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ABSTRACT: Introduction: The purpose of this study was to
develop an evidence-based consensus statement regarding use
of laryngeal electromyography (LEMG) for diagnosis and treatment of vocal fold paralysis after recurrent laryngeal neuropathy
(RLN). Methods: Two questions regarding LEMG were analyzed: (1) Does LEMG predict recovery in patients with acute
unilateral or bilateral vocal fold paralysis? (2) Do LEMG findings
change clinical management in these individuals? A systematic
review was performed using American Academy of Neurology
criteria for rating of diagnostic accuracy. Results: Active voluntary motor unit potential recruitment and presence of polyphasic
motor unit potentials within the first 6 months after lesion onset
predicted recovery. Positive sharp waves and/or fibrillation
potentials did not predict outcome. The presence of electrical
synkinesis may decrease the likelihood of recovery, based on 1
published study. LEMG altered clinical management by changing the initial diagnosis from RLN in 48% of cases. Cricoarytenoid fixation and superior laryngeal neuropathy were the most
common other diagnoses observed. Conclusions: If prognostic
information is required in a patient with vocal fold paralysis that
is more than 4 weeks and less than 6 months in duration, then
LEMG should be performed. LEMG may be performed to clarify
treatment decisions for vocal fold immobility that is presumed to
be caused by RLN.
Muscle Nerve 53: 850–855, 2016

Recurrent laryngeal neuropathy (RLN) is a peripheral nerve lesion resulting in vocal fold paralysis.
Clinical symptoms of vocal fold paralysis include
hoarseness and swallowing dysfunction, including
aspiration. This condition is caused by compression,
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disruption, or inflammation of the nerve along its
anatomic course. Recurrent laryngeal nerve lesions
can occur from the skull base to the mediastinum
as part of the vagus nerve or in its ascent via the
tracheoesophageal groove into the larynx. RLN can
occur after surgeries involving the head, neck, and
thorax, including cervical spine procedures. The
incidence of RLN after surgical intervention may be
as high as 45% in the immediate postoperative
period, but it trends toward <3% for long-term
hoarseness.1–9 Non-surgical causes include cervical
and mediastinal tumors, medical conditions, and
idiopathic etiologies.
The mainstays in diagnosis of RLN are history
and in-office flexible laryngoscopy, where clinical
findings demonstrate an immobile vocal fold. Clinical evaluation alone cannot determine the prognosis
for recovery or yield a definitive understanding of
the underlying pathophysiology, which may, in turn,
affect clinical decision-making. Laryngeal electromyography (LEMG), first described by Weddell in
1944, has been utilized increasingly to understand
neuromuscular function after laryngeal nerve
injury.10 Ideally, a team of an electrodiagnostic physician and an otolaryngologist perform LEMG as a
brief, office-based procedure, to assist in decisionmaking about diagnosis, prognosis, and subsequent
rehabilitative procedures. The diagnostic approach
for needle electromyography of the intrinsic laryngeal adductor muscles involves transcutaneous insertion via the cricothyroid membrane. Information on
laryngeal electrical activity is gathered at rest based
on spontaneous activity followed by confirmatory
phonatory tasks for motor unit potential (MUP)
analysis.11,12 LEMG can identify changes in MUP
recruitment and configuration that may change
depending on the timing of the procedure relative
to the date of the original lesion. Recovery from
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RLN is related to the severity of nerve injury depending on whether there is conduction block, axonal
loss, or a combination of both.13 Understanding
how information from LEMG corresponds to eventual recovery has been challenging to determine.
This evidence-based review was designed to address
2 critical questions regarding the use of LEMG after
RLN. First, does LEMG predict recovery in patients
with acute unilateral or bilateral vocal fold paralysis?
Second, do LEMG findings change clinical management or influence outcomes in these individuals?
DESCRIPTION OF THE ANALYTIC PROCEDURES

