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Introduction. In Russia, venomous snakes are mainly represented by species from the viper family. Several thousand people suffer from viper
bites each year in Russia; a small proportion of these cases are fatal, primarily due to cardiovascular causes. There is no study of this issue in
the Russian medical literature, and the national clinical guidelines in cardiology do not mention the toxic effects of viper venom on the heart.
Objective. To systematize data on the toxic effect of venom from snakes of the Viperidae family on the human myocardium.

Methods. A systematic review of cases was conducted in accordance with the PRISMA 2020 criteria. The search was carried out in the
electronic databases PubMed, Google Scholar, and eLibrary. The review included 30 publications (29 case reports and 1 case series) that
met the inclusion and exclusion criteria. From each publication, the following data were extracted: country of the case, demographic data, vital
signs, clinical presentation, laboratory and instrumental parameters, condition of the coronary arteries, outcomes, and therapy administered.
Results. Twenty-two cases of myocardial infarction (Ml) (71%) were analyzed, 17 of which (77.3%) were ST-segment elevation Mls, and 9 cases
of toxic myocarditis (TM) (29%). Seventy-one percent of the affected individuals had no prior medical history. Systolic blood pressure (SBP) in
the MI group was statistically significantly lower than in the TM group (p = 0.0344). The median time from the bite to the onset of anginal pain in
the MI group was 5.0 [0.3; 240] h. Signs of hypocoagulation were observed in 75% of cases, and leukocytosis (always neutrophilic) was present
in 82.6% of cases. Significant T-wave changes were found in 26.6% of patients, predominantly as T-wave inversion in the chest leads, occurring
in both the Ml and TM groups. In Ml cases, ST-segment elevation was recorded in 77.3%; among these, criterion ST-segment elevation was in
the anterior leads in 52.9% and in the inferior leads in 47.1%. Ventricular tachycardia was detected in 2 patients, both with MI. In one TM case,
severe atrioventricular block occurred, requiring implantation of a permanent pacemaker (PPM). Echocardiographic changes were documented
in 55% of cases, with global hypokinesis observed in 18.2% of TM cases. The median left ventricular ejection fraction was 56.0 [40.0; 62.0]%
for Ml and 37.5 [30.0; 45.0]% for TM (p = 0.0858). In 8 cases (62.5% Ml and 37.5% TM), the coronary arteries were intact according to coronary
angiography; in 5 cases (100% M), a large mural thrombus was visualized; and in 1 Ml case (a 74-year-old patient), significant atherosclerotic
coronary artery disease was found. Thrombolysis with reteplase and tenecteplase was performed in 11.8% of cases of ST-segment elevation MI.
Dual antiplatelet therapy was administered to 40.9% of patients with MI. Blood component transfusion was required in 22.6% of cases to cor-
rect coagulation disorders. Hemodialysis was mentioned in two publications, both in Ml cases. Clinical death occurred in 25.8% of the affected
individuals immediately after the snake bite or upon admission. Overall mortality was 22.7% for Ml and 22.2% for patients who developed TM.
Conclusions. Cardiovascular complications after viper bites are rare but can have a wide range of outcomes, including cardiac arrest, malig-
nant ventricular arrhythmias, the need for pacemaker implantation, blood component transfusion, hemodialysis, and death. The management
of this group of patients, including the use of antivenom, remains a topic for future research.
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KAPOVUOTOKCUYHOCTb AAA FAQHOKOBbIX: CACTEMATUYECKUIN OB30P KITMHUYECKUX
CJNTYHAEB OCTPOIO MH®APKTA MNOKAPOA NN TOKCUHECKOIO MNOKAPOUTA

A.A. Beneprukos™, E.M. MexxoHoB"?, C.A. BenepHukosa?, B.A. banvHa'

TObnacTHas knuHu4eckas 6onbHuLa Ne 1, TiomeHb, Poccust
2 TioMEHCKMI rocyAapCTBEHHbIN MeOVLIMHCKWA YHMBEPCUTET, TtoMeHb, Poccus

BeepeHune. B Poccum a0oBuTbhie 3Men NperMyLLEeCTBEHHO MPEACTaBAEHbl BUAAMN U3 CEMENCTBA raAtoKOBbIX. EXXerogHo OT yKyCOB rafrok
CTpajatoT HECKOJBKO ThICAY 4eNoBeK B Poccum, Manas 4acTb 9TUX ClyYaeB 3aKaH4MBaETCA NeTaslbHbIM MCXO40M, B OCHOBHOM MO Ccephey-
HO-COCYAUCTbLIM NMpUYMHaM. B pOCCUINCKOM MeQULIMHCKON NuTepaType OTCYTCTBYET M3y4eHre aHHOro BOMPOCa, B HaLMOHaIbHBIX KIMHMYE-
CKVX PEKOMEHZAUMSAX MO MPOMUIK0 KapaMonornm He yroMMHaeTCsa TOKCUYeCcKoe AeNCTBIE saa rafiok Ha cepaLe.

