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Abstract Introduction: Using
clotting factors (fresh frozen plasma
and/or cryoprecipitate) to treat snake
venom-induced consumptive coagu-
lopathy (VICC) is controversial. We
aimed to determine if factor replace-
ment after antivenom is associated
with an earlier return of coagulation
function. Methods: We retrospec-
tively analysed VICC cases due to
brown snake (genus Pseudonaja),
tiger snake (Notechis, Tropidechis,
and Hoplocephalus), and taipan
(Oxyuranus) envenoming. Recovery
of international normalized ratio
(INR)/prothrombin time (PT) was
compared between patients who did
not receive factor replacement and
those who did, and between patients
who received factor replacement B
4 h of commencing antivenom and
those who received factor replace-
ment later or not at all.
Results: There was no significant
difference between cases receiving

clotting factors and cases that did not,
however in 21 cases having factor
replacement within 4 h, the median
time to coagulation recovery was
4.6 h (interquartile range [IQR] 3.5–
8.8), versus 9.5 h (IQR 7.3–13) in
106 cases who had clotting factors
later or not at all (P \ 0.001). No
serious adverse effects attributed to
clotting factors were recorded.
Recovery by 6 h after starting anti-
venom was also more likely in those
who were younger, in tiger snake
envenoming, and where the interval
between bite and starting antivenom
was longer. The initial dose of anti-
venom did not appear to influence
the likelihood of recovery at 6 h.
Conclusion: Early factor replace-
ment after antivenom is associated
with earlier improvement of coagu-
lation function. Randomised
controlled clinical trials to determine
the efficacy and safety of factor
replacement for VICC after venom
neutralisation are required.
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Background

Venom-induced consumptive coagulopathy (VICC) is
characterised by unrecordable clotting parameters and
elevated cross-linked fibrinogen degradation products
(XL-FDP)/D-dimers and is the most common manifesta-
tion of Australasian elapid snake envenoming [1]. VICC
is also an important cause of morbidity and death in the
rural tropics, where hundreds of thousands of people die
from snakebite every year [2]. Three of the five major
groups of Australasian elapid snakes, including brown
snakes (Pseudonaja), taipans (Oxyuranus), and the tiger
snake group (Notechis, Tropidechis, and Hoplocephalus)
cause VICC [3–6]. The venoms of these snakes contain
similar prothrombin activators that cause complete defi-
brination and incoagulable blood [7]. The coagulation
defects seen in cases of envenoming by each of the above
species include consumption of fibrinogen, factor V,
factor VIII, and partial consumption of prothrombin.
There is less effect on the remaining coagulation factors
and platelets [4–6]. Antivenoms (AV) are available to
neutralize these toxins, after which clotting function
presumably recovers by synthesis of new clotting factors
[4, 8].

The use of clotting factor replacement for VICC has
been controversial because of fears that this may worsen
the coagulopathy by providing more substrate [9, 10]. A
previous canine study has claimed that fresh frozen
plasma (FFP) may worsen coagulopathy and cause death
after brown snake envenoming [9]; however, the number
of dogs studied was small, the methodology was subop-
timal, and the conclusions were heavily criticised [10].
FFP is the most available product and contains the
important factors that require replacement in VICC—
fibrinogen, factor V, and factor VIII. Although cryopre-
cipitate is a better source of fibrinogen, it is not clear
whether this is the most important factor required for
recovery. There have been no trials of factor replacement
for VICC in humans and only scattered case series and
case reports of its use [11–13].

FFP has been a routine treatment for VICC in Aus-
tralian intensive care units. However, since 2003 we have
noted a shift in treatment patterns in the form of higher
antivenom doses and infrequent FFP use (\5% of cases)
[8]. This change may be because of data suggesting that
higher doses of antivenom might be required [14], com-
bined with ongoing controversy over FFP treatment in the
presence of inadequate venom neutralisation [9, 10, 15].

