A Thesis
For the Degree of Master of Veterinary Science

Heparin Monitoring
by Activated Partial Thromboplastin Time
in Sheep

Department of Veterinary Medicine

Graduate School, Cheju National University

Seokgon Park

SIS 497

2001. 2



Heparin Monitoring
by Activated Partial Thromboplastin Time
in Sheep

Seokgon Park
(Supervised by professor Kyoungkap Lee)

A thesis submitted in partial fulfillment of the requirements for the degree of Master

of Veterinary Science.

2000. 12.

This thesis has been examined and approved.

gt

Thesis director, Jongtae Cheong, Prof. of Veterinary Medicine

Umey, e Ko

I AN AV
Youngjae Lee, Prof. of Veterinary Medicine

K /[ Lex
foep (7
Kyoungkap Lee, Prof. of Veterinary Medicine
2001. 2.
Department of Veterinary Medicine

GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY



Aol A APTT € ©]8-% heparin monitoring

44

AZdsta derg 4o

FenAY HFBE FEY FAFEAM FAHE FA4 £ v g
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g A A Fat2 HGYdg Fo Fol APTT € =A% 2738 A
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I. Introduction

Thromboembolisms, induced by the contact of blood with a foreign surface, is a
major problem in the development of an artificial organ, either for extracorporeal
circulation or for implantation within the heart and blood vessels (Stanford and
Sanford, 1986; Stefan et al., 2000). Heparin is effective in the prevention and
treatment of venous thrombosis, pulmonary embolism and the prevention of
thrombosis after cardiovascular surgery (Jack and Valentin, 1994). Heparin is poorly
absorbed from the gastrointestinal tract, therefore the preferred routes of
administration of heparin are continuous IV infusion and SC injection (Jack et al.,
1991). If the SC route is selected, the initial dose must be sufficiently high to
compensate for the reduced bioavailability of IV bolus heparin administered because
an anticoagulant effect from SC heparin is delayed for 1 to 2 hours (Russel et al.,
1986; Jack and Valentin, 1994).

The anticoagulant activity of heparin is mediated by its binding through a
specific pentasaccharide to antithrombin III (AT III), which results in a marked
acceleration of the rate at which AT III inactivates thrombin, factor Xa, and other
serine proteases in the coagulation cascade (Kevin et al., 1993).

The activated partial thromboplastin time (APTT) and activated clotting time
(ACT) are clinically useful for the monitoring of heparin therapy. The APTT is used
more frequently for general screening tests for assessing the integrity of the intrinsic
and common pathways of coagulation (Stanley and Mary, 1968; Douglas and Cathy,
1978; Barbara and Trevor, 1980). The ACT is theoretically equally as useful as that

of the APTT for the routine monitoring of heparin therapy, but appears more useful



in situations in which high serum concentrations of heparin are required (Glenn et al.,
1988; Robert et al., 1995). The APTT value can be affected by many variables, such
as APTT reagent, instrument, clinical state of the patient, and coumarin use (Sal,
1985; Jonathan et al., 1994). The anticoagulant response to heparin varies widely
among patients with thromboembolic disease (Robert et al., 1981; Edward et al.,
1992). Therapeutic doses of heparin are cleared by combination of the rapid,
saturable mechanism and the slower, nonsaturable dose-independent mechanism of
renal clearance (Jack and Valentin 1994). Very high doses of heparin are cleared
predominantly through the slower nonsaturable mechanism of clearance (Olsson et
al, 1963; Cees et al.,, 1982). The clinical monitoring of heparin with the patient
APTT ratio (APTT heparin/APTT baseline) corresponds to heparin plasma
concentration level (Eugenio et al., 1980; Patrick et al., 1993). For these reasons,
heparin treatment is usually monitored to maintain the ratio of the patient's APTT to
the mean control APTT within a defined range of approximately 1.5 to 2.5, referred
to as the therapeutic range (Frank et al., 1985; Barry, 1991; Robert et al., 1995).

