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Viktiga storningar

intrasynaptic

Lambert Eaton Myasthena Syndrom (LEMS)

synaptic basal lamina

Congenitala myasthenia syndrom (CMS)

Botulinum toxin

3

Myasthenia Gravis (MG)

muscle fiber |

f-actin

postsynaptic | -

Punga AR and Riiegg MR, Curr Opin Pharm, 2012

18-05-23



Vad menas med fallgropar?

Klassisk bild

Neuromuskular
transmissions-
storning

Atypisk bild

44
bt

Yttre ”storande” faktorer
Tex botulinumtoxin, mediciner, andra sjd

Diagnostik av n-m transmissionsstorning
neurofysiologiska tester

1) Repetitiv nervstimulering (RNS)

normal ||||||| “| dekrement

2) Singel-Fiber EMG (SFEMG)

A " normal \ﬁ: Okat ”jitter”/ blockeringar

1ms
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Repetitiv nervsstimulering: postsynaptisk storning,

Trapezius

12:58:05
9.0 mV
46.4 mVms

tex MG, postsynaptisk CMS

5 msiD

12:59:10 13:01:16
7.9 mvV 8.2 mv¥
41.9 mVms 44.0 mVms

i 1 T ) Y s 4 O

0 efter 20

1 efter akt 3 eft akt

Nedgang i amplitud mellan 1a och 4e CMAP-svaret = dekrement; indikerar
stord neuromuskular signalering

Diagnostic Utility of Repetitive Nerve Stimulation in a Large Cohort of

Patients With Myasthenia Gravis

Asa Amandusson, Kristin EIf, Margareta E. Grindlund, and Anna R. Punga

Department of Neuroscience, Clinical Neurophysiology, Uppsala University Hospital and Uppsala University, Uppsala, Sweden.

Purpose: Optimizing the diagnostic utility of repetitive nerve
stimulation in myasthenia gravis (MG) may include tailoring the
examination to clinical phenotype. Therefore, we analyzed all
available repetitive nerve stimulation parameters in a large
cohort of patients with confirmed MG diagnosis.

Methods: All repetitive nerve stimulation examinations at the
Uppsala University Hospital rendering an MG diagnosis during
1996 to 2014 were analyzed. The deltoid, trapezius, anconeus,
nasalis, abductor digiti quinti, and frontalis muscles were
examined.

Results: Two hundred one patients with MG were diagnosed.
Abnormal amplitude decrement was found in 54% of patients
with ocular MG, 77% of patients with predominantly bulbar

fatigue, and in 83% of patients with predominantly limb fatigue.
The deltoid muscle had the highest sensitivity in all MG
subtypes, with a mean of 77% sensitivity in all clinical subtypes,
and the most pronounced decrement for amplitude (P = 0.0002)
and area (P < 0.0001). Technical issues were rare.
Conclusions: These data contribute to further optimization of
repetitive nerve stimulation strategies regarding muscle
selection and technical performance in the electrodiagnostic
workup of MG.

Key Words: Repetitive nerve stimulation, Myasthenia gravis,
Deltoid muscle, Decrement.

(J Clin Neurophysiol 2017;34: 400-407)
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Klassisk neurofysiologi vid presynaptisk
storning, tex LEMS, presynaptisk CMS

o
VAT AN N NGNS N NN
\u/WC._
2mV/div.
13:38:38 3 Hz 13:39:03 3 Hz 13:40:08 3 Hz
1.9 mV -22 % 6.3 mV -14 Z 1.9 m¥ -26 %Z
5.8 mlms -21 % 17.8 mlms -15 % 5.8 mlms -25 %
II||||||||‘| |H|II||||||||
vila efter 10 s aktivering 1 min
13:50:09 10 Hz 13:52:27 20 Hz o . . P
1.3 mU 37 % 1.3 mU 192 % 1) Lag motorisk amplitud i vila
2.9 mlms 38 % 2.9 mlms 136 %

2) Dekrement i vila

3) Aktivering eller hogfrekvent
stimulering resulterar i 6kad
amplitud = facilitering

180 hz 20 hz

Singel Fiber EMG (SFEMG)

= signal fran 22 muskel fibrer

Den mest sensitiva undersokningen for att
kvantifiera neuromuskular transmission
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SFEMG

0.2 m¥iD 0.5 msiD

Stord neuromuskular signalering,

muskeltrotthet

ﬁ}u\w aven i "icke-svaga” muskler
\f\/\f\j\f\p = blockeringar, korrelerar med grad av

65-arig kvinna: MG?

