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Abstract

A consensus meeting was held to determine the best use and interpretation of electrophysiological data in the diagnosis of ALS. The
utility of needle EMG and nerve conduction studies was affirmed. It is recommended that electrophysiological evidence for chronic neu-
rogenic change should be taken as equivalent to clinical information in the recognition of involvement of individual muscles in a limb. In
addition, in the context of a suspected clinical diagnosis of ALS, fasciculation potentials should be taken as equivalent to fibrillation
potentials and positive sharp waves in recognising denervation. The importance of searching for instability in fasciculation potentials
and in motor unit potentials in ALS is stressed. These changes in the interpretation of electrophysiological data render obsolete the cat-
egory Probable Laboratory-Supported ALS in the modified El Escorial diagnostic criteria for ALS. Methods for detection of upper
motor neuron abnormality appear sensitive but require further study, particularly regarding their value when clinical signs of upper
motor neuron lesion are uncertain.
� 2007 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

In the absence of an established biological marker ALS
is primarily a clinical diagnosis (Li et al., 1991). In patients
with generally increased reflexes, weak and wasted muscles
in several body regions, a progressive history, often after a
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focal onset, the diagnosis is readily established after appro-
priate imaging and other tests designed to exclude other
possible diagnoses (Brooks, 1994, 2000). An experienced
clinician may be virtually certain of the diagnosis in a
patient with bilateral limb wasting, bilateral fasciculation
in the tongue, or with wasting and hyperreflexia limited
to a single limb, but none of these syndromes meet estab-
lished criteria for a definite diagnosis of ALS (Beghi
et al., 2002). Clinical neurophysiological examination is
especially important in this context (de Carvalho et al.,
2005), because it can extend the clinical findings by reveal-
gy. Published by Elsevier Ireland Ltd. All rights reserved.
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ing lower motor neuron involvement in muscles in body
regions otherwise regarded as unaffected. The electrophys-
iological features used in the diagnosis of ALS are based on
the set of criteria proposed by Lambert (Lambert and Mul-
der, 1957; Lambert, 1969). An algorithm for utilizing elec-
trophysiological data in diagnosis was incorporated in the
revised El Escorial criteria for the diagnosis of ALS as Lab-
oratory-Supported ALS (Brooks et al., 2000). However, as
currently understood, EMG and clinical abnormalities can-
not be combined in a single limb. Rather, the limb must be
determined to be abnormal by one technique or the other.

Another factor that has limited the utility of clinical neu-
rophysiology in the diagnosis of ALS is that current criteria
require that muscles determined to be affected must show
both ongoing denervation, defined by fibrillation potentials
(fibs) or positive sharp waves (sw), and chronic partial rein-
nervation, implying reinnervation, defined by enlarged, fre-
quently unstable motor units of increased duration, with a
reduced interference pattern (Table 1). While the presence
of active denervation and chronic denervation/reinnerva-
tion in the same muscle, although not specific for ALS, is
diagnostically useful, many muscles do not show fibs-sw,
so that the clinical neurophysiologist is left with insufficient
findings to make the diagnosis of ALS (Behnia and Kelly,
1991; de Carvalho et al., 1999). In practice this is a signifi-
cant problem; Traynor et al. (2000) found that, on current
criteria, 22% of patients with ALS may die without reaching
a level of diagnosis more certain than possible ALS.

It has become increasingly important to diagnose ALS
early in the natural history of the disease, in order to arrange
best management (Swash, 1998). It is intuitively likely that
disease-modifying agents will be most successful when admin-
istered early, when a large population of motor neurons
remains viable. Although specific disease modifying therapy
is presently of limited efficacy, symptomatic treatments pro-
vide considerable benefit. In addition the pace of translational
research in ALS promises an increasing number of experi-
mental therapies, with opportunities to enter clinical trials.

2. Consensus symposium

In December 2006 an IFCN-sponsored consensus con-
ference was convened on Awaji Island, Japan to consider
how clinical neurophysiology could be employed more
Table 1
Criteria for detection of neurogenic change by needle EMG in the diagnosis o

1. For the evaluation of LMN disease in ALS in any given body region
significance

2. EMG features of chronic neurogenic change must be found, for example
(a) MUPs of increased amplitude and increased duration, usually with a

studies
(b) Decreased motor unit recruitment, defined by rapid firing of a reduc

nificant UMN abnormalities, rapid firing may not be achieved
(c) Using a narrow band pass filter (500 Hz to 5 kHz) unstable and com

