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Abstract

Introduction. Every year, the list of chemical substances, including drugs, that can potentially cause
rhabdomyolysis grows worldwide.

Aim. Analysis of etiological factors that caused the development of rhabdomyolysis of non-traumatic
genesis in adult patients with acute poisoning.

Materials and methods. A total of 243 cases of acute poisoning among the adult population of Kyiv,
complicated by non-traumatic rhabdomyolysis, were studied for the period 1999-2020.

Results. According to the toxicological center and the bureau of forensic medical experts of Kyiv, the
spectrum of toxic substances that cause the development of non-traumatic rhabdomyolysis is constantly
changing. During the period 1999-2010, rhabdomyolysis was associated with poisonings with carbon
monoxide, ethyl alcohol and its surrogates, barbiturates, clonidine, TCA, neuroleptics, and heroin. After
2010, cases of rhabdomyolysis associated with neuroleptics, street drugs: psychostimulants, heroin,
methadone, in particular the combination of methadone with ethyl alcohol, or with benzodiazepines,
neuroleptics, tricyclic antidepressants, have become more frequent. Cases of severe poisonings with
unidentified substances were increasingly observed (12.75%). In-hospital mortality rates among patients
with rhabdomyolysis remained high (from 10.0 to 25.8%) and depend on the patient’s comorbidities,
among which diseases of the digestive system (39.1%), the nervous system (27.9%), hematopoietic
organs (20.5%) and kidneys (16.9%) predominate. The clinical picture of poisoning complicated by
rhabdomyolysis is characterized not only by acute kidney injury, but also by the rapid development of
multiple organ failure, which, despite the timely use of renal replacement therapy, leads to a fatal outcome.
Conclusions. In recent years, there has been a growing trend of drug poisoning involving synthetic
opioids (heroin, methadone in combination with ethanol and other surfactants), complicated by non-
traumatic rhabdomyolysis. Key factors in the development of multiple organ failure are the combined
consumption of several psychotropic and narcotic substances with alcohol and comorbid pathology.
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INTRODUCTION

Rhabdomyolysis is a common occurrence in the
practice of toxicologists and intensive care physicians.
However, the progressive increase in the spectrum of
substances that can potentially cause rhabdomyolysis
prompts an in-depth study of the etiological factors of this
phenomenon.
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It is known that rhabdomyolysis occurs as a result
of the rapid breakdown of skeletal muscle fibers and
the leakage of potentially toxic cellular contents into
the systemic circulation. Regardless of the cause of
rhabdomyolysis, direct damage to the sarcolemma occurs
due to an increase in intracellular calcium concentration,
which leads to fiber necrosis [1].
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Rhabdomyolysis can be triggered by fever or
excessive physical exertion. These conditions are
associated with two phenomena: an increase in temperature
and high levels of circulating pro-inflammatory mediators,
such as cytokines and chemokines [2, 3].

Toxic rhabdomyolysis is an acute and potentially
fatal condition of skeletal muscle resulting from the
toxic effects of xenobiotics that damage the muscle cell
wall and cause the release of intracellular enzymes and
myoglobin into the bloodstream. Myoglobin is also
excreted in the urine (myoglobinuria). Myoglobin and
intracellular components in high concentrations cause
obstruction of renal structures, leading to acute tubular
necrosis and renal failure [4-5].

The typical clinical picture, according to many
studies [6, 7, 8], is muscle swelling, weakness and pain
in the affected area, and the appearance of dark brown
urine due to the excretion of myoglobin by the kidneys.
The level of creatine phosphokinase (CPK) is a marker
of rthabdomyolysis, but its levels can vary greatly. Other
dangerous complications of thabdomyolysis are described:
electrolyte disorders (hyperkalemia), which cause cardiac
arrhythmias, metabolic acidosis, hyperphosphatemia and
hypocalcemia. According to various authors, the mortality
rate in rhabdomyolysis can exceed 10%. However, the
development of rhabdomyolysis depends on many factors,
including: the etiological factor of the comatose state,
the surface area of the affected muscles, age, gender, the
nature of the comorbid pathology, etc.

AIM

Analysis of the etiological factors that caused the
development of rhabdomyolysis of non-traumatic genesis
in adult patients with acute poisoning.

