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Original Study

Determination of Coagulation Parameters by Whole Blood
Dynamic Viscoelastic Coagulometry in Strigiformes

Lydie-Amy Leclerc, Claire Vergneau-Grosset, Guy Fitzgerald, João Brandão, and
Carolyn Gara-Boivin

Abstract: No reference values are available in Strigiformes to evaluate blood coagulation using
dynamic viscoelastic coagulometry (DVC) with the Sonoclot (Sienco, Boulder, CO, USA)
analyzer. The objectives of this study were 1) to assess the feasibility of DVC in Strigiformes, 2) to
calculate the index of individuality of each coagulation parameter, and 3) to assess interspecies
variability and establish reference intervals, if relevant, based on the index of individuality. Fresh
whole blood samples were obtained from healthy Strigiformes, including 13 barred owls (Strix
varia), 10 great horned owls (Bubo virginianus), 6 snowy owls (Bubo scandiacus), and 7 eastern
screech owls (Megascops asio), and analyzed with DVC with glass bead (gb) and kaolin clay (k)
coagulation activators. Activated clotting time (ACT), clot rate (CR), and platelet function were
determined immediately after collection using fresh native whole blood. Intraindividual variability
was assessed with a second fresh native whole blood sample from 5 barred owls. Interindividual
variability was assessed using a Kruskall-Wallis test. For the parameters gbACT (n¼35), gbCR (n
¼ 34), and kACT (n¼ 27), no significant differences were detected between species (all P � 0.05).
Based on low index of individuality, global Strigiformes reference intervals were determined for
gbACT (32.3–852.5 seconds; n ¼ 35), gbCR (0–20.1 units/min; n ¼ 29), and kACT (0–1570.3
seconds; n¼ 27). In conclusion, DVC can be used in Strigiformes and the gb coagulation activator
would be more appropriate when basal individual values are not available in a tested individual.
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INTRODUCTION

Hemostasis is a physiologic process essential to

control bleeding following vascular damage. Coag-

ulation assays developed in mammals have been

used to asses coagulation in birds but some assays

might not be adequate.1 Avian coagulation is

different from mammals because 2 coagulation

factors in the intrinsic pathway, factors XI and

XII, may be absent.2,3 Bird coagulation appears to

primarily rely on the extrinsic pathway, while the
intrinsic pathway is believed to play a minor role.4–6

Therefore, activated partial thromboplastin time,
which evaluates the intrinsic pathway, is not suited
for birds and may not be representative.1 Pro-
thrombin time (PT) can be used to evaluate the
extrinsic and common pathways of coagulation in
birds. However, there is no commercially available
avian thromboplastin and extemporaneous solu-
tions may not be homogenous or consistent between
different aliquots.4 Using a mammalian thrombo-
plastin lengthens the PT.5 Moreover, plasma-based
tests such as PT and activated partial thromboplas-
tin time do not integrate cellular components of
coagulation and provide no information about the
clot rate formation, the strength of the clot, or its
dissolution.1,7–9

Viscoelastography, such as dynamic viscoelastic
coagulometry (DVC), can be used in real time to
measure the viscoelastic properties of the blood
clot starting from the onset of its formation to its
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lysis, and can be used to determine the coagulation
status of a given patient: normal, hypocoagulable,
or hypercoagulable.1,7–9 Dynamic viscoelastic coa-
gulometry is currently used in human medicine to
help manage massive bleeding, assess a patient’s
condition during cardiopulmonary bypass and
liver transplantation surgery, and regulate heparin
therapy.9–11 In veterinary medicine, reference
intervals for DVC have been previously established
in healthy horses and dogs, and whole blood
analysis using DVC is also feasible in healthy
chickens.1,7,8