But many experiments and studies about heparin monitoring using APTT have
been performed within the limits of humans, so we investigated change of APTT
value after heparin administration by IV bolus and SC injection for heparin therapy

monitoring protocol after vascular surgery in sheep.



II. Materials and Methods

1. Experimental animals

Nine sheeps (6 males and 3 females) with a range of 31-107 kg were used for
this study. Animals were assigned to three groups (A, B and C), according to their
body weight: less than 40 kg, from 40 kg to 80 kg and more than 80 kg, respectively.
All animals were treated with IV heparin bolus and SC heparin of 300 IU/kg
(Heparin, Choongwae) at intervals of 4 weeks. All animals were performed
deworming, physical examinations and complete blood count (CBC) during period

of preliminary rearing (2 weeks).

2. Blood processing and APTT measurements

Blood samples were collected by jugular venipuncture before heparin
administration and every hour after the administration, until APTT value returned to
baseline. Two types of sample tube were used; one contained ethylene-diamine
tetracetic acid (EDTA), the other contained 0.105 M buffered sodium citrate 0.2 ml
(equivalent to 3.2 %). The blood with EDTA was measured for platelet count by
automatic blood cell count (Coulter Electric co., USA). The blood with sodium
citrate was centrifuged at 2500 rpm for 10 minutes at room temperature, and the

plasma was transferred to a effendorf tube to mesure APTT. Plasma (0.1 ml) was



incubated with 0.1 ml APTT reagent (KUCKJE, Japan) for 3 min. After 0.1 ml 0.025
M calcium chloride was added, and time for clot formation was measured. The
APTT was measured on a dual-channel CLOT-2 (SEAC, Italy). Al APTT were
performed in duplicate, and mean value was calculated. If APTT exceeded 200 sec,

its value was indicated 200 sec.

3. Statistical analyses

The APTT, platelet count from each group were analyzed by Duncan’s new
multiple range test after ANOVA analysis. Differences with a p-value<0.05 were
considered as significant, and all statistical analyses using a SAS (SAS Institute,

1996) program.



III. Results

1. APTT

The mean value of the APTT after IV bolus and SC injection, was shown in
Figure 1. The APTT increased significantly between 1 to 4 hours after IV bolus
injection (P<0.05), and between 2 to 6 hours after SC injection (p<0.05). The APTT
returned to baseline values 6 and 10 hours after the respective treatments. The APTT

showed peak 1 and 2 hours after IV bolus injection, and showed peak 3 hour after

SC injection.
250
200 +
2 1s0 |
=
& 100 |
<
50 r
0 1 1 ’e ’e s 1 1 i J

Hours after heparin injection

Figure 1. The APTT response to heparin by administrating different routes.
IV: intravenous bolus injection, SC: subcutaneous injection (300 IU/kg)

*. compared to hour 0 in each treatment (p<0.05)



The mean APTT among three groups after injection was shown in Figure 2 and
Figure 3. The APTT in Group C was consistently higher than in Group A and B after
heparin treatment by the two routes. The APTT in Group B and C was significantly
higher than that in group A, 3 and 4 hours after IV bolus injection (p<0.05). The
APTT in Group C was significantly higher than that in Group A and B, 5 hour after

IV bolus injection (p<0.05).
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Figure 2. Change of the APTT after IV bolus injection. The APTT in Group
B was significantly higher than that in Group A, 3 and 4 hour after
injection (p<0.05). The APTT in Group C was significantly higher
than that in Group B, 5 hour after injection (p<0.05). X:x, Y:y, Z
:z; significantly differential pairs (p<0.05). Group A; <40kg, Group B
; 40 to 80kg, Group C; >80kg.



