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Abstract

Background: Cats placed on anticoagulant medication require frequent monitoring.

The veterinary viscoelastic coagulation monitor (VCM-Vet) could provide a conve-

nient and cost-effective monitoring, enabling therapeutic decision making.

Hypothesis/Objectives: Enoxaparin will lead to changes in VCM-Vet variables and

these will correlate with antiXa activity.

Animals: Twenty-one healthy cats.

Methods: Cats were randomized to receive either enoxaparin (1 mg/kg) subcutane-

ously or 0.9% NaCl (equal volume) and crossed over with a 7-day washout period.

The investigators were blinded to group allocation until data analysis. Jugular blood

samples were drawn at time 0, and 2, 4, and 8 hours after injection for VCM-Vet

analysis within 2 min of collection. Citrated plasma was frozen at �80�C for antiXa

activity analysis. A Generalized Linear Model was completed to assess changes

between baseline measurements and all time points.

Results: Significant differences between the enoxaparin-treated cats and controls at for

T0h and T2h were found and presented as mean ± SD for clotting time (enoxaparin,

593.4 ± 78.0 s; control, 448.5 ± 50.3 s, P < .001), clot formation time (enoxaparin,

183.1 ± 41.7 s; control, 155.4 ± 28.0 s, P = .001), and alpha angle (enoxaparin, 52.4 ±

6.1�; control, 56.9 ± 3.7 s, P = .003). AntiXa activity was significantly different

between T0 and all other timepoints for the enoxaparin group (P < .001). There was no

correlation between changes in clotting time and antiXa activity.

Conclusions and Clinical Importance: The VCM-Vet detects a difference at 2 hours

after single-dose enoxaparin administration and it can be useful for anticoagulant

therapy monitoring in cats.
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1 | INTRODUCTION

Antithrombotic therapy is recommended for use in cats with evidence

or at risk of arterial or venous thrombosis.1 Antiplatelet drugs are cur-

rently recommended in cats at risk or as prevention of reoccurrence

of arterial thromboembolism.2,3 Anticoagulants, such as unfractio-

nated heparin (UFH), low-molecular-weight heparin (LMWH) and

factor Xa inhibitors, are used as monotherapy or in combination with

antiplatelet agents in cats at high risk of arterial thromboembolism, for

acute crisis and long-term management.2,4-6 Antiplatelet and anticoagu-

lant administration, especially long term, can be associated with compli-

cations such as bruising or bleeding if excessive doses are used or failure

to prevent thrombosis in the case of insufficient dosing. Therefore, thera-

peutic monitoring is required in many cases to ensure optimal doses are

administered. The CURATIVE guidelines on antithrombotic use in veteri-

nary patients suggest monitoring the effects of both UFH and LMWH

using anti-Xa activity in treated cats, as the current recommendations in

people.7,8 However, panelists acknowledge the considerable knowledge

gap in this domain.7

Indeed, investigations on the monitoring potential of anti-Xa activ-

ity assays in cats is limited to small groups of healthy cats. Depending

on the design and drugs used, results vary significantly.9-12 Further to

these discrepant findings, anti-Xa activity might not be ideal for moni-

toring of anticoagulant therapy, because of cost and availability.

Viscoelastic coagulation testing could present an alternative for

monitoring anticoagulant effects; however, studies are limited. Throm-

boelastography (TEG) is more sensitive to assess heparin-induced

anticoagulation than conventional coagulation testing in people.13-15

There is a correlation between TEG variables and anti-Xa activity in

people undergoing orthopedic surgery.16 Anti-Xa activity is not corre-

lated with TEG tracings after administration of UFH and LMWH in a

small group of healthy cats.12

The VCM-Vet is a novel point-of-care viscoelastic coagulation

monitor (with the potential for wide clinical use).17 It provides vari-

ables similar to TEG and Rotational Thromboelastometry, while it does

not require sample manipulation.17 The device has been validated for

use in dogs, cats and mice and reference intervals are established18-20

with studies in more species underway. The aim of this study was to

evaluate whether administration of enoxaparin will result in significant

changes VCM-Vet variables and the relationships between those and

changes in anti-Xa activity. We hypothesized that a single dose of

enoxaparin administered subcutaneously will result in transient hypo-

coagulable changes detectable by the measured variables of the

VCM-Vet and correlate with anti-Xa activity.

