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Objectives/Hypothesis: To analyze existing evidence regarding utility of laryngeal electromyography (LEMG) for prog-
nosis in cases of vocal fold palsy (VFP).

Study Design: Meta-analysis of studies reporting LEMG results and clinical outcomes in 503 patients with of VFP identi-
fied by literature search.

Methods: Studies were identified by literature search. Method of diagnosis, interval to LEMG, criteria for prognostica-
tion, and outcome were assessed. Criteria for prognosis were standardized to the extent possible across all studies, and stud-
ies were checked for consistency in outcome measures and assessments. Pooled data were subjected to statistical analysis.

Results: A total of 296/503 patients (58.8%) had findings predictive with poor prognosis, whereas 207/503 (41.2%)
had findings of recovery. According to laryngoscopic examination, 269/296 patients with predicted poor recovery had poor
recovery (positive predictive value ¼ 90.9%), whereas 27/296 (9.1%) had good recovery. In patients with findings consistent
with recovery, 115/207 (negative predictive value ¼ 55.6%) noted return of motion, whereas 88/207 (44.4%) did not. The
odds ratio was 11.56 with 95% confidence interval of 7.10-18.81.

Conclusions: LEMG is a good predictor of poor recovery in patients with VFP and is clinically useful in identifying
candidates for early definitive intervention.

Key Words: Vocal fold paralysis, vocal fold palsy, vocal cord palsy, vocal cord paralysis, laryngeal electromyography,
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INTRODUCTION
Although the principles, techniques, and normative

values of laryngeal electromyography (LEMG) were
established in the 1950s,1 there is still no consensus
regarding its application in cases of vocal fold palsy
(VFP). Weddel et al. were the first to suggest that
LEMG may have prognostic value for VFP,2 and others
have subsequently suggested the same.3–7 Yet investiga-
tions have failed to yield unambiguous data to support
such an application, apparently limited both by the com-
plicated physiology of vocal fold reinnervation as well as
the qualitative nature of electromyography interpreta-
tion. An evidence review by Sataloff et al.8 in 2003
found data sufficient only to support their use for guid-
ance of botulinum toxin injections, and concluded that
their utility for prognosis remained anecdotal.

The goal of this investigation was to identify and
evaluate available evidence to assess the utility of
LEMG for predicting outcome in cases of VFP.

MATERIALS AND METHODS
A literature search via PubMed was performed on October

1, 2010. The key words noted in the search were ‘‘laryngeal
electromyography AND vocal fold paralysis’’ and ‘‘prognosis
AND vocal fold palsy AND laryngeal electromyography.’’ After
careful review of all citations, 10 articles were found to have
sufficient LEMG data and follow-up patient outcome data for
analysis. The data from these articles were collected and ana-
lyzed for their positive predictive value (PPV), or accurate
prediction of nonrecovery of vocal fold motion, and negative pre-
dictive value (NPV), or accurate prediction of recovery. These
designations of PPV and NPV are standard in the published lit-
erature and are used here in the same way for consistency. An
odds ratio was performed to determine significance of the data.

RESULTS
Ten studies were identified that fit the search crite-

ria (Table I). In all of these, patients were diagnosed
with VFP by laryngoscopic examination. LEMG was
performed at variable intervals of time from onset
of symptoms, generally from 2 weeks to 6 months
Table II). The thyroarytenoid muscle was assessed in all
studies, and several (Parnes,9 Munin,7 Gupta,10 and
Elez11) included the cricothyroid muscle as well. All
studies used LEMG data to distinguish high-grade
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injury from low-grade injury. However, specific criteria
varied (Table III). To provide consistency for analysis, a
common denominator of analysis for high-grade injury
and low-grade injury was formulated. For the purposes
of this synthesis, high-grade injury was defined as
absence of activation of motor unit potentials and/
or recruitment with appropriate voluntary activity; low-
grade injury was defined as normal/near-normal acti-
vation of volitional motor unit potentials and/or
recruitment. The presence of fibrillation potentials and/
or absence of voluntary motor unit potentials was con-
sidered consistent with high-grade injury with evidence
of significant axonal injury. The presence of measurable
voluntary motor units and/or recruitment without abnor-
mal spontaneous activity was considered consistent with
low-grade injury without evidence of significant axonal
injury.

There were 503 patients diagnosed with VFP by
means of laryngoscopy who underwent LEMG. Two hun-
dred ninety-six patients (58.8%) had findings consistent
with high-grade injury, with the expectation of poor re-
covery, whereas 207 patients (41.2%) had voluntary
motor unit potentials and recruitment consistent with
low-grade injury with the expectation of good recovery.

