Arsenic-induced polyneuropathy is traditionally classified as an axonal-loss
type, electrodiagnosticallyresulting 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 polyradiculoneuropathyfollowing high-dose arsenic poisoning.
In three patients, early electrodiagnostic testing demonstrated findings
suggestiveo?an acquired segmental demyelinating polyradiculoneuropathy.
Serial testing confirmed evolution into features of a distal dying-back neuropathy. 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, segmentaldemyelinationand eventually distal
axonal degeneration. Acute arsenic toxicity must be suspected in patients
with clinical and electrodiagnostic features supporting Guillain-Barrk
syndrome.
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ACUTE ARSENIC INTOXICATION
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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 poisoning reflect multiorgan involvement, which is manifested often as an acute gastroenteritis variably
associated with encephalopathy, pancytopenia,
hepatitis, cartiioniyopathy, and dermatiti~.".'".'~""
In many patients, a subacute polyneuropathy
hegins 7- 14 days following arsenic exposure,
eventually leading to a severe chronic painful sensorimotor polyne~ropathy.~~"~~'~'"~''.~~
Long-term
low-level arsenic exposure may result in a chronic
neuropathy without history of a preceding gastrointestinal disturbance.2~'",'7

Most reports of the electrodiagnostic findings
in arsenic polyneuropathy describe profound sensorimotor axonal-loss involvement. We report four
cases of subacute polyradiculoneuropathy following single or multiple high-dose arsenic intoxication. Early electrodiagnostic testing revealed
features indistinguishable from a segmental demyelinating polyradiculoneuropathy, typical of those
commonly recorded in acute inflammatory demyeh a t i n g polyradiculoneuropathy (Guillain-Barre
syndrome). Serial electrodiagnostic testing in these
patients documented evolution into features commonly reported in chronic arsenic neuropathy, i.e.,
a sensorimotor distal axonal-loss neuropathy.
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Care 1. A 61-year-old man, his wife, and daughter
developed nausea, vomiting, and diarrhea following 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 following the sudden onset of an intractable ventricular
arrhythmia. On developing paresthesia in his hands
and feet, the patient was transferred to the Cleveland Clinic for further evaluation.
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Initial physical examination revealed normal vital 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 demonstrated severe vibratory and position loss in a
stocking-glove distribution.
Initial laboratory studies revealed marked anemia (Hb 10.6 g), leukopenia (WBC; 2900), elevated
liver function studies (SGOT 608), and azotemia.
Chest x-ray confirmed bilateral pleural ef-fusions.
Electrodiagnostic testing revealed findings suggestive of a developing acquired segmental demyelinating polyradiculoneuropathy, most consistent
clinically with Guillain-BarrC syndronie.
Within days of hospitalization, all reflexes disappeared and sensory signs progressed to the midforearm and midthigh regions. Weakness progressed in an ascending fashion to involve proximal
muscles. Approximately 1 week following admission, skin desquamation developed over his soles
and palms. Initial spinal fluid analysis was unremarkable, 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 degeneration. 'The patient's clinical status stabilized 6 weeks
following onset of gastrointestinal symptoms. Exhaustive toxicologic screening uncovered a pubic
hair arsenic level of 2895 pg/g of hair (normal <65).
Arsenic was also discovered in liver and kidney of
the patient's wife on autopsy.
Case 2. A 63-year-old man was transferred to the
University of Michigan Hospital with a 2-week history of headache, confusion, nausea, anorexia,
weakness, and distal extremity dysesthesia. Previous hospitalization at an outside hospital had disclosed elevated liver function studies, renal insufficiency, pancytopenia, pulmonary infiltrates, and
a skin rash.
On general physical examination, the patient
was afebrile arid 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 dullness to percussion at both bases were present.
T h e 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 abscnt at the ankles and decreased
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elsewhere. Sensory examination revealed a gradient loss to all rrioclalities in a stocking-glove distribution.
Initial laboratory studies included W BC 1 300,
hematocrit 27, platelet count 12'3,000, blood urea
nitrogen (BUN) 18, crcatinine 1-6, total bilirubin
0.8, SGOT 120, and SGPT 271. On chest x-ray,
vascular changes consistent with congestive heart
failure were noted. Electroencephalogratn (EEG)
was diffusely abnormal, suggestiiig a metabolic or
toxic disturbance. Cerebral spinal fluid (CSF) analysis 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, result.irig in a flaccid quadriplegia with areflexia. Repeat electrophysiologic
studies indicated worsening of proximal conduction block and conduction velocity slowing and severe axonal involvement. Progressive hypoxic ventilatory failure ensued secondary to superimposed
pneumonia, congestive heart failure, arid hilateral
phrenic nerve dysfunction. Subacute progression
of the quadriplegia, with respiratory failurc, strongly
suggested the diagnosis of Guillain-Barre syndrome. Arsenic poisoning was confirmed by the
following abnormal laboratory tests: urine arsenic
35,000 ppb (>50 is toxic), fingernail arsenic level
8.6 pg/g (normal 0.030-0.36), and pubic hair arsenic level of 160 ppm (normal 0.05-0.5).
Treatment with British anti-Lewisite (RAL) resulted in a brisk arsenic diuresis, but no clinical
amelioration. Thc patient remained quaclriplcgic
for months.
Care 3. A 62-year-old mati was briefly hospitalized
for 3 days because of shortness of' breath, nausea,

