
A 43-year-old male was referred by a veterinarian who evaluated his dog 
for a seizure and suspected a toxic lead exposure for both. He refur- 
bished houses, removing old paint, and complained of decreased cog- 
nition, fatigue, and muscle cramps. He had a depressed affect, postural 
tremor, right arm weakness with partial denervation on EMG, and bor- 
derline-low sensory nerve action potential (SNAP) amplitudes. A mild 
anemia and elevated serum and urine lead levels supported a diagnosis 
of lead neuropathy. Chelation therapy increased urine lead excretion 
without symptomatic improvement. His brother worked part-time with 
him and developed similar findings, but also had difficulty chewing, 
dysphagia, perioral twitching, gynecomastia, and multifocal denerva- 
tion of extremity and facial muscles. His lead levels were not elevated, 
but an androgen receptor mutation identified on the X chromosome for 
both brothers confirmed the diagnosis of X-linked bulbospinomuscular 
atrophy (Kennedy’s disease). 0 1994 John Wiley & Sons, Inc. 
Key words: Kennedy’s disease motor neuron disease lead neuropathy 

bulbospinomuscular atrophy 
MUSCLE & NERVE 17:419-423 1994 

X M N K E D  BULBOSPINOMUSCULAR 
ATROPHY (KENNEDY’S DISEASE) 
MASQUERADING AS 
LEAD NEUROPATHY 
JAMES W. ALBERS, MD, PhD, and MARK 6. BROMBERG, MD, PhD 

Development of an unusual neurologic disorder 
in the presence of a documented toxic exposure 
usually results in the diagnosis of a toxic-induced 
syndrome. We present a patient diagnosed with 
lead-induced neuropathy, despite several features 
atypical of lead intoxication. Because of the rarity 
of this disorder, the atypical features were mini- 
mized and attributed to the limited clinical experi- 
ence using current electrodiagnostic methods. Al- 
though neurologic symptoms and signs progressed 
despite chelation therapy, identification of a 
younger sibling with potential lead exposure ten- 
tatively supported the diagnosis of lead neuropa- 
thy for both. However, the additional findings in 
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the younger sibling of a normal lead level, perioral 
twitching, postural tremor, and gynecomastia sug- 
gested the diagnosis of X-linked bulbospinomus- 
cular atrophy (Kennedy’s disease),8 and the re- 
cently identified genetic marker for Kennedy’s 
disease” confirmed a mutation of the androgen 
receptor gene and the correct diagnosis in both 
brothers. 
CASE REPORTS 
Case 1. A 43-year-old male prepared external 
surfaces of old houses with multiple layers of paint, 
presumably leaded. He typically used a power 
sander with limited respiratory protection (char- 
coal filter respirator abandoned for a paper mask). 
At age 38, he experienced decreased cognition, 
easy fatigability, muscle cramps, and arm weak- 
ness, but came to medical attention 2 years later 
when his dog had a seizure, attributed by a veter- 
inarian to lead exposure. The patient’s physician 
found an elevated serum lead level and referred 
him to an occupational medicine specialist for che- 
lation therapy. Social and family histories were 
thought to be unremarkable. Examination re- 
vealed mild obesity. There was no gingival lead 
line. He appeared depressed and had mild diffi- 
culty with short-term memory and calculations. 
There was a fine postural tremor and mild weak- 
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ness (MRC grade 4 to 5-)  of the right triceps, 
biceps brachii, deltoid, wrist and finger extensors, 
and thenar muscles. The right biceps and brachio- 
radialis reflexes were diminished. Sensation was 
normal. Lead levels were elevated in the serum 
(0.71 pg/mL; normal <0.3) and urine (90 pg/L; 
normal <SO), and he had a mild anemia (hemo- 
globin of 13.0 g/dL) and a borderline-elevated uri- 
nary delta-aminolevulinic acid (6.4 mg/TV; normal 
<5.0). Nerve conduction studies (Table 1) demon- 
strated borderline-low amplitude sensory nerve ac- 
tion potentials (SNAPS) and prolonged median dis- 
tal latencies. EMG (Table 2) demonstrated partial 
denervation in muscles of C-5-7 innervation, spar- 
ing paraspinal muscles. 