Llenb. CuctemaTnanpoBaTh AaHHble MO TOKCMYECKOMY AEMNCTBUIO Sia 3Mei CeMencTBa raiItokoBbIX Ha MUOKapd, YenoBeKa.

MeTopbl. CuctemaTuyieckunin 063op cry4aes Obin NPoBeaeH B COOTBETCTBUM C KpuTepusamm PRISMA 2020. Monck ocyLecTBASANCS B 3/1ek-
TPOHHbIX Hazax AaHHbIx PubMed, Google Scholar n eLibrary. B 0630p BoLunio 30 nybnvkauumi (29 oT4eToB O ciyyasx 1 1 cepust HabNoAeHWN),
COOTBETCTBYIOLLNX KPUTEPUSM BKITKOHEHNS 1 UCKITOYEHS. VI3 kaxk 4o nybnnkaumm 6binm n3BedeHbl: CTpaHa ciyyas, gemorpaduyeckme
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[aHHble, XXN3HEHHO BaXkHble NokKasaTenn, KIIMHNYeckas KapTvHa, N1abopaTopHble 1 MHCTPYMEHTasIbHbIE MapaMeTpbl, COCTOSIHNE KOPOHap-
HbIX apTepuii, UICXOabl 1 MpOBedeHHasn Tepanusi.

Pesynbtathl. [poaHannanpoBaHo 22 cnyyas nHdapkta mrmokapga (M) (71%), 17 (77,3%) n3 Hux — ¢ nogbeMom cermeHTa ST, 1 9 cnyvaes
TOKCHYeckoro muokapamta (TM) (29%). Y 71% nocTpagasLumx OTCYTCTBOBa NPEALLIECTBYIOLLNA aHamMHe3. CUCTONMYeCKOoe apTepuanbHoe
nasnervie (CAL) npu VIM 6b1110 CTAaTUCTUHECKN 3HAYNMO HIKe, HYeM npu TM (p = 0,0344). MegmaHa BpemMeHu OT yKyca [0 padBuUTUS aHrn-
HO3HbIX 6bonen npu VIM coctasuna 5,0 [0,3; 240] 4. B 75% cny4yaeB oTMeueHbl Mpu3Haku rmnokoarynaumm, B 82,6% 1mMencs NemkoumTos,
BCcerga HemTpoMUibHbIN. 3Ha4YMMOE n3mMeHeHre 3ybLa T 0BHapy»XeHo y 26,6% naumeHToB, NPenMyLLEeCTBEHHO B BUAE MHBepCun 3ybua T
B FPYyAHbIX 0TBeAeHsIX, kak B rpynne ¢ VIM, Tak n B rpynne ¢ TM. Mpwu IM aneBaums cermerTa ST hukcunposanacs B 77,3%, 13 Hux B 52,9%
cly4aeB KpuTepuasbHbIi nogbem cermeHTa ST Obin B nepedHnx OTBeAeHUsIX, a B 47,1% — B HKHVX OTBeAeHVsX. Y 2 naymeHToB obHapy-
»KEeHa XKenyaodkosas Taxvkapams, B oboux cnyyvaax npu VIM. B 1 cnydae npu TM Habntoganack BblpaXxeHHas aTpruoBeHTPUKYASpHas 61o-
kaaa, notpeboBasLUas yCTaHOBKM MOCTOSIHHOIO anekTpokapanocTumynsaTopa (OKC). B 55% cnyvaes 6binn 3admKCUpoBaHbl N3MEHEHWS
no axokapamnorpaduu, rmobanbHbIN MMNOoKMHES BbisiBNeH B 18,2% TM. MeavaHa dhpakummn Beibpoca neBoro »enyaoyka ans VIM coctasuna
56,0 [40,0; 62,0]%, ons TM — 37,5 [30,0; 45,01% (p = 0,0858). B 8 cny4asx (62,5% VIM 1 37,5% TM) kopoHapHble apTepun No gaHHbIM KOPO-
HapHoW aHrnorpadumn Obinn UHTaKTHbI, B 5 cnydasx (100% VIM) B1u3yanuanposancs KpynHbii MpUCTEHOYHbIR TpoMO, 1 B 1 cnyyae npu M
y naumeHTa 74 neT BbISBNEHO 3HAYMMOE aTepOCKIepOoTMHECKOE MOpaXKeHNe KOpoHapHoro pycna. B 11,8% cny4daes Ha oHe VIM ¢ nogb-
eMOoM cermeHTa ST BbINOHEH TPOMOONM3MC peTennason n TeHekTennason. 40,9% naumeHToB ¢ VIM nonyyanu ABOMHYIO aHTUarperaHTHyro
Tepanuio. B 22,6% cnyyaeB Bo3HMKana HeOOXOAMMOCTb NepenBaHnst KOMMNOHEHTOB KPOBW C LiE/blo KOPPEKLMN HapyLLEHWIN CBePTbIBa-
emMocTu kpoBu. [NpoBeaeHve remoananmada ynoMmHaeTcs B 2 nybnvkaumsx, oba cnydas — npu VIM. 25,8% nocTpagaBLlumx nepeHecnmu
KIIMHNYECKYIO CMEepPTb cpagdy Nocie yKyca 3Men Uan Ha aTtane nocTynneHusd. VItoroBas netansHOCTb cocTtasuna: 22,7% ana VIM n 22,2%
015 NaumeHToB, nepeHecLunx TM.