MATERIALS AND METHODS

A total of 243 cases of acute poisoning among the
adult population of Kyiv, complicated by non-traumatic
rhabdomyolysis, were studied for the period 1999-2020.
Among the patients aged 18 to 72 years, there were:
men — 180 (74.1%), women — 63 (25.9%). All patients
received a comprehensive examination and treatment in
accordance with the requirements of the clinical protocols
«Acute poisoning», approved by the Ministry of Health
of Ukraine. The clinical diagnosis was established based
on the results of chemical and analytical studies. The
concentration of alcohol in the blood was determined
(gas chromatography); the toxicological panel for
drugs (enzyme-linked immunosorbent assay) included:
opioids, ketamine, methadone, amphetamines, cocaine,
benzodiazepines, barbiturates, buprenorphine, etc.
Analytical studies on the content of drugs were carried out
using liquid chromatography and gas chromatography-
mass spectrometry.
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A total of 46 people died, the corpses were sent
for forensic medical examinations. All autopsies were
performed within four days after the establishment
of death. All corpses were stored at -4 °C. In selected
cases, a standard sample collection protocol was used.
Tissue pieces of lungs, kidneys, myocardium, brain,
liver, and spleen fixed in a sufficient amount of formalin
were examined. After formalin fixation, alcohol fixation,
and paraffin embedding, the sections were stained with
hematoxylin and eosin. The preparations were examined
using an Olympus CX 41 microscope in transmitted light,
at 40, 100, and 400 times magnification. Subsequently,
a retrospective analysis of the results of forensic
histological examinations (microphotographs) of the
internal organs of the corpses was performed.

In all cases, documentation from the investigation
authorities and the prosecutor’s office was available,
which provided for conducting examinations for forensic
medical purposes; therefore, approval from the ethics
committee or institutional review board was not required.
All procedures performed in this study were in accordance
with the ethical standards of the institution and the 1964
Declaration of Helsinki and its later amendments or
comparable ethical standards.

Materials from the clinical archive of the Kyiv
City Clinical Hospital of Emergency Medical Care and
analytical data from the Kyiv City Bureau of Forensic
Medical Expertise were used; sources of scientific
information from the PubMed, Medline, and Elsevier
libraries on the topic of the study were analyzed. Methods
of systematic and comparative analysis were used.

RESULTS

On average, about 2,500 adult patients with
chemical poisonings are admitted to the toxicology center
of the Kyiv City Clinical Hospital of Emergency Medical
Care each year. The vast majority of them are admitted to
the hospital in a coma and are hospitalized in the intensive
care unit and extracorporeal detoxification.

Among the most common causes of toxic coma
are overdoses of alcohol, drugs, and medications.
Rhabdomyolysis, as a complication of coma, is observed
on average in 3.5 cases per 1000 poisonings (3.5%o).

If, over the 30-year observation period, the frequency
of rhabdomyolysis has not changed significantly, it has
remained a relatively rare complication, then the causes of
its occurrence have undergone significant changes. Thus,
during the period 1999-2010, rhabdomyolysis was mainly
associated with poisonings with carbon monoxide, ethyl
alcohol and its surrogates, barbiturates, clonidine, tricyclic
antidepressants (TCA), neuroleptics, and heroin.

During the period from 2010 to 2015, significant
changes occurred in the structure of drug poisonings, the
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share of synthetic opioids increased, the leaders among
which were heroin and illegally manufactured methadone.
Thus, by 2010 their share was 28.7%, and in the period
2015-2019 it increased significantly (52.2%) and began
to change qualitatively and quantitatively. Over the past
10 years alone, the number of positive tests (performed
during the year) for methadone content has increased
almost 150 times, for morphine and tramadol — 100 times;
for heroin — 6 times; on the other hand, for natural opium
(«shirkay, a raw, unrefined form of opium) — it decreased
7 times. In general, the number of cases of detection
of natural opium products in the biological material of
patients decreased from 57% in 2000 to 2% in 2020.

The spread of illegal methadone among drug users
has changed the structure of the causes of hospital mortality
from drug overdoses: in 2009, 19 deaths from methadone
poisoning were registered (0.04 per 100 thousand
population), and in 2019-599 cases (11.19 per 100 thousand
population); the number of forensic medical studies of
deaths associated with methadone has also significantly
increased (by 9 times). It is important to note that in
almost half of the poisoning cases, along with methadone,
chemical and analytical studies of patients’ blood and urine
revealed ethanol, other narcotic substances (amphetamine
derivatives, morphine, cocaine, etc.), as well as various
medicinal and psychotropic substances (barbituric acid
derivatives, benzodiazepine, phenothiazine, tricyclic
antidepressants, etc.).

