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Needle electromyography (EMG) and nerve con-
duction studies (NCSs) performed by a physician
with the appropriate education, training, and expe-
rience are used to evaluate patients with neuromus-
cular diseases and to diagnose the presence, distri-
bution, and severity of nerve, neuromuscular
junction, and muscle pathology.! After the physician
performs needle EMG and NCSs, it is necessary to
prepare a written report of the test results. This
report serves as a communication tool to the refer-
ring physician and documents the results and con-
clusions of the electrodiagnostic evaluation.

This educational document created by the Amer-
ican Association of Neuromuscular & Electrodiag-
nostic Medicine (AANEM) addresses the following
two key clinical questions.

This article was prepared and reviewed by the AANEM and did not
undergo the separate review process of Muscle & Nerve.

Note: This document is not an AANEM policy statement. This document is
provided as an educational service of the AANEM. It is based on a consensus
assessment of the current state of scientific and clinical practices. It ad-
dresses options for the presentation of electrodiagnostic data in a clinical
report. It is not intended to include all options for the specific presentation of
electrodiagnostic data. Itis not intended to exclude any reasonable alternative
styles for presentation of electrodiagnostic data. The AANEM recognizes that
specific patient care decisions are the domain and prerogative of the physi-
cian and the patient and are based on all of the circumstances involved in the
evaluation and management of that particular individual. These recommen-
dations are not written with the intent that they be used for reimbursement
decisions. This AANEM consensus opinion is based solely on the opinions of
individual AANEM members who participated in its development.
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1. What information should be included regarding
the needle EMG and NCS examination?
2. What is the best way to present the information?

The AANEM’s goal in publishing this report is to
provide practicing electrodiagnostic physicians with
recommendations for presenting data in their re-
ports. It is not intended to require that all of these
recommendations must be included in a report.

BACKGROUND

The electrodiagnostic examination of a patient is struc-
tured to answer specific clinical questions.? The physician
performing the examination (1) determines the initial
tests to perform based on his or her education, training,
and experience, and the patient’s history and physical
examination, and then (2) modifies the tests as data
(visual and auditory) is obtained and analyzed in real
time. When finished, the physician composes a report
summarizing the data and providing the diagnostic con-
clusions which are determined by integrating the analysis
of the tests results with the findings on the history and
physical examination. This document addresses the pre-
sentation of the data in the EMG/NCS report. It does not
address the correct analysis of the EMG/NCS data neces-
sary to provide an accurate diagnosis. Therefore, a physi-
cian who follows all of these recommendations may not
establish an accurate diagnosis. Furthermore, a physician
may establish an accurate diagnosis without following all
of these recommendations.

The presentation of the data is an essential part of the
electrodiagnostic examination. A model report should
include a description of the patient’s clinical problem, the
electrodiagnostic tests performed, all relevant data de-
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rived from these tests, and the diagnostic interpretation of
the data. The report permits (1) a review of the results by
other physicians evaluating and treating the patient, and
(2) comparison of these results to past and future test
results. If, on completion of testing, the physician pro-
vides only a conclusion without supporting data, it is
difficult for other physicians treating the patient to deter-
mine (1) whether the test data support the conclusions,
and (2) whether the identified neuromuscular disorder is
stable, improving, or worsening based upon previous and
subsequent test results.

It is important to perform and document accu-
rately the findings of the NCS and needle EMG
examination to realize the full potential of the tests
and to reduce the possible need for the patient to
undergo repeated testing. These two goals are desir-
able because a needle EMG study is an invasive test
and because both the needle EMG and NCS exami-
nation may be uncomfortable.

Providing complete NCS measurements is impor-
tant. A quality report presents NCS data with ampli-
tude measurements. Amplitude measurements are
important for the identification of nerve conduction
block, axonal nerve pathology, and muscle pathol-
ogy, and for prognostication. Clearly identifying the
segment over which the conduction velocity is calcu-
lated is essential for the localization of focal nerve
pathology, when present.