BbiBogbl. Cepae4HO-COCYANCTbIE OCNOXKHEHWS MOCHE YKyca raftok MPONCXOASAT PEAKO, HO MOTYT UMETb LUMPOKUIN CAEKTP UCXOOO0B, BKIO-
4Yasi OCTAHOBKY CepfLia, 3/10Ka4eCTBEHHbIE »KENMYLO4KOBbIE apUTMUN, MOTPEOHOCTb B YCTAHOBKE 3/1EKTPOKapANOCTUMYNATOPA, Nepenvsa-
HIe KOMMOHEHTOB KPOBW, reMoanannsa, cMepTb. OCObeHHOCTY BeAeHUst AaHHOM rpynmbl 60bHbIX, BKIOYas MPUMEHEHWEe aHTuaoTa, — BO-
npOoChkl Ans ByAyLIMX NCCNeaoBaHN.

KnioueBble crnoBa: rafioka; CEMENCTBO MaftoKOBbIX; 3MEVHbIN S, TOKCUYECKOE BO3AENCTBUE; CEPAEYHO-COCYANCTbIE 3ab0NeBaHns;
VMHMaPKT MMOKapAa; MUOKapAMT; YKYCbl 3MEN

Ons untnposaHus: BegepHukos A.A., MexxoHos E.M., BeaepHukosa C.A., BannHa B.A. KapanoToKCUYHOCTb sa ratoKOoBbIX: CUCTeMaTu-
HYECKNIA 0630P KIIMHUHECKNX CAlyHaeB OCTPOro nHdapKTa Mruokapaa 1 TOKCUYECKOro M1oKapanTa. SKcTpemasibHas buomeaunumHa. 2026.
https://doi.org/10.47183/mes.2026-518

duHaHcupoBaHue. VlccnenoBarme BbINOMHEHO 6€3 CMOHCOPCKOW NOAOEPMKKN.
MoTeHuunanbHbI KOHANKT MHTEPECOB. ABTOPbI 3as3BNSIOT 06 OTCYTCTBUM KOH(IMKTA MHTEPECOB.

Mcnonb3osaHue nHctpymeHToB V. ABTOPbI 3a8BNSAIOT, YTO NPV NMOATOTOBKE PYKOMUCK HE UCMONb30BaINCh MHCTPYMEHTbI MCKYCCTBEH-
HOIo UHTENNeKTa.
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INTRODUCTION venomous animal species. Nevertheless, one cannot

ignore the high level of environmental diversity in the

Bites of venomous animals are a pressing threat to
human health and safety worldwide. Thousands of
cases are recorded annually in which a person is
exposed to venom upon encountering dangerous
fauna. Globally, the most significant clinical danger
to the population comes from groups such as arach-
nids, insects, and, to a lesser extent, jellyfish, am-
phibians, and snakes. Of particular concern is the
steady upward trend in the number of such incidents.
For example, in the United States, in 2018-2023,
animal-related deaths, including those caused by
venomous animals, increased by 38% [1]. The World
Health Organization (WHO) has developed a strate-
gic roadmap aimed at reducing mortality and disabil-
ity from snake bites by 50% by 2030. Envenomation
is officially included among the most prioritized ne-
glected tropical diseases [2].