vortiiting, diarrhea, malaise, niyalgia, and arthralgia. 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 rehospitalized for impaired dexterity in his hands and fcet,
progressive weakness in climbing stairs. and difficulty in appreciating the position of' his extremities.
On systems review, the patient complained of
a recent change in his coffee Havor and stated that
he was afraid his daughter may have poisoned Iiirn.
Physical examination revealed distal greater than
proximal weakness in all limbs, areflexia, arid a
stocking-glove gradient loss to pin, vibration, and
position sense.
Extensive laboratory invesiigation failed to
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identify an etiology for the subacute polyneuropathy. Lumbar puncture was unremarkable, except
for a mild elevation of protein (5 1 mg/dl, normal
<45). A 24-houI 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 (nornial
0.05-1.9). Electrodiagnostic studies revealed abnormalities consistent with a severe sensory and
niotor axonal and dcniyelinaiing polyratliculoneur()pathy ,
Prior to discovery of the toxicology results, acute
idiopathic. demyelinating polyradiculoncuropathy
((;iiillain-Uarre syndrome) was consideret! to be the
most likely diagnosis. T h e patient underwent intensive physical therapy and occupational rehabilitation during hospitalization, and at the time of
discharge, was able to ambulate using a walker.
A 3 I-year-old inan abruptly devcloped nausea. vomiting, and diarrhea lasting 1 week. Nine
days following the onset of gastrointestinal symptoms, he began to apprecialc numbness and tingling of both feet. Within days, these sensory complaints progressed, accompanied by halid weakness
and gait unsteadiness.
On transfer t o the Univcrsity of Michigan Medical Centei, 3 weeks after discase onset, his geiieral
physical exaniination disclosed sinus tachycardia and
a loud systolic murmur. Neurologic exaniination
was noteworthy for distal greater than proximal
qriadriparesis, lower extremity hyporcflexia, anti
marked vibratory aiiti position sense loss at the fingers, ankles, and toes.
Initial laboratory tests disclosed a prominent
pancytopenia and abnormal liver (SGPT 86, normal <35) and pancreatic (amylase 452, normal
23-1 00) function tests. A bone marrow aspirate
was markedly hypocellular, with megaloblastic
changes and basophilic stippling. Westergren sedimentation rate was 70 mm/hr (normal < l o ) arid
antinuclear antibody (ANA) was positive in a speckled pattern at 1 :80. CSF analysis disclosed clear
acellular fluid and a protein of 270 ing/dl (normal
<45). Cai-diomegaly and bilateral pleural cffusions were noted on chest x-ray. Early electrodiagnostic testing results were consistent with
an acquired seiisory and motor demyelinating
polyradiculoneuI.opat hy .
Initial treatmcnt consisted of six plasma exchanges for the presumptive diagnosis of GuillainRarrO syndrome. Nevertheless, the patient continued to deteriorate, eventually attaining a state of
qitadriplegia ant! respiratory dependency 6 weeks
after disease onset. A toxic cause for his condition
Case 4.
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was confirmed on receiving results of an initial 24hour urine heavy metal screen, which reported an
arsenic level of 1500 pg/nil (toxic is >N).
In the
course of time, a brown desquamated palm and
sole rash and finger and toe nail Mee’s lines evolved.
Peiiicillamine treatment was initiated, but was discontinued aft.er 2 weeks because of a drug-induced
fever.
MATERIALS AND METHODS

