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ABSTRACT: Introduction: We investigated interrater reliability of
overall assessment of nerve root lesions by electrodiagnostic
testing (EDX) in neonatal brachial plexus palsy (NBPP). Meth-
ods: Two blinded, board-certified reviewers retrospectively
reviewed de-identified EDX data from 37 infants with NBPP for
2005-2012. Only nerve conduction and electromyography nee-
dle data were included. The examiners independently assigned
1 of 4 nerve root lesion categories: (1) pre-ganglionic lesion
(avulsion), (2) post-ganglionic lesion (rupture), (3) normal, or (4)
“unable to determine.” Simple percentage agreement, the
Cohen kappa statistic representing interrater reliability for each
nerve root (C5-T1), and overall kappa between examiners were
evaluated. Results: Interrater reliabilities were substantial to
almost perfect for each nerve root except C5. Considering all
nerve roots, overall interrater reliability was substantial (kappa
= 0.62); simple percentage agreement was 75% (138/185).
Conclusions: Interrater reliability of nerve root assessment by
EDX for infants with NBPP was high for C6-T1 root levels, but
less reliable for C5 because of technical factors.
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Neconatal brachial plexus palsy (NBPP) is a rela-
tively common problem with an incidence ranging
from 0.4% to 4% of live births.'™ While the major-
ity of these plexopathies resolve spontaneously, a
cohort exists that has persistent long-term deficits.
Assessing the anatomic level and severity of nerve
root lesions in NBPP is challenging. Distinguishing
pre-ganglionic from post-ganglionic lesions is fun-
damental for determining optimal medical and
surgical management to maximize functional out-
come.* Pre-ganglionic lesions, or root avulsions,
are severe injuries that can extend into the transi-
tional zone of the spinal cord. Spontaneous recov-
ery does not occur, and prognosis is poor. No
effective surgical repair of pre-ganglionic lesions is
available. Post-ganglionic lesions require early and
close follow-up, as the time frame for primary neu-
rosurgical repair is limited to several months.

The gold standard for assessing a nerve root
lesion is direct observation during surgical explora-
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tion of the brachial plexus; however, surgical explo-
ration carries significant risk and is not always
indicated or appropriate. Several diagnostic
approaches are used to assess the anatomic location
and severity of a brachial plexopathy.” Electrodiag-
nostic testing (EDX) is a noninvasive method com-
monly used to assess lesion site, type of lesion, and
extent of neural dysfunction. EDX consists of nerve
conduction studies (NCS) and needle electromyog-
raphy (EMG) of muscles to quantify the presence or
absence of denervation as well as voluntary motor
unit potential (MUP) activity and morphology.

EDX is performed in infants to characterize
nerve root lesions in brachial plexopathy, but its
use is controversial. EDX of infants is often
criticized as subjective, and interpretation of results
is inconsistent. Adding to the controversy is the
fact that overall infant size and limb size are
smaller, making localization of specific muscles
more challenging than in adults. MUP amplitudes
are smaller and often biphasic, rather than tripha-
sic as in adults.”” These different MUP characteris-
tics in infants may mislead the inexperienced
electromyographer. Additionally, infants do not
move on request, and limb movements are not
graded or controlled, thus assessment of MUP
recruitment is more challenging. Often maximal
MUP recruitment is observed at initial electrode
insertion, adding further difficulty to interpreta-
tion of the examination.

The interrater reliability of assessment of nerve
root lesions by EDX has not been studied in
infants, particularly of the brachial plexus. In a
review of the literature, 2 studies were identified
that focused on interrater reliability; both studied
adults. Chouteau et al.” and Kendall and Werner”
investigated interrater reliability of the electrodiag-
nostic impression in lumbar radiculopathy. No
studies focusing on brachial plexopathy, adult or
pediatric, were identified. Thus, the goal of our
study was to investigate interrater reliability of the
assessment of nerve root lesions by EMG and NCS
performed on infants with NBPP.

MATERIALS AND METHODS
We performed a retrospective review of 37 non-
sedated infants with the clinical diagnosis of NBPP
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who underwent EDX. All subjects were referred to
the NBPP multi-specialty clinic in a large academic
center. The study period was 2005 to 2012. Criteria
for study inclusion were: (1) full-term infants who
were referred for evaluation of NBPP; (2) EDX was
performed within 45 days of birth; (3) EDX was
performed at a single institution by an American
Board of Electrodiagnostic Medicine (ABEM)-certi-
fied physicians. Patients were excluded from study
if they had additional neurological or musculoskel-
etal disorders, congenital limb malformations, or
hereditary disorders. A total of 37 infant EDX stud-
ies met the inclusion criteria. Data collected
included age at initial appointment, age at EDX
study, gender, and race. Detailed clinical examina-
tions were performed on the affected arms of all
subjects. The side of NBPP and Narakas severity
grade'"™"® were also included in the data analysis.
This study was approved by the University of Michi-
gan Institutional Review Board; because patient
data were de-identified, individual patient
informed consent was not required.