Study aims and hypotheses

By examining cases managed before 2003, when clotting
factor replacement was near universal, and more recent
cases, when the majority were managed without factor

replacement, we aimed to determine whether factor
replacement after antivenom is associated with an earlier
return of coagulation function. Without FFP, the median
time from antivenom to return of coagulation function,
defined by an international normalized ratio (INR) of less
than 2.0, is 9.2 h [8]. Our primary hypothesis was that
early initiation of clotting factors within 4 h of starting
antivenom would be associated with an earlier return of
clotting function. We also aimed to identify any other
clinical features and treatments, specifically antivenom
dose, associated with earlier recovery.

Methods

Design and ethical approval

We retrospectively analysed VICC cases due to brown
snake (genus Pseudonaja), tiger snake group genera
(Notechis, Tropidechis and Hoplocephalus), and taipan
(genus Oxyuranus) envenoming. The Australian Snake-
bite Project (ASP) is an ongoing multicentre prospective
observational study that recruits snake bite cases pre-
senting to over 60 tertiary and regional Australian
hospitals and all major poison information centres. We
have obtained ethics approval for all institutions involved.
ASP cases recruited between July 2003 and June 2006
were included in this analysis. A standardized study da-
tasheet was completed by the treating physician and
included the data used in this analysis.

Additional retrospective cases of snakebite treated in
Western Australia teaching hospitals from December
1991 to December 2004 were identified by contacting the
authors of previous retrospective studies and performing
chart audits at the relevant institutions. These cases had
been identified by multipronged strategies using Interna-
tional Classification of Diseases (ICD)-9 and ICD-10
coding, hospital pharmacy records of antivenom use, and
laboratory records of Venom Detection Kit (VDK) (CSL,
Melbourne, Australia) results and abnormal coagulation
results. Ethics approval for the retrospective chart review
was granted by the Human Research Ethics Committee
(HREC) of the South Metropolitan Area Health Service
(WA). A single trained investigator (NC) abstracted data
directly from hospital clinical and laboratory records.
Cases were excluded if essential data were missing.

Inclusion criteria

We included cases if they developed VICC and received
treatment with antivenom for brown snake, tiger snake (or
related snakes), or taipan envenoming. VICC was defined
by elevated D-dimers (if available) plus coagulopathy
diagnosed by an INR of more than 2.0; a prothrombin
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time (PT) of more than 24 sec, if an INR result was not
available, or unclottable blood by 20 min as measured by
a whole blood clotting time (WBCT) in a glass vial, if
treatment was initiated in a hospital without access to
clotting studies. ‘‘Severe coagulopathy’’ was defined by
an INR of more than 7 or a PT of more than 60 at any
stage, on the basis that these were the values above which
laboratories begin to report ‘‘unrecordable’’ values.

Primary and secondary outcomes

The primary outcome was the time interval from initiation
of the first dose of AV to recovery defined by a reduction
in the INR to 2.0 or less (or PT B 24 sec if the INR was
not available), based on a previous study of clotting
recovery in VICC [8]. Secondary outcomes were time
interval to recovery of the activated partial thrombo-
plastin time (APTT), defined as less than 100 s and time
interval to recovery of fibrinogen, defined as more than
0.5 mg/dL. These secondary outcome cutoffs were cho-
sen because all laboratories that analysed specimens were
able to report values below and above these values,
respectively. We also compared the number of bleeding
complications between groups, classified as either
‘‘major’’ (involving the brain or requiring resuscitation) or
‘‘other.’’

Statistical analysis

We compared those who did not receive factor replace-
ment at any time with those who did, and those who
received factor replacement early (within 4 h of initiating
antivenom) with those who received factor replacement
late (after 4 h) or not at all. In those for whom FFP was
started within 4 h, we also examined time to recovery
against the number of units started in the first 4 h. In one
child who received FFP, this was corrected to an adult
dose by assuming that 10 mL/kg to 15 mL/kg of FFP was
equivalent to an adult dose of 4 units.

A dichotomous endpoint of coagulation recovery (INR
B2 or PT B24) at 6 h after starting antivenom was then
used to perform a backward stepwise logistic regression
analysis of association between outcome and variables
sex, age, snake species group, interval from bite to
commencing antivenom, initial dose of antivenom defined
as the number of vials started in the first hour, and
administration of clotting factors within 4 h of antivenom.
To detect any potential differences in timing of coagula-
tion studies between groups that might have biased this
analysis, we compared the median time intervals from
starting antivenom to the last set of coagulation studies
within the following 6 h.

