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The Usefulness of Proximal Radial Motor Conduction
in Acute Compressive Radial Neuropathy
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Background and Purpose The objective of this study was to determine diagnostic and
prognostic values of proximal radial motor conduction in acute compressive radial neuropathy.

Methods Thirty-nine consecutive cases of acute compressive radial neuropathy with radial
conduction studies-including stimulation at Erbs point-performed within 14 days from

Yong Bum Kim® clinical onset were reviewed. The radial conduction data of 39 control subjects were used as
Won Tae Yoon® reference data.

Hyung Jun Park® Results Thirty-one men and eight women (age, 45.212.7 years, mean+SD) were enrolled.
Bum Chun Suh?® All 33 patients in whom clinical follow-up data were available experienced complete recov-

. ery, with a recovery time of 46.8+34.3 days. Partial conduction block was found frequently
EZEZE&EQ;:Sﬂi;ralggzi’m’ (17 patients) on radial conduction studies. The decrease in the compound muscle action po-
Sungkyunkwan University tential area between the arm and Erb’s point was an independent predictor for recovery time.
School of Medicine, Seoul, Korea Conclusions Proximal radial motor conduction appears to be a useful method for the early

b
Department of Neurology, detection and prediction of prognosis of acute compressive radial neuropathy.
Mokdong Hospital,

Ewha Womans University Key Words radial neuropathy, nerve conduction study, conduction block, diagnosis,
School of Medicine, Seoul, Korea prognosis.

INTRODUCTION

Radial neuropathy is the third most common focal neuropathy of the upper limb.' The ra-
dial nerve originates from the posterior cord of the brachial plexus, and runs through the
spiral groove on the humerus.” Radial neuropathy at the spiral groove leads to weak ex-
tension of the wrists and fingers, and paresthesia of the first web space. The radial nerve

Received  September 16, 2014 is frequently injured at the spiral groove, not only by physical trauma but also by com-
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Accepted  November 7, 2014 pression. Acute compressive radial neuropathy, so-called Saturday night palsy, is particu-

larly noticeable on awakening due to nerve compression during sleep. This clinical feature

I::u(:r:.rcehsuz::ﬁ’eﬁsph]) occasionally renders it difficult to distinguish between radial neuropathy and cerebral
Department of Neurology, stroke. Electrophysiological studies, including nerve conduction study (NCS) and elec-
SstggE;fnsl;‘;;ugi S::gi;al’ tromyography (EMG), are the diagnostic key to localizing the injury and confirming a
School of Medicine, 29 Saemunan-ro, compressive radial neuropathy. However, it usually takes up to about two weeks for radial
Jongno-gu, Seoul 110-746, Korea neuropathy abnormalities to be detected on electrophysiological studies.’ In addition,
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compressive radial neuropathy is known to be a self-limiting disease with a favorable

acute compressive radial neuropathy within 14 days from clinical onset, with a view to
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METHODS

Study population

Patients with acute compressive radial neuropathy were ret-
rospectively enrolled at Kangbuk Samsung Hospital between
January 2007 and October 2014. Patients were selected who
fulfilled the following three conditions (as identified from
their medical records): 1) sudden weakness of radial-nerve-
innervated muscles that was confirmed by clinical or EMG
examinations, 2) radial NCS including stimulation at Erb’s
point within 14 days from clinical onset, and 3) normal elec-
trophysiological study findings for the median and ulnar
nerves. The three following exclusion criteria were applied: 1)
alternative etiologies of radial neuropathy such as trauma, in-
fection, and hereditary neuropathy with liability to pressure
palsy, 2) acute ischemic brain lesions on diffusion-weighted
magnetic resonance imaging (MRI), and 3) polyneuropathy
based on clinical findings. Finally, 39 patients were enrolled.
In addition, radial nerve conduction data were collected
prospectively from 39 control subjects to obtain reference
values. The research protocol was approved by the Institu-
tional Review Board of Kangbuk Samsung Hospital, Korea.

Clinical assessment

Clinical data included sex, age, body mass index (BMI), co-
existing diseases, lesion site, compression time, motor weak-
ness, and sensory change. Compression time was obtained to
determine the sleep time or the time hanging over the arm-
rest of a chair before wrist drop. The compression time was
identified in 38 patients; one patient could not recall a defi-
nite compression event or time. Disease severity was mea-
sured according to the Medical Research Council (MRC)
sum score, which evaluated the strength in two muscle
groups: the wrist extensors and the finger extensors of the
metacarpophalangeal joint. A score of between 0 and 5 was
assigned to each muscle group, giving a maximum total
score of 10. Patients were also interviewed by telephone to
determine the clinical outcome. Thirty-three patients for
whom clinical follow-up was available were able to provide
information regarding their recovery time. The recovery
time was also recorded on the medical records of five pa-
tients, and was not found to differ significantly from that in-
formed by telephone interview. Diffusion-weighted MRI of
the brain was performed in 14 patients.