Motor and sensory (:onduction studies werc perfornicd using st.andard techniques of’ supramaxima1 percutaneous stimulation and surface clectrode recording. Motor and sensory nerve evoked
responsc amplitudes were measured from haselinc
to iiegative peak. Conduction velocity was measured in thc forearm and leg segnierit in all cases
and across the shoulder and upper arni in case 1.
Temporal dispersion and/or conduction block along
motor nerves was exprcssed as the ratio of the
proximal to the distal compound muscle action potential (CMAP)amplitude. F-response latencies were
recorded as the minimal latency in a series of 1 0
F-responses using distal (wrist or anklc) antidromic
motor nerve stimulation. For all conduc:t.ion studies, skin temperature was measured and maintained above 32°C using warm compresses.
Criteria for tieriiyelinat.ionhave been published
previously and are similar to those reported by
This required identification of at least one
of thc following in two or more nerves (exceptions
iiotec!): (1) conduction ve1ocit.y (CV) less than 05%
of lower limit of nornial (L1.N) if amplitude exceeded 50% of LLN. less than 85% if amplitude
less than 50% of LLN; excluded were isolated ulnar
or peroneal nerve ahnornialities at the elbow or
knee, respectively; (2) distal latency exceeding 1 IO’%
of upper limit of normal (ULN) if amplitude normal, exceeding 1205% of ULN if amplitude less than
I.LN; excluded were isolated median nerve abnormalities at the wrist; (3)evidence of excessive motor
temporal dispersion and/or conduction block, defined as a proximal to distal CMAP amplitude ratio
less than 70%; excluded were isolated ulnar or peroneal lesions as above, as well as any studies with
evidence of anomalous innervation (e.g., median
to ulnar nerve crossover); and (4) F-response lateiicy exceeding 120% of ULN with combined exclusions from abovc.
Electromyography was performed using standard concentric needle electrodes. Insertional activity, spontaneous activity at rest, and motor unit
recruitment and morphology were analyzed and
scored subjectively.
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Stimulation point-A. ankle, K, knee, W , wrist. E , elbow. AX, axilla, Erb, Erb's point
NR, no response. (-), not done
Ftbnllation potentia/s--l+ , persistent trains, 2 areas, 2 + , 3 or more areas, 3 + , many, all areas. 4 + , Itlling baseline. all areas
Recruitment- 1#. mildly reduced, 1 1X. moderately reduced, 1 1 1X , markedly reduced

Electromyography (muscle)
First dorsal interosseous
Fibrillation potentials
Recruitment
Quadriceps
Fibrillation potentials
Recruitment
Tibialis anterior
Fibrillation potentials
Recruitment

