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Aim: This study aimed to evaluate the impact of various technical factors 
on the diagnostic utility of repetitive nerve stimulation  (RNS) and propose 
a standardized electrodiagnostic protocol for myasthenia gravis  (MG). 
Materials and Methods: RNS recordings from 67  patients with MG, who 
demonstrated a ≥10% decrement in the abductor digiti minimi (ADM), nasalis, or 
orbicularis oculi (OOc) muscles, were retrospectively analyzed. Results: Abnormal 
RNS responses were detected in the nasalis muscle in 59  patients  (88.1%) and 
in the ADM muscle in 27  patients  (40.3%). In six  (9%) patients, additional 
recordings from the OOc muscle were required to confirm the diagnosis. In two 
patients  (3%), an abnormal decrement was observed exclusively in the ADM 
muscle. Stimulation at 3  Hz and 5  Hz elicited decrements more effectively than 
2 Hz; however, no significant difference was found between 3 Hz and 5 Hz trains. 
The highest sensitivity was achieved with post‑exercise  (PE) recordings at 3 and 
4  min, yielding 35.8% at both time points for the ADM muscle and 78.7% and 
70.2% for the nasalis muscle, respectively. Moreover, when 3‑Hz RNS recordings 
obtained at baseline and at 3 and 4 min PE from all three muscles were analyzed 
together, abnormal RNS responses were identified in 65 of 67  patients  (97%). 
Conclusion: To improve diagnostic yield, increasing the number of muscles 
examined – particularly facial muscles – appears to be a key strategy. Accordingly, 
we recommend performing 3‑Hz stimulation trains for each muscle, including one 
at baseline and two additional trains at 3 and 4 min following exercise.
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to 5%–7% might increase or maintain sensitivity with 
minimal loss of specificity.[9] Nevertheless, substantial 
decrements may also occur in other neuromuscular 
disorders characterized by motor neuron degeneration, 
such as amyotrophic lateral sclerosis.[15-17] Therefore, 
although lowering the cutoff value can improve 
diagnostic sensitivity, it may simultaneously compromise 
specificity. For these reasons, procedural choices play 
a critical role in the electrodiagnostic evaluation of 
patients with MG.

Original Article

Introduction

Repetitive nerve stimulation  (RNS) is a reliable 
electrophysiologic method used to detect 

impaired neuromuscular transmission during the 
diagnostic examination of patients with myasthenia 
gravis  (MG).[1,2] A decrement of  ≥10% in compound 
muscle action potential  (CMAP) amplitude is 
traditionally considered abnormal.[3,4] However, the 
diagnostic performance of RNS in patients with MG 
depends on several factors, such as disease severity and 
the selection and number of muscles tested.[5-9] Previous 
studies reported a wide range of RNS sensitivity, 
varying from 55% to 89% in generalized MG and from 
17% to 76% in ocular MG.[7-14] Some investigators 
proposed that reducing the amplitude cut‑off from 10% 
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Various adjunctive techniques have been proposed to 
enhance the diagnostic performance of RNS testing, 
including prolonged electrical stimulation, isometric 
exercise, ischemia induction, and muscle warming.[1,18-20] 
Among these, low‑frequency RNS performed after isometric 
muscle contraction is the most widely preferred approach 
due to its rapid application and minimal need for patient 
cooperation.[2,21,22] However, some authors argued that the 
increase in diagnostic sensitivity following exercise is 
modest and that performing RNS on an alternative muscle 
might yield better results.[23,24] Although 3 Hz is generally 
regarded as the most appropriate stimulation rate for RNS, 
several studies suggested that higher frequencies could 
improve diagnostic efficiency.[25-28] To date, the only formal 
guideline available for the electrodiagnostic evaluation 
of MG is that issued by the American Association of 
Electrodiagnostic Medicine  (AAEM). According to 
these recommendations, RNS should be performed at 
a stimulation frequency of 2–5  Hz and should include 
both baseline and post‑exercise  (PE) or post‑tetanic  (PT) 
recordings. Furthermore, stimulus trains should be 
delivered at regular intervals of 30–60 s and continued 
for up to 5  min following isometric exercise or tetanic 
stimulation.[3] However, performing RNS repeatedly and 
at various frequencies is time‑consuming and costly, 
which can reduce cooperation from both patients and 
physicians. Accordingly, the aim of this study was to 
evaluate the impact of muscle selection, stimulation rate, 
and PE recordings on the detection of abnormal RNS 
responses, and propose an optimized strategy for use in 
the electrodiagnostic evaluation of MG.