On the territory of the Russian Federation, the
natural and climatic conditions are generally not fa-
vorable for the widespread distribution of highly toxic

country, which includes climatic zones ranging from
temperate to subtropical, as well as the current dy-
namics of climate change, which involves warming and
shifts in climatic zone boundaries. Moreover, the very
low population density in Russia, together with vast
steppe and forest areas, creates relatively few anthro-
pogenic obstacles for the habitation of these species.
These conditions may become favorable for the expan-
sion of the range and increase in the number of certain
venomous animal species, which in the future could af-
fect the risk of their encounters with humans and the
associated toxic effects. The most represented and
widespread family of venomous snakes in Russia is the
Viperidae (Table 1) [3].

Several species of this family are found in Russia,
but the greatest clinical significance is associated with
bites of the common adder (Vipera berus): the species
is distributed almost everywhere, which explains why
cases of envenomation are most frequently reported

(Fig. 1).
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Table 1. Main species of Viperidae occurring within the territory of the Russian Federation

Snake species

Brief description

Common adder
(Vipera berus)

The most widespread species, inhabiting almost the entire territory of Russia (forests,
swamps). Coloration varies from gray to black with a zigzag pattern on the back

Steppe viper (Vipera ursinii/
renardi)

Found in steppes and meadows, in Crimea, the Ciscaucasian region and Southern
Siberia. Smaller than the common adder, its venom is less toxic

Pit viper (common pit viper,
Ussuri pit viper, rock pit
viper) (Gloydius)

Distributed in the Volga region, the Caucasus and the Far East. More aggressive than
common adders, has a flattened head and spotted coloration

Blunt-nosed viper (Levantine
viper) (Macrovipera lebetina)

One of the most dangerous and large (up to 2 m) snakes, inhabits the North Caucasus
and Dagestan. Possesses extremely toxic venom

Caucasian viper
(Kaznakow’s viper)
(Vipera kaznakovi)

Brightly colored (orange-yellow or red) snake, inhabits the Black Sea coast

(Vipera dinniki)

Nikolsky’s viper Inhabits mainly forest-steppe and steppe regions of the European part of Russia,
(Vipera nikolskii) as well as the black-earth areas, and extends to the foothills of the Urals; has a deep
black color
Dinnik’s viper (Vipera dinniki) In Russia, it is found exclusively in high- and mid-mountain regions of the North

Caucasus. A clear dark zigzag stripe runs along the back, which sometimes merges

into a solid black line

Table compiled by the authors based on data from the source [3]

The common adder (Vipera berus) is a venom-
ous snake of the viper family, distributed throughout
the Eurasian continent, including northern latitudes.
Its body length is usually 750-1000 mm; females are
larger than males. Color variations (morphs) range from
light gray to brown, reddish-copper, and entirely black
(melanistic). The key identifying features are a dark zig-
zag stripe along the back (sometimes continuous or

spotted), an X-shaped pattern on the head, and dark
lateral spots. The snake’s venom is used for hunting;
for humans, a bite is very painful but rarely fatal. The
common adder is much less demanding regarding am-
bient temperature than most other snakes, mainly due
to its ability to change thermoregulatory behavior [4]. It
can survive in harsh conditions, up to the Arctic Circle,
and remains active at relatively low temperatures (even

Figure prepared by the authors

Fig. 1. Geographic range of the common adder (Vipera berus) in Russia: red colour — habitat range
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10-15 °C), which allows it to colonize northern latitudes
and mountainous regions [5].

The stimulus for our work was a rare case of
acute myocardial infarction after a snake bite, de-
scribed in 2025 [6]. In this article, we present a sys-
tematic review of cases of acute myocardial infarc-
tion (MI) and toxic myocarditis (TM) resulting from
bites of snakes of the Viperidae family in various re-
gions of the world. Such information is absent from
the Russian scientific literature and may be of clinical
interest (when extrapolated to local representatives
of the Viperidae family).