Motor nerve studies
Stimulation point
Peroneal
Amp. (2-12 mV) NK
CV (41-57 rnlsec)
DL (3.3-6.1 msec)
F-response ( 4 5 msec)
Tibia1
Amp. (3-25 mV) NK
CV (41-53 mlsec)
DL (2.7-6.1 msec)
F-response (<55 msec)
Median
Amp. (4-18 rnV) WIE
CV (49-70 mlsec)
DL (2.4-4.4 msec)
F-response (<31 rnsec)
Ulnar
Amp. (6-16 mV)
WIEIAXIErb
CV (49-71 mlsec)
DL (1.8-3.5 msec)
F-response (<31 rnsec)

Days following onset of sensory
complaints
Sensory nerve studies
Sural
Amp. (6-47, pV)
DL (3.2-4.2 msec)
Median
Amp. (>20 pV)
CV (53-73 mlsec)
DL (2.5-3.7 rnsec)

Table 1. Electrodiagnostic results
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ELECTRODIAQNOSTIC FEATURES

Tablc 1 displays serial nerve conduction study (NCS)
and electroniyography results of each patient, using the number of clays following onset of sensory
complaints as a point of reference. A delinite trciid
is apparent 011 separating KCS results into early,
intermediate, and late findings. In paticnts 1, 2,
and 4,early testing (days 3 , 9, and 11, respectively)
idcntified absent or reduced sensory nt'i've action
potcntials, partial conduction block along rnotor
nerves, as reflected in an abnormal ptoximal/disial
(;MAP amplitude ratio, and slowed proximal motor nerve conduction (prolonged F-response latency). Kepcat evaluation approxiniately 1 wcek after
initial testing (intermediate phase) disclosed in patients l, 2, and 4 abscrit sensory resporrses and more
p r o h i n d motor conduction dysfunction (Fig. 1).
In each case, when compared to t h e previous study,
there was deterioration in t h e CMAl' amplitudes,
a greater degree of conduction slowing or block
both distally (proximal/clistal CMAP aniplitude ratio) and proximally (slowed or absent F-response
latency), as well as slowing in conventional conduction velocity. One month following the devclopment of polyneuropath);, electrodiagriostic results identified further worsening in the proximal
and distal conduction. Needle cxani early in arsenic
polyneut-opathy revealed nortrial o r slightly increased insertional activity at rest and reduced recruitment of voluntary motor unit potentials (MUP).
Uncquivocal evidence of clenervation (fibrillation
potentials) was recorded in patients 1 arid 2 at 2
weeks and in patient 3 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

A

2ms

FIGURE 1. Surface recording of the CMAP amplitude 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), axilla (D),and Erb's point (E). Recording was performed
12 days subsequent to the onset of sensory complaints. Note
partial conduction block with stimulationat the elbow (B) and Erb's
point (E).
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profound reduction in MUP recruitment in a similar distribution.
DJSCUSSION

Many sourccs for arsenic poisoning have been reported, including accidental (pesticide exposure,
paris g r e e n ) , l . ~ . l ~ . 1 5 . 1 X . ~ : 4
iatrogenic and medicinal
(Donovan's solution, arsphenamine, Fowler's s o luLion),2,2!?,:<:{ illicit alcohol manufacturing and consumptiot,, l(i.15.25 arsenic gas leakage," well water
contamination,' arid cutaneous absorption. "'." Most
contemporary revicws attest to homicide or suicide
attempts or accidental ingestion as the most common causes of arsenic poisoning in our sociy.1 ,16. I 5 . 2 7.:33
'