The American Association of Neuromuscular &
Electrodiagnostic Medicine (AANEM) convened an
expert panel of physicians who specialize in neurology, otolaryngology, and physical medicine and
rehabilitation. This panel was selected to represent
a broad range of expertise related to LEMG, and
most participants reported using LEMG frequently
for clinical and research purposes.
In October 2012, PubMed was used to search
Medline to identify all potential abstracts. The
search strategy for this study included the keywords, MeSH terms, and text words. The search
terms included laryngeal electromyography, motor
unit recruitment, fibrillation potentials, positive
wave potentials, laryngeal synkinesis, turns-toamplitude ratio, quantitative electromyography,
thyroarytenoid muscle, cricothyroid muscle, lateral
cricoarytenoid muscle, posterior cricoarytenoid
muscle, recurrent laryngeal nerve injury, recurrent
laryngeal neuropathy, and vocal fold paralysis. This
produced 1,540 English-only abstracts that
matched the search terms, including human and
highly relevant animal studies and all age groups,
published between 1960 and October 2012. Use of
LEMG for intraoperative monitoring of nerve activity was an exclusion criterion. Titles were reviewed
for relevance, which yielded 273 articles. At least 2
investigators then reviewed abstracts for 254 publications, because 19 could not be located. This level
of review resulted in 65 publications for full manuscript data abstraction. After each was reviewed in
its entirety by 2 investigators, 14 were identified as
relevant for this guideline. To be considered relevant, the article had to describe both: (1) patients
with a neurologic disease affecting the laryngeal
muscles; and (2) subjects with and without LEMG
abnormalities. The results of the LEMG (the index
test) had to be compared with the reference standard of recovery of vocal fold motion as detected by
laryngoscopy.
All included publications evaluated a minimum
of 10 subjects and described the LEMG technique in
detail. Studies on clinical management were
required to describe how patient treatment was
AANEM Practice Topic

altered by the results of the LEMG. Studies that evaluated whether LEMG predicted recovery of vocal
fold mobility were required to use laryngoscopy at
the onset of symptoms and at interval recovery periods until at least 6 months after onset of symptoms.
If the initial LEMG was performed >6 months after
onset of injury, the data for those individual patients
were excluded, because the correlation of late
LEMG studies to outcomes is known to be low.12
Late LEMG prognostic information does not add
further value, as spontaneous recovery after 6
months of paralysis is quite rare. In addition, synkinetic reinnervation could yield normal MUP recruitment without any vocal fold motion.
The 14 relevant publications were rated using
the American Academy of Neurology grading system. At each step in the process, disagreements
were arbitrated by a third investigator. Some
articles focused strictly on unilateral vocal fold
paralysis, and some included both unilateral and
bilateral paralysis. When information regarding
bilateral vocal fold paralysis was reported, each
individual nerve served as a separate data point in
the analysis.
ANALYSIS OF THE EVIDENCE
LEMG to Predict Recovery after RLN. Meta-analysis
was performed for 4 variables using a random effects
model to calculate 95% confidence intervals of the
risk differential. The 4 variables were positive predictive value, negative predictive value, sensitivity, and
specificity, which were calculated from the 3 parameters that were most commonly investigated as predictors of recovery: presence of MUPs; absence of
spontaneous activity (specifically absence of positive
sharp waves and/or fibrillation potentials); and presence of polyphasic MUPs. Of note, an abnormal percentage of polyphasic MUPs was described clinically
in each study, but there is no uniform definition for
this parameter. One study investigated the absence
of electrical synkinesis as a predictor of recovery.14
One study was a prospective, randomized, controlled trial in animals in which vocal fold paralysis
was surgically induced, and LEMG and laryngoscopy were performed at the onset of injury and in
follow-up.15 Because there was only 1 animal study
identified as pertinent to the research question,
the data from this study were not used to calculate
the 95% confidence intervals in an effort to minimize bias in the random effects model.15
Three studies were excluded from meta-analysis
because of spectrum bias.14,16,17 Sittel et al. classified
individuals who had mild paresis as being “not recovered,” whereas the other studies considered this function as a sign of recovery.16 Smith et al. excluded
patients who had a poor prognosis, and data regarding whether or not any of these individuals recovered
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Table 1. Predictive value, sensitivity, and specificity for presence of motor unit potentials in predicting recovery.
Publication
23

