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REVIEW ARTICLE
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Abstract:
Pyridostigmine (MestinonVR , Bausch Health, Canada Inc.) increases acetylcholine availability at the neuromuscular junc-
tion, enhancing transmission. Preclinical studies suggest that neuromuscular junction dysfunction develops early in ALS,
and pyridostigmine may temporarily improve neuromuscular transmission. However, altered neuromuscular junction
transmission has uncertain benefits in ALS progression. Pyridostigmine does not have other plausible mechanisms that
truly modify ALS pathophysiology. People with ALS (PALS) who have positive acetylcholine receptor autoantibodies
and no myasthenia symptoms are unlikely to respond to pyridostigmine treatment. Clinical trials on pyridostigmine in
PALS are lacking, but two clinical trials of other similar anticholinesterase agents did not effectively slow ALS progres-
sion. Muscarinic cholinergic side effects, including gastrointestinal symptoms, are common. Given the lack of mechanis-
tic plausibility and efficacy, we do not support the use of pyridostigmine for slowing ALS progression.

Keywords: Acetylcholinesterase inhibitor, motor neuron disease, amyotrophic lateral sclerosis, neuromuscular junction, off-label use

Introduction

ALSUntangled reviews alternative and off-label
treatments for people with amyotrophic lateral scler-
osis (PALS). Here, we apply the ALSUntangled
methodology (1) to systematically evaluate pyrido-
stigmine for which we have had 67 requests.

Pyridostigmine is a reversible acetylcholinester-
ase inhibitor that blocks acetylcholine (ACh)
breakdown, increasing its availability at the neuro-
muscular junction (NMJ). Pyridostigmine is com-
monly used to symptomatically treat myasthenia
gravis (MG), a condition of autoimmune-mediated
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destruction of nicotinic acetylcholine receptors
(nAChRs) located at the skeletal muscle surface
(postsynaptic membrane) of the NMJ, leading to
muscle weakness (2). Although ALS primarily
involves motor neuron degeneration, NMJ altera-
tions have been observed, suggesting potential ben-
efits from therapies targeting NMJ function (3–5).
However, the efficacy and safety of pyridostigmine
in PALS remain uncertain, and its use in this con-
text is not well-established.

Mechanistic plausibility

In ALS, the primary pathology involves the pro-
gressive degeneration of upper and lower motor
neurons, leading to muscle spasticity, weakness
and atrophy. While ALS is not primarily a disorder
of ACh or nAChR, studies in preclinical models
have shown that NMJ dysfunction and denervation
occur early in ALS, even preceding motor neuron
loss (6,7). Additionally, although AChR autoanti-
bodies are primarily associated with MG, they
have also been detected in ALS patients without
clinical signs of MG, and one study even reported
increasing autoantibody titers in an ALS patient as
the disease progressed (8,9).

Pyridostigmine increases ACh levels at the NMJ,
facilitating signal transmission between nerves and
muscles. Theoretically, this drug could transiently
enhance neuromuscular transmission in early-stage
ALS with preserved motor neurons and dysfunc-
tional NMJ. However, as ALS advances and motor
neurons degenerate more widely, this theoretical
benefit of increasing ACh at NMJs diminishes.

Since pyridostigmine may transiently improve
neuromuscular transmission in early ALS but does
not have relevant mechanisms that could alter the
disease process, ALSUntangled assigns a Table of
Evidence (TOE) “Mechanistic Plausibility” grade
of D (Table 1).

Preclinical models

We found no studies of pyridostigmine in pre-
clinical ALS models. A study investigated the
effect of neostigmine, another cholinesterase

inhibitor similar in mechanism to pyridostigmine,
in a mutant SOD1G93A mouse model of ALS.
Neostigmine treatment exacerbated clinical param-
eters in SOD1G93A mice, with a more rapid motor
function decline, accelerated disease progression,
and shorter survival compared to untreated con-
trols (10).

Since pyridostigmine has not been studied dir-
ectly in pre-clinical models, ALSUntangled assigned
a TOE “Pre-clinical” grade of U (Table 1).