Chelation challenge with calcium-edetic acid 
(Ca-EDTA; 1 g in 250 mL of 5% dextrose solution) 
produced a greater than tenfold elevation in lead 
excretion (1058 &L), suggesting an increased 
body burden. Because of suspected lead neuropa- 
thy, he avoided additional exposure and his phy- 
sician continued chelation therapy for several 
months. However, he reported progressive weak- 
ness and mild distal sensory loss. A serum lead 
level 2 years later was 0.21 pg/mL. 

Case 2. The 38-year-old brother of case 1 who 
worked part-time with his brother was referred for 
evaluation of possible motor neuron disease. At 
age 32, he noted a hand tremor, followed by weak- 
ness of his arms and right leg, decreased sensation 
in his legs, and neck pain attributed to a herniated 
cervical disk for which he underwent a cervical 
laminectomy. His pain resolved but he developed 
exercise-induced muscle cramping, muscle twitch- 
ing, rapid fatigability, and difficulty chewing and 
swallowing, suggestive of motor neuron disease. At 

an earlier age gynecomastia was noted, but go- 
nadal function and karyotype were normal. 

Examination at age 38 demonstrated asymmet- 
ric gynecomastia (Fig. 1). Testicles were of normal 
size. Mental status was normal. There were vermic- 
ular facial and tongue movements, a postural 
tremor, and mild weakness (MRC scale; R/L) of 
wrist extensor (4 +/5), finger extensor (5 -/5 -), 
finger abductor (4 + /4 + ), and gluteus maximiis 
(4 + / 3 )  muscles. Reflexes (WL) were asymmetric in 
the arms (1 + /2 + ) and increased at the knees (3 + / 
3 +). No pathologic reflexes were demonstrated. 
Sensation was normal. The serum creatine kinase 
(CK) was 358 IU/L (normal <240), and the CSF 
protein was 82 mg/dL (normal <45). Serum and 
24-h urine lead levels were not elevated. SNAP am- 
plitudes were borderline-low (Table 3), and EMG 
(Table 4) demonstrated multifocal denervation 
and reinnervation in the three extremities tested, 
and in thoracic paraspinal and facial muscles. 
These electrodiagnostic features combined with 
the constellation of bulbar complaints, gynecomas- 
tia, and postural tremor suggested the diagnosis of 
Kennedy's disease. 

Additional Evaluation. Serum samples were sent 
to the Molecular Diagnostic Laboratory at the Uni- 
versity of Pennsylvania. Polymerase chain reaction 
(PCR) amplification of DNA segments on the X 
chromosome revealed an increased size of the 
CAG repeats on the antigen receptor gene for both 
patients, characteristic of Kennedy's disease. 

DISCUSSION 
X-linked bulbospinomuscular atrophy' is charac- 
terized by slowly progressive degeneration of bul- 
bar and spinal motor neurons combined with en- 

Table 1. Nerve conduction studies: Patient 1. 

Amplitude (pV or rnV) Conduction velocity (mls) Latency (ms) 

Nerve RIL Normal RIL Normal RIL Normal 

Sensory 
Median 414 >15 55.91 > 53 4.314.6 <3.7 
Ulnar 2/1.5 >I0 3.713.4 4 . 5  
Radial 51 >10 2.51 <2.7 
Sural 5.81 >6 4.11 <4.2 

- 

Motor 
Median 3.9135 >4 56.8155.5 >49 4.915.5 <4.4 

Ulnar 10.91 >6 59.01 >49 2.81 <3.5 
Ulnar F wave 28.91 <31 
Radial 6.417.6 >3 3.713.5 4 . 5  

Median F wave 29.4130.6 <31 
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Table 2. Needle electrornyography: Patient I .  