Materials and Methods
Patient population
Adult patients aged 18  years or older with a diagnosis 
of MG established based on clinical findings and RNS 
testing, who were followed at our neuromuscular disease 
clinic between January 2016 and May 2025, were 
retrospectively reviewed. Demographic data, clinical 
variables, laboratory parameters, and electrophysiologic 
results were assessed. Inclusion criteria required the 
presence of a  ≥10% decrement in at least one muscle, 
along with available RNS recordings from both the 
nasalis and abductor digiti minimi  (ADM) muscles. All 
CMAP waveforms in the traces were reviewed through 
meticulous visual inspection, and patients whose 
recordings exhibited poor signal quality or significant 
artifacts were excluded from the analysis. Data from the 
first available RNS testing that established the diagnosis 
of MG were collected. Ethical approval was granted 
by the Ethics Committee of Bakırköy Dr.  Sadi Konuk 
Training and Research Hospital  (Approval date: March 
2025; Decision no.: 2025‑06‑15).

Repetitive nerve stimulation studies
RNS recordings were performed with patients lying 
comfortably in the supine position. The forearm and 
hand were stabilized on a heavy board, and the hand 
was placed in a molded support to restrict motion during 
CMAP recordings. The band‑pass filters were set to 
20 Hz and 10 kHz. Skin temperature was maintained at 
32°C or higher, with hot water bottles used as needed. 
Treatment with pyridostigmine was discontinued at least 
12  h before RNS testing, and no patients were using 
long‑acting formulations. For all stimulus trains, the 
intensity was set at 25% above the maximal threshold, 
and each trial consisted of a train of 10 supramaximal 
stimuli. The peak‑to‑baseline amplitude of the CMAP 
was obtained using automated measurements, and 
percentage changes were computed based on established 
published methods.[3] A CMAP amplitude decrement of 
10% or more was considered abnormal.

All RNS procedures were conducted by the same clinical 
neurophysiologist  (MM) according to a standardized 
protocol at our institution. During baseline recordings, 
trains of supramaximal stimuli were delivered at rates of 
2, 3, and 5 Hz, with 1‑minute rest intervals between each 
train. For the evaluation of PE exhaustion, 3‑Hz stimulus 
trains were applied at 1  (PE1 m), 2  (PE2 m), 3  (PE3 m), 
and 4  (PE4 m) minutes after 1 min of isometric exercise. 
In addition, high‑rate stimulation  (HRS) at 20 or 50  Hz 
was given exclusively to the ulnar nerve for a duration 
of 1 s following baseline recordings but immediately 
before maximal voluntary contraction  (MCV). During the 
exercise, patients were asked to sustain an MCV, which 
was monitored using auditory feedback. Surface recordings 
using a belly–tendon configuration were obtained, initially 
from the ADM by stimulating the ulnar nerve at the wrist, 
and subsequently from the nasalis muscle by stimulating 
the facial nerve at a point anterior and inferior to the tragus 
of the earlobe.[29,30] If no abnormal decrement was detected 
in either of these two muscles, low‑rate stimulation (LRS) 
of the orbicularis oculi  (OOc) muscle was additionally 
conducted following the routine protocol.

Statistical methods
The Friedman test and Cochran’s Q‑test were used to 
compare changes in CMAP amplitude and the frequency 
of abnormal decrements across different stimulus trains 
in the ADM and nasalis muscles. Post hoc analyses 
were performed using the Wilcoxon signed‑rank test 
and McNemar test, with Bonferroni correction used 
for multiple comparisons. The significance levels were 
set at P  <  0.017 and P  <  0.005, as appropriate for the 
respective post hoc comparisons. The McNemar test was 
used to evaluate abnormal RNS results between baseline 
and PE recordings, and the agreement between the 
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diagnostic performance of facial and ulnar nerve RNS 
was assessed using Cohen’s kappa statistics. P  values 
under 0.05 were considered significant.

