Arsenic-induced polyneuropathy is traditionally classified as an axonal-loss
type, electrodiagnostically resulting in low amplitude or absent sensory and
motor responses, relatively preserved proximal and distal motor conduction
rates, and distal denervation. We report four patients with a subacute onset
progressive polyradiculoneuropathy following high-dose arsenic poisoning.
in three patients, early electrodiagnostic testing demonstrated findings
suggestive of an acquired segmental demyelinating polyradiculoneuropathy.
Serial testing confirmed evolution into features of a distal dying-back neu-
ropathy. We hypothesize that arsenic toxicity and the resultant biochemical
derangement of the peripheral nerve cell leads to subtle changes in axonal
function that produce, initially, segmental demyelination and eventually distal
axonal degeneration. Acute arsenic toxicity must be suspected in patients
with clinical and electrodiagnostic features supporting Guillain-Barré
syndrome.
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Peripheral neuropathy is a common and greatly
feared complication of arsenic toxicity. The earliest
clinical features of acute, high-dose arsenic poison-
ing reflect multiorgan involvement, which is man-
ifested often as an acute gastroenteritis variably
associated with encephalopathy, pancytopenia,
hepatitis, cardiomyopathy, and dermatitis.!#16-17-33
In many patients, a subacute polyneuropathy
begins 7-14 days following arsenic exposure,
eventually leading to a severe chronic painful sen-
sorimotor polyneuropathy.?*!2:161733 ] ong.term
low-level arsenic exposure may result in a chronic
neuropathy without history of a preceding gas-
trointestinal disturbance.*!%%7
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Most reports of the electrodiagnostic findings
in arsenic polyneuropathy describe profound sen-
sorimotor axonal-loss involvement. We report four
cases of subacute polyradiculoneuropathy follow-
ing single or multiple high-dose arsenic intoxi-
cation. Early electrodiagnostic testing revealed
features indistinguishable from a segmental de-
myelinating polyradiculoneuropathy, typical of those
commonly recorded in acute inflammatory demye-
linating polyradiculoneuropathy (Guillain-Barré
syndrome). Serial electrodiagnostic testing in these
patients documented evolution into features com-
monly reported in chronic arsenic neuropathy, i.e.,
a sensorimotor distal axonal-loss neuropathy.

CASE REPORTS

Case 1. A 61-year-old man, his wite, and daughter
developed nausea, vomiting, and diarrhea follow-
ing ingestion of their usual Sunday meal. The
daughter’s symptoms resolved after 24 hours. Six
days later, because of persistence of symptoms, the
patient and his wife sought medical consultation;
they were hospitalized for a preliminary diagnosis
of viral hepatitis. She subsequently expired follow-
ing the sudden onset of an intractable ventricular
arrhythmia. On developing paresthesia in his hands
and feet, the patient was transferred to the Cleve-
land Clinic for further evaluation.
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Initial physical examination revealed normal vi-
tal signs and decreased breath sounds at both bases.
Strength was mildly decreased in the distal lower
extremities. Muscle stretch reflexes were normal in
the upper extremities, reduced at the knees, and
absent at the ankles. Sensory examination dem-
onstrated severe vibratory and position loss in a
stocking-glove distribution.

Initial laboratory studies revealed marked ane-
mia (Hb 10.6 g), leukopenia (WBC 2900), elevated
liver function studies (SGOT 608), and azotemia.
Chest x-ray confirmed bilateral pleural effusions.
Electrodiagnostic testing revealed findings sugges-
tive of a developing acquired segmental demyeli-
nating polyradiculoneuropathy, most consistent
clinically with Guillain-Barré syndrome.

Within days of hospitalization, all reflexes dis-
appeared and sensory signs progressed to the mid-
forearm and midthigh regions. Weakness pro-
gressed in an ascending fashion to involve proximal
muscles. Approximately 1 week following admis-
sion, skin desquamation developed over his soles
and palms. Initial spinal fluid analysis was unre-
markable, but a repeat tap disclosed acellular fluid
and a protein of 193 mg/dl. A sural nerve biopsy
obtained in the seventh week of hospitalization
demonstrated severe axonal and myelin degener-
ation. The patient’s clinical status stabilized 6 weeks
following onset of gastrointestinal symptoms. Ex-
haustive toxicologic screening uncovered a pubic
hair arsenic level of 2895 ug/g of hair (normal <65).
Arsenic was also discovered in liver and kidney of
the patient’s wite on autopsy.