Y

Diabetes, hypertoni och hereditet for stroke

A\

Tvafasinsjuknande under 3 dagar med diplopi,
dysarti och dysfagi

A\

Abducenspares och fluktuerande ptos hoger
Sond pga uttalad dysfagi; MGFA klass IVB
MRT hjarna: kronisk ischemi

YV VYV
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Decrement | Right Abd dig min (man) -

13:09:49 13:10:24 13:11:29
9.3 mV ! i
24.4 mVms

[ 1 f

0 e 20s akt

Normalt dekrement i distal muskel (ADM)

Decrement | Right Nasalis -

13:14:30 13:15:16
1.7 mV !
6.8 mVms

I

0 e 20s akt

Normalt dekrement i facial muskel (nasalis)
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Decrement | Right Trapezius

13:19:51 13:20:33 13:21:41 13:23:44
3.5 mv k 3.5 mvV 2 % 3.6 mV 3.2 myv
13.3 mVims 4 13.8 mVms 2 % 13.9 mVms 13.7 mVms

Normalt dekrement i facial muskel (nasalis)
Kraver vidare utredning med SFEMG

3 Hz

SFEMG analysis| Right Orbicularis oculi

0.2 m¥iD 0.5 msiD

(=4

SOOWO~NNNAABWN =T

-

Block
Jitter :
Normal :

MCD [us]

Uttalat 6kat jitter och blockeringar pa SFEMG = diagnos MG
Efter 2 v kom positiva svar pa AChR antikroppsanalys

NRNWWRNRNRNRNWWN G

[Jnon block
@ block
[S]stim
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Fallgrop 1:
Normalt dekrement i akutskedet av MG (< 4v) utesluter INTE MG

Clinical Neurophysiology 127 (2016) 3480-3484

Contents lists available at ScienceDirect

Clinical Neurophysiology

journal homepage: www.elsevier.com/locate/clinph

Repetitive nerve stimulation often fails to detect abnormal decrement @Cmssmrk
in acute severe generalized Myasthenia Gravis

Maarika Liik?® Anna Rostedt Punga >*

2 Department of Neurology, Tartu University Hospital, Tartu, Estonia
® Department of Neuroscience, Clinical Neurophysiology, Uppsala University and Uppsala University Hospital, Uppsala, Sweden

ARTICLE INFO HIGHLIGHTS

Article history:
Accepted 8 September 2016
Available online 3 October 2016

Patients with acute onset severe generalized MG often have normal findings on RNS.

Concentric electrode jitter analysis is abnormal in acute onset generalized MG and thus required for
rapid diagnosis.

Abnormal decrement tends to develop over several weeks and is not dependent on AChR antibody
titer.

Keywords:

Myasthenia gravis
Decrement

Repetitive nerve stimulation

Det finns en tidsgradient i utvecklingen av dekrement pa RNS adven vid uttalad svaghet

A 250 p=0.0002
s 20+
£ 200
.é 150 g 1 = - T
=] =
ﬁ g -204 > —ﬂ:‘.
° 100 -: 0]
= © [ ]
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0+ [ [ )
':' s
* @ ey
T 204 ® e o °* s . ) . .
() o o Fig. 1. Acetylcholine receptor antibody
5 ¢ o, . (AChRab) titer (A) and maximal decrement
5 401 =-047 (max decr) in any muscle (B) in the acute
-] p=0.0069 versus slow onset group. Correlation
= -604 . between disease duration and maximal
decrement in any muscle (C).
T T
1 2 3 4 5 6 7 8 9 10
Duration (mo) Liik&Punga, Clin Neurophys, 2016
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Lambert Eaton myasthena syndrom
(LEMS):