Electrophysiological assessment

Electrophysiological studies were performed using the Vi-
king Select EMG machine (Nicolet Biomedical, Madison,
WI, USA). NCSs were performed with surface electrodes
and EMGs were conducted using monopolar needle elec-
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trodes at room temperature. All studies were performed by a
skilled EMG technician or neurologists with at least several
years of experience. Motor and sensory NCSs of the median
and ulnar nerves were performed by standard methods us-
ing surface electrodes. Normal values for the median and ul-
nar nerves were obtained based on the methods of Oh.” For
radial sensory nerve action potentials (SNAPs) and sensory
nerve conduction velocities (SNCV’s), the recording elec-
trode was placed over the nerve as it courses through the an-
atomic snuftbox, with the stimulating electrodes located at
10-14 cm proximally along the radius. For radial compound
muscle action potentials (CMAPs) and motor nerve conduc-
tion velocities (MNCVs), the surface recording electrode was
placed about 4 cm proximal to the ulnar styloid process on
the belly of the extensor indicis proprius. The radial nerve
was stimulated at three sites based on the methods of Jeb-
sen:® 1) in the forearm, about 4 cm proximal to the recording
electrode along the lateral edge of the ulna, 2) in the arm, 5-6
cm proximal to the lateral epicondyle of the humerus, and 3)
at Erb’s point, the angle of the clavicle, and the posterior as-
pect of the sternocleidomastoid muscle. MNCVs were ob-
tained between the forearm and arm in only 29 patients be-
cause MNCVs in the forearm-arm segment were not
routinely performed at our laboratory between January 2007
and December 2009. In addition, needle EMG examinations
of the muscles innervated by the radial nerve as well as other
nerves were performed in 24 patients after at least 7 days
from clinical onset. Three of these 24 patients underwent
EMG as a follow-up electrophysiological study after more
than 14 days from the symptom onset.

Reference values for the radial nerve were obtained by
performing radial NCSs on the bilateral arms of 39 control
subjects. The reference range of radial nerve conduction was
defined as values within 2 SDs of the mean.

Partial conduction block was defined as a >50% decrease
in negative-peak amplitude or 40% decrease in negative-
peak area of the CMAPs between distal and proximal stimu-
lations of the radial nerve, based on consensus criteria pub-
lished by the American Association of Electrodiagnostic
Medicine (AAEM) quality assurance committee.’

Statistical analysis

The chi-squared test was used to compare discrete variables,
and the independent ¢-test was used to compare the means
of two samples for continuous variables. Univariate and mul-
tivariate linear regression analyses were performed to deter-
mine the factors influencing the recovery time of radial neu-
ropathy. In addition to age and sex, variables with p<0.1 on
univariate analysis were entered into the multivariate linear
regression analyses. Except where stated otherwise, the data
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are presented as meantSD values, and differences were con-
sidered statistically significant at p<0.05. Statistical analyses
were performed with SPSS (version 18.0; SPSS Inc., Chicago,
IL, USA) software.

RESULTS

Clinical assessment

Thirty-nine patients with radial neuropathy (age, 45.2+12.7
years; range, 22—73 years) were enrolled in this study, com-
prising 31 men and 8 women. Their BMI was 22.612.5 kg/
m’. Lesions were in the right arm in 22 (56%) patients and in
the left arm in 17 (44%). The time from clinical onset to hos-
pital visit was 3.2+3.0 days, and the compression time was
3.9£3.1 hours. Wrist drop was first noted on awakening in
37 (95%) patients; one patient identified wrist drop after
leaving his arm hanging over the arm rest of a chair for 30
minutes, and the other patient did not recall a definite com-
pression event. Alcohol and sleeping pills were consumed
before sleeping by 25 (64%) and 1 (3%) patients, respectively.
Chronic alcoholism and diabetes mellitus were documented
as coexistent diseases in eight (21%) and two (5%) patients,
respectively. None of the 39 patients had any other metabolic
disorders, such as thyroid disease or rheumatoid arthritis.
The initial physical examination revealed moderate weak-
ness of the wrist extensors (MRC grade, 2.711.0) and finger
extensors (MRC grade, 2.4%1.2). The MRC sum score was
5.1+2.1. Sensory symptoms and signs in the distribution of
the superficial radial sensory nerve were noted in 27 (69%).
Diffusion-weighted MRI did not reveal any acute ischemic

brain lesions in the 14 tested patients.