After 2010, cases of rhabdomyolysis associated
with neuroleptics, street drugs: psychostimulants, heroin,
methadone, in particular the combination of methadone
with ethyl alcohol, or with benzodiazepines, neuroleptics,
tricyclic antidepressants, have become more frequent.
Cases of rhabdomyolysis are increasingly observed in
severe poisonings with unidentified substances (12.75%).

Hospital mortality rates among patients with
rhabdomyolysis (Table 1) remain high (from 10.0 to
25.8%). Thus, with an average hospital mortality rate for
poisonings of chemical etiology, which is from 2.5 to 4.5%,
mortality in poisonings complicated by rhabdomyolysis
is from 10.0% to 25.8%. There are gender differences: in
the group of poisonings with chemicals, men predominate
(75.0%), in the group of poisonings with medicines —
women (69.0%), in the group of drugs, psychoactive and
unknown substances, men predominate (81.5%). The risk
of rhabdomyolysis in men, among other things, may be due
to the presence of a greater muscle mass than in women.

The development of rhabdomyolysis of non-traumatic
genesis is influenced by the presence of concomitant
pathology in the patient. Analysis of the medical data of
patients revealed a wide range of concomitant pathology,
both among men and women (Table 2). Among the diseases,
diseases of the digestive system (39.1%), nervous system
(27.9%), hematopoietic organs (20.5%) and kidneys
(16.9%) predominate. The range of identified diseases
determines a high risk of rapid development of multiple
organ failure against the background of rhabdomyolysis,
which may not be the only complication of a comatose state.

For example, among 58 patients with methadone
poisoning complicated by prolonged soft tissue compression
syndrome, the following pathological conditions were
found: cerebral coma, brain edema — 54 cases (96.4%);
respiratory failure — 33 cases (56.9%); liver failure —
11 cases (18.9%); renal failure, including anuria — 14 cases
(24.1%); cardiopulmonary failure, including pulmonary
edema — 9 cases (15.5%); presence of thrombophlebitis,
purulent wounds, sepsis — 14 cases (24.1%).

According to the results of autopsies, various
pathologies in the organs were found, covering not only
the kidneys (Fig. 1) but also the liver (Fig. 2).

Table 1
Etiological factors of rhabdomyolysis in patients with poisoning (N=243), study period: 1990-2020
Substance Total cases, abs. |Men abs. number, Women abs. Treatment Lethality abs.
number, (%) (%) number, (%) period, days number, (%)
Chemicals
Carbon monoxide 24 (9,8) 18 (75) 6 (25) 11,443,5 5 (20,8)
Ethyl alcohol and
surrogates 36 (14,8) 34 (94,4) 2 (5,6) 9,5+4,7 4 (11,1)
Medicines
Barbiturates 12 (4,9) 2 (16,7) 10 (83,3) 15,7£7,7 2 (16,6)
Tricyclic
e T 16 (6,6) 4 (25) 12 (75) 12,8+4,4 3(18.,8)
Neuroleptics 10 (4,1) 4 (40) 6 (60) 10,3£3,2 1 (10,0)
Clonidine 4 (1,6) 3 (75) 1(25) 10,7+4,6 1 (25,0)
Narcotics and psychotropic substances
Heroin 45 (18,5) 39 (86,7) 6(13,3) 12,8+3,9 7 (15,6)
Methadone 58 (23.,9) 51(87,9) 7(12,1) 11,442,6 14 (24,1)
Psychostimulants 72,9 4 (57,1) 3(42,9) 13,6+5,1 1(14,3)
Unidentified substances 31 (12,75) 21 (67,7) 10 (32,3) 10,5+4,3 8 (25.,8)
TOTAL: 243 180 (74,1) 63 (25,9) 46 (18,9)
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Table 2

Structure of comorbidities in patients with poisonings (N=243) complicated by rhabdomyolysis,
study period: 1990-2020