Case 2. A 63-year-old man was transferred to the
University of Michigan Hospital with a 2-week his-
tory of headache, confusion, nausea, anorexia,
weakness, and distal extremity dysesthesia. Pre-
vious hospitalization at an outside hospital had dis-
closed elevated liver function studies, renal insuf-
ficiency, pancytopenia, pulmonary infiltrates, and
a skin rash.

On general physical examination, the patient
was afebrile and in mild respiratory distress. An
erythematous maculopapular rash was present on
his trunk and proximal legs, and mild pitting edema
was noted at the ankles. Diffuse inspiratory and
expiratory wheezes, scattered rhonchi, and dull-
ness to percussion at both bases were present.

The patient was alert, but irritable, inattentive,
and uncooperative. Motor examination revealed
mild atrophy of intrinsic hand muscles and mild
weakness distally in all extremities. Muscle stretch
reflexes were abscent at the ankles and decreased

Arsenic Polyradiculoneuropathy

elsewhere. Sensory examination revcaled a gra-
dient loss to all modalities in a stocking-glove dis-
tribution.

Initial laboratory studies included WBC 1300,
hematocrit 27, platelet count 129,000, blood urea
nitrogen {BUN) 18, creatinine 1.6, total bilirubin
0.8, SGOT 120, and SGPT 271. On chest x-ray,
vascular changes consistent with congestive heart
failure were noted. Electroencephalogram (EEG)
was diffuscly abnormal, suggesting a metabolic or
toxic disturbance. Cerebral spinal fluid (CSF) anal-
ysis was normal. Electrodiagnostic findings were
those of an acute motor and sensory demyelinating
polyradiculoneuropathy.

Several days atter admission, his mental status
and rash improved; however, sensory and motor
loss slowly progressed, resulting in a flaccid quad-
riplegia with areflexia. Repeat electrophysiologic
studies indicated worsening of proximal conduc-
tion block and conduction velocity slowing and se-
vere axonal involvement. Progressive hypoxic ven-
tilatory failure ensued secondary to superimposed
pnecumonia, congestive heart failure, and bilateral
phrenic nerve dysfunction. Subacute progression
of the quadriplegia, with respiratory failure, strongly
suggested the diagnosis of Guillain-Barré syn-
drome. Arsenic poisoning was confirmed by the
following abnormal laboratory tests: urine arsenic
35,000 ppb (>50 is toxic), fingernail arsenic level
8.6 ug/g (normal 0.030-0.36), and pubic hair ar-
senic level of 160 ppm (normal 0.05-0.5).

Treatment with British anti-Lewisite (BAL) re-
sulted in a brisk arsenic diuresis, but no clinical
amelioration. The patient remained quadriplegic
for months.

Case 3. A 62-year-old man was briefly hospitalized
for 3 days because of shortness of breath, nausea,
vomiting, diarrhea, malaise, myalgia, and arthral-
gia. These symptoms abated after 3 weeks, but were
followed by the onset of paresthesia and dysesthesia
in his fingers and toes. Two weeks after the onset
of sensory complaints, the patient was rehospital-
ized for impaired dexterity in his hands and feet,
progressive weakness in climbing stairs, and diffi-
culty in appreciating the position of his extremities.

On systems review, the patient complained of
a recent change in his coffee flavor and stated that
he was afraid his daughter may have poisoned him.

Physical examination revealed distal greater than
proximal weakness in all limbs, areflexia, and a
stocking-glove gradient loss to pin, vibration, and
position sense,

Extensive laboratory invesugation failed to
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identify an etiology for the subacute polyneurop-
athy. Lumbar puncture was unremarkable, except
for a mild elevation of protein (51 mg/dl, normal
<45). A 24-hour urine heavy metal screen disclosed
an arsenic level of 76 pg/liter (normal <50). Pubic
hair arsenic level was 4.2 pg/g of hair (normal
0.05-1.9). Electrodiagnostic studies revealed ab-
normalities consistent with a severe sensory and
motor axonal and demyelinating polyradiculoneu-
ropathy.

