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Abstract

Objective — To investigate the presence of myocardial injaorgiogs hospitalized for snake
envenomation and to examine its relationship wystesmic inflammation.

Design — Prospective case-control study.

Setting — University teaching hospital and small animé&mel hospital.

Animals — Dogs naturally envenomed by the European vigige(a berus) (n=24), African puff
adder Bitisarietans) (n=5), or snouted cobr&lga annulifera) (n=9).

I nterventions — Blood was collected from dogs envenomed/blgerus at admission, 12-24
hours post-admission, and 5-10 days post-admisBiond was collected from dogs envenomed
by B. arietans or N. annulifera at admission, and 12, 24, and 36 hours post-agmiss

M easurements and Main Results — Concentrations of cardiac troponin | (cTnl), arker of
myocardial injury, and C-reactive protein (CRPjnarker of systemic inflammation, were
measured in each blood sample. Evidence of myaargury was found in 58% of dogs
envenomed by. berus at one or more time-points. A significant corriglatbetween cTnl and
CRP concentrations was found at all time-pointsd&wce of myocardial injury was found in
80% of dogs envenomed By arietans at one or more time-points; however, no corretati@s
found between c¢Tnl and CRP concentrations. Evidehoeyocardial injury was found in 67%
of dogs envenomed hy. annulifera at one or more time-points. A significant corrielat
between cTnl and CRP concentrations was foundratsatbn, but not at other time-points.
Conclusions — Myocardial injury frequently occurred in dogsthvsnake envenomation. While
the degree of systemic inflammation was signifigacbrrelated with degree of myocardial
injury in V. berus envenomation at all time-points, this was not thgecin dogs envenomed Ry
annulifera or B. arietans. This could be due to differences in the toxicstabces of the snake

venoms or to differences in the cytokines inducgthle venom toxins.
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I ntroduction

In many countries, snake envenomation poses ahheeslttto both people and animals. The type
of snake, amount of venom injected, and site obanwmation all influence the initial hazard and
the progression of the intoxicatiéhin some cases, only a local reaction occurs wdtne and
tissue necrosisput often the toxic insult progresses to a systesction that may lead to
specific or multiple organ dysfunction and deatisnake venoms are known to contain a
complex mixture of toxins. Some are proteolyticgiag tissue destruction in order to enhance
local venom uptake and spread. Others target specgan systems (e.g. nervous system,
cardiovascular system, coagulation systéi)addition to the direct effects of the toxins, a
systemic inflammatory response may also contributisease progression and further tissue
damagé.

The development of myocardial injury in patienighveritical illness has been investigated
in both human and veterinary medicine as meastwredgh increases in circulating cardiac
troponin | (cTnl) concentrations, a highly specliiomarker of cardiomyocyte injury and
necrosis: The presence of myocardial injury has been foorktsignificantly associated with
mortality in people and more recently in dd¥yS. Myocardial injury has also been described in
association with snake envenomatidh!® However, while some snake venoms (i.e., the venom
of cobras) are known to contain specific cardiatsxiit is possible that others cause myocardial

injury secondarily through induction of systemiflammation? Inflammatory disease states are



thought to cause myocardial injury through many ma@ésms including hemodynamic changes,
micro-vascular thrombosis, and toxic effects ob&ytes:® ** ****

Envenomation by snakes of the fam¥iperinae (e.g. vipers, adders) can induce
myocardial injury and cardiac arrhythmfa$,>*° and the cardiac involvement has been
confirmed through histopathology with findings afegna, hemorrhage, necrosis, interruption of
the sarcolemma, and granular degeneration in tleeangium’® * It is unknown, however,
whether a direct cardiotoxic substance existsenvimom, or whether the myocardial injury is
due to a secondary deleterious effect on the mgagarfrom a systemic inflammatory response
induced by the venom toxirt$.** In Scandinavia, the European viper is the onlg@abus
snake, and every year a large number of dogs a@thtized after envenomatidhWhile almost
all of these dogs recovér,” some develop more severe systemic signs whichdelay the
recovery. Cardiac injury could be contributing histprotracted recovery pha$eSerious
complications and death are more frequently seémevivenomation by snakes such as the
Elapidae (e.g. cobras),and while cobra venom is known to contain cardiints, the occurrence
of myocardial injury in dogs with cobra envenomatand its relation to systemic inflammation
and disease progression has not been examined.

