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Evaluation of platelet function in horses undergoing
colic surgery using the PFA-100 platelet function
analyser
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ABSTRACT: Acute colic in horses, especially presentations requiring surgical correction, such as large colon
volvulus, very often involves defective or excess platelet activation. The PFA-100 is a new point-of-care analyser
that evaluates platelet function by measuring closure time (CT) in the whole blood of healthy horses in a stan-
dardised manner. However, there are no reports on platelet function in horses with colic measured by the PFA-100.
The aim of the present study was to investigate platelet function in a group of horses suffering ascending colon
displacement (ACD) and who underwent surgery compared to a group of control (C) horses. Thirty ACD cases
and twenty untreated clinically healthy control horses were included. Blood samples were collected from the
ACD horses prior to and 24, 48 and 72 h after laparotomy. Red blood cell count (RBC), haematocrit (HCT), hae-
moglobin (Hb) concentration, white blood cell count (WBC), total plasma protein (TP) concentration, platelet
count (PLT), platelet volume (MPV) and ADP closure time (CT-ADP) were measured. CT was determined on
a PFA-100° device using collagen/ADP cartridges. There were no significant differences in RBC, PLT and MPV
between C and ACD horses pre-operatively. Reduced PLT was observed in the post-operative period. The mean
CT-ADP of C horses was 96.43 + 12.53 and 91.43 £ 2.51 seconds in the ACD group prior to surgery. CT-ADP
was changed after surgery whereby CT-ADP time was more than doubled. We conclude that the PFA-100® can
be used to detect platelet function defects in horses.
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Platelets play a pivotal role in haemostasis by
forming haemostatic plugs, and are also involved
in inflammatory and immune processes (Segura
et al. 2005; Segura et al. 2006; Dallap Schaer and
Epstein 2009; Piccione et al. 2010; Yeaman 2010).
Their function can be seen as a succession of over-
lapping events involving adhesion, aggregation,
secretion and promotion of pro-coagulant activ-
ity (McMichael 2005; Dallap Schaer and Epstein
2009). Platelets can be activated by several agonists
such as thrombin, collagen, adenosine diphosphate
(ADP) or lipopolysaccharide (LPS) (Piccione et al.
2010). However, the response of platelets to ago-
nists varies significantly between species (Segura

et. 2005; Brooks et al. 2007). For many years, ag-
gregometry and bleeding time have been the only
standard clinical tests used to evaluate primary
haemostasis in humans and animals. Both tests
have major limitations in assessing platelet func-
tion. The major drawback of aggregometry is that
this in vitro technique does not mimic the in vivo
physiological responses of adhesion, activation or
aggregation to endothelial damage. Since sensitiv-
ity and specificity of bleeding time are both low,
its reproducibility is poor, and the results are dif-
ficult to compare within and between individuals
(Segura and Monreal 2008). Consequently, bleeding
time is now being replaced in human medicine by
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new accurate tests that provide parameters such as
closure time (CT). This parameter can be obtained
using the platelet function analyser (PFA-100%),
which is a new point-of-care platelet function ana-
lyser that evaluates human platelet function in a
small volume of whole blood. The device assesses
the process of primary haemostasis by stimulating
platelet adhesion and aggregation under high shear
stress. Whole, citrate blood is aspirated through an
aperture in a collagen membrane coated with plate-
let agonists (ADP or epinephrine EPI). This design
mimics in vivo endothelial damage and platelet plug
organization. Time until plug formation is measured
in seconds and is called closure time (Jandrey et
al. 2008; Clancey et al. 2009). The PFA-100 permits
rapid detection of inherited, acquired, or drug-in-
duced platelet dysfunction. Two different cartridges
containing ADP or EPI can be used to differentiate
haemostatic disorders caused by administration
of acetylsalicylic acid (ASA) and other functional
platelet disorders (Salat et al. 2002; Harrison 2005a;
Harrison 2005b; Hayward et al. 2006; Jandrey 2012).
Recent studies described the use of the PFA-100
for evaluation of primary haemostasis in humans,
dogs, cats, pigs and horses (Callan and Giger 2001;
Wauillemin et al. 2002; Jandrey et al. 2008; Brooks et
al. 2009; Clancey et al. 2009). In horses, this tech-
nique has been standardised and has been used to
assess platelet function (Segura et al. 2005; Jandrey et
al. 2008). Use of cartridges coated with the agonists
collagen and adenosine diphosphate (COL/ADP) is
recommended over the cartridges coated with col-
lagen and epinephrine (COL/EPI), as epinephrine
does not consistently induce platelet aggregation in
horses (Segura et al. 2005; Segura et al. 2006).
Colicis an important diagnostic and therapeutic
problem in equine practice (Nelson et al. 2013).
Acute colic causes such as large colon volvulus can
induce changes in the coagulation system (Dallap
et al. 2003). These changes are secondary to the
haemodynamic and functional disorders of the gas-
trointestinal tract and are also a consequence of
an inflammatory process (Levi et al. 1997; Dallap
et al. 2003; Levi and Opal 2006; Dallap Schaer and
Epstein 2009; Levi et al. 2011). Therefore, haem-
orrhage and prolonged bleeding after surgery or
thromboembolic complications are realistic risks
(Dallap et al. 2003; Segura et al. 2005; Segura et al.
2006; Alsaad and Nori 2009). Most previous studies
on haemostatic changes in the course of colic were
mainly focused on secondary haemostasis (Dallap