Birds of prey are exposed to anticoagulant
rodenticides (AR) that pose a threat of intoxica-
tion to various species in North America. Numer-
ous studies have detected one or more AR hepatic
residues postmortem, although direct links be-
tween intoxication, hemorrhage, and mortality are
difficult to evaluate, especially in the presence of
trauma.12–17 Little information is available about
the sublethal effects of AR in birds of prey and
antemortem assays to detect possible blood coag-
ulation pathology secondary to AR intoxication
are still under investigation. A study on brodifa-
coum toxicity in Japanese quail (Coturnix japonica)
demonstrated a correlation between a prolonged
PT and occurrence of hemorrhagic lesions at
necropsy, but these lesions were not correlated
with the ingested dose of brodifacoum nor the level
of hepatic residues.18 In addition, PT has been
studied in 6 species of birds of prey in relation to
detection of AR intoxication, but no reference
intervals have been established for these species.12

Detection of rodenticides in serum has been
reported in red-tailed hawks (Buteo jamaicensis)
but the method requires a large volume of blood
collection (2 mL). This test would not be feasible
for smaller avian species.13 The objectives of the
study reported here were to 1) assess the feasibility
of DVC in Strigiformes, 2) calculate the index of
individuality of each coagulation parameter, and 3)
assess interspecies variability and establish refer-
ence values, if relevant, based on the index of
individuality. The hypotheses of the study were 1)
that DVC would be applicable in Strigiformes, 2)
the calculated index of individuality would be
below 1.7 for all measured parameters, allowing to
establish reference values, and 3) that interspecies
variability would be limited among Strigiformes

MATERIAL AND METHODS

Strigiformes included in this study were either
captive (Chouette à voir, Saint-Jude, QC, Canada,
and Aquarium du Québec, Quebec City, QC,

Canada) or free-ranging birds undergoing rehabil-
itation at the Birds of Prey Clinic (Saint-Hya-
cinthe, QC, Canada, of the Université de
Montréal). The study was approved by the
Institutional Animal Care and Use Committee of
the Faculté de médecine vétérinaire, Université de
Montréal (21-Rech-2104).

The inclusion criteria for the study were
Strigiformes weighing more than 60 g, aged more
than 6 months old, and who had received a
controlled diet for at least 2 weeks. Exclusion
criteria were Strigiformes who had received med-
ication that could affect coagulation (eg, anti-
inflammatory drugs) within the past 5 days. All
birds were determined to be healthy based on
physical examination and clinical follow-up during
the research investigation. Included birds were
housed in their respective institutions and were fed
a diet consisting of commercial frozen-thawed
mice, rats, and/or chicks.

In the case of DVC using the Sonoclot analyzer
(Sienco, Boulder, CO, USA), whole blood is
inserted into a fixed cuvette containing no additive
or coagulation activator; a probe oscillates verti-
cally in the sample during the analysis. During clot
formation and subsequent lysis, the viscoelastic
properties of the clot change with fibrin formation
and create resistance to the probe’s movement. The
impedance is then converted via a transducer and
reported in a curve (Sonoclot signature [SS]) (Fig
1). Three values can be obtained: activated clotting
time (ACT), which is the time between initiation of
the test and first fibrin formation; clot rate (CR),
which represents the maximum speed of conver-

Figure 1. Example of Sonoclot signature with
representation of activated clotting time, clot rate, and
platelet function.
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sion from fibrinogen to fibrin and is illustrated by
the maximum slope of the SS; and platelet function
(PF), which is a calculated value in relation to time
and quality of clot retraction.9 A single dual-
chamber DVC (Sonoclot, SCP2 model, Sienco)
was used to determine ACT, CR, and PF
coagulation parameters and SS using 2 coagulation
activators: glass beads (gb) and kaolin clay (k). The
gbACTþ and kACT settings were used for the gb
and k coagulation activators, respectively. The
sample was automatically mixed for approximately
10 seconds and heated to 378C (98.68F) prior to
analysis. All analyses were performed by 2 trained
operators (L.A.L. and C.V.G.). Routine mainte-
nance and quality control procedures were per-
formed in accordance to the manufacturer’s
recommendations. Calibration with a reference
viscosity standard was completed daily before
any testing, and room temperature was kept within
the interval limits specified by the manufacturer.

