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Abstract: Lambert-Eaton myasthenic syndrome (LEMS) is an uncommon disorder of
neuromuscular transmission with distinctive pathophysiological, clinical, electrophysiologi-
cal and laboratory features. There are two forms of LEMS. The paraneoplastic (P-LEMS)
form is associated with a malignant tumor that is most frequently a small cell lung carcinoma
(SCLC), and the autoimmune (A-LEMS) form is often related to other dysimmune diseases.
Approximately 90% of LEMS patients present antibodies against presynaptic membrane P/
Q-type voltage-gated calcium channels (VGCC). These antibodies are directly implicated in
the pathophysiology of the disorder, provoke reduced acetylcholine (ACh) at the nerve
terminal and consequently lead to muscle weakness. LEMS is clinically characterized by
proximal muscle weakness, autonomic dysfunction and areflexia. In clinically suspected
cases, diagnoses are confirmed by serological and electrodiagnostic tests. The detection of
P/Q-type VGCC antibodies is supportive when there is clinical suspicion but should be
carefully interpreted in the absence of characteristic clinical or electrodiagnostic features.
Typical electrodiagnostic findings (ie, reduced compound motor action potentials (CMAPs),
significant decrements in the responses to low frequency stimulation and incremental
responses after brief exercise or high-frequency stimulation) reflect the existence of
a presynaptic transmission defect and are key confirmatory criteria. Diagnosis requires
a high level of awareness and necessitates the initiation of a prompt screening and surveil-
lance process to detect and treat malignant tumors. In clinically affected patients without
cancer and after cancer treatment, symptomatic treatment with 3,4-diaminopyridine or
immunosuppressive agents can significantly improve neurologic symptoms and the quality
of life. We present a detailed review of LEMS with special emphasis on the pathophysiolo-
gical mechanisms, clinical manifestation and diagnostic procedure.

Keywords: neuromuscular transmission, paraneoplastic disorder, muscle weakness, voltage-
gated calcium channels, electrodiagnostic test

Introduction

Lambert-Eaton myasthenic syndrome (LEMS) is an uncommon neuromuscular
junction (NMJ) disorder with distinctive pathophysiological, clinical, electrophy-
siological and laboratory features. More than a half of cases present
a paraneoplastic form (P-LEMS) associated with a malignant tumor that is usually
a small cell lung carcinoma (SCLC). The remaining cases are considered autoim-
mune (A-LEMS) and frequently overlap with other dysimmune diseases. LEMS is
characterized by the presence of antibodies against presynaptic P/Q-type voltage-
gated calcium channels (VGCC) that cause a reduction in the level of acetylcholine
(ACh) released from the nerve terminal and consequent muscle weakness. Other
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common clinical findings are general fatigue, autonomic
dysfunction and areflexia. The description of the electro-
physiological criteria in the 1950s and the discovery of
anti-VGCC antibodies in 1983 were substantial break-
throughs that improved our understanding of the patho-
physiological mechanisms and facilitated early diagnosis.
that LEMS is
a paraneoplastic disorder associated with cancer in the

Given uncommon but frequently
initial stages, awareness and a high degree of suspicion
are essential factors for an early diagnosis that can lead to

the optimal management of these patients.

History

The name Lambert-Eaton syndrome is a tribute to
Dr. Edward H. Lambert and Dr. Lee M. Eaton who were
two distinguished American neurologists from the Mayo
Clinic. In 1956, they described 6 patients with neuromus-
cular disorders resembling Myasthenia Gravis (MQ),
although some different clinical and electrophysiological
features were present.! In three of these patients, malig-
nant tumors were detected, and x-ray imaging in two
additional patients suggested the existence of intrathoracic
malignant disease. Soon after, these neurologists published
a novel article in which they precisely described the elec-
trophysiological features of the newly recognized disorder
of neuromuscular transmission that they named “myasthe-
nic syndrome associated with malignant tumors”.> From
this point on, and particularly prior to the discovery of the
anti-VGCC antibodies, these electrophysiological criteria
have served as the foundation of the diagnosis of this
syndrome and prevented possible confusion with MG. In
the mid-1960s and the beginning of the 1970s, several case
reports of LEMS with coexisting autoimmune diseases led
to the hypothesis of an immuno-mediated disorder.**>
This hypothesis became more credible in 1983 when the
passive transfer of immunoglobulin G (IgG) from affected
patients to mice reproduced the electrophysiological fea-
tures of the disease.® In the following years, Fukunaga
et al suggested that calcium channels of the neuromuscular
junction could be the targets of the pathogenic autoanti-
bodies in LEMS and reproduced the presynaptic mem-
brane lesions seen in patients with LEMS using the
passive transfer model in mice.”® Further studies showed
that antibodies with specificity for P/Q-type calcium chan-
nels are the determinant type in the pathophysiological
process.” Since then, additional advances have occurred
in the understanding of this NMJ disorder, but our com-
prehension has mainly been enhanced as a consequence of

