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absTRacT

Background and aim 

Findings from a small series of n-of-1 randomised placebo-controlled trials suggests that add-
on therapy with ephedrine may benefit some patients with myasthenia gravis. In this study, 
we report the outcomes of a 6-month open-label follow-up study.

Method 

Three patients with generalised myasthenia gravis continued add-on treatment with 25mg 
ephedrine twice daily for 6 months, in addition to regular treatment with pyridostigmine and/
or low-dose prednisone. Primary outcome measure: Quantitative Myasthenia Gravis (QMG) 
score. Secondary outcome measures: MG-Composite, MG-Activities of Daily Living, VAS scores 
of muscle weakness, adverse events. 

Results 

There were no statistically significant or clinically meaningful differences between baseline 
and 6-month open-label extension phase for QMG (p=1.00), MG-Composite (p=.81), MG-ADL 
(p=.42) or VAS scores (p=.49). Adverse events were mild and transient and included tremor of 
the hands, sweats, palpitations, and nausea. No cardiovascular events occurred.

Discussion 

The beneficial effects of ephedrine found in the series of n-of-1 trials were not maintained 
during the 6-month open-label follow-up, underlining the importance of long-term follow-up 
studies for positive randomised controlled trials. 
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InTRoDUcTIon

Anecdotal evidence suggests that some patients with autoimmune myasthenia gravis 
may benefit from add-on treatment with ephedrine, when symptomatic treatment with 
acetylcholinesterase inhibitors or low-dose immunomodulating or immunosuppressive drugs 
no longer sufficiently controls symptoms of muscle weakness.1 We previously reported the 
outcomes of a series of randomised, placebo-controlled n-of-1 trials to assess the effects and 
safety of add-on treatment with ephedrine in four patients with autoimmune myasthenia 
gravis.2 The feasibility and utility of this type of study to healthcare regulators and other 
stakeholders have also been described elsewhere.3 As per the study protocol,4 we followed up 
the double blind n-of-one trials with an optional, open-label extension phase. Here, we report 
the outcomes of this 6-month open-label extension phase.

MaTeRIals anD MeTHoDs

Design. The design and study procedures have been published elsewhere.4 Briefly, during 
the double blind, block-randomised n-of-1 trials, add-on treatment with oral ephedrine was 
compared with add-on placebo treatment. During the optional 6-month open-label extension 
phase, only add-on treatment with ephedrine was continued, in the same dose as during the 
n-of-1 trial. 

Patient population. Adults with a diagnosis of generalised myasthenia gravis with acetylcholine 
receptor (AChR) antibodies, who had participated in the n-of-1 trials and were willing to 
continue with the open-label extension phase. For the series of n-of-1 trials, we chose a sample 
size of n=4, which was calculated to achieve 77% power to detect a clinically meaningful 
3.5-point difference on the primary outcome measure.4

Intervention. Add-on treatment with oral ephedrine (25 mg, twice daily). Treatment with 
pyridostigmine and/or low-dose prednisone (max 15 mg daily) or other steroid-sparing 
immunosuppressive drugs was continued according to the pre-study dose and schedule. 

Endpoints. The primary outcome for both the n-of-1 trials and the open-label extension phase 
was change in the Quantitative Myasthenia Gravis (QMG) score.5 This is a 13-item scale to 
assess muscle strength and fatigability, with each item scored from 0 (normal) to 3 (severe 
weakness). Secondary outcomes were change in the MG-Composite and MG-Activities of 
Daily Living (MG-ADL) scores,6,7 for which higher scores represent more severe disease, and 
VAS scores for subjective severity of muscle weakness in a muscle group predefined by the 
patient. Adverse effects were monitored during clinical follow-up. All outcomes were assessed 
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at baseline before the start of the n-of-1 trial and at outpatient visits at 2, 4, and 6 months 
during the open-label extension phase. 

Statistics. We report descriptive longitudinal results for each patient individually, and 
comparisons of baseline and 6-month outcomes for the open-label extension phase using 
paired t-tests for all patients combined. All analyses were conducted using IBM SPSS version 
23.0 and a significance level of p<.05. 