For each bird, 0.6 mL of whole native blood was
collected from the jugular, ulnar, or medial
metatarsal vein with a 1-mL syringe and a 25-
gauge needle (Terumo Corporation, Binan, Lagu-
na, Philippines). The birds were not sedated for
blood collection. The same venipuncture site was
attempted for all individuals of a given species but
an alternate venipuncture site was used in case of
hematoma formation. The whole native blood was
divided from the syringe directly into 2 cuvettes
heated to 378C containing each coagulation
activator; gb first, followed by k, and run within
1 minute for analysis. Analysis ended when ACT,
CR, and PF (gbACTþ setting only) values were
obtained or after a 40-minute time limit. To
determine intraindividual variability, blood was
collected a second time from 5 barred owls (Strix
varia) at least 2 weeks after the first sample
collection and processed using the previously
described methods.

The index of individuality was calculated in
Microsoft Excel using the following formula:

CVGffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CV2

I þ CV2
A

q ;

where CVG represents the variance between
individuals, CVI is the variance within individuals,
and CVA is the analytical variation.19 In this study,
the analytical variation was not evaluated. Intra-
assay coefficient of variation (CV) was determined
in healthy chickens with fresh whole blood for
ACT (6.85%) and CR (11.3%).1 When the index of
individuality was �1.7, reference intervals were
calculated for the corresponding parameter.

Reference values were described for barred owls
and great horned owls (Bubo virginianus) for
parameters with 10 � x , 20 samples in
accordance with the American Society for Veter-
inary Clinical Pathology guidelines for zoological
species.20 Statistical analysis was performed by R
(version 4.0.5, R Foundation for Statistical Com-
puting, Vienna, Austria). Coagulation parameters
were evaluated for normality using the Shapiro-
Wilk test. The Kruskal-Wallis test was used to
determine if differences between species were
significant. Paired Wilcoxon tests were used to
determine if differences between blood coagulation
activators were significant. Values of P , 0.05 were
considered statistically significant. The software
Prism (version 9.3.1, GraphPad Software, San
Diego, CA, USA) was used to create box plots.
General reference intervals for all 4 species were
established for parameters with an index of
individuality below 1.7 by the Reference Value
Advisor Software (Greffé et al. 2011; École
Nationale Vétérinaire de Toulouse, 2018).21 For
data normality assessment, a P value of 0.19 was
used as previously described for small datasets
including less than 40 individuals.22 Outliers were
excluded using Tukey method when data were
normally distributed and graphically for non-
normal distributions. The Box-Cox transformation
standard method was used to establish activated
clotting time (gbACT) and clot rate (gbCR) using
gb activator reference intervals. The robust method
was used to establish activated clotting time using
k activator (kACT) reference intervals. When a
robust method was used, symmetry testing was
confirmed to have a P . 0.05.

RESULTS

Thirty-six Strigiformes were included in the
study from 4 different species: 13 barred owls, 10
great horned owls, 6 snowy owls (Bubo scandiacus),
and 7 eastern screech owls (Megascops asio) (Table
1). Among birds included in the study, 5 barred
owls, 5 great horned owls, 2 snowy owls, and 2
eastern screech owls were captive, while the
remaining individuals were free-ranging and being
rehabilitated. Blood was collected consistently
from the jugular vein in barred owls and from
the ulnar vein in snowy owls. In great horned owls,
6 blood samples were collected from the jugular
vein, 3 from the ulnar vein, and 1 from the medial
metatarsal vein. In eastern screech owls, 6 blood
samples were collected from the jugular vein and 1
from the ulnar vein. Hematoma formation at the
initial venipuncture site was present in 4 birds: 1
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barred owl and 1 great horned owl had hematoma
formation in the right jugular vein and 1 great
horned owl and 1 screech owl had hematoma
formation in the left ulnar vein. In these cases, an
alternative venipuncture site was used to ensure no
hematoma formation at the final sample site.
Those last samples (ie, collected from animals with

hematomas) were run for analysis and each yielded
a result. All blood collections included in the study
were collected within 10 seconds of venipuncture
and run for Sonoclot analysis within a minute. For
2/13 (15.4%) barred owls, 3/10 (30%) great horned
owls, 1/6 (16.7%) snowy owls, and 2/7 (11.7%)
eastern screech owls, values with k blood coagu-
lation activator were not determined due to
analyzer error or the analysis taking more than
40 minutes. The results for each species for
gbACT, kACT, gbCR, and CR with k activator
(kCR) are presented in Figure 2. The results of PF
with gb activator (gbPF) are presented in Figure 3.
In comparison, kACT tended to be longer than
gbACT in all species but the differences were not
significant. Results for kCR were generally lower
than gbCR in all species and the difference was
significant (P , 0.0001), which means that the

