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Patient 1

ABSTRACT. In this study, the authors describe 2 patients who experienced confirmed expo-
sures to anticholinesterases that commenced in the 1970s. Subsequently, elevations in cre-
atine phosphate kinase (CPK) were initially detected more than a decade following the first
acute exposure. Beginning in the early 1980s, the patients suffered from progressive gener-
alized muscle weakness, chronic fatigue, myopathy, neuropathy, and severe neurobehav-
ioral impairments. Previous occupational exposures included pyridostigmine, as well as iso-
propyl methylphosphonofluoridate (percutaneous lethal dose [LDso] < 28 mg/kg body
weight), and 1 patient had exposure to agricultural organophosphates. The authors hypoth-
esize that the workers’ CPK elevations, first detected more than a decade following acute
exposures to anticholinesterases, were sentinel events for impending muscle damage and
necrosis. Many Gulf War veterans with Gulf War disease who reported exposures to anti-
cholinesterases 1 decade earlier currently suffer from vague neuromuscular and cognitive
impairments. Therefore, medical programs for Gulf War veterans with Gulf War Syndrome
should include surveillance for elevated CPK, abnormalities of neuromuscular conduction,
and genetic susceptibility, and they should promote therapeutic trials for palliation.

<Key words: anticholinesterase, carbamate, cognitive dysfunction, CPK, creatine phosphate
kinase myopathy, Guif War Syndrome, neuropathy, organophosphate, pyridostigmine, tubu-
lar aggregate>

IN 1998, A 42-YR-OLD MALE reported progressive
generalized muscle aches and pains, proximal muscle
weakness, impaired concentration and memory, chron-
ic fatigue and sleep apnea, weight gain (4.5 kg), profuse
sweating, extreme exhaustion, a history of thyroiditis,
and elevated creatine phosphate kinases (CPKs). His
history included exposures to anticholinesterases. This
patient was married at the time of study, and he had 4
children whose ages ranged from 11 to 20 yr. Two
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daughters had hypothyroidism, but the 2 sons were
healthy. Patient 1 had smoked for less than 2 yr.

Phase 1: 1982-1992

In 1982, patient 1 was hospitalized for myalgia and
fatigue following acute inhalational exposure to iso-
propyl methylphosphonofluoridate (IMPF; half-life =
48-72 hr; percutaneous lethal dose [LDso] < 28 mg/kg
body weight [see below]). Electrocardiograms (ECGs)
revealed premature ventricular contractions. There-
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after, his fatigue, aches, and pains were exacerbated,
particularly following physical activity. Coordination
of his hand and verbal movements were very challeng-
ing for him, and he suffered from slow and “choppy”
speech, frequent rashes, itching, diarrhea, problematic
bowel control, decline in sexual interest, and ejacula-
tion during defecation. No diagnosis was listed for this
patient.

CPKs and deterioration: 1993-1997

During the period between 1993 and 1997, blood
tests revealed high CPK levels (range = 50-4,000 IU;
mean = 612 IU). A thyroid scan and tests of thyroid
function in August 1993 suggested Hashimoto’s Dis-
ease. Also in 1993, neurological tests of cerebral and
cerebellar functions were unremarkable, except for hy-
poreflexia. An ECG, electroencephalogram (EEG), elec-
tromyogram (EMG), and brain computerized axial to-
mography (CAT) scan were normal. A Tst-needle
biopsy of muscle tissue revealed minor synapse varia-
tions and core-targetoid fibers, but no excess fat or
glucagons were noted. The tissue diagnosis was “non-
specific myopathy.” In late 1993, his doctors pre-
scribed thyroxin.

In 1994, patient 1 experienced weakness and pain
that radiated from his legs to his entire body, as well as
muscle trembling, drooping eyelids, and tricep and
quadriceps weakness. The results of cerebellar and
Romberg tests and EEG were normal. A physician sus-
pected myasthenia gravis and prescribed 60 mg of pyri-
dostigmine 3 times daily, following which muscle pain
increased. Administration of pyridostigmine was dis-
continued 6 mo later when it was determined that
acetylcholine receptor antibodies were negative.

In June 1994, a second muscle biopsy diagnosed
tubular aggregate myopathy, with basophils character-
ized as “ragged-red.” In 1996, EMG tests, pulmonary
function tests, and sleep quality were all normal. In
1997, sleep apnea was diagnosed. During a neu-
ropsychological examination in 1998, a physician
noted decrements in concentration, memory, verbal
fluency and meaning; ability to plan and initiate ac-
tivities was impaired; comprehension of abstract con-
cepts was difficult; and he was easily distracted—all of
which indicated impairment in the bilateral frontal-
temporal cortices. This individual continues to suffer
from severe pain in the lower torso, digestive difficul-
ties, and weakness.

Subsequent to 1998, CPK levels have averaged 500
IU following periods of extended rest; these levels.rise
to 1,000-1,200 1U with heavy exertion. Thyroid func-
tion has remained normal on a regimen of thyroxin.
This individual tested negative for mutations of genes
coding acetylcholinesterase and pseudoacetylcholin-
esterase.
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Patient 2

Patient 1 referred a second coworker, born in 1957,
who presented with myalgia, nonspecific myopathy,
mild neuropathy, cognitive impairments, and depres-
sion. Patient 2 recalled worsening myalgia, memory im-
pairment, difficulty concentrating, mood alterations,
and chronic fatigue, all of which began during the early
1990s. There was no evidence of thyroid disease. Prior
to 1982, he was in perfect health. Subsequent to the
1990s, his physical and mental capacity was restricted
to 3—4 hr/day, and the work he performed was seden-
tary. Since 1999, during which time CPKs were initially
tested, levels fluctuated between 149 and 2,000 IU. In
October 2001, levels were at 700 1U, with subsequent
fluctuations (January 2003).