Recovery was defined as return of appropriate gross
motion of the paralyzed vocal fold on subsequent laryn-
goscopy. Recovery was assessed at intervals from onset
of symptoms that varied from study to study as did the
overall period of time that patients were followed (Table
II). Follow-up evaluations ranged from the shortest at 3
months in the study of Min et al.12 to the longest at 3.3
years in the study of Parnes et al.9

According to these criteria, 269/296 of patients with
high-grade injury had no recovery (PPV ¼ 90.9%),
whereas 27/296 (9.1%) had recovery. The PPV of individ-
ual studies ranged from 0.714 to 1.0. In patients with
LEMG findings deemed consistent with low-grade injury,
115/207 (NPV ¼ 55.6%) noted good recovery, whereas 92/
207 (44.4%) noted no recovery. The NPV of individual
studies ranged from 0.128 to 1.0. These results are noted
in Table IV. An odds ratio of the meta-analysis was per-
formed to test the strength of association. The odds ratio

was significant and equaled 11.56 with 95% confidence
interval of 7.10-18.81.

DISCUSSION
Perhaps the most significant impediment to effi-

cient management of patients with VFP has been a lack
of clear information regarding prognosis. There is no
well-established natural history of VFP, as there is in fa-
cial palsy.13 Clearly, the potential for spontaneous
improvement varies from clinical scenario to clinical sce-
nario, but even reports addressing VFP from the same
cause can be difficult to reconcile because of differences
in data collection and reporting. These include 1) hetero-
geneity related to differences in time elapsed from onset
to examination; 2) different definitions of recovery, some
referring to vocal fold motion, others to voice quality,
and still others not specifying either; 3) variable dura-
tion of follow-up; and 4) simplified, all-or-none concepts
of paralysis and paralytic dysphonia that do not reflect
the clinical reality of variable recovery along a contin-
uum of function.14

In this context, clinical neurophysiologic testing
would appear to be well-suited to resolving some of these
ambiguities. LEMG is able to identify normal innerva-
tion, absence of innervation, reinnervation, and even
synkinesis by characteristic electrical signals. Yet,
LEMG has often been dismissed as being subjective.
Although this is true of certain aspects, particularly
judgments regarding degree of impairment, most electro-
myography findings such as fibrillations, normal and
polyphasic motor unit potentials, and positive sharp
waves are clear, both in appearance and significance.
The studies surveyed in this article all relied on such
unambiguous criteria for judgments regarding prognosis.
Absence of spontaneous activity and/or normal or near-
normal motor unit potential morphology and recruit-
ment were the most common findings deemed consistent
with good prognosis and were used in all of the studies
reviewed. Although most do not define near-normal
quantitatively, Wang et al.15 define it as >80% of

TABLE I.
Laryngeal Electromyography Studies in the Meta-Analysis.

Study Year No. PPV NPV

Sittel6 2001 111 0.944 0.128

Munin7 2003 31 0.8 0.667

Parnes9 1985 30 1 0.786

Gupta10 1993 18 0.75 0.7

Elez11 1998 20 1 0.733

Min12 1994 9 0.8 0.5

Wang15 2008 45 0.789 0.714

Grosheva16 2008 195 0.972 0.598

Hydman17 2009 15 0.714 1

Hirano18 1987 29 0.833 0.588

Total 503 0.909 0.556

PPV ¼ positive predictive value; NPV ¼ negative predictive value.

TABLE II.

Time From Onset Prior to Laryngeal Electromyography
and Total Follow-Up Time.

Study
Time of Onset to
LEMG (Months)

Follow-Up
Time From

Onset (Months)

Sittel6 1 (average) 6

Munin7 0.75–6 6

Parnes9 Not defined 39

Gupta10 0.75–6 Not defined

Elez11 0.5–6 9–13

Min12 1–5 3–19

Wang15 0.75–6 6

Grosheva16 0.5 4.863.5

Hydman17 0.5–0.75 6

Hirano18 1–6

LEMG ¼ laryngeal electromyography.
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recruitment of normal motor unit potentials. In addition,
Min et al.12 included a calculation of the root mean
square of the signal trace as a quantitative approxima-
tion of recruitment. No other study made use of this
analysis.

Criteria for poor prognosis included the presence
of spontaneous activity6,7,9,16,17 and absence or reduced
recruitment of motor unit potentials.7,9–12,16,18 Two
studies required a strict absence of motor unit poten-
tials.11,18 Again, Wang et al.15 defined decreased
recruitment of motor unit potentials as <80%.

As is evident, although criteria vary somewhat,
they are broadly consistent between studies. Further-
more, they lend themselves to the simplification
necessary for meta-analysis without frank inconsisten-
cies or contradictions. Fundamentally, they mirror the
time-honored Seddon classification of nerve injury, as
absent voluntary motor units, positive sharp waves, and/
or spontaneous fibrillation potentials reflect axonotme-
sis, or neurotmesis,19 and near-normal voluntary motor
unit potentials and recruitment without positive sharp
waves or spontaneous fibrillation reflect neurapraxy.19

Our meta-analysis yielded an excellent PPV
(90.9%), indicating a lack of recovery, with a low false

negative rate (9.1%). The NPV, indicating a presence of
recovery, was lower (55.6%) with a moderate false posi-
tive rate (44.4%). Given these results and the
subsequent odds ratio of 11.56, it is statistically valid to
conclude that those with poor prognosis on initial LEMG
have a higher likelihood of remaining with a vocal fold
palsy after the follow-up period has passed. This varied
between 3 and 39 months in the studies reviewed for
this analysis, but was generally at least 6 months from
the onset of paralysis (Table II). This is somewhat
shorter than the clinically observed year from onset, but
that interval is not supported by evidence either.20 Obvi-
ously, a shorter follow-up period than optimal would
lead to overstating the number of patients who do not
recover, and may have influenced the results in the re-
spective articles.