In SC injection, the APTT in Group C was significantly higher than that in
Group A and B between | to S hours after injection (p<0.05), and the APTT in
Group B and C was significantly higher than that in Group A between 6 to 9 hours

after injection (p<0.05).
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Figure 3. Change of the APTT after SC injection. The APTT in Group
B was significantly higher than that in Group A between 6 to 9
hours after injection(p<0.05). Between 1 to 5 hours after SC

injection, the APTT in Group C was significantly higher
than that in Group B (p<0.05). A:a, B:b, C:c, D:d, E:e, Fif, G:g,
H:h, L:i; significantly differential pairs (p<0.05).



2. APTT ratio

The APTT ratio (APTT heparin/APTT baseline) obtained on IV bolus and SC
heparin injection was shown in Figure 4. The maintaining time of APTT ratio (1.5 to
2.5 times baseline) referred to the therapeutic range after SC injection was longer
than that of after IV bolus injection, however the time reached the therapeutic range

after SC injection, was longer than that of IV bolus injection.
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Figure 4. The change of the APTT ratio after IV bolus and SC
injection. The APTT ratio became subtherapeutic range 5
and 8 hours after IV bolus and SC injection, respectively.

Closed area ( [J ) indicated the therapeutic range.



The highest APTT ratio after SC heparin injection was shown in Figure 5. The
highest APTT ratio after SC heparin injection in Group A, B and C was 1.6+0.37,
2.440.62 and 5.7+0.69, respectively. The highest APTT ratio in Group C was
significantly higher than that in Group A and B (p<0.05).
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Figure 5. The difference of the highest APTT ratio between the groups after
SC injection. The highest APTT ratio in Group A and B was significantly
lower than that in Group C (p<0.05). A:a; significantly differential pairs
(p<0.05)



3. Platelet count

The mean platelet count after IV bolus and SC heparin injection was shown in
the Figure 6. The mean platelet count of Group A, B and C before injection was
3,197+365.6, 2,886+78.2, and 1,861+298.0 10*4uL, respectively. The mean platelet

count in Group A and B before injection significantly higher than that in Group C
(»<0.05).
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Figure 6. Influence of heparin administrated by two routes on the mean platelet
count. The mean platelet count after IV bolus and SC injection gradually
decreased without significant variation.
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IV. Discussion

The anticoagulant effect of heparin is mediated primarily by acceleration and
potentiation of the action of antithrombinIl (ATHI), following conformational
change resulting from the binding of heparin to AT (Robert et al., 1995). Heparin
binds to ATII and catalyzes inactivation of factor I, IX, X are major
mechanisms for the anticoagulant effect. ATII is a slow coagulation inhibitor
without heparin, but heparin binds to ATII through unique pentasaccharide and
induced a conformational change to the ATIII that converts from a slow to a very
rapid inhibitor. Heparin binds to heparin cofactorI and catalyzes inactivation of
factor IT, but anticoagulant effect requires very high concentrations of heparin (Jack
and Valentin, 1994). Heparin binds to platelets, inhibits platelet function and
contributes to the hemorrhagic effects of heparin (Edwin et al,, 1980). The side
effects of heparin are hemorrhage, thrombocytopenia and osteoporosis (Jack and
Valentin, 1994). Resistance to a dose heparin occurs only when there is either a
deficiency in the quantity of plasma ATII or a lack of ATII in a heparin-binding
site. The absence or near absence of ATII renders heparin useless for
antithrombotic therapy, because the antithrombotic action of heparin depends on the
plasma ATIIl concentration and heparin dosage vary accordingly (Ewa and John,
1977). Richard et al. (1994) reported that frequent APTT test are required during the
course of treatment to maximize an appropriate anticoagulant effect because of the
complex pharmacokinetics and pharmacodynamics of heparin.

Jack and Valentin (1994) reported that the half-life of heparin after IV

administration is about 90 minutes (range, 0.5-2.5 hours) and the anticoagulant
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effects of SC heparin are delyed for approximately 1 hour and peak levels occurs
approximately 3 hour. The APTT after IV bolus injection showed peak 1 and 2 hours,
and the APTT after SC injection showed peak 3 hour. This result was corroborated
by Jack and Valentin (1994). And this result demonstrates that appropriate selection
of administrating route is needed for the efficient induction of therapeutic range.

