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Administration of Dalteparin in Sheep for
Cardiac Interventions

Abstract

Background: Ovine models are widely used in cardiovascular research because of
their comparability to the human cardiovascular system. Sheep are well available,
easy to handle, mostly indulgent and anesthesia is similar in comparison with hu-
mans. Nevertheless, differences are known concerning the composition of blood
constituents and rheological properties as well as oral administration and resorp-
tion of some drugs. Amongst those, platelet inhibitors, vitamin K antagonists and
low molecular weight heparin (LMWH) exhibit different pharmacodynamics. Dur-
ing implantation of heart valves it is essential to reduce the coagulation ability
with the aim of preventing thromboembolic events. Concurrently, it is essential
to avoid any bleeding complications by accumulation of anticoagulants. In most
sheep experiments for cardiovascular research the anticoagulant regime follows
the guidelines for humans in the lack of knowledge about specific ovine require-
ments. To date, no standardized anticoagulation strategy for the ovine model us-
ing LMWH is established. This study aimed to establish a reliable regime for LMWH
administration in sheep at high risk of thromboembolic events. Target was an anti-
factor-Xa (AFXa) level of 0.6 to 0.8 units known from human studies to be preven-
tive and therapeutic at moderate to high risk of thromboembolism. The primary
aim of the study was to improve the antithrombotic management after pulmonary
valve implantation in three sheep. These results were then applied and re-evaluat-
ed during minimally-invasive heart valve implantation within four sheep.

Materials and Methods: Seven adult grey horned heath ewes (mean body weight
43.4 kg) were included in this study prior to heart valve implantation. The study
design regarded interventional heart valve implantation as an intermediate-
risk situation for thromboembolic events. During a period of two weeks a
weekly incremental dose of dalteparin was administered once a day at 7 AM
subcutaneously. Venous blood samples were collected three times per day to
monitor the response over 24 hours. The first measurement of anti-factor-Xa was
conducted immediately before administration of heparin (baseline). The second
measurement was conducted four hours and the last measurement 12 hours after
administration. The starting dose in week 1 was 250 IU (international units). The
following dose in week 2 comprised 350 IU. The dose with an anti-factor-Xa level
closest to 0.6 to 0.8 units was tested in four sheep in which a pulmonary valve was
implanted transvenously.

Results: Data showed a peak concentration of anti-factor-Xa four hours after
administration. 12 hours after injection the level had decreased to 50% of the
peak level and 24 hours after administration there was no measurable level of
anti-factor-Xa left. Sheep needed 350 units dalteparin once daily to achieve an
anti-factor-Xa level of 0.6 to 0.8 units. No thromboembolic event occurred in
those four sheep which received the weight- adapted dose of dalteparin (350 U/
day) according to the results of the dose-finding study after the implantation of a
transcatheter pulmonary valve. The macroscopic and histologic results showed no
signs of any thrombotic affection of the graft.

Conclusions: Sheep require much greater quantities of dalteparin (LMWH) than
humans to achieve comparable blood levels of anti-factor-Xa.
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Introduction

The ovine animal model is preferably used for cardiovascular
interventions, e.g. implantations of medical devices and heart
valve replacements. The cardiovascular parameters in sheep are
highly comparable to those in humans with a similar cardiacindex
(sheep: 3.8 I/min/m?;, humans: 3.0 |/min/m?2), a similar blood
volume (sheep: 60ml/kg; humans: 70ml/kg) and comparable
hemodynamic parameters (heart rate: 100 beats per minute
vs. 70 bpm, and a mean arterial blood pressure (MAP) of 92-98
mmHg vs. 120/80 (95) mmHg in humans [1,2].

To date, the sheep is irreplaceable as animal model in preclinical
investigations in the field of cardiology and cardiac surgery.
Every invasive cardiovascular procedure, e.g the implantation
of heart valve prostheses, requires an efficient and suitable
anticoagulation strategy and a comprehensive monitoring to
ensure an unimpaired follow-up after intervention without
thromboembolic events.