The study purpose is to systematize data on the
toxic effect of Viperidae venom on the human myocar-
dium.

METHODS

The systematic review was prepared according to
the PRISMA 2020 algorithm'. The search was con-
ducted in the databases PubMed and elLibrary, as
well as via the Google Scholar search tool, to select
publications describing infarctions and myocarditis fol-
lowing bites of snakes from the Viperidae family. The
study included full-text original articles published up
to December 2025, available in English, Spanish, and
Russian. Works reported only as abstracts, duplicates,
and review articles were excluded. Articles in which
the link between viper venom and myocardial dam-
age could not be confirmed were also not included in
this systematic review. In the end, we compiled a list of
publications based on their relevance to the subject of
this review. The keywords included the following terms:
snake bites or snake venoms or snakes or Viperidag;
and cardiac or heart or myocardial infarction or myo-
carditis or cardiology or ischemia.

Two researchers independently screened the titles
and abstracts of the identified articles. A third research-
er was consulted in cases of disagreement during the
selection process. All authors independently analyzed
the studies to ensure accuracy and consistency and to
eliminate the risk of bias. Disagreements were resolved
by reaching consensus.

From each selected publication, the following in-
formation was extracted: country of the case, patient
age and sex, prior medical history, vital signs upon
admission, consequences of the bite and clinical pre-
sentation, laboratory data (including markers of myo-
cardial necrosis), electrocardiogram description, echo-
cardiogram and magnetic resonance imaging findings,
condition of the coronary arteries, patient outcomes,
and therapy administered. The study results were pro-
cessed using the Jamovi Version 2.6.44 (Australia) sta-
tistical software?.

The total number of publications based on the initial
search strategy was 1076. Studies presented only as
abstracts were excluded; such articles numbered 388.
After reading the remaining full-text publications,
535 articles were removed: 381 were duplicates, and
154 were reviews. Cases where the snake species or
family was not reported, as well as cases where the
snakes belonged to the Elapidae family (which do not
occur in Russia), were not included in the systematic
review. Single cases of hemorrhagic pericarditis, cardi-
ac tamponade, non-infective endocarditis, and cardiac
rhythm and conduction disturbances following a snake
bite without other signs of myocardial injury were also
excluded from the review. Also excluded were cases
of Takotsubo cardiomyopathy following bites, because
there are discrepancies in interpreting the extent of
damage directly from the direct action of viper venom
on the myocardium versus the effect of catecholamines
released into the bloodstream due to the emotional and
physical stress of the snake bite itself. Furthermore,
cases of Kounis syndrome (allergic coronary syn-
drome) were not included, since we believe these epi-
sodes are not pathophysiologically related to the topic
we address, and there are difficulties in identifying the
actual trigger of the allergic reaction. In total, 30 pub-
lications (29 case reports and 1 case series) that met
the inclusion and exclusion criteria were included in the
systematic review (Fig. 2).

We refrained from statistical analysis for several rea-
sons: extreme heterogeneity of the data (single cases
with unique clinical characteristics, treatment regimens,
and outcomes); low quality of the original information
(case reports are considered low-evidence due to their
subjectivity and high risk of bias, especially publica-
tion bias — the tendency to publish only positive or
unusual outcomes); assessment of uncertainty is not
feasible (with a small number of studies it is difficult to
determine heterogeneity among them). Methods that
account for such uncertainty have low power.

RESULTS AND DISCUSSION
Case descriptions

General characteristics. We analyzed 22 cases of myo-
cardial infarction (MI) (71%), 17 of which (77.3%) were
ST-segment elevation MI, and 9 cases of toxic myocar-
ditis (TM) (29%). Some data from the cases included in
the review, specifically the diagnosis, complications of
the bite, coronary artery assessment, and myocardial
revascularization methods, are presented in Table 2°.
Countries with a tropical climate predominated (19 cas-
es, 61.3%). India and Sri Lanka accounted for 51.6% of
the included Ml and TM cases. In 22 cases (71%), the

' Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic

reviews. BMJ. 2021;372:n71. https://doi.org/10.1136/bmj.n7 1

2 The Jamovi Project (2022). Jamovi (Version 2.6.44) [Computer Software]. https://www.jamovi.org
¢ Table 2. Data on cases of acute myocardial infarction and toxic myocarditis resulting from Viperidae snake bites. https://doi.org/10.47183/mes.2026-518-annex
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Publications identified
through database searching
in PubMed, Google Scholar,

and elibrary:
(n =1076)

l

Excluded publications:
(n = 1047)

l

Publications included
in the final review:
(n = 30)