Patients 1 and 2: Exposures

The timeline for exposures and symptoms for patient
1 is presented in Figure 1. Both patients were exposed
to IMPF and to pyridostigmine; patient 1 was also ex-
posed to agricultural organophosphates. Patient 1 had
accumulated 680 days of work during a consecutive
18-yr period, and patient 2 had worked 160 days dur-
ing a 4-yr period. Each patient had been employed for
periods of 35-40 days/yr. During employment, both pa-
tients received 30+ mg/day pyridostigmine as prophy-
lactic treatment. In 1982, both were hospitalized after
an acute inhalation exposure to IMPF. In addition, both
patients had repeated contact with reused contaminat-
ed clothing, and penetration continued to occur
through protective gear during their respective periods
of employment. Only patient 1 was exposed intermit-
tently for 10 yr to organophosphate insecticides in the
presence of no personal protection, as well as to 60 mg
of pyridostigmine 3 times/day for 6 mo. Occupational
exposure data for cholinesterases were unavailable for
both patients. Both individuals worked under condi-
tions of severe heat stress (i.e., up to 50 °C) and physi-
cal fatigue, both of which increase the permeability of
pyridostigmine across the blood-brain barrier.!2

Discussion

Chronic fatigue, impaired concentration and memory,
muscle pain, weakness, arthralgias, headache, shortness
of breath, sleep disorders, skin rashes, and myopathy
have been reported by nearly 43,000 of approximately
700,000 Gulf War veterans deployed from August 1990
to the spring of 1991237 Cherry® reported associations
between neurological factor scores and symptoms of
toxic neuropathy with prior exposures to agricultural
organophosphates among Gulf War veterans, but that
study lacked data on CPK. Amato' reported 6 (30%) of
20 Gulf War veterans who had normal muscle tissue;
these 6 individuals had elevated CPK levels f(i.e.,
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223-768 1U) 5 yr following the end of the Gulf War, but
no data on prior exposures to anticholinesterases were
reported. Two of the individuals had carpal tunnel syn-
drome, 1 ‘demonstrated increased jitter on single-fiber
EMG, and 5 had increased central nuclei, necrotic
fibers, and tubular aggregates, with normal muscle
strength and EMGs.

The 2 patients in our study had definite past occu-
pational exposures to anticholinesterases suspected in
some Gulf War veterans, and they also had patterns of
cognitive and muscular disturbances that were identi-
cal to those about which the Gulf War veterans also
complained. Both of our patients were diagnosed with
elevated CPKs 18 yr after the date of the initial poten-
tial exposures to IMPF? and pyridostigmine, as well as
more than 10 yr following an acute episode. Later, pa-
tient 1 experienced muscle pain and weakness, both of
which were exacerbated when he received pyridostig-
mine.

IMPF29-17 and pyridostigmine®'®2! produce myopa-
thy and neuropathy in lab animals. Both anticholines-
terases produce postganglionic myopathy' 222 of the
diaphragm,'3'41922 heart,'*'® and proximal mus-
cles,11222__primarily through necrosis'*16:20-23 and
Ca?* influx into muscle tissue (IMPF only).’>'® Myopa-
thy of the heart and diaphragm following single IMPF
exposure has been observed repeatedly."-131618 The
adverse effects of pyridostigmine are similar to those of
IMPF, but they require longer durations of exposure and
more recurrent dosing." The thyroid gland is a target
organ for anticholinesterases through hyperstimulation
and depletion.?*?° Elevations of muscle CPK indicate
cell membrane abnormality—possibly as a result of in-
creased Ca?* into muscle cells."17

One view is that CPK is a near-equilibrium enzyme
that buffers cytosolic changes in nucleotide concentra-
tion,26 with creatine phosphate as a reservoir of high-
energy phosphate equivalents; a 2nd view assigns CPK
and its products—creatine and creatine phosphate—a
central role in energy transport.?” Leakage of CPK from
muscle cells may cause residual energy wasting by the
muscle cell, as well as fatigue, myopathy, and muscle
pain.

Elevations in CPK and myopathy in the 2 patients in
our study indicated muscle damage and impending
necrosis from past exposures to anticholinesterases, in-
cluding pyridostigmine. Our findings lend support to
the hypothesis that nonspecific myopathy in Gulf War
veterans with Gulf War Syndrome is a prodromal stage
prior to the appearance of CPK.%> Surveillance in Gulf
War veterans with Gulf War Syndrome and with-past
exposures to anticholinesterases should, therefore, in-
clude tests for elevated CPK and neuromuscular con-
duction assessment. In addition, there should be pre-
and postexposure screening for genetic abnormalities of
enzymes and proteins involved in deactivating systemic
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organophosphates (i.e., paraoxonase, acetylcholinester-
ase, and pseudocholinesterase)?®*'and therapeutic tri-
als for palliation.
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