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Background: Snakebite envenoming is a potentially life-threatening condition and causes
many serious consequences.

Subjects and Methods: Therefore, this study aimed to throw some light on coagulopathy
after Viperidae envenomations at Vietnam Poison Control Center and the relationship
between coagulopathy and time of admission. A prospective, descriptive study was con-
ducted from October 2016 to April 2018. The survey questionnaire included socio-economic
characteristics, characteristics of snakebite, signs and clinical symptoms and blood test.
Disseminated intravascular coagulation (DIC) condition was diagnosed using the
International Society on Thrombosis and Haemostasis (ISTH) criteria. Rotational thromboe-
lastometry was evaluated using ROTEM® delta system.

Results: A total of 41 cases of viper snakebite with the mean age of snakebite victims were
41.27 £ 14.72 years old. Mean hospital stay of the patients was 5.63+ 3.29 days. The
association between coagulation disorder and clotting time (CT) EXTEM prolonged, CT
INTEM prolonged, CT FIBTEM prolonged remained significant (multivariable odds ratio
MOR=5.81, 95% CI: 1.20-28.06; MOR= 9.32, 95% CI: 1.001-84.48; MOR=5.55, 95% CIL:
1.12-27.50, respectively).

Conclusion: This study indicates a hypocoagulation status in ROTEM, elevated interna-
tional normalised ratio (INR), activated partial thromboplastin time (APTT) and D-dimer,
decreased fibrinogen concentration and platelet count following envenoming by Viperidae.
Keywords: viper, snakebite, Vietnam, coagulopathy, ROTEM

Introduction

Snakebite envenoming is a potentially life-threatening condition and causes many
serious consequences. Available data showed that each year up to 138 000 deaths
worldwide due to venomous snakes and as many as 500,000 cases of venom-
induced morbidity." South and Southeast Asia have the highest incidence and
mortality rates of snakebite in the world, and Vietnam has a high estimated number
of envenomings every year (30,000)* with a high mortality rate per year (80 people
per million).®> The actual incidence of snakebites may be much higher because
based on interviews with clinicians, inhabitants and community leaders a rough
estimate was that less than 20% of the snakebite victims visited a clinic.*

In Vietnam, 60 venomous snakes have been recorded, comprising 37 species (15
genera) of the family Elapidae and 23 species (9 genera) of the family Viperidae.
The green pit viper is mostly responsible for number of bites followed by the Malay
and Cobra pit viper in Vietnam.”> Viper venom composition is characterized by
many different toxin families, like cysteine-rich secretory proteins, snake venom
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serine proteases, phospholipases A2, snake venom metal-
loproteases, C-type lectins, coagulation inhibitors and dis-
integrins, haemorrhagic factors, which result in venom-
induced consumption coagulopathy. Viper snake venom
affects the coagulation process (pre-coagulation, anticoa-
gulation, thrombin inhibition, fibrinogen resolution, impact
on vessel walls, platelets).°® Clinical manifestations
encompass a wide variety of problems including mild
symptoms to haemostatic abnormalities, cardiotoxicity,
nephrotoxicity, shock and death.®

Blood coagulation tests are cornerstone for diagnosis
and treatment of snakebite coagulopathy. Understanding of
the coagulation effects arising from human envenoming
will improve prognosis, management, treatment with anti-
venom and the role of adjuvant therapies. There are very
few studies related to coagulation parameter abnormalities
after Viper snakebite in Vietnam. Therefore, we have
undertaken this study to throw some light on coagulopathy
after Viper snake envenomations at Vietnam Poison
Control Center and the relationship between coagulopathy
and time of admission.

Materials and Methods
Study Setting and Participants

A prospective, descriptive study was conducted at Vietnam
Bach Mai Hospital,
Vietnam. This institute is a referral government hospital,
the only Poison Control Center (PCC) in the North of
Vietnam. The records of all Viperidae’s snakebite victims
who attended this center from October 2016 to April 2018
were recruited.