2 | MATERIALS AND METHODS

2.1 | Animals

This was a prospective double-blind placebo controlled cross-over

experimental trial. The study protocol was approved by the Massey

F IGURE 1 Box-and-whisker plots comparing veterinary viscoelastic
coagulation monitor variables between low-molecular-weight heparin
and 0.9% NaCl groups at T0, T2, T4, and T8. (A) Clotting time (CT).
(B) Clot formation time (CFT). (C) Maximum clot formation (MCF).
(D) Alpha angle (Alpha). The blue dots represent outliers.

2 YOZOVA ET AL.
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University Animal Ethics Committee (Protocol 19/109). Twenty-one

healthy research-purposed cats from the Centre for Feline Nutrition

at Massey University, New Zealand were enrolled. Cats were

deemed healthy based on physical examination, complete blood

count, and biochemistry analysis. Additionally, all cats were negative

for occult cardiomyopathy by using the 2 min Screening Echocardio-

gram for cats.21

2.2 | Device

The VCM-Vet (Entegrion, Inc.) uses disposable cassettes analysis.

The cassette is warmed to 37�C using a proprietary warming plate.

Whole untreated blood (340 μL) is transferred into the cassette well

within 2 min after venipuncture. The blood moves from the well via

capillary action in between 2 frosted glass plates within the cassette.

The cassette is then placed into the VCM-Vet device and analysis

begins. As the blood coagulates, the friction detected between the

plates as coagulation occurs relates to the clot kinetics which are

transmitted to a receiver device. The monitor displays both a graph

and series of values for the following viscoelastic clotting variables:

Clotting time (CT)—the time from the beginning of the test until the

time when the amplitude of 1% is achieved; clot formation time

(CFT)—the time between the 1% amplitude and 10% amplitude of

the clotting signal; alpha angle (α-A)—the angle between the middle

axis and the tangent to the clotting curve through the 1% amplitude

point; describes the kinetics of clotting; maximum clot firmness

(MCF)—the measure of the firmness of the clot and therefore the

clot quality; it is the maximum amplitude that is reached before the

clot is dissolved by fibrinolysis; Lysis Index at 45 min after CT

(Ll45)—represents the fibrinolysis 45 min after CT; measured as the

relation of the amplitude to the maximum clot firmness (MCF) (%

remaining clot firmness).18

2.3 | Procedures

Cats were randomized to receive enoxaparin (Clexane 20 mg/0.2 mL,

Sanofi-Aventis New Zealand Ltd, Auckland, New Zealand) 1 mg/kg or

0.9% NaCl (Baxter, New Zealand) equal volume subcutaneously

with a 7-day washout period after which the intervention groups

were crossed over. The investigators were blinded until data analy-

sis. All cats were handled using Low Stress Handling by a certified

research assistant. All jugular blood samples (2 mL) were drawn

using a 23-gauge needle at time 0, and 2, 4, and 8 hours after injec-

tion by the same investigator (IY) using a vacutainer technique

according to the guidelines for viscoelastic testing.22 Sampling

alternated between each jugular vein at each timepoint. Each cat

was examined for pain, discomfort, and bruising before and after

each venepuncture. Blood was divided into: VCM-Vet test cartridge,

cryovial with 4% sodium citrate, and an EDTA or serum separator tube.

A CBC, PCV, TP, and manual blood smear were evaluated at time 0 for

each cat. Cryovials were frozen at �80�C until shipping for antiXa

activity measurements.

TABLE 1 Main viscoelastic testing variables in 21 cats administered enoxaparin or 0.9% NaCl

Variable Timepoint

Enoxaparin 0.9% NaCl

Obs. Mean SD P-value Obs. Mean SD P-value

Clotting time (s) CT T0 21 477.7 52.0 21 451.6 56.2

CT T2h 21 593.4 78.1 <.001 21 448.5 50.3 .29

CT T4h 21 512.0 63.1 .07 21 436.0 67.9 .53

CT T8h 19 493.8 54.2 .43 20 439.9 88.6 .85

Clot formation time (s) CFT T0 21 154.6 39.9 21 155.9 36.3

CFT T2h 21 183.1 41.7 .001 21 155.4 28.0 .85

CFT T4h 21 160.7 39.5 .21 21 148.5 28.0 .38

CFT T8h 19 147.8 29.0 .68 20 143.1 32.2 .49

Alpha angle (�) α T0 21 57.3 5.0 21 57.3 4.6

α T2h 21 52.4 6.1 .003 21 56.7 3.7 .60

α T4h 21 55.4 6.7 .32 21 57.6 4.5 .60

α T8h 19 57.1 6.6 .80 20 58.6 4.9 .51

Maximum clot firmness (mm) MCF T0 21 37.1 7.00 21 36.0 5.7

MCF T2h 21 36.4 6.4 .82 21 36.1 5.5 .59

MCF T4h 21 38.2 7.2 .65 21 37.4 6.2 .22

MCF T8h 19 37.8 6.0 .51 20 37.5 5.0 .75

Abbreviations: CFT, clot formation time; CT, clotting time; MCF, maximum clot firmness; Obs., observations; SD, standard deviation; T0, baseline; T2h,