ResUlTs

Four patients completed an n-of-1 trial, as described previously.2 Based on their individual 
results, three patients decided to continue with the open-label extension phase; one patient 
dropped out at this point due to the experience of adverse effects of ephedrine, which were 
individually mild, but outweighed the small perceived benefit of ephedrine.2 

Patient population

The remaining three patients were all female and aged between 33 and 53, with disease 
durations of 5-7 years. The baseline characteristics of the three patients have been described 
previously (see Table 2 of 2: patients 1, 3, and 4). 

All patients continued pre-study treatment with pyridostigmine between 120mg/d in 2 
doses and 300 mg/d in 5 doses throughout the n-of-1 trials and open-label extension. Patients 
2 and 3 were completely compliant with the add-on ephedrine treatment during the open-
label extension. Patient 1, who had the lowest scores on the QMG, MG-Composite and MG-
ADL scales (Figure 1), decreased her daily ephedrine dose to half the prescribed dose during 
follow-up due to side effects. 

6-month follow-up results

Figure 1 presents the results for ephedrine treatment for each individual patient, showing 
individual variation in all endpoints during the 6-month follow-up.

The mean baseline and 6-month follow-up scores for the QMG, MG-Composite, MG-ADL, 
and VAS scores are reported in Table 1. Compared to baseline, there were no significant or 
clinically relevant differences in any of the endpoints at 6-month follow-up of the open-label 
extension phase (all p>.05).
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Table 1. Means, standard deviations and statistical significance for all endpoints.

Endpoint Baseline 6-month follow-up Significance

M (SD) M (SD)

QMG 10.7 (4.7) 10.7 (4.0) p=1.00

MG-Composite 8.0 (2.7) 9.3 (6.0) p=0.81

MG-ADL 3.7 (0.6) 3.0 (1.7) p=0.42

VAS score 2.5 (2.3) 4.3 (2.5) p=0.49

Adverse events

Adverse events reported during the open-label extension phase were mild and transient, and 
included self-reported tremor of the hands (n=1), sporadic sweats (n=1), and palpitations and 
nausea when ephedrine was taken together with caffeine (n=1). On clinical examination, no 
changes in blood pressure or heart rate were found. No cardiovascular events occurred.
 

Figure 1. Individual results for treatment with ephedrine (baseline, mean ephedrine scores during the n-of-1 
trial, and open-label extension phase) for all endpoints.*
* Please note that the y-axis does not represent the full range of scale values due to all scores being in the lower 
third to half of the scale.
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DIscUssIon

This is the first long-term follow-up study of add-on ephedrine treatment for autoimmune 
myasthenia gravis that uses standardised outcome measures. Despite finding a beneficial 
effect of ephedrine on all endpoints during the short-term follow-up of a series of randomised, 
placebo-controlled n-of-1 trials, these effects were not clearly maintained during the 6-month 
open-label follow-up in this small sample of patients who chose to continue with ephedrine 
treatment.

There is some evidence that the beneficial effect of ephedrine increases over several 
months in DOK7 congenital myasthenic syndrome,8 but we did not find evidence for this 
in autoimmune myasthenia gravis. Aside from the small sample size, a possible reason for 
our failure to find a sustained long-term effect is the variable disease course of myasthenia 
gravis, which is characterised by fluctuating muscle weakness.9 Indeed, some fluctuation 
was observed in all endpoints during the open-label extension phase. The heterogeneous 
nature of the disease may require an adjustment of the ephedrine dosage over time to achieve 
the same treatment effect, although risk of adverse cardiovascular events probably limits 
further dosing.10,11 All three patients have been followed up for 6-12 months after the open-
label extension phase. None have required immunosuppressive treatment and no adverse 
cardiovascular events occurred since participating in this study.

conclUsIons

This is the first long-term follow-up study of ephedrine for autoimmune myasthenia gravis 
that uses standardised outcome measures. Ephedrine had a small beneficial short-term effect 
on muscle strength and activities of daily living in the original trial, but the long-term effects 
in this small sample were more variable, underlining the importance of long-term follow-up 
studies for positive randomised controlled trials. 
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