Poison Control Center, Hanoi,

Patients were included if they had a definite history of
snakebite and developed features of envenomation. The
Viperidae’s snakebite was determined when patients had
criteria 4 and one of criteria 1,2,3: (1) the presence of fang
marks; (2) presence of swelling, ecchymosis, cellulitis,
necrosis, blister formation and/or bleeding from local
site; (3) systemic symptoms: disturbances in coagulation
mechanism with or without systemic bleeding; (4) identi-
fication of snake: patient or people involved brings dead
snake with or identifies the snake through sample image.
Dead snake or photographs were sent to the identification
specialist at the Museum of Nature, Vietnam Academy of
Science and Technology then confirmed they belong the
Viperidae.

Patients were excluded from the study if they had at
least one of the following criteria: (1) lack of signs or

symptoms of envenomation after a period of observation;
(2) with pre-existing renal disease, liver dysfunction and
bleeding disorder; (3) have been using anticoagulants; (4)
refused to participate in the study.

A total number of 41 Viperidae’s snakebite cases dur-
ing the study period were enrolled in this study.

Measures and Instruments

After obtaining consent, data was collected on pre-
designed and structured questionnaire by interviewing
patients and their families. The survey questionnaire
included the following:

General demographic characteristics: age, gender,
occupation

Characteristics of snakebite: place of bite, site of bite, type
of snake, time interval to reach the health facility after sna-
kebite; clinical symptoms (bleeding, swelling, necrosis, blis-
ter formation from local site, gastrointestinal hemorrhage).

Other signs and clinical symptoms: level of conscious-
ness (using the Glasgow Coma Scale (GCS)), blood pressure,
SpO2 on admission, respiratory rate, heart rate, duration of
hospital stay, and clinical outcome (fatal/survival).

Blood tests: blood sample of patients on admission were
analysed for complete blood counts (platelet count, hemo-
globin), creatinine level and coagulation studies including
prothrombin time % activity (PT %), international normal-
ized ratio (INR), activated partial thromboplastin time
(APTT), thrombin time (TT), serum fibrinogen Ilevel,
D-dimer level, euglobulin clot lysis time (Von-kaulla test).

Disseminated intravascular coagulation (DIC) was
diagnosed using the International Society on Thrombosis
and Haemostasis (ISTH) criteria. The criteria include four
factors: platelet count, PT %, fibrinogen level, elevated
levels of a fibrin-related marker (D-dimer level). Total
score ranges from 0 to 8 points. Total score greater than
or equal to 5 suggested overt DIC, score less than 5 not
suggesting overt DIC, may be no DIC.’

Rotational thromboelastometry (ROTEM) on admis-
sion was evaluated using ROTEM® delta system (TEM
Innovations GmbH — Germany). Its variables were clotting
time (CT), maximum clot firmness (MCF). The applicabil-
ity of the variables described was done with the three
available tests for real-time analysis of ROTEM®:
INTEM, EXTEM, FIBTEM.®

Data Analysis
All the data obtained were recorded and analyzed using
the Statistical Package for the Social Sciences (SPSS),
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version 22.0. Descriptive statistics for participant charac-
teristics were presented as mean = SD for continuous
variables and frequency/percentages for categorical vari-
ables, respectively. Comparisons between participants with
no-DIC, non-overt DIC and overt DIC were assessed using
chi-squared test for categorical variables and Student’s
t-tests for continuous variables. Two-tailed p values
<0.05 were considered statistically significant.

Multivariate logistic regression was applied to identify
associated factors for coagulation disorders (CT EXTEM
prolong, CT INTEM prolong, CT FIBTEM prolong, MCF
FIBTEM decreased). A p-value of 0.2 was employed as
a threshold of variable selection. An adjusted odds ratio
(OR) was presented along with the p-value and a 95%
confidence interval. A p-value of less than 0.05 was recog-
nized as statistically significant.

Ethics Approval and Informed Consent

The study was approved by the Ethics Committee of Bach
Mai Hospital. Written in-formed consent was obtained
from all participants. For patients who were not of legal
age to sign on their own behalf, written informed consent
was obtained from their guardians.

Results

A total of 41 cases of viper snakebite were included in this
study. The mean age of snakebite victims was 41.27 +
14.72 years old. Most of the study patients were males
(61%) and the male to female ratio was 1.56/1. Farmers
accounted for nearly half of the victims (46.3%). Mean
hospital stay of the patients was 5.63+ 3.29 days. About
26.8% of patients reached the hospital after 6 hours of
snakebite. Mortality rate was 0% (Table 1).

