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Case of thallium intoxication

Peslome

CoeAViHeHMA TaNNUA KpaiiHe TOKCUYHbI. MeXaHW3Mbl UX TOKCUYHOCTM CBA3aHbI CO CHUKEHUEM aKTUBHOCTM $pepMEHTOB, y4acTBYHOLMX B MeTab0o/In3-
Me I/IIOKO3bl U HapyLUEHNEM CMHTe3a MaKpO3pProB. MIHTOKCUKaLMA TanneM NosBfeTcA Yepes 3-4 yaca noc/e ero nonaAaHns B XenyA04HO-KuLIey-
HbIlt TpakT (XKKT) B BUAE ANCNIENTUYECKNX AB/IEHWIA, Yepe3 2-5 CYTOK —MOABAAKOTCA CUMMTOMbI MTOPaXKeHWsi HEPBHOM CUCTEMbI B BUAE CEHCOPHOIA M0~
/HeNponaTuK C HeliponaTyeckuM 60/1eBbIM CHAPOMOM. HYepes 2-3 HeAenun pa3BMBalOTCA lePMaTONOMMYECKUe OC/IOKHEHUA: aNoNeLVs, aHrnapos,
rnoccnT. AHTUAOTOM ABNAGTCA rekcaumaHodeppaT Kaausa.

MpeacTaBnfeM co6CTBEHHOE KAMHUYECKON HabtoAeHMe. XeHwmHa, 38 neT, nocTynuaa B CTaLMOHap C NOZOCTPO CEHCOPHO-MOTOPHOM Mo-
/HeponaTuelt, renaTMToM 1 anoneumeit. /labopatopHble UCCNeA0BaHWA NMPOAEMOHCTPUPOBA/IN HE3HAUUTE/IbHOE MOBBILIEHWE YPOBHSA MEYEHOUHbIX
$epMeHTOB 1 TEHAEHLMIO K CHKEHWUIO YPOBHA Kanna B KpoBu. CTUMY/IALMOHHAA 31eKTPOHelpoMMorpadus BbifiBUAa CEHCOPHO-MOTOPHYIO MO/IN-
HelponaTuio Mo TUMY aKCOHOMaTUMW. YUUTbIBaA NONMCUCTEMHOCTL NOPaXKeHWs, NpoBogunace AnddepeHumansHas AMarHoCTUKa MeXay ayTOMMMYH-
HbIMM 3a60/1€BaHNAMMN U OCTPOI MHTOKCUKaLMel. AHaNn3 KPOBU Ha MapKepbl CUCTEMHbIX 3a60/1eBaHUIA COeAVHUTE/IbHOM TKaHU Jan OTpULaTe/IbHbIN
pe3ynbTaT. TOKCMKONOTUYECKOe UCCNeA0BaHME ChIBOPOTKM M MOYM BbIABU/IM Pe3KOe MOBbileHNe YPOBHA Tannus. BeegeHue rekcaumaHodeppata
Kanua Aano nosoXUTENbHbIN pesynbTaT. OCMOTP NaLMEHTKU Yepes roj nokasan nosiHoe paspelleHne MOTOPHbIX U CEHCOPHbIX CUMMTOMOB, BO3-
06HOB/IEHVEe POCTa BOJIOC.

MHTOKCUKaL MM TanNveM B HacTosLLee BPeMA BCTPEHAIOTCA KpaliHe pesiKo 1 NpeACTaB/AloT TPYAHOCTU ANA CBOEBPEMEHHOW ANarHoCcTuku. Mpu
TOKCMYECKUX MONMHeNponaTuax Heo6xoAnMOo NPoBOANTL AnddepeHLNanbHY0 AUarHOCTUKY C MHTOKCUKALMAMU APYTUMU TAXENbIMU MeTannamMm
(cBMHeL, pTYTb, KagMWi), @ TaKXKe ayTOUMMYHHbIMU NpoLeccamn. CBOEBPEMEHHOE BBEAEHWE aHTWUA0Ta MO3BO/IAET BbIBECTU COAUHEHNSA Ta//INA U3
OpraH13ma 1 NoJly4nThb BbIPaXEHHBIM MOIOKNTE/IbHbIN KAMHUYECKUI 3 deKT.