Statistical analysis was performed using Stata version
10 for windows (StataCorp LP, College Station, Texas).

The chi-square and Fisher exact tests were used to com-
pare dichotomous data and the Mann–Whitney test was
used to compare time interval data. We defined statistical
significance as a P value of less than 0.05. Spearman rank
correlation was used to assess the relationship between
initial FFP dose and time to recovery. The binomial
method was used to calculate confidence intervals for
proportions.

Results

Sixty-three cases satisfying our inclusion criteria were
available from the prospective ASP study and 70 cases
were retrospectively identified from WA (Fig. 1). In 11
cases, initial diagnosis was based on a bedside WBCT,
all of which later had clear evidence of VICC when
formal laboratory bloods were taken, including 8 who
had not yet reached the primary endpoint. One pro-
spective ASP case died before coagulation recovery and
could not be included in the primary outcome analysis
of return of clotting function; however, because 6 h
results were available, was included in the logistic
regression analysis. Six cases (including 2 deaths) from
the retrospective cohort were excluded from analysis
because of missing treatment information and/or labo-
ratory results.

The primary analysis of time to recovery thus included
126 cases; 71 who did not receive factor replacement and
55 who received factor replacement, of which 21 had this
commenced within 4 h of antivenom The logistic
regression analysis of clotting function at 6 h was able to
include 127 cases.

Baseline characteristics were comparable between
groups except that those who did not receive factor
replacement were more likely to have a higher initial dose
of antivenom (median 3 vials [interquartile range (IQR)
2–4] versus median 1 vial [IQR 1–2], p = 0.0001). There
were no taipan bites in the factor replacement group.

Fifty-three cases received FFP (median dose 4 units,
IQR 2–6 units, range 1–18 units) and 26 received cryo-
precipitate (median dose 8 units, IQR 8–8 units, range 4–
32 units). In the 21 cases where factor replacement was
initiated within 4 h of antivenom, FFP alone was used in
16, FFP plus cryoprecipitate in 4, and cryoprecipitate in 1.

A comparison between those who received no clotting
factors and those who received clotting factors at any time
found no statistically significant difference in any
endpoint.

A comparison of the group receiving clotting fac-
tors for 4 h or less versus those who received clotting
factors for more than 4 h or not at all is presented in
Table 1. Clotting recovery was significantly faster in the
B4 h group by all parameters studied. Baseline charac-
teristics and timing of coagulation studies relative to the
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71 not given factor 
replacement 

56 included in analysis  

70 retrospective, WA, 1991-2004 
• 58 given factor replacement 
• 12 not given factor replacement 

63 prospective, all states, 2003-2006 
• 4 given factor replacement 
• 59 not given factor replacement 

62 given factor 
replacement 

6 retrospective WA cases excluded 
from all analyses because of missing 
times &/or lab results (incl. 2 deaths) 

21 clotting factors given within 4 
hours of antivenom (of which 20 
were WA retrospective cases) 

106 clotting factors given after 4 
hours or not at all [1 of these died 
before recovery and thus was not 
included in the primary analysis but 
was able to be included in the 
logistic regression analysis]  

71 included in analysis  

Fig. 1 Study flow diagram

Table 1 Baseline
characteristics and outcomes CF given [ 4 h

after AV or
not at all

CF given
B 4 h of AV

n = 106 n = 21

Male 79 (75%) 15 (71%)
Age in years (mean [SD]) 37 (20) 36 (18)
Snake
Brown 67 (63%) 15 (71%)
Tiger 31 (29%) 5 (24%)
Taipan 4 (3.7%) 0
Unknown 4 (3.7%) 1 (5%)

Severe coagulopathy 83 (78%) 18 (86%)
Thrombocytopenia (\150) 45 (43%) 10 (48%)
Hours from snake bite to AV 3.5 (1.9–5.3) 3.2 (1.8–4.7)
Number of AV vials first hour 2 (1–4) 2 (1–2)
Hours from AV to last coagulation studies

in the 6 h after AV
4.5 (3.3–5.3) 4.8 (4.1–5.4)