Comparison of patients according to the presence and
severity of DIC using the ISTH scoring system in 41
patients: the normal group comprised 10 patients
(24.4%), the simple coagulopathy group comprised 17
patients (41.5%), and the overt DIC group comprised 14
patients (34.1%). In statistical analysis, snake type, gastro-
intestinal hemorrhage, and heart rate reached statistical
significance. DIC disorder has the highest prevalence in
Trimeresurus albolabris snake group. From the results,
gastrointestinal hemorrhage and heart rate were signifi-
cantly more increased in the over DIC group than in the
simple coagulopathy and normal group (p<0.05) (Table 2).

Out of 41 patients, platelet count was decreased in 14
(34.2%). Prothrombin levels were decreased in 16 (39%)

cases and APTT was prolonged in 7 (17.1%) cases. INR

Dang et al
Table |1 General Characteristics (n=41)

Characteristics Number | Percentage
Male 25 6l
Occupational
Officers 7 17.1
Agriculture 19 46.3
Students 4 9.75
Workers 4 9.75
Others 7 17.1
Time interval to reach the PCC after snakebite
<6 hours Il 26.8
6h—24 hours 14 34.1
24-72 hours 15 36.6
>72 hours | 2.4

Mean SD
Age 41.27 14.72
Duration of hospitalization (days) | 5.63 3.29
Glasgow point on admission 15 0
Blood pressure
Systolic 118.68 16.00
Diastolic 74.39 10.50
SpO, on admission 97.83 2.07
Respiratory rate 20.39 1.95
Heart rate 86.44 11.09
Death 0 0

increased in 12 (29.3%). Fibrinogen concentration was
decreased in 61% and up to 18 (43.9%) cases were severe
decreased fibrinogen. Elevated D-dimer level was found in
36 (87.8%). CT EXTEM prolonged, CT INTEM pro-
longed, CT FIBTEM prolonged, MCF FIBTEM decreased
were 63.4%, 34.1%, 61%
(Table 3).

Table 4 shows the prolonged CT, CFT in INTEM,
EXTEM, and FIBTEM. The clot amplitude at A5, A10,
MCF in INTEM and EXTEM were all decreased.

After further adjustment for multiple correlates of coa-

and 51.2%, respectively

gulation disorder and time admission including age, gen-
der, type of snake, the association between coagulation
disorder and CT EXTEM prolonged, CT INTEM pro-
longed, CT FIBTEM prolonged remained significant (mul-
tivariable odds ratio MOR=5.81, 95% CI: 1.20-28.06;
MOR= 9.32, 95% CI: 1.001-84.48; MOR=5.55, 95% CI:
1.12-27.50, respectively) (Table 5).
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Table 2 Characteristics of Patients without Coagulopathy, Patients with Simple DIC, and Patients with Overt DIC