EDX and Blinded EDX Review. EDX of the brachial
plexus was performed by 4 independent examiners
who were all certified by the ABEM. The exam-
iners who performed the EDX obtained a history
and physical examination for each infant before
the study. NCS were performed on motor and sen-
sory nerves of the involved upper extremity. Sen-
sory studies were performed antidromically, while
motor studies were performed orthodromically.
Median and ulnar sensory nerve action potentials
were tested, and the amplitude, distal latency, and
conduction velocities were recorded for each
infant. Median and ulnar compound motor action
potentials were obtained, and distal latency, ampli-
tude, and conduction velocities were recorded for
each infant.

EMG examination was performed using pediat-
ric concentric needle electrodes on relevant
muscles. Two blinded reviewers who practice at the
same institution and are both certified by the
ABEM reviewed de-identified EDX data. EDX data
included only the NCS and EMG results without
raw traces. No history or physical examination
information was provided. NCS data included the
nerves studied, response amplitude, distal latency,
and conduction velocity. The EMG data provided
to the reviewers included insertional activity,
presence or absence of spontaneous activity
(positive waves, fibrillation potentials, and fascicu-
lation potentials), as well as the MUP morphology.
With the data provided by NCS and EMG, each
reviewer was asked to give an assessment of each
nerve root using 1 of the following 4 electrodiag-
nostic impressions: (1) pre-ganglionic (avulsion)
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Table 1. Patient demographics.

Characteristics No. of patients
Total 37
Mean age at presentation (days * SD) 26 = 60
Mean age at electrodiagnostic 41 + 60

testing (days = SD)
Median Narakas score 3

Narakas | to II* 21 (57%)
Narakas Il to IV* 16 (43%)
Gender
Boy 21 (57%)
Girl 16 (43%)
Race
Caucasian 22 (59%)
African American 3 (8%)
American Indian/Alaska Native 1 (8%)
Other/unknown 11 (30%)
Lesion side
Left 20 (54%)
Right 16 (43%)
Both 1 (8%)

*Narakas classification is a reflection of the extent of nerve root involved.
Narakas | represents involvement of C5 and C6 nerve roots; Narakas |,
C5-C7; Narakas lll, C5-T1; Narakas IV, C5-T1 with Horner syndrome.

lesion, (2) post-ganglionic (rupture) lesion, (3)
normal, or (4) “unable to determine” if the lesion
was pre- or post-ganglionic for the nerve roots
tested.

Statistical Analysis. Patient demographics, NCS,
and EMG data were reported with descriptive sta-
tistics. Interrater reliability refers to the agreement
or concordance among reviewers. A score of
homogeneity or consensus can be assigned. The
Cohen kappa statistic was assessed between the 2
blinded reviewers to represent interrater reliability
with regard to the 4 options of EDX impression."”
Percentage agreement refers to the raw numerical
value for the number of agreement of total assess-
ment at each nerve root. Because Cohen’s kappa
analysis considers both the observed agreement
and the expected agreement by chance, it is a
more robust representation of interrater reliability
than the simple percentage agreement calculation.
The values of Kappa statistics range from 0 to 1:
0.01-0.20 indicates slight agreement, 0.21-0.40 fair
agreement, 0.41-0.60 moderate agreement, 0.61-
0.80 substantial agreement, and 0.81-0.99 almost
perfect agreement.'®'* To maintain an evaluation-
wise error rate of 0.05, Bonferroni correction for
37 subjects with Pvalues < 0.001 were considered
statistically significant. Statistical analyses were per-
formed using SPSS software, version 21 (SPSS Inc.,
Chicago, Illinois).

RESULTS

Data from the EDX of 37 infants were included
in the analysis. Demographic and clinical informa-
tion is provided in Table 1. Information on NCS is
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Table 2. Motor and sensory nerve conduction studies performed
in the study cohort (N = 37)

Unilateral Bilateral None

n (%) n (%) n (%)

Median-sensory 32 (86) 1) 4 (11)
Ulnar-sensory 30 (81) 1) 6 (16)
Median-motor 23 (62) 1) 13 (35)
Ulnar-motor 26 (70) 0 11 (30)

found in Table 2. All patients were tested only on
the involved side, except for 1 patient who under-
went bilateral upper extremity testing. The deltoid,
biceps brachii, triceps, and first dorsal interosseous
muscles were examined most frequently by EMG
(Table 3).