numerous clinical studies that have improved screening
programs and general patient management.

Epidemiology

Underdiagnoses and frequent misdiagnoses interfere with
accurate epidemiological estimations of LEMS. As observed
in a study from the Netherlands, 58% of all cases received an
incorrect diagnosis before LEMS was established.'® In the
same study, the annual incidence was 0.4 per million with
equal proportions of LEMS associated with SCLC and
LEMS without SCLC. The estimated prevalence was
2.5 per million inhabitants, and there was a lower prevalence
of P-LEMS that was probably due to poor survival in this
group. The prevalence in the United States was indirectly
estimated to be 1 in 100,000 based on the prevalence of small
cell lung cancer."' In a large and more recent North American
epidemiologic study of LEMS, the annual incidence of con-
firmed cases was similarly estimated at 0.6 per million, and
the prevalences were estimated at 2.8 and 3.8 per million for
confirmed and probable cases, respectively. The P-LEMS
form is more frequent among men (65%) and occurs at
a median age of 60 years. In the Netherlands study, 58% of
all LEMS cases were men, but men were far more frequent
(reaching 76%) in the P-LEMS group. The presentation of
A-LEMS is more balanced between males and females. The
median age in this study was 55 years (range 11-73) and did
not significantly differ between groups. The median duration
of the disease prior to diagnosis among all LEMS cases was
11 months and was significantly shorter among the patients
with P-LEMs than those with A-LEMS (3.5 vs 17 months,
respectively).'” A similar age of onset and duration until
diagnosis were obtained in a study conducted in the Unites
States Veteran’s Affairs population.'? A diagnosis of LEMS
anticipates tumor detection in most P-LEMS cases.'* Titulaer
et al observed that a SCLC diagnosis preceded LEMS iden-
tification in only 6% of P-LEMS cases. SCLCs were identi-
fied in 92% of these patients within 3 months and in 96%

within a year.'*

Clinical manifestations

LEMS has an insidious onset and a slowly progressive
clinical course. Muscle weakness, fatigue, autonomic dys-
function and areflexia are the most common clinical
manifestations.'> Weakness usually begins to involve the
proximal leg muscles, which are also the most severely
affected muscle group, and arm weakness appears soon
after.'® In the early stages, weakness is generally restricted
to proximal muscle groups, later extends distally to
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involve the hand and foot muscles and finally spreads to
the oculobulbar muscles. The extension speed is more
rapid in P-LEMS cases than in A-LEMS cases.'® The
excessive weakness and fatigue referred to by most
LEMS patients are commonly disproportionate to the
severity of weakness found on physical examination.
Evaluations of muscle strength should be performed after
rest to avoid the potentiation created by muscle testing.

The ocular or bulbar symptoms are less frequent and
pronounced compared with those seen in MG but this
difference should not be used as a distinctive clinical
feature to differentiate MG from LEMS. Rarely, these
symptoms can occur during the initial manifestation of
the disease.'” ' The reported prevalence of oculobulbar
manifestations varies according to different works and
increases during the evolution of the disease, and such
manifestations are present in approximately one-third of
patients at 3 months and half of cases one year after
onset.”* Ptosis and diplopia are the most common ocular
symptoms, and dysphagia and dysarthria are the most
frequent bulbar manifestations; however, in contrast
to MG, these symptoms are often mild and transient.