Knrouesbie cnoBa: mannuii, unmorcukayus, nonuxeliponamus, anoneyus
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Abstract

Thallium compounds are extremely toxic. Their mechanisms of toxicity are associated with reduced activity of enzymes involved in glucose metabolism
and impaired synthesis of high-energy compounds. Symptoms of thallium intoxication appear 3-4 hours after its ingestion in the form of dyspeptic
phenomena. Within 2-5 days, symptoms of nervous system damage appear in the form of sensory polyneuropathy with neuropathic pain syndrome.
After 2-3 weeks, dermatological complications develop: alopecia, anhidrosis, glossitis. The antidote is potassium hexacyanoferrate.
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Clinical case. A 38-year-old woman was admitted to the hospital with subacute sensorimotor polyneuropathy, hepatitis, and alopecia.
Laboratory tests showed a slight increase in liver enzyme levels and a tendency towards decreased blood potassium levels. Stimulatory
electroneuromyography revealed sensorimotor polyneuropathy of the axonal type. Given the multisystem involvement, a differential diagnosis
was conducted between autoimmune diseases and acute intoxication. A blood test for markers of systemic connective tissue diseases was
negative. Toxicological analysis of serum and urine revealed a sharp increase in thallium levels. Administration of potassium hexacyanoferrate
yielded a positive result. A follow-up examination of the patient one year later showed complete resolution of motor and sensory symptoms and
regrowth of hair.

Thallium intoxications are currently extremely rare and present challenges for timely diagnosis. In cases of toxic polyneuropathies, differential
diagnosis should include intoxication with other heavy metals (lead, mercury, cadmium) as well as autoimmune processes. Timely administration of
the antidote facilitates the elimination of thallium compounds from the body and yields a pronounced positive clinical effect.

Key words: thallium, intoxication, polyneuropathy, alopecia
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GIT — gastrointestinal tract, ATP — adenosine triphosphate, ENMG — electroneuromyography, ECG — electrocardiography, VAS — visual analogue
scale, BP — blood pressure, HR — heart rate, RR — respiratory rate, MRI — magnetic resonance imaging, SCTD — systemic connective tissue disorders

Introduction

Thallium is a heavy metal, which is a component of
over 20 rare minerals. Thallium does not occur in nature
in its pure form; however, synthetically produced thal-
lium salts were previously used in some countries in
agriculture as components of pesticides, as well as in
medicine and cosmetology. The widespread use of thal-
lium compounds stopped in mid-1970s; however, there
are still clinical cases of thallium intoxication [1]. The
literature even contains reports of mass thallium poison-
ing [2].

Thallium salts are highly toxic compounds, which are
colourless and odourless. They can penetrate the body
during direct skin contact, by inhalation (via lungs),
and as a result of swallowing (via gastrointestinal tract
(GIT)). Nowadays, poisoning with thallium compounds
can occur as a part of occupational intoxication of chem-
ical lab staft, with thallium-contaminated food or biolog-
ically active supplements, as well as in case of intentional
malicious thallium poisoning [3].

The mechanisms of thallium toxicity are associated
with reduced activity of enzymes involved in glucose
metabolism and impaired synthesis of adenosine tri-
phosphate (ATP) and other high-energy compounds.
It causes impaired ATP-dependent Na/K-ion channel
functioning and oedema, swelling and death of excitable
tissues. Thallium also modifies riboflavin bioavailability
and impairs ATP synthesis. Other mechanisms of thal-
lium toxicity include disruption of the protein keratin

through cleavage of cysteine-mediated disulphide bonds;
inhibition of protein synthesis due to ribosomal damage,
particularly involving the 60S subunit; and demyelin-
ation of nerve fibres in both the central and peripheral
nervous systems [4].

Clinical manifestations of thallium poisoning can
be seen 3-4 hours after swallowing as dyspepsia. Two
to five days later, symptoms of nervous system damage
appear: sensory polyneuropathy with neuropathic pain
syndrome, ataxy, trembling; and the pathological pro-
cess often involves cranial nerves. Two to three weeks
later, dermatological complications develop: hair loss,
anhidrosis, glossitis. Examination can reveal Aldrich-
Mees lines on nails. Other signs of thallium intoxication
include sleep disturbances, acute symptomatic cramps,
and headache. Severe cases can result in a coma [5].

Diagnosis is established if thallium is found in body
fluids, mostly in urine, and also in hair. In addition, a
standard panel of laboratory tests is performed, along
with electrocardiography (ECG) and stimulation elec-
troneuromyography (ENMG) [5].

