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Abstract

The aim of this study was to evaluate the suitability of thromboelastometry for the analysis of blood
test results in goats after the use of hemostatic dressings to control massive bleeding. The study was
carried out on 12 goats, 6 animals in each of two subgroups. In all experimental animals incision of the
femoral artery was performed, and bleeding was controlled with QuikClot gauze in the first group and
Celox gauze in the second group. Dressings were applied for 60 minutes. Blood samples for throm-
boelastometry were collected from the jugular vein before the incision and 60 min after the application
of a dressing. Clotting time (CT), clot formation time (CFT), maximum clot firmness (MCF) and
α angle (o) were measured in three standard ROTEM assays (system with generation of reaction curve,
numerical parameters and size of the blood clot): intrinsic coagulation pathway (INTEM), extrinsic
coagulation pathway (EXTEM) and functional fibrinogen (FIBTEM). Complete hemostasis of the
injured femoral artery was found in all goats. No significant differences between pre- and post-incision
thromboelastometric parameters were found in any tests in any of the groups, which indicates that the
use of dressings was not associated with blood coagulation disorders. This study is the first to describe
the use of thromboelastometry in goats for the assessment of clot formation and hemostatic disorders.
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Introduction

The analysis of the coagulation system and diag-
nosis of its disorders are major elements determining
hemostasis. Presently, there is no gold standard for the
diagnosis of hypercoagulability. Until recently, both
human medicine and veterinary medicine used the rou-
tine determination of coagulation parameters, such as
thrombin time, prothrombin time, activated partial
thromboplastin time, antithrombin III activity or
D-dimer concentration (Gentry 2004). Changes in
these parameters were reported in cows during calving
(Hackner et Schaer 2010), in cows with indigestion
(Gokce et al. 2007, Rhee et al. 2008) and in newborn
calves with respiratory and gastrointestinal diseases
(Heuwieser et al. 1990, Gokce et al. 2006). The most
common form of hemostasis dysfunction connected with
these disorders observed in large animals is a syndrome
known variously as DIC (disseminated intravascular co-
agulation), consumption coagulopathy, defibrination
syndrome or intravascular coagulation fibrinolysis. DIC
is caused by excessive activation of coagulation, either
regionally or throughout the entire body. DIC and hy-
percoagulable states are acquired disorders of hemos-
tasis in animals that occur as a consequence of severe
disease that induces systemic inflammation (Hackner
and Schaer 2010). Determination of coagulation par-
ameters should be introduced into routine veterinary
practice; such parameters are very reliable prognostic
indicators which are helpful in diagnosis of the degree of
health disorders and in making decisions about further
treatment or surgical intervention.

Thromboelastometry is one of the recently devel-
oped diagnostic methods, and allows for the rapid
analysis of hemostasis and changes in the coagulation
and fibrinolysis of whole blood. In contrast to tradi-
tional parameters of hemostasis, thromboelastometry
also takes into account the function of both cellular
and soluble components of coagulation and how they
interact with each other in generating clots (Levrat et
al. 2008). Because of this, thromboelastometry has
gained importance in human medicine and surgery
(Cammerer et al. 2003, Johnson et al. 2012). The re-
sults of thromboelastometric tests are presented in
numerical and graphical formats, and interpreted us-
ing comparative data analysis. Reports on the use of
thromboelastometry and thromboelastography in di-
agnosing coagulation disorders in animals are very
limited and mainly concern experimental studies
(Sobiech et al. 2008, Nowshad et al. 2012, Goggs et al.
2014). The ROTEM® system, which generates a reac-
tion curve, numerical parameters and size of the (for-
med) blood clot, is one of the most popular tools used
in thromboelastometric and thromboelastographic
tests (Irmak et al. 2006). The addition of special re-

