f animals

Article

Hemostatic Analysis of Simulated Gloydius ussuriensis
Envenomation Using Canine Blood: A Comparison of
Thromboelastography and Classical Coagulation Tests

Jong-Sun Lee and Jung-Hyun Kim *

check for
updates

Citation: Lee, J.-S.; Kim, J.-H.
Hemostatic Analysis of Simulated
Gloydius ussuriensis Envenomation
Using Canine Blood: A Comparison
of Thromboelastography and
Classical Coagulation Tests. Animals
2022,12,226. https://doi.org/
10.3390/ani12030226

Academic Editor: Mandy Paterson

Received: 6 December 2021
Accepted: 17 January 2022
Published: 18 January 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Veterinary Internal Medicine, College of Veterinary Medicine, Konkuk University,
Seoul 05029, Korea; n2984@konkuk.ac.kr
* Correspondence: junghyun@konkuk.ac kr; Tel.: +82-2-450-3715

Simple Summary: Snake bites in companion animals are a major issue and cause life-threatening
hemorrhage. Classical coagulation tests are performed to diagnose snake venom-induced coagu-
lopathy; however, these tests often fail to detect early coagulopathy. This in vitro study using snake
venom and canine blood aimed to explore the efficacy of thromboelastography, which enabled a
comprehensive assessment of the coagulation process, compared with classical coagulation tests. Our
results identified the usefulness of thromboelastography in detecting early venom-induced coagu-
lopathy compared with classical coagulation tests. This finding may facilitate decision making in
relation to the immediate initiation of anti-venom treatment or suspending unnecessary anti-venom
administration, which often causes adverse reactions.

Abstract: Snake envenomation may lead to venom-induced consumptive coagulopathy (VICC),
usually diagnosed by classical coagulation tests (CCTs), such as prothrombin time (PT) and activated
partial thromboplastin time (aPTT). However, the results of CCTs are frequently normal in the initial
stages, which may delay anti-venom treatments. Thromboelastography (TEG) is a point-of-care
and real-time diagnostic tool that enables a comprehensive assessment of the coagulation process.
This in vitro study aimed to determine concentration-dependent changes in canine blood caused by
Gloydius ussuriensis (G. ussuriensis) envenomation using TEG and CCTs. Lyophilized G. ussuriensis
venom was reconstructed using mouse intravenous lethal dose 50 (LD50;y) and serially diluted to
25% LD50;y, 50% LD50;y, and 75% LD50;, to reproduce VICC at different concentrations. Normal
saline was used for the control. We compared TEG values of the reaction time (R), kinetic time (K),
rate of clot formation (x-angle), maximum amplitude (MA), fibrinolysis at 30 min (LY30), and global
strength of the clot (G) with those of PT, aPTT, fibrinogen, and platelet counts (PLTs). Most TEG
parameters, except R and LY30, demonstrated statistically significant changes compared with the
control at all concentrations. CCTs, except PLTs, revealed significant changes at >50% LD50;,. Thus,
TEG could be a useful diagnostic strategy for early VICC and preventing treatment delay.

Keywords: venom-induced consumptive coagulopathy; snake envenomation; thromboelastography;
in vitro study; veterinary sciences

1. Introduction

Of the 3000 snake species worldwide, 30% are venomous [1]. According to the World
Health Organization (WHO), 7400 snake bites are reported daily, thus resulting in an
average of 300 casualties globally [2]. According to the big data availed by the Health
Insurance Review & Assessment Service in South Korea, an average of 2580 venomous
snake bites occur annually in South Korea [3]. However, there are no official reports on
snake bites in veterinary medicine in South Korea. In North America, snake bites in dogs
and cats are approximately 30-fold the number of human cases [4,5]. Contrarily, almost
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equal numbers of snake bites in humans and companion animals have been reported in
Australia [6]. Taken together, the estimated number of snake bites in dogs and cats in South
Korea is at least 2580 annually. This simple comparison may be subject to the statistical
error; however, the gravity of snake bites in companion animals must not be neglected.

