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-induced consumption coagulopathy development after 
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ABSTRACT 
OBJECTIVE: Viperidae snakes are responsible for 95 % of the bites caused by exotic-bred snakes in our country. 
Their envenoming may be associated with a severe acute coagulation disorder – venom-induced consumption 
coagulopathy (VICC). Thus, its early prediction is vital for an adequate therapy including antivenom delivery.
MATERIAL AND METHODS: Laboratory coagulation tests of 14 patients suffering from VICC were processed 
and statistically analyzed to evaluate the importance of individual parameters in the time after the bite.
RESULTS: The pathological values of D-dimer (D-dim) and fi brinogen (FBG) were found to be the fi rst indica-
tors of VICC development, with a median time of 4.55 hours since the bite, while median values for prothrombin 
time and international normalized ratio (PT/INR), activated partial thromboplastin time (APTT), and thrombin 
time (TT) were 5.9 h, 8.15 h, and 5.5 h, respectively. In the fi rst samples, the values of D-dim were found to 
be pathologically increased in all 14 patients, while pathological levels of FBG were seen only in 11 cases. PT/
INR and APTT were prolonged in 8 and 6 cases, respectively. 
CONCLUSION: An increase in D-dim values was found to be the fi rst parameter signaling developing VICC in 
all analyzed cases (Tab. 2, Ref. 12). Text in PDF www.elis.sk.
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Introduction

Venom of most American, African, and Asian Viperidae snakes 
(subfamily Viperinae and Crotalinae) cause inter alia a hemoco-
agulation disorder, namely venom-induced consumption coagu-
lopathy (VICC) (1–2). These snakes are popular among breeders 
in our country (3). During the period from January 1998 to –Oc-
tober 2018, 95 of the 111 bites by exotic snakes were infl icted by 
Viperidae snakes, and 19 of them suffered from VICC. 

Only few of the essential antivenoms are readily available at 
the national toxinology center (TC). As per algorithms of national 
TC, an envenomed patient is transported to a specialized center 
after initial examination if envenoming is present. If antivenom 
is indicated (any systemic manifestations including apparent de-
rangement of plasmatic coagulation system (4), rare thrombotic 
microangiopathy (5–6), or eventual severe local infl iction), the 
antivenom is provided and administered.

Therefore, in such cases it becomes necessary to import an-
tivenom urgently from foreign toxinology holding centers. Thus, 
diagnosis of imminent VICC must be performed as soon as pos-
sible and potential severity of the disorder should be appropri-
ately estimated.

The aim of this retrospective study was to analyze the pre-
dictive value of individual laboratory coagulation parameters for 
fast and valid estimation of potential VICC development. Concur-
rently, the onset of harmful peak values of laboratory coagulation 
parameters of ongoing VICC during treatment was monitored. 
Diagnosis of VICC was confi rmed when FBG levels decreased, 
D-dim levels were elevated, and coagulation times were prolonged 
in consecutive laboratory tests.

Material and methods 

The laboratory data of the basic cohort of 95 victims from 
TC database who suffered exotic Viperidae family snakebites 
were retrospectively processed. The Ethical Committee of the 
hospital reviewed and consented to the protocol (391/18 S-IV). 
Exclusion criteria for this cohort were: dry bite (14 cases), bites 
from European vipers not causing VICC (17 cases), isolated non-
serious local infl iction of bite only and other symptoms not affect-
ing coagulation (39 cases), a single fi nding of D-dim up to 2000 
μg/L without any other or further pathologies (6 cases), previous 
VICC patients with incomplete laboratory data (4 cases), and 1 
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patient coming in on the 4th day after the bite with already on-
going VICC.

The fi nal cohort included 14 males, with a mean age of 
39 years (16–67 years). In the study group, VICC was caused 
by the following snakes: Atheris nitschei, Atheris squamigera, 
Bothrops asper, Calloselasma rhodostoma, Cerastes cerastes, 
Crotalus adamanteus, Crotalus durissus, Deinagkistrodon acu-
tus, Echis carinatus (2 cases), Echis pyramidum, Macrovipera 
schweizeri, Proatheris superciliaris, Trimeresurus (Cryptely-
trops) albolabris. 