Prior to discovery of the toxicology results, acute
idiopathic demyelinating polyradiculoncuropathy
(Guillain-Barré syndrome) was considered to be the
most likely diagnosis. The patient underwent in-
tensive physical therapy and occupational rehabil-
itation during hospitalization, and at the time of
discharge, was able to ambulate using a walker.

Case 4. A 3 1-year-old man abruptly developed nau-
sea, vomiting, and diarrhea lasting 1 week. Ninc
days following the onset of gastrointestinal symp-
toms, he began to appreciatec numbness and tin-
gling of both feet. Within days, these sensory com-
plaints progressed, accompanied by hand weakness
and gait unsteadiness.

On transfer to the University of Michigan Med-
ical Center, 3 weeks after discase onset, his general
physical examination disclosed sinus tachycardia and
a loud systolic murmur. Neurologic examination
was noteworthy for distal greater than proximal
quadriparesis, lower extremity hyporeflexia, and
marked vibratory and position sense loss at the fin-
gers, ankles, and toes.

Initial laboratory tests disclosed a prominent
pancytopenia and abnormal liver (SGPT 86, nor-
mal <35) and pancreatic (amylase 452, normal
23—-100) function tests. A bone marrow aspirate
was markedly hypocellular, with megaloblastic
changes and basophilic stippling. Westergren sed-
imentation rate was 70 mm/hr (normal <10) and
antinuclear antibody (ANA) was positive in a spec-
kled pattern at 1:80. CSF analysis disclosed clear
acellular Aluid and a protein of 270 mg/dl (normal
<45). Cardiomegaly and bilateral pleural effu-
sions were noted on chest x-ray. Early electro-
diagnostic testing results were consistent with
an acquired sensory and motor demyelinating
polyradiculoneuropathy.

Initial treatment consisted of six plasma ex-
changes for the presumptive diagnosis of Guillain-
Barré syndrome. Nevertheless, the patient contin-
ued to deteriorate, eventually attaining a state of
quadriplegia and respiratory dependency 6 weeks
after disease onset. A toxic cause for his condition
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was confirmed on receiving results of an initial 24-
hour urine heavy metal screen, which reported an
arsenic level of 1500 pg/ml (toxic is >50). In the
course of time, a brown desquamated palm and
sole rash and finger and toe nail Mee’s lines evolved.
Penicillamine treatment was initiated, but was dis-
continued after 2 weeks because of a drug-induced
fever.

MATERIALS AND METHODS

Motor and sensory conduction studies were per-
formed using standard techniques of supramaxi-
mal percutaneous stimulation and surface clec-
trode recording. Motor and sensory nerve evoked
response amplitudes were measured from baseline
to negative peak. Conduction velocity was mea-
sured in the forearm and leg segment in all cases
and across the shoulder and upper arm in case 1.
Temporal dispersion and/or conduction block along
motor nerves was expressed as the ratio of the
proximal to the distal compound muscle action po-
tential (CMAP) amplitude. F-response latencies were
recorded as the minimal latency in a series of 10
F-responses using distal (wrist or ankle) antidromic
motor nerve stimulation. For all conduction stud-
ies, skin temperature was measured and main-
lained above 32°C using warm compresses.

Criteria for demyelination have been published
previously and are similar to those reported by
Kelly.*'" This required identification of at least one
of the following in two or more nerves (exceptions
noted): (1) conduction velocity (CV) less than 95%
of lower limit of normal (LLN) if amplitude ex-
ceeded 50% of LLN, less than 85% if amplitude
less than 50% of LI.N; excluded were isolated ulnar
or peroneal nerve abnormalities at the elbow or
knee, respectively; (2) distal latency exceeding 110%
of upper limit of normal (ULN) if amplitude nor-
mal, exceeding 120% of ULN if amplitude less than
I.LN; excluded were isolated median nerve abnor-
malities at the wrist; (3) evidence of excessive motor
temporal dispersion and/or conduction block, de-
fined as a proximal to distal CMAP amplitude ratio
less than 70%; excluded were isolated ulnar or per-
oneal lesions as above, as well as any studies with
evidence of anomalous innervation (e.g., median
to ulnar nerve crossover); and (4) F-response la-
tency exceeding 120% of ULN with combined ex-
clusions from above.