If ingested, thallium intoxication is treated with
potassium hexacyanoferrate (Berlin blue), while acti-
vated carbon is less efficient. Haemodialysis helps reduc-
ing thallium concentration in blood [5].

At present, thallium poisoning is extremely rare,
and healthcare professionals often have a low index of
suspicion for this condition. This slows down diagnosis
and targeted therapy, resulting in severe complications
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and even death. Below is a case study of severe thal-
lium intoxication with predominant peripheral nervous
system involvement.

Case Study

Female patient U., 38 years old, with higher educa-
tion, employed, was admitted to the Neurology Ward
of G. G. Kuvatov Republican Clinical Hospital (Ufa) on
December 5, 2023.

The patient complained of marked leg pain (antero-
external thigh area, back of shins, and bottom of feet),
7-8 points on the visual analogue scale (VAS); leg weak-
ness, making it difficult to walk; massive hair loss; recur-
rent abdominal heaviness; unstable stool; tearfulness;
sleep disturbances.

She felt ill two weeks ago, when she noticed thigh
pain; next day, pain spread to shins and feet; at the
same time, she felt stabbing pain in her heart and lump
in the throat. One week later, she noticed intensive hair
loss.

She was diagnosed with autonomic instability and
underwent outpatient treatment at the place of her resi-
dence. Since pain in her legs was worsening, the patient
was hospitalised to the local district hospital with lum-
bosacral osteochondrosis (muscular irritation syn-
drome, attack phase). The therapy (non-steroidal anti-
inflammatory drugs, muscle relaxants, vitamins B) was
not efficient, and the patient was referred to G. G. Kuva-
tov Republican Clinical Hospital (Ufa).

The patient denied any chronic diseases.

Upon admission, the patient had hardly any hair
left on the hairy part of her head. Positive hair pull test.
Growth of the eyebrows and axillary hair was preserved.
The skin was pale, with no rashes. The patient had an
asthenic body build; body mass index: 17.95 kg/m?2;
blood pressure (BP): 110/70 mm Hg; heart rate (HR):
85 beats per minute. Cardiac rhythm was regular, heart
sounds were normal, and no murmurs were detected.
Vesicular breath sounds were present throughout all lung
fields, with a respiratory rate of 18 breaths per minute.
The abdomen was soft, with moderate tenderness on pal-
pation in the epigastric and pylorobulbar regions. The
liver and spleen were not enlarged.

Assessment of neurological status: cranial nerves are
intact. A fine postural tremor of the hands was pres-
ent. Arm muscle strength: 5 points; leg muscle strength:
3 points (proximal), 4 points (distal). Muscular hypo-
tonia in legs was observed. Deep tendon reflexes in the
upper extremities were brisk and symmetrical. In the
lower extremities, patellar reflexes were absent, and
Achilles tendon reflexes were diminished, more promi-
nently on the left. Marked hyperesthesia of the feet was
noted. Thigh and shin muscles were painful on palpa-
tion. Deep sensation was moderately diminished in lower

extremities. No pathological reflexes were observed.
There was no bladder or bowel dysfunction. The straight
leg raise (Lasegue) test was positive at 60° bilaterally. The
patient was emotionally labile.

Bloodwork showed slightly elevated erythrocyte sedi-
mentation rate of 24 mm/h (reference value for women
is up to 20 mm/h), CRP — 29.75 mg/L (up to 5 mg/L),
ALT — 169.2 U/L, AST — 59.8 U/L (up to 31 U/L).
Potassium and sodium levels were at the lower level of
reference values: 3.62 and 138 mmol/L, respectively.
Thyroid hormone levels were unremarkable. Urinalysis
demonstrated leukocyturia (15 cells/uL). Spinal fluid
composition was unchanged.

ECG showed sinus rhythm, HR 85 beats per minute;
diffuse abnormalities in myocardium repolarisation
were observed. Abdomen ultrasound revealed diffuse
changes in the liver and deformed gall bladder. Mag-
netic resonance imaging (MRI) of thoracic and lumbar
spine demonstrated degenerative-dystrophic changes,
which could not be explained by the present neuro-
logical symptoms. Stimulation electroneuromyography
showed signs of polyneuropathy, mostly with axonal
involvement.