Cases

ALS may be misdiagnosed as MG because both
conditions manifest as muscle weakness; this
occurs mainly in bulbar onset ALS or when the
presenting symptom is neck extension weakness
(dropped head syndrome). Moreover, repetitive
nerve stimulation (RNS), a diagnostic electro-
physiological test for MG, can be positive in ALS
(11,12). A low titer AChR antibodies may be
detected in PALS (9). However, studies show that
PALS who have positive RNS test and AChR anti-
bodies (but lack typical MG symptoms such as
ptosis, diplopia, and fatigable weakness) typically
do not respond to pyridostigmine treatment (8).
Short-term improvements in bulbar weakness (last-
ing days to weeks) during the early stages of the
disease were previously reported (13). However,
this short-term benefit in PALS remains anecdotal.

On the other hand, two cases of ALS with ocu-
lar ptosis, a rare symptom in ALS, were treated
with pyridostigmine, which did not result in any
clinical benefits (14). Notably, both patients had
normal RNS tests and were negative for AChR
antibodies.

Although the coexistence of MG and ALS is
rare, several cases have been reported (8,15–18).
For instance, a patient with a positive ALS family
history was diagnosed with ALS after he developed
atrophy and weakness in the right hand with associ-
ated diffuse muscle fasciculations and cramps. His
neurological examination and EMG revealed both
upper and lower motor neuron signs in the cervical
and lumbar regions. In three months after the ALS
diagnosis, he developed ptosis, diplopia and

Table 1. Table of evidence for pyridostigmine.

Criteria Grade Comments

Mechanistic
Plausibility

D Pyridostigmine may transiently improve neuromuscular transmission in early ALS but does not have
relevant mechanisms to alter the disease process.

Pre-clinical
models

U There are no studies of pyridostigmine in pre-clinical models. A study of another cholinesterase inhibitor,
neostigmine, worsened outcomes in an SOD1-ALS rodent model.

Cases B Although most cases showed no benefits from pyridostigmine on ALS progression, two validated ALS
reversal cases took pyridostigmine as part of their treatment regimens.

Trials U There have not been clinical trials of pyridostigmine in PALS and trials of other cholinesterase inhibitors
did not slow ALS progression.

Risks C Pyridostigmine causes frequent cholinergic side effects due to the increased acetylcholine levels.
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fatigable weakness, which was reversed by rest (15).
Serology testing showed an elevated AChR antibody
concentration of 22.5 pmol/L (normal value
<0.4 pmol/L). RNS test revealed a decremental
response greater than 40% in ocular and deltoid
muscles. This patient’s ocular symptoms improved
with pyridostigmine. Another case initially pre-
sented with speech and swallowing difficulties (16).
MG diagnosis was made after a clinical examina-
tion, with positive AChR antibodies, decremental
responses on RNS test and a positive edrophonium
test. His symptoms improved with prednisone and
pyridostigmine treatment. However, five months
later, he presented with new symptoms of tongue
atrophy and fasciculations and neck and limb
muscle weakness. His neurological examination
demonstrated hyperreflexia that was not present
previously, as well as new bulbar and limb muscle
atrophy and weakness. Repeat electromyography
showed widespread active denervation and chronic
reinnervation changes, supporting an ALS diagno-
sis. In both aforementioned cases, their MG symp-
toms responded to pyridostigmine as expected.

Another interesting study examined the benefits
of a presynaptic NMJ transmission enhancing
medication, 3,4 diaminopyridine (DAP), in PALS
and found that 3,4 DAP treatment improved self-
reported fatigue and muscle weakness compared to
placebo group (19).

Additionally, anecdotal reports from an online
forum (ALSforums.com) suggest that some ALS
patients have been prescribed pyridostigmine, with
one individual reporting a perceived slowing of dis-
ease progression. On PatientLikeMe, five PALS
reported taking pyridostigmine, and only one patient
provided an evaluation, reporting “can’t tell.”

Within the cohort of 62 validated “ALS
Reversals” being referred to Duke University for
participation in the ALS reversal study (https://als-
reversals.com), two were on pyridostigmine (in
addition to many other medications and supple-
ments) when their recovery occurred. It is impos-
sible to know whether pyridostigmine contributed
to their recovery. Within the ALS Therapy
Development Institute’s ALS research collabora-
tive database (https://www.als.net/arc/), four add-
itional individuals reported using pyridostigmine
either before or during their participation in this
longitudinal study. No clear benefit of pyridostig-
mine on ALSFRS-R progression was seen.