et al. 2003; Dallap Schaer and Epstein 2009). Only
a few studies assessed platelet function in horses
with gastrointestinal disease using aggregometry or
thromboelastography (Epstein et al. 2011; Brooks et
al. 2007; Mendez-Angulo et al. 2010; Epstein et al.
2013); however, to our knowledge, there have been
no reports evaluating platelet function in horses
with colic using the PFA-100. Considering the po-
tential usefulness of the PFA-100 in the assessment
of equine platelet function, it was decided to in-
vestigate platelet function in the course of acute
surgical colic. We hypothesised that both the sys-
temic disorders underlying the causes of the colic
as well as medical treatment and surgery induce
alterations in platelet function. Taking into account
the prognostic importance of platelet function the
observations were made prior to and in the first
three days following the laparotomy procedure.

MATERIAL AND METHODS

This study was approved by the II Local Ethics
Committee at the Wroclaw University of Environ-
mental and Life Sciences, Poland.

Animals. The study included thirty horses
that underwent abdominal surgery for disorders
in which the anatomical position of the ascend-
ing colon was abnormal. In many cases this was a
non-strangulating volvulus (torsion of < 360°); in
other cases the displaced position of colon parts
could not be exactly classified during manipulation.
The study population, therefore, included all horses
with any deviation in part of or in the entire ascend-
ing colon relative to the normal anatomical posi-
tion. For this study, the cases were categorized as
ascending colon displacement (ACD). Cases were
collected between January 2009 and October 2010.

The procedures were performed at a clinic of the
Department of Surgery of the Faculty of Veterinary
Medicine, Wroclaw University of Environmental
and Life Sciences, Poland. Client-owned horses
were included in the study after signed owner
consent. Horses belonged to the following breeds:
Polish halfbreds n = 23, Thoroughbreds n = 3,
Silesians n = 2, Great-Polish horses n = 2; 13 were
female and 17 were male. Ages ranged from five to
15 years old with a mean of 8.5 + 2.9 years.

All horses were clinically examined at admission,
according to a standard protocol which included
physical examination, nasogastric intubation and
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rectal examination. The decision for surgical inter-
vention was based on clinical signs. The criteria for
explorative laparotomy were: heart rate (> 60 bpm),
capillary refill time (CRT) > 2 s), colour of mu-
cous membranes (normal/abnormal-hyperaemic
or cyanotic), abdominal auscultation (no sounds,
decreased, normal or increased activity), a rectal
examination indicating intestinal displacement and
the presence of nasogastric reflux.

Horses were hospitalised for 10-14 days and dis-
charged in good general condition.

The untreated control group (C) comprised twenty
healthy Polish halfbred horses (eight geldings, five
stallions and seven mares), with a mean age of 7.5 +
2.1 years (range 5—12 years) and mean body weight
of 550 + 50 kg. All horses were deemed healthy for
inclusion in the study if they had no history of bleed-
ing according to the owner, had no abnormalities at
physical examination (body temperature, mucous
membranes, heart and respiratory rates, capillary re-
fill time) and showed no evidence of platelet clumps
in blood smears. The animals were housed in pad-
docks and fed on grass, hay and received a balanced
ration of oat. Water was available ad libitum. The
horses were regularly dewormed and vaccinated
against influenza and tetanus and did not receive
any other drugs within the two months prior to the
study. The control horses were included in the study
after signed owner consent.