The purpose of this study was to investigate tesgnce of myocardial injury in dogs
hospitalized for envenomation by the European fgeberus), the African puff adders,
arietans), or the snouted cobral(annulifera) and to examine its relation with systemic
inflammation as measured by C-reactive protelhwas hypothesized that myocardial injury
would be related to the degree of systemic inflationanduced by the snake envenomation.

Since arrhythmias are commonly found in dogs envetbbyV. berus, it was also investigated



whether a significantly higher degree of myocardglry was present in dogs with arrhythmias

compared to dogs with normal ECGs.

Materials and methods
The present study was approved by the respectoat énhical committees at the involved
institutions, and written consent was obtained fedhdlog owners. Healthy dogs for a control
group were recruited from staff-owned dogs andtelepatients presenting to the Blue Star
Animal Hospital, Gothenburg, Sweden, and were @égekhealthy through medical history,
clinical examination, and hematologic and biochemngrofiles. Blood was obtained from these
dogs only once and handled as forthéerus group.

Dogs envenomed By. berus were included prospectively as they presentetédiue
Star Animal Hospital, Gothenburg, Sweden, from dJahaugust 2011. Dogs were excluded if
there was uncertainty of the diagnosis of snakereomation, for example if bite marks were not
localized or the dog lacked signs strongly indieabf snakebite (i.e., sudden development of
edema in the area of the suspected bite, lethargla history suggestive of snakebite) or if the
dogs were not considered healthy prior to the eawertion. Dogs were also excluded if the
clinical exam revealed a cardiac murmur in ordezxtolude primary cardiac disease as a cause of
cardiac troponin release. Information regardingititerval from envenomation to presentation
and possible treatment prior to presentation waaiodd, and a full clinical examination was
carried out.

Blood samples were obtained at admission, 12-24shgost-admission, and 5-10 days
after envenomation. Full admission hematologic iodhemical profiles were analyzed, and, as
renal disease has been associated with increasgaa@icentrations in previous studies;, dogs

were excluded if they had increased serum creatioomcentrations (>130 pmol/L [1.47 mg/dL]



based on the normal reference interval of the @ehatboratory at the Department of Veterinary
Clinical and Animal Sciences, University of Copegda, Denmark. Blood was collected in plain
tubes for analysis of serum cTnl as a marker ofgaydial injury and serum C-reactive protein
(CRP) as a quantitative marker of systemic inflamiong* > Samples were centrifuged at 665 G
for 9 minutes, separated, and stored at -80°C mRHiours of blood collection, except for 1 dog
for which the serum sample was stored for 24 hatir20°C before being moved to -80°C.
Samples were shipped on dry ice to the Departnfevieterinary Clinical and Animal Sciences,
University of Copenhagen, Denmark, and stored fmaaimum of 3 months until batch analysis.

A two-minute ECG was recorded at admission an@4 Bours post-admission. At the
control visit 5-10 days after envenomation, an B&43 recorded again if arrhythmias had been
noted during hospitalization.

Dogs envenomed 8. arietans or N. annulifera were included prospectively as they
presented to the Department of Companion Animali€di Sciences, University of Pretoria,
South Africa, from November 2010 to March 2011 gBavere excluded if there was uncertainty
of the diagnosis, or if they were not considerealthg prior to the envenomation. Dogs were
also excluded if the clinical exam revealed a @ranhurmur in order to exclude primary cardiac
disease as a cause of cardiac troponin releasemafion regarding the interval from
envenomation to presentation and possible treatprentto presentation was obtained, and a
full clinical examination was carried out.

Blood samples were obtained at admission and,&4L2and 36 hours post-admission. Full
admission hematologic and biochemical profiles vaaralyzed, and dogs were excluded if they
had increased serum creatinine concentrations (pb34/L [1.47 mg/dL]). Blood was collected
in plain tubes for analysis of serum cTnl and CB&mnples were centrifuged at 2100 g for 8

minutes, separated, and stored at — 80°C withiou2shof blood collection. Samples were



shipped on dry ice to the Department of Veterir@lipical and Animal Sciences, University of
Copenhagen, Denmark, and stored for a maximum afiddths until batch analysis.