agents to a blood sample initiates the intrinsic (IN-
TEM assay) or extrinsic (EXTEM assay) pathway of
blood coagulation. This allows for an overall analysis
of the coagulation system performance. The INTEM
assay, where the intrinsic pathway is activated by el-
lagic acid, is used for the analysis of clotting factors
(XII, XI, IX, VIII, X, V, II, and I), platelets and fib-
rinolysis. The EXTEM assay, where the extrinsic
pathway is activated by thromboplastin (tissue factor),
is used for the analysis of clotting factors (VII, X, V,
II and I), platelets and fibrinolysis. In the FIBTEM
assay platelet contribution to clot formation can be
inhibited by the addition of another reagent, i.e.
cytochalasin D, and therefore fibrinogen deficiency or
fibrin polymerization disorders can be detected. One
of the main parameters determined by thromboelas-
tometry is coagulation time (CT), expressed in sec-
onds. CT is the latency time from adding the reagent
to blood until a 2 mm clot starts to form, and repre-
sents the stage from the start of the coagulation to the
formation of the first fibrin fibers and activated plate-
lets. The second important parameter, clot formation
time (CFT), is expressed in seconds and denotes the
time required for the formation of a stable clot with
the contribution of platelets and fibrin. At this time
interval the clot increases from 2 mm to 20 mm. The
alpha angle is the slope of the tangent to the reaction
curve starting at the CT endpoint (2 mm). Maximum
clot firmness (MCF), expressed in millimeters, is the
greatest vertical amplitude of the trace. It reflects the
strength of the fibrin and platelet clot.

Hemostatic dressings have been developed for use
in cases of massive and difficult to control bleeding
resulting in rapid death. Commercially available
hemostatic dressings are able to stop bleeding from
a large artery or vein within minutes of their applica-
tion onto the wound. Hemostatic dressings such as
QuikClot gauze and Celox gauze are widely used in
human emergency medicine, especially on the battle-
field (Gegel et al. 2013). In veterinary medicine,
hemostatic dressings have been mainly used in experi-
mental studies on the swine model (Jackson et al.
2009, Adamiak et al. 2014).

To date, no reports on thromboelastometric stu-
dies in goats have been published. The aim of our
study was to evaluate the suitability of thromboelas-
tometry for analysis of the coagulation system in goats
in which massive bleeding from the femoral artery was
controlled with selected hemostatic dressings.

Materials and Methods

Animals used in this study were in accordance
with Polish Council of Animal care standards and ap-
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Table 1. Thromboelastometer results in goats using QuikClot gauze dressing (n=6, x̄ +SD).

Test CT (s) CFT (s) MCF (mm) Alpha (o)

INTEM b.o. 181 ± 45.3 33,5 ± 12.8 83 ± 7.8 83.5 ± 3.2
INTEM p.o. 203.5 ± 58.2 35 ± 14.1 81 ± 8.2 83 ± 5.3
EXTEM b.o. 61,5 ± 15.8 34,5 ± 11.3 79 ± 5.8 85 ± 4.9
EXTEM p.o. 58 ± 17.4 35,5 ± 12.3 85 ± 6.3 86 ± 2.7
FIBTEM b.o. 38.5 ± 20.2 28 ± 9.2 67 ± 4.9 85 ± 2.5
FIBTEM p.o. 42.5 ± 14.1 31.5 ± 13.1 66.5 ± 6.6 86 ± 3.4

b.o. – before operation, p.o. – post operation

Table 2. Thromboelastometer results in goats with using Celox gauze dressing (n=6, x̄ + SD).

Test CT (s) CFT (s) MCF (mm) Alpha (o)

INTEM b.o. 169.2 ± 34.8 45.5 ± 13.2 82.3 ± 6.7 81.4 ± 4.4
INTEM p.o. 181.5 ± 45.3 40.2 ± 11.9 82.3 ± 8.8 82.1 ± 5.2
EXTEM b.o. 62.5 ± 13.9 44.5 ± 12.8 82.2 ± 7.1 83.3 ± 4.9
EXTEM p.o. 66.4 ± 16.1 41.3 ± 15.4 81.2 ± 7.7 79.5 ± 3.3
FIBTEM b.o. 57.2 ± 12.9 37.5 ± 14.6 61.5 ± 5.3 84.5 ± 3.7
FIBTEM p.o. 60.2 ± 17.2 37.1 ± 11.7 59.3 ± 5.8 83.3 ± 4.1