Including normal (reference) values for NCS and
criteria for abnormalities in the report allows the
reader of the report to verify why specific test data was
designated as normal or abnormal. This designation of
NCS data as normal or abnormal depends upon sev-
eral patient variables including, age, height, weight,
and limb temperature during testing. Clinical variables
including but not limited to underlying medical con-
ditions and prior surgeries also impact on whether a
finding is normal or abnormal. The definition of nor-
mal can also vary between laboratories. The determi-
nation of normality is therefore best made by the phy-
sician performing the test, taking into consideration all
of the relevant clinical information. Inclusion of this
information in the report is important to assist others
in the proper interpretation of the data.

The diagnostic interpretation of the needle EMG
and NCS data is an integral part of the electrodiag-
nostic examination. The diagnostic determination
that the needle EMG findings are normal or abnor-
mal occurs during the test in real time. There is
generally no complete permanent record of the
waveforms analyzed during the test. Documenting in
the report both the spontaneous and voluntary ac-
tivity in each muscle examined with the needle EMG
electrode is therefore extremely important.
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Presenting the needle EMG examination find-
ings in a way that incorporates the following data
(preferably in a tabular format) makes the report
easier to understand. The report should include (1)
the name and side (left or right) of each muscle
examined, (2) a description of insertional activity,
(8) the presence or absence of spontaneous activity,
and (4) assessment of the potentials generated with
voluntary activity. For voluntary activity, both the
morphology and the recruitment of the motor units
should be described. Spontaneous and voluntary ac-
tivity observed during the needle EMG examination
should be reported as normal or abnormal and, if
the activity is identified as abnormal, the specific
abnormalities should be described in detail.

Descriptions of the findings on the needle EMG
examination such as “needle EMG studies of the
right upper limb muscles were normal” are not help-
ful. It is essential to list the specific muscles exam-
ined. Without a list of the exact muscles tested, it is
impossible to determine whether the examination
was adequate to evaluate the clinical problem. Ta-
bles of the findings on needle EMG examination, in
contrast to narrative reports, make it easier to iden-
tify the distribution and relative severity of needle
EMG abnormalities in the muscles examined. Physi-
cians therefore may find it beneficial to list findings
in a tabular format with an additional narrative de-
scription of abnormalities.

Below are specific recommendations and options
for information to include in an EMG and NCS report.
These recommendations do not preclude other rea-
sonable methods of presenting electrodiagnostic data.
Examples of EMG and NCS reports that follow the
recommendations and options in this document are
available through the AANEM Executive Office.

SPECIFIC RECOMMENDATIONS FOR REPORTING
NEEDLE EMG AND NCS RESULTS

A. Description of Patient Data and the Clinical Prob-
lem Section

1. Recommendation. Describe the patient’s demo-
graphic data.

a. Recommendation. Include name and age or
birth date.

b. Option. Include height, weight, gender, hand-
edness for upperlimb studies, and relevant
medical diagnoses (e.g., diabetes, chronic re-
nal failure) and surgical treatments with dates
(e.g., carpal tunnel surgery, August 2000).

2. Recommendation. Describe the reasons for the
referral.
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a. Recommendation. Include a brief description
of relevant symptoms and/or physical exami-
nation findings that support the performance
of the electrodiagnostic study.

b. Option. Include possible diagnoses.

3. Option. Describe relative contraindications to the
performance of NCS (e.g., cardiac pacemaker
with defibrillator, sensitive to electrical stimuli)
and needle EMG (e.g., anticoagulation therapy,
bleeding disorder), and limitations to NCSs (e.g.,
limb in a cast) and needle EMG (e.g., patient
unable to turn over to permit examination of hip
girdle and paraspinal muscles), if applicable.