Variable Normal Simple DIC Overt DIC P
(DIC=0) DIC 1-4 DIC>5
N=10 (24.4) N=17 (41.5) N=14 (34.1)
Snake species
Trimeresurus cornutus 0 (0.0 1 (5.9) 0 (0.0) 0.004
Deinaglistrodon acutus 0 (0.0 0 (0.0 1 (7.1)
Trimeresurus mucrosquamatus 6 (60.0) 0 (0.0) 1 (7.1)
Trimeresurus albolabris 2 (20.0) 10 (58.8) 10 (71.4)
Undefined 2 (20.0) 6 (35.3) 2 (14.3)
Site of snakebite
Right arm 5 (50.0) 2(11.8) 3 (214 0.229
Left arm 0 (0.0 4 (23.5) 4 (28.6)
Right leg 3 (30.0) 5(294) 5(35.7)
Left leg 2 (20.0) 6 (35.3) 2 (14.3)
Clinical Symptoms
Local bleeding 2 (20.0) 6 (35.3) 7 (50.0) 0.319
Swollen 10 (100.0) 17 (100.0) 14 (100.0) -
Fang marks 10 (100.0) 17 (100.0) 14 (100.0) -
Necrosis 0 (0.0 1 (5.9) I (7.1) 0.703
Blister 1 (10.0) 2(11.8) 3 (214 0.67
Gastrointestinal hemorrhage 0 (0.0) 0 (0.0) 3 (21.4) 0.044
Sex
Male 6 (60.0) 10 (58.8) 9 (64.3) 0.950
Female 4 (40.0) 7 (41.2) 5(35.7)
Mean (SD) Mean (SD) Mean (SD)
Hb 139.50 (21.43) 135.94 (15.83) 121.79 (26.99) 0.212
WBC 12.41 (3.13) 12.39 (4.01) 12.99 (4.80) 0.907
Creatine level 78.5 (15.69) 80.18 (20.76) 82.86 (29.35) 0.896
Age 38.2 (10.73) 43.0 (15.65) 41.36 (16.56) 0.725
Number of admission days 5.2 (2.66) 5.29 (2.22) 6.36 (4.63) 0.609
Glassgow point at admission 15.0 (0.00) 15.0 (0.0) 15.0 (0.0) -
SpO, on admission 98.2 (1.32) 98.18 (2.24) 97.14 (2.25) 0.319
Respiratory rate 19.9 (1.52) 20.06 (1.60) 21.14 (2.45) 0.203
Heart rate 81.9 (7.50) 84.12 (10.81) 92.50 (11.52) 0.032
Discussion were bitten by Trimeresurus albolabris (53.65%) and

The study shows a high incidence of subclinical haemato-
logical abnormalities following bites by Viperidae. No
patients died in our study although the patients with DIC
accounted for 75.6%. Delayed hospital admission was
associated with coagulation disorders. Most of the patients

Trimeresurus mucrosquamatus (17.07%). Trimeresurus
albolabris is widely distributed venomous species in
Vietnam and lives mostly in the Northwest region. In
some provinces of Vietnam (eg Lam Dong Province) it is

the most frequent cause of snakebite.”'® Trimeresurus
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Table 3 Characteristics of Coagulation Abnormalities of Patients
with Snakebites at the Admission

Characteristics (n) Percentage
Platelet

Severe decreased (<50) 7 17.1
Mild decreased (50-100) 7 17.1
Normal (>100) 27 65.8
PT%

Severe decreased (<40%) 8 19.5
Mild decreased (40-70%) 8 19.5
Normal (270%) 25 61.0
APTTs

Prolong (>40s) 7 17.1
Normal (£40s) 34 82.9
INR

Increased (21.5) 12 29.3
Normal (0.9-1.5) 29 70.7
Fibrinogen

Severe decreased (<I) 18 439
Mild decreased (1-2) 7 17.1
Normal (>2) 16 39.0
D-dimer (missing 2)

Severe increased (25) 21 51.2
Mild increased (2-5) 15 36.6
Normal (<) 3 73
ROTEM

CT EXTEM prolonged (>79s) 26 63.4
CT INTEM prolonged (>240s) 14 34.1
CT FIBTEM prolonged (>70s) 25 61.0
MCF FIBTEM decreased (< 9mm) 21 51.2

mucrosquamatus has a wide geographic distribution. It
causes a serious medical threat to people because of their
overlapping habitats with areas of human activities,

Table 4 Characteristics of Disorders in ROTEM

frequenting human dwellings in pursuit of prey, and
inflicting severe envenomation.'' Trimeresurus mucros-
quamatus were the venomous snakes of highest medical
importance in Asia according to WHO.'?

The study showed that coagulopathy resulting from
viper envenoming is characterised by a low fibrinogen,
platelet count and an elevated INR, D-dimer, and aPTT.
The findings were similar to the published literature in
Thailand, Sri Lanka.'>™'®> ROTEM abnormalities showed
a hypocoagulation status (CT prolonged, MCF decreased)
among Viper snakebite victims. Prolonged clotting time of
the EXTEM and FIBTEM channel exhibits an exogenous
and endogenous clotting pathway disorder. Coagulopathy
after viper envenoming is a consequence of activation of
the clotting pathway by procoagulant toxins. This will
result in clotting factor consumption. The enzymatic toxins
restricting with coagulation are anticoagulant proteases
factor IX
X inhibitors, anticoagulant PLA2s) and pro-coagulant pro-

