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Critical Neurological Conditions: Severe Toxic Polyneuropathy
with the Development of Respiratory Failure and Rhabdomyolysis
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Abstract—The article describes the clinical case of severe toxic polyneuropathy due to a confirmed exogenous
intoxication with amphetamine in a 52-year-old man. The clinical picture included muscle weakness in sev-
eral muscle groups (neck, back, arms, legs, and respiratory muscles), respiratory failure (requiring mechani-
cal ventilation), rhabdomyolysis, mild nephropathy, and liver cytolysis. Differential diagnosis was made
between myasthenia gravis, myopathy, and amyotrophic lateral sclerosis. A course of intensive therapy led to
almost complete regression of signs and symptoms and improved the electroneuromyographic pattern. An
immunochromatographic urine drug screen was performed in view of the rapid partial regression of signs and
symptoms and results of a neurophysiological study; the patient tested positive for amphetamine. The clinical
case demonstrates rare complications of amphetamine use, which should be kept in mind during a diagnostic
search.

Keywords: toxic polyneuropathy, respiratory failure, amphetamine, mechanical ventilation, rhabdomyolysis

DOI: 10.1134/50362119722080114

INTRODUCTION

Severe toxic polyneuropathies due to narcotic
abuse is a pressing problem of neurology and neuro-
logical resuscitation because of the prevalence of nar-
cotic addiction. Narcotic addiction is a severe chronic
disease due to abuse of various narcotic substances.
Mental and physical dependence on the narcotic sub-
stance develops in the course of the disease. The inci-
dence of mental and behavioral disorders due to nar-
cotic abuse varying in periodicity is 372.3 per
100000 persons according to data of 2015 from the
Institute of Addiction Medicine [1]. Chronic intoxica-
tion damages the central (CNS) and peripheral ner-
vous systems and visceral organs. The mean survival
from the start of continuous narcotic abuse is 3—
7 years [2]. Here we report a clinical case of severe
toxic polyneuropathy with the development of respira-
tory failure and rhabdomyolysis due to exogenous
amphetamine intoxication.

CLINICAL CASE

Patient Ch., 52, was admitted for emergency care to
the Department of Anesthesiology and Resuscitation
with Intensive Care Units (DARICU) of the Neurol-
ogy Research Center in February 2017.

Life history. The patient considered himself healthy
until the event. A diet was recommended because of

overweight (154 kg) and a higher blood pressure (BP)
by a primary care doctor. Narcotic abuse was denied.
Oxymetazoline nasal drops had been used daily for
more than 10 years (based on the drug labeling, cross
reactions are possible in immunochromatographic
urine tests for narcotics, but a cross reaction of
oxymetazoline in an amphetamine test was not
reported by the drug manufacturer [3, 4]).

Disease history. The patient had strictly followed a
carbohydrate-free diet over 2016 and lost 40 kg. Gen-
eral weakness and fatigue were noted in spring 2016. In
November, the patient developed weakness in the
arms, legs, and back; had difficulty holding the head;
and experienced dyspnea on exertion. In January 2017,
weakness of neck muscles increased (the patient
became unable to hold the head), dyspnea came to
occur at rest, the patient could sleep in a sitting posi-
tion only. The patient was seen by a neurologist in a
private clinic, where amyotrophic lateral sclerosis was
suspected based on needle electromyography findings;
the patient was referred to the Neurology Research
Center. The patient visited the Neurology Research
Center and was hospitalized to the DARICU because
of developing respiratory failure.

Condition at admission. The general condition was
extremely serious. The patient was overnourished with
a body mass index of 41. The skin was diffusely cya-
notic. Breathing was independent and involved axil-
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lary muscles, respiration rate 38 breaths per minute.
Auscultation showed vesicular breath sounds dimin-
ished in lower segments bilaterally; SpO, 86%; BP
130/80 mm Hg; HR 106 bpm. Oliguria; the urine was
meat slops in color. The other organ systems were
unremarkable.

Neurological status. The patient was fully con-
scious, emotionally labile, and anxious. Meningeal
syndrome was absent. Cranial nerves were unremark-
able. The muscle strength in the neck was low (a score
of 2, the patient was unable to independently hold his
head in a vertical position). Back muscles were weak
(external assistance was required for sitting). The arms
and legs were mildly paretic, mostly in distal regions.
The vital capacity of the lungs was 32.7% of normal.
Hypotrophy was observed for the thenar, hypothenar,
and interosseous muscles of both hands, being greater
in the left hand, and the shoulder girdle. Tendon and
periosteal reflexes were lower in the arms and brisk in
the legs. Fasciculations were widespread. Sensory
defects were not detected. The patient could not walk
independently because of pronounced general weak-
ness.

Additional tests were performed on days 1 and 2 of
hospitalization.

Electroneuromyography showed signs of general-
ized sensorimotor axonal neuropathy accompanied by
ongoing denervation. Convincing signs of neuronal
damage were not detected.