High-dose ingestion of arsenic results in severe
gastrointestinal symptoms of burning, pain, vomiting, and diarrhea within hours of exposure. I!?. 16. I i . 3 3 These symptoms often last several
days. These complaints are invariably followed by
a constcllation of features rcflecting multiple organ
involvement, a testimony to arsenic's role as a systemic protoplasmic poison. These may include cnccphalopathy, 16x3R
pancytopenia,
I . 12.1:4.l.i.20..71)..52
eosinophilia."' hemaglobinuria,g2 hepatic involvement, 1,:3,:3Cl jaundice,3 renal tubular necrosis,' burning and dryness of mucus
Peripheral edema,-l.15.17 2 ) respiratory failure,'"
cardiomyopathy,'," electrocardiographic abnormalities, 'I pancreatitis," derrnat.itis,'-9.".1".'7.''"and
reduced or exaggerated
On elimination of the arsenic source, these features of toxicity abate. I f untreated, a subacute polyneuropathy begins 7- 14 days following arsenic exposure,
which may progress in an ascending fashion to involve proximal arms and legs. Symmetrical distal
weakness, myalgia, cramping, and hypoactive or
absent muscle stretch reflexes soon follow. T h e severity of clinical involvement spans the spectrum
from mild paresthesia with preserved ambulation
to quadriplegia and respiratory failure.'" This subacute 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 hyperkeratosis, and a pigmented dermatitis.
The electrophysiologic findings in chronic arsenic polyneuropathy have been described in most
large series and texts as those of an axonal-loss
sensorimotor polyneuropathy, i.e., low amplitude/unelicitable sensory and motor conduction responses, often with preserved motor conduction
I?.39
Some authors have reported slow'

MUSCLE & NERVE

February 1987

ing in sensory and motor conduction velocity, but
specific values and/or the degree of reduction were
not pro~ided.~'~~"~''
Chhuttani3 and Goldstein" have
independently described electrodiagnostic data in
patients with subacute or chronic arsenic polyneuropathy. In both groups, some motor slowing was
present, yet CMAP amplitudes, the presence or absence of dispersion with proximal stimulation, and
motor nerve distal or F-response latencies were unA few reports have described the electrodiagnostic results recorded in patients who developed peripheral polyneuropathy within several
weeks of high-dose arsenic exposure. LeQuesne and
McLeod2' described four such patients. I n two of
them, sensory responses were absent, yet conventional motor conduction velocities were slow, motor
distal latencies were markedly prolonged, and a
50% or greater loss in CMAP amplitude was apparent on proximal versus distal nerve stimulation
in at least one nerve. Murphy et a1.'3 published data
on t w o patients whose clinical presentation and
electrophysiologic results were similar to our four
cases. Both patients developed a subacute polyneuropathy and electrodiagnostic features of absent
sensory responses and moderately reduced motor
CVs 2 and 4 weeks, respectively, after arsenic exposure. Maximum slowing was noted 3 months after
exposure. A similar case was described by Feit et
al.,' who documented moderate slowing of motor
CVs 3 weeks following disease onset. In this as well
as other instances, an initial diagnosis of GuillainBarre syndrome was made prior to obtaining final
results of toxicology screening.
Serial electrophysiologic data in our four patients suggest that arsenic poisoning of the peripheral nervous system may begin as a segmental demyelinating polyradiculoneuropathy. Supporting
this theory are early electrodiagnostic features of
(1) partial conduction block, as evidenced by reduced 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 subsequent NCS recorded later in the illness were results
obtained similar to those reported by other authors
as reflecting primarily axonal invoIvement.'~."~''~"Y
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 differential slowing. This early reduction and disap-
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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 amplitude 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 presumably secondary to distal conduction block or differential 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 f'eat~re.'~"
Increased cellularity and
fibrous tissue, thickened perineurium, and a reduced number of myelinated fibers have been observed by many authors on examination of sural
or lower extremity digital nerve biopsies.-*9 9* lP.l(i.41
Longo et a1." reported extensive degeneration of'
distal ramifications of peripheral nerve fibers that
were typical of changes seen in Wallerian degeneration. OhtaZ4,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 authors have tound pathologic support for a demyelinating process. Teased fiber preparations of' three
patients described by Chhuttani, citing Chopra's
results, showed evidence of segmental demyelination 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 expire from the early complications of arsenic toxicity. I n 1892, Erlicki and Rybalkid reported detailed 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 anterior horn cells. Pathologic studies in animals receiving intravenous injections of arsenic have also
demonstrated cytoplasmic changes and severe destruction in anterior horn cells within 2 weeks of
exposure. 1'*2fi
These autopsy and animal toxicity studies suggest 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 demyelination. In one model of toxic polyneuropathy, Dyck
et aL5 identified unequivocal evidence of segmental
demyelination in teased-fiber preparations f'rom
patients with uremia. They postulated that uremic
neuropathy evolves through several phases of myelin change. resulting in secondary segmental demyelination before degeneration of the axon is fully
manifested. It was their conclusion that segmental
deniyelination may be present pathologically in
neuropathies heretofore considered to be purely
axonal. Likewise, Thomas stated that a combina-