Details of specific requirements and features regarding
anticoagulation strategies and specific knowledge about
hemostasis in sheep are rare. Looked at more closely,
even in human patients, the relationship between the AFXa-
level and the efficacy of LMWH in prevention of VTE (venous
thromboembolism) is still not clear. Particularly, the results of
AFXa are highly variable and in combination with widely variable
therapeutic ranges it can be stated that the prophylactic and
therapeutic regime using LMWH is poorly standardized [3]. Most
of the recent studies investigated heparin-induced suppression
of intimal hyperplasia [4,5]. Others examined the administration
of unfractionated heparin (UFH) with regard to the activated
partial thromboplastin time (aPTT) and the activated clotting
time (ACT) both not regarded as valid monitoring parameters for
subcutaneously administered therapy [6]. In case of intravenous
application, ACT and aPTT can be used to monitor dalteparin or
enoxaparin [7].

A comparison of the anticoagulative properties of sheep with
other mammalians reveals some remarkable differences in the
ovine organism. First of all, hemorheologic properties differ by
representing a decreased whole blood viscosity but a higher
plasma fibrinogen level [6]. The van-Willebrand-Factor has a 3.5
times higher activity in comparison with humans [8].

Sheep show a rapid initiation of the contact activation pathway
and high levels of factor VIII, but low levels of Protein C. Stronger
clot firmness and a decreased capacity of clot lysis is documented
in sheep as well [9].

Regarding the platelet inactivation, it is important to know that
sheep need 10 times more prostacyclin than other species [10].

Notably sheep need more heparin than other species while the
direct effect of heparin is higher.

Dalteparin as anticoagulative agent was chosen in accordance
with one of our research partners (“LifeValve” project at UZH,
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Zurich, Switzerland), who also work with ovine models. They
administered dalteparin after implantation of pulmonary valves
but used a predefined dose according to manufacturer’s data of
5,000 IU once per day [11], which corresponds to a preventive
dose in patients with an intermediate risk of VTE (venous
thromboembolism) in patients with heart failure, NYHA Il and
NYHA 111 [5].

Dalteparin sodium is a sulphated polysaccharide obtained by
a partial nitrous acid depolymerization from standard UFH of
porcine origin with a mean molecular weight of 5.7 kD [12].
The advantages of dalteparin in comparison with UFH are a fast
absorption and a high bioavailability after subcutaneous injection
which is necessary only once daily and a high antithrombotic
activity accompanied with lower incidence of heparin induced
thrombocytopenia [12,13].

In many cases, the preventive administration of dalteparin
recommends standardized doses for prevention and therapy of
venous thromboembolism related to different risk stages [14,15].
In the current study, the target for AFXa was chosen according to
the guidelines for prevention of VTE in patients with a moderate
and high risk profile.

Low molecular weight heparins (LMWH) predominantly affect
the AFXa, so it is appropriate to monitor their effect with an
AFXa-assay, particularly in younger and pediatric patients,
obese patients, during pregnancy and in patients with restriction
of the renal function due to a potential accumulation (reduced
elimination) and increased bleeding complications [13]. The
documented anti-Xa activity in plasma is considered to be directly
proportional to the plasma concentration of the administered
LMWH. To determine the target dose of dalteparin, a blood
collection for the determination of AFXa is necessary 4 hours
after injection when the peak of plasma concentration is reached
(Figure 1).

Our original reasearch work describes (A) a dose-finding
study of dalteparin in three sheep for the aim of preventing
thromboembolic events in interventions with a high general risk
of emboli. This dose was (B) applied and evaluated in four sheep
undergoing transvenous valve implantation.

Methods

The animal experiments were approved by the regional
authorities (Landesamt fiir Gesundheit und Soziales, Berlin,
Germany). Approval for the animal experiment was given by the
ethics committee of the responsible veterinary department for
animal welfare at the regional office for Health and social affairs
under the registration number G0111/11 from September, 2015.
German regulations for care and treatment of laboratory animals
were adhered permanently (FELASA, GV-SOLAS).