Sal (1984) reported that the clinical monitoring of heparin with the patient
APTT ratio (APTT heparin/APTT baseline) corresponded better to plasma heparin
levels. Robert et al. (1995) reported that a ratio of 1.5-2.5 times was more than the
APTT control is defined therapeutic range of heparin, and corresponds to heparin
plasma concentrations of 0.2-0.4 IU/ml. The APTT ratio entered the sub-therapeutic
range 5 and 8 hours after IV bolus and SC injection, respectively. The APTT ratio
was maintained in the therapeutic range for about 1 and 4 hours after IV bolus and
SC injection, respectively. So a small volume must be administrated frequently for
maintenance of therapeutic anticoagulation.

Magda and James (1988), Barry (1991) and Schiele et al. (1995) reported that
heparin prolongs the bleeding time, and the mechanism of this effect is not known,
but it may relate to a direct effect of heparin on platelet function and mild
thrombocytopenia rapidly occur after single dose injection. In this study, the mean
platelet count in Group A, B and C before the injection was in inverse proportion to
the body weight and age the subject.

There was correlation between the APTT and the platelet count. The difference
in APTT response for heparin among the groups may be due to a platelet count.
Therefore, in order to success fully monitor heparin therapy after vascular surgery in

sheep, heparin sensitivity test and platelet count must be carried out before heparin

-12-



injection because the anticoagulant response to heparin varies widely among patients.
These results produced elementary data for monitoring in sheep using APTT,
suggest that heparin must be administrated by the SC route at 4 hour, intervals
in order to remain in the therapeutic range, after an initial IV bolus dose. And we
must consider whether other drug (protamine, calcium et al.) or blood infusion will

effect the heparin’s anticoagulant action.
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Abstract
Heparin Monitoring
by Activated Partial Thromboplastin Time
in Sheep

Seokgon Park

Department of Veterinary Medicine

Graduate School, Cheju National University, Cheju 690-756, Korea

Heparin anticoagulation is utilized during and after vascular surgery in animals to
reduce the risk of acute or chronic thromboembolic problems. In this study, we
examined variation in APTT (activated partial thromboplastin time) after the
intravenous bolus (IV bolus) and subcutaneous (SC) heparin injection in order to
monitor heparin therapy in sheep. Nine healthy sheep were assigned to 3 groups (A,
B, and C) according to their body weights: less than 40 kg, 40 to 80 kg and more
than 80 kg, respectively. All animals were treated with heparin (300 IU/kg BW)
through two routes, and the APTT, fibrinogen and platelet count were measured
before and every hour after treatment. The APTT increased significantly between 1
to 4 hours after IV bolus injection and between 2 to 6 hours after SC injection
(p<0.05). The APTT returned to baseline values 6 and 10 hours after the respective

treatments. The APTT in Group C was consistently higher than in Group A and B
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after heparin treatment by the two routes. The APTT ratio entered the sub-
therapeutic range 5 and 8 hours after IV bolus and SC injection, respectively. The
APTT ratio was maintained in the therapeutic range for about 1 and 4 hours after IV
bolus and SC injection, respectively. The highest APTT ratio in Group C after SC
injection of heparin was significantly higher than that in Group A and B (p<0.05).
The mean platelet counts in Group A, B and C before the injection were 3,197+365.6,
2,886+78.2, and 1,861+298.0 10°L, respectively. The mean platelet count gradually
decreased without significant variation after IV bolus and SC injection. These results
produced elementary data for monitoring in sheep using APTT, suggest that

heparin must be administrated by the SC route at 4 hour, intervals in order to

remain in the therapeutic range, after an initial IV bolus dose.

Key words: heparin, APTT, platelet count, sheep,
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