Table 1. Distribution of the sexes of birds included in a study about establishment of coagulation parameters by whole
blood dynamic viscoelastic coagulometry in Strigiformes.

Common name Species Male Female Unknown sex Total

Barred owl Strix varia 3 3 7 13
Great horned owl Bubo virginianus 2 3 5 10
Snowy owl Bubo scandiacus 1 3 2 6
Eastern screech owl Megascops asio 2 1 4 7

Figure 2. Coagulation parameters measured in barred
owls (Strix varia), eastern screech owls (Megascops
asio), great-horned owls (Bubo virginianus), and snowy
owls (Bubo scandiacus) using a glass-bead blood
coagulation activator (gbACT) or a kaolin clay blood
coagulation activator (kACT): (A) Activated clotting
time in seconds, (B) clot rate (unit/min). Each box
represents the first to third quartiles (interquartile [25th
to 75th percentile] range), the whiskers represent the
minimum and maximum values, and the horizontal line
in each box represents the median.

Figure 3. Platelet function measured in barred owls
(Strix varia), eastern screech owls (Megascops asio),
great-horned owls (Bubo virginianus), and snowy owls
(Bubo scandiacus) using a glass-bead blood coagulation
activator. Each box represents the first to third quartiles
(interquartile [25th to 75th percentile] range), the
whiskers represent the minimum and maximum values,
and the horizontal line in each box represents the
median.
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speed of conversion from fibrinogen to fibrin is
faster with the gb activator.

Indices of individuality were calculated for
gbACT, gbCR, gbPF, kACT, and kCR (Table
2). Based on these results, references values were
established in barred owls for gbACT, gbCR, and
kACT (Table 3) and in great horned owls for
gbACT and gbCR (Table 4). There were no
statistical differences between the 4 species of the
study for gbACT (P ¼ 0.34; n¼ 35), gbCR (P ¼
0.70; n¼ 34), and kACT (P¼ 0.12; n¼ 27). Thus,
global reference intervals were calculated in
Strigiformes for gbACT, gbCR, and kACT (Fig
4, Table 5). The reference interval in Strigiformes
for gbACT was 32.3 to 852.5 seconds (n¼ 35) and
no outliers were excluded. The reference interval in
Strigiformes for gbCR was 0 to 20.1 units/min (n¼
29) after exclusion of 5 outliers. The reference
interval in Strigiformes for kACT was 0 to 1570.3
seconds (n ¼ 27) and no outliers were excluded.

DISCUSSION

Results reported in this study support that DVC
is feasible in 4 Strigiformes species using gb and k
blood coagulation activators, which both act as a
negative charge surface to initiate coagulation and
could be used as a coagulation assay.9 Despite the

belief that the intrinsic pathway plays a minor role
in birds’ coagulation, our study demonstrated that
it is possible to initiate coagulation via the contact
pathway in Strigiformes when an proper activator
(eg, gb or k) is used.4–6 In chickens, it was also
possible to use gb and k blood coagulation
activators to initiate coagulation and yield results.1

Analysis using the k coagulation activator was
more prolonged (ie, up to 35 minutes) in compar-
ison to gb. Moreover, the k coagulation activator
did not yield kACT and kCR values consistently
because of analyzer error. The lack of results
suggests that the k activator may not be as potent
as gb in Strigiformes. In chickens, results had been
obtained for each individual using the k activator,
and the median kACT was 6 minutes in chickens
versus 10 minutes in Strigiformes. A study using
thromboelastography showed that activation of
the intrinsic pathway using the k activator yielded
similar results compared to whole citrated blood
without activator.6 The order of cuvette filling used
in the present study, with k being the latter test,
might have influenced the result because this test
was performed a few seconds later than the assay
with gb. However, assays were run within a minute
from venipuncture. If coagulation had been
initiated in the syringe prior to analysis, coagula-
tion would have been expected be quicker with k,
which was not the case in our study.8 Also, SS
graphics were similar to other species and did not
display aberrant patterns that would imply the
blood sample was inadequate.