Parnes and Satyamurti
Gupta and Bastian21
Min et al.22
Munin et al.24
Hydman et al.26
Wang et al.25
Elez and Celik27

Number of
nerves

Positive predictive
value

Negative predictive
value

Sensitivity

Specificity

26
17
9
31
15
45
20

0.55
0.67
0.50
0.55
ND
0.63
0.73

1.00
0.63
0.80
0.85
ND
0.78
1.00

1.00
0.67
0.67
0.67
ND
0.38
1.00

0.40
0.63
0.67
0.77
ND
0.91
0.56

ND, no data were presented for this variable in this study.

are not available.17 Statham et al. excluded patients
with severely decreased or absent recruitment and
did not provide any data on whether or not any of
these individuals had recovery of function.14 In addition, the Stager and Bielamowicz study was excluded
from analysis, because it did not separate patients
who had vocal fold paralysis from those with paresis.18
The Grosheva et al. study was excluded from analysis
because the outcome of interest was electrical activity
and not vocal fold mobility.19
A total of 9 articles addressed the issue of
whether or not LEMG helps to predict recovery of
vocal fold motion. In a controlled study, LEMG
results of 35 patients with unilateral immobile vocal
folds were compared with those of 10 control subjects.20 Concentric electrodes were used for this
study. Follow-up LEMG and flexible fiber-optic laryngoscopy were performed at 6 months. In this
study, the absence of fibrillation potentials and positive sharp waves in the first 6 months after injury had
a positive predictive value for recovery of 63% and a
sensitivity of 100%. The negative predictive value
(i.e., the presence of positive sharp waves and/or
fibrillation potentials as a predictor of no recovery
of vocal fold mobility) was 100%, and the specificity
was 60%. In addition, the presence of polyphasic
MUPs in the first 6 months of recovery had a positive
predictive value for recovery of 80% and a sensitivity
of 80%. The negative predictive value of absence of
polyphasic motor unit potentials as a predictor of
failure to recover vocal fold mobility was 87%, with
specificity also 87%.
In the study by Gupta and Bastian, 1 patient was
excluded because LEMG was performed at 8 months
postinjury.21 There was no recovery in this individual
and no fibrillation potentials, but voluntary MUPs
were present. In the study by Min et al., 5 patients were
excluded because their follow-up LEMG was performed at >6 months postinjury.22 Bipolar electrodes
were used in 3 studies,15,22,23 monopolar electrodes
were used in 2 studies,24,25 concentric electrodes were
used in 1 study,26 and electrode type was not mentioned in 2 studies.21,27 Table 1 shows the data from
each individual study regarding the presence of MUPs
852
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as a predictor for recovery. Meta-analysis of these data
indicates that the presence of MUPs increased the
likelihood of recovery by 52.6% over their absence
(absolute risk decrease 5 0.526, 95% confidence interval 0.387–0.664, P < 0.05; Fig. 1). Table 2 shows the
data from each individual study regarding use of
absence of fibrillation potentials and/or positive sharp
waves for predicting recovery. Meta-analysis of these
data indicates that there is insufficient evidence to
determine the usefulness of the presence of fibrillation potentials and/or positive sharp waves for predicting recovery of vocal fold mobility (absolute risk
increase 5 0.234, 95% confidence interval 0.002–
0.467, P < 0.05). Table 3 shows data from each individual study regarding presence of polyphasic MUPs as a
predictor of recovery. Meta-analysis of these data indicates that the presence of polyphasic MUPs increases
the likelihood of recovery by 44.8% over their absence
in the first 6 months after injury (absolute risk
decrease 5 0.448, 95% confidence interval 0.217–
0.681, P < 0.05).
Statham et al. showed that the absence of electrical synkinesis was a predictor of recovery in patients

FIGURE 1. Meta-analysis indicates that the presence of motor
unit potentials on laryngeal electromyography increases the likelihood of recovery. The graph shows individual studies compared
with the random effects (as indicated by diamond symbol).
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Table 2. Predictive value, sensitivity, and specificity of absence of fibrillation potentials and/or positive sharp waves in predicting recovery.
Publication
23