Electromyography was performed using stan-
dard concentric needle electrodes. Insertional ac-
tivity, spontaneous activity at rest, and motor unit
recruitment and morphology were analyzed and
scored subjectively.
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ELECTRODIAGNOSTIC FEATURES

Table 1 displays serial nerve conduction study (NCS)
and electromyography results of each patient, us-
ing the number of days following onset of sensory
complaints as a point of reference. A deflinite trend
is apparent on separating NCS results into early,
intermediate, and late findings. In patients 1, 2,
and 4, carly testing (days 5, 9, and 11, respectively)
identified absent or reduced sensory nerve action
potentials, partial conduction block along motor
nerves, as reflected in an abnormal proximal/distal
CMAP amplitude ratio, and slowed proximal mo-
tor nerve conduction (prolonged F-response la-
tency). Repeat evaluation approximately 1 week after
initial testing (intermediate phase) disclosed in pa-
tients 1, 2, and 4 absent sensory responses and more
prolound motor conduction dysfunction (Fig. 1).
In each case, when compared to the previous study,
there was deterioration in the CMAP amplitudes,
a greater degree of conduction slowing or block
both distally (proximal/distal CMAP amplitude ra-
tio) and proximally (slowed or absent F-response
latency), as well as slowing in conventional con-
duction velocity. One month following the devel-
opment of polyneuropathy, electrodiagnostic re-
sults identified further worsening in the proximal
and distal conduction. Needle exam early in arsenic
polyneuropathy revealed normal or slightly in-
creased insertional activity at rest and reduced re-
cruitment of voluntary motor unit potentials (MUP).
Uncquivocal evidence of denervation (fibrillation
potentials) was recorded in patients | and 2 at 2
weeks and in patient 4 at 3 weeks following the
onset of neuropathic symptoms. Late results in all
four patients confirmed severe distal and proximal
denervation, paraspinal muscle denervation, and

Stimulus

I'.'.'.' !’!‘!'!‘!';i:.'.'ftllll! f/f
f:i/” 1III!I’3’1’!1//‘/’:;:;////};]’//[

FIGURE 1. Surface recording of the CMAP ampiitude from the
abductor digiti minimi muscle in case 1 with stimulation of the
right ulnar nerve at the wrist (A), below elbow (B), above elbow
(C), axilta (D), and Erb's point (E). Recording was performed
12 days subsequent to the onset of sensory complaints. Note
partial conduction block with stimulation at the eloow (B) and Erb’s

point (E).
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profound reduction in MUP recruitment in a sim-
ilar distribution.

DISCUSSION

Many sources for arsenic poisoning have been re-
ported, including accidental (pesticide exposure,
Paris green),'#!'%!151%33 jairogenic and medicinal
(Donovan’s solution, arsphenamine, Fowler’s so-
lution),?#*** illicit alcohol manufacturing and con-
sumption,'®!7?3 arsenic gas leakage,* well water
contamination,” and cutaneous absorption.'"'> Most
contemporary reviews attest to homicide or suicide
attempts or accidental ingestion as the most com-
mon causes of arsenic poisoning in our soci-
ety-l.lli.l7,‘_)7,33

High-dose ingestion of arsenic results in severe
gastrointestinal symptoms of burning, pain, vom-
iting, and diarrhea within hours of expo-
sure.'?!%!'7%% These symptoms often last several
days. These complaints are invariably followed by
a constcllation of features reflecting multiple organ
involvement, a testimony to arsenic’s role as a sys-
temic protoplasmic poison. These may include en-
Cephalopathy,lﬁﬁz.‘a}’» panCy[Openia,")2']3']5'2“'3‘)'32
eosinophilia,** hemaglobinuria,* hepatic involve-
ment,'**? jaundice,? renal tubular necrosis,' burn-
ing and dryness of mucus membranes,'*'%!7 pe-
ripheral edema,*'*!'7?  respiratory failure,'
cardiomyopathy,?'* electrocardiographic abnor-
malities," pancreatitis,’”” dermatitis,'~1216.17.33 ynd
reduced or exaggerated sweating.*'*!'” On elimi-
nation of the arsenic source, these features of tox-
icity abate. If untreated, a subacute polyneuropa-
thy begins 7-14 days following arsenic exposure,
which may progress in an ascending fashion to in-
volve proximal arms and legs. Symmetrical distal
weakness, myalgia, cramping, and hypoactive or
absent muscle stretch reflexes soon follow. The se-
verity of clinical involvement spans the spectrum
from mild paresthesia with preserved ambulation
to quadriplegia and respiratory failure.'* This sub-
acute form of arsenic poisoning may evolve into a
severe chronic sensorimotor polyneuropathy with
distinctive associated clinical characteristics, such as
hyperpathia, Mee’s lines, palm and sole hyperker-
atosis, and a pigmented dermatitis.