Voluntary activity 

Motor unit action potentials 
Spontaneous activity 

Fibrillation Fasciculation 
Muscle potentials potentials Recrt. Ampl. Dur. % poly 

R Biceps brachii 
R Triceps 
R Deltoid 
R Ext digitorurn cornrnunis 
R FDI (hand) 
R Abd. pollicus brevis 
R Cervical paraspinal 
L Biceps brachii 
L FDI (hand) 
R Anterior tibialis 
R FDI (pedis) 

2+ 
0 
2+ 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
1 +  
0 
0 
0 
0 
0 
0 
0 
0 

.12+ 
1 1 +  
.12+ 
J 1 +  

N 
N 
N 
N 
N 
N 
N 

t 2+ 
t l +  
t 2+ 
t l +  

N 
N 
N 
N 
N 
N 
N 

f 2 +  
T I +  
t 2 +  
$I+ 

N 
N 
N 
N 
N 
N 
N 

t 2+ 
T I +  
f 2 +  
t 1 +  
N 
N 
N 
N 
N 
N 
N 

docrine system abnormalities. Neuromuscular 
findings include lingual and facial twitching (con- 
traction-like fasciculations or grouped discharges), 
muscle weakness and cramps, postural tremor, re- 
duced reflexes, and  elevated serum CK lev- 
els. ' ,', ' 2, ''* '' Electrodiagnostic abnormalities in- 
clude low SNAP amplitudes and EMG evidence of 
widespread denervation and reinnervation.6"2 
Signs of androgen insensitivity include gynecomas- 
tia, impotence, testicular atrophy, oligospermia 
and azoospermia, and elevated serum gonadotro- 
pin levels.'' An androgen receptor mutation on 
the X chromosome is distinguished by an increased 
size of a polymorphic tandem CAG repeats within 
the first exon of the gene, with conflicting evidence 
for a correlation between the degree of genetic ab- 
normality (number of tandem CAG repeats) and 
the clinical expression. 1,7,10 The younger brother 
had characteristic features of Kennedy's disease. 
The older brother had no abnormal facial move- 
ments, bulbar symptoms or signs, or gy'necomastia. 

FIGURE 1. Photograph of the younger brother (case 2) dem- 
onstrating asymmetric gynecomastia. 

Nevertheless, phenotypic expression between and 
within families is variable.' Both brothers had 
asymmetric weakness with chronic denervation 
and reinnervation consistent with adult-onset mo- 
tor neuron disease, although both had nerve con- 
duction evidence of a sensory neuropathy. 

The role of lead exposure in these patients is 
unclear. The systemic effects of lead intoxication 
are widespread, involving hemopoietic, endocrine, 
hepatic, reproductive, and nervous systems. The 
clinical suspicion of lead toxicity was based upon a 
plausible exposure history and limited evidence of 
occupational protection, and the older brother had 
intermittent abdominal pain and constipation, ane- 
mia, and neuropathy, all consistent with lead tox- 
icity.20 His lead levels were elevated, and provoca- 
tive chelation produced abnormal 24-h urinary 
lead excretion exceeding 1 mg.13 The younger 
brother did not have similar laboratory abnormal- 
ities, but his exposure was minimal compared to 
his brother. 

Lead neuropathy reportedly involves the upper 
before the lower e~tremit ies , '~  but neither brother 
had the classic pattern of wrist drop resembling 
radial nerve palsy. Although the peripheral mani- 
festations of lead toxicity are exceedingly rare, de- 
scriptions exist of asymmetric proximal arm or in- 
trinsic hand muscle involvement resembling a 
progressive muscular atrophy.' ',15 It is unclear 
whether the abnormal SNAPs should have ex- 
cluded the diagnosis of lead neuropathy, because 
few reports exist using modern electrodiagnostic 
techniques. The patient presented by Oh" had ab- 
sent SNAPs at various times, but also reported 
heavy illicit alcohol use. An art conservator who 
restored an antique tapestry using a leaded-pig- 
ment recovered with the tapestry from the same 
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Table 3. Nerve conduction studies: patient 2. 