tion of axonal degeneration and segmental demyelination is found on careful examination of' most
neuropathies.'*
In summary, four cases of arsenic-induced
subacute polyradiculoneuropathy with early electrodiagnostic studies indistinguishable from an acquired segmental demyelinating polyradiculoneuropathy are reported. All were initially diagnosed as
Guillain-Barre syndrome. This potential clinical pitfall cautions us to consider arsenic toxicity in any
patient with clinical and electrodiagnostic features
of Guillain-Uarre syndrome heralded by gastrointestinal symptoms.

REFERENCES
1. Asbury A K : Arsenic poisoning. Cnl Med 118:13-17, 1973.
2. Chhuttani I", Chawla S, Sharma 'TD: Arsenical neuropathy. Neurology (Minneap) 17:269-274, 1967.
5. Chhuttani PN. Chopra JS: Arsenic poisoning, in Vinken
PJ. Bruyn GW (eds): Hniidbouh uf Clinical Xeurulogy, Vol. 36,
/ittoxicutions or the Men~oiisSl;steni, Part 1. chapter 7. Amsterdam, Elscvicr/North llolland Biomcdical Prcss. 1979,
pi> 199-2 16.
4. Donofrio PD, Taridan K. Albers JW: Plasma exchange iri
chronic inflammatory dcmyelinating polyradiculoncurope c m e 8:32 1-327. 1985.
athv. r ~ l u . d N
.5. Dvck l;],.Johnson M'J, Lambert EH. O B r i a n PC: Segmental
dcmyclination secondary to axonal degeneration in uremic
neuropathy. i M n y Clin Pi-or 46:400-43 I , 197 1.
6. Erlicki A. Ryhalkin: Ueher arseriiklahmung. h r k Psyrhicitr
.llei-~~eiikI
23:861, 1892.
7. Feinglass EJ: Arsenic intoxication from well water in the
United States. N E:tiglJ ,\fed 288:828-830, 1!173.
8. Fcit H , l'indal RSA. Glaslxrg M: Sources of error in the
diagnosis of Guillain-Barrc syndrome. M u d Nerve
5:111-117, 1982.
9. Feldman KG, Niles CA. Kelly-Hayes M, Sax DS,Dixoii WJ,
Thompson DJ, Landau E: Periphcral neuropathy in arscnic
snielter workers. Netirologi (Minneap) 29:939-944. 1979.
10. Garb L.G. Hine CH: .41-senicalneuropathy: residual effccts
following acute industrial exposure.j Ocrup ,Vl.lrd 19:.567-.568.
1!377.
11. Glazener FS, Ehlis JC, Johnson PK: Electrocardiographic
tindings with arscnic poisoning. Cal Med 109:158-162, 1968.
12. Goldstein NW, McCall JT, Dyck PJ: Metal neuropathy. in
Dyck PJ, Thomas PK. Lamhert EH (eds): Periphpral Neuropat/iv. Philadelphia, W.B. Saunders, 1975, p p 1227-1240.
IS. Greenberg C, Davies S. McGowan T , Schorer A, Dragc C:
Acute respiratory failure following severe arsenic poisoning. ( , ' / i ~ . s t 76:596-598. 1979.
14. Gryzycki S, Kobusowna B: Histophysiological effecu of arsenic and its derivatives on the central nervous system, and
particularly o n the third element of thc ccntral ncrvous
systcm. J h'ruriqkilhol Exp hTrurol 10:325-537, 195 1.
1.5. Hessl SM, Berman E: Severe peripheral neuropathy after
cxposure to monosodiuni methyl arsonate. J Toxicol Clin
T o ~ i d19:281-287. 1982.
16. Heyman .4, Pfeiffer JB. Willrrt RW, Taylor HM: Peripheral
neuropathy caused by arsenical intoxication. A study 014 1
cases with observations on the effects of BAL
(2.3,dirriercaptopropanol).N Engl J Med 254:401409, 1956.
17. Jenkins RB: Inorganic arsenic and the nervous system. Brain
89~479-498, 1966.