The 39 control subjects comprised 29 men and 10 women
aged 43.2£11.3 years (range, 25-60 years) and with a BMI of
23.7£3.3 kg/m’. There were no significant differences in sex,
age, and BMI between the control subjects and the patients
with radial neuropathy.

Electrophysiological assessment

The results of the NCSs of the control subjects and radial
neuropathy patients are summarized in Table 1. The refer-
ence data were obtained from 78 arms of the 39 control sub-
jects. The decrease in negative-peak amplitude and area of
the CMAP between the arm and Erb’s point was greater than
that between the forearm and arm in all control subjects.
However, the degree of this reduction did not exceed the
AAEM consensus criteria for conduction block in any of the
control subjects.

Analysis of the radial conduction studies of 39 patients
with acute compressive radial neuropathy revealed that the
interval from clinical onset to NCS was 5.7+4.5 days. Com-
pared with reference data, the radial SNAP amplitude, radial
SNCYV, radial terminal latency, radial CMAP amplitude, and
radial MNCV were abnormal in 1 (3%), 1 (3%), 3 (8%), 2
(5%), and 3 (10%) of 29 the tested patients, respectively. How-
ever, partial conduction block of the radial nerve was found
in 17 (44%) patients (Fig. 1). This partial conduction block
was found mainly in the arm—Erb’s point segment in 15 pa-
tients, the forearm—arm segment in 1 patient, and both seg-
ments in 1 patient. In addition, ten patients exhibited partial
conduction block on the test within 5 days from clinical on-

Table 1. Summary of radial nerve conduction studies (NCSs) in control subjects and patients with acute compressive radial neuropathy

Patients Control subjects Reference
(n=39) (n=78) a range*
Sensory NCS
SNAP (V) 35.5+10.2 388%109 0.109 17.0-60.6
SNCV (m/s) 48339 49033 0.303 42.4-556
Motor NCS
Terminal latency (ms) 19404 16103 <0.001 1.0-22
CMAP amplitude (mV) 53%13 60114 <0.001 32-88
CMAP area (mVs) 28.646.1 312465 <0.001 18.2-44.2
MNCV' (m/s) 53.5%8.7 53.8453 0.861 43.2-64.4
Decrease in the CMAP amplitude between forearm and arm (%) 8.1£12.0 54t+4.4 0.171 -3.4-14.2
Decrease in the CMAP area between forearm and arm (%) 10.0£12.0 7.7+42 0.256 -0.5-15.9
Decrease in the CMAP amplitude between arm and Erb's point (%) 39.0£26.2 42%8.6 <0.001 -13.0-21.4
Decrease in the CMAP area between arm and Erb's point (%) 39.9+279 3.71£9.1 <0.001 -14.5-21.9

Except where indicated otherwise, the data are presented as mean=SD values.

*Reference range of radial nerve conduction was defined as values within 2 SDs of the mean in control subjects, ‘"MNCVs were obtained in only 29

patients with radial neuropathy.

CMAP: compound muscle action potential, MNCV: motor nerve conduction velocity, SNAP: sensory nerve action potential, SNCV: sensory nerve con-

duction velocity.

180 J Clin Neurol 2015;11(2):178-182



set, and in 2 patients on the day of onset (Supplementary Fig. 1
in the online-only Data Supplement). The clinical presenta-
tion did not differ significantly between the conduction-block
group and the non-conduction-block group among the pa-
tients with acute compressive radial neuropathy (Supple-
mentary Table 1 in the online-only Data Supplement). EMG
revealed abnormal spontaneous activities in the radial-nerve-
innervated muscles in 18 of the 24 tested patients.

Prognosis

Clinical follow-up data obtained by telephone were available
for 33 of the 39 patients. All 33 patients achieved complete
clinical recovery without residual weakness, with a recovery
time of 46.81+34.3 days. The relationships between recovery
time and several adjusting factors were investigated, includ-
ing compression time, BMI, MRC sum score, and the reduc-
tions in the CMAP area and the CMAP amplitude in the
arm-Erb’s point segment. MRC sum score, and the reduc-
tions in the CMAP area and the CMAP amplitude were sig-
nificant on univariate analysis. The variance inflation factors
for the reductions in the CMAP area and the CMAP ampli-
tude were 14.148 and 13.970, respectively, indicating that
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there was definite multicollinearity. Therefore, subgroup
analysis was performed after adjusting for the reductions in
CMAP area and the CMAP amplitude; the reduction in the
CMAP area in the arm—Erb’s point segment was still an inde-
pendent predictor for recovery time (R*=0.285) (Table 2 and
Supplementary Table 2 in the online-only Data Supplement).