Percentage agreement, kappa of each nerve
root (C5-T1), and overall kappa between exam-
iners are presented in Table 4. Table 5 represents
percentage agreement and kappa score by upper
(C5-6), middle (C7), and lower (C8-T1) trunks.
Interrater reliability for each nerve root ranged
from substantial to almost perfect, except for Cb
(fair, kappa = 0.27, percentage agreement =
38%). At the nerve trunk level, the upper trunk
had moderate (kappa = 0.43, percentage agree-
ment = 58%) interrater reliability, while middle
and lower trunks had substantial or better inter-
rater reliability (kappa = 0.86 and 0.70, respec-
tively). Overall interrater reliability was substantial
(kappa = 0.62) with 75 (138 of 185) percentage
agreement.

DISCUSSION

Interrater reliability of the overall assessment of
nerve root lesions by EDX in infants with NBPP
has not been studied. Although there is literature
to support interrater reliability of the individual
components of EDX (i.e., NCS and EMG), this
study takes the next step by using both NCS and
EMG to evaluate interrater reliability of the lesion
in each nerve root to determine whether the lesion
is pre- or post-ganglionic.

The 2 studies identified in the literature that
assessed interrater reliability were limited to adults
referred for lower extremity evaluation. Chouteau
et al.® reported a very high interrater reliability
(kappa >0.90). Kendall and Werner” reported the
sensitivity of the EMG study to be 79% when it was
used to identify a radiculopathy without specifying
the level of the lumbar lesion. Both studies were
limited to EMG only and did not include NCS.

The findings of our study support a high inter-
rater reliability for assessment of nerve root lesions
(pre- or post-ganglionic) by EDX when studies are
interpreted by 2 blinded, ABEM-certified electro-
diagnosticians. The lowest interrater reliability was
for the C5 nerve root (kappa 0.27). Several
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possibilities may have led to this level of disagree-
ment, but most likely it is based on the nerves and
muscles that were chosen for testing by the electro-
diagnosticians who performed the study. Currently
no standard protocol or guideline exists or is
agreed upon in the literature for electrodiagnostic
evaluation of brachial plexopathy.

The studies reviewed contained limited electro-
diagnostic data about the Cb5 nerve root, which
likely contributed to the lower interrater reliability.
Each reviewer may have used different criteria to
determine whether a lesion was pre- or post-
ganglionic, normal, or “unable to determine.”
Additionally, reviewers may have had different
thresholds for what they consider sufficient data to
localize the lesion and, therefore, called the lesion
“unable to determine.”

There are several technical NCS and EMG
issues that limit EDX assessment of the C5 nerve
root in neonates. In the studies reviewed, no NCS
were performed that were specific for the C5 nerve
root. Median nerve sensory testing was performed
using the index finger for recording, which pro-
vides information about C6 function. The index
finger is cited as being innervated by C6 in sour-
ces.'® It is noted that some authors also consider
the index finger to be innervated by C6/7 or C7."
However, we must point out that the results from a
single nerve evaluation alone were not used to
localize the lesion. The data were analyzed in con-
junction with the results from other nerves studied
and the findings on needle examination. Median
sensory NCS performed with recording from the
thumb of an infant was not done likely due to the
technical difficulties inherent in testing on such a

Table 3. Frequencies of muscles examined by needle electromy-
ography in the study cohort (N = 37)

Muscles, N (%)

Nerve root/muscle

C5
Biceps 34 (92)
Deltoid 34 (92)
Infraspinatus 19
C6
Biceps 34 (92)
Brachioradialis 1)
Extensor carpi radialis 1)
Cc7
Triceps 32 (86)
Flexor carpi radialis 3(8)
Extensor digitorum communis 0 (0
c8
Flexor digitorum superficialis 1)
Extensor indicis 2 (5)
Extensor digitorum communis 6 (16)
T
First dorsal interosseous of hand 15 (41)
Abductor pollicis brevis 1)
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Table 4. Percentage agreement and interrater reliability between examiners, by nerve roots

Nerve Root Agreementn (%) Disagreement n (%) Kappa 95% Cl P-Value* Status

C5 14 (38) 23 (62) 0.27 0.16 - 0.38 < 0.0001 Fair

C6 29 (78) 8 (22) 0.65 0.44 - 0.86 < 0.0001 Substantial
c7 34 (92) 3(8) 0.86 0.71 - 0.99 < 0.0001 Almost perfect
c8 30 (81) 7 (19) 0.65 0.42 - 0.88 < 0.0001 Substantial
T 31 (84) 6 (16) 0.73 0.54 - 0.93 < 0.0001 Substantial
All 138 (75) 47 (25) 0.62 0.53 - 0.72 < 0.0001 Substantial

*Bonferroni correction for 37 subjects to maintain an evaluation-wise error rate of 0.05; only P-values <0.001 were considered statistically significant in this

analysis.
Cl, confidence interval.

small digit. NCS of the lateral antebrachial cutane-
ous nerve assesses CH root function. NCS of this
nerve is very difficult technically, particularly in
awake and moving infants, and was not done in
these cases.