C-reactive protein and cTnl were analysed at thet@l Laboratory at the Department of
Veterinary Clinical and Animal Sciences, UniversifyCopenhagen, Denmark. Cardiac troponin
| was analysed using a commercially available Hghsitivity immunoassayecently validated
for use in dog$® C-reactive protein was analysed using a comméyaashilable turbidimetric
immunoassay validated for canine Hised calibrated with purified canine CRP.Evidence of

systemic inflammation was defined as a concentiaifdCRP > 35 mg/L (3.5 mg/dL).

Statistical analysis

Al statistical analyses were conducted using consiakstatistical softwaréData were assessed
for normality using D’Agostino-Pearson omnibus téstgarithmic transformation was applied to
assure a Gaussian distribution of otherwise noaspatric data. A two-tailed t-test was used to
compare Gaussian data, and the Mann-Whitney-UMastused to compare non-Gaussian data.
Correlations between cTnl and CRP concentrations wesessed graphically as well as by

Spearman’s correlation coefficient. Statisticahgigance was defined @<0.05.

Results

Healthy dogs:

Nine healthy dogs were included in the study antisbed of 5 female intact, 1 female neutered,
2 male intact, and 1 male neutered dog and ramgadea from 0.5-5.0 years (mean 3.2 years).
One dog was a mixed breed; all other dogs werebpeds of 6 different breeds, the most

frequent being Border Collie (n=3). The cTnl cortcations in healthy dogs were (median



[range]) 0.016 [0.004-0.021] pg/L (0.016 [0.00821] ng/mL), thus below the published
reference limit (0.07 pg/L [0.7 ng/mL]).Median concentration of CRP was 0 [0-0.75] mg/L (O
[0-0.075] mg/dL). Thus, all healthy dogs had cTndl & RP concentrations within established

reference intervals.

European viper (V. berus):
Twenty-four dogs envenomed by berus were included in the study. In 20 of these dogs, b
marks were identified during the clinical examioati For the remaining 4 dogs, the history and
clinical signs were strongly indicative of snake@momation. Included dogs consisted of 12
female intact, 1 female neutered, 8 male intaa,3amale neutered dogs ranging in age from
0.5-11 years (mean 4.1 years). Six dogs were nbreeds; all other dogs were purebreds of 15
different breeds, the most frequent being Labrd&igriever (n=2), German Shepherd (n=2), and
Danish-Swedish Farm Dog (n=2). Twenty dogs retufoethe planned follow-up visit 5-10
days later.

cTnl concentrations were (median [range]) 0.0208-27.2] pg/L (0.02 [0.004-27.2]
ng/mL) at admission, 0.08 [0.007-26.4] ug/L (0.080p7-26.4] ng/mL) at 12-24 hours post-
admission, and 0.03 [0.004-4.4] ug/L (0.03 [0.004}-#g/mL) at the follow-up visit 5-10 days
later (Figure 1). Nine of 24 dogs (37.5%) had c@oicentrations above the reference limit at
admission, 13 of 24 (54%) at 12-24 hours post-asioms and 6 of 20 (30%) still had increased
cTnl concentrations at the follow-up visit. All &il, 14 of the 24 dogs (58%) had increased cTnl
concentrations at one or more time-points. CRP eainations were (median [range]) 5.3 [O-
137.5] mg/L (0.5 [0-13.8] mg/dL) at admission, 7§%-120.3] mg/L (7.4 [0.6-12.0] mg/dL) at

12-24 hours post-admission, and 3.3 [0-65.4] m@/B (0-6.5] mg/dL) at the follow-up visit.
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Figure 1. Cardiac troponin I (cTnl) concentrations in 24 dogs envenomed by the European viper (V. berus) at admission (0Oh), 12-24 hours post-
admission (12-24h) and 5-10 days later (followup) as well as 5 dogs envenomed by the African puff adder (B. arietans), and 9 dogs envenomed

by the snouted cobra (N. annulifera) at admission (Oh) and 12, 24, and 36 hours (h) postadmission. Groups assigned with an asterisk have median (V.
berus and B. arietans) or mean (N.annulifera) concentrations significantly different from the control group (clinically healthy dogs).



Five of 24 dogs (20.8%) had CRP concentrations m8A. (3.5 mg/dL) at the time of
admission, 20 of 24 (83%) 12-24 hours after, and 20 (10%) at the follow-up visit.