The electrophysiologic findings in chronic ar-
senic polyneuropathy have been described in most
large series and texts as those of an axonal-loss
sensorimotor polyneuropathy, ie., low ampli-
tude/unelicitable sensory and motor conduction re-
sponses, often with preserved motor conduction
velocities.™'#3% Some authors have reported slow-
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ing in sensory and motor conduction velocity, but
specific values and/or the degree of reduction were
not provided.'”?**2 Chhuttani® and Goldstein'? have
independently described electrodiagnostic data in
patients with subacute or chronic arsenic polyneu-
ropathy. In both groups, some motor slowing was
present, yet CMAP amplitudes, the presence or ab-
sence of dispersion with proximal stimulation, and
motor nerve distal or F-response latencies were un-
reported.®!2

A few reports have described the electrodi-
agnostic results recorded in patients who devel-
oped peripheral polyneuropathy within several
weeks of high-dose arsenic exposure. LeQuesne and
McLeod?! described four such patients. In two of
them, sensory responses were absent, yet conven-
tional motor conduction velocities were slow, motor
distal latencies were markedly prolonged, and a
50% or greater loss in CMAP amplitude was ap-
parent on proximal versus distal nerve stimulation
in at least one nerve. Murphy et al.?* published data
on two patients whose clinical presentation and
electrophysiologic results were similar to our four
cases. Both patients developed a subacute polyneu-
ropathy and electrodiagnostic features of absent
sensory responses and moderately reduced motor
CVs 2 and 4 weeks, respectively, after arsenic ex-
posure. Maximum slowing was noted 3 months after
exposure. A similar case was described by Feit et
al.,* who documented moderate slowing of motor
CVs 8 weeks following disease onset. In this as well
as other instances, an initial diagnosis of Guillain-
Barré syndrome was made prior to obtaining final
results of toxicology screening.

Serial electrophysiologic data in our four pa-
tients suggest that arsenic poisoning of the periph-
eral nervous system may begin as a segmental de-
myelinating polyradiculoneuropathy. Supporting
this theory are early electrodiagnostic features of
(1) partial conduction block, as evidenced by re-
duced CMAP on proximal versus distal stimulation,
(2) sufficient slowing in conventional motor CV to
invoke a demyelinating process, and (3) proximal
CV slowing or conduction block as determined by
prolonged or absent F-responses. Only on subse-
quent NCS recorded later in the illness were results
obtained similar to those reported by other authors
as reflecting primarily axonal involvement,>®'%%3
Conversely, NCS in chronic ingestion of arsenic do
not show a segmental demyelinating component,
presumably because, at any one point in time, not
enough fibers are demyelinated to produce either
detectable conduction block, focal slowing, or dif-
ferential slowing. This early reduction and disap-

Arsenic Polyradiculoneuropathy

pearance of sensory nerve action potentials prior
to motor nerve involvement is atypical for an early,
nondemyelinating, axonal-loss polyneuropathy.
Wilbourn®' has demonstrated that the motor am-
plitude falls and disappears several days before the
sensory response in early Wallerian degeneration.
The early disappearance of sensory before motor
responses in arsenic polyneuropathy is difficult to
explain using an axon-loss model and is presum-
ably secondary to distal conduction block or dif-
ferential slowing in sensory fibers.

Most detailed descriptions of peripheral nerve
pathology in chronic arsenic polyneuropathy cite
axonal degeneration of large more than small fibers
as the major feature.®® Increased cellularity and
fibrous tissue, thickened perineurium, and a re-
duced number of myelinated fibers have been ob-
served by many authors on examination of sural
or lower extremity digital nerve biopsies.?3216:21
Longo et al.?” reported extensive degeneration of
distal ramifications of peripheral nerve fibers that
were typical of changes seen in Wallerian degen-
eration. Ohta*®, based on results of routine light
microscopy and teased single-fiber preparations,
stated that the main pathologic features were those
of Wallerian degeneration. Nevertheless, other au-
thors have found pathologic support for a demye-
linating process. Teased fiber preparations of three
patients described by Chhuttani, citing Chopra’s
results, showed evidence of segmental demyelina-
tion and remyelination of mild, moderate, and
severe degree.® Goldstein et al.,'? found a small
percentage of teased fibers with segmental
demyelination in case 9.