According to the index of variability, interpre-
tation of kCR (� 1.7) should be based on
individual basal value. In a context of rehabilita-
tion, this is impractical because admitted patients
might already have a coagulation abnormality and
assessing individual basal value is not possible in
free-ranging birds. For these reasons, the gb
coagulation activator may be better when evaluat-
ing blood coagulation status in Strigiformes. The
use of a DVC device presents many advantages. It
gives quantitative and qualitative results to assess
the blood coagulation process that are easy to
interpret, requires a small volume of blood for

Table 2. Indices of individuality for each of the dynamic
viscoelastic coagulometry coagulation parameters estab-
lished in Strigiformes.

Parameters Index of individuality

gbACT 1.28
gbCR 0.39
gbPF 2.36
kACT 1.20
kCR 4.02

Abbreviations: gbACT, glass-bead activated clotting time; gbCR,

glass-bead clot rate; gbPF, glass-bead platelet function; kACT,

kaolin clay activated clotting time; kCR, kaolin clot rate.

Table 3. Reference values and medians for activated
clotting time using a glass-bead blood coagulation
activator, clot rate using a glass-bead blood coagulation
activator, and activated clotting time using a kaolin clay
blood coagulation activator in barred owls (Strix varia).

Parameter Reference value Median n

gbACT, s 99–498 306 13
gbCR, units/min 0.7–39 7.4 13
kACT, s 93–1413 607 11

Abbreviations: s, seconds; min, minutes; n, number; gbACT, glass-

bead activated clotting time; gbCR, glass-bead clot rate; kACT,

kaolin clay activated clotting time.

Table 4. Reference values and medians for activated
clotting time and clot rate using a glass-bead coagula-
tion activator in great horned owls (Bubo virginianus).

Parameter Reference value Median n

gbACT, s 60–719 425 10
gbCR, units/min 1.5–38 12.7 10

Abbreviations: s, seconds; min, minutes; n, number; gbACT, glass-

bead activated clotting time; gbCR, glass-bead clot rate.
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analysis, offers a quick turnaround time, and is less

expensive than other viscoelastic coagulation assay

analyzers.7,9 Operator training and device mainte-

nance is uncomplicated, and the DVC can be easily

used in various laboratories and clinics. Unfortu-

nately, there is no standard method using DVC in

animals and protocols should take into account

rest time period and agitation in their design.8,9

Whole native blood instead of citrated recalcified

blood was used in this study because intra-assay

CV values were close to or below 10% in chickens.1

To use whole native blood in a clinical context, the

DVC device must be readily available and close at

hand, as the time required between blood collec-

Figure 4. Each figure represents the distributions of the data for the 3 parameters (A, glass-bead activated clotting time;
B, glass-bead clot rate; C, kaolin clay activated clotting time) used to generate the reference intervals, with the number
of birds on the Y-axis, included in each class of the histogram.
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tion and analysis is ,2 minutes. Further studies
will be necessary to establish a standardized
protocol for DVC use in birds. The index of
individuality is a tool that can be used to determine
whether results should be interpreted according to
a reference interval or an individual baseline, based
on a ratio of interindividual to intraindividual
variability. When the index of individuality is �0.7,
reference intervals should be used to interpret
results. When the index of individuality has a value
between ,0.7 and .1.7, reference intervals or
basal individual values could be used to interpret
results. When the index of individuality has a value
�1.7 basal, individual values should be used to
interpret results.19 Index of individuality were
successfully calculated and showed that interpre-
tation using reference intervals is appropriate for
gbACT, gbCR, and kACT (,1.7). Conversely,
interpretation of gbPF and kCR should be based
on basal individual values and reference intervals
were not relevant (�1.7). Reference values were
established for gbACT, gbCR, and kACT in
barred owls and gbACT and gbCR in great horned
owls and can be use in clinical practice to assess
coagulation status of these birds. In addition,
global references intervals for gbACT, gbCR, and
kACT have been calculated in Strigiformes. The
median gbACT value in Strigiformes (322 seconds)
is similar to the median values published in healthy
horses and chickens (308.4 and 338 seconds,
respectively).1,8 The median gbCR in Strigiformes
(6.7 units/min) is lower than in horses (10.49 units/
min) and chickens (13.9 units/min).1,8 The median
kACT in Strigiformes (624 seconds) is substantially
higher than the median in chickens (353 seconds).1