Dogs envenomed by. berus had significantly higher cTnl concentrations tlnealthy
dogs at admissiorP€0.049) and 12-24 hours post-admissiBra@.001), but not at the follow-up
visit 5-10 days laterR=0.056) (Figure 1).

Envenomed dogs with CRP concentrations > 35 n@)& ifig/dL) at admission and 12-24
hours post-admission had significantly higher cdoricentrations than envenomed dogs with
CRP concentrations < 35 mg/L (3.5 mg/dB¥0.005 and®=0.013) and healthy control dogs
(P=0.003 andP<0.001) (Figure 2). No difference in cTnl concehtnas were seen between
envenomed dogs with CRP concentrations < 35 mgA.r{®/dL) and healthy control dogs at
any time-point P=0.2 andP=0.19). Cardiac troponin | concentrations were iicantly
correlated with CRP concentrations at admissiofl.&#=0.014), 12-24 hours post-admission
(r=0.67,P<0.001), and 5-10 day post-admission (r=05%%).013).

Six dogs presented with arrhythmias at the timadwhission (Table 1), 2 of which had
increased cTnl concentrations at this time. Tegsdwad arrhythmias 12-24 hours post-
admission (Table 1) at which time 5 of these hadeased cTnl concentrations. No difference
was observed between cTnl concentrations in dotisaviwithout arrhythmias at admission
(P=0.65) or 12-24 hours post-admissi®*(.26). None of these dogs had cardiac arrhythatias

the follow-up visit 5-10 days after envenomation.

African puff adder (B. arietans):
Five dogs envenomed By arietans were included in the study. In all cases the owner
witnessed the bite and either were able to idetitiéysnake based on pictures or killed the snake

and brought it to the hospital along with the dogluded dogs consisted of 2 female intact, 2



Table 1. Arrhythmias in dogs with V. berus envenomation at admission (n=6/24) and 12-24 hours

post-admission (n=10/24).

Arrhythmia Admission 12-24 hours
Sinus bradycardia 1 1

ST coving 2 2

ST segment depression 2 (1*%)
Occasiona VPCs 1 1
Frequent VPCs 1* 2*
Sustained idioventricular rhythm 1*
Ventricular tachycardia 1* 1*

* indicates increased cTnl concentrations.
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Figure 2. Relation between presence of systemic inflammation (SI = serum C-reactive protein
concentration > 35 mg/L) and myocardial injury assessed by serum concentration of cardiac
troponin I in 24 dogs envenomed by the European viper (V. berus) at admission (Oh) and 12-24
hours post-admission (12-24h) . Groups assigned with an asterisk have median concentrations
significantly different from the control group (clinically healthy dogs).



male intact, and 1 male neutered dog ranging irfrage 1.4-12 years (mean 5.9 years). The
dogs were purebreds of 4 different breeds, the fegtient being Boerboel (n=2). One dog died
in the hospital before 36 hours post-admission,3hHour samples were, therefore, available for
only 4 dogs.

cTnl concentrations were (median [range]) 0.06(08-0.24] ug/L (0.06 [0.003-0.24]
ng/mL) at admission, 0.7 [0.008-4.1] ug/L (0.7 [@B&4.1] ng/mL) at 12 hours post-admission,
0.7 [0.01-30.1] pg/L (0.7 [0.01-30.1] ng/mL) at Bdurs post-admission, and 0.3 [0.002-5.0]
pg/L (0.3 [0.002-5.0] ng/mL) at 36 hours post-adsas (Figure 1). Two of 5 dogs (40%) had
increased cTnl concentrations at admission, 3(60%6) at 12 hours post-admission, 4 of 5
(80%) at 24 hours post-admission, and 2 of 4 (58886 hours post-admission. CRP
concentrations were (median [range]) 9.0 [1.7-6&h@]L (0.9 [0.2-6.2] mg/dL) at admission,
86.3 [72.8-117.7] mg/L (8.6 [7.3-11.8] mg/dL) at AQurs post-admission, 81.8 [60.0-133.8]
mg/L (8.2 [6.0-13.4] mg/dL) at 24 hours post-adnossand 57.6 [43.6-127.1] mg/L (5.8 [4.4-
12.7] mg/dL) at 36 hours post-admission. Two ob§s(40%) had CRP concentrations > 35
mg/L (3.5 mg/dL) at the time of admission, and H¢100%) at 12, 24, and 36 hours post-
admission.