The results of prothrombin time and international normalized 
ratio (PT/INR), activated partial thromboplastin time (APTT), 
thrombin time (TT), fi brinogen (FBG) Clauss assay, D-dim (immu-
nochemical assay), antithrombin III percentage (AT), and platelets 
count (PLT) were evaluated using statistical methods. First patho-
logical values, peak values, and the duration until their develop-
ment were recorded and statistically analyzed. 

Statistics 
Time and levels of the fi rst pathological values and peak val-

ues of measured parameters were extracted from the Excel tables. 
The number of pathological values was assessed in the fi rst labora-
tory sample of coagulation parameters. Furthermore, total number 
of pathological versus normal values during the entire course of 
VICC was evaluated. 

This data set was subsequently analyzed using GraphPad Instat 
3 (GraphPad Software, La Jolla, CA, USA) statistical program. All 
data obtained was initially checked for normal distribution using 
Shapiro–Wilk test. Normally distributed data was presented as 
mean and 95 % confi dence interval (CI) while data not normally 
distributed as median and 25–75 % inter-quartile range (IQR). 
The categorical data was then analyzed using two-tailed Fisher´s 
exact test and numerical data was compared using the Wilcoxon–
Mann–Whitney U test. All p values ˂ 0.05 were considered as 
statistically signifi cant. 

Results

The medians, absolute ranges, and interquartile ranges of the 
fi rst laboratory coagulation pathologies between the bite and their 
occurrence are shown in Table 1. 

The pathological values of D-dim and FBG were found to be 
the fi rst fi ndings signaling development of VICC; with a median 
time of 4.55 hours (h) since the bite, while median times for INR, 
APTT, and TT were 5.9 h, 8.15 h and 5.5 h, respectively. The val-
ues of AT and PLT remained mostly within normal range in the 
fi rst sample, and the median times for development of pathology 
were 12.75 h and 18.65 h, respectively. 

An analysis of the fi rst sample after the bite showed that D-
dim was found pathologically elevated in 14 cases (100 %); FBG 
in 11 cases only (78.6 %). In the three remaining cases, values of 
FBG vs D-dim were: 2.4 g L–1 vs 484 μg L–1; 2 g L–1 vs 640 μg L–1; 
2.19 g L–1 vs ˃ 6400 μg L–1. The ratios of pathological vs normal 
values of INR, APTT, and TT in the fi rst coagulation tests after 
bite were signifi cantly lower (Tab. 2). 

Differences between pathological values of parameters found 
in the fi rst examination were statistically signifi cant in D-dim vs 
INR (p = 0.016), D-dim vs APTT (p = 0.002), and D-dim vs TT 

n = 14
Pathology in fi rst examination Peak of values

median range IQR median range IQR
INR N <1.2 1.755 1.24–10 1.38–10 2.65 1.3–10 1.5–10
Time (h) 5.9 1.5–21 4.6–18 9.5 1.5–28 4.6–18
APTT N = 20–40 s 127.8 36.8–180 39–180 127.8 36.8–180 39–180
Time (h) 8.15 1.5–21 4.6–16.5 10.65 1.5–28 4.6–18
TT N = 12–18 s 43.15 19.1–180 22.8–180 180 19.1–180 28.1–180
Time (h) 5.55 1.5–27 4.25–10.8 9.5 1.5–28 4.6–18
FBG N = 2–4 gL–1 0.9 0.1–1.9 0.1–1.6 0.2 0.1–1.76 0.1–0.36
Time (h) 4.55 1.5–21 2.05–7.3 11.25 1.5–28 5.0–18
AT N >75 % 78.5 62–93 71–88 78.5 57–93 62–88
Time (h) 12.75 5.5–27 9.0–21 21.25 5.5–52 10.5–24
D-dim N <190 μgL–1 4413.5 210–6400 605–6400 6400 781–6500 4348–6400
Time (h) 4.55 0.7–21 1.5–5.6 9.5 1.5–28 4.5–16.5
PLT N >150*109L–1 131 22–253 93–173 116 16–234 22–173
Time (h) 18.65 1.5–63 5.5–24.5 32 4–110 16.5–49
Numbers closest to the pathological values are included if no pathological fi nding in any parameter during VICC was recorded. For laboratory limit INR >10 is included 10; 
similar APTT >180 = 180; TT >180 = 180; FBG < 0.1 = 0.1; D dim > 6400 = 6400. Time (h) – time after the snakebite. N – normal value.