Neurologists should be receptive to coexisting auto-
nomic dysfunctions, which should be actively sought.
Few patients spontaneously mention such dysfunctions,
probably because they are not perceived as the most trou-
blesome symptoms or do not have important repercussions
in daily activities as in the case of leg weakness and
fatigue. Dysautonomia has been reported in 80-96% of
LEMS patients during the evolution of the disease.'>'®*
Dry mouth is the most commonly reported symptom fol-
lowed by impotence in males and constipation. Dry eyes,
orthostatic dizziness, blurred vision and altered perspira-
tion are less frequent.

Deep tendon reflexes are characteristically decreased or
absent but can be amplified after muscular contraction. As
in the case of muscle weakness, tendon reflexes should be
tested after a period of rest. Cerebellar ataxia, sensory
neuropathy and limbic encephalitis are extremely uncom-
mon manifestations that are almost exclusively associated
with P-LEMS.'®>***

Pathophysiology

Ca*" ions play a central role in neurotransmission. They
not only trigger the exocytosis of vesicles that are docked
on the cytoplasmic side of the presynaptic membrane and
are ready to be released (ie, the “readily releasable pool”
or RRP) but also influence short-term synaptic plasticity

and probably influence the mechanisms that restore the
RRP after presynaptic activation.”

Ca”" ions diffuse into the presynaptic terminal through
VGCCs. These molecular structures are integral parts of
the so-called “active zones” (AZs), which are the locations
at which synaptic vesicles (SVs) are docked. AZs were
first identified in freeze-fracture preparations that were
examined with an electronic microscope. This technique,
and more recently, electron microscope tomography, has
revealed the ultrastructure of the rodent AZ, which con-
sists of double rows of 80-nm-long intramembranous par-
ticles (which are believed to include the VGCCs) with two
SVs between them.?® The presynaptic terminals of rodent
NMIJ have approximately 900 AZs.*

Figure 1 illustrates the most important presynaptic steps
of neuromuscular transmission. Presynaptic depolarization
opens the VGCCs, and Ca®" ions pass through them to
create a brief and circumscribed increase in calcium in the
AZ that is termed a “calcium nanodomain”.*> This local
increase in calcium allows the binding of several Ca®" ions
to the vesicle protein synaptotagmin. In vertebrate NMlJs,
synaptotagmin probably binds four Ca®" ions, and this
phenomenon is believed to trigger the fast synchronous
release of SVs during presynaptic depolarization.”” The
main determinants of the amplitude of the end-plate poten-
tial (epp) are the number of SVs released and, in cases of
postsynaptic disorders of the NMJ such as MG, the number
of ACh receptors present in the postsynaptic membrane.

The number of SVs released by a train of presynaptic
potentials depends both on the synaptic type and the length
and frequency of the stimulating train. In NMJs in which the
probability of the release of a SV after a stimulus is high (this
probability is defined as p according to the quantal theory of
neurotransmission), as is the case in human NMIJs, succes-
sive epps are of lower amplitudes than the first epp. This
phenomenon is called “synaptic depression”. The main factor
responsible for this behavior is believed to be the depletion of
the RRP of the SV caused by the previous stimuli because
a reduction in p due to, for example, a reduction in extra-
cellular calcium, supposes not only a reduction in the ampli-
tude of the first epp but also a reduction in the magnitude of
depression. When p is sufficiently low, it is possible that
successive epps during a train may show progressive
increases in amplitude, at least for some time. This phenom-
enon is known as “synaptic facilitation”, and it is believed to
be related to the progressive rise in the presynaptic calcium
that is
stimulation.”® This calcium would bind to receptors other

concentration produced during a repetitive
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Figure | Presynaptic events in neuromuscular transmission. (A) The active depolarization of a motor axon caused by the opening of heminodal (the transition between the
myelinated and non-myelinated parts of the axon) voltage-gated Na* channels is passively transmitted to the presynaptic terminal. (B) The presynaptic terminal is covered by
glial cells (not represented), and its membrane contains voltage-gated K* and Ca®" channels. (C) The opening of the voltage-gated Ca?" channels located in the active zones
allows the entry of extracellular Ca®" into the terminal, which creates a local increase in the Ca** concentration. (D)Four or five Ca>* ions bind to synaptotagmin, which is
the Ca?" receptor that triggers the fast and synchronous release of acetylcholine (ACh). (E) Fusion of the docked vesicles at the active zones and the release of ACh into the
intersynaptic space. (F) Replenishment of the empty active zones by vesicles from the recycling pool. This step is believed to be regulated by the intraterminal Ca?*

concentration.