3. In ALS fbs-sw are usually recorded in strong, non-wasted, muscles
4. In the presence of chronic neurogenic change on needle EMG in ALS, fascic

alent to fibrillations and positive sharp waves (fibs-sw) in their clinical sign
effectively to facilitate early diagnosis (Swash, 2000). An
evidence-based approach was used. The current Airlie
House criteria (Brooks et al., 2000) were reviewed step by
step in this process. In addition to established clinical tech-
niques, a number of emerging methods were also evalu-
ated, including motor unit number estimation (MUNE)
and transcranial magnetic stimulation (TMS), a method
of promise in the assessment of upper motor neuron lesion
(Eisen and Swash, 2001). The role of EMG and nerve con-
duction studies in eliminating other diagnoses was
reviewed. This review led us to make two recommendations
for change in the way clinical neurophysiological informa-
tion is used to contribute to the diagnosis of ALS that will
impact on early diagnosis. These two changes are discussed
below.

3. Conclusions of the consensus conference

1. We reaffirm the general principles underlying the El
Escorial and Airlie House recommendations for the
diagnosis of ALS. These are set out in modified form
in Table 2. In particular, the importance of full nerve
conduction studies and conventional EMG in excluding
other diseases was recognised (Lambert, 1969; Behnia
and Kelly, 1991; Daube, 2000). It is important to keep
in mind that the clinical neurophysiological examination
is used in the diagnosis of ALS when the diagnosis is sus-
pected clinically – suggestive neurophysiological findings
are therefore not intended to stand alone, outside the
context of the clinical assessment.

2. We conclude that, since needle EMG is essentially an
extension of the clinical examination in detecting fea-
tures of denervation and reinnervation, the finding of
neurogenic EMG changes in a muscle should have the
same diagnostic significance as clinical features of neuro-
genic change in an individual muscle. Thus, within a sin-
gle limb, we recommend that abnormalities required for
the diagnosis of ALS may be derived from either clinical
or neurophysiological study, thus constituting the
requirement for involved muscles as set out in the gen-
eral instructions (Table 2). This interpretation renders
redundant the category ‘‘Laboratory Supported Proba-
ble ALS’’ (Table 2) and will facilitate earlier diagnosis,
f ALS (see also Table 4 for definitions of terms)

clinical and electrophysiological abnormalities have equal diagnostic

n increased number of phases, as assessed by qualitative or quantitative

ed number of motor units. In limbs affected by clinical features of sig-

plex MUPs will be observed in most cases of ALS

ulation potentials (FPs), preferably of complex morphology, are equiv-
ificance



Table 2
Awaji-shima consensus recommendations for the application of electrophysiological tests to the diagnosis of ALS, as applied to the revised El Escorial
Criteria (Airlie House 1998)

1. Principles (from the Airlie House criteria)
The diagnosis of amyotrophic lateral sclerosis [ALS] requires
(A) the presence of

(1) evidence of lower motor neuron (LMN) degeneration by clinical, electrophysiological or neuropathological examination
(2) evidence of upper motor neuron (UMN) degeneration by clinical examination; and

(3) progressive spread of symptoms or signs within a region or to other regions, as determined by history, physical examination, or electrophys-
iological tests

(B) the absence of

(1) electrophysiological or pathological evidence of other disease processes that might explain the signs of LMN and/or UMN degeneration, and
(2) neuroimaging evidence of other disease processes that might explain the observed clinical and electrophysiological signs

2. Diagnostic categories
Clinically definite ALS is defined by clinical or electrophysiological evidence by the presence of LMN as well as UMN signs in the bulbar region and
at least two spinal regions or the presence of LMN and UMN signs in three spinal regions
Clinically probable ALS is defined on clinical or electrophysiological evidence by LMN and UMN signs in at least two regions with some UMN signs
necessarily rostral to (above) the LMN signs
Clinically possible ALS is defined when clinical or electrophysiological signs of UMN and LMN dysfunction are found in only one region; or UMN
signs are found alone in two or more regions; or LMN signs are found rostral to UMN signs. Neuroimaging and clinical laboratory studies will
have been performed and other diagnoses must have been excluded

These recommendations emphasize the equivalence of clinical and electrophysiological tests in establishing neurogenic change in bodily regions. The
category of ‘‘Clinically Probable Laboratory-Supported ALS’’ is rendered redundant.
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since it will allow a limb to be classified as abnormal ear-
lier than if this decision is based on clinical or EMG cri-
teria alone. The essential change is thus to recognise a
neurogenic EMG abnormality (Table 1) as of equivalent
significance to the clinical abnormality. It is, nonethe-
less, important to confirm that EMG evidence of neuro-
genic abnormality is found in clinically weak muscles.