Results
RNS recordings of both the ulnar and facial nerves were 
analyzed in 67  patients  (mean age: 55.8  ±  17.2  years; 
range: 18–85 years) with MG. Of these, 57 (85.1%) had 
generalized MG and 10  (14.9%) had ocular MG. Six 
patients were seronegative; the diagnosis was confirmed 
in the remaining patients through the presence of 
anti‑AChR  (n  =  55) or anti‑MuSK antibodies  (n  =  6). 
Both baseline and PE recordings of the nasalis muscle 
were available for analysis in 47  patients; however, PE 
exhaustion was not assessed in 20 patients.

Facial nerve RNS from the nasalis muscle was abnormal 
in 59 of 67  patients  (88.1%), whereas ulnar nerve 
RNS yielded abnormal results in 27  (40.3%) patients. 
Additional RNS recordings from the OOc muscle 
were required to establish the diagnosis in six  (9%) 
patients. Notably, in two  (3%) patients, an abnormal 
decrement was found solely in the ulnar nerve RNS. 
For the diagnostic concordance between RNS results 
of the ADM and nasalis muscles, Cohen’s kappa values 
indicated poor agreement  (κ = 0.064, P  =  0.347). An 
instance of abnormal decrement in both muscles was 
identified in 25 patients (37.3%).

During baseline recordings, the mean decrement 
magnitude in the nasalis muscle was greater at 3  Hz 
and 5  Hz stimulation compared with 2  Hz, whereas in 
the ADM muscle, a more pronounced decrement was 
observed only at 3 Hz. However, no significant difference 
was found between 3 Hz and 5 Hz stimulations in either 
muscle  [Figure  1]. When comparing the frequency 
of abnormal decrements across the three LRSs, a 
statistically significant higher proportion was noted at 
3 Hz compared with 2 Hz, and this finding was limited 
to the nasalis muscle  [Table  1]. Furthermore, 11 of 
67  patients  (16.4%) exhibited abnormal decrements in 
ulnar nerve RNS performed with HRS. When comparing 
only the 3  Hz stimulations during baseline and PE 
recordings, the mean decrement magnitudes at PE2  m, 
PE3 m, and PE4 m were significantly greater than those 
at baseline and PE1  m  [Figure  2]. The most prominent 
decrements were recorded at PE3  m and PE4  m in 
both muscles  [Figure  2 and Table  2]. Abnormal RNS 
responses in PE recordings demonstrated significantly 
higher detection rates compared with baseline recordings 
with varying stimulation rates, in both the ADM (40.3% 
vs. 29.9%, P  =  0.016) and nasalis muscles  (80.9% vs. 
61.7%, P  =  0.012). Moreover, a combined analysis of 
3‑Hz RNS recordings obtained at baseline and at 3 and 

4  min PE across all three muscles identified abnormal 
RNS responses in 97% of the included patients.

Discussion
Considerable variability exists in RNS testing protocols 
among neuromuscular centers,[8,11,14,21,24,28,31] and no 
universally accepted standard has yet been established. 
In this context, the present study sought to identify 
an optimized RNS approach for the electrodiagnostic 
assessment of MG, focusing on critical technical 
parameters. PE exhaustion in MG was predominantly 
observed at PE3  m and PE4  m; stimulation trains 
performed earlier provided no additional diagnostic 
value. Using 3  Hz stimulation at baseline, PE3  m, and 
PE4  m was sufficient to detect abnormal decrements 
in nearly all patients. Our results also demonstrate that 
evaluating an additional muscle is more effective than 
repeatedly stimulating the same muscle at different 
frequencies. Based on our findings, we recommend 
that first‑line RNS testing should include at least one 
facial muscle, preferably at a stimulation frequency of 
3 Hz, given the relatively high diagnostic yield obtained 
from recordings of the nasalis muscle. This protocol 
represents a highly practical and diagnostically efficient 
approach, performed once at baseline and again at 3 and 
4 min PE.