To best interpret avian patients’ coagulation status
using the DVC device, order-specific or species-
specific references intervals should ideally be
established given the differences noted between
chickens and Strigiformes.

The present study carried some limitations. This
study included a limited number of Strigiformes of
each species, which precluded calculation of
reference intervals in snowy and screech owls.
Further studies including a greater number of birds
would be necessary to establish reference intervals
for the Strigiformes order. For each parameter,
Strigiformes presented a wide range and large
reference intervals, illustrating a high interindivid-
ual variability. High interindividual variability has
also been described in healthy horses.8 Preanalyt-
ical factors might have influenced the results of the
present study. The effect of sex and age was not
evaluated in the present study, but might have
contributed to the high interindividual variability.
Reference intervals were established with combi-
nation of all 4 species included in this study.
Specific differences between Strigiformes species
might have influenced results and contributed to
large reference intervals. In this study, a significant
difference was not detected between species using
the Kruskal-Wallis test, but a larger population of
birds might reveal statistical differences. A study in
cats showed significant differences in viscoelastic
parameters during clot formation between jugular
and saphenous venipunctures using a distinct
coagulation testing device.23 In our study, the
venipuncture site was consistent in barred and
snowy owls but not in great horned or eastern
screech owls due to technical difficulties. This
might have influenced the results in these 2 species.
However, barred owls displayed wide interindivid-
ual variability despite a consistent venipuncture
site. In 4 birds, hematoma formation was present
at the initial venipuncture site, 2 in the right
jugular vein and 2 in the left ulnar vein, thus an
alternative site without hematoma formation was
used for analysis. If clot formation was occurring
at the initial venipuncture site, coagulation factors
may have been in blood circulation while collecting
the alternative site and may have influenced the

Table 5. Reference intervals for activated clotting time (n ¼ 35) and clot rate (n ¼ 29) using a glass-bead blood
coagulation activator and activated clotting time using a kaolin clay blood coagulation activator (n ¼ 27) in
Strigiformes following the American Society for Veterinary Clinical Pathology guidelines.

Parameter
Reference
intervals Median Range n

90% CI
(lower limit)

90% CI
(upper limit)

Statistical
analysis method

gbACT, s 32.8–852.5 322 33–824 35 0–19.3 666.3–864.6 Box-Cox transformation
with standard technique

gbCR, units/min 0–20.1 6.7 0.5–27 29 0–1 15. 2–25.5 Box-Cox transformation
with standard technique

kACT, s 0–1570.3 624 93–1888 27 0–0 1223.7–1897.7 Robust technique

Abbreviations: s, seconds; min, minutes; n, number; CI, confidence interval; gbACT, glass-bead activated clotting time; gbCR, glass-bead clot

rate; kACT, kaolin clay activated clotting time.