Tab. 1. Values of the fi rst pathological and peak results in the time since the snakebite.

n = 14
Number of pathologies 

In 1st examination In VICC course
INR N <1.2 8 (57.1%) 14 (100%)
APTT N = 20–40 s 6 (42.9%) 10 (71.4%)
TT N = 12–18 s 9 (64.3%) 14 (100%)
FBG N = 2–4 gL–1 11 (78.6%) 14 (100%)
AT N >75 % 3 (21.40%) 6 (42.9%)
D-dim N <190 μgL–1 14 (100%) 14 (100%)
PLT N >150*109L–1 5 (35.7%) 8 (57.1%)
N – normal values

Tab. 2. Number of pathological values in the fi rst sample and number 
of cases reaching pathological values during VICC.
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(p = 0.041), whereas this was not observed between FBG and INR, 
APTT, TT (p = 0.420, 0.120, 0.678), as well as between FBG and 
D-dim (p = 0.222).

The peaks of individual coagulation parameters in the time 
since the bite are shown in Table 1 but have been modifi ed by an-
tivenom therapy. FBG values reached clinically dangerous levels 
– median 0.2 g L–1 in 11.25 h (in three cases < 0.1 g L–1 in 5 h, 4.5 
h, and 1.5 h, respectively). TT was found as the most sensitive 
clotting time test indicating VICC severity (median 180 s in 9.5 
h); while the INR median time of 2.65 h did not reach an alarm-
ing value. Moreover, APTT results were found within the normal 
range in four of the cases despite ongoing VICC with hypofi bri-
nogenemia and consumption.

Discussion

In case of a developing or already developed VICC, clinical 
symptoms of coagulation disorder may not be present, even in the 
case of severe hypofi brinogenemia with impending life-threatening 
bleeding (7). Diagnosis and estimation of the severity depend on 
the laboratory examinations carried out shortly after the bite and 
the interpretation of its results.

Some studies recommend the PT value to be suffi cient as a di-
agnostic marker due to its easy availability and low cost (8). This 
parameter may be acceptable in a developed VICC and is adequate 
for diagnostics in areas where snakes are native, especially when 
antivenoms are immediately available and possibilities of labora-
tory tests are limited. 

In areas beyond the native occurrence of snakes that cause 
VICC, envenoming of breeders is only sporadic, and the availabil-
ity of antivenoms can be problematic. Early and correct fi ndings 
will prevent treatment delays by confi rming the need of urgent 
import of antivenom and would prevent unnecessary antiserum 
delivery in cases that it is not required as suggested by the tests 
(9). For these reasons, it is crucial to diagnose emerging VICC 
early and with high probability. 

The results of this analysis confi rm our hypothesis: a high 
suspicion of VICC should be made based on a slight decrease in 
FBG levels and especially on a rise in D-dim levels soon after the 
bite, regardless of the fi nding of normal PT and APTT values in 
some cases (8, 10). 

We recommend considering the abnormal values of D-dim 
as the fi rst sign of emerging VICC. FBG levels oscillate even in 
healthy population between 2–4 g L–1, and a slight decrease may 
remain unregistered (8, 11). On the contrary, D-dim levels above 
normal value, i.e. ˃  190 μg L–1 mostly indicate a pathological sta-
tus. This situation was found in 3 of the cases in our cohort. Even 
a slight, isolated elevation of D-dim soon after the bite can most 
likely signal further development of VICC.

Conclusion

The most sensitive parameters for suspicion of VICC devel-
opment were: pathological value of D-dim found in all cases and 
apparent decrease of FBG levels in 76.8 % of impending VICC 

in the fi rst laboratory sample. For analysis of the duration from 
the bite to VICC development, the scattering of values was too 
variable in this small cohort to be statistically signifi cant, how-
ever median time for abnormal values of D-dim and FBG were 
4.55 h and life-threatening FBG decrease was 11.25 h. In the fi rst 
samples, the values of PT/INR and APTT were found to be nor-
mal or mostly showed a moderate increase, and therefore do not 
exclude impending VICC. PLT count and AT activity mostly did 
not refl ect other changes in coagulation parameters. The results 
of this study confi rm an elevation in D-dim levels soon after the 
bite to be the fi rst marker of impending VICC. Targeted antive-
nom therapy based on the elevations in D-dim may become an 
important point in intensive care of the envenomed patient (12). 
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