2 hours after injection; T4h, 4 hours after injection; T8h, 8 hours after injection; α, alpha angle.

All P-values for subsequent timepoints are compared to baseline.

YOZOVA ET AL. 3
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2.4 | Anti-Xa assay

One hundred sixty-five whole blood samples were collected from cats

in 4% Sodium Citrate and spun for 15 min at a speed of 2000-2500 g,

at a temperature of 18�C within 1 hour of collection. The plasma was

then frozen at �80�C until measurements could be performed. The

anti-Xa test variables were programmed onto the analyzer of the UC

Davis Veterinary Medical Teaching Hospital by a licensed Clinical Lab-

oratory Scientist with experience using the STA Compact, under the

supervision of a Diagnostica Stago Technical Service Specialist, and in

accordance with the manufacturer's specifications for the test. Cali-

bration was verified and set using the STA Multi Hep Calibrator and

STA Quality LMWH quality control material per manufacturer recom-

mendations. Quality control was then run on each day of cat analysis

and verified by laboratory staff using Westgard rules. In accordance

with the manufacturer-provided method validation protocol for anti-

Xa, intra run precision was performed by running both low and high

levels of quality control 10 times each. Mean and SD was then calcu-

lated and verified to fit below the maximum recommendation (LMWH

8 SD 0.02 IU/mL < 0.1 Target SD, LMWH 14 SD 0.04 IU/mL < 0.1

Target SD). Intra-lab precision was also conducted across 7 days with

2 runs of quality control per day to obtain a passing total precision

that was below the maximum manufacturer limits (LMWH 8 SD of

0.04 < 0.1 Target SD and LMWH 14 SD of 0.08 < 0.1 Target SD).

Ten frozen plasma samples were allowed to thaw at room tem-

perature for 20 min and then run on the STA Compact. This cycle was

repeated for 5 days until all samples had been analyzed. Results were

automatically transmitted from the analyzer to the Lab Information

System for verification. Verified samples were then transmitted auto-

matically to the UC Davis VMACS clinical record where they were

sorted for statistical analysis.

2.5 | Statistical analysis

A power size calculation was performed using results from a study

evaluating effects of LMWHs on thromboelastographic tracings in

cats.12 The variable R-time was chosen for the power analysis for its

good correlation with anti-Xa activity from studies in people.16 A sam-

ple size of 21 cats was necessary to achieve a power of 0.82 with an

alpha set at 0.05. A power calculation for Pearson's & Spearman's

Correlation was additionally performed for the selected sample size of

21 cats. At a significance level set at 0.05, this sample size will detect

a correlation of ≥0.6 with a power of 0.84.

F IGURE 2 Individual changes in clotting time between T0 and T2
in the enoxaparin group

TABLE 2 Anti-Xa Activity in 21 cats
administered enoxaparin or 0.9% NaCl

Time

Enoxaparin NaCl 0.9%

Obs. Mean SD P-value Obs. Mean SD P-value

T0 21 0.08 0.06 21 0.07 0.04

T2h 21 1.12 0.22 <.001 21 0.07 0.04 .97

T4h 21 0.70 0.17 <.001 21 0.07 0.04 .91

T8h 19 0.25 0.07 <.001 19 0.08 0.06 .74

Abbreviations: max, maximum; min, minimum; Obs., observations; SD, standard deviation; T0, baseline;

T2h, 2 hours after injection; T4h, 4 hours after injection; T8h, 8 hours after injection.

All P-values for subsequent timepoints are compared to baseline.

F IGURE 3 Box-and-whisker plots comparing anti-Xa activity
between low-molecular-weight heparin (enoxaparin) and 0.9% NaCl
groups at T0, T2, T4, and T8. The blue dots represent outliers.