Four species of venomous snakes are found in South Korea, including Gloydius ussurien-
sis, Gloydius brevicaudus, and Gloydius intermedius of the Viperidae family and Rhabdophis
tigrinus of the Colubridae family [7]. Snake venom is a bioactive mixture composed of
several enzymatic and non-enzymatic proteins, peptides, and organic and inorganic com-
pounds [8], which can induce neurotoxic, cytotoxic, myotoxic, and coagulopathic effects [9].
Furthermore, the venom composition may vary between genera and species in a particular
family owing to different environmental factors, such as the prey, weather, and geographical
location [10].

The coagulopathic effect is the most concerning aspect of the Gloydius species venom [11].
Venom injection through the fang into the bloodstream leads to the concurrent inhibition
and depletion of coagulation factors, resulting in an increased bleeding tendency [12]. This
phenomenon is termed venom-induced consumptive coagulopathy (VICC) because of its
shared similarity with disseminated intravascular coagulopathy (DIC); however, it does not
trigger severe organ damage or systemic thrombosis, which is common in DIC [13]. Animals
with VICC usually exhibit pathological abnormalities, such as prolonged prothrombin
time (PT), activated partial thromboplastin time (aPTT), low fibrinogen and antithrombin
concentrations, elevated D-dimer levels, and thrombocytopenia [14-17]. However, laboratory
results of classical coagulation tests (CCTs) are frequently normal in the initial stages and
gradually become abnormal within a few hours to days [14,18,19]. This increases the need
for novel tests to detect VICC during the aforementioned period.

Thromboelastography (TEG) is a point-of-care and real-time diagnostic tool that en-
ables a comprehensive assessment of the coagulation process from clot generation to
fibrinolysis [20]. Its usefulness ranges from transfusion in trauma patients to monitor-
ing hemostasis during liver transplantation and cardiac surgeries [21,22]. In veterinary
medicine, researchers have reported on the use of TEG during the diagnosis and treatment
of VICC along with CCTs [14-17]. However, they have not compared the efficacy of TEG
with that of CCTs.

The present in vitro study aimed to determine concentration-dependent changes in
canine blood following envenomation with Gloydius ussuriensis (G. ussuriensis) venom using
TEG and CCTs and to evaluate the sensitivity of each test for identifying results beyond the
normal reference limits (NRLs).

2. Materials and Methods
2.1. Animals

This study was approved by the Institutional Animal Care and Use Committee of
the Konkuk University (approval No. KU20217), Seoul, South Korea. All dogs were
prospectively recruited at the Konkuk University Veterinary Medical Teaching Hospital
from February 2021 to May 2021. We enrolled 10 healthy, client-owned dogs after acquiring
informed consent from their owners. Before the experiment, all the dogs underwent a
TEG test and were included in this study after normal results of the test were obtained for
all parameters. To avoid the effects of external coagulation disturbances, we considered
the following exclusion criteria: a history of anemia or bleeding disorder, a precedent
use of steroids or anticoagulants in the past 30 days, a precedent use of non-steroidal
anti-inflammatory drugs in the past 7 days, or a history of significant medical comorbidity.

2.2. Blood Collection

Four milliliters of blood were collected twice from each dog through jugular venipunc-
ture in blood tubes containing 3.2% sodium citrate (1.8 mL, BD Vacutainer®; BD Vacutainer
Systems, Plymouth, UK). All the blood samples were agitated on a roller to prevent prema-
ture clotting, followed by coagulation tests performed within 2 h of blood collection.
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2.3. Preparation of Venom Solution and its Addition to Blood