Dogs envenomed 8. arietans had significantly higher cTnl concentrations thesalthy
control dogs at 24 hours post-admissiBar(.039), but not at any other time-poiRt0.083-
0.88) (Figure 1). It was not possible to evalubtedifference between envenomed dogs in
respect to CRP concentrations due to the smalpleasize and the fact that every dog had CRP
concentrations > 35 mg/L (3.5 mg/dL) at all timzrds from 12-36 hours post-admission. No
correlation between CRP and cTnl concentrationsfauasd at any time-poin&0.13-0.75).

One dog envenomed I8y arietans died suddenly in the hospital between 24 and 8o

post-admission. It had severe subcutaneous hengerdrad suspected hemolysis, and multiple



organ failure due to severe hypovolemia was consitla likely cause of death. This dog had
CRP concentrations > 35 mg/L (3.5 mg/dL) at 12 2#dhours post-admission and the highest
cTnl concentration of any dog in the group at lib#kse time-points (4.1 pg/L (4.1 ng/mL) at 12
hours post-admission and 30.1 pg/L (30.1 ng/m24abours post-admission). Necropsy
revealed several small paintbrush hemorrhagesienkdocardium of the left ventricle. A grade 2

endocardiosis of the mitral valves was also reporte

Snouted cobra (N. annulifera):
Nine dogs envenomed B annulifera were included in the study. In all cases the owner
witnessed the bite and either were able to idetti#ysnake based on pictures or killed the snake
and brought it to the hospital along with the dogluded dogs consisted of 3 female intact, 2
female spayed, and 4 male intact dogs with an pge sf 1.6-9 years (mean 3.7 years). Two
dogs were mixed breeds; all other dogs were pudstye5 different breeds, the most frequent
being Smooth-haired Dachshund (n=3). For 2 dogkdlL2-samples were not obtainable.

cTnl concentrations were (median [range]) 0.08(08:1.9] pg/L (0.03 [0.008-1.9] ng/mL)
at admission, 0.8 [0.02-3.9] ug/L (0.8 [0.02-3.9]ImL) at 12 hours post-admission, 0.08 [0.03-
1.8] pg/L (0.08 [0.03-1.8] ng/mL) at 24 hours pasdtission, and 0.07 [0.02-5.5] pg/L (0.07
[0.02-5.5] ng/mL) at 36 hours post-admission (Fegly. Two of 9 dogs (22.2%) had increased
cTnl concentrations at admission, 5 of 7 (71%)2ahdurs post-admission, 6 of 9 (67%) at 24
hours post-admission, and 4 of 9 (44%) at 36 hpass-admission. CRP concentrations were
(median [range]) 7.9 [0-160.4] mg/L (0.8 [0-16.0¢fdL) at admission, 95.0 [18.6-127.0] mg/L
(9.5[1.9-12.7] mg/dL) at 12 hours post-admiss®ng [0-157.8] mg/L (9.8 [0-15.8] mg/dL) at
24 hours post-admission, and 71.3 [0-99.9] mg/L {@-10.0] mg/dL) at 36 hours post-

admission. Three of 9 dogs (33.3%) had CRP coratgortis > 35 mg/L (3.5 mg/dL) at the time



of admission, 6 of 7 (86%) at 12 hours post-adraigsr of 9 (78%) at 24 hours post-admission,
and 6 of 9 (67%) at 36 hours post-admission.

Dogs envenomed kY. annulifera had significantly higher cTnl concentrations than
healthy dogs at admissioR£0.04), 12 P =0.005), 24P <0.001), and 36 hour® =0.0014)
post-admission (Figure 1). It was not possiblextanaine the difference between envenomed
dogs in respect to CRP concentrations due to tlal sample size of the study and the fact that
almost every dog had CRP concentrations > 35 nfA rg/dL) at all time-points from 12-36
hours post-admission. C-reactive protein conceantiatwere significantly correlated with cTnl
concentrations at admission (r=0.P7z0,025), but not at any other time-poiRt£0.21-0.91).

One dog envenomed I, annulifera was euthanized due to poor prognosis. The dog
developed severe infection and necrosis of theviotend, had clinical symptoms of sepsis, and
needed extensive surgery. Euthanasia was therglferted by the owner. At 36 hours post-
admission this dog’s CRP concentration was < 33.r(®)6 mg/dL) , but it had the highest cTnl
concentration of any dog at this time-point (5.344@.5 ng/mL)). Necropsy revealed no

abnormal macroscopic cardiac lesions.