Disease groups Pathology frequency, %

Diseases of the digestive system 95(39,1)
Liver disease 58 (23,8)
Diseases of the pancreas 29 (11,9)
Diseases of the nervous system 68 (27,9)
Mental and behavioral disorders 65 (26,7)
Viral hepatitis 62 (25,5)
Diseases of the blood and blood-forming organs (anemia) 50 (20,5)
Renal tubulointerstitial diseases 41 (16,9)
Some infectious and parasitic diseases 36 (14,8)
Respiratory diseases (pneumonia) 29 (11,9)
Diseases accompanied by high blood pressure 26 (10,7)
Diseases caused by human immunodeficiency virus (HIV) 21 (8,6)
Diseases of the endocrine system 15 (6,1)
Diabetes mellitus, type II 5(2,1)

a b

¢ d

Figure 1. Micrographs of a kidney preparation (GxE, 100, 400) of a male who died from opioid drug poisoning complicated by non-traumatic

rhabdomyolysis.

Histopathological examination of  kidney
preparations revealed hemodynamic disturbances, tubular,
glomerular and interstitial changes. Tissue samples
showed dilatation and engorgement of vessels, including
glomerular capillaries, signs of sludge phenomenon
(Fig. 1 — b, c, d). In the cortical section, obstruction of
part of the distal tubules with proteinaceous material
occupying part of the lumen; in the proximal tubules,
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degeneration of epithelial cells, tubules somewhat dilated,
epitheliocytes flat with pyknotic nuclei; detachment of the
epithelium from the basement membrane; cellular detritus;
crystals. In single glomeruli, in capillaries and Bowman’s
space, poorly stained, probably proteinaceous substance,
atrophy of glomerular bundles. Focal proliferation and
mononuclear infiltration of the stromal tissue (Fig. 1 — a,
b, ¢, d).
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Figure 2. Micrographs of liver (e, f) and skeletal muscle (g, h) preparations of a male subject who died from opioid drug poisoning

complicated by non-traumatic rhabdomyolysis (GxE, 100, 400).

According to the results of forensic histological
examination, portal cirrhosis with a characteristic massive
proliferation of connective tissue with abundant lymphoid
cell infiltrate, along with admixtures of plasmatic and
histiocyte elements was detected in liver samples. The
predominant mass of hepatocytes was in a state of small
and medium droplet fatty dystrophy and necrosis (Fig. 2 —
e, f). Skeletal muscles with massive destructive-dystrophic
changes (vacuolization, disintegration, necrosis). Vascular
congestion, edema and stromal infiltration were noted

(Fig. 2 —g, h).

DISCUSSION

Alcohol and drug use, leading to prolonged sleep
in a fixed position, is the most common cause of toxic
rhabdomyolysis. Our experience demonstrates that
acute and/or chronic exposure to alcohol and illicit
drugs is the most common trigger for rhabdomyolysis:
most hospitalized patients with elevated CPK levels had
a history of alcohol and substance abuse.

According to many authors, the leading drugs
causing rhabdomyolysis are illegal methadone,
heroin, cocaine, methamphetamine, ecstasy, and LSD;
stimulants have been implicated in rhabdomyolysis with
hyperthermia and muscle rigidity.
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Given the prevalence of rhabdomyolysis, obtaining
information about substance use is an important part of
clinical diagnosis.

Because patients with rhabdomyolysis may be
subdural and comatose due to toxic and metabolic
effects, clinicians should anticipate and screen for
rhabdomyolysis [2, 4].

In addition to alcohol and drugs, some prescription
drugs can also cause rhabdomyolysis. For example,
antipsychotics that cause neuroleptic malignant syndrome
are a prominent cause of rhabdomyolysis in adults and
children. Among psychiatric drugs, antidepressants are
also frequently associated with rhabdomyolysis.

Statins used in hypothyroidism increase the risk
of rhabdomyolysis, especially those metabolized by
CYP3A4 (simvastatin, atorvastatin, and pravastatin). The
risk of rhabdomyolysis is increased with concomitant use
of other drugs metabolized by CYP450, including calcium
channel blockers, amiodarone, macrolide antibiotics, and
HIV protease inhibitors, among others [1, 10].