4 YOZOVA ET AL.
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Descriptive statistics were done. Each variable was tested for

normality using a Shapiro-Wilk test. To look for differences between

the treated and control cats either a t-test or Mann-Whitney test was

done. A Generalized Linear Model was completed to assess changes

between baseline measurements (treated vs. controls) and all time

points for treated and control cats.23 Each VCM-Vet measurement

and the measure for AntiXa was used as the dependent variable; inde-

pendent variables were created for baseline, for each time point, and

for the interaction between the before and after administration times

with each cat considered a random variable. To look for correlation

between changes in CT values and AntiXa values a Spearman's corre-

lation test was done. Statistical analysis was done using a commer-

cially available software program (Stata/IC version 14.2; StataCorp,

College Station, Texas, USA). P < .05 was considered significant.

3 | RESULTS

All 21 cats were male neutered. Age was not normally distributed,

while weight was. Median age was 3.6 years (interquartile range,

3.6-6.5 years). Mean weight ± SD was 4.31 ± 0.56 kg. No CBC, PCV,

TP or blood smear abnormalities were detected. Samples were not

obtained at 2 timepoints for 2 cats. One cat did not tolerate handling

at that timepoint, and 1 cat developed bruising in the jugular area.

There were no significant differences in any VCM-Vet variables

and anti-Xa activity between groups at baseline. Significant differences

in the enoxaparin group at 2 hours compared to baseline and controls

were found and presented as mean ± SD for CT (enoxaparin, 593.4

± 78.0 s; control, 448.5 ± 50.3 s, P < .001; Figure 1A), CFT (enoxaparin,

183.1 ± 41.7 s; control, 155.4 ± 28.0 s, P = .001; Figure 1B) and α-A

(enoxaparin, 52.4 ± 6.1�; control, 56.9 ± 3.7�, P = .003; Figure 1D), but

not for MCF (Figure 1C). These were not significant at the 4- and

8-hour timepoints. All measurements for VCM-Vet testing variables are

presented in Table 1. All but 1 cat had an increase in CT value from T0

to T2. These individual changes in CT can be seen in Figure 2.

AntiXa activity was significantly different between T0 and all

other timepoints for the enoxaparin group (Table 2, Figure 3), but not

for the saline group. All individual cats had an increase in AntiXa activ-

ity after administration of enoxaparin at 2 hours after injection. There

was no correlation between the change in CT values and the change

in antiXa activity at different timepoints (P = .38), however the 95%

confidence intervals for both CT and antiXa activity did not overlap

between the T0 and T2 timepoints respectively (Table 3) indicating

that an increase in antiXa activity can be predicted by an increase in

CT even if it cannot predict the magnitude of that change.

There were no significant differences in any timepoints for VCM-

Vet variables and anti-Xa activity in the control group. MCF was not

significantly different in any group at any timepoint.

4 | DISCUSSION

This study found that the effects of a single subcutaneous injection of

enoxaparin (1 mg/kg) administered to healthy cats can be detected

using the VCM-Vet. There was a significant increase in CT and

decrease in α-angle and CFT, 2 hours after administration of enoxa-

parin. Values returned to baseline at 4 hours and remained as such

8 hours after administration. There were differences in anti-Xa activity

in all timepoints. However, there was no correlation between VCM-

Vet variables and anti-Xa activity at any timepoint. Such differences

were not found in the timepoint matched cross over control group.

Changes in CT interpreted as hypocoagulability were most sub-

stantial at T2 through to T4 time points in this study. This timepoint is

similar to peak anti-Xa activity from previous studies of LMWH

administration in cats.10,11 Furthermore, current guidelines for anti-Xa

activity testing recommend sampling to be performed 3-4 hours after

heparin administration.24 Given that anti-Xa activity testing is not

readily available and could be cost-prohibitive, the VCM-Vet device

might prove a valuable in-house alternative for monitoring cats receiv-

ing heparin.

Our findings suggest that a single therapeutic subcutaneous dose

of enoxaparin can induce changes compatible with hypocoagulability

in healthy cats. These changes affected 3 of the 4 main VCM-Vet vari-

ables, with exception to MCF. Changes in α-A and CFT remained rela-

tively mild (within established reference intervals20) and CT was

slightly above the proposed reference intervals even at baseline. The

relevance of this finding should not be overinterpreted since differ-

ences in reference intervals between devices are not uncommon.