It appears that LEMG is a good predictor of poor re-
covery, but an indifferent predictor of recovery. This
should come as no surprise based on available knowl-
edge regarding recovery after VFP. Laryngeal
reinnervation is complex and uncertain. The principal
problem is the admixture of adductor and abductor
fibers within the recurrent nerve trunk, which raises
the possibility of inappropriate and even counterproduc-
tive reinnervation when repair does occur. Crumley and
others have examined this phenomenon of synkinesis
extensively.21 This aberrant reinnervation is likely the
principle reason that LEMG, unable to distinguish
between functional and counterproductive reinnervation,
has not fulfilled expectations regarding its ability to pre-
dict recovery.

An accurate prediction of failure of reinnervation is
clinically useful information, possibly more so than pre-
diction of recovery. LEMG can be used to select patients
for early definitive intervention, eliminating a several-
month wait for a vocally disabled person, or the need for

TABLE III.
Electromyography Findings by Study in Predicting Good or Poor Prognosis.

Study
Muscle
Tested Good Prognosis Predictors Poor Prognosis Predictors

Sittel6 TA Near normal motor unit recruitment; absence

of spontaneous activity (FIB, PSW)

Presence of FIB or PSW

Munin7 CT/TA Near normal motor unit recruitment; absence

of spontaneous activity (FIB, PSW)

Absence or reduced amount of voluntary MUP;

possible presence of FIB or PSW

Parnes9 CT/TA Near normal presence of MUP; Presence of FIB or PSW; decreased MUP

absence of spontaneous activity (FIB, PSW)

Gupta10 CT/TA Near normal presence of voluntary MUP Absence or reduced amount of voluntary MUP

Elez11 CT/TA Presence of voluntary MUP Absence of voluntary MUP

Min12 TA Near normal presence of voluntary MUP Absence or reduced amount of voluntary MUP

Wang15 TA Normal to near normal (80%–100%) motor

unit recruitment;

<80% of normal motor unit recruitment; pres-

ence of FIB or PSW

absence of spontaneous activity (FIB, PSW)

Grosheva16 TA Near normal motor unit recruitment; absence

of spontaneous activity (FIB, PSW)

Presence of FIB; absence or decreased volun-

tary motor unit activity

Hydman17 TA Absence of spontaneous activity (FIB, PSW) Presence of FIB or PSW

Hirano18 TA Presence of voluntary MUP Absence of voluntary MUP

TA ¼ thyroarytenoid; FIB ¼ fibrillation potentials; PSW ¼ positive sharp waves; CT ¼ cricothyroid; MUP ¼ motor unit potentials.

TABLE IV.

Results of the Meta-Analysis and Associated Predictive Values.

Poor
Recovery

Good
Recovery Total Predictive Value

Poor prognosis 269 27 296 PPV ¼ 269/

296 ¼ 90.9%

Good prognosis 92 115 207 NPV ¼ 115/

207 ¼ 55.6%

PPV ¼ positive predictive value; NPV ¼ negative predictive value.
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one or more temporary interventions when a definitive
one is likely to be ultimately necessary. This potentially
useful application of LEMG appears to have been over-
looked in the dissatisfaction surrounding poor prediction
of recovery.

It remains unclear how soon after onset of VFP
LEMG results become reliable. Clearly, the longer after
onset that one identifies the findings of poor prognosis,
the more reliable they are likely to be, but clinical utility
lies in early accuracy, and this has yet to be determined.
Spontaneous fibrillation activity indicating axonal
degeneration does not appear until 10 to 14 days after
the initial injury,6 which probably means that LEMG
performed before that time may not be fully reflective of
the extent of injury. Although the 10 studies reviewed
for this article vary in their initial timeframe to LEMG,
all but Parnes et al.9 fall within the time frame of 2
weeks to 6 months. Hirano et al.18 suggest performing
all LEMG within 6 weeks if possible and the exclusion of
patients tested after 6 months from onset based on their
impression that few patients recovered after that
interval.

CONCLUSION
LEMG is not useful in predicting recovery from

VFP, as it is compromised by the characteristic and com-
plex aspects of laryngeal reinnervation. Nevertheless,
LEMG appears to be an accurate and useful tool
for prognosis in cases of VFP, correctly predicting failure
of recovery in those who present with characteristics
of severe axonal injury. Identifying patients with a poor
prognosis allows for timely selection and planning
for early intervention. Further investigations are
necessary to establish how early after onset LEMG
becomes reliable, and whether prediction of recovery
may be enhanced by additions to the neurodiagnostic
armamentarium.
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