Figure prepared by the authors

e Duplicate publications (n = 381);

e Studies presented only as abstracts
(n = 388);

e Review articles (n = 154);

e Articles where snake species
or family is not reported (n = 59);

e Articles about elapid snakes (n = 52);

e Articles on pericarditis, tamponade,
endocarditis, and isolated cardiac
arrhythmias (n = 6);

e Cases of Takotsubo cardiomyopathy (n = 4);

e Cases of Kounis syndrome (n = 3)

Fig. 2. Flowchart of the systematic review: “Cardiotoxicity of Viperidae venom: a systematic review of clinical
cases of acute myocardial infarction and toxic myocarditis”

victims had no prior medical history or comorbidities;
in 4 cases (12.9%), prior history was not mentioned.
Dyslipidemia was recorded in 1 case (3.2%), pre-exist-
ing arterial hypertension in 2 cases (6.4%), and type 2
diabetes mellitus in 2 cases (6.4%). Patients with a prior
medical history did not differ in outcomes or severity
of complications from patients without a prior medical
history.

Clinical data. SBP in Ml was statistically significantly
lower than in TM (p = 0.0344). The median time from
the bite to the onset of anginal pain in the MI group was
5.0[0.3; 240] h. In 5 cases (55.6%) out of 9 with TM, an-
ginal pain was absent; in 4 cases (44.4%) of TM, anginal
pain was not mentioned (Table 3).

Laboratory parameters. Coagulogram parameters
were reported in 24 out of 31 cases, of which signs
of hypocoagulation (increased whole-blood clotting
time and increased activated partial thromboplastin
time) were present in 18 cases (75%). Complete blood
count results on admission were available in only 23
out of 31 cases; leukocytosis (neutrophilic in all cases)
was present in 19 cases (82.6%). Myocardial damage
confirmed by a positive high-sensitivity troponin test
was reported in 14 cases (45.2%) of those with avail-
able data. No differences were observed between Ml
and TM.

EXTREME MEDICINE | 2026

Electrocardiographic  (ECG) examinations. An
ECG was not described in one clinical observation.
An ECG described as unchanged was recorded in
2 cases (22.2%), both in the TM group. Significant
T-wave changes were found in 8 patients (26.6%) out
of 30, predominantly as T-wave inversion in the chest
leads, occurring in both the Ml and TM groups. In M,
ST-segment elevation was recorded in 17 cases (77.3%);
among these, criterion ST-segment elevation was in
the anterior leads in 9 cases (52.9%) and in the inferior
leads in 8 cases (47.1%). Ventricular tachycardia was
detected in 2 patients (9.1%), both with MI; one case of
atrial fibrillation (11.1%) was noted in TM and one case
of ventricular fibrillation (4.5%) in MI. Conduction distur-
bances — complete right bundle branch block (in Ml)
and complete left bundle branch block (in TM) — were
registered in 2 cases (6.7%) out of 30. In one TM case,
severe atrioventricular block occurred, requiring im-
plantation of a permanent pacemaker (PPM).

Echocardiographic  examinations. An echocar-
diogram (Echo) description was absent in 11 cases
(35.5%) out of 31. Normal Echo parameters were found
in 9 patients (45%) of the 20 with available data; among
these, 6 patients (66.7%) had Ml and 3 patients (33.3%)
had TM; in one case from this group, no ECG changes
were recorded either. In the remaining 11 cases (55%),
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Table 3. Main clinical characteristics in the groups with myocardial infarction and toxic myocarditis

PAa/':a[gitg:]s, Myocardial infarctions Toxic myocarditis p-value
Age, years 42.5 [17; 74] 43.0 [14; 93] 0.663
Time to onset of anginal pain, hours 5.0 [0.3; 240] - -
HR, bpm 97.0 [56; 180] 69.5 [48; 146] 0.277
SBP, mmHg 100.0 [50; 155] 120.0 [120; 172] 0.0344
DBP, mmHg 60.0 [00.0; 90] 70.0 [60; 79] 0.537

Table compiled by the authors based on data from the sources [6-35]

Note. M_[Q,; Q,] — median [25"; 75" percentile]; HR — heart rate; bom — beats per minute; SBP — systolic blood pressure; DBP — diastolic

blood pressure; “~” — no information available.

some changes were documented: local wall motion
abnormalities were visualized in 9 cases (81.8%), and
global hypokinesis was found in 2 cases (18.2%) of TM.
Left ventricular ejection fraction (LVEF) was measured
in 10 individuals; a reduction below 50% was detected
in 4 cases (40%) of these 10. The median LVEF was
56.0 [40.0; 62.0]% for Ml and 37.5 [30.0; 45.0]% for TM
(p = 0.0858).