Three (dose-finding study) plus four (valve implantation) fully-
grown healthy grey horned heath ewes (mean body weight 43.4
kg) were housed in an appropriate stable at the veterinary care
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A dose of 10,000 IU of a LMWH was injected
subcutaneously. The time curve illustrates the
necessity of the right time to monitor the peal
level of LMWH (Results of the 6th conference for
antithrombotic therapy Chest, 2001; 119:645-945)

Figure 1 Activity of AFXa after subcutaneous injection of 10,000 IU of LMWH.

unit of the department for experimental medicine of the Charité,
University Hospital of the Humboldt-University of Berlin. The
sheep came from two different sheep breeders in the greater
Berlin area where they were held under comparable conditions.
At our unit, daily examinations, standardized vaccinations and
deworming was conducted to ensure their healthy state. Animals
were held in a group-housed pen with free access to ad libitum
water and food.

At the day of cardiac intervention, the sheep were kept
from feed and water for twelve hours before being treated
with an intramuscular premedication containing 0.4 mg/kg
midazolame (Dormicum® Roche, Germany), butorphanol 0.4
mg/kg (Alvegesic®, Alvetra, Germany) and 0.03 mg/kg atropine
(Atropinsulfat® 0.5 mg/ml, B. Braun, Germany) and sedation with
ketamin (0.5 mg/kg). The animals were positioned on their right
side. The left perijugular region was prepared with an antiseptic
and local anesthesia with 2.0 ml lidocaine 2% (Lidocain 4%, B.
Braun, Melsungen) A pediatric double-lumen central intravenous
catheter (4 Fr, length of introduction 8 cm; Arrow® Int. Corporate)
was placed in the left jugular vein via Seldinger technique and
fixated with a skin suture (Vicryl® 2-0, Ethicon, Johnson & Johnson,
Norderstedt, Germany). The puncture site was covered with a
sterile wound dressing, bandaged additionally with a water-and-
soil-resistant elastic cohesive dressing (Vetrap®, 3M-Medica,
Germany) and padded with cotton wool (Rolta-Soft®, Hartmann,
Germany) around the sheep’s neck.

Shortly after intervention, sheep were able to stand up and feed.
The sample for baseline values of anti-FXa, AT Il and aPTT, as well
the retention levels for urea and creatinine at the beginning of
the investigation, were collected with a blood collecting system
(Baxter Vacutainer®, Unterschleifheim, Germany) for citrate
blood and serum. Before filling the particular tubes, 5.0 ml of
aspirated blood was discarded. After securing the sample, the
lumen was purged with 5.0 ml sterile saline 0.9% and locked
with 0.3 ml trisodium citrate (Citra-Lock 30%®, Dirinco B. V.,
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The Netherlands) afterwards and the lumen was relocked with
a sterile closure plug (Kombi LL®, Fresenius Kabi, Germany). All
blood samples were collected according to this procedure.

After placing the catheter and collecting blood for the baseline
level, 250 IU dalteparin were injected subcutaneously in the
lateral cervical region in week one at

7.00 AM on five consecutive days. In the second week, 350
IU dalteparin were injected subcutaneously at 7.00 AM on 5
consecutive days.

4 hours after application, the maximum level (peak) of anti-FXa in
blood was determined, 12 hours and 24 hours after the injection
of dalteparin, the levels of anti- FXa in blood were monitored
again. The determination of AFXa and AT Il as baseline level on
day 1 of the first and second examination week, respectively,
were monitored at the laboratory of the DHZB, the levels for aPTT
every day, collected four hours after dalteparin administration,
were analyzed at Synlab laboratories in Berlin (Synlab Vet®,
Labor Berlin, Germany) and every other determination of AFXa
(4, 12 and 24 hours after administration) were performed at
the laboratory of DHZB as well. Every day the puncture site of
the central venous cathether was inspected visually, disinfected
(Softasept N®, Braunovidon® Salbe, B.Braun, Melsungen,
Germany) and bandaged with a new wound dressing.

The venous catheter was removed on day 5 of each week after
the blood collection, 12 hours after injection of dalteparin.
The catheter was removed and the puncture site was
compressed manually. Local anesthesia with 2.0 ml lidocaine
4% was administered and the puncture site was closed using an
absorbable superficial skin suture (Vicryl® 2-0, Ethicon, Johnson
& Johnson, Norderstedt, Germany).

