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ABSTRACT

Objective: To investigate the effect of voluntary contraction at
low frequency repetitive nerve stimulation (RNS) as a sign of pre-
synaptic compensation in patients with Myasthenia Gravis (MG).

Material and Method: Thirty-five patients with MG were includ-
ed. RNS at 3 Hz, recorded from the abductor digiti minimi, tra-
pezius, nasalis, and orbicularis oculi muscles were performed. In
muscles with more than 10% decrement, RNS at 1 Hz with 20-90
stimuli was applied after 10-second maximal isometric voluntary
muscle contraction (MIVMC). Progressive decremental pattern
was considered when decrement values were increasing until
the last response. Facilitation after MIVMC was determined by
dividing the amplitude of motor response in resting state by the
amplitude of the motor response recorded just after contraction.

Results: Among 15 patients having RNS at 1 Hz, nine had facil-
itation after MIVMC. In the muscle with facilitation, there was
a significant positive correlation between the increment ratio
and the progressive decrement difference between responses
1-4 and 1-9 (correlation coefficient 0.730, p=0.026). Although not
statistically significant, muscles showing facilitation following
decrement tended to have a progressive decremental pattern.

Conclusion: During RNS, facilitation after MIVMC followed by
progressive decremental pattern may be related to presynaptic
compensation of neuromuscular transmission failure in MG.
Keywords: Myasthenia Gravis, repetitive nerve stimulation, low
frequency stimulation, post-exercise facilitation, decrement

OZET

Amag: Bu calismada, Myasthenia Gravis (MG) hastalarinda pre-
sinaptik kompansasyonun bir gdstergesi olarak maksimal istemli
kasi sonrasinda ardisik sinir uyarim testinde (ASU) dedgisikliklerin
incelenmesi amacland.

Gereg ve Yéntem: Otuz bes MG hastasi ¢calismaya dahil edildi.
Bu hastalara abduiktor digiti minimi, trapez, nazalis ve orbikilaris
okuli olmak Uzere 4 kastan 3 Hz ASU incelemesi yapildi. Dekre-
ment orani %10 Uzerinde olan kaslarda 10 saniye izometrik mak-
simal kasi sonrasinda 1 Hz ASU incelemesi tekrarlandi. Bu kaslar-
da kasi sonrasi fasilitasyon ve progresif dekrement paterni varligi
degerlendirildi. Progresif dekrement paterni, ASU incelemesin-
de dekrement oraninin son uyariya kadar artmasi olarak belirlen-
di. Progresif dekrement farki ise 1-4 ve 1-9 ile 1-4 ve 1-son uyar
ile kaydedilen dekrement degerlerinin birbirinden ¢ikartiimasi ile
hesaplandi. Fasilitasyon ise kasi sonrasi ve istirahatte kaydedilen
motor yanit amplittdlerinin birbirine oranlanmasi ile belirlendi.

Bulgular: istemli kasi sonrasi 1 Hz ASU yapilan 15 hastanin
9'unda fasilitasyon saptand. Fasilitasyon izlenen kaslarda inkre-
ment orani ile progresif dekremet farki (1-4 ve 1-9 uyari arasi)
istatistiksel olarak anlamli pozitif bir korelasyon gosterdi (kore-
lasyon katsayisi 0,730; p=0,026). istatistiksel olarak anlamli olma-
makla birlikte ilk 9 uyanda progresif dekrement paterni varligi
dekrementi takiben fasilitasyon izlenen kaslarda daha fazlaydi.

Sonug: izometrik kasi sonrasinda diisiik frekansli ASU incelemesi
MG hastalarinda presinaptik kompansasyonu gosterebilir.