Modern autopsy data of central and peripheral
nervous system abnormalities in early or subacute
arsenic poisoning is lacking, as patients rarely ex-
pire from the early complications of arsenic tox-
icity. In 1892, Erlicki and Rybalkin® reported de-
tailed clinical observations in two patients with
subacute arsenic polyneuropathy. An autopsy in
one severely affected patient revealed a reduction
in the number of anterior horn cells and nuclear
and cytoplasmic abnormalities in the remaining an-
terior horn cells. Pathologic studies in animals re-
ceiving intravenous injections of arsenic have also
demonstrated cytoplasmic changes and severe de-
struction in anterior horn cells within 2 weeks of
exposure. "2

These autopsy and animal toxicity studies sug-
gest that arsenic may be primarily toxic to the nerve
cell body, leading eventually to axonal dysfunction
that produces, initially, segmental demyelination
(most apparent proximally) before axonal degen-
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eration ensues. Possibly other toxic, axon-loss
polyneuropathies begin with segmental demyeli-
nation. In one model of toxic polyneuropathy, Dyck
etal.” identified unequivocal evidence of segmental
demyelination in teased-fiber preparations from
patients with uremia. They postulated that uremic
neuropathy evolves through several phases of mye-
lin change, resulting in secondary segmental de-
myelination before degeneration of the axon is fully
manifested. It was their conclusion that segmental
demyelination may be present pathologically in
neuropathies heretofore considered to be purely
axonal. Likewise, Thomas stated that a combina-

tion of axonal degeneration and segmental de-
myelination is found on careful examination of most
neuropathies.?®

In summary, four cases of arsenic-induced
subacute polyradiculoneuropathy with early elec-
trodiagnostic studies indistinguishable from an ac-
quired segmental demyelinating polyradiculoneu-
ropathy are reported. All were initially diagnosed as
Guillain-Barré syndrome. This potential clinical pit-
fall cautions us to consider arsenic toxicity in any
patient with clinical and electrodiagnostic features
of Guillain-Barré syndrome heralded by gastro-
intestinal symptoms.

REFERENCES

1. Asbury AK: Arsenic poisoning. Cal Med 118:13—17, 1973.

2. Chhuttani PN, Chawla S, Sharma TD: Arsenical neurop-
athy. Neurology (Minneap) 17:269-274, 1967.

3. Chhuttani PN, Chopra JS: Arsenic poisoning, in Vinken
P]. Bruyn GW (eds): Handbook of Clinical Neurology, Vol. 36,
Intoxications of the Nervous System, Part 1, chapter 7. Am-
sterdam, Elsevier/North Holland Biomedical Press, 1979,
pp 199-216.

4, Donofrio PD, Tandan R, Albers JW: Plasma exchange in
chronic inflammatory demyelinating polyradiculoneurop-
athy. Muscle Nerve 8:321-327, 1985,

. Dyck PJ, Johnson W], Lambert EH, O’Brian PC: Segmental
dempyelination secondary to axonal degeneration in uremic
neuropathy. Mayo Clin Proc 46:400-431, 1971.

6. Erlicki A, Rybalkin: Ueber arseniklahmung. Arch Psychiatr
Nervenhr 23:861, 1892.

7. Feinglass EJ: Arsenic intoxication from well water in the
United States. N Engl ] Med 288:828-830, 1973,

8. Feit H, Tindal RSA, Glasberg M: Sources of error in the
diagnosis of Guillain-Barre syndrome. Muscle Nerve
5:111-117, 1982.

9. Fcldman RG, Niles CA, Kelly-Hayes M, Sax DS, Dixon W],
Thompson D], Landau E: Peripheral neuropathy in arscnic
smelter workers. Neurology (Minneap) 29:939-944, 1979.

10. Garb LG, Hine CH: Arsenical neuropathy: residual effects
following acute industrial exposure. | Occup Med 19:567-568,
1977.