Discussion
This study documents myocardial injury, as meashbgethcreased cTnl, as well as systemic
inflammation, as measured by increased CRP, ooguimidogs envenomed by 3 different snake
speciesy. berus, B. arietans, andN. annulifera. In addition, a correlation between degree of
myocardial injury and systemic inflammation in tteses o¥. berus and, at admissiom.
annulifera envenomation, is documented.

A total of 58% of dogs envenomed Wyberus had increased cTnl concentrations at one or

more time-points. This percentage is nearly twidigh as that described in an earlier study of



V. berus envenomation in dogs by Pelander et al, (32%)e lack of a high-sensitivity cTnl
assay in the previous study may, however, accaurihfs difference. A study of a different viper
speciesy. palaestinae, reported a percentage of dogs with myocardiakynyery similar to the
one found in our study (65%)These earlier studies of viper envenomation ingastd the
occurrence of myocardial injury around the timeadmmission, and found the highest cTnl
concentrations at 36 and 72 hours post-admissioerefore, in the present study, we
investigated the presence of cardiac injury asdatg-10 days aftéf. berus envenomation and
found persistently increased troponin concentratior28.6% of dogsSeveral of the dogs with
increased cTnl concentrations 5-10 days after emmation were dogs with initial mild and
moderate troponin concentration increases. As dlfdife of troponin is short: this indicates
that there was some ongoing cardiac injury evef 8dlys after envenomation in some dogs.
Cardiac arrhythmias have previously been repdn@d25% of viper-envenomed doys.
Whether cardiac arrhythmia is a result of directize injury or extra-cardiac pathology has
been a matter of debaté Arrhythmias may, in fact, be due to toxin-induegtred fiber
excitability of the cardiac conduction system, plolgsoccurring without direct myocyte injury.
** This may be the case in some of the dogs with \@pgenomation. In accordance with a
previous studiwe did not find a higher degree of cardiac injiryhoseV. berus-envenomed
dogs that presented with or developed arrhythniidstestingly, however, dogs with systemic
inflammation had significantly higher concentragasf cTnl than dogs without systemic
inflammation, and no difference in cTnl concentyai were observed between envenomed dogs
without systemic inflammation and healthy controgd. These findings indicate that the
pathogenesis of myocardial injury in dogs envenomed. berus may be due to an

inflammatory injury to the myocardium rather thadigect cardiotoxic effect of the venom.



Similarly, another study suggested that cardiaarynin V. aspis-envenomed rats was cytokine-
mediated,and cytokine-mediated cardiac dysfunction has laésm suspected in cases of
scorpion envenomatiofi.Cytokines, such as tumor necrosis factpare believed to cause
myocardial injury by increasing cardiomyocyte meam® permeability leading to leakage of
troponins into the extracellular fluid® This injury is thought to be reversiblé&, but may still
have prognostic significance:>**

Interestingly, about a third of the dogs envenoimgd. berus showed no signs of
myocardial injury. As we found a significant coagbn between cardiac troponins and CRP
concentrations at all time-points, dogs withoutése injury were also the ones without or with
milder degrees of systemic inflammation, thus gagseflecting a milder degree of or reaction
to the envenomation.

In the case OB. arietans, a significant difference in cTnl concentrationsswobserved
between envenomed dogs and healthy controls or2g hburs post-admission. Nevertheless,
80% of the dogs had increased cTnl concentratiboseor more time-points. The lack of
significance at other time-points may be due tgpe © statistical error, i.e. insufficient sample
size of the study to detect a difference, which major limitation of the study.

For dogs envenomed I annulifera, a significantly higher cTnl concentration was
observed in envenomed dogs compared to healthyotsmt all examined time-points. Cobra
venom is known to contain specific cardiotoxic sahses which are cytolytic and cause an
increase in cardiomyocyte membrane permeabiktydl a direct cardiotoxic effect of the venom
may, therefore, explain the troponin release isélsogs. It might be argued that part of the
myocardial injury observed could be due to inflantomamediators as was suspected With

berus envenomation in this study. A correlation betwe&nl and CRP concentrations was,