Since the patient had sensorimotor polyneuropa-
thy syndrome, hair loss and liver involvement, differ-
ential diagnosis included systemic connective tissue
disorder (SCTD) and intoxication with an unknown
substance.

The patient was examined by a rheumatologist; her
blood was tested for antibodies against double-stranded
DNA, C3 and C4 component of the compliment, antinu-
clear antibody, and anti-mitochondria antibodies. Clini-
cal and laboratory test results ruled out autoimmune
diseases.

Biomaterials were tested for toxic microelements:
thallium (hair) 1947.58 ug/kg (reference value: below
5 ug/kg), thallium (serum) 127.24 pg/L (below 0.05 pg/L),
thallium (urine) 2020.98 ug/L (below 1 pg/L), thallium
(nails) 12018.89 ug/kg (below 5 pg/kg). Concentrations
of other microelements were within the normal range.

Given the clinical representation and results of toxic
microelement tests, thallium intoxication was estab-
lished. The patient was transferred to Acute Intoxication
Ward at another medical institution. Therapy included
sodium thiosulfate, unitiol, potassium hexacyanofer-
rate. Once potassium hexacyanoferrate was adminis-
tered, the patient noted significant improvement of her
condition.

At the 3-month follow-up examination, the patient’s
condition had improved, with resolution of the pain syn-
drome, improved gait (she no longer required assistance
for walking), and restoration of scalp hair growth. The
patient still complained of her leg muscles getting tired
very quickly when walking for long distances; numb
feeling in her feet; and emotional instability. Clinically,
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Figure 1. Mee’s lines on finger nails in 3 months after
intoxication

reduced muscle strength in the feet persisted, graded
as 4/5, along with autonomic disturbances involving
the skin of the feet (increased sweating and coldness to
the touch). White transverse lines on the nails of fingers
and toes (Aldrich-Mees lines, see Fig. 1 and 2) are worth
noting.

Assessment using the Hospital Anxiety and
Depression Scale (HADS) revealed subclinical anxiety
(score: 10 points). Cognitive functions were normal,
as demonstrated by Montreal Cognitive Assessment
(29 points). Repeat measurement of thallium levels
performed 1.5 months after admission showed con-
centrations of 10.99 pg/L in urine and 0.509 pg/L in
blood serum. Following specific antidote therapy, thal-
lium blood and urine concentrations dropped approxi-
mately 180-250 times, but remained 10 times the refer-
ence value.

At the 1-year follow-up examination, signs of periph-
eral autonomic dysfunction in the lower extremities
persisted, along with increased emotional lability. A day-
time anti-anxiety medication was prescribed, resulting
in a favourable clinical response. Sensorimotor polyneu-
ropathy resolved. Aldrich-Mees lines disappeared. The
route by which thallium entered the patient’s body is still
unknown.

Discussion

At present, thallium compounds are hardly used in
domestic settings, therefore thallium intoxication is
extremely rare. In this clinical case, the patient exhib-
ited multisystem manifestations at the time of hospi-
tal admission, and the differential diagnosis primarily

Figure 2. Mee’s lines on toe nails in 3 months after
intoxication

included systemic connective tissue diseases and toxic
exposures; accordingly, investigations were performed
as part of a toxicological screening workup. Toxic poly-
neuropathy and hair loss are more common for patients
undergoing chemotherapy; in this patient, this option
was ruled out. Accordingly, it was decided to assess bio-
logical specimens for the presence and concentrations of
toxic trace elements.

Toxic polyneuropathy can develop after intoxication
with heavy metals — lead, arsenic, cadmium, and thal-
lium. Lead-mediated polyneuropathy is characterised
by asymmetrical involvement of motor fibres, as well as
kidney damage and microcytic anaemia. In earlier years,
this polyneuropathy was common; however, abandon-
ment of lead compounds from industrial and domestic
use resulted in drastic reduction in incidence of this con-
dition. Arsenic poisoning is primarily characterised by
gastrointestinal manifestations, followed by the devel-
opment of polyneuropathy resembling acute inflamma-
tory demyelinating polyneuropathy. Cadmium poison-
ing is characterised by polyneuropathy together with
internal organ damage, encephalopathy and anosmia
(Table 1) [7].