We stored the lyophilized venom of G. ussuriensis (Latoxan, Portes-les-Valence, France)
at —80 °C until the day of reconstitution with normal saline. The venom solution was
aliquoted and re-stored at —20 °C to prevent the denaturation of the venom proteins and
peptides. A standard point for measuring the extent of coagulation was set by using
mouse intravenous lethal dose 50 (LD50;y, 1.139 mg/kg) to prepare venom solutions,
according to the manufacturer’s guidelines. The calculations of 14 nug/mL were based on
the estimated distribution of an 80 mL/kg blood volume in canines [23]. Thereafter, the
venom solution was serially diluted to 25% LD50;y, (3.5 ng/mL), 50% LD50;y, (7 ng/mL),
and 75% LD50;y (10.5 pug/mL) to reproduce the venom-induced coagulation disorder using
different concentrations. Next, we added a venom volume equivalent to 20% of the blood
to the blood sample and an equal amount of normal saline to the control sample (Figure 1).
Thereafter, we centrifuged the blood sample to perform CCTs (PT, aPTT, and fibrinogen)
and prepared the slides for the manual platelet count. Simultaneously, blood samples
for TEG were left for stabilization on the roller for 30 min [24,25]. CCTs were performed
immediately after centrifugation. Subsequently, we carried out TEG after stabilization for
30 min, and the platelets were counted manually at the end.
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Figure 1. Timeline of the experimental design. The venoms of different concentrations were added
to the blood samples in citrated tubes, whereas an equal amount of normal saline was added to
the control blood sample. Each sample was assessed using CCTs and TEG, followed by statistical
analyses. CCT, classical coagulation test; TEG, thromboelastography.

24. TEG

We performed TEG coagulation assessment using a TEG® 5000 Thromboelastograph®
Hemostasis Analyzer system (Haemonetics Corporation, Boston, MA, USA). The TEG
machine comprised a holder with a cup maintained at 37 °C. The cup was filled with
a 340 uL blood sample containing 1 mL citrated blood and 1% kaolin that were gently
inverted five times and 20 uL of CaCl? for recalcification to initiate the examination. A
pin connected to the TEG machine by a torsion wire was positioned into the cup. Upon
blood clotting, the resistance from rotational movement was sent to the torsion wire and
converted into an electrical signal. A trace line was displayed on a computer monitor
through the TEG program supplied by the manufacturer. We measured several parameters,
including the reaction time (R), kinetic time (K), global values (G), x-angle, maximum
amplitude (MA), and the percentage of fibrinolysis at 30 min following MA (LY30). R is the
duration from the initiation of the assessment until the detection of clots showing a clot
amplitude of 2 mm is reached. K is the duration from the end of R to a clot amplitude of
20 mm and represents a certain level of clot firmness. The x-angle denotes the tangent of
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a curve representing the clot formation rate. MA is the length of the widest amplitude at
which the clot strength reaches its peak. G is the log derivation calculated from the MA
value representing the global strength of the clot.

2.5. Classical Coagulation Tests

PT, aPTT, and fibrinogen were assessed using a coagulation analyzer CG02NV (A&T
Corporation, Oshu, Japan). First, the reagent test card was inserted into the analyzer. Subse-
quently, a mixture of 25 pL of citrated plasma and a diluent (provided by the manufacturer)
was applied to the test card using a pipette. Eventually, the results were displayed on
a touch panel. PT and aPTT below the NRLs were considered normal. Platelet counts
(PLTs) were determined manually under a microscope (OLYMPUS CX31RTSEF, Olympus
Corporation, Tokyo, Japan) in an oil-immersion field (OIF) to avoid the effects of platelet
aggregation inducers isolated from the venom of the Viperidae family [26]. On visualizing
the aggregated platelets in the OIF, each platelet was counted from the clumps, and the
average values are presented.

2.6. Statistical Analyses

Statistical analyses were performed using Microsoft Excel (Microsoft Corporation,
Redmond, WA, USA) and Prism 9.1.0 software (GraphPad Software, San Diego, CA,
USA). Descriptive statistics are presented as interquartile ranges with the median, and
differences between the 75th and 25th quartiles higher than 1.5-fold were defined as outliers.
Data were tested for normality using the Shapiro-Wilk test. To determine the statistical
differences between the control and venom concentrations evaluated with TEG and CCTs,
we performed one-way repeated measure analysis of variance (RM-ANOVA) with pairwise
comparisons to identify the difference between the groups. Statistical significance was
set at p < 0.05. We obtained the NRLs for TEG parameters from a previous study [27],
except for LY30 and G. Thus, G was calculated from MA based on a previously used
equation as follows: G = (5000 x A) = (100 — A) [28]. The sensitivities of detecting samples
out of normal diagnostic ranges for TEG and CCTs were presented as a percentage and
categorized into three groups with different sensitivities as follows: <70% indicated the low
sensitivity; between 70% and 89% indicated the medium sensitivity; and >89% indicated the
high sensitivity. Considering the absence of the NRL for LY30, we excluded the sensitivity
and ANOVA results of LY30 from the analysis.