W
/ \
\:%Qn 5

Antikroppar mot spanningskansliga calciumkanaler (hos 90%) leder till

Paraneoplastisk form av MG:

= 60% smacellig lungcancer

mator nerve terminal
presynaptic

minskat calciumflode presynaptiskt och darigenom minskad frisattning av

acetylkolin

47-arig kvinna

* Tidigare frisk kvinna med generell kroppslig
uttrottbarhet sedan 3 manader

* Progressivt forlopp, orkar knappt ga 200 m,
samre pa hoger sida

* Hesare och satter ofta i halsen

* Neurologstatus: uttrottbarhet i nackmusklerna
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MOTOR .NERVER:

HO Medianus
Wrist - APB
Ab EIb - WUrist
HO Ulnaris
Wrist - ADM
Be Elb - Wrist
Ab EIb - Be Elb
VA Tibialis
Ankle - AHB
Knee - fAnkle
HO Tibialis
Ankle - AHB
Knee - fAnkle

VA Peroneus
Ankle - EDB
Be knee - Ankle
Ab knee - Be knee

Amp
[Z1

SO F-M

[ms]

8D

SENS. NERVER

HO Medianus
Palm - Wrist
Dig I - Wrist
Dig IT - Urist
Dig III - Wrist
Dig IV - Wrist
HO Ulnaris
Palm - Wrist
Dig IV - Urist
Dig VU - Wrist

V4 Peroneus superfi

Foreleg - fAnkle

HO Peroneus superfic

Foreleg - fAnkle
VA Suralis

Foreleg - fAnkle
HO Suralis

Foreleg - fAnkle

18-05-23
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Decrement | Ho Abd dig min (man)

8.5 mU/D

12:52:10 3 Hz |12:53:17 3 Hz |12:54:24 3 Hz |12:55:30 3 Hz
1.0 ¥ 1.1l 1.1al 1.1al

@ e 28s arh. 1 min. e arb.

12:57:35 3 Hz
1.0 ¥

3 min. e arb.

Decrement Nasalis

8.2 mU/D

13:26:13 13:27:18 3 Hz |13:28:28 3 Hz |13:30:32 3 Hz
0.7 mV 0.8 mV 0.8 mV 0.7 mV
23.9 nlas % 2.8 nlus 24.1 mlas 2%

@ e 20s arb 1 min e arh. 3 min e arb

18-05-23
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Ytterligare utredning talar for LEMS

* CT thorax ua
* Seropositiv for VGCC antikroppar

* Patienten vagrar medicinsk behandling,
erbjuds 3, 4 DAP

Uppféljning > 6 manader visar dock antydd facilitering: amplitudékning

Decrement | H¢ Akd dig min (man)

8.2 mV/D

13:26:49 13:27:34 13:28:42 13:30:52 14:21:24 20 Hz
0.5 mt 1.owt 0.5 mt 0.4 ml 0.3 ml

12



Decrement

8.2 mV/D

13:40:25
0.4 mV
13.7 mlas

H¢ Nasalis

13:40:39 13:42:02 13:44:07
0.6 mV 0.4 mV 0.4 mV
13.9 mlas

14:05:55
0.4 mt

H¢ Trapezius

14:06:32 14:07:36 14:09:31
0.7 mV 0.5 mV 0.5 mV
2.5 nlms

e 2@s akt 1 min e akt 3 min e akt

18-05-23
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SFEMG analys | VA Orbicularis oculi

Fiber density
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MuSK+ MG
» Fokal trotthet/svaghet i muskler i ansiktet,
svalget, nacken eller i andningsmusklerna
» Fokalt stord n-m transmission!!

» Muskelatrofi foljer ofta pga fordrojd diagnos

mg » Oftast ses ingen forbattring av
acetylkolinesterashammare (Mestinon®)
(Punga et al, 2006), kan snarare leda till
forsamring

i e &
G AR 5
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Fynd pa neurografi efter kolinerg
overdosering (MuSK+ patient)

* Mestinon 60 mg 2x3 per dygn

» Extra repetitiva urladdningar sags efter CMAP-svaret
vid lag-frekvens stimulernig

+ Efter injektion av 10 mg edrofonium i.v., kom s k
repetitiva urladdnignar efter CMAP-svaret och
samtidig klinisk forsamring (0kad svaghet i nack-
musklerna)

Punga AR et al, Muscle & Nerve, 2006

Overdosering av mestinon: “extra urladdningar”

1 /D 18 ms/D S mU/D

1
v Ulnarisnerven

Peroneusnerven

18-05-23
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86 arig kvinna med MG: forsamring??