3. We recognise that muscles may show evidence of chronic
neurogenic change in the absence of fibs-sw. We there-
fore propose that the presence of fasciculation potentials
(FPs) in a muscle identified as showing needle EMG fea-
tures of neurogenic change should serve as evidence of
ongoing denervation, equivalent in importance to fibs-
sw. This criterion would obviate the need for the often
difficult search for fibs-sw in patients with clinically evi-
dent features of ALS; in particular, in cranial-innervated
muscles and muscles of normal bulk and strength. For
example, although Finsterer et al. (1998) recorded fibs-
sw in some patients in bulbar muscles, de Carvalho
et al. (1999) found no fibs-sw in bulbar muscles in 15
bulbar-onset patients; fibs-sw were found in limb muscle
in only 7 of these 15 patients. In addition, in 2 of 28
newly diagnosed upper limb onset ALS patients, fibs-
sw were absent in the weak upper limb.

4. Benign and neurogenic fasiculations

Although FPs have long been recognised as a character-
istic feature of ALS, they can be seen in normal muscles
(benign fasciculations) and they are not invariably noted
in all muscles in ALS patients. However, there are certain
features of FPs in ALS that confirm their importance
and allow them to be distinguished from benign FPs. FPs
associated with neurogenic disease, especially ALS, show
a complex morphology, and often exhibit instability when
studied with a high band pass filter and a trigger delay line,
which reveals increased jitter with blocking of some com-
ponents, indicating their origin from reinnervated motor
units (Janko et al., 1989; de Carvalho and Swash, 1997).
Although particularly characteristic of ALS, unstable FPs
also occur in other progressive neurogenic disorders. In
contrast, those seen in healthy muscles (benign fascicula-
tions) are simple in morphology, are stable and are always
recorded in the context of normal voluntarily activated
MUPs. FPs therefore have a clear and relevant impact on
the diagnosis of ALS, a feature long recognised in clinical
neurology.

It is obvious that ALS cannot be diagnosed purely on
the basis of a finding of FPs. Thus FPs only achieve diag-
nostic significance for ALS in the context of a clinically sus-
pected diagnosis. Stable FPs of simple morphology occur
in benign conditions, and FPs of complex morphology
occur in many other neurogenic conditions (Rosenfeld,
2000). The occurrence of FPs in other neurogenic disor-
ders, for example in peripheral neuropathies, is an example
of the importance of clinical context in diagnosis. This lack
of specificity applies also to the presence of fibs-sw. While
fibs-sw are never a benign finding they are found in any dis-
ease in which there is denervation or muscle damage. How-
ever, when FPs and/or fibs-sw are found in conjunction
with chronic neurogenic abnormalities, in the context of
a diffuse or root-related disorder with superimposed upper
motor neuron signs, they assume critical significance and
suggest ALS as the diagnosis. We conclude that FPs and
fibs-sw have similar and equivalent importance in diagnosis
in ALS. We recognise a theoretical possibility that utilizing
FPs in this way in the diagnostic process may decrease the



Fig. 1. Unstable MUP in a patient with ALS. There is increased ‘‘jiggle’’
of several components of the MUP, and impulse blocking of the last
component. Concentric needle EMG recording with trigger delay line,
using 500 Hz low band pass filter.
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diagnostic specificity that a muscle is affected by ALS, but
we note that the evidence suggests that this change in diag-
nostic criteria, applied to the existing Airlie House criteria,
would allow patients to be appropriately diagnosed earlier
in their disease course, so providing diagnostic clarity for
those patients, who may be severely affected by the disease,
but do not currently meet accepted EMG diagnostic crite-
ria. We note also that, in general, abnormal spontaneous
activity persists in weak muscles throughout the disease
course.

Finally, we stress that, since there is as yet no specific
diagnostic test for ALS (Pradat et al., 2007), it is wise to
reassess a diagnosis of ALS during the disease course, espe-
cially if there are any atypical features, or lack of
progression.