B. Nerve Conduction Studies Section

Specific details of the NCS procedures, including
the techniques utilized, distances, laboratory reference
values, and temperature monitoring may be best in-
cluded in the report or referenced in a standard oper-
ating procedure manual maintained by the laboratory.

1. Recommendation. List the nerves and the side
(left or right) studied by NCS.

2. Recommendation. Provide the numerical values
for the results of each NCS as follows:

a. Sensory NCSs

i. Recommendation. Indicate the nerve stud-
ied, the sites of nerve stimulation, and, if
peak latency values are reported, the dis-
tances between distal stimulation sites and
recording sites.

ii. Recommendation. For each site of stimula-
tion and recording, report the sensory
nerve action potential (SNAP) amplitude.
(An option is to describe whether the am-
plitude measurements are (a) baseline to
peak or (b) peak to peak.)

iii. Recommendation. Report the peak latency
of the SNAP or conduction velocity deter-
mined from onset latency measurements
for SNAPs at each site of stimulation.

b. Motor NCS

i. Recommendation. Indicate the nerve studied,
the sites of nerve stimulation, the distances be-
tween distal stimulation and recording sites,
and recording site of compound muscle action
potentials (CMAPs).

ii. Recommendation. Report the CMAP am-
plitude (baseline to negative peak) for
each site of stimulation and recording.
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iii. Recommendation. Report latency for most
distal site of nerve stimulation.

iv. Recommendation. Report proximal imb con-
duction velocity for motor NCSs and specify
nerve segment for conduction velocity (e.g.,
forearm segment or elbow segment for the
ulnar nerve) if there is potential ambiguity.

c. Fwave studies
i. Recommendation. Indicate the nerve studied.
ii. Recommendation. Report the minimum F-
wave latency.
iii. Recommendation. Indicate the site of
nerve stimulation and muscle recording.

d. H-reflex studies
i. Recommendation. Indicate the nerve stud-
ied if not the tibial nerve.
ii. Recommendation. Report the H-wave la-
tency. (Recording amplitude is optional.)
iii. Recommendation. Indicate the site of
nerve stimulation and muscle recording.

e. Repetitive motor nerve stimulation studies

i. Recommendation. Indicate the nerve studied.

ii. Recommendation. Indicate the sites of
nerve stimulation and muscle recording.

iii. Recommendation. Indicate the physiological
state of the muscle at the time of nerve stim-
ulation (e.g., at rest or after exercise) and, if
after exercise, the duration of the exercise
and the time interval after exercise.

iv. Recommendation. Indicate the number of
stimuli and the rate of stimulation, e.g., 5
stimuli at a rate of 2/s.

v. Recommendation. Indicate the initial ampli-
tude, the method of calculation of the incre-
ment or decrement (e.g., percent change of
the amplitude (or area) of the 4th or 5th M
wave compared to the Ist M wave).

vi. Recommendation. Indicate if and when the
patient last used a medication that can affect
the results of neuromuscular transmission
and the name and dose of the medication.

3. Recommendation. Include reference laboratory

values for NCS data to permit independent review
of NCS data by an outside reviewer or provide
literature references or other sources for the nor-
mal values if requested. If the report does not
contain reference laboratory values, abnormal re-
sults should be clearly identified.

. Recommendation. Confirm that limb temperature

was monitored continuously during the NCS and
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. Recommendation.

repetitive stimulation and that (a) the hand temper-
ature was maintained between 32°C and 36°C and
(b) the foot temperature was maintained between
30°C and 36°C. NCS abnormalities such as pro-
longed distal sensory or motor latencies could oth-
erwise be due to coolness of the limb. For repetitive
stimulation, if the limb is not warmed, the results
may be assessed inaccurately as normal.
Recommendation. Use non-narrative, preferably
tabular format for NCS data.

Recommendation. Describe limitations in the
study due to low tolerance of the patient for the
electrical stimuli and/or other technical factors
that may have affected the performance and re-
sults of the NCS (e.g., thickness of subcutaneous
tissues, limb edema).