* MG diagnos sedan 3 ar tillbaka

* Debutsymptom: bulbara (dysartri, dysfagi)
» Seropositiv for AChR antikroppar

* Mestinon 60 mg 2 x 6 (720 mg/d)

* Inlagd pa neurologavd, Akademiska sjukhuset pga
forsamrad gang och styrka (framst bensvaghet)

* Andra symptom: frekvent diarré
» Fragestallning: féorsamring pga MG?

”Extra urladdningar” = nikotinerg dverdosering av mestinon
och INTE férsamring av MG
OBS! Drabbar ffa distala muskler

0.5 m¥iD 8 msiD 0.5 myiD 8 msiD

Stim: n fibularis Stim: n tibialis
Reg: EDB Reg: AHB

18-05-23
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Postsynaptiskt CMS (”slow channel”)

Rec: APB 2 nU/D+ 3 ms/D o
/N - | - - -._da1cu _eMP . _AREA . DUR

77mA :
U N T T Y

[mise] 162 AN l . is26msi 27 % -15% 11z
A Ve U1 7.80  1.90 6.6 6.4

e Mutation i nagon AChR subunit, vanligast i CHRNA1
¢ ”Gain of function”: férlangd AChR &ppning

e Extra urladdningar

53-arig kvinna

» Tidigare frisk kvinna

» Sedan 2,5 manader somnsvarigheter och
kallsvettningar som Overgatt i extremitetssvaghet

» Muskelsvaghet och skakningar vid minsta aktivitet.
Dalig aptit, viktnedgang ca 15 kg pa 2 manader.

» Neurologstatus: Mycket trott, 6gonmotorik och
synfalt ua. Kranialnerver ua. Ingen ataxi.
Muskelsvaghet i armar och ben. Synhallucinationer.

Y

18-05-23
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Stin pos
dLAT/CV |

Reg. pos.
#Stin
#F
M-lat : 2.5 [ms]
F-N lat min:
max: 28.8 [ms]
medv: 25.9 [ms]

Spine-Urist j nn

, A R e |
ST e i 1 [ otering

Stim pos
dLAT/CY AMP_ AREA ~ DUR

Reg. pos.
#Stin
#F
M-lat : 4.8 [ns]
F-M lat min:
max: 51.5 [ms]
medv: 49.4 [ns]

Spine-finkle

1 1 [ Y| PR
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@
4
T

56.2 [ms]

50.3 [ms]

medv:

G e ) s ] wotering
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Antikroppsanalys:

Seropositiv for antikroppar mot:

+» Contactin-associated protein (CASPR)
¢ Acetylcholinreceptorn (AChR)

% Titin

+ Voltage gated calciumkanaler (VGCC)

% LG1

Diagnos:
Morvan’s syndrom
Malignt thymom

Perifer nervhyperexcitablilitet, kolinerg hyperaktivitet

Behandling: Thymektomi och IvIG

18-05-23
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Fragestallning: MG eller motorneuronsjukdom?
Juli 2017

» 56-drig kvinna, tidigare whiplash, skotare pa psyk.

» 10 dagar i januari svarigheter att svalja i samband med
forkylning. Sedan slutet av april aterigen svaljningssvarigheter,
gatt ned 8 kg. Nagon vecka senare forandrades rosten och
svaghet vid nackflexion. Svaljningsbesvaren ar varst i slutet av
maltid, ingen dygnsvariation.