5. Evidence that FPs are equivalent to fibs-sw

FPs may originate within the lower motor neuron at
almost any location but, in ALS, FPs most commonly arise
distally, often in the region of the distal axonal arborisation
(Wettstein, 1979; Roth, 1982, 1984). In normal subjects the
site of origin of FPs may be distal or proximal. These find-
ings were confirmed by de Carvalho and Swash (1997),
who found that, late in the course of ALS, FPs arose dis-
tally, and that their morphology was complex and often
unstable. These observations suggest that damaged axons
are involved in the origin of FPs. Fibs-sw arise from dener-
vated muscle fibres but, like complex, unstable FPs in ALS,
they arise in the context of active denervation, with dys-
function in the terminal arborisation. Unstable FPs are
not a feature of Kennedy’s disease, a less rapidly progres-
sive disease (Hirota et al., 2000), again pointing to the dis-
tal axon as the usual site of origin of FPs in ALS.
Threshold tracking studies also suggest a distal origin for
FPs in ALS. In ALS sodium conductance is increased
and potassium conductance is decreased (Kanai et al.,
2006). These changes result in axonal hyperexcitability,
which may contribute to the generation of FPs. Although
this abnormality does not clearly localise to the distal axon,
it does suggest an axonal rather than a cell body process as
the site of abnormality, and it is consistent with the prop-
osition that FPs in ALS signify ongoing axon damage. In
distally predominant neurogenic disorders, e.g., peripheral
neuropathies, FPs also occur, with large reinnervated
MUPs. The clinical context, and the presence of abnormal-
ities in motor and sensory conduction velocity studies are
important in diagnostic interpretation, since neither FPs
nor fibs-sw are specific to ALS, but also occur in focal
and generalised neuropathies (Kimura, 2001) and fibs-sw
may also occur in acute dermatomyositis (Kimura, 2001).

6. Unstable MUPs and other needle EMG considerations

The electrophysiological abnormalities necessary to con-
clude that a muscle under study has undergone chronic
denervation–reinnervation (Table 1) have been addressed
in detail in previous discussions of criteria for the diagnosis
of ALS (Lambert, 1969; Behnia and Kelly, 1991; Daube,
2000; de Carvalho and Swash, 2006). However, a finding
that can also provide useful information that has not been
fully recognised is motor unit instability (Schwartz and
Swash, 1982; Stalberg and Sonoo, 1994). Motor unit insta-
bility (Fig. 1) is noted when a single MUP is studied with a
trigger delay line, so that the morphology of individual
units can be studied during a continuous firing train. In
such recordings it is frequently noted that subunits of a
MUP drop in and out of the recording (impulse blocking)
as well as showing enhanced jitter (Stalberg et al., 1975;
Swash and Schwartz, 1982). These observations may be
enhanced during concentric needle EMG recordings by
increasing the low pass filter setting to 500 Hz or even to
5 kHz, which accentuates recognition of the high frequency
nature of this instability (Payan, 1978; Stalberg and Sonoo,
1994). While the detection of unstable MUPs is not a
requirement for the electrophysiological diagnosis of
ALS, and is not specific for ALS, it is helpful and informa-
tive, since it is a characteristic feature of progressive dener-
vation occurring in reinnervated motor units, and is
especially important in the EMG assessment of suspected
ALS. In ALS giant monophasic notched potentials, with
prominent satellite potentials, probably representing end-
stage neurogenic change, may also be found.

7. Choice of muscles for needle EMG evaluation

There are a number of studies indicating the utility of
muscles not commonly studied in neuromuscular disease;
for example, bulbar muscles (Finsterer et al., 1998; Cappel-
lari et al., 1999); facial muscles (Bir et al., 2006); tongue
(Finsterer et al., 1997); masticatory muscles (Preston
et al., 1997); thoracic paraspinal muscles (Kuncl et al.,
1988; Kyuno et al., 1996); and rectus abdominis muscles
(Xu et al., 2007). These can be useful adjunctive muscles
when it is important to find evidence of involvement of
additional body regions.

8. Nerve conduction studies

Clinical neurophysiology has an essential role in diagno-
sis, in eliminating other lower motor neuron disorders that
may resemble ALS. This is accomplished primarily through
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nerve conduction studies. We confirmed the utility of such
studies and concurred with prior established criteria for
their application and interpretation (Lambert, 1969; Beh-
nia and Kelly, 1991; Daube, 2000; Brooks et al., 2000; de
Carvalho and Swash, 2006) as summarised in Table 3. In
testing for conduction block we emphasize that physiolog-
ical temporal dispersion gives rise to a linear reduction in
amplitude and area of the CMAP (and SNAP amplitudes)
evoked by proximal compared with distal stimulation, that
is especially evident when three stimulation sites are used.
A non-linear reduction (an assessment that requires three
stimulation sites) in amplitude or area of the proximally
evoked CMAP suggests a peripheral nerve lesion; if this
is associated with pathological temporal dispersion a dem-
yelinative nerve lesion is likely, even in the absence of con-
duction block (Kimura, 2001).
9. Electrophysiological evaluation of upper motor neuron