(protein C activator, inhibitors, factor
teases (prothrombin activators, factor X, thrombin-like
enzymes and factor V activators). The venom elements
acting on fibrinolysis are plasminogen activators and fibri-
nolytic enzymes.'®'” Viperid venoms are determined to
act on platelets, and several venom components include
high functional and structural similarities to unlike natural
ligands of the platelet adhesion receptor, therefore affect-
ing platelet functions due to different mechanisms. Venom
elements contribute to venom-induced coagulopathy by
depleting  platelets and culminating in marked
thrombocytopenia.'®'? ISTH score were correlated to the
ROTEM studies in Lund, Sweden,?® and Copenhagen,
Denmark.”!

After adjusting for multiple correlates of coagulation
disorder and time admission, our results showed that
a prolonged arrival delay was associated with coagulation
disorder (CT EXTEM prolonged, CT INTEM prolonged,

CT FIBTEM prolonged). The Viperidae family comprises

CT (s) CFT (s) Alpha (d9) A5 (mm) Al10 (mm) MCF (mm)
EXTEM (n=41) 91 (62;267,5) 165,5 (99;341) 60,5 (42;,72) 28 (16,5;38,5) 38 (26;48,5) 48 (29,5;57,5)
INTEM (n=41) 213 (177,5;358) 165 (92;276,5) 62 (50;71) 28 (17,5;39,5) 38 (26,5;49,5) 48 (36,5;56)
FIBTEM (n=41) 87 (57,5;2407) - - 94 12) 10 (4;13) 12 (4;14)
APTEM (n=41) 81 (61;261) 156,5 (95,5;309) 60 (40;70) 27 (12;39,5) 39 (25;49,5) 49 (36;57)
Note: Values are presented as median (quartile range).
Journal of Multidisciplinary Healthcare 2021:14 https: 1263
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Table 5 Relationship Between Coagulation Disorder and Duration from Snakebite Moment to Admission (>6 Hours)

Characteristics CT EXTEM Prolonged

CT INTEM Prolonged

CT FIBTEM Prolonged MCF FIBTEM Decreased

Model | 5.37 (1.15-24.97)*

9.93 (1.01-85.48)*

5.03 (1.06-23.80)* 0.24 (0.05-1.12)

Model 2

5.810 (1.20-28.06)*

9.19 (1.001-84.48)

5.55 (1.12-27.50)* 0.243 (0.05-1.15)

Notes: *p<0.05. Model | adjust to age, gender. Model 2 adjust to age, gender, type of snake.

a main group of venomous snakes and causes for the
majority of mortality and morbidity worldwide compared
to the others.'® After a bite from venomous snake, the
coagulopathy could appear very quickly. This emphasizes
the need to transport immediately the victim to the nearest
medical facility. Previous study suggested first-aid mea-
sures such as incision, tourniquets and drainage, and indi-
genous herbal medicines are strongly discouraged.”

This study has several implications. Our study was
among the first research providing insights about the coa-
gulopathy after Viper snakebite in Vietnam. Coagulation
process in the study was comprehensively evaluated
through coagulation tests and thromboelastometry. Our
research design has overcome the shortcomings with
a predetermined protocol.

This study has several limitations to discuss. This study
focused on patients at the center hospital. Thus, the patients
included in this study may have more severe snakebites than
people treated in local hospitals or in community settings.
The number of patients was small. Larger number of patients
are needed to get more specific conclusion.

Conclusion

In conclusion, our study indicates a hypocoagulation status
in ROTEM, INR, aPTT
decreased fibrinogen concentration and platelet count fol-

elevated and D-dimer,

lowing envenoming by Viperidae. Delayed hospital admis-
sion was associated with coagulation disorders.

Data Sharing Statement
The datasets of this study are available from the corre-
sponding author on reasonable request.

Ethics Approval and Informed
Consent

The study was approved by the Ethics Committee of Bach
Mai Hospital (reference number: 3377/QD-BM). We con-
firm that our study complied with the Declaration of
Helsinki. Written informed consent was obtained from all

participants. For patients who were not of legal age to sign
on their own behalf, written informed consent was
obtained from their guardians. The questionnaire did not
include private information or any harm to participants.
The result of research was used for the study purposes
only.
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