Hours from AV to recovery of INR/PT 9.5 (7.3–13) 4.6 (3.5–8.8) p \ 0.001
Number improved by 6 h (%, 95% CI) 17 (16%, 9.6–24%) 14 (67%, 43–85%) p \ 0.001
Hours from AV to APTT \100 s 6.5 (4.3–9.2) 4.0 (1.4–5.3) p = 0.002
Hours from AV to fibrinogen [0.5 mg/dL 10.7 (7.5–14.3) 8.0 (4.2–12.1) p = 0.0184

Unless otherwise specified, values are presented as median (IQR)
CF clotting factors, AV antivenom, INR international normalized ratio, APTT activated partial
prothrombin time
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dichotomous outcome for logistic regression analysis did
not vary significantly between groups.

Logistic regression analysis found that early clotting
factor replacement, younger age, tiger snake envenoming,
and a longer interval from bite to commencing antivenom
treatment increased the likelihood of recovery by 6 h
(Table 2). Further analysis of tiger snake versus brown
snake cases found the median times from antivenom to
recovery were 8.2 h (IQR 6.1–11.7) and 10.5 h (IQR 7.5–
13.5), respectively when early FFP was not given. For the
logistic regression analysis FFP and cryoprecipitate
administration were not entered independently because of
the small numbers receiving the later. The number of
units of FFP given in the first 4 h after initiating anti-
venom had a significant effect on the likelihood of
recovery at 6 h; all 7 patients given 4 units had recovered,
versus 6 out of 13 receiving 2 or 3 units (Spearman
P = 0.0273 for time to recovery). All 5 cases receiving
cryoprecipitate had recovery at 6 h, however the sample
was too small to enable further analysis of this
intervention.

Bleeding of any severity was noted in 11out of 21
(52%, 95% CI 30–74%) of those receiving clotting factors
within 4 h versus 34 out of 106 (32%, 95% CI 23–42%) in
the remainder. Major bleeding was noted in 2 out of 21
(9.5%, 95% CI 1.1–30%) and 3 out of 106 (2.9%, 95%
0.6–8.0%), respectively. Three deaths (14%, 95% CI 3.0–
36%) occurred in the early clotting factor group (1 due to
hypoxic-ischaemic cerebral insult from cardiac arrest pre-
hospital, 2 from fatal intracerebral bleeding) versus 2 (1.9,
95 0.2–6.6%) in the remainder (1 due to hypoxic–
ischaemic cerebral damage and the other associated with
multiple internal haemorrhages). None of these between
group differences reached statistical significance. Overall,
including all cases excluded from the primary analysis,
the death rate was 7out of 133 (5%, 95% CI 2.1–11%).

In the 55 cases receiving clotting factors, 3 (5.5%,
95% CI 1.1–15%) had adverse events recorded that were
possibly related to factor replacement. Using the number
of units of FFP given as denominator (237 units) this
equated to a risk per unit of FFP given of 1.2% (95% CI
0.26–3.6%). These were:

1. An episode of noncardiogenic pulmonary oedema,
hypoxaemia, and rigors approximately 1 h after 4 units
of FFP. The patient was treated with intravenous
frusemide and oxygen and there was prompt resolution
of symptoms without any need for ventilator support.
The aetiology of the adverse event was not clear. No
further investigations were performed to support a
diagnosis of TRALI (Transfusion related acute lung
injury).

2. A confluent rash of the upper arms and flanks
developing after the fourth unit of FFP and;

3. A generalised rash with angioedema treated with
adrenaline, occurring immediately after 4 units of FFP
but also within 35 min of an 8-unit cryoprecipitate
infusion and within 110 min of 5 vials of brown snake
antivenom (the last in a series of doses totaling 22 vials
of brown snake antivenom). No febrile reactions were
identified from the case records.

Discussion

The early use of FFP within 4 h of starting antivenom
treatment is associated with an earlier return of clotting
function in patients with VICC after bites by Australian
Elapid snakes. The proportion that had recovered was
higher in those who received an initial FFP dose of at
least 4 units. Those who were younger, had tiger snake
envenoming, and in whom the interval between the bite
and starting antivenom treatment was longer were also
more likely to have recovery of INR/PT at 6 h. The initial
dose of antivenom did not appear to influence recovery.
The rate of serious adverse effects from FFP appeared to
be low and the 95% confidence intervals overlapped with
rates reported by haemovigilance programs [16, 17].