Further problems arise in distinguishing C5 ver-
sus C6 nerve function on EMG. The rhomboid
major and minor muscles are considered to be the
only predominately C5 innervated muscles. In
infants, it is impractical to test these muscles due
to their size, location under the trapezius muscle,
and proximity to underlying thoracic contents.
Because an infant cannot cooperate with the test,
it is not possible to perform any maneuvers to
demonstrate that the electromyographer had
definitively isolated these muscles from the overly-
ing trapezius. Despite these difficulties, Vander-
have et al.* reported that overall, EDX studies were
most useful in identifying post-ganglionic lesions
within the plexus, particularly in the upper plexus.
The infraspinatus and supraspinatus muscles are
also innervated by C5 and C6 and could potentially
serve as a source of additional information about
the function of C5 more proximally.

However, scapular ossification is incomplete,
increasing the risk of entry into the thorax and
subsequent pneumothorax while trying to test the
infraspinatus or supraspinatus muscles. The supra-
spinatus and infraspinatus muscles also lie under
the trapezius, making isolation difficult, as noted
above.

Interrater reliability was the greatest for C7
(kappa 0.86). The triceps is easily accessed for nee-
dle examination due to its superficial anatomy,

and it is commonly studied for C7 involvement,
though some C8 innervation is present. It is a
larger muscle than others in the upper extremity,
so sampling errors can be. The electromyographer
may have sampled a part that was not involved or
that was innervated by C8. It is unlikely that all
fibers of the triceps muscle were equally affected.
No data regarding the median sensory nerve
response from the middle finger were available.
Lastly, NBPP lesions are predominately upper
trunk, and C7 abnormalities are less common.
Because the incidence of C7 involvement is less
common, the reviewers may have been less likely
to judge this nerve root as abnormal.

It is worth noting that none of these infants
were sedated for EDX, and they were awake and
active. Sedation is used in some settings, but it is
not without risk in this population. Some electro-
diagnosticians perform the EDX after sedation for
MRI.2° However, not all infants undergo an MRI
in this setting, unless neurosurgical intervention is
being considered or scheduled.

Study Limitations. There are limitations to this
study. First, this was a retrospective review of data
collected over a 7-year period (2005-2012). As the
electrodiagnosticians gained experience, the thor-
oughness of the examination and expertise in per-
forming these tests on infants may have improved.
The 2 reviewers performed some but not all of the
EDX studies. All of the studies reviewed were de-
identified so that the reviewers could not identify
the studies they performed personally. Addition-
ally, the reviewers could only assess each nerve
root lesion (pre- or post-ganglionic) from the NCS

Table 5. Interrater reliability between examiners, by nerve trunks

Nerve Agreement Disagreement

trunk n (%) n (%) Kappa 95% ClI P-Value* Status
Upper 43 (58) 31 (42) 0.43 0.27 - 0.58 < 0.0001 Moderate
Middle 34 (92) 3(8) 0.86 0.71 - 0.99 < 0.0001 Almost perfect
Lower 61 (82) 13 (18) 0.70 0.55 - 0.85 < 0.0001 Substantial
All 138 (75) 47 (25) 0.62 0.58 - 0.72 < 0.0001 Substantial
Cl, confidence interval.
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and EMG data they were provided. Unlike an elec-
trodiagnostician doing the EDX, the reviewers did
not have the ability to determine the number of
muscles to be evaluated, how thoroughly a muscle
segment was studied (e.g., number of quadrants
examined), whether to consider using additional
techniques such as triggering to assess MUPs, or
have the ability to repeat examination of a muscle
if needed for clarification of the EMG findings to
arrive at a nerve root assessment.

Interrater reliability should not be mistaken for
reproducibility, because actual performance of the
diagnostic procedure was not evaluated. Addition-
ally, the data were evaluated by 2 blinded reviewers
who practice at the same academic institution. The
electrodiagnosticians who performed the studies
were trained at various institutions. All electrodiag-
nosticians involved, including the reviewers, are
ABEM-certified. Lastly, no electrodiagnostic stand-
ard protocol or guidelines for infants with brachial
plexopathy exist in the literature or are recom-
mended by the American Association of Neuro-
muscular Disease and Electrodiagnostic Medicine.

In conclusion, the interrater reliability of each
nerve root lesion assessment by EDX performed on
infants with NBPP is substantial for the C6-T1 root
levels when studies are performed by expert electro-
diagnosticians. Interpretations related to the C5 root
are less reliable. It is likely that technical factors and
the limited NCS and EMG options for distinguishing
C5 root function from the C6 root increases the dif-
ficulty of specifying the presence and/or extent of a
C5 root lesion, thereby limiting adequate data to
determine the function of the C5 nerve root.

No funding was received in relationship to this manuscript. The
authors have no conflicts of interest to report pertaining to the
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materials or methods used in this study or the findings specified in
this study.
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