Experimental design. The study was a compara-
tive study between two groups and a longitudinal
study for treated horses. The observation period for
the latter extended from the day of the surgery to
the third post-operative day. The first blood sample
was taken at admission, i.e., pre-operatively (Day 0).
Thereafter, the samples were collected 24 hours
(Day 1), 48 hours (Day 2) and 72 hours (Day 3)
post-operatively both from horses with colic and
from the control animals.

This blood sampling schedule was based on the
assumption that the first three days after the sur-
gery are critical for further therapy and prognosis.

Blood samples. All blood samples were collected
by direct jugular venipuncture using a 19-G nee-
dle (S-Monovette needle, Sarstedt, Numbrecht,
Germany) and vacuum tubes (S-Monovette;
Sarstedt, Numbrecht, Germany). Samples were
obtained in the following order: one EDTA tube
and one citrate tube and one tube to obtain the
serum. Blood (total volume: 2 ml) was collected
into the tube containing K,EDTA for haematology;
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WBC count, RBC count, HCT, HGB concentration,
PLT and MPV were determined. The anticoagulant
tubes were gently turned several times immedi-
ately after collection to allow for adequate mixing.
Haematology was performed just after blood col-
lection using an automated haematology analyser
(PE-6800 vet; Procan Electronics INC, Shenzhen,
China), equipped with multispecies software. The
applied methods were recommended by the manu-
facturer. Peripheral blood smears were examined
for visual judgement of platelet morphology and
platelet clumping (Hinchcliff et al. 1993). The total
protein (TP) concentration was measured in the
serum using an automated biochemical analyser
(Pointe 180; Pointe Scientific INC., Canton, USA).

For determination of the closure time (CT),
blood samples from each horse were collected into
10 ml plastic tubes containing 3.8% sodium citrate
(0.129 M) in a ratio 1 : 9 (anticoagulant to blood).
The closure time was determined using the PFA-100
(PFA-100; Siemens Healthcare, Malvern, USA) ac-
cording to the manufacturer’s instructions. Citrated
whole blood samples used for CT analysis were
stored at room temperature (23 °C) and analysed
within 30—-60 min after collection. Cartridges coated
with the agonists COL/ADP (Dade PFA Collagen/
ADP test cartridge; Siemens Healthcare, Malvern,
USA) were used for all measurements. All blood
samples from all horses were run in duplicate. The
mean of the duplicates was taken into account. The
COL/ADP cartridges were stored at 4 °C and pre-
warmed at room temperature for at least 10 min
before analysis. Immediately before analysis, blood
was mixed by gentle rotating and tilting movements
of the tubes on a mixer. Once at room tempera-
ture, test cartridges were inserted into the housing
carousel of the analyser and loaded with 800 pl of
mixed citrated whole blood. The analyser measures
the time from initial blood flow until flow arrest in
seconds and this result is recorded as the CT.

Statistical analysis. Statistical evaluation was
performed using Statistica statistical software (9.1;
StatSoft Inc., Tulsa, OK, USA). Significant differ-
ences between the controls and the colic horses in
the pre-operative period (Day 0) were determined
using a simple t-test. A repeated measures one way
ANOVA followed by Tukey’s post hoc test was used
to evaluate the interactions between the samples
from colic horses pre- and post-operatively. Data
were expressed as mean * SD. The levels of signifi-
cance were set at P < 0.05.
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Table 1. Red blood cell (RBC) count, hematocrit (HCT), haemoglobin (HGB) concentration, total white blood cell
(WBC) count, platelet count (PLT), mean platelet volume (MPV) and closure time (CT-ADP) in control horses (C)
and horses with large colon volvulus in the pre-operative period (Day 0). Results are presented as mean + SD

Control horses

Colic horses before surgery

Parameters Reference ranges Control Day 0 P-value
RBC (T/]) 6.4-10.0 6.89 £ 1.31 7.85+1.13 0.04

HCT (1/1) 0.30-0.44 0.35 = 0.04 0.39 £ 0.07 0.07

HGB (mmol/l) 11.0-16.0 13.60 = 1.67 12.76 + 1.63 0.28

TP (g/1) 60.0-85.0 74.80 + 2.10 79.80 £ 6.10 0.04
WBC (G/1) 5.6-12.1 8.99 £ 2.28 9.48 £ 2.38 0.85

PLT (G/l) 100.0-450.0 417.36 + 199.66 341.06 + 184.29 0.26

MPV (fl) 5.9-9.9 9.83 +1.57 7.48 £ 0.31 0.00
CT-ADP (s) 84.0-109.0 96.43 + 12.53 91.43 £ 2.51 0.26
RESULTS No significant differences in WBC and TP were

All thirty ACD horses survived until the end of
the study. No horses had to be excluded due to
confounding disorders.