than those that produce the phasic release of SVs.?’ Between
presynaptic depolarizations, the RRP would be restored by
SVs that pass from the recycling pool to the AZ where they
undergo the molecular changes that convert them into docked
vesicles that are ready to be released. As previously men-
tioned, this transition rate would also probably be governed
by the presynaptic calcium concentration.>

According to the simplest form of the quantal theory of
synaptic transmission, the number of quanta released by
one SV) follows
a binomial distribution that is defined by two parameters:

a synaptic potential (one quantum

the release probability of a quantum after a presynaptic
action potential (p) and the number of SVs in the RRP (n).
The mean number of SVs released by a stimulus, also
known as the “quantal content” (denoted by m), is the
product p - n. This simple formulation of quantal theory
does not explain the experimentally encountered variations
in the estimates of p and n during trains of stimuli (ie, the
effects of short-term synaptic plasticity). In contrast, both
synaptic facilitation and synaptic depression may be
accounted for by considering that synaptic transmission
follows a compound binomial model in which p is nonsta-
tionary during a stimulating train and that p is, in fact, the
product of two different probabilities, ie, the probability
that an AZ is occupied by a quantum multiplied by the
probability that this quantum is released by a presynaptic

. . 2
depolarization.?”-*°

of
myasthenic syndrome allowed Lambert and Eaton to

The peculiar electromyographic characteristics
hypothesize that the number of quanta released by
a stimulus is greatly decreased. This hypothesis was con-
firmed by Lambert and Elmqvist while studying the NMJs
of patients with myasthenic syndrome in vitro.>' Their stu-
dies also showed that increasing the extracellular Ca** con-
centration greatly increased the very low basal amplitudes of
epps until they were sufficiently high to elicit a muscle
action potential. These observations led Lambert and
Elmgqvist to speculate “that some, as yet unknown substance,
interferes with the utilization of calcium in the motor nerve
terminals”.®>' Several studies performed in the 80s and 90 s
established that patients suffering from LEMS have autoan-
tibodies against presynaptic VGCCs that reduce the inward
Ca*" current during presynaptic depolarization that triggers
the synchronous release of SVs. This process supposes
a reduction in the quantal content and the generation of an
epp of abnormally low amplitude.

Recently, a new electromyographic characteristic has
been added to those classically described by Lambert; the
partial recovery of a compound muscle action potential
(CMAP) that is typically observed in myasthenia gravis
during low-frequency repetitive nerve stimulation (the so-
called “U-pattern”) is not present in Lambert-Eaton
myasthenic syndrome.>® This late recovery during low-
frequency stimulating trains was also observed in subjects
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treated with atracurium (an antagonist of nicotinic recep-
tors) at doses that produce a neuromuscular blockade.*?
Moreover, the magnitude of the recovery of the CMAP
amplitude, as well the maximum decrease in the CMAP
amplitude attained during a train, increase as the frequency
of stimulation is increased in both myasthenia gravis and
atracurium-treated patients.”® Results from a computer
model of human neuromuscular transmission suggest that
this phenomenon is due to the fact that the mechanism of
recovery from synaptic depression is Ca**-dependent, and
its efficacy depends on the intraterminal residual Ca®"
concentration. Because the amount of residual Ca®"
depends both on the stimulating frequency and the duration
of the train, the extent of the recovery of the CMAP
amplitude (which reflects a progressive increase in the
epp amplitude) increases with the increase in the frequency
of stimulation, and it is observed at the end of a low-
frequency stimulating train. The absence of this late recov-
ery in LEMS could only be simulated by the model if both
the efficacy of the Ca>*-dependent mechanism of recovery
from depression and the magnitude of synaptic facilitation,
which is also thought to be linked to residual Ca®>" were
reduced. These results from the computer model are con-
sistent with the fact that Ca** entry during a presynaptic
depolarization is greatly reduced in LEMS due to the pre-
sence of antibodies against presynaptic VGCCs.>

Electromyography
The electrophysiological criteria described by Lambert and
Eaton have served as the basis of LEMS diagnosis since its
identification as a distinctive NMJ disorder.