Parnes and Satyamurti
Gupta and Bastian21
Min et al.22
Munin et al.24
Hydman et al.26
Wang et al.25
Elez and Celik27

Number of
nerves

Positive predictive
value

Negative predictive
value

Sensitivity

Specificity

26
17
9
31
15
45
20

0.80
ND
0.00
0.57
ND
0.38
ND

0.81
ND
0.63
0.79
ND
0.73
ND

0.73
ND
0.00
0.44
ND
0.23
ND

0.87
ND
0.83
0.86
ND
0.84
ND

ND, no data were presented for this variable in this study.

with vocal fold immobility who demonstrated normal or near-normal MUP recruitment during vocalization.14 The absence of electrical synkinesis, which
was defined as MUP amplitude during a sniff
(abduction task) / MUP amplitude during phonation (adduction task) <0.65 when recording signals
in the thyroarytenoid muscle, had a positive predictive value for recovery of 68% and a sensitivity of
93%. The presence of electrical synkinesis had a negative predictive value for recovery of 92% and a specificity of 67%. The absolute risk increase for the
presence of electrical synkinesis was 60.7% (absolute
risk increase 5 0.607, 95% confidence interval
0.352–0.861, P < 0.05), indicating that the presence
of synkinesis increased the likelihood of vocal fold
immobility over its absence by 60.7%.
Conclusion. LEMG can predict outcome after RLN.
The individual parameters of the LEMG study that
determine return of vocal fold motion include active
voluntary MUP recruitment and the presence of polyphasic MUPs within the first 6 months after injury.
Positive sharp waves and/or fibrillation potentials
did not predict outcome. The presence of electrical
synkinesis may decrease the likelihood of recovery,
based on 1 published study.
LEMG Findings that Changed Clinical Management. Five
studies had data that addressed whether or not
LEMG changed clinical management.20,28–31 Diagnostic accuracy is not addressed here, because there
is no independent reference test for this condition.

In these studies, the commonly held pre-test assumption was that vocal fold immobility was due to RLN
dysfunction. Clinical management was subsequently
changed if this diagnosis was not confirmed by
LEMG testing. A random effects meta-analysis showed
that, when LEMG was performed, clinical management was changed in 48% of cases (95% confidence
interval 30.1%–65.9%). In other words, a clinical care
plan was altered 48% of the time because the LEMG
switched the diagnosis from RLN to another diagnosis or to an additional diagnosis. The data for these
individual studies are presented in Table 4. Clinical
management was changed most often when the
LEMG results implied superior laryngeal neuropathy,
cricoarytenoid joint fixation, myopathy, and stroke.
The latter condition was suggested based on normal
MUP configuration in superior and recurrent
laryngeal-innervated muscles but decreased recruitment to task without increased firing rates.
Conclusion. LEMG adds value by changing the
clinical management of a patient with vocal fold
paralysis approximately 48% of the time by suggesting diagnoses other than RLN. Cricoarytenoid fixation and superior laryngeal neuropathy were the
most common diagnoses observed when the pretest impression was RLN.
CLINICAL CONTEXT

LEMG ideally is performed by an otolaryngologist
in combination with a board-certified electrodiagnostic physician, and both members of the LEMG team

Table 3. Predictive value, sensitivity, and specificity of presence of polyphasic motor unit potentials in predicting recovery.
Publication
Parnes and Satyamurti23
Gupta and Bastian21
Min et al.22
Munin et al.24
Hydman et al.26
Wang et al.25
Elez and Celik27

Number of
nerves

Positive predictive
value

Negative predictive
value

Sensitivity

Specificity

26
17
9
31
15
45
20

0.80
ND
0.00
0.57
ND
0.38
ND

0.81
ND
0.63
0.79
ND
0.73
ND

0.73
ND
0.00
0.44
ND
0.23
ND

0.87
ND
0.83
0.86
ND
0.84
ND

ND, no data were presented for this variable in this study.
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Table 4. Laryngeal electromyography findings that changed the management of vocal fold paralysis from recurrent laryngeal neuropathy.