b.o. – before operation, p.o. – post operation

proved under the Local Ethics Commission of the
University of Warmia and Mazury in Olsztyn
(02/2015). All goats were handled humanely in com-
pliance with the Policy on the Humane Care and Use
of Laboratory Animals. Twelve male Alpine goats,
age 6-7 years and 34-35 kg body weight (BW), were
used in the study. The animals were sedated with 0.1
mg xylazine/kg BW i.m. (VetaXyl, Vet Agro, Poland),
and 0.1 mg butorphanol/kg BW i.m. (Butomidor,
Richter Pharma, Austria). General anesthesia was in-
duced with 6 mg ketamine/kg BW i.v. (Bioketan,
Vetoquinol, Poland) and 0.2 mg diazepam/kg BW
(Relanium 5 mg/ml WZF Polfa S.A., Poland), and
further maintained with 1 mg propofol/kg/min
(Scanofol, Scan Vet, Poland).

The animals were divided randomly into 2 groups
of equal numbers. Blood samples for thromboelas-
tometric tests were collected from all animals from
the jugular vein before the surgical procedure and 60
min after hemostatic dressing application. 50
mm-long transverse incisions were then made through
the skin across the entire femoral artery. After blunt
dissection of the muscles the left femoral artery was
injured at groin level. In the first group of six animals
bleeding was controlled using QuikClot rolled gauze,
7.62 cm wide and 365 cm long, impregnated with
hemostatic agent (kaolin). The hemostatic dressing
was applied directly onto the injured vessel, immedi-
ately after the incision of the femoral artery, tightly
filling the space between dissected muscles, and left
inside the wound for 60 minutes. The same surgical
procedure was followed in the second group, but
Celox rolled gauze, 7.62 cm wide and 305 cm long,

impregnated with chitosan, was used for bleeding con-
trol.

Ringer’s lactate solution (1.000 ml) was adminis-
tered during surgery for 60 min in each animal. The
animals were euthanized directly after blood sampling
using 140 mg euthasol/kg BW i.v. (Virbac).

Blood samples for tromboelastography examin-
ation for the ROTEM system (Pentapharm, D) were
collected in 3 ml tubes containing buffered sodium
citrate. Three standard ROTEM assays were per-
formed: intrinsic coagulation pathway – INTEM, ex-
trinsic coagulation pathway – EXTEM, and functional
fibrinogen – FIBTEM. The following parameters
were evaluated for each coagulation profile: clotting
time (CT), clot formation time (CFT), maximum clot
firmness (MCF) and α angle (o).

The values of thromboelastometric parameters
were presented as means (x̄) and standard deviation
(SD). The significance of differences between test results
before and after surgical procedure was determined using
the Newman-Keulus test at a confidence level of p≤0.01.

Results

In all animals hemostatic dressings were removed
in minute 60 after the surgical procedure. Complete
hemostasis of the injured femoral artery, demonstrat-
ing the efficiency of both dressings, was found in all
goats.

The INTEM tests in goats treated with QuikClot
gauze indicated a slightly longer clotting time (CT)
after the procedure, but no significant changes in
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other parameters (CFT, MCF and alpha angle) were
found (Table 1). The EXTEM test demonstrated only
an insignificant decrease in MCF after the procedure,
and there were no inter-assay differences in the FIB-
TEM test (Table 1). The INTEM test in goats treated
with the Celox gauze dressings revealed an insignifi-
cant increase in clotting time after the procedure, but
values for other parameters were similar before and
after the procedure (Table 2). There were no signifi-
cant differences between all the analyzed parameters
before and after the procedure in the EXTEM and
FIBTEM tests (Table 2).

Discussion

All thromboelastometric tests (INTEM, EXTEM,
FIBTEM) carried out in goats before the surgical pro-
cedure demonstrated shorter CT than that reported
for cattle (Falco et al. 2011). No significant differen-
ces were found between coagulation times measured
before and after the procedure, regardless of the type
of dressing used (QickClot gauze or Celox gauze). CT
is a useful indicator of the activity of the coagulation
factors involved in the formation of thrombin in the
extrinsic or intrinsic pathway (depending on the ac-
tivator) and activator-inhibitor equilibrium. Pro-
longed CT can indicate a deficiency of clotting factors
or the presence of antithrombotic drugs in the blood.
The lack of significant differences between pre- and
post-procedure blood samples suggests that both
dressings had no negative effect on the efficiency of
the coagulation system in the experimental animals. It
is worth emphasizing, that there are no reference
values for goats available up to now in the literature
worldwide concerning thromboelastometry par-
ameters for goats.