Anahtar Kelimeler: Myasthenia Gravis, ardisik sinir uyarimi, di-
stk frekansl uyanm, egzersiz sonrasi fasilitasyon, dekrement
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INTRODUCTION

Myasthenia Gravis (MG) is an autoimmune disorder that
affects neuromuscular transmission in skeletal muscles
(1). The autoimmune process is caused by autoantibodies
mostly against acetylcholine receptors (AChR), located at
the postsynaptic membrane of the neuromuscular junc-
tion (2, 3). Dysfunction of neuromuscular transmission is
related to clinical manifestations of muscle weakness that
predominate in certain muscle groups and fluctuate in
response to fatigue. It is vital to diagnose MG because
immunomodulatory and immunosuppressant treatments
are available (4).

The diagnosis of MG is based mainly on clinical findings;
however, some immunologic and electrophysiologic find-
ings are expected to support the diagnosis (5, 6). Immu-
nologic findings are the presence of antibodies against
AChR and muscle specific tyrosine kinase (MuSK) (3). Elec-
trodiagnostic (EDX) tests consist of repetitive nerve stim-
ulation (RNS) and single fiber electromyography (SFEMG)
7).

Three Hz RNS is recommended in the diagnosis of MG,
and a more than 10% decrement between the first and
the fourth motor response indicates failure of neuro-
muscular transmission with high sensitivity especially in
generalized MG (8, 9). Isometric voluntary muscle con-
traction is performed in the electrodiagnostic evalua-
tion of neuromuscular junction (NMJ) function, in order
to detect post-exercise facilitation and exhaustion (8).
Post-exercise facilitation is mainly used in the diagno-
sis of presynaptic neuromuscular diseases such as Lam-
bert-Eaton myasthenic syndrome, as an equivalence for
high frequencies of RNS (210 Hz) which results in the
accumulation of calcium ions in the presynaptic nerve
terminal (8, 10). On the other hand, at low frequenciess
of RNS, ACh is gradually tapered at each stimuli reveal-
ing different types of decremental patterns in diseases
with NMJ conduction failure. The decremental pattern
showing the most prominent decrease in the amplitude
of motor response between the first and fourth or fifth
stimuli indicates a postsynaptic transmission defect (8,
11). However, a progressive decremental pattern consist-
ing of a progressive decrease in the amplitude of motor
response until the ninth stimuli is related to a defect of
ACh release, present in presynaptic transmission (12, 13).
By using these data, one might assume that post-exer-
cise facilitation and progressive decrement at low fre-
qguenciess of RNS in MG might give some information
about the presynaptic ability of ACh release, known as
presynaptic compensation of NMJ.

The aim of this study was to investigate the effect of iso-
metric voluntary muscle contraction at low frequency RNS
as a sign of presynaptic compensation in NMJ.

MATERIAL AND METHOD

Patients

Patients who were followed in our Neuromuscular clinic
between 2015 and 2017 and were diagnosed as having
MG were included in the study. The diagnosis of MG was
made in the presence of fluctuating muscle weakness
clinically when one of the following was present: treat-
ment response to cholinesterase inhibitors or antibodies
against AChR or MuSK in sera of the patients (1, 14). All
patients were evaluated clinically, using the Myasthenia
Gravis Foundation of America (MGFA) scale and the MG
Composite scale (8, 9, 15). The clinical response to cho-
linesterase inhibitors was determined by either clinical
examination or the patient’s history.

Istanbul University, Istanbul Faculty of Medicine Ethics
Committee approved the study (2014/1617, 10.24.2014)
and informed consent was obtained from each subject.

Electrodiagnostic tests

The electrodiagnostic (EDX) tests were performed prior
to the immunomodulatory or immunosuppressant treat-
ment. Cholinesterase inhibitors were ceased 12 hours
before EDX tests (8). In patients who could not tolerate
stopping cholinesterase inhibitors for such a long time,
tests were performed within the last hour before the sub-
sequent dose. RNS was performed using Medelec Syner-
gy and Keypoint EMG devices (Natus, Inc).