Indeed, PROVETS viscoelastic coagulation testing guidelines recom-

mending establishment of reference intervals in each center.25 The

increase in CT overtime, while not substantial demonstrates sufficient

difference that can be used to make a more informed clinical decision

to adjust doses, especially in the absence of alternatives (eg, veteri-

nary anti-Xa activity testing is not available in New Zealand). These

findings partially corroborate results in people undergoing orthopedic

surgery, where administration of enoxaparin resulted in transient

increases in TEG variables (namely r-time).16 Interestingly, in a small

group of healthy cats only administration of UFH led to TEG tracing

changes, while administration of enoxaparin (at similar doses as the

current study) and deltaparin did not.12 This could suggest that the

TABLE 3 Comparison of 95%
confidence intervals for VCM-Vet
clotting time and AntiXa activity between
baseline and 2 hours after administration
of enoxaparin in 21 cats

Timepoint Obs.

Clotting time (s) AntiXa Activity

Mean (SE) 95% CI Mean (SE) 95% CI

T0 21 477.7 (11.4) 454.0-501.4 0.08 (0.01) 0.05-0.10

T2 21 593.4 (17.0) 557.9-629.0 1.12 (0.05) 1.02-1.22

Abbreviations: CI, confidence interval; CT, clotting time; Obs., observations; SE, standard error; T0,

baseline; T2, 2 hours after administration.

YOZOVA ET AL. 5
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VCM-Vet is more sensitive in detecting anticoagulant-induced hypo-

coagulability, than TEG. However, a direct comparison of different

devices is not recommended by the veterinary guidelines for use of

viscoelastic testing.26

A recent study comparing VCM-Vet and TEG variables in healthy

cats found a strong correlation between CT and TEG variable r-time

and a mild positive correlation between MCF and maximum ampli-

tude, respectively, but no other variables were correlated.20

This study found changes in anti-Xa activity in the enoxaparin-

treated group at all subsequent timepoints after baseline. They exceeded

currently recommended therapeutic target of 0.35-0.7 U/mL7 at T2,

were within this target at T4 and fell below the target at T8. This cor-

roborates findings from a small experimental study investigating phar-

macokinetics with similar doses of enoxaparin in healthy cats. In this

study, anti-Xa activity remained within currently recommended thera-

peutic target up to 4 hours after enoxaparin administration.11 This is in

contrast with small experimental study investigating effects of enoxa-

parin in a venous stasis model, which found anti-Xa activity to vary sig-

nificantly within timepoints.9 In another small experimental study UFH,

but not enoxaparin nor deltaparin reached therapeutic target anti-Xa

activity in 4, 8, and 12 hours, respectively.12 In contrast, 1 small experi-

mental study investigating pharmacokinetics of deltaparin in healthy

cats reported dose-related changes in anti-Xa activity, peaking at

2 hours and returning below current therapeutic targets at 8 hours.10

Since each experiment had a different design, dosages and potentially

anti-Xa activity assay, a direct comparison of findings is difficult. How-

ever, all these results suggest that there is variation in anticoagulant

activity and this needs to be taken into consideration when using this

variable for monitoring cats.

This study found no correlation between anti-Xa activity

and VCM-Vet variable CT. While some previous studies in people

demonstrated a correlation between viscoelastic testing variables and

anti-Xa activity, such findings were not consistent.16,27-29 One small

experimental study in healthy dogs demonstrated a strong correlation

between TEG variable r-time and anti-Xa activity.30

Anti-Xa activity is not commonly used for monitoring people receiv-

ing LMWH.31,32 This is most likely because of the increased safety profile

of LMWH, suggesting that monitoring should be reserved for cases at

higher risk (pregnant women, people with cancer, obesity, kidney dis-

ease).33 Large clinical trials assessing efficacy of anti-Xa activity monitor-

ing in people are seemingly lacking. Furthermore, the technique does not

seem to be standardized, making direct comparison difficult and contrib-

utes to the discrepant findings mentioned above.31-33 Therefore, future

studies should perhaps not seek to substitute anti-Xa activity assays with

viscoelastic assays, but rather design trials focusing on standardization of

viscoelastic assays for monitoring cats, independent of their relationship

with anti-Xa activity.

This study has several limitations mostly because of its experimental

nature. Conventional coagulation monitoring was not done at any time-

point. However, these healthy research-purposed cats were unlikely to

have an underlying coagulopathy. Baseline CT was above established

reference intervals in this group, the relevance of which is unknown.

Current viscoelastic assay guidelines recommend establishment of

in-house reference intervals as they might vary between devices.25

Finally, the effects of only a single dose of enoxaparin were evaluated,

which does not reflect clinical practices where anticoagulants are usually

administered over several days.
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