Repetitive nerve stimulation (RNS) is the electrophy-
siological test of choice, and the classical triad of electro-
physiological findings consists of the following:

A I MEDIAN - APB

2(7.8mV)

137 mV)_I

2ms 2mV

'

1. Significantly and uniformly reduced CMAPs in
motor nerve conduction studies at rest that usually
reach less than 50% of the inferior limit of normal
(Figure 2A). This is a common finding in all pre-
synaptic NMJ disorders and is observed in up to
96% of LEMS cases.**

2. A decrement in the CMAP response upon low-
frequency (2—5 Hz) RNS that produces a successive
decline in CMAP amplitude from its normal base-
line (Figures 2B and 3A). A CMAP decrease
greater than 10% is required to be considered
abnormal, and such a decrease is found in

94-98% of patients with LEMS.***°

This electrophysiologic phenomenon can appear in
both presynaptic and postsynaptic NMJ disorders,
although it appears with a distinctive decremental pattern
according some authors.>*3°

In MG, with a train of 810 stimuli, the decrement in the
response is usually maximal at the fourth or fifth stimulation
and followed by increments in the responses with subsequent
stimuli, although these responses never reach the size of the
initial response. The pattern of responses has a characteristic
morphology with an asymmetric U-shape. Unlike MG
patients, a low-frequency RNS in LEMS patients leads to

a progressive decremental response (Figures 2 and 3).

3. An increment in the response greater than 100%
demonstrated immediately after a brief 10-30 seconds
of maximal voluntary contraction, which is also
known as the post-exercise test (PET) (Figure 2A),
or with a high frequency (20-50 Hz) stimulation
(HFS). An incremental response has been used as an
electrophysiological gold standard for LEMS diagno-
sis. In patients who cooperate, the PET is preferred,

B | ABD POLL BREVIS - Distal

I

2ms 1mV

Figure 2 Classical electrodiagnostic findings in a patient with a paraneoplastic LEMS caused by an oat-cell lung carcinoma. (A) |. Low basal CMAP amplitude (3.7 mV; lower
limit of normality: 6 mV). 2. Increase (I11%) in the CMAP amplitude after a brief (15 s) maximal-contraction post-tetanic potentiation. (B) Progressive reduction of the
CMAP amplitude during a 2-Hz repetitive nerve stimulation without any recovery of this amplitude at the end of the train (16% decrease in amplitude).

Abbreviations: APB: abductor pollicis brevis muscle. LEMS: Lambert-Eaton Myasthenic Syndrome. CMAP: compound muscle action potential.
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Figure 3 Electrodiagnostic findings in a patient with a LEMS without evidence of cancer. (A) Progressive reductions of the CMAP amplitudes during 3-Hz repetitive nerve
stimulations in two different hand muscles. Note the absence of any late increases in the CMAP amplitudes. The initial CMAP amplitudes were well above the lower limit of
normality in both muscles (6 mV for the abductor pollicis brevis and 5 mV for the abductor digiti minimi). (B) After a brief (15 s) maximal contraction, there was an increase
in the initial CMAP amplitude, and there was a complete or a near-complete absence of a reduction in the CMAP amplitude during a 3-Hz repetitive nerve stimulation.

Abbreviations: ABD DIG MIN, abductor digiti minimi muscle; ABD POLL BREVIS, abductor pollicis brevis muscle; LEMS, Lambert-Eaton Myasthenic Syndrome; CMAP,

compound muscle action potential.

easily performed and elicits a characteristic incremen-
tal response in 84-96% of LEMS cases.****’ The
incremental response can be further increased by
applying 60% as the threshold, which results in
a sensitivity of 97% by either the PET or HFS while
maintaining a high specificity of 99%.%° HFS at 50 Hz
has comparable or greater sensitivity, but it is very
uncomfortable.’® Thus, HFS should be reserved for
patients who cannot cooperate and when PET fails to
elicit a significant increment but clinical suspicion
high. In
a pseudofacilitation phenomenon or physiological

remains normal individuals,
increment may be observed, but it is usually less

than 40% of the initial CMAP.