(UMN) dysfunction

The diagnosis of ALS requires demonstration of a com-
bination of upper and lower motor neuron abnormalities
whether by clinical or electrophysiological criteria, as set
out in the Airlie House consensus recommendations (Table
1). Although it has been hoped that TMS might prove a
sensitive test for upper motor neuron involvement in
ALS (Eisen and Weber, 2000) this has not been confirmed
in the published studies, at least not for patients with clin-
ically missing or equivocal upper motor neuron signs, and
expert opinions (Ziemann and Eisen, 2004) are equivocal.
Central motor conduction time (CMCT), however, is fre-
quently prolonged to muscles of at least one extremity
(Kobayashi and Pascual Leone, 2003; Rossini and Rossi,
1998, 2007). More complex stimulation paradigms have
not been helpful in diagnosis of ALS (Eisen and Swash,
2001) except for short-interval, paired-pulse stimulation,
which revealed reduced intracortical inhibition (Ziemann
et al., 1997). However, this technique is not practical and
therefore not widely used, and experience in early ALS,
the crucial time for diagnosis, is limited. A relatively new
TMS technique, the triple stimulation method, has shown
Table 3
Use of nerve conduction studies in ALS: exclusion of other disorders

The following are compatible with ALS:
1. Normal SNAP amplitude and sensory conduction velocities

(CV) in the absence of concomitant entrapment or other neur-
opathies. Mildly reduced SNAP amplitudes and CVs in the pres-
ence of neuropathy of identified aetiology are acceptable

2. Motor CV >75% of the lower limit of normal, and minimum F-
wave latency <130% of the upper limit of normal

3. Distal CMAP latency and duration <150% of normal
4. Absence of conduction block (CB) and of pathological temporal

dispersion, as defined by baseline-negative CMAP area reduc-
tion on proximal versus distal stimulation >50% when distal
baseline-negative peak CMAP amplitude is large enough to
allow such assessment (usually >1 mV). A proximal negative
peak CMAP duration <30% of the distal value suggests CB
a high sensitivity to detect upper motor neuron dysfunction
in ALS and yielded abnormal results also in early stages of
the disease in two laboratories (Magistris et al., 1999;
Komissarow et al., 2004; Rösler and Magistris, 2004).
Confirmation of these results from wider application in
other laboratories is required.

Developments in magnetic resonance imaging of brain
tracts may yet prove helpful, although this has not so far
been demonstrated, and the methodology is complex and
expensive.
9.1. Transcranial magnetic stimulation (TMS)

TMS requires that the target muscle have a detectable
CMAP. The following features suggest abnormality of
upper motor neuron function:

1. Increased central motor conduction time (CMCT).
2. Increased absolute latency to a tested muscle, provided

that distal motor conduction slowing can be excluded.
3. In patients with bulbar onset disease, an absent response

to TMS in a limb is supportive of upper motor neuron
lesion.

4. The triple stimulation technique has proven sensitive in
detecting impairment of upper motor neuron function
in the early stages of the disease as well as later in the
disease course (Komissarow et al., 2004; Rösier and
Magistris, 2004). However, experience with this promis-
ing test is so far relatively limited.
9.2. Other techniques for UMN disorder

F-wave studies, including F/M amplitude ratios (Drory
et al., 2001; Argyriou et al., 2006), may be useful. Abnor-
mally reduced firing frequencies in a wasted muscle may
occur with UMN lesion (Dorfman et al., 1989), but the sen-
sitivity of this abnormality, especially in heavily reinnervat-
ed units, is uncertain.

Developments in magnetic resonance imaging of brain
tracts may yet prove helpful (Mitsumoto et al., 2007),
Table 4
Electrophysiological definitions

Complex FPs: one feature of polyphasic (>4 phases), increased dura-
tion, or increased amplitude compared to normal values for MUPs
in the muscle studied. Complex FPs may be unstable (Fig. 1)
Fibs-sw: (AANEM definition) duration <5 ms, amplitude <1 mV, dis-
charge frequency 1–50 Hz
Unstable MUPs: use low band pass filter setting >500 Hz; superimpose
sequence of consecutive motor unit discharges, and look for increased
jitter (jiggle) and impulse blocking (Payan, 1978; Stalberg and Sonoo,
1994)
Chronic neurogenic change: MUPs of increased duration, increased
amplitude, and often with increased phases. A decreased interference
pattern characterised by increased firing rate of remaining motor units,
and increased envelope amplitude of the interferential pattern
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although this has not so far been demonstrated, and the
methodology is complex and expensive.

9.3. Comment on UMN tests

The need for a reliable and sensitive physiological
method for assessing UMN disorder is evident by the con-
troversy that often surrounds interpretation of apparently
hyperactive tendon reflexes in wasted muscles in patients
with a suspected diagnosis of ALS. Electrophysiological
assessment of the upper motor neuron is therefore likely
to be important but current methods require more general
application before their limitations can be assessed.
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