11. Glazener FS, Eblis JG, Johnson PK: Electrocardiographic
findings with arsenic poisoning. Cal Med 109:158—162, 1968.

12. Goldstein NW, McCall JT, Dyck PJ: Metal neuropathy, in
Dyck PJ, Thomas PK, Lambert EH (eds): Peripheral Neu-
ropathy. Philadelphia, W. B. Saunders, 1975, pp 1227-1240.

13. Greenberg C, Davies §, McGowan T, Schorer A, Drage C:
Acute respiratory failure following severe arsenic poison-
ing. Chest 76:596-598, 1979.

14. Gryzycki S, Kobusowna B: Histophysiological effects of ar-
senic and its derivatives on the central nervous system, and
particularly on the third element of the central nervous
system. J Neuropathol Expp Neurol 10:325-337, 1951.

15. Hessl SM, Berman E: Severe peripheral neuropathy after
exposure to monosodium methyl arsonate. J Toxicol Clin
Toxicol 19:281-287, 1982,

16. Heyman A, Pfeiffer B, Willett RW, Taylor HM: Peripheral
neuropathy caused by arsenical intoxication. A study of 41
cases  with observations on the effects of BAL
(2,3.dimercaptopropanol). N Engl | Med 254:401-409, 1956.

17. Jenkins RB: Inorganic arsenic and the nervous system. Brain
89:479-498, 1966.

&1

120 Arsenic Polyradiculoneuropathy

18. Jones HR: Arsenic and antique copper: a potential source
for intoxication and development of peripheral neuropathy
(letter). Ann Neurol 9:93, 1981.

19. Kelly JJ: The electrodiagnostic findings in peripheral neu-
ropathy associated with monoclonal gammopathy. Muscle
Nerve 6:504-509, 1983.

20. Kyle RA, Pease GL: Hematologic aspects of arsenic intox-
ication. N Engl | Med 273:18-23, 1965.

21. LeQuesne PM, McLeod JG: Peripheral neuropathy follow-
ing a single exposure (o arsenic. J Neurol Sci 32:443-451,
1977.

22. Longo PW, Lemmi Q, Giorgi D, Nasser J: Neurological
manifestations of some toxics. Rev Neuropsi Quiatr 28:52,
1956.

23. Murphy M], Lyon LW, Taylor JW: Subacute arsenic neu-
ropathy: clinical and electrophysiological observations. |
Neurol Neurosurg Psychiatry 44:896-900, 1981,

24. Ohta M: Ultrastructure of sural nerve in a case of arsenical
neuropathy. Acta Neuropathol 16:233-242, 1970.

25. Politis MJ, Schaumburg HH, Spencer PS: Neurotoxicity of
selected chemicals, in Spencer PS, Schaumburg HH (eds):
Experimental and Clinical Neurotoxicology. Baltimore, Williams
& Wilkins, 1980, pp 613-615.

26. Popow N: Ueber die Veranderungen im Ruckenmarke nach
Vergiftung mit Arsen, Blei und Quecksilber. Virchows Arch
[Pathol Anat Physiol] 93:351, 1883.

27. Schoolmeester WL, White DR: Arsenic poisoning. South
Med ] 73:198-208, 1980.

28. Thomas PK: The morphological basis of alterations in nerve
conduction in peripheral neuropathy. Proc R Soc Med
64:295-298, 1971.

29. Wesbey G, Kunis A: Arsenical neuropathy. Ill Med |
160:396-398, 1981.

30. Westoff DD, Samaha R}, Barnes A: Arscnic intoxication as
a cause of megaloblastic anemia. Blood 45:241-246, 1975.

31. Wilbourn AJ: Nerve conduction study changes in human
nerves undergoing Wallerian degencration. Neurology (NY)
31:96-97, 1981.

32. wilkinson SP, McHugh P, Horsley §, Tubbs H, Lewis M,
Thould A, Winterton M, Parsons V, Williams R: Arsinc
toxicity aboard the Asia freighter. Br Med | 3:559-563,
1975.

33. Windebank A], McCall JT, Dyck PJ: Metal neuropathy, in
Dyck PJ, Thomas PK, Lambert EH, Bunge R (eds): Periph-
eral Neuropathy, Vol. 11, chapter 93. Philadclphia, W. B.
Saunders, 1984, pp 2142-2147.

MUSCLE & NERVE  February 1987