however, only observed at admission and not ab#mgr time-point. With both cTnl and CRP
concentrations increasing quickly in response tmanlt’** this early relationship may not
necessarily reflect a link between systemic inflaation and myocardial injury, but could be due
to release kinetics of both markers. The poor tatice at any other time-point may thus indicate
that myocardial injury in these dogs was caused Oiect cardiotoxic effect. This is further
supported by the fact that the dog that was eutledrtiad no sign of systemic inflammation at 36
hours post-admission, but had the highest cTnleatnation of any dog envenomed Ky
annulifera. Nevertheless, systemic inflammation was presentast of the dogs. If inflammatory
mediators did not contribute to the myocardial ipjut could, therefore, be speculated that
different cytokines may be induced by the differemhke venoms. Finally, the small group sizes
of dogs envenomed B arietans andN. annulifera may, however, also have hindered the
finding of a significant correlation between CRRI@Tnl concentrations.

While all dogs withV. berus envenomation survived, 1 dog envenomedbarietans died
suddenly in the hospital, and 1 dog envenomebl.lannulifera was euthanized due to poor
prognosis for survival. While it was not possildeappreciate statistically higher cTnl
concentrations in non-survivors with such small bems, it is interesting to note that both these
dogs had the highest cTnl concentrations in tlesipective groups (30.1 pg/L (30.1 ng/mB) (
arietans) and 5.5 pg/L (5.5 ng/mLN; annulifera)), indicating that myocardial injury may be a
negative prognostic indicator in dogs envenomethbge snake species.

This study contains several limitations. Firsabf while dogs with primary cardiac disease
as indicated by an audible murmur were excludeah fitee study, echocardiography was not
performed. Ideally, an echocardiographic examimasioould have been performed on each dog.
Accordingly, some dogs with mild cardiac diseasg m&ave been included in the study. In fact,

one of the dogs that died was diagnosed with a emttbcardiosis on necropsy. However, cardiac



disease with no clinical signs generally gives tisbttle or no troponin releasé? The dog in
guestion had the highest cTnl concentration ofdotyin the study, and for this to be caused by a
subclinical heart disease is highly unlikely. Tlogadvas, therefore, not excluded from the study.
Although echocardiography would have been idealcadd conclude that dogs with snake
envenomation had significant myocardial injury camgal to healthy dogs. Secondly, while
ECGs were able to detect arrhythmias in severad,dbg possible that some arrhythmias may
have been missed due to the brief nature of EC@datys. Continuous ECG recordings on all
included dogs would have been valuable as wouldhtho radiographs, pulse oximetry and
blood pressure measurements on each dog in ordeletout hypertension or hypoxemia as
causes of myocardial injury. A final limitation wdge small groups of dogs wiBh arietans and
N. annulifera envenomation. A follow-up study with larger grouggsiogs would be required to
further examine the presence and causes of myatangliry in such patients.

In conclusion, myocardial injury was a frequenting in dogs with snake envenomation
in this study. In dogs witN. berus envenomation, cTnl concentrations were correlati¢id CRP
concentrations, which served as a marker of systarflammation, and no significant effect of
arrhythmia was found on the degree of myocardjalryn Systemic inflammation was, therefore,
assumed to play a role in the pathogenesis of mgi@danjury in these dogs as hypothesized.
The same conclusion could not be drawn in the ochdegs envenomed BY. annulifera or B.
arietans. This could possibly be due to differences intthec substances of the snake venoms or

to differences in the cytokines induced by the veroxins.
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Figure 1. Cardiac troponin | (cTnl) concentrations in 24gs@nvenomed by the European viper
(V. berus) at admission (0h), 12-24 hours post-admissionr2dt?) and 5-10 days later (follow-
up) as well as 5 dogs envenomed by the African addler B. arietans), and 9 dogs envenomed
by the snouted cobr&l(annulifera) at admission (Oh) and 12, 24, and 36 hours (k)-po
admission. Groups assigned with an asterisk hawkamé/. berus andB. arietans) or mean K.

annulifera) concentrations significantly different from thentrol group (clinically healthy dogs).

Figure 2. Relation between presence of systemic inflammgis = serum C-reactive protein
concentration > 35 mg/L) and myocardial injury assel by serum concentration of cardiac
troponin | in 24 dogs envenomed by the Europeaarny berus) at admission (Oh) and 12-24
hours post-admission (12-24h) . Groups assignédam asterisk have median concentrations

significantly different from the control group (aically healthy dogs).