» Negativa antikroppar mot AChR och MuSK

15:08:28 15:11:34
3.6 ml
7.7 nlms

21
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Decrement | He Trapezius

13:14:42 15:15:39 13:16:46 15:18:50
6.0 mV 6.3 ml 6.3 ml % 5.9ml
39.0 mlms % 35.9 nlus 35.7 mlams % 29.1 nlus

H¢ Nasalis

13:20:49 15:21:29 13:22:35 15:24:42
0.9 ml 1.0mV 4 1.0mV 1.0mV
2.2 nlms % 2.4 nlms % 2.4 nlms 2.3 nlms

1 min e akt 3 min e akt

Helt normalt dekrement i samtliga muskler

22



. Normal
. Normal
. Normal

. Normal

Vi Frontalis . Aoute part den
Vi Orbicularis oculi . doute part den
. dcute part den
. Normal
. Normal

Tecken till denervation (positive sharp waves, fibrillationer)
ansikts- och nackmuskler!!
MEN inga hallpunkter fér motorneuronsjukdom

‘ VA Orbiculavis oculi

8.1 mu/D

Uttalat okat jitter
och blockeringar

=
LR R R e ]

'
[J ei block
1 block
E] stim

WD [us]

18-05-23
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Men det som inte framkom av
remissen var...

* Inga 6vriga MG-symptom (e] ptos, dubbelseende etc)

» Svarare att svalja fast foda an dricka

* Ingen egentlig dygnsvariation i symptomen

* Fick Botox kring orbicularis oculi pa ett
"hemmaparty” i april 2017 och regelbundet erhallit

Botox av privatlakare ca 2ggr/ar i omradena kring
orbicularis oculi och glabella under 3 ars tid

Uppféljande undersdkning 2 manader senare: forbattring

SFEMG
Orbicularis oculi: medel MCD: 60 us = forbattring
deltoideus: medel MCD 25 ps = normalt

EMG: |att subakut neurogen paverkan i vanster frontalis, latta
tecken till denervation och pagaende reinnervation

SLUTSATS:
Patienten har inte MG eller motorneuronsjukdom (!!!)

FALLGROP 3: Den latt storda neuromuskuldra transmissionen
och subakuta neurogena paverkan som kvarstar i

ogonmuskler harleds till tidigare Botox-injektioner
(Alimohammadi & Punga, Toxins, 2017)

RAD: Inga fler botoxinjektioner!!

18-05-23
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Acta Derm Venereol 2015: 95: 948-951

INVESTIGATIVE REPORT

Regional Diffusion of Botulinum Toxin in Facial Muscles: A Rando-
mised Double-blind Study and a Consideration for Clinical Studies
with Split-face Design

Anna Rostedt PUNGA', Annika ERTIKSSON! and Mohammad ALIMOHAMMADI>?
nstitute of Neuroscience, Department of Clinical Neurophysiology, Uppsala University, “Department of Medical Sciences, Uppsala University, and
3Department of Dermatology and Venereology, Uppsala University Hospital, Uppsala, Sweden

Fig. 1. Ipsilateral facial nerve palsy caused by treatment with 4 U of a
botolinum toxin (Dysport®) in the left orbicularis oculi muscle against left-
sided blepharospasm. Note hemifacial asymmetry caused by the reduced
tension in the facial muscles on the left side due to ipsilateral facial nerve
paralysis. Awritten permission from the patient1s given to publish this photo.

Sammanfattning av fallgropar

1. Akut insjuknande i MG (inom 4 v) kan ha helt
normalt dekrement trots mycket svar
muskeltrotthet: det tar tid att utveckla
dekrement (och aven facilitering vid LEMS)

Losning: Gor SFEMG eller antikroppsanalys

18-05-23
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2. Extra urladdningar indikerar kolinerg
hyperaktivitet men kan ses vid flera olika
tillstand:

- Overdosering av mestinon vid MG (ffa dldre)
- Morvans syndrom/paramalignitet
- CMS ffa med AChR mutation

Losning: Tank brett och kombinera olika us.

3. Botulinumtoxininjektioner (inom 6 manader)
kan uppvisa stord neuromuskular
transmission (jitter)framst i ansiktsmuskler
och ge en felaktig diagnos av MG

Losning: Aktivt efterfraga tidigare Botox; nu fler
indikationer (rynkor, huvudvark mm mm)

18-05-23
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Tack for uppmarksamheten!
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