Standard repetitive nerve stimulation testing did not
show signs of distorted neuromuscular transmission.

MRI of the neck segment of the vertebral column
and spinal cord showed initial signs of osteoporosis.

Acid—base and gas composition of capillary blood
(while  breathing independently): pH  7.38,
pCO, 68.6 mm Hg, pO, 72.7 mm Hg, FShunt 14.8%,
cHCO;—(P) 39.4 mmol/L, ABE 10.9 mmol/L, SBE
13.8 mmol/L.

Blood count: hemoglobin 137 g/L, red blood cells
4.8 x 10"2/L, color index 0.85, platelets 120 x 10°/L,
white blood cells 10 x 10°/L, stab neutrophils 5%, seg-
mented neutrophils 73%, lymphocytes 14%, eosino-
phils 2%, monocytes 6%, ESR 5 mm/h.

Blood test: bilirubin 20.57 umol/L, glucose
4.8 mmol/L, creatinine 82 umol/L, urea
9.04 mmol/L, alanine aminotransferase 54 units/L;
aspartate aminotransferase 59 units/L, triglycerides
0.87 mmol/L, LDL cholesterol 1.01 mmol/L, HDL
cholesterol 1.59 mmol/L, cholesterol 3.2 mM, athero-
genicity coefficient 1.01, total protein 61 g/L, albumin
37 g/L, total creatine kinase 542 units/L (<195 units/L
normally).

Antibodies to muscle-specific tyrosine Kkinase:
0.3 units/mL (0—0.4 units/mL normally).

Urinalysis: specific gravity 1020, deep yellow in
color, not fully clear, protein 0.136 g/L, sugar absent,
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epithelial cells absent, red blood cells covered all fields
of vision.

Urinary myoglobin: 5 ng/mL (<1 ng/mL nor-
mally).

ECG showed single supraventricular extrasystoles.

Esophagogastroduodenoscopy revealed an acute
ulcer of the duodenal bulb with signs of past bleeding.

Chest computer tomography revealed bilateral low-
lobe pneumonia.

The results of other tests (blood electrolyte compo-
sition; cerebrospinal fluid tests; blood antibodies
against tick-borne encephalitis virus, West Nile virus,
and Lyme borelliosis; total and free urinary carnitine;
and porphobilinogen) were within the respective nor-
mal ranges.

Physical therapy evaluation revealed hypertension
grade 2, cardiovascular complication risk grade 3, uri-
nary stone disease, fatty hepatosis, and acute ulcer of
the duodenal bulb.

Immunochromatographic test for narcotics in the
urine was done on day 7 of hospitalization and
revealed amphetamine traces.

Treatment included infusion, antibacterial, gastro-
protective, bronchopulmonary, and symptomatic
therapies; mechanical ventilation; nasogastric tube
feeding; massage; and therapeutic exercise.

On admission to the DARICU, nasotracheal intu-
bation was done and mechanical ventilation started
because the patient was in a life-threatening condition
and showed clinical and laboratory signs of respiratory
failure. Positive changes in neurological and somatic
status were observed during treatment on day 4 at the
DARICU. Efferent treatments (plasmapheresis in
particular) commonly used in toxic polyneurophathy
were not administered because of the contraindica-
tions. In spite of this, muscle strength was fully
restored in the neck, back, arms, and legs during ther-
apy. By day 4 of hospitalization to the DARICU, the
patient became capable of independently sitting on his
bed and holding his head in a vertical position for a
long time. The vital capacity of the lungs increased to
50%. Fasciculations decreased, rhabdomyolysis
stopped (blood creatine kinase returned to normal,
and myoglobin became undetectable in the urine),
and nephropathy regressed. Electroneuromyography
showed positive changes, including lower ongoing
denervation activity and motor unit activity. The duo-
denal bulbar ulcer healed by day 7 at the DARICU;
weaning was started on day 8; extubation was carried
out on day 12; inflammatory changes in the lungs
regressed by day 20. The patient was transferred to a
clinical department of the Neurology Research Center
to continue rehabilitation and then discharged to be
followed up by a neurologist at the place of residence.

Various tests were performed to exclude primarily
myasthenia, amyotrophic lateral sclerosis, and myop-
athies. Because axonal polyneuropathy and rhabdo-
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myolysis with consequent nephropathy were observed,
neurological signs quickly regressed in spite of the lack
of pathogenetic therapy, while psychoemotional alter-
ations increased (the patient was anxious, had a fear of
death, was negative, and had paranoid thoughts), an
immunochromatographic urine test for narcotic sub-
stances was performed and showed amphetamine
traces, although the patient denied narcotic use.

Thus, exogenous intoxication with amphetamine
was the most likely cause of axonal polyneuropathy,
rhabdomyolysis with mild nephropathy, and severe
respiratory failure partly due to bilateral lower-lobe
pneumonia in the patient.