Instrumental examinations and revascularization.
Cardiac magnetic resonance imaging (MRI) was re-
ported in only 2 TM cases: both patients showed hy-
perintense signal on T2 mapping and late transmural
enhancement. Coronary angiography was performed
in 14 cases: in 12 cases (54.5%) of Ml and in 2 cases
(22.2%) of TM. In 8 cases (62.5% Ml and 37.5% TM), the
coronary arteries were intact; in 5 cases (100% MI), a
large mural thrombus was visualized; and in 1 Ml case
(a 74-year-old patient), significant atherosclerotic coro-
nary artery disease was found. Thromboaspiration and
coronary stenting were performed in 4 cases (18.2%)
of MI. Thrombolysis with reteplase and tenecteplase,
respectively, was performed in 2 cases (11.8%) of
ST-segment elevation MI. All patients who underwent
revascularization survived.

Therapy and outcomes. 9 patients (40.9%) with Ml
received dual antiplatelet therapy. Antibiotic therapy
was administered after the snake bite in 12 cases
(88.7%) out of 31; beta-lactams were used in most
cases. Blood component transfusion was required in
7 cases (22.6%) out of 31 to correct coagulation dis-
orders and treat hemorrhagic and disseminated intra-
vascular coagulation (DIC) syndrome. Hemodialysis
was mentioned in two publications, both in Ml cases
(9.1%). 8 patients (25.8%) out of 31 experienced clini-
cal death immediately after the snake bite or upon
admission to the emergency department: 6 of these
(27.3%) were MI patients (5 died, 1 survived) and

2 (22.2%) were TM patients (1 died, 1 survived). One
patient with TM died during a prolonged hospital stay
due to complications. Overall mortality was 22.7%
for MI (5 out of 22 cases) and 22.2% for patients
who developed TM (2 out of 9 cases). Polyvalent an-
tivenom was used in the treatment of the majority of
the deceased (57.1%).

Socio-economic aspects

According to the data of the Federal Center for Hygienic
Education of the Population of Rospotrebnadzor, sev-
eral thousand cases of venomous snake (viper) bites
are recorded annually in the European part of Russia.
Fatalities account for 0.3% of all bitten cases, with highly
toxic bites of the blunt-nosed viper being the predomi-
nant cause of death?. The statistics on bites in Russia are
obviously incomplete, taking into account cases where
medical attention is not sought in rural areas, as well
as the lack of data from the Asian part of the country.
Extermination of snakes as a preventive measure is un-
acceptable: they regulate the number of rodents, which
are vectors of dangerous zoonoses (hemorrhagic fever
with renal syndrome, Q fever, tularemia, leishmaniasis,
etc.). Moreover, snake venom is used in the treatment of
epilepsy, Alzheimer’s and Parkinson’s diseases, arthritis,
and certain forms of lupus [36].

Snake venoms can be used in the development of
pharmaceuticals. Among the drugs that contain bio-
logically active substances isolated from snake venom
or their synthetic analogues are captopril, enalapril, ep-
tifibatide, and tirofiban — cardiological drugs that have
been actively used in clinical practice for decades. To
date, less than 0.01% of the components of snake ven-
oms have been identified and characterized, highlight-
ing the significant potential for further research in this
field [37].