Hatanaka and Oh showed that longer exercises lead to
a progressive decrease in the increment. These authors
demonstrated significantly higher diagnostic sensitivity
using a 10-second exercise compared with a 30-second
exercise.”’ The same authors later found that, compared
with VGCC-negative LEMS, VGCC-positive LEMS is
associated with a lower basal CMAP and a greater incre-
ment response.’® Their findings suggested that the RNS
pattern was more severely altered in VGCC-positive

LEMS and thus more indicative of LEMS. This observa-
tion further promoted the use of the 60% increment criter-
ion, which is especially critical for the diagnosis of
seronegative LEMS. These authors also concluded that
the effect of post-exercise exhaustion on RNS does not
have diagnostic value for LEMS.*

Single-fiber electromyography generally does not dis-
tinguish between presynaptic and postsynaptic disorders of
the NMJ, although differences can be demonstrated if they
are intentionally sought. Notably, in cases of LEMS, mark-
edly abnormal jitter values can be registered diffusely and
independently of the muscle tested or the grade of clinical
affect. Blocking is more pronounced, and like jitter values,
increases remarkably with low-frequency (5-10 Hz)
stimulation, %4142

It should be noted that early in the course of LEMS,
when the baseline CMAP amplitudes are not yet notably
reduced, the abnormal decremental response to slow RNS
may be easier to demonstrate than the more characteristic
incremental response. The combination of a normal or
slightly reduced CMAP and a lack of incremental response
can easily result in a missed diagnosis of LEMS or, in
cases with an evident decremental response, lead to
a misdiagnosis of MG (Figure 3).
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Autoantibody testing

Antibodies against the P/Q-type VGCC are directly impli-
cated in the pathophysiology of LEMS and were traditionally
considered to be highly specific for this presynaptic NMJ
disorder.”** P/Q-type VGCC antibodies are found in more
than 90% of LEMS cases, and this percentage is higher in
patients with SCLC. These antibodies are infrequently
detected in patients with lung cancer without LEMS and
sporadically detected in healthy individuals and patients
with other autoimmune diseases.”*** However, recent stu-
dies suggest a much lower specificity for P/Q-type VGCCs
(36%) than has previously been reported.*

The N-type VGCCs are also a common target in LEMS
and antibodies against N-type VGCCs are the second-most
commonly detected antibodies in LEMS patients.

These antibodies have been reported to be found in
33-49% of LEMS patients and are notably more frequent
in cases of P-LMES; according some studies, they are present
in up to 73% of patients in this group.”** These findings
suggest that N-type VGCC-positive LEMS patients are more
likely to have an underlying malignancy. Motonura et al
reported that all N-type VGCC antibodies-positive LEMS
patients were also positive for P/Q-type VGCC antibodies,
which provides the impression that these antibodies could be
a result of cross-reactivity between the P/Q- and N-type
channels or the expression of multiple types of VGCCs by
underlying SCLCs in P-LEMS**46

Antibodies against SOX-1 were also proposed as
a serological tumor marker with diagnostic value for dis-
criminating between P-LEMS and A-LEMS. According to
some authors, these antibodies have been found in 64% of
patients with P-LEMS and only 0-5% of A-LEMS patients
and are therefore able to identify LEMS patients with
a greater risk of malignancy.*’*® These antibodies have
also been described in significant percentages of patients
with SCLC without LEMS and in patients with other
paraneoplastic neurological disorders, which indicates
that a potential pathogenic role is very unlikely.

Approximately 10-15% of LEMS patients are ser-
onegative but share practically identical electrophysio-
logical features with seropositive LEMS patients, and
the passive transfer of either seronegative or seroposi-
tive LEMS sera to mice appears to reproduce similar
electrophysiological changes. These observations sug-
gest that subthreshold concentrations of known antibo-
dies or the existence of antibodies against unrevealed
targets could be the cause in seronegative LEMS. Some

of the recently studied targets are synaptotagmin-1,
which is a VGCC-associated protein that is implicated
in fast ACh release, and the M-type presynaptic mus-
carinic ACh receptor, which is implicated in the mod-
ulation of cholinergic neuromuscular transmission via
linkage to P/Q-type VGCCs. Antibodies against these
potential targets have been found in both seropositive
and seronegative LEMS, although further studies are

necessary to confirm their potential pathogenic
roles.**->°
Diagnosis

Clinical suspicion is the first and most important step in
the diagnostic process. LEMS should be considered in any
patient presenting with proximal muscle weakness, espe-
cially if it is associated with hypo- or areflexia, dry mouth,
constipation or oculobulbar symptoms.