The results of the RBC, HCT, Hb, WBC, TP and
CT-ADP in the C group and the ACD group in the
pre-operative period (Day 0) are shown in Table 1. The
results of the same parameters over three days in the
ACD group are presented in Table 2. RBC was sig-
nificantly higher in the ACD group compared to the
C group; the RBC of the ACD group was significantly
elevated prior to surgery (Day 0) compared to Day 2
after surgery (P < 0.05). The changes in RBC count
were accompanied by the associated changes in HCT
and HGB concentrations. There were mild but non-
significant increases in HCT and HGB in the ACD
group prior to surgery compared to the controls. After
surgery HCT had decreased significantly by Day 2.

found between the C and the ACD groups prior
to surgery (Day 0) (Table 1), as well as in the ACD
group pre- and post-operatively (Table 2), except
for TP, which was significantly higher (P < 0.05) on
Day 0 than on Day 1.

There were no significant differences in PLT be-
tween the C and the ACD groups prior to surgery
(Table 1). In the ACD group, a gradual decrease of
the PLT was observed throughout the entire post-
operative period (Table 2). PLT decreased from
a mean of 341.1 + 184.3 G/I at Day 0 to 207.4 +
99.7 G/L at Day 3. Compared to the prior to surgery
values (Day 0) the counts were statistically signifi-
cantly reduced (P < 0.05), at 24, 48 and 72 h after
the surgery. The PLT values in the post-operative
period were not significantly different. The reduced
PLT count in the horses from the surgery group was
accompanied by a statistically significant reduction

Table 2. RBC count, HCT, HGB concentration, total WBC count, PLT, MPV and CT-ADP in horses with large colon
volvulus, including horses before colic surgery (Day 0), 24 hours (Day 1), 48 hours (Day 2), 72 hours (Day 3) after the

operation. Results are presented as mean + SD. Different lowercase letters indicate significant differences (P < 0.05)

Time
Parameters Reference ranges  Before surgery 24 hours 48 hours 72 hours
Day 0 Day 1 Day 2 Day 3

RBC (T/1) 6.4-10.0 7.85+1.13% 6.92 £ 1.32 5.89 + 2.04° 6.57 £ 2.46
HCT (/1) 0.30-0.44 0.39 £ 0.07% 0.34 £ 0.06 0.29 + 0.09° 0.30 £ 0.12
HGB (mmol/l) 11.0-16.0 12.76 £ 1.63* 11.32 £ 2.29 9.91 +3.17° 10.14 £ 3.40
TP (g/l) 60.0-85.0 79.80 + 6.10% 70.50 + 7.00° 76.0 £ 8.10 77.4 +7.50
WBC (G/]) 5.6-12.1 9.48 £ 2.38 6.74 £ 3.05 6.67 £ 1.88 7.61 £ 5.04
PLT (G/l) 100.0-450.0 341.06 + 184.29*  251.91 + 120.52"  233.67 + 109.28" 207.44 + 99.68°
MPV (fl) 5.9-9.9 7.48 £ 0.31 7.73 £0.83 7.61 £ 0.42 7.41 £ 0.63
CT-ADP (s) 84.0-109.0 91.43 + 2.51* 215.43 + 87.79" 270.57 + 77.86" 270.71 + 77.48°
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Figure 1. Closure time (CT) in 20 control
B horses (C) and 30 horses undergoing colic
surgery, including horses before colic sur-
gery (Day 0), 24 h (Day 1), 48 h (Day 2),
72 h (Day 3) after the operation, using
COL/ADP cartridges on the PFA-100 ana-
lyser. Horizontal dashed lines indicate the
lower and upper reference interval (mini-
mum and maximum values) of the control
group (81-116 s). The central horizontal

100 4 +

point is the mean CT, the whiskers indicate
the range minimum and maximum. Differ-

50 T T

ent uppercase letters indicate significant

C Day 0 Day 1 Day 2

in MPV. MPV was significantly lower (P < 0.05) in
the ACD group prior to surgery (7.48 + 0.31) than
in the controls (9.83 + 1.57). MPV remained low
throughout the entire post-operative period and
MPV values did not differ significantly during this
time (Table 2).