Figure 1: Boxplot representation of decrement magnitudes across different 
stimulation rates at baseline. Asterisks indicate mean values ± standard 
deviations; minimum and maximum values are also shown. Statistically 
significant post hoc comparisons are given (P < 0.017)
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In conventional electrodiagnostic practice, the ADM 
muscle has commonly been preferred in RNS protocols 
due to its reliable recording quality and procedural 
simplicity. However, previous studies reported that the 

diagnostic sensitivity of RNS testing in the ADM muscle 
ranges from 14% to 41%, substantially lower than that 
observed in proximal and facial muscles.[6,7,11,13,23,31-34] 
Furthermore, RNS recordings from the abductor 
pollicis brevis muscle showed approximately twice the 
diagnostic sensitivity of those from the ADM muscle.[33] 
The diagnostic efficiency of RNS is also significantly 
influenced by the number of muscles tested, with higher 
sensitivity observed when recordings are obtained from 
three or more muscles.[7,13,14,23] In an early prospective 
study, the combination of RNS recordings from the 
frontalis and nasalis muscles increased diagnostic 
sensitivity from 47% to 55% in generalized MG and 
from 11% to 20% in ocular MG.[10] Consistent with 
these findings, our results indicate that incorporating 
RNS recordings from an additional facial muscle yields 
an added diagnostic benefit in approximately 10% of 
patients. Moreover, abnormal decrements in the ADM 
muscle were exceedingly rare when RNS recordings from 
facial muscles were within normal limits. Collectively, 
these observations raise important concerns regarding the 
conventional preference for including the ADM muscle 
in RNS testing protocols for the diagnosis of MG.

Several studies involving small patient cohorts examined 
the optimal stimulation rates for RNS. First, in 1941, 
Harvey and Masland reported that in patients with MG, 
a decline in muscle action potential amplitude occurred 
in response to both low‑frequency and high‑frequency 
stimulation trains.[25,35,36] Botelho et al. later applied RNS 
at 3, 10, and 25 Hz in 21 patients with MG, observing the 
most pronounced decrements at 3 Hz, with three patients 
exhibiting abnormalities exclusively at 25  Hz. The 
authors proposed performing RNS at both low and high 
stimulation rates to enhance diagnostic performance. [25,26] 
However, subsequent studies demonstrated that 
abnormal decrements were most frequently observed 
with LRS, whereas HRS proved largely ineffective in 
detecting post‑synaptic transmission abnormalities.[28,36-38] 
Similarly, incorporating HRS trains into our RNS 
protocol did not improve the diagnostic yield for the 
ADM muscle. In 1971, Özdemir and Young compared 
RNS recordings from proximal and distal muscles at 
stimulation rates of 1, 3, 5, 8, 10, 15, and 25  Hz in 
30  patients with MG. They reported that abnormal 

Table 2: Frequency of abnormal decrements at 3 Hz stimulation during baseline and postexercise recordings
n Abnormal decrement (≥10%) P

Baseline, n (%) PE1m, n (%) PE2m, n (%) PE3m, n (%) PE4m, n (%)
ADM muscle 67 15 (22.4) 15 (22.4) 19 (28.4) 24 (35.8)* 24 (35.8)† <0.001
Nasalis muscle 47 27 (57.4) 28 (59.6) 33 (70.2) 37 (78.7)*,# 33 (70.2) <0.001
*Baseline versus PE3m, P<0.005, †Baseline versus PE4m, P<0.005, #PE1 versus PE3m, P<0.005. All other post hoc comparisons were not 
statistically significant. Statistical significance was set at P<0.05. For post hoc comparisons, significance was adjusted to P<0.005 using the 
Bonferroni correction. ADM: Abductor digiti minimi, n: Number of patients, PE: Postexercise

Table 1: Frequency of abnormal decrements at various 
stimulation rates during baseline recordings

n Abnormal decrement (≥10%) P
2 Hz 

stimulation, 
n (%)

3 Hz 
stimulation, 

n (%)

5 Hz 
stimulation, 

n (%)
ADM muscle 67 13 (19.4) 15 (22.4) 18 (26.9) 0.121
Nasalis muscle 67 39 (58.2) 46 (68.7)* 47 (70.1) 0.006
*2 Hz versus 3 Hz, P=0.016. Statistical significance was set at 
P<0.05. For post hoc comparisons, significance was adjusted to 
P<0.017 using the Bonferroni correction. ADM: Abductor digiti 
minimi, n: Number of patients