After a two-day recovery period the animals underwent the same
procedures in the second examination week with a dose of 350
IU dalteparin per day.
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After finishing the dose finding study, 4 grey horned heath sheep
received pulmonary valve prostheses in a minimally invasive
procedure. They were treated with the weight adapted, optimized
dose of dalteparin for a period of 5 days after intervention. Those
animals underwent a follow up period of 52 weeks with monthly
intracardiacechocardiography for functionality and morphological
findings of the implanted graft. After the completed follow-up
period of one year, animals were euthanized and the heart was
explanted for post-mortem investigation of the graft.

Results

The minimum requirement for achieving an anti-F-Xa-level >0.1
IU/ml at 12 hours after dalteparin injection in high-risk patient
[13] was realized both in the first and second investigation week.
The mean anti-F-Xa-range 12 hours post-injection in week 1
was 0.13 IU/ml plasma, the mean anti-F-Xa-level 12 hour post
injection in week 2 was 0.20 IU/ml plasma (Figures 2 and 3).

The mean peak concentrations of dalteparin-related AFXa in
plasma were 0.36 IU/ml in week 1 and 0.66 IU/ml in week 2. The
peak level in week 1 is associated with the target for prevention
of venous thromboembolism with low risk. The mean level for
the peak target in week 2 is sufficient for prevention of venous
thromboembolism concerning moderate to high-risk patients
(Figures 4 and 5).

Parameters of renal function, thrombocytes and values for PTT
and ATIII at begin of the study were in normal range (Table 1).

Creatinine showed a positive correlation towards the AFXa in the
second week of investigation.

The body weight showed a positive correlation towards the peak
of AFXa not in the first, but in the second investigation week and
a positive correlation with the baseline creatinine and baseline AT
Il both in the first and second investigation week. Demonstrating
a linear regression model, peak levels from the first and the
second week showed a significant linear relation towards the
body weight of sheep (Figures 6 and 7).
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Taking in account the above results, for the second study part
(valve implantation) the dalteparin dose of 350 U/kg/d was
chosen. In all four animals, evaluation showed no signs of
thrombosis or embolic events over 52 weeks follow-up.

Discussion

Planning the implantation of heart valvesin sheep, an optimal post
interventional anticoagulation strategy is required. In the lack of
having specific knowledge concerning the specific requirements
of sheep obtaining LMWH, we conducted the previous study.

When comparing sheep with other animals or humans, it became
obvious that sheep require higher doses of LMWH for an effective
anticoagulation.

Comparability referred to the hemostasis in
different animal species

Today, the sheep is an accepted and widely used animal model

This article is available in: http://interventional-cardiology.imedpub.com/
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to evaluate and characterize cardiovascular prostheses. However,
only a few available information regarding normal ranges of AFXa
for prevention of VTE using dalteparin led to the current study
with the aim of presenting a reliable anticoagulation regimen in
sheep using dalteparin.

Platelets and the coagulation system are essential for hemostasis,
and their interaction is the determining factor in blood
compatibility with heart valve prostheses.

While evaluating such devices through various animal models,
it is important to recognize species variation for proper
extrapolation of the results of animal experiments to humans
[16]. The same authors evaluated and compared platelet and
coagulation function in humans and three different animal
species (calf, sheep, and dog), using a newly developed clot
signature analyzer (CSA) which support the simultaneously
measurement of platelet and coagulation function. The results
suggested that the canine species showed distinctively shorter
time values than other species, including humans, indicating
that the dog was not an ideal animal model for the evaluation
of blood—surface interactions. Another important difference was
seen in platelet counts which were significantly higher in calves
and sheep than in dogs and humans. Several studies have favored
the sheep model as an acceptable animal model for testing the
blood compatibility of cardiovascular implants [11]. Connell et
al. [17] recently compared hemostasis in sheep versus goats.
In this study, bolus heparin was given followed by continuous
infusion. In general, a higher heparin dose was necessary in

\
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Figure 5 Dalteparin (350 U/kg/d, 2nd week), level at 12 hours
after application.
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Table 1 Results for renal parameters, thrombocytes and PTT and AT Ill.
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goats than in sheep. The results indicated that sheep and goats
can be safely and effectively anticoagulated with heparin. A
previous study performed in the early 1970s [10], the coagulation
values between mature sheep and normal human adults were
compared. The significant differences affecting the hemostatic
system were the markedly decreased fibrinolytic activity and
the increased platelet number and adhesiveness in sheep. These
factors could increase the tendency toward hypercoagulability.
In a different study, Goodman [18] compared the number of
platelets and morphology of surface-adhered platelets on various
foreign surfaces under static in vitro conditions, reporting that
ovine platelets were much less reactive than human platelets.
The fact that ovine platelets were much less active must be taken
into account in the evaluation of cardiovascular prostheses tested
in sheep.