Repetitive nerve stimulation

RNS were recorded from the abductor digiti minimi
(ADM), trapezius, orbicularis oculi (OO), and nasalis mus-
cles. Nine stimuli at 3 Hz stimulation frequency were ap-
plied to the ulnaris nerve at the wrist, accessory nerve
at the neck and facial nerve at the tragus, respectively,

Newly diagnosed
patients with MG

|

3 HzRNS

‘ Rest for 5 minutes ‘

|

1 Hz RNS after after a 10 second maximal
isometric voluntarily muscle contraction

Decrement -

Figure 1: The scheme for electrodiagnostic tests.
MG; Myasthenia Gravis, RNS; repetitive nerve stimulation.
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during rest and every minute for 4 minutes after 30 sec-
onds exercise with maximal isometric muscle contraction
of the recording muscle. A decrement of more than 10%
between the first and fourth motor response was consid-
ered as positive (8, 16). If a positive decrement was found,
RNS at 1 Hz stimulation frequency was performed with
20-90 stimuli after a 10-second maximal isometric muscle
contraction. The decrement between the first and fourth
(dec1-4), the first and ninth motor response (dec1-9), and
the first and last motor response (decl-l) were calculat-
ed. The changes in decrements (Adecl-4) were calculated
by subtracting (dec1-/) from (dec1-4) and Adec9-4 were
determined by subtracting (dec1-9) from (dec1-4) (12). A
positive Adec indicates that motor responses continue to
decline after the fourth response, whereas a negative re-
sult or zero value indicates that motor responses increase
or remain unchanged. RNS studies with different stimu-
lation frequencies were applied with a resting period of
at least 5 minutes (Figure 1 and 2). The increment ratios
were also calculated by dividing the amplitude of the mo-

a Amp Area Amp Area
1-4: -17.79% -11.79% 1-4: -16.7% -10.1%
#1: 1.8SmV S.4mVms #1: 2.1mV S.8m¥ms
#4: 1.52mYV 4.8mVYms #4: 1.74mV S.2mVms
9@3.0Hz 16:00:02 20@1.00H 16:05:05
Act+00:03 Act+05:05

c d

Figure 2: Repetitive nerve stimulation (RNS) tests with dif-
ferent stimulation frequencies. a and b shows RNS recorded
from the orcibularis oculi muscle using 3 Hz RNS and 1 Hz
RNS after 10-second maximal voluntary isometric muscle
contraction, respectively. Compound muscle action poten-
tial amplitude increase in b (2.1 mV) compared with a (1.85
mV), showing facilitation and a progressive decremental
pattern after exercise. RNS shown in ¢ and d were recorded
from the trapezius muscle using 3 and 1 Hz stimulation fre-
quencies, respectively, without facilitation and decrement.

tor response in the resting state by the amplitude of the
motor response recorded just after a 10-second maximal
isometric voluntary contraction multiplied by 100.

Statistical analysis

Statistical analyses were performed using the Statisti-
cal Package for the Social Sciences (SPSS version 21.0).
Presence of Adec was compared using the Fisher’s test
between patients with and without facilitation (p<0.05).
Correlation analyses between increment ratios and Adec
values were performed using the Spearman’s rank test.

RESULTS

Thirty-five patients with newly diagnosed MG were re-
cruited to the study. The clinical features of the patients
are summarized in Table 1.

All patients had RNS studies recorded from four mus-
cles. Twenty-eight patients had abnormal decrement in
one of the muscles evaluated in RNS studies. Among
these patients, RNS at 1 Hz stimulation was performed
in 26 muscles of 15 patients. The patients’ clinical fea-
tures, decrement and increment ratios in each muscle are
shown in Table 2 and 3. In nine muscles of nine patients,
facilitation was seen after a 10-second maximal isometric
voluntary muscle contraction. The mean increment ratio
was 17.1+9.6 (range, 4-33). Adecl-4 was positive in six of

Table 1. Demographic and clinical features of the patients
51.3£16.1 (22-79)

Age, mean (range)

Sex n %
Female 13 37.1
Male 22 62.9

Mean duration of the symptom
onset (month), mean (range)

3.4+2.6(1-12)

