal de morfina durante mais de 18meses n=88
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Expected values and standard errors of variations in the VAS pain score for each procedure

ET Morfina Epidural EEME Farmacolaégico ECORT DREZ

Procedimento 2' - 13 ‘
-4 Sydieny Atyatia
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Conclusions

* Neuropathic pain is very frequent in patients with brachial plexus injury,

« Several mechanisms: peripheral nociceptor sensitization, peripheral ectopic discharges, central sensitization in the
dorsal horn, and cortical reorganization, sensitization and neuroplasticity.

« Pain severity similar in patients with mixed pain and neuropathic pain

« The impact on pain sensatiions, mood, quality of life and physical disability higher on the mixed pain patients

« The impact in the physical components higher than in the psychic and mental dimensions in mixed pain patients

« The disability is greater for bi-manual skills, strength, and sleep in mixed pain patients

» There are differences in the cortical plasticity between neuropathic and mixed pain patients

« Treatment: pharmacological measures, non-pharmacological strategies, topical agents, physiotherapy, and
rehabilitation programs

« Surgical options: nerve repair or nerve transfer, DREZ, spinal cord stimulation for non-avulsion neuropathic pain,

cortical and posterior insula stimulation for constant pain g Jﬂtg L
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