LECLERC ET AL—DVC COAGULATION PARAMETERS IN STRIGIFORMES 105

Downloaded From: https://bioone.org/journals/Journal-of-Avian-Medicine-and-Surgery on 02 Oct 2023
Terms of Use: https://bioone.org/terms-of-use	Access provided by Association of Avian Veterinarians



result by a faster clot formation. The gbCR value
of 1 screech owl with hematoma formation in the
left ulnar vein was an outlier with a faster clot
formation, while the 3 other birds with hematoma
formation had a similar clot formation profile to
other individuals, with no overall trend towards a
faster or slower clot formation. Thus, the authors
chose to include these three birds in the Strigi-
formes reference interval. In addition, birds
included in the study were considered healthy
based on physical examination and clinical mon-
itoring, but complementary tests such as complete
blood counts and plasma biochemistry panels were
not performed to assess health status. Subclinical
disease, such as hepatic disease, thrombocytope-
nia, inflammation, anemia, or infection process, if
present, might have influenced the results. Of the18
birds included in the study that had previous
packed cell volume (PCV) assessment, 14/18
(77.8%) birds had normal PCV and 4/18 (22.2%)
birds had a PCV value of 1% below or above
reference intervals.24 A thrombocyte count was not
determined prior to DVC analysis on any bird
included in this study. Blood coagulation requires
thrombocyte activation to form the clot and
abnormalities in PCV or the thrombocyte count
may affect viscoelastic results.25 However, a study
that used Sonoclot in dogs showed no significant
correlation between Sonoclot parameters and PCV
and did not reveal a correlation between CR and
platelet count, as opposed to what is reported in
human medicine where a positive correlation was
detected between CR and platelet count.7,11 In
dogs, a weak positive correlation was present
between platelet count and PF.7 Free-ranging
rehabilitated Strigiformes included in the present
study were assumed to be free of AR intoxication
following 2 weeks of strict diet and a lack of
clinical signs of coagulopathy. Japanese quail and
American kestrels (Falco sparverius) experimental-
ly intoxicated with diphacinone showed signs of
toxicity within 48 hours of exposure.15 Even if
detection of AR intoxication was not performed in
our study, exposure was considered very unlikely.
Effect of body temperature and the temperature of
the analysis may also be relevant. Blood samples
were heated to 378C by the DVC, which is the
human body temperature; avian species have a
higher body temperature. This might have influ-
enced the results since a lower temperature might
lengthen the reaction time, leading to relative
hypocoagulation.9 This temperature was chosen
based on previous studies in chickens, but further
studies may evaluate coagulation parameters at
higher temperatures. Intraoperator variability was

not calculated, but DVC analysis is known to have
a better intraoperator reliability in comparison
with thromboelastography.9 In addition, this study
did not use avian thromboplastin activator because
it is not commercially available. A study in horses
that used tissue factor as an activator showed less
interindividual variability compared to no addi-
tive. The use of a stronger activator, such as
homogenous avian thromboplastin, might help
reduce interindividual variability and tighten ref-
erence intervals.25 Further studies should establish
reference intervals for DVC parameters using
avian thromboplastin as described in reptiles.26

Finally, reference intervals reported in this study
should be used cautiously because institutional
reference should be calculated for the individual
laboratory and specific analyzer used.

In conclusion, DVC can be used in Strigiformes
and reference intervals were established for
gbACT, gbCR, and kACT. Using the gb coagula-
tion activator would be more appropriate when
basal individual values are not available in a
patient. Further studies that include a greater
number of birds within the study groups and birds
that are experimentally intoxicated with AR are
necessary to evaluate if hypocoagulation secondary
to AR intoxication in Strigiformes can be detected
with the established references intervals.
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for their assistance at the raptor rehabilitation program.

REFERENCES

1. Rodenbaugh CI, Lyon SD, Hanzlicek AS, et al.
Dynamic viscoelastic coagulometry of blood ob-
tained from healthy chickens. Am J Vet Res.
2019;80:441–448.

2. Weir MJ, Acurero Z, Salas AR, et al. Blood
coagulation factors in the black headed vulture
(Coragyps atratus), a potential animal model for the
study of haemostasis. Thromb Res. 2004;113:269–
273.

3. Ponczek MB, Gailani D, Doolittle RF. Evolution of
the contact phase of vertebrate blood coagulation. J
Thromb Haemost. 2008;6:1876–1883.