A retrospective analysis demonstrated that the
patient had symptoms of acute thallium poisoning. The
most common clinical signs are axonal polyneuropathy
with pain syndrome and hair loss. Laboratory test results
revealed moderate liver damage, as well as tendency to
hypokalemia, which is also typical of thallium intoxica-
tion. Specific antidote therapy resulted in prompt favour-
able effect.

Figure 3 shows a diagnostic and therapy algorithm
for thallium poisoning.
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Table 1. Differential diagnosis of toxic polyneuropathies caused by heavy metal poisoning

Lead Poisoning

Arsenic Poisoning

Cadmium Poisoning

Thallium Poisoning

Source of Battery production, lead dust, ~ Semiconductors, pesticides,
Exposure old paint. contaminated water/soil.
Type of Poly- Predominantly motor. Predominantly sensorimotor
neuropathy  Primarily affects wrist with neuropathic pain. Acute
extensors (“wrist drop”). or subacute course.
Chronic, slowly progressive.
Pathogno- Lead line on gums (Burton’s Mees’ lines (leukonychia) —

monic Signs

line). Microcytic anemia

with basophilic stippling.
Abdominal pain («lead colic»),
constipation.

white transverse stripes on
nails. Skin manifestations
(hyperkeratosis, melanosis).
Gl involvement resembling
cholera (vomiting, diarrhea).

Battery production, pigments,
soldering.

Predominantly sensory or
sensorimotor.

Proteinuria (renal tubular
damage). Emphysema,
osteomalacia. Olfactory
disturbances.

Urine (cadmium in urine).
Blood (reflects recent

Electronics manufacturing,
in the past — pesticides,
rodenticides.

Severe sensorimotor
polyneuropathy with
neuropathic pain. Rapid
progression.

Hair loss (alopecia) 2-3 weeks
after poisoning. Mental
disorders.

Urine (thallium in urine).
Blood (in acute phase).

Laboratory Blood (lead in whole blood). Urine (24-hour urine for

Diagnostics arsenic). Hair/nails (in chronic
poisoning).

Antidotes Ethylenediaminetetraacetic Unithiol; D-penicillamine

acid (EDTA); D-penicillamine

exposure).

Ethylenediaminetetraacetic
acid (EDTA)

Potassium hexacyanoferrate
(IT) («Prussian blue»)

Comparison with previously published reports of
thallium poisoning showed that the clinical case pre-
sented here is representative of the typical manifestations
of this condition. However, unlike cases of more severe
poisoning, this patient did not have any signs of cranial
nerve involvement manifesting as visual and oculomo-
tor disorders, nystagmus. The patient did not have clear
manifestations of nephropathy, whereas high thallium
concentrations in the body cause acute kidney damage,
which leads to poor outcomes [4].

Conclusion

This clinical case demonstrates the importance of
timely diagnosis of thallium intoxication. Acute mul-
tisystem involvement affecting the peripheral nervous
system, the skin and its appendages, as well as the liver
and kidneys, should prompt screening for thallium
intoxication, even in the absence of a history of exposure
to chemical agents. Once thallium intoxication has been
confirmed, immediate therapy with potassium hexacya-
noferrate should be initiated.
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Characteristic Clinical Picture:
Gastrointestinal disorders (first hours)
Sensorimotor polyneuropathy (days 2-5)
Alopecia (weeks 2-3)

Laboratory Diagnostics
(non-specific signs):
Hypokalemia, hyperenzymemia, hyperazotemia

A

Instrumental diagnostics:
Stimulation electroneuromyography, abdominal
radiography

Toxicological testing:

Thallium in urine Negative

Differential diagnosis of
polyneuropathy in thallium

Thallium in blood result
Thallium in hair

Positive
result
Treatment:
Correction of water-electrolyte imbalances
(hypokalemia).

Maintenance of vital functions.

Gastrointestinal decontamination (within the first
hours):

Gastric lavage (if less than 1-2 hours since ingestion).
Activated charcoal: Repeated administration, 0.5-1 g/kg
every 3-4 hours. Thallium is partially excreted into the
intestinal lumen and bound by charcoal.

Specific antidote: Potassium hexacyanoferrate (II)
(«Berlin bluey)

Figure 3. Diagnostic and Treatment Algorithm for Thallium Poisoning

poisoning includes:
Polyneuropathies associated
with poisoning by arsenic,
mercury, and other heavy
metals.
Guillain-Barré syndrome
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