The reference range for CT-ADP (ADP closure
time) in the C group was 81-116 s (mean 96.4 +
12.55). In the ACD group CT-ADP prior to surgery
(Day 0) was nearly 5 s shorter than in the C group,
but this difference was not significant (P = 0.26).
After surgery, mean CT-ADP values were doubled
compared to the controls (C) and Day 0. Mean CT-
ADP values were significantly (P < 0.05) prolonged
at 24, 48 and 72 h post-surgery in comparison with
pre-operative values (Table 2, Figure 1).

DISCUSSION

The goal of the present study was to investigate
platelet function in horses undergoing large colon
surgery prior to and for up to three days after opera-
tion. Platelet function as well as platelet count and
volume, was included too. The capacity of platelets
to adhere and aggregate was determined using the
PFA-100 device. Mean PLT and MPV gradually de-
creased due to surgery for intestinal displacement.
Various authors have indicated that after surgical
intervention thrombocytopenia is more likely to
occur than after conservative treatment (Chang
1996; Dallap et al. 2003; Yaguchi et al. 2004). Post-
operative reduction of platelet counts may be due to
platelet activation and subsequent consumption in
the process of clot formation, sequestration in the
spleen or adhesion to endothelial surfaces, as well

480

Day 3 differences (P < 0.01) between groups

as destruction and exhaustion of thrombopoiesis
(Levi et al. 1997; Salat et al. 1999; Nunez et al. 2001;
Kimberley et al. 2004; Levi and Opal 2006; Alsaad
and Nori 2009; Levi et al. 2011). Several authors
indicate that pseudothromocytopenia may occur
in horse blood collected in EDTA (Hinchliff et al.
1993), but visual evaluation of blood smears can
exclude its presence. Therefore, in our study every
blood sample was assessed by microscopic observa-
tion of blood film for platelet clumps. Because we
did not observe platelet clumps in any blood smears,
we could rule out pseudothrombocytopenia.
Systemic inflammation is characterised by pro-
duction and release of extra leukocytes and acute
phase proteins (El-Ashker et al. 2014). WBC counts
are used to judge the severity of inflammation. In
our study total the WBC of the ACD group was
not changed and TP was only marginally increased
compared to the controls. Our results are con-
sistent with findings obtained by Fagliary et al.
(2008), who demonstrated that marked leucocy-
tosis only occurs in colic horses with septic shock
symptoms which did not survive. Apparently, our
cases had not yet deteriorated to the point of il-
eus. Dehydration and shock symptoms were not
observed as expected based on the normal HCT
and TP concentrations. We observed a marked
reduction in MPV over the entire follow-up pe-
riod. Inflammatory processes triggered by the ileus
may cause damage to the integrity of the intestinal
mucosal barrier which subsequently may impair
thrombopoiesis and contribute to reduced platelet
volume (MPV) (Kapsoritakis et al. 2001; Danese
et al. 2007; Kaushansky 2009). WBC in our cases
did not indicate clear inflammation; however, the
surgery, anaesthesia and medical therapy with crys-
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talloids and NSAID may have exerted an effect on
platelet volume. These factors need to be studied in
more detail. Our study shows that gastro-intestinal
surgery of relative healthy horses still causes a re-
markable effect on the coagulation system.

This study showed that a reduced platelet count,
accompanied by lower mean platelet volume in the
surgically treated horses, occurs concomitantly with
a prolonged closure time (CT). CT measurement
with the PFA-100° (Platelet Function Analyzer-100)
using ADP as a platelet agonist allows rapid as-
sessment of the adhesion and aggregation capac-
ity of platelets in horses. Our finding confirms
the results of Segura et al. (2005) who evaluated
the usefulness of the PFA-100° for platelet func-
tion assessment in healthy and acetyl-salicylic acid
(ASA)-treated horses. Our reference interval for
CT-ADP in clinically healthy horses is 81-116 s
and is similar to Segura et al. (2005). However, our
data are not in agreement with those of Monreal
et al. (2000) showing activation of coagulation and
the fibrinolytic system in the course of acute horse
colic. This can be explained by the different gas-
trointestinal (GI) status of the animals in the two
studies. Sampling time relative to surgery has a
marked effect on subsequent findings. Therefore,
comparison of studies is only possible after stand-
ardisation of sampling time and clear definition of
the GI pathologies. Furthermore, interpretation of
observed CT changes after colic surgery should
account for possible effects of other therapeutic
agents used concurrently, especially NSAID as well
as the progressive reduction in platelet count.
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