3. Results
3.1. Descriptive Analyses

Coagulation parameters of TEG and CCTs are illustrated in box-and-whisker plots
(Figures 2 and 3). The mean values of TEG and CCTs parameters are listed in Supplementary
Tables S1 and S2. The data distribution assessment using the Shapiro-Wilk test revealed the
following normally distributed data: R in the control and at 25% LD50;, and 50% LD50;,; K
in the control; x-angle in the control and at all concentrations; MA in the control and at
all concentrations; G in the control and at 25% LD50;, and 50% LD50;y; PT in the control
and at 50% LD50;y; aPTT in the control and at 25% LD50;, and 50% LD50;,; fibrinogen
in the control and at 25% LD50;y; and PLTs in the control and at all concentrations. As
the data were not normally distributed, and the sphericity was violated across the venom
concentration, we used the non-parametric methods of RM-ANOVA and the Durbin-
Conover test for pairwise comparisons. One value of LY30 was missing owing to the abrupt
halt of TEG during the analysis for an unknown reason. None of the LY30 measures were
normally distributed.
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Figure 2. Box-and-whisker plots of the classical coagulation tests parameters: (a) PT (b) aPTT
(c) fibrinogen (d) PLTs. Horizontal lines inside the boxes indicate the median. The upper boundary
of the boxes indicates the top quartile, whereas the lower indicates the bottom quartile. An asterisk
(*) indicates the venom concentration (% intravenous lethal dose 50 (LD50;y)) displaying a significant
change compared with the control (p < 0.05). Differences between the 75th and 25th quartiles higher
than 1.5-fold were considered as outliers and indicated by a black dot (e). PT, prothrombin time;
aPTT, activated partial thromboplastin time; PLTs, platelet counts.
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Figure 3. Box-and-whisker plots of TEG parameters: (a) R (b) K (¢) x-angle (d) MA (e) LY30 (f) G.
Horizontal lines inside the boxes indicate the median. The upper boundary of the boxes indicates
the top quartile, whereas the lower boundary indicates the bottom quartile. An asterisk (*) indicates
venom concentration (% LD50;,) displaying a significant change compared with the control (p < 0.05).
Differences between the 75th and 25th quartiles higher than 1.5-fold are considered as outliers and
indicated by a black dot (e). R, reaction time; K, kinetic time; x-angle, the rate of clot formation; MA,
maximum amplitude; LY30, fibrinolysis at 30 min; and G, global strength of the clot.

3.2. Concentration-Dependent Changes
3.2.1. Classical Coagulation Tests

PT and aPTT demonstrated statistically significant changes compared with the control
at 50% LD50;, (p = 0.013, p < 0.001, respectively) and above (p < 0.001 and p < 0.001,
respectively) (Figure 2). Fibrinogen displayed a statistically significant change only at
75% LD50;, (p = 0.003; Figure 2). All PLTs were in the NRL and did not demonstrate
significant changes at any concentration, compared with the control (Figure 2).

3.2.2. TEG

TEG parameters demonstrated statistically significant changes compared with the
control, as the venom concentration increased. The following statistically significant
changes were observed in the parameters at the respective concentrations: K (p < 0.001 at
all concentrations), a-angle (p = 0.001 at 25% LD50;y, p < 0.001 at 50% LD50;y, and above
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p <0.0001), MA (p < 0.0001 at all concentrations), and G (p < 0.0001 at 25% and 50% LD50;y,
p = 0.002 at 75% LD50;,, Figure 3). However, R and LY30 did not exhibit statistically
significant differences at any concentration (Figure 3). Figure 4 depicts typical TEG trace
lines displaying concentration-dependent changes from one of the dogs.

Control

2%

50%

Figure 4. Typical TEG trace lines suggesting concentration-dependent changes from one of the dogs.
The trace lines of the control and different venom concentrations (% LD50;y) are placed on the similar
central axis for an easier comparison.