In all tests, samples of blood collected from ani-
mals before and after the procedure did not differ for
clot formation time. Comparative analysis demon-
strated that CFT in goats is clearly shorter than in
cattle (Falco et al. 2011). Major factors affecting CFT
are the contribution of platelets in clot formation, fib-
rinogen level and fibrin polymerization. Studies per-
formed in calves (Borrelli et al. 2013) revealed reduc-
ed values of CFT in all tests in animals with hyper-
coagulability associated with the administration of
steroid drugs. No such disorders were identified in our
study.

The alpha angle expresses the velocity of clot for-
mation, and depends, similarly to CFT, on the contri-
bution of platelets in clot formation, the concentra-
tion of fibrinogen and fibrin polymerization. Low
values of alpha angle (o) indicate hypocoagulation of
blood and high values indicate hypercoagulation.
Values of the alpha angle found in our study were

slightly higher than those reported for cattle and
calves (Falco et al. 2011, Borrelli et al. 2013), but
there were no inter-assay differences, which suggests
a lack of disorders associated with the treatments car-
ried out.

There were no significant differences between
MCF in all goats, but the values were clearly higher
than those reported for cattle (Falco et al. 2011).
MCF is determined by platelet quality and count, fib-
rinogen level, fibrin polymerization, factor XIII and
fibrinolysis. In humans, low MCF values (Jastrzębski
et al. 2014) suggest the need to introduce treatment
with platelet concentrates or fibrinogen. In patients
with reduced MCF values, differential diagnosis em-
ploying both EXTEM and FIBTEM tests allows for
discrimination between platelet disorders affecting
clot firmness, and abnormal fibrinogen levels or fibrin
polymerization (Levrat et al. 2008).

The effectiveness and usefulness of QuikClot
gauze and Celox gauze in the rapid control of massive
bleeding has been repeatedly confirmed in experi-
mental studies (Paltrinieri et al. 2008), in hospital set-
tings and on the battlefield in direct warfare (Devlin
et al. 2011, Rall et al. 2013). Our study demonstrated
the efficacy of both dressings in the control of bleed-
ing from the injured femoral artery. To date, no re-
ports have been available on the use of hemostatic
QuikClot gauze and Celox gauze in goats. Previous
experimental studies were carried out in swine (Ada-
miak et al. 2014) and ovine models (Gokce et al.
2006). Our experiment was designed to investigate the
efficiency of hemostatic dressings applied for 60 min
to control massive bleeding. In most studies hemos-
tatic dressings were kept inside the wound for 30 min
(Johansson et al. 2012, Gegel et al. 2013). Unlike
other researchers (Luddington 2005), we applied
dressings immediately after the incision of the femoral
artery, assuming that the lack of drop in blood press-
ure may negatively affect the efficiency of hemostatic
dressings. Some reports (Gegel et al. 2013) indicate
the efficiency of QuikClot gauze and Celox gauze in
controlling massive bleeding within a 30 min applica-
tion. The present study demonstrated that both
hemostatic dressings applied for 60 min immediately
after the injury, i.e. when no drop in blood pressure
occurred, are equally effective, as reported by other
researchers (Paltrinieri et al. 2008).

Conclusion

The study demonstrated that in both experimental
groups the hemostasis achieved using the QuikClot
gauze and Celox gauze dressings had no negative ef-
fect on the blood coagulation system. No disorders of
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coagulation or fibrinolysis were observed. All ana-
lyzed parameters suggested that the blood clot formed
in the region of the injured artery was stable, and thus
strongly minimized the risk of rebleeding. Results
show that thromboelastography is a valuable diagnos-
tic method evaluating clot formation, its quality and
lysis after the application of QuikClot gauze and
Celox gauze in goats. Moreover, the thromboelasto-
graphic profile of blood and the lack of coagulation
disorders after the use of hemostatic dressings indi-
cate the very high degree of safety of both types of
gauze.
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