120

Arsenic Polyradiculoneuropathy

18. Jones HR: Arsenic and antique copper: a potential source
for intoxication and development of peripheral neuropathy
(Ictter). Ann Ncurol9:YX 1981.
19. Kelly J.1: T h e electrodiagnostic findings in peripheral neuropathy associated with monoclonal gammopathy. Muscle
zvf'17W 6:504-509, 1'383.
20. Kyle KA, Pease GI.: Hematologic aspects of arsenic intoxication. N EnglJ ,\fed 273:18-23, 1965.
2 1. LeQuesne PM. hlcLeod JG: Peripheral neuropathy 1ollowing a singlc exposure to arsenic. J Nvurol Sci 323448-45 1 ,
1977.
22. I.ongo PW, Lemmi Q, Giorgi L), Nasser J: Neurological
nianifestations of some toxics. RPUh'europsi Quiufr 28:52.
1956.
23. hlurphy MJ, Lyon LW, Taylor JW: Subacute arsenic lieuropathy: clinical and electrophysiological obscrvations. J
.Vrurol Nviirusurg P s ~ r h z n t44:896-900.
~
1Y8 1.
24. Ohta M: Ultrastructurc of sural nerve in a case of arsenical
iieuropathy. Acta ,Veuropafhul 16:233-242, 1970.
25. Politis MJ. Schaumburg 1111, Spenccr PS: Neurotoxicity of
selected chemicals, in Spencer PS, Schaumburg H H (eds):
Experinrental and Clinicul Ncurutnxicolvgy. Baltimore, Williams
& Wilkins, 1980, p p 613-615.
26. Popow N: Ueber die Verandcrungen irn Kuckenmarke riach
\'crgiftung mit Arsen, Blei und Quecksilber. Virchuw.r Arch
[Pathol Anat Physiol] 93:351, 1883.
27. Schoolmeester WL. Whitc DR: Arsenic poisoning. Suufh
Mud J 73: 198-208, 1980.
28. Thomas PK: T h e morphological basis of alterations in nerve
conduction in peripheral neuropathv. Proc K Soc M e d
64:295-298, 197 I .
29. Wesbcy C , Kuriis A: Arsenical neuropathy. Ill Med J
1603396-398, 1981.
SO. Westoff DD, Samaha RJ, Barnes A: Arscnic intoxication as
a cause of niegaloblastic anemia. Blood 45:241-246. 1975.
31. Wilbourn A]: Nerve conduction study changes in human
nerves undergoing Wallerian degeneration. h'eurolom ( N Y )
31:96-97, 1981.
32. Wilkinson SP, McHugh P, Horsley S. Tubhs H , I.ewis M,
Thould A , Winterton M, Parsons V, Williams R: Arsinc
toxicity aboard the Asia freighter. R r ,Clcd ,] 3:559-.563,
1975.
33. Windcbank A.1, McCall J'I'. Dyck PJ: Metal neuropathy. in
Dyck PJ, Thomas PK, Lambcrt EH, Uurige K (ecls): Pniphv i n / h'eurupathy, Vol. 11. chapter 93. Philadclphia, W. B.
Saundcrs, 1984. p p 2142-2147.

MUSCLE & NERVE

February 1987