Rhabdomyolysis can occur as a result of electrolyte
disturbances (hypokalemia, hypophosphatemia,
hyponatremia, and hypernatremia) in the setting of
endocrine diseases such as diabetes, thyroid dysfunction,
primary hyperaldosteronism, diabetes insipidus, and
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pituitary dysfunction, etc. Cases of rhabdomyolysis are
also associated with electrolyte disturbances (mainly
hypokalemia and hyponatremia) in the setting of laxative
and diuretic abuse [3, 11].

Biological toxins and pesticides [12] are relatively rare
causes of rhabdomyolysis; however, certain snake toxins can
cause rhabdomyolysis through direct myotoxicity and/or
muscle ischemia associated with coagulopathy. Toxins from
wasps and spiders, as well as certain species of inedible
mushrooms, can also cause rhabdomyolysis [13].

The diagnosis of rhabdomyolysis is based primarily
on the presence of myoglobin in the urine or a significant
increase in serum CPK levels. After muscle injury, plasma
myoglobin levels rise rapidly and then fall rapidly due to
renal excretion and recover within 24 hours. In contrast,
serum CPK levels rise 2-12 hours after the onset of muscle
injury, peak 3-5 days after injury, and decline over the
next 6-10 days. Given that not all patients are hospitalized
within 24 hours of muscle injury, measurement of CPK
levels may be the most reliable biochemical marker of the
severity of rhabdomyolysis [14].

The characteristic clinical features of rhabdomyolysis
include myalgia, muscle weakness, and muscle edema that
develop over hours to days.

Laboratory diagnosis of rhabdomyolysis indicates an
increase in serum CPK levels, usually three to five times the
upper limit of normal, from 100 to 400 IU/L (approximately
1000 IU/L). Although less than 10% of patients have classic
symptoms, most have mild laboratory abnormalities.

Rhabdomyolysis often leads to acute renal failure.
Intensive therapy should be aimed at dehydration and
plasma alkalinization to reduce myoglobin precipitation in
the renal tubules, and renal replacement therapy should be
used in the presence of anuria.

CONCLUSIONS

The trend of recent years is an increase in cases
of drug poisoning involving synthetic opioids (heroin,
methadone in combination with ethanol and other
surfactants), complicated by non-traumatic thabdomyolysis.
The key factors in the development of multiple organ failure

are the combined consumption of several psychotropic and
narcotic substances with alcohol and comorbid pathology.

Perspectives for further research. The specific
toxicity of new synthetic opioids and psychotropic
substances remains an area that requires additional
research. In particular, a promising direction of scientific
research is the study of the combined effect of narcotic
substances with alcohol, drugs, as factors in the occurrence
of rhabdomyolysis and other organotoxic effects.
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Pe3rome

CYYACHI CUHTETUYHI ONIoiax TA PABAOMIONI3: KNIHIYHI TA CY0BO-EKCMEPTU3HI ACMEKTH
Haranis B. Kypginb', Biktopis C. JlicoBcbka', Hains P. KawanoBa?, OnekcaHap B. MuxaiineHko?,
Muxanno B. Hikitin? Oner B. IsaweHko?, Bopuc |. Manamap*

"HaykoBWi LileHTp NPeBEHTUBHOT TOKCMKOIONii, Xap4oBOi Ta xiMiyHoi 6e3neky iMeHi akagemika J1. |. Meaeeas MiHictepcTsa
OXOPOHU 3A0poB’s Ykpaitny (JepxasHe nignpuemctso), M. Kuis, YkpaiHa

?[lepxaBHa crnewianiaoBaHa ycTaHoBa «KuiBcbke Micbke KniHiYHe Bt0po CyA0BO-MeauyHOi ekcnepTany, M. Kuis, YkpaiHa
HaujoHanbHui yHiBepcuTeT 0XopoHu 30opoB’s Ykpaitu imeHi 1. J1. LLynuka, M. Kuis, YkpaiHa

*HavjioHanbHuit MegnuHui yHiBepeuTeT imeHi O. O. BoromonbLs, M. KuiB, YkpaiHa

BeTym. Y cBiTi IOPOKY 361/1bIIY€ETHCS NepesliK XiMiYHUX pe4OBHH, B TOMY YHMCJi HAPKOTHUKIB, 1110 TOTEHLIHHO MOXYTh
OyTH NPUUUHOI pabaoMioizy.