MGFA %
| (Ocular) 19 54.3
[ (Mild) 229
Il (Moderate) 20.0
IV (Severe) 2.8
V (intubated) 0

Composite score, mean (range) 7.3+7.2 (0-32)

Serology n %
AChR-ab positive 20 57.1
MuSK-ab positive 14.3
AChR-ab negative 14.3
Seronegative (AChR-ab and 14.3

MuSK negative)

AChR-ab, acetylcholine receptor antibody; MuSK-ab, muscle-

specific kinase antibody
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Table 2. Patients having 1 Hz repetitive nerve stimulation after evaluation of decrement analysis

Symptom .
c)I/urEtion MGFA Composite Serology Muscle Decrerrlent-
(months) score 3 Hz(%)
1 3 1 3 AChR-ab + OO 13
2 3 1 3 AChR-ab - o0 15
3 2 3b 12 AChR-ab + OO/Nas/Trapezius/ADM 43/58/15/14
4 6 1 1 AChR-ab + (00 14
5 2 2b 9 AChR-ab + OO/Nas 33/23
6 1 1 7 AChR-ab + OO 43
7 3 1 7 AChR-ab - OO/Trapezius 17/20
8 3 3b 26 AChR-ab + OO/Nas 49/72
9 6 1 0 AChR-ab + OO/Nas 23/11
10 1 1 7 MuSK + Nas/Trapezius 15/14
1" 1 2b 5 AChR-ab + Nas/Trapezius 15/12
12 1 1 3 AChR-ab + (00 19
13 2 1 3 AChR-ab + (00 14
14 1 2b 17 AChR-ab + Nas/OO/Trapezius 10/17/16
15 2 2b 8 AChR-ab + (©]e) 60

MGFA, Myasthenia Gravis Foundation of America; AChR-ab, acetylcholine receptor antibody; MuSK-ab, muscle-specific kinase antibody;
OO, orbicularis oculi; Nas, nasalis; ADM, abductor digiti minimi

Table 3. Decrement and increment ratios in the studied muscles

Muscle 3 Hz decrement 1 Hz dec1-4 1 Hz dec1-9 1 Hz dec1-/
0O 13 -7 0 0
OO 15 8 8 7
0O 43 15 15 15
Nas 58 7 15 23
Trapezius 15 5 5 4
ADM 14 6 6 6
00O 14 7 5 16
00O 33 -5 0 0
Nas 23 0 -4 8
(0]0)] 43 11 29 29
00O 17 17 24 27
Trapezius 20 0 0 3
00O 49 0 0 2
Nas 72 28 32 32
00O 23 -12 73 73
Nas M 5 6 15
Nas 15 2 2 2
Trapezius 14 4 4 4
Nas 15 10 18 19
Trapezius 12 1 8 7
00O 19 9 12 18
OO 14 5 13 22
Nas 10 2 1 1
00O 17 -4 -18 -13
Trapezius 16 5 4 5
00O 60 5 5 18

OO: orbicularis oculi, Nas: nasalis, ADM: abductor digiti minimi
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nine muscles (66.7%) showing facilitation, whereas Ade-
cl-4 was positive in seven of 17 muscles (41.2%) without
facilitation without a statistical significance (p>0.05). A
positive Adec9-4 was found in four of nine muscles with
facilitation (44.4%) and in five of 17 muscles without facil-
itation (29.4%, p>0.05). The analysis between increment
ratio and Adec9-4 values showed a positive significant
correlation (correlation coefficient 0.730, p=0.026, Figure
3). However, no significant correlation presented between
increment ratio and Adecl-4.

207

Adec94

increment ratio
Figure 3: Correlation graph between increment ratio and
Adec9-4 in patients showing facilitation after 10-second
maximal isometric voluntary muscle contraction.