3.3. Diagnostic Thresholds and Sensitivities

We determined the diagnostic thresholds (DHs) for mean values beyond the NRL.
At 25% LD50;,, DHs were detected for K, MA, and G. At 50% LD50;,, we determined the
DH for the x-angle, compared with those for R, PT, aPTT, and fibrinogen at 75% LD50;y.
Moreover, we evaluated the sensitivities of each parameter, except for LY30 (Table 1). PT,
PLTs, and R demonstrated a low sensitivity across the concentration range. Contrarily,
aPTT and fibrinogen displayed low and medium sensitivities at concentrations of <50%
LD50;, and 75% LD50;y, respectively (Table 1). The x-angle displayed low, medium, and
high sensitivities at 25% LD50;,, 50% LD50;,, and 75% LD50;y, respectively (Table 1).
Meanwhile, K, MA, and G demonstrated a high sensitivity across the entire concentration
range (Table 1).

Table 1. Sensitivity of classical coagulation tests and TEG parameters: percentages of samples beyond
normal reference limits.

% LD50;, Venom Concentration

Measure Normal Range
25% 50% 75%
CCTs
PT 71-84s 00/0 300/0 500/0
aPTT 13.7-25.6 s 10% 50% 70%
Fibrinogen 113-385 mg/dL 0% 50% 70%

PLTs 148-484 K/uL 10% 50% 50%




Animals 2022, 12, 226 80of 13
Table 1. Cont.
% LD50;, Venom Concentration
Measure Normal Range
25% 50% 75%
TEG
R 1.8-8.6 min 0% 10% 50%
K 1.3-5.7 min 90% 100% 100%
x-angle 36.9-74.6 degrees 30% 70% 90%
MA 42.9-67.9 mm 100% 100% 100%
LY30 NA NA NA NA
G 3.2-9.6 Kdynes/cm? 100% 100% 100%

CCTs, classical coagulation tests; PT, prothrombin time; aPTT, activated partial thromboplastin time; PLTs, platelet
counts; TEG, thromboelastography; R, reaction time; K, kinetic time; MA, maximum amplitude; LY30, clot lysis at
30 min; G, global strength of the clot; NA, not applicable; s, second; min, minutes.

4. Discussion

We intended to evaluate the efficacies of TEG versus CCTs in determining coagulation
parameters following canine blood envenomation using simulated G. ussuriensis venom.
Through the serial dilution of venom, we determined concentration-dependent changes
and sensitivities. Our results were consistent with VICC caused by natural pit viper
envenoming. However, in contrast to TEG and the rest of CCTs, PLTs did not demonstrate
the coagulopathic effects of G. ussuriensis venom.

Conventionally, researchers perform coagulation tests such as PT, aPTT, 20 min whole
blood clotting test, Lee-White clotting time, D-dimer, fibrinogen, fibrin degradation prod-
uct (FDP), and PLTs, to diagnose VICC [12-17,29]. A previous report identified FDP as
the most sensitive marker for detecting early VICC [30], whereas another confirmed PT
and aPTT as useful diagnostic tools for VICC [31]. However, the aforementioned tests
occasionally generated results within the NRL in envenomated patients, thereby indicating
that CCTs may lead to false-negative results and/or delay in anti-venom treatments [32-34].
PT and aPTT are easily accessible in most laboratories and have the advantage of a short
turnaround evaluation time of approximately 10 min. Nonetheless, certain characteristics of
coagulation tests lead to limitations. For instance, the results of PT and aPTT are achieved
within approximately 10 min before fibrin polymerization. In other words, these tests
neither analyze the status of thrombin stability and fibrinolysis nor the circumstances lack-
ing in protein C or antithrombin [12,35,36]. Since PT and aPTT evaluate the clotting time
in the in vitro setting, they do not represent the in vivo interaction between coagulation
factors and platelets [37]. Moreover, delays in PT and aPTT imply a specific coagula-
tion factor deficiency during the coagulation cascade, thus necessitating further tests to
specify the cause [37]. Similarly, fibrinogen, PLTs, and FDP produce only partial results
at a specific point during coagulation, thereby warranting further tests [13]. Therefore,
CCTs are unable to completely detect VICC characterized by platelet dysfunction and/or
coagulation deficiencies.