Publication
Mostafa et al.20
Kimaid et al.28
Xu et al.30
Heman-Ackah
and Barr29
Ysunza et al.31

Number of
nerves

Number with
recurrent
laryngeal
nerve
paralysis

Number
with joint
fixation

Number
with
myopathy

Number
with CNS
disease

Number
with SLN
disease

Number
with
synkinesis

Number with
unsuspected
findings

Percent with
unsuspected
findings

23
64
123
10

23
54
97
10

0
4
22
0

0
1
4
0

0
2
0
0

17
18
0
0

0
0
0
6

17
25
26
6

74
39
21
60

34

25

9

0

0

0

0

9

26

Random effects proportion in which laryngeal electromyography changed diagnosis: 48.0% (95% confidence interval 30.1%–65.9%, P < 0.05).
CNS, central nervous system; SLN, superior laryngeal neuropathy.

should be blinded to the laterality of the suspected
lesion to prevent bias. LEMG conclusions are based
on prognostic information obtained between 4 weeks
and 6 months from onset of vocal fold paralysis.
There are less common clinical situations in
which the differential diagnosis for an immobile
vocal fold includes an RLN versus cricoarytenoid
joint dislocation or fixation. This can occur in cases
of vocal fold immobility after recent endotracheal
intubation with no clear etiology for an iatrogenic
nerve injury to the vagus and/or recurrent laryngeal
nerves. LEMG can provide clarity between the clinical presentation of RLN versus mechanical cricoarytenoid joint abnormality, because the latter would
have normal LEMG findings. If the patient with unilateral vocal fold paralysis has only minimal functional impairment of voice, breathing, or swallowing
function, LEMG generally is not necessary. Treatment of unilateral vocal fold paralysis consists of procedures to reposition the paralyzed vocal fold to
improve or restore glottic competence, thereby
improving the symptoms of this disorder. Different
surgical procedures may provide either temporary
or permanent relief of symptoms from unilateral
vocal fold paralysis.
Prognostic information is of obvious importance in deciding whether to observe or implement corrective surgical procedures. If LEMG data
show signs of reinnervation and recovery, then this
can inform the patient and clinician to pursue a
continued period of observation or to use a temporary treatment (e.g., vocal fold injection with a
material that dissipates in 2–3 months). If the
LEMG data reveal a poor prognosis based on
lesion severity, permanent surgical treatment can
be offered sooner for appropriate patients. Treatment of bilateral vocal fold paralysis generally is
irreversible, involving destruction of some part of
the vocal fold and/or arytenoid to enlarge the
glottic airway. Information provided by LEMG
before embarking on this permanent surgical treat854
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ment also may help select a side for the surgical
intervention.
SUMMARY RECOMMENDATIONS

1. If prognostic information is required on ultimate vocal fold mobility in a patient with vocal
fold paralysis that is >4 weeks and <6 months
in duration, LEMG should be performed.
2. LEMG may be performed to clarify treatment
decisions in a patient with vocal fold immobility
that is presumed to be caused by RLN.
RECOMMENDATIONS FOR FUTURE RESEARCH

Refinement of the LEMG technique would help
improve diagnostic accuracy. For example, in a
patient with anterior neck surgery and local swelling,
it can be challenging to find the cricothyroid membrane needle electrode placement into the thyroarytenoid/lateral cricoarytenoid muscle complex.
Image guidance using diagnostic ultrasound should
be evaluated to see if it can improve needle localization. Recurrent laryngeal nerve motor conduction
studies should be developed to complement LEMG
testing. Current techniques are hampered by volume conduction from stimulation in the neck and
the inability to record compound muscle action
potentials in the intrinsic laryngeal muscles transcutaneously through the thyroid cartilage.
The natural history and mechanisms of laryngeal
synkinesis are not well understood. Further research
to understand, diagnose, and ultimately minimize
this process through rehabilitative training or medications would be an advancement in the field. Last,
future prospective studies should examine patient
outcomes regarding clinical decisions that were
made using LEMG data as compared with decisions
made without this information. To avoid potential
bias, LEMG testing should employ blinding regarding laterality of the immobile vocal fold and blinding
when performing follow-up visual laryngoscopic
assessment of vocal fold motion.
MUSCLE & NERVE
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