MeTa. AHaji3 eTioJIOTIYHWX YUHHMKIB, 1[0 OOYMOBUJIM PpO3BUTOK pabAOMioJidy HeTpaBMaTUYHOTO TeHe3y
y AOPOCJIMX MaLiEHTIB 3 TOCTPUMHU OTPYEHHSAMH.

Martepiasnu Tta Meroau. [lociaigxeHi 243 BumajKyM TOCTPUX OTPYEHb CepeJ, AOPOCJOro HacejseHHd M. Kuesa,
yCKJIaZHEHUX HETPaBMaTUYHUM pabaoMiosizom, 3a nepiog 1999-2020 pp.

Pe3ynbTaTu. 32 JaHUMHU TOKCHUKOJIOTIYHOTO LEHTPY i OHOPO CyAOBO-MeAWYHUX eKcnepTu3 M. KueBa, crnekTp
OTPYHHHUX PEYOBHH, L0 0OYMOBJIIOE PO3BUTOK HETPaBMAaTHUYHOrO paboMioJidy, NOCTIHHO 3MiHIOETHCA. Y Mepiof,
1999-2010 pp. pa6gomiosiiz 6yB aconiiioBaHUN 3 OTPYEHHSIMU MOHOKCH/IOM ByIJIell0, ETUJIOBUM aJKOroJieM Ta HOro
cyporatamy, 6apbitypatamy, kiodeninom, TLA, HeliposenTrkamy, repoinom. [licias 2010 p. movacTimasy BUDagKu
pab6aomioizy, acouidioBaHOro 3 HeHpOJIENTHKAMH{, BYJMYHHMH HApKOTHKAaMH: IICHXOCTUMYJISATOPAaMH, TepOiHOM,
MeTa/loHOM, 30KpeMa MOEJHAHHAM MeTa/loHy 3 eTHUJIOBUM asKorosieM, abo 3 6eH30jia3eniHaMy, HeHpoJienTHUKaMY,
TPULMK/IIYHUMU aHTUJenpecaHTaMy. Bce dacTile crnocTepiraroTbcsi BUMAAKU TSPKKUX OTPYEHb HEBCTAHOBJIEHUMH
pedoBuHaMu (12,75%). [lokasHMKM rocmiTasbHOI JIeTaJbHOCTI cepej MaLieHTIB 3 pa6JoMioJi30M 3a/JHLIAOTHCSA
BucokuMHu (Big 10,0 mo 25,8%) i 3asexaTh Bij HassBHOI y maljieHTa CymyTHLOI NATOJIOTI], cepes sIKOI epeBaXKaloTh
xBopo6u opraniB TpaBieHHs (39,1%), HepBoBoi cuctemu (27,9%), kpoBoTBOpHUX opraHiB (20,5%) Ta HHUpPOK
(16,9%). KninidyHa KapTHHa OTPYEHHS, YCK/JIaJAHEHOTro pa6AOMio/i30M, XapaKTepHU3YETbCA He JIMIIE TOCTPUM
YPaXXeHHSIM HHUPOK, a W CTPIMKUM pPO3BUTKOM I[0JIIOPraHHOI HEAOCTATHOCTI, 10, He3Ba)Kal0id Ha CBOEYACHE
3aCTOCYBaHHS MEeTO/iB 3aMiCHOI HUPKOBOI Teparii, Ipu3BOAUTD [0 JIETaJIbHOTO pe3yJibTaTy.

BucHOBKHU. TeH/EHLi€I0 OCTAHHIX POKIiB € 36i/bllIeHHs] BUNAJKIB HAPKOTUYHUX OTPYEHDb 32 y4aCTi CUHTETUYHUX
omioifiB (repoiHy, MeTaJjoHy y MOEAHAHHI 3 eTaHosioM Ta iHWUMU [IAP), 1m0 yCKIaAHAIOTHCS HETPaBMaTHYHUM
pa6gomionizoM. KirouoBUMM YMHHHUKAaMH PO3BUTKY I0JIIOPTaHHOI HEJOCTATHOCTI € KOMOGiHOBaHe CIOXKHBaHHI
JIeKIJIbKOX IICUXOTPONHUX | HAPKOTHYHUX PEYOBHH 3 aJIKOr0JieM Ta KOMOp6iAHa natoJoris.

Kawouosi c/108a: 0OTpyeHHA y A0POCINX, TOKCMYHA Aisi HAPKOTHUKIB, pa6JoMioJii3
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