PALS may develop dysautonomia symptoms
such as gastric paresis, orthostatic hypotension and
urinary problems (20,21). Though pyridostigmine
has been shown to improve gastrointestinal motil-
ity (22), it often increases oral and bronchial secre-
tions and risks for aspiration. We therefore caution
for the use of pyridostigmine for gastric paresis
and other dysautonomic symptoms.

Although most cases we found showed no ben-
efits from pyridostigmine on ALS progression, two
validated ALS reversal cases took pyridostigmine
as part of their treatment regimens as mentioned
above. Therefore, we assign a TOE “Cases” grade
of B (Table 1). However, we caution that this is
an association, and we cannot know whether pyri-
dostigmine contributed to the ALS reversals.

Trials

We found no clinical trials specifically evaluating pyri-
dostigmine for PALS. Therefore, ALSUntangled
assigned a TOE “Trials” grade of U (Table 1).

Of interest, however, other acetylcholinesterase
inhibitors were evaluated in two small placebo-
controlled, randomized clinical trials (23,24). A 9-
month double-crossover trial was conducted in
1993 to assess the effects of oral physostigmine, an
acetylcholinesterase inhibitor that penetrates the
blood-brain barrier (23). During this study, partic-
ipants were randomly assigned to either the physo-
stigmine or placebo group for 3months, then
crossed over to the other group for an additional
3months and returned to their originally assigned
group for a final 3months. Twenty-five partici-
pants were randomized, but twelve dropped out of
the study due to death, severe disability or severe
swallowing difficulty. Among thirteen participants
who completed the 9-month study, five partici-
pants received physostigmine (16mg daily) in the
first and third 3-month periods, and eight received
16mg daily in the second 3-month period. The
Norris ALS score (similar to the ALS functional
rating scale), forced vital capacity and survival
were assessed after each 3-month period, but did
not show slowing of ALS progression (23).
Another study in 1986 compared physostigmine
and neostigmine in terms of their effects on muscle
strength and neurophysiology in PALS but did not
show any differences (24).

Risks

Pyridostigmine is generally well-tolerated but can
cause side effects, mostly related to the increased
muscarinic acetylcholine signaling. Common side
effects include gastrointestinal symptoms such as
nausea, vomiting, diarrhea, abdominal cramps,
increased salivation, bronchial secretions, increased
sweating, muscle cramps, twitching, blurred vision,
and lightheadedness (25). In rare cases, excessive
dosing may paradoxically worsen weakness, a rare
condition known as cholinergic crisis in patients
with myasthenia gravis (26).

ALSUntangled assigns a TOE “Risk” grade of
C (Table 1).
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Dosing and costs

Pyridostigmine is commonly used to manage
myasthenia gravis symptoms at a dose of 60–90mg
every 4–6 hours while awake (180–240mg daily)
due to the medication’s short duration of action
(26). An extended-release formulation of pyrido-
stigmine is also available but is infrequently used.
It is important to note that the appropriate dosing
for ALS patients has not been established.

Pyridostigmine is available as a generic form
and is relatively inexpensive. The cost varies
depending on dosage and formulation, and a 90-
tablet supply of pyridostigmine 60mg tablets gen-
erally ranges from $20 to $30 without insurance.

Conclusion

Pyridostigmine has a plausible mechanism for tran-
siently enhancing neuromuscular transmission in
early-stage ALS, where NMJ transmission is
impaired but motor neuron numbers are pre-
served. However, there is no plausible mechanism
for slowing ALS progression. Case reports showed
PALS without typical MG symptoms did not
respond to pyridostigmine. Thus far, clinical trials
of pyridostigmine in PALS have not been con-
ducted. Two small clinical trials of other cholin-
esterase inhibitors failed to show efficacy in PALS.

Additionally, pyridostigmine carries potential,
albeit mild, risks, including gastrointestinal side
effects and excessive salivation at recommended
doses. Given the lack of mechanistic plausibility and
efficacy in case reports, we do not support the use
of pyridostigmine as a pharmacological agent for
slowing ALS progression.
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