DISCUSSION

The present study has revealed the clinical and electrophysi-
ological features of acute compressive radial neuropathy, a
condition that is frequently caused by consuming alcohol
and leaning the arm over the back of a chair. The initial mus-
cle weakness is moderate, but the prognosis is excellent. The
clinical features described herein are compatible with previ-
ous studies.*>'*!" This study also demonstrates the practical-
ity and usefulness of proximal radial motor conduction in
the acute phase.

In the present study, stimulation at Erb’s point had early
diagnostic value within 14 days from clinical onset. It is well
known that routine radial NCS results, and especially SNAP,
are frequently preserved.'®"> However, about half of the 39
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Fig. 1. Radial nerve conduction study with stimulation at Erb's point. Representative responses of partial conduction block between the arm and
Erb's point in a patient with acute compressive radial neuropathy (A), and normal conduction findings in a control subject (B).

Table 2. Determinants of recovery time without the reduction of CMAP amplitude at the arm-Erb's point segment

Characteristic Univariate Multivariate
B (SE) p B (SE) p

Male (9%0) -0.001 (14.145) 0.995 0.064 (13.297) 0.708
Age (years) 0.046 (0.448) 0.798 -0.008 (0.447) 0.966
Compression time (hours) 0.080 (1.872) 0.657

BMI (kg/m?) 0.226 (2.414) 0.214

MRC sum score -0.386 (2.558) 0.027 -0.323 (2.560) 0.062
Reduction in CMAP area in arm-Erb's point segment (%) 0.420 (0.204) 0015 0.384 (0.218) 0.036

BMI: body mass index, CMAP: compound muscle action potential, MRC: Medical Research Council, SE: standard error.
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patients in the present study exhibited partial conduction
block on stimulation at Erb’s point, even in the test on the
day of compression. Stimulation at Erb’s point also produced
useful prognostic information for acute compressive radial
neuropathy. In the present study, the reduction in the CMAP
area between the arm and Erbs point was an independent
negative predictor for recovery time; this finding is contrary
to previous results. Partial conduction block is usually known
to be a good prognostic factor in compressive neuropathies
including radial neuropathy'"" because the presence of par-
tial conduction block provides evidence of segmental demy-
elination without axonal degeneration. NCSs were performed
in this study within 14 days after compression. Partial con-
duction block was identified in NCSs within 5 days from
clinical onset in two-thirds of the patients. In this acute
phase it is difficult to distinguish between true partial con-
duction block and the pseudo-conduction block due to axo-
nal conduction failure. Therefore, the significance of partial
conduction block should only be related to the severity of ra-
dial nerve injury.

Medical Research Council sum score and the reduction of
CMAP amplitude were also significant predictors for recov-
ery time on univariate linear regression. In fact, the initial
muscle weakness was previously reported to be an indicator
of prognosis." The reduction in CMAP amplitude was close-
ly associated with the reduction in the CMAP area. There-
fore, these two factors may be independent predictors for re-
covery time, but further study is required in large numbers
of patients to confirm this finding.

Several limitations of the present study need to be consid-
ered. The main limitation was the relatively small number of
patients. The application of very strict inclusion criteria, in-
cluding proximal radial nerve studies within 14 days from
compression, made it difficult to enroll a sufficient number
of patients. Furthermore, abnormal electrophysiological find-
ings were not confirmed in radial-nerve-innervated muscles
in all patients; many patients refused follow-up EMG studies
due to a good clinical course and the pain associated with the
tests. However, all patients in this study exhibited localized
weakness of radial-nerve-innervated muscles, and 14 patients
did not exhibit any brain abnormalities on diffusion-weight-
ed MRI. The retrospective design of this study and data col-
lection by telephone confers unavoidable bias. However, very
few of the patients with radial neuropathy revisited the hos-
pital after the diagnosis, probably due to the excellent prog-
nosis. Finally, two technical limitations of stimulation at Erbs
point have been reported previously:' 1) it activates not only
the extensor indicis proprius but also all of the forearm mus-
cles innervated by other nerves, and 2) it does not fully stim-
ulate the brachial plexus due to technical problems. However,
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proper Erb’s point responses were obtained from all 78 arms
of the control subjects in this study. Although the reduction
in the CMAP area/amplitude was more unstable in the arm-
Erb’s point segment than in the forearm—arm segment, the
reduction in the CMAP area/amplitude did not exceed the
AAEM consensus criteria of a partial conduction block.

In conclusion, the findings of the present study demon-
strate that radial NCSs, which included stimulation of Erb’s
point, are useful for the early detection of acute compressive
radial neuropathy. Furthermore, the reduction in the CMAP
area between the arm and Erb’s point is a useful independent
predictor of recovery time.

Supplementary Materials
The online-only Data Supplement is available with this arti-
cle at http://dx.doi.org/10.3988/jcn.2015.11.2.178.
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