In cases with a compatible clinical constellation, the
diagnosis is confirmed with electrophysiological and ser-
ological tests. In suspected patients, typical electrodiag-
nostic findings remain the key confirmatory criteria, and
the finding of a significant incremental response is practi-
cally diagnostic. The detection of diffusely reduced
CMAPs in the absence of an alternative explanation
should also raise the alarm. In such cases, an experienced
neurologist or neurophysiologist should perform RNS or
PET to confirm the existence of a presynaptic disorder.
Anti-P/Q-type VGCC antibodies are helpful and provide
additional diagnostic certainty but are complementary and
cannot replace electrodiagnosis.

We propose a diagnostic algorithm (Figure 4) wherein
we consider 3 possible electrodiagnostic scenarios for
exhibits
a typical pattern (a significantly reduced CMAPs,

clinically suspected cases: 1. The patient
a decremental CMAP response on low-frequency RNS
and an incremental response after PET or HFS) that is
confirmatory for LEMS. In such cases, the detection of
specific antibodies differentiates between seropositive and
seronegative LEMS (Figure 2). 2. The patient has sugges-
tive electrophysiological findings (a normal or mildly
reduced CMAPs and an abnormal decremental response
without a significant incremental response) (Figure 3).
This pattern is a possible scenario during the initial stages
of LEMS; therefore, to avoid underdiagnosis, we recom-
mend a repetition of the electrophysiological study. In
such cases, the detection of anti-P/Q-type VGCC antibo-
dies is helpful and increases the probability of the
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[ Clinically suspected LEMS ]

[ Electrophysiol

ogical studies* )

Typical
pattern

Suggestive
pattern

No suggestive
pattern

[ Anti-P/Q-type VGCC ]

[ Anti-P/Q-type VGCC ]

[ Anti-P/Q-type VGCC ]

+| - +| - +| -
Seropositive Seronegative Probable Possible Possible No LEMS
LEMS LEMS seropositive seronegative seropositive
LEMS LEMS LEMS
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Figure 4 Diagnostic algorithm for clinically suspected LEMS.

Notes: *Electrophysiological studies: nerve conduction study, low-and high-frequency repetitive nerve stimulations and a post-exercise test.
Abbreviations: LEMS, Lambert-Eaton Myasthenic Syndrome; VGCC, voltage-gated calcium channels.

diagnosis. 3. In the third and last electrodiagnostic sce-
nario, there are no electrophysiological findings suggestive
of LEMS, or the findings do not reach the required values.
If there is high clinical suspicion, the detection of specific
antibodies could warrant the repetition of the test; other-
wise, the diagnosis of LEMS is highly improbable.

Evaluation for malignant disease

and treatment

The active search for a malignant tumor is of great impor-
tance and should be started immediately after diagnosis.
A diagnosis of LEMS anticipates tumor detection in most
cases with P-LEMS."? Using a screening program, SCLCs
were identified in 91% of P-LEMS cases within 3 months
and in 96% within one year. Some studies have reported
improved survival in patients with P-LEMS associated
with a SCLC compared with patients with a SCLC without
LEMS.>">? In a more recent prospective study, Maddison
et al demonstrated that the presence of P-LEMS with
a SCLC conferred a significant survival advantage inde-
pendently of other prognostic variables.”