Antivenom dosing has been controversial. A retro-
spective study of antivenom dosing for brown snake
VICC treated in Western Australia between 1991 and
2001 found that relatively large doses of antivenom (up to
22 vials) were given over the course of treatment and that
clotting factors (FFP and/or cryoprecipitate) were given in

Table 2 Logistic regression
analysis for association of
variables with recovery of
INR/PT at 6 h

Odds ratio 95% CI P

Clotting factor replacement within 4 h of AV 43.2 9.2–203 \0.001
Age (years)a 0.95 0.92–0.98 0.001
Time from bite to giving AV (hours)a 1.35 1.12–1.62 0.001
Tiger snake envenoming 4.98 1.43–17.4 0.012
Number of vials of AV started in the first hour of treatmenta 1.22 0.91–1.66 0.187
Severe coagulopathy 0.39 0.10–1.45 0.158

AV antivenom
a The odds ratio for age, time from bite to AV and number of vials refers to the odds ratio associated
with each 1 year, 1 h, and 1 vial increment, respectively
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all cases although the timings of these interventions were
not reported [14]. Our findings that higher doses of anti-
venom had no association with recovery but that early
clotting factors are associated with an early return of
clotting function are consistent with our previous dem-
onstration that just 1 vial of antivenom should bind and
neutralise all circulating venom in patients with severe
brown snake envenoming [18]. The association between
tiger snake envenoming and higher likelihood of recovery
at 6 h may be because the prothrombin activators in tiger
snake venoms differ to those in brown snake venoms. The
finding that a longer interval from bite to antivenom
treatment increases the odds of recovery by 6 h suggests a
degree of spontaneous recovery due to resynthesis of
clotting factors in at least some people. This may also be
due to less severe or less obvious envenoming associated
with delayed diagnosis and treatment.

Being nonrandomised, this study demonstrates asso-
ciations only, hence, there may be other potential
explanations of the results. In particular, the overrepre-
sentation of brown snake and tiger snake envenoming
treated with FFP in one geographical region (Western
Australia) and at an earlier time than the prospectively
collected cases introduces potential biases because of
unmeasured differences between groups such as venom
characteristics and treatment differences. Although reliant
on retrospective data collection for most cases receiving
clotting factors, the main variables, timings, treatments
and endpoints (laboratory results) were objective and we
found the timing of key assays before the 6 h outcome to
be comparable between groups. Another issue is that
standard clotting function tests and our selected cutoff for
defining recovery may not be the best correlate with risk
of clinically significant bleeding. Nevertheless these
simple measures are useful indicators of the recovery
process and are thus useful for comparing treatment
groups and identifying the factors that may influence
recovery [8].

Variability in FFP and/or cryoprecipitate timing, dos-
ing, and infusion regimens was another confounder and the
higher (albeit not statistically significant) rates of bleeding
in the early clotting factor group suggest that early clotting
factor treatment was more likely to be given to patients
with bleeding. However, this association may also
emphasise the improvement in coagulation that is associ-
ated with early factor replacement. The small numbers of
patients receiving cryoprecipitate within 4 h in addition to
FFP also meant that it was impossible to determine whe-
ther the administration of cryoprecipitate was associated
with an increased likelihood of recovery at 6 h.

The low incidence of death and serious haemorrhage
in our study is consistent with data available from a
variety of snake bites that cause VICC [12, 19–21]. Thus,
a very large randomised controlled trial would be needed
to determine the mortality and morbidity effects of rou-
tine clotting factor treatment of VICC. However, smaller

trials using recovery of coagulation function and adverse
reactions as endpoints may help to inform clinical deci-
sion making for patients with VICC and active,
potentially life-threatening haemorrhage. A number of
randomised controlled trials of clotting factor replacement
in VICC are required because treatment options available
between and within different countries, nature of the
coagulopathy, potential for ongoing venom absorption,
and mortality risk from VICC may vary between snake
species and geographical regions.
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