Amplitude (pV or mV) Conduction velocity (rnk) Latency (ms) 

Nerve R Normal R Normal R Normal 

Sensory 
Median 12 >I5 56.0 >53 3.3 <3.7 
Ulnar 7 >I0  3.3 <3.5 
Radial 12 >lO 2.2 <2.7 
Sural 7 2 6  3.8 <4.2 

Motor 
Median 6.0 >4 62.6 >49 4.2 <4.4 
Median F wave 
Ulnar 6.6 >6 60.8 >49 2.8 <3.5 
Ulnar F wave 29.8 <31 
Peroneal 5.8 >2 45.0 >41 4.9 <6.1 
Peroneal F wave 49.8 <55 

tomb developed lead poisoning with sensory and 
motor conduction abnormalities consistent with a 
diffuse p~lyneuropathy.~ Lead-exposed automo- 
tive workers had similar conduction abnormali- 
ties,16 but no abnormalities were found in a cross- 
sectional evaluation of lead-exposed workers at a 
storage battery manufacturing plant.” 

A relationship between occult plumbism and 
motor neuron disease has been questioned.3 Iso- 
lated case reports relate chronic occupational lead 
exposure to combined anterior horn cell and py- 
ramidal tract degeneration indistinguishable from 
ALS, with partial recovery after chelation ther- 
apy.’’ Kerlander and Pattong found elevated an- 
terior horn cell lead levels in ALS patients com- 
pared to controls, and epidemiologic evaluations 
implicated antecedent lead exposure as a potential 
risk factor for ALS, although lead exposure could 
have been responsible for ALS in only a minority 
of the patients.’ The differential diagnosis of mo- 
tor neuron disease commonly includes lead toxic- 
ity, but a pathophysiologic connection is unsub- 

stantiated, and trials of chelation therapy in 
patients with motor neuron disease have been in- 
effe~t ive.~ 

Although the diagnosis of lead neuropathy 
seemed secure in the older brother, it was based 
upon the temporal association of lead exposure 
and nonspecific neurologic symptoms and signs. 
The elevated body burden of lead confirmed ex- 
posure without establishing toxicity, and the role 
of provocative chelation in establishing an abnor- 
mal body burden remains controversial, particu- 
larly in the presence of known occupational expo- 
sure. Recognition of the cardinal features of 
gynecomastia, tremor, and abnormal facial move- 
ments in the younger brother, combined with bor- 
derline-low sensory responses in both patients, 
raised the suspicion of Kennedy’s disease, and 
identification of the genetic marker established the 
diagnosis. The absence of facial or bulbar findings 
in the older brother likely represents phenotypic 
variability, and while asymmetric weakness is un- 
characteristic of previous reports, asymmetry at 

Table 4. Needle electromyography: patient 2. 

Voluntary activity 

Motor unit action potentials 
Spontaneous activity - 

Muscle potentials potentials Recrt. Ampl. Dur. Yo poly 

R FDI (hand) I +  0 J 1 +  ? 2 +  t 2 +  ? 2+ 
R Thoracic paraspinal I +  0 
L Vastus medialis 0 0 J 2 +  ? 2 +  t i +  t l +  
L Anterior tibialis 1 +  1 +  J 1 +  t 2 +  t 1 +  t l +  

L Orbicularis oris 2 +  0 1 1 +  t 2 +  r 1 +  t i +  
L Tongue 0 0 N N N N 

- 
Fibrillation Fasciculation 

R Biceps brachii 2 +  0 J 2+ t 2 +  t 2+ t 2 +  

L Medial gastrocnemius 2 +  0 .12+ t 2+ t i +  t i +  
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some stage is typical of most forms of motor neu- 
ron disease. 
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