4. Morrisey JK, Paul-Murphy J, Fialkowski JP, et al.
Estimation of prothrombin times of Hispaniolan

106 JOURNAL OF AVIAN MEDICINE AND SURGERY

Downloaded From: https://bioone.org/journals/Journal-of-Avian-Medicine-and-Surgery on 02 Oct 2023
Terms of Use: https://bioone.org/terms-of-use	Access provided by Association of Avian Veterinarians



Amazon parrots (Amazona ventralis) and umbrella
cockatoos (Cacatua alba). J Avian Med Surg.
2003;17:72–77.

5. Powers LV. Avian hemostasis. In: Fudge AM, ed.
Laboratory Medicine—Avian and Exotic Pets. Phil-
adelphia, PA: WB Saunders; 2000:35–46.

6. Strindberg S, Nielsen TW, Ribeiro AM, et al.
Thomboelastography in selected avian species. J
Avian Med Surg. 2015;29:282–289.

7. Babski DM, Brainard BM, Krimer PM, et al.
Sonoclot evaluation of whole blood coagulation in
healthy adult dogs. J Vet Emerg Crit Care.
2012;22:646–652.

8. Jamieson CA, Hanzlicek AS, Payton ME, et al.
Normal reference intervals and the effects of sample
handling on dynamic viscoelastic coagulometry
(Sonoclot) in healthy adult horses. J Vet Emerg
Crit Care. 2018;28:39–44.

9. McMichael MA, Smith SA. Viscoelastic coagula-
tion testing: technology, applications, and limita-
tions. Vet Clin Pathol. 2011;40:140–153.

10. Curry NS, Davenport R, Pavord S, et al. The use of
viscoelastic haemostatic assays in the management
of major bleeding: a British Society for Haematol-
ogy guideline. Br J Haematol. 2018;182:789–806.

11. Furuhashi M, Ura N, Hasegawa K, et al. Sonoclot
coagulation analysis: new bedside monitoring for
determination of the appropriate heparin dose
during heamodialysis. Nephrol Dial Transplant.
2002;17:1457–1462.

12. Hindmarch S, Rattner BA, Elliot JE. Use of blood
clotting assays to assess potential anticoagulant
rodenticide exposure and effects in free-ranging
birds of prey. Sci Total Environ. 2019;657:1205–
1216.

13. Murray M. Continued anticoagulant rodenticide
exposure of red-tailed hawks (Buteo jamaicensis) in
the northeastern United States with an evaluation of
serum for biomonitoring. Environ Toxicol Chem.
2020;39:2325–2335.

14. Okoniewski JC, VanPatten C, Ableman AE, et al.
Anticoagulant rodenticides in red-tail hawks (Buteo
jamaicensis) from New York City, New York 2012–
18. J Wild Dis. 2021;57:162–167.

15. Rattner BA, Horak K, Warner SE, et al. Compar-
ative toxicity of diphacinone to northern bobwhite
(Colinus virginianus) and American kestrels (Falco
sparverius). Proc Vertebrate Pest Conf. 2010;24:146–
152.

16. Thomas PJ, Mineau P, Shore RF, et al. Second
generation anticoagulant rodenticides in predatory
birds: probabilistic characterization of toxic liver
concentrations and implications for predatory bird
populations in Canada. Environ Int. 2011;37:914–
920.

17. Wiens JD, Dilinone KE, Eagles-Smith CA, et al.
Anticoagulant rodenticides in Strix owls indicate
widespread exposure in west coast forests. Biol
Conserv. 2019;238:108238.

18. Webster KH, Harr KE, Bennett DC, et al.
Assessment of toxicity and coagulopathy of brodi-
facoum in Japanese quail and testing in wild owls.
Ecotoxicology. 2015;24:1087–1101.

19. Prieto JM, Carney PC, Miller ML, et al. Biologic
variation of symmetric dimethylarginine and creat-
inine in clinically healthy cats. Vet Clin Pathol.
2020;49:401–406.

20. Friedrichs KR, Harr KE, Freeman KP, et al.
ASVCP reference interval guidelines: determination
of de novo reference intervals in veterinary species
and other related topics. Vet Clin Pathol.
2012;41:441–453.
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