For newly diagnosed LEMS without cancer, the initial
evaluation should be made with a thoracic CT scan and
18F-fluorodeoxyglucose positron emission tomography
(FDG-PET) if the CT scan is non-diagnostic. A simple
clinical scoring system based on age, weight loss, smok-
ing, bulbar
Karnofsky performance status called the Dutch-English
LEMS tumor association prediction (DELTA-P) score
was developed and validated in 2011. This scoring system

involvement, erectile dysfunction and

indicates the presence of a SCLC with very high accuracy
and therefore aids physicians in identifying high-risk
patients and optimizing the screening process and follow-
up.>* SOX-1 antibodies have also been demonstrated to be
an independent predictor of SCLC but were omitted from
the DELTA-P for practical reasons. If the initial cancer
evaluation is negative, screening with thoracic CT or
FDG-PET should be repeated after 3—6 months depending
on the DELTA-P score.”

The treatment of LEMS involves the removal or treat-
ment of the underlying cancer in patients with P-LEMS
and symptomatic treatment in clinically affected patients
independent of the LEMS form. In patients with symptoms

34 submit your manuscript

Dove

Degenerative Neurological and Neuromuscular Disease 2019:9


http://www.dovepress.com
http://www.dovepress.com

Dove

Ivanovski and Miralles

that interfere with daily activities, 3,4-diaminopyridine
(3,4-DAP) s
therapy.®' 3,4-DAP is a potassium channel blocker that

usually recommended as an initial
prolongs presynaptic nerve terminal depolarization and
consequently increases calcium entry through VGCCs,
which ultimately leads to increased ACh release.

The beneficial effects of 3,4-DAP, which include
improvements in muscle strength score or autonomic symp-
toms and increases in CMAP amplitude, have been demon-
strated in several randomized controlled trials.>>>"->%? In
a recent study, Sanders and colleagues demonstrated that
3,4-DAP is an effective maintenance treatment for
LEMS.®® A Cochrane review from 2011 based on four
randomized and controlled trials in 54 LEMS patients sup-
ported the notion that oral 3,4-DAP showed a significant
benefit and was generally well tolerated.®’ 3,4-DAP is
approved in the European Union and was also recently
approved in the United States where, until November 2018,
it was only available for compassionate use.

Acetylcholinesterase inhibitors, such as pyridostig-
mine, are generally not effective as monotherapies for
LEMS, although benefits have been reported in some
patients when combined with 3,4-DAP."?

Guanidine can also be combined with 3,4-DAP and
was the first symptomatic agent used for LEMS; however,
with very limited use due to its high toxicity.

In patients who do not achieve satisfactory control of
their symptoms and in refractory patients who do not
respond to the previously described therapies, immunomo-
dulating treatment should be initiated.

Intravenous immunoglobulin (IVIG) in a typical regimen
(2 g/kg total dose divided over two to five days) has been
successfully employed for the treatment of several immune-
mediated neurological diseases. IVIG can be used as an induc-
tion treatment in symptomatic patients or as a maintenance
treatment in patients with a satisfactory initial response who
experience a recurrence of the symptoms.®*634
The double-blind,

controlled crossover trial showed significant improve-

only randomized, placebo-
ments in indices of limb, respiratory and bulbar muscle
strength that were associated with reductions in serum
VGCC antibodies.®* Prednisone alone or in combination
with other corticosteroid-sparing immunosuppressive
agents, such as azathioprine or mycophenolate, can be
reasonable alternatives.

Rituximab or plasma exchange in combination with
other immunosuppressive agents can be used in refractory
LEMS patients,®>¢%¢7

Conclusions

A diagnosis of a rare disorder supposes a complex process
in which knowledge, awareness and a high degree of
suspicion are critical factors for an early diagnosis.

In clinically suspected LEMS, diagnosis is straightfor-
ward and should be assured given that highly specific
diagnostic tools are easily available. Clinical and electro-
diagnostic criteria for LEMS are currently the mainstay in
the diagnosis of LEMS. Elevated P/Q-type VGCC anti-
body titers are helpful when a strong clinical suspicion is
present but need to be interpreted carefully when they are
positive without clinical correlations.

Early recognition and the prompt initiation of the
screening program are the priorities in the management
of LEMS. The improved survival in patients with P-LEMS
associated with SCLC and the improvement in the neuro-
logical symptoms following cancer treatment clearly sug-
gest that the careful search for and treatment of
a malignant tumor is essential in the prognosis of
P-LEMS. In the case of A-LEMS, early recognition can
improve disability and the quality of life.
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