The performance of TEG in the present experiment supposedly surpassed the ability
of CCTs to detect VICC in the early stages. Of the TEG parameters, K, MA, and G displayed
a high sensitivity even at the lowest venom concentration of 25% LD50;,, compared with
the low sensitivity of the CCTs at 25% LD50;,. However, R displayed no significant
changes at any concentration, and the sensitivity was low at all concentrations, thereby
indicating its limited ability to detect coagulopathy caused by snake venom. Contrarily, the
R-value tended to increase with the venom concentration (Figure 4). The experiment with
100% LD50;, during the pilot study did not produce TEG traces, eventually leaving a flat
line that indicated coagulation failure.

In relation to LY30, we did not observe statistically significant changes at any concen-
tration, consistent with previously published results of in vitro experiments using human
blood [38]. The current in vitro study could not entirely replicate the interactions in compli-
cated living organisms; thus, hyperfibrinolysis was excluded [38]. In patients with natural
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snake envenomation as a result of a snake bite, the common coagulopathy reported using
TEG was delayed fibrinolysis [39,40], and LY30 provided information on fibrinolysis before
the decrease in fibrinogen concentrations [33]. As such, even though this study did not
result in any valid conclusions in relation to LY30 as it focused on detecting early VICC,
LY30 can provide useful information about hyperfibrinolysis in clinical practice.

The a-angle displayed a low sensitivity compared with K, MA, and G at the lowest
concentration. However, a previous report on pit viper envenomation used TEG to guide
additional anti-venom treatment and identified the x-angle as a particularly useful param-
eter [41]. The x-angle increased several hours before the measurable fibrinogen level in a
patient with hypofibrinogenemia [41]. As such, the x-angle is a more valuable parameter
for patients with hypofibrinogenemia, where several boluses of anti-venom have already
been administered, and a decision about administering additional anti-venom needs to
be made.

Fibrinogen concentrations decreased with higher venom concentrations and displayed
significant changes at >50% LD50;, compared with the control. A possible explana-
tion could be the role of calobin, a thrombin-like enzyme (TLE) present in the venom of
G. ussuriensis [42], which degrades fibrinogen and causes hypofibrinogenemia [43]. The dif-
ference between thrombin and TLE is that TLE mimics thrombin and produces weak fibrin
polymerization that gets hydrolyzed by plasmin, unlike thrombin-generated stable poly-
merization which occurs with the assistance of factor XIII [43]. Accordingly, we detected
VICC using fibrinogen; however, its sensitivity to diagnose early VICC was insufficient.

In this study, the lowest venom concentration was 25% LD50;,, which is higher than
0.5% LD50;y previously used in a human experiment [38]. The pilot study revealed that the
lowest venom concentration tested where TEG showed normal results was 20% LD50;,.
The difference in venom concentrations between humans and dogs was determined based
on a previous study that analyzed the clotting speed among dogs, cats, and humans [6].
For instance, dogs have a higher level of coagulation factors, particularly factor VIII [44],
and faster natural plasma clotting time than cats [45]. In addition, domestic dogs have
evolved from wolves, i.e., pack-hunters with large prey, such as elks and wild boars, to
survive dangerous wounds with a quicker clot time [46]. Rapid clot times denote the faster
depletion of coagulation factors, which leads to lower survival rates than those in cats in
case of snake envenomation [6]. However, considering the characteristics of the present
in vitro experiment and the higher level of coagulation factors in dogs, TEG initiated and
detected a normal coagulation process before the depletion of coagulation factors. This
resulted in a relatively higher venom concentration (0.5% vs. 25% LD50;,) required to
simulate coagulopathy, compared with the aforementioned human experiment.

A previous report [47] demonstrated PT and aPTT of shortened time as indications
of hypercoagulability and a higher chance of thrombosis. Three dogs exhibited shortened
PT at 25% LD50;,; however, a PT shorter than the NRL was considered normal in this
experiment. Factor hypercoagulability generally produces shorter R values; however,
all three dogs had normal R values in the control and 25% LD50;, groups. Thus, we
recommend further studies to determine the relationship between shortened PT, aPTT,
and TEG.