Body weight and dosage of dalteparin

In a previous study including humans, it could be demonstrated
that with once-daily weight based dosing, the peak effect of
dalteparin on day 3 of investigation was similar in three weight
categories, between normal weight and obese patients [19].
Nevertheless, in the current investigation, we assessed a
weight dependence of the administered dosage of dalteparin,
represented with a linear relation between peak level of
dalteparin and the body weight. Nevetheless it is ascertained
that body weight in sheep is very variable in sheep because
of the varying amounts of fluids and ingesta in the segmented
stomachs. Therefore, weight related doses are accompanied with
unreliability in sheep.

Recommended dosage of dalteparin

The target peak and trough anti-Xa level therapeutic ranges for
LMWH therapy for the treatment of venous thromboembolism
are controversial. Furthermore, there have been no studies that
have prospectively validated such ranges especially for sheep.
For dalteparin, the manufacturer recommends the peak anti-Xa
level be 0.5-1.0 forintermediate to high-risk patients. However,
this range was developed based on twice-daily dosing.

Renal function and pharmacodynamics of dalteparin

Changes in dalteparin pharmacodynamics were well documented
in critically ill patients with renal insufficiency [12]. In the previous
study, animals did not have any limitations of renal function,
but it could be demonstrated that the level of AFXa showed a
positive correlation towards the baseline creatinine for the
purpose of an altered pharmacologic response.

Creatinine(baseline, 1 week) 62.80 72.20 67.63 22.143

PTT_baseline, 1t week

PTT_4h_post (each day) 3

43.60

38.90 4.08 16.69

© Under License of Creative Commons Attribution 3.0 License
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Conclusions

To administer the appropriate dosage of dalteparin in animals, a
laboratory monitoring is desirable. In comparison with the results
in humans in a prospective study with adult trauma patients [13],
the incidence of developing DVT and VTE was significantly lower
when AFXa was adjusted using a defined protocol.

The quantity of required dalteparin to achieve the prophylactic
range of AFXa-units in plasma for patients with a high risk for
developing venous thromboembolism is disproportionately
higher in sheep, in comparison with humans.

Anti-factor-Xa levels should be monitored in sheep during a
preventive administration of LMWH in consideration of the
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instable efficacy in the ovine organism. Weight- related doses
should be adapted for the particularly requested target level.
In case of difficulties for achieving the required target, AT
Il levels should be monitored. The parameter aPTT is not a
suitable parameter for controlling the efficacy of preventive
administration of dalteparin but might be suitable as parameter
for detecting LMWH overdosage.

Steady—state of sufficient treatment using dalteparin can be
attained on the second day of administration.

Study limitations

First of all, the target ranges for anti-factor-Xa levels in plasma
were borrowed from implications for humans. The transferability
for sheep is conceivably limited.

The present study was implemented in healthy animals, without
any limitations in mobility or severe illness, no further activation
of coagulation and no preceded implantation of any devices.
Therefore, the comparability to interventionally treated
animals, however named (devices, valve replacement), was not
fulfilled. Otherwise, evaluating the efficacy of LMWH treatments
requires the testing in healthy sheep before an actually demand.
It is inevitable for a basic comprehension of the dalteparin-
concerned mode of action in sheep in advance.

A main limitation of the study is the small-sized study group
including only three female animals, which restricts the validity
of the investigation. Further investigations with a greater study
population of different age, a greater range of different weights
and gender should be included in further studies.

Another difficulty consists in the fact that the current investigation
was conducted with grey horned heaths, and the transferability
to other breeds is potentially limited. Further investigation is
necessary to enlarge the existing skills concerning LMWH
anticoagulation in sheep.
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