Figure  2: Boxplot representation of decrement magnitudes for 
3  Hz stimulations at baseline and post‑exercise. Asterisks indicate 
mean values  ±  standard deviations; minimum and maximum values 
are also shown. Statistically significant post hoc comparisons are 
given (P < 0.005). PE = Post‑exercise
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decrements occurred most frequently at stimulation rates 
of 3 and 5  Hz.[28] In a subsequent study by the same 
authors, 3  Hz stimulation was identified as the most 
effective option, with abnormal decrements in the ADM 
muscle observed at 8  Hz in only two of 80  patients 
with MG.[5] However, a more recent study involving 
15  patients with MG suggested that a 7  Hz stimulation 
rate yielded higher diagnostic sensitivity compared with 
3 Hz.[27] Finally, in a larger cohort study of 140 patients 
with MG, Oh reported that diagnostic sensitivity was 
nearly equivalent across stimulation rates of 2, 3, and 
5  Hz.[39] In the present study, we found that decrements 
were more prominent at stimulation rates of 3 and 5 Hz 
compared with 2 Hz; however, 3 Hz was better tolerated 
by patients, particularly during facial nerve stimulation.

The decrement observed during LRS typically 
worsens within a few minutes following MCV 
or a HRS train  –  a phenomenon known as PE or 
PT exhaustion. These phenomena are believed to 
share common pathophysiologic mechanisms and 
are thought to represent a component of pathologic 
fatigue in MG.[18,19,36,38] Numerous studies consistently 
demonstrated the emergence of a more pronounced 
neuromuscular blocking effect in stimulation trains 
administered 2–4  min after exercise.[18,21,22,40] In 
addition, repeating RNS after exercise in muscles with 
normal baseline recordings has also been reported to 
enhance diagnostic yield in approximately 9%–31% of 
patients with MG.[21,22,41] Nonetheless, debate persists 
regarding whether such procedures should be routinely 
incorporated into RNS protocols for the diagnosis of 
MG. A  large retrospective study involving 179  patients 
with MG suggested that exercise increased the diagnostic 
sensitivity of ulnar, accessory, and facial nerve RNS in 
only a small proportion  (5%–7%) of patients.[23] Based 
on these findings, the authors suggested that examining 
additional muscles might be more informative than 
allocating time to PE recordings. This approach was 
further supported by two subsequent studies that reported 
comparable results.[9,24] However, in our study, PE 
recordings of the ADM and nasalis muscles increased the 
diagnostic sensitivity of RNS by 10%–20%. According 
to our clinical experience, examining PE exhaustion 
was particularly effective when baseline recordings 
showed decrements in the 5%–10% range. Therefore, 
we concluded that PE exhaustion assessment should be 
incorporated into RNS protocols as a standard strategy.

This study has several limitations. First, due to its 
retrospective design, RNS recordings were confined to 
the ADM and facial muscles; other muscle groups were 
not evaluated. Second, the inclusion criteria required 
a ≥10% decrement in at least one muscle, which resulted 

in the exclusion of patients with normal RNS findings. 
This biased the sample toward positive cases and made 
it impossible to assess specificity or false‑negative rates. 
Excluding patients with normal RNS, therefore, limits 
the representativeness of the study population. Finally, 
the RNS results were not stratified according to MG 
subtypes, which may limit the generalizability of the 
findings to specific patient populations.

Conclusion
Optimizing the diagnostic performance of RNS requires 
careful consideration of various procedural and technical 
parameters. Most researchers design RNS protocols for 
the diagnosis of MG in accordance with the standards 
set by the AAEM. These protocols generally involve 
acquiring multiple stimulation trains to enhance 
diagnostic accuracy. However, our results suggest that 
using different LRS and repeatedly stimulating the same 
muscle does not improve diagnostic utility. Consistent 
with previous reports, the most effective strategy 
for improving the diagnostic yield of RNS testing in 
MG is to increase the number of muscles examined, 
particularly the facial muscles. We recommend applying 
3 Hz stimulation trains for each muscle – one at baseline 
and two additional trains at PE3  m and PE4  m  –  as 
this protocol proved sufficient for the electrodiagnostic 
evaluation of MG. In clinical practice, assessment of 
the ADM muscle using either HRS or LRS may be 
more valuable for eliminating presynaptic transmission 
disorders than for detecting postsynaptic neuromuscular 
junction abnormalities.
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