Among nine patients with facilitation after a 10-second
maximal isometric voluntary muscle contraction, six had
a response to cholinesterase inhibitors, and one patient,
with a positive MuSK-ab, did not benefit from cholines-
terase inhibitors. In the other two, the response to cho-
linesterase inhibitors could not be assessed because one
was lost to follow-up, and the other had minor symptoms
and did not use cholinesterase inhibitors. All six patients
who had no facilitation were clinically responsive to cho-
linesterase inhibitors. Among these six patients, five were
AChR-ab positive and one was AChR-ab negative.

DISCUSSION

In electrophysiologic studies, a 10-second isometric vol-
untary muscle contraction was used to test the presynap-
tic function of the NMJ (8, 11). A single motor response
was recorded just after a 10-second isometric voluntary
muscle contraction. An increase in the compound mus-
cle action potential (CMAP) amplitude relative to CMAP
recorded at resting is called facilitation, and facilitation
of more than 100% is accepted as a presynaptic dysfunc-
tion of the NMJ (10). In RNS studies, isometric voluntary
contraction of the studied muscle was used to exacer-

bate the amount of decrement found in the resting state
(17-19). The decremental response decreases just after
isometric voluntary contraction. After several minutes
following the exercise decrement exacerbated, which is
called post-exercise exhaustion (17). The mechanism of
facilitation and the decrease in decremental response af-
ter isometric voluntary contraction was considered to be
the accumulation of calcium ions in the presynaptic axon
terminal, resulting in increased ACh release through the
synaptic cleft (17, 20).

The progressive decremental pattern at 3 Hz RNS was re-
lated to a presynaptic NMJ disorder, Lambert-Eaton my-
asthenic syndrome, and was first described by Baslo et al
(12), and confirmed by other studies (13, 21). This finding
can be explained as follows: ACh release at low frequency
RNS cannot be compensated by secondary and tertia-
ry ACh vesicles in presynaptic NMJ disorders. However,
in MG, decremental response starts at second stimulus
and becomes most obvious at the fourth or fifth stimulus.
From the fifth to the ninth response, the CMAP amplitude
stays the same or increases a little (11). This decremental
pattern is called a U-shaped or saddle-shaped decrement
which is assumed to be related to post-synaptic NMJ dys-
function. In MG, the progressive decremental pattern is
not commonly accepted as described above.

In the present study, a progressive decremental pattern
was presented in patients with MG, which appears after
10-second maximal isometric voluntary muscle contrac-
tion. The progressive decrement after facilitation may pos-
sibly be associated with the presynaptic compensation in
NMJ, related to an increase in ACh release preceding the
accumulation of calcium ions. We hypothesized that the
progressive and slow decline during low frequency RNS
was an indirect finding of the amount of facilitation after
exercise, which could indicate presynaptic compensation
in MG. Correspondingly, this kind of compensation would
be associated with the response to cholinesterase inhibi-
tors. In this study, we found facilitation after voluntary mus-
cle contraction in nine muscles of nine patients. There was
a significant positive correlation between the increment
ratio and Adec%-4, but not Adecl-4. This correlation indi-
cates that the more facilitation found in a muscle, the more
progressive decrement at 1 Hz RNS. In addition, the pro-
gressive decrement until the ninth and last response was
found to be more frequent in muscles showing facilitation
after 10-second isometric voluntary muscle contraction
than those without facilitation; however, these differenc-
es did not reach a significant level. These findings could
provide some evidence that the mechanism underlying
this phenomenon might be associated with presynaptic
compensation. In a manner of clinical practice, this elec-
trophysiologic pattern could be tested in a larger number
of patients, and its relation with clinical parameters could
be investigated in future studies.
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The clinical correlation of presynaptic compensation
could be linked with a cholinesterase response. Howev-
er, we found no such relation in our study. The main rea-
son for this might be the small number of subjects in our
study. Another reason could be the insufficient muscle
contraction. To evaluate facilitation, one should perform a
maximal voluntary muscle contraction. Our patients with-
out any treatment and with weakness may not have been
able to perform sufficient contraction.

CONCLUSION

During RNS, facilitation after maximal isometric voluntary
muscle contraction and progressive decremental pattern
might be related with presynaptic compensation in MG.
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