Option. Include copies of NCS waveform tracings
to assist in the review of the numerical results.

Needle Electromyography Section

. Recommendation. Examine an appropriate num-

ber of muscles to evaluate the possible diagnoses.

. Recommendation. Describe the insertional, spontane-

ous, and voluntary activity (e.g., amplitude, duration,
phases, and recruitment should all be noted) for each
muscle studied as normal or abnormal and, if abnor-
mal, provide specific details of the abnormalities.

. Recommendation. Use a tabular format for pre-

sentation of needle EMG data for each muscle
studied to permit an independent reviewer to
identify easily the myotome/peripheral nerve dis-
tribution of muscles with normal and abnormal
needle EMG findings.

Describe limitations in the
study such as limited effort or low tolerance of the
patient for the examination including pain with
needle insertion and during contraction of the
muscle, as well as the effect of this pain on the
scope and interpretation of the examination.

. Option. State whether the examiner used a mo-

nopolar or concentric needle electrode for the
examination.

Summary Section

Recommendation. Summarize NCS abnormali-
ties. Describe which NCS studies are normal and
which NCS are abnormal, and list the specific
abnormalities (e.g., low amplitude, prolonged
peak or distal latency, slowing of conduction).

Recommendation. Summarize needle EMG abnor-
malities. Describe the results as normal or abnormal,
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and if abnormal, describe the abnormalities including
the distribution of the abnormalities if relevant (e.g.,
peripheral nerve, plexus, or spinal root).

Diagnostic Interpretation Section

Recommendation. State whether the results of
the study are normal or abnormal and, if abnor-
mal, describe the specific abnormalities for NCS
and needle EMG as noted above.

. Recommendation. Provide the probable electro-

physiological diagnosis. Describe the location of the
nerve, neuromuscular junction, or muscle pathol-
ogy based on the results of the NCS and needle
EMG studies (e.g., median nerve pathology at the
wrist affecting primarily the median sensory nerve
fibers in the carpal tunnel segment).
Recommendation. Describe any limitation on the
interpretation of the results of the NCS and nee-
dle EMG studies due to technical factors includ-
ing patient compliance or contraindications for
specific studies.

Recommendation. Describe (1) whether there is
an interval change and (2) the nature of the
change (improved, stable, worsening) in the NCS
and needle EMG findings if results of previous
studies are available at the time of the composi-
tion of the report and if such results or reports
are adequate for comparison.

. Option. Provide the probable clinical diagnosis, if

indicated, based on a synthesis of the clinical infor-
mation and the electrophysiological results (e.g., a
clinical diagnosis of carpal tunnel syndrome).
Option. Provide a differential diagnosis of abnor-
mal results of the NCS and needle EMG studies if
indicated.

Option. Indicate whether additional NCSs and
needle EMG examination are indicated now or in
the future, if appropriate.

For review and critique of the manuscript, the EMG Report Task Force
acknowledges the assistance of the AANEM Professional Practice Com-
mittee: Chair, Gloria Galloway, MD; Michael Andary, MD, MS; Andrea
Boon, MD; Peter Grant, MD; Vern C. Juel, MD; Richard Malamut, MD;
Atul Patel, MD; Kyle Ruffing, MD; Elizabeth Sekul, MD; Vincent Tran-
chitella, MD; Benjamin Warfel, MD; and John Wilson, DO.

REFERENCES

1.

American Association of Electrodiagnostic Medicine. Recom-
mended policy for electrodiagnostic studies. Muscle Nerve
1999;22:5101-S104.

. Dumitru D, Zwarts M]. The electrodiagnostic medicine consul-

tation: approach and report generation. In: Dumitru D, Amato
AA, Zwarts MJ, editors. Electrodiagnostic medicine, 2nd ed.
Philadelphia: Hanley & Belfus; 2002. p 515-540.

MUSCLE & NERVE  Month 2005