4 https://cgon.rospotrebnadzor.ru/naseleniyu/zdorovyy-obraz-zhizni/opasna-li-gadyuka/?ysclid=mq6d1qpz8324589318

SKCTPEMAJIbHAA BMOMELVILIVIHA | 2026


https://cgon.rospotrebnadzor.ru/naseleniyu/zdorovyy-obraz-zhizni/opasna-li-gadyuka/?ysclid=mq6d1qpz8324589318

REVIEW | TOXICOLOGY AND CLINICAL PHARMACOLOGY

At present, only one center for the targeted har-
vesting of snake venoms operates in Russia — the
Novosibirsk Serpentarium (Siberian Herpetological
Center)’. The production of the antidote (purified con-
centrated liquid equine antivenom against common
adder venom) is also carried out by the only phar-
maceutical company in the country — Scientific and
Production Association “Microgen”. It is known that the
Tula ZooExotarium has one of the largest collections
(about 500 species) of reptiles, and local herpetologists
are successfully breeding snakes, including rare spe-
cies, which is especially valuable because the venom of
poorly studied snakes may contain fundamentally new
components with unique properties®.

Venom composition and its physiological effects

The composition of venom varies among different spe-
cies depending on age, sex, prey availability, diet, geo-
graphic location, and other factors. Envenomation by
Viperidae generally causes myotoxicity and hemotoxicity
[38]. Viper venom has a complex, multicomponent com-
position, but the major components are PLA, 25-65%;
C-type lectin up to 26%; SP up to 29%; SVMP up to 16%
[39, 4Q]. The largest number of specific effects affecting
cardiac and vascular physiology have been described
for PLA, [41], including stereotyped vasorelaxation [42]. It
should be noted that structurally similar proteins lacking
enzymatic activity may also possess cardiotoxic effects
[43]. Depending on the specific toxin, the effect on the
myocardium can vary widely, from a sustained increase
in contraction strength to marked suppression, even
contracture [44]. Circulatory insufficiency of myocardial
fibers is often a result of the toxic effect of Viperidae
venom. A recent Chinese study in 50 patients who suf-
fered envenomation from a pit viper showed that global
longitudinal strain of the left ventricular endocardium
(GLSendo) is a highly sensitive and specific predictor for
identifying high-risk patients with myocardial damage
caused by a venomous snake bite, especially in combi-
nation with high-sensitivity troponin [45].

Cardiotoxicity

In this review, attention is drawn to a predominance
of ST-segment elevation M| after a bite, with an ap-
proximately equal ratio between anterior and inferior
lesion localization. Patients with a prior medical history
did not differ in outcomes or severity of complications
from patients without a prior medical history. SBP in Ml

was statistically significantly lower than in TM; this fact
can be explained by more severe hemodynamic dis-
turbances in Ml and the more frequent occurrence of
life-threatening arrhythmias. The median time from the
bite to the onset of anginal pain in Ml was 5 h, indicat-
ing a delayed rather than immediate development of
the acute event. Neutrophilic leukocytosis after snake
bites develops as a protective response of the body to
the active components of the venom that cause tissue
necrosis, inflammation, hemolysis, and general toxic
effects. Coronary angiography in the context of devel-
oping Ml or TM is performed in less than half of viper
bite cases, which, in our opinion, is related to economic
and logistical difficulties. In all MI cases, a fresh mural
thrombus was visualized, confirming the hematotoxic
nature of viper venom and its involvement in the patho-
genesis of type 2 Ml [6].

Overall mortality after viper bites is roughly similar in
cases of developing Ml and TM. In the majority of fatal
cases, polyvalent antivenom was administered; there-
fore, questions arise regarding its efficacy. Different
diagnostic systems are used for measuring the levels
and types of troponin and creatine kinase-MB, making
direct comparisons based on their absolute numerical
values impossible. Extrapolating the information ob-
tained to cases of common adder bites is difficult due
to incomplete data. Further studies are needed, tak-
ing into account the existing differences in body weight
of the bitten individuals, the volume (dose) of venom
received, the seasonal variation in venom toxicity, and
differences among snakes within the family.

CONCLUSION

Cardiovascular complications following viper bites are
rare but can encompass a wide range of outcomes. In
a small proportion of the cases we analyzed, cardiovas-
cular manifestations led to serious consequences such
as cardiac arrest, malignant ventricular arrhythmias, the
need for pacemaker implantation, blood component
transfusion, hemodialysis, and death, which may be re-
lated to the dose of viper venom received and the com-
position of its components. Regional health services
in Russia should be aware of the potential severity of
cardiovascular complications from viper bites and pay
special attention to their rapid diagnosis and treatment.
The management algorithm, specific treatment features
for this group of patients, the justification for having an
antidote, and its availability on the territory of Russia —
all these are questions for future research.

5 http://www.sibserpent.ru
5 https://www.tulazoo.ru/nauka.html
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