Snake bites without envenomation are referred to as dry bites [5]. According to a
previous study in Sri Lanka, in 86% of the patients admitted to hospital due to snake bites,
the bites were diagnosed as dry bites [48]. Dry bites can be attributed to pathophysiologic or
non-pathophysiologic conditions. The pathophysiologic conditions include gland infection,
ductal calcification or obstruction, venom extraction-related trauma, or defense-related
trauma [48]. Contrarily, non-pathophysiologic conditions are related to either an already
empty gland or a tactical decision by the snake to preserve its venom during the bite.
The aforementioned tactic to spare venom for the next prey or circumstances is termed
venom-metering in adult snakes. This is because venom production is associated with
metabolic costs and requires considerable time to exert toxic effects [49]. Therefore, anti-
venom treatment is not necessary for snake bites confirmed as dry bites, because the injury
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is analogous to a non-venomous snake bite [50]. However, it is difficult to differentiate
between a dry or wet bite, because the bite site may display signs of inflammation and
tissue edema [5].

Anti-venom is considered the most effective treatment for snake envenomation, consid-
ering it is the only antidote to snake venom. However, the WHO recommends anti-venom
only for patients expected to gain benefits that exceed the risk. This can be attributed to
the unstable and expensive supply of anti-venom [51]. According to the WHO guidelines,
anti-venom is preferably used in envenomated patients with hemostatic abnormalities,
cardiovascular problems, abnormal neurologic signs, kidney failure, and worsening local
tissue swelling [51]. Moreover, anti-venom can cause adverse reactions, such as ana-
phylactic shock, pyrogenic reactions, and serum sickness, thus necessitating cautious
administration [51]. In addition, performing a skin test before anti-venom administration is
controversial because of its extremely low sensitivity and time requirement, which delays
anti-venom administration [52].

Under the aforementioned circumstances, distinguishing dry from wet bites or diag-
nosing early hemostatic abnormalities is the key to treating snake envenomation. TEG
produces faster results, appears more suitable than CCTs in detecting early VICC and
could be useful in diagnosing and monitoring the patient after anti-venom treatment [38].
We recommend an additional TEG evaluation with CCTs during follow-up for patients
admitted to hospital with normal TEG results. Moreover, the unnecessary administration
of anti-venom should be suspended. Conversely, clinicians should initiate immediate
anti-venom treatment in the event of abnormal TEG results, and in the case of hospitalized
patients with hypofibrinogenemia, an abnormal LY30 result would assist the decision
making regarding the administration of additional anti-venom boluses. However, the cost
of TEG is relatively higher than that of CCTs. This need for expensive infrastructure may
limit the applicability of TEG, considering that most of the snake envenomation cases occur
in resource-poor environments [12].

This study has a few limitations. First, our in vitro study analyzed the results from
a single time point using a small number of dogs, and the results were interpreted based
on the NRL values from in vivo studies reported in the literature; therefore, the current
findings should be generalized with caution. Second, we could not perform TEG with
PlateletMapping® due to financial constraints. An experiment involving platelet inhibition
could have provided a better understanding of the venom-induced inhibition of the coag-
ulation factor. In addition, experimentally induced coagulopathy with a stabilization of
30 min may have created a relatively calcium-free environment; therefore, the possibility of
coagulopathy caused by low calcium rather than the inhibition of coagulation factor cannot
be excluded.

5. Conclusions

Through the serial dilution of simulated G. ussuriensis venom, we verified concentration-
dependent changes in canine blood coagulation parameters. The results were consistent
with VICC caused by natural pit viper envenoming. The platelet count did not detect
the coagulopathic effects of G. ussuriensis venom, unlike TEG and the rest of the CCTs.
Nonetheless, TEG effectively identified abnormal coagulation profiles compared with CCTs
in in vitro simulated pit viper envenomation. Thus, TEG could be a useful diagnostic
strategy for early VICC and preventing treatment delay.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ani12030226/s1, Table S1: Mean values of classical coagulation
tests parameters for the control and increasing venom concentrations (% LD50;,) with p-values and
statistical results; Table S2: Mean values of thromboelastography parameters for the control and
increasing venom concentrations (% LD50;,) with p-values and statistical results.
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