DISCUSSION

The above clinical case shows the amphetamine
abuse complications that have been described in the
literature, but rarely occur together: axonal polyneu-
ropathy, respiratory failure, rhabdomyolysis,
nephropathy, and liver cytolysis.

Amphetamine is a synthetic narcotic substance
that stimulates the CNS and cause mental depen-
dence. There are data that amphetamine was synthe-
sized at Berlin University in 1877, but American
chemist and pharmacologist G. Alles is thought to be
the first to synthesize the substance in many works [5].
Its synthesis received little attention at that time. Dis-
cussion of amphetamine began when the pharmaceu-
tical company Smith, Kline, and French Company
started producing a Benzedrine nasal inhaler in 1932.
The inhaler was designed to treat bronchial asthma
and rhinitis and contained 250 mg of racemic meth-
amphetamine [6]. Amphetamine use became wide-
spread during World War II because troops were sup-
plied with amphetamine tablets to boost morale in
Germany and Japan. In the 1950s and 1960s, received
broad application in the United States and Europe.
Amphetamine was among the drugs that doctors most
commonly prescribed as a psychostimulant and a
means to reduce weight. Amphetamine was adminis-
tered to treat asthma, rhinitis, narcolepsy, high som-
nolence, depression, and pediatric attention deficit
syndrome [7, 8]. Amphetamine was used to improve
the recovery of motor functions after stroke [6, 9].
Although single cases of psychoses were observed in
patients on amphetamine as early as the 1930s, British
psychiatrist Connell [10, 11] was the first to associate
psychosis with amphetamine in 1958. Now amphet-
amine is prohibited for use in Russia according to the
RF Regulation no. 486 “On Amendments to Certain
Governmental Acts of the Russian Federation Con-
cerning Circulation of Narcotic Drugs, Psychotropic
Substances, and Their Precursors” dated June 30,
2010.

Amphetamine use cause a variable complex of
motor, sensory, and vegetative defects; respiratory
failure; and behavioral changes [12]. Its clinical effects
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are due to stimulation of central and peripheral adren-
ergic receptors. Main side effects most broadly
described for amphetamine in the literature usually
occur after intravenous administration of high doses
and are related to its stimulatory effect on the CNS
(decreased somnolence, higher physical activity,
hyperthermia, lower appetite and rapid weight loss,
stroke, and cerebral vasculitis) and sympathetic effect
on the cardiovascular system (tachycardia, arrhyth-
mia, elevated BP, myocardial ischemia, cardiomyopa-
thy, myocarditis, and sudden death). It is known that
a direct stimulatory effect of amphetamine on the
CNS may cause neurogenic lung edema and that high
amphetamine doses inhibit the respiration center.

Long-term amphetamine use causes changes to the
dopaminergic system of the brain. Emotional, cogni-
tive, and motor disorders develop as a result. Depres-
sion, aggressive episodes, hallucinations, and para-
noid behavior are characteristic signs. Risk of Parkin-
son’s disease and parkinsonism in amphetamine users
is almost three times higher than in healthy people [13,
14].

Axonal polyneuropathy, respiratory failure, kidney
failure, rhabdomyolysis, and cytolysis have already
been reported in the literature. However, the reports
are few.

The pathogenesis of polyneuropathy in amphet-
amine users is still poorly understood. Damage to
nerves is thought to result not only from the toxic
effect of the drug, but also from the metabolic changes
that develop in the body. There is an opinion that
mononeuropathy or polyneuropathy are complica-
tions of amphetamine-induced angiitis [15, 16].
Impurity of amphetamine synthesized illegally is also
likely to contribute to polyneuropathy.

Large-scale multicenter studies have not been per-
formed to demonstrate a direct effect of amphetamine
and its derivative on lung tissue. Chest pain and dys-
pnea are the most common complaints in metham-
phetamine abuse by smoking, but the actual incidence
of respiratory complaints is actually unknown for
smoking and other routes of methamphetamine
administration. Kidney failure usually develops as a
result of rhabdomyolysis due to malignant hyperther-
mia [6].

Our observation illustrates the multiplicity of clini-
cal signs of amphetamine use. Although narcotic
abuse was denied by the patient, long-term amphet-
amine use at low doses was most likely responsible for
the patient’s clinical picture without signs of acute
intoxication. Trace, rather than higher, amphetamine
concentrations were detected in the patient’s urine
because the test was performed rather late. Amphet-
amine withdrawal led to incomplete regression of the
signs, as characteristic of exogenous intoxication.

Amphetamine polyneuropathy with respiratory
failure and rhabdomyolysis has not been described in
the literature in detail. Multicenter studies of the con-
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dition are lacking, and pathogeneitc aspects of toxic
polyneuropathy should be better understood to
improve its clinical outcome. However, possible com-
plications of amphetamine use are necessary to know
for each doctor who treats patients with neurology dis-
orders.
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