%) Original paper

TS 2009; 15: 98-103

Efficient dosage regimen for introduction of warfarin treatment
after coronary artery bypass grafting in Japanese patients

Junichi Kawana,"# Toshiya Koyanagi® Tetsuya Sumiyoshi*

Kazuhiko Hanada,' Tetsuo Ohno,? Hiroyasu Ogata’

We investigated a regimen for introduction of warfarin treatment in patients who had undergone coro-
nary artery bypass grafting (CABG) with the objective of shortening the time needed to determine the
individual optimal dose of warfarin. We initiated warfarin treatment with five different regimens and
compared the percentage of patients whose thrombotest (ITT) values ranged between 10 and 20%
(corresponding to a PT-INR of 1.8-2.8) on the 9th day, after starting warfarin administration. Using a
regimen in which warfarin was administered at 5 mg/day on the 1st day as the loading dose, at 3
mg/day from the 2nd day as the maintenance dose, and in which the dose was adjusted on the 7th
day or later based on the TT value, the percentage of patients achieving the optimal warfarin dose on
the 9th day was 73.1%. This regimen has reached the optimal dose of warfarin more efficiently com-
pared with other four methods. In this regimen, the serious adverse events, such as major bleeding
and thromboembolism, did not occur. This method was considered to be most efficient and safe regi-
men for introduction of warfarin treatment after CABG for determination of the individual optimal

dose within 10 days of a procedure.
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I. Introduction

Warfarin has been the most extensively used oral anti-
coagulant worldwide. The drug has been demonstrated to
be effective for the prevention and treatment of throm-
boembolism in patients with acute myocardial infarction
or atrial fibrillation and patients subjected to valve re-
placement.” It is possible to determine the optimal dose of
warfarin based on the thrombotest (TT) value or pro-
thrombin time-international normalized ratio (PT-INR).
However, it is not easy for clinicians to estimate the opti-
mal initial dosage of warfarin to attain such a narrow
therapeutic range of PT-INR for each patient, because
there is wide variation in the anticoagulant response to
warfarin between and even within patients. It is known
that pharmacokinetic (PK) and pharmacodynamic (PD) fac-
tors contribute to the large individual variation in its anti-
coagulant effect*? A number of studies have been pub-

"Department of Biopharmaceutics & Clinical Pharmacokinetics,
Meiji Pharmaceutical University, 2-522-1 Noshio, Kiyose, To-
kyo 204-8588, Japan, “Department of Pharmacy, *Department of
Cardiology, Sakakibara Heart Institute, Japan Research Promo-
tion Society for Cardiovascular Diseases, ‘Department of Car-
diovascular Surgery, Japanese Red Cross Kumamoto Hospital
A part of this article was presented at The 16th Annual Meeting
of the Japanese Coronary Association, December 2002, Osaka.
Received July 2, 2008; Accepted November 21, 2008

lished on nomogram seeking to determine the optimal
dose of warfarin,*® but an efficient and safe method is not
established. The Seventh ACCP Conference on Anti-
thrombotic and Thrombolytic Therapy recommended a
method for initiating warfarin treatment in which the
drug was administered at doses between 5 and 10 mg for
the first 1 or 2 days, and the dose was then adjusted
based on PT-INR."

In our hospital, the dose of warfarin has traditionally
been adjusted based on each physician’'s experience of
daily measured TT values following initiation of treat-
ment. However, using this approach, the optimal dose of
warfarin could not necessarily be established by 10 days
after surgery or the day of discharge. In this study, we
sought to establish a regimen for initiating warfarin treat-
ment in patients who had undergone coronary artery by-
pass grafting (CABG) based on PK/PD theories, for the
purpose of shortening the time needed to determine the
individual optimal dose.

II. Methods

Patients who had undergone CABG were candidates for
study inclusion. Five administration regimens with differ-
ent initial doses, maintenance doses and/or timing of ad-
justment of the warfarin dose were compared as regimens
for the initiation of warfarin treatment (Table 1). Warfarin
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Table 1 Summary of regimens for the initiation of warfarin treatment after CABG

Therapeutic target

The day which adjusts

Study thrombotest value Initial dose Maintenance dose warfarin dose
Study A free hand* free hand* free hand* free hand*
Study B 10-20% 3 mg free hand* free hand*
Study C 10-20% 3 mg 3 mg 5th day
Study D 10-20% 3 mg 3 mg 7th day
Study E 10-20% 5 mg 3 mg 7th day

* According to physician’s decision

was administered once a day after the evening meal.
Heparin was available for administration if required, be-
tween four days after CABG. Patient characteristics ex-
amined were sex, age, weight, status of warfarin adminis-
tration, laboratory test value of coagulation activity (TT
value), and presence of hemorrhagic and thromboembolic
events. The primary end point was the percentage of pa-
tients whose TT values reached their therapeutic target
value on the 9th day after starting warfarin administra-
tion; this was defined as the percentage of patients achiev-
ing the optimal warfarin dose.

Written informed consent was obtained from all sub-
jects following clear explanation of the study objectives.
This research program was approved by the Ethics Com-
mittee of Sakakibara Heart Institute Hospital.

1. Study A (Retrospective survey)

Data on doses of warfarin and TT values were retro-
spectively collected from clinical records of patients who
received warfarin by conventional regimens for initiating
warfarin treatment based on the physician’s experience.

2. Study B

The initial dose of warfarin and the therapeutic target
TT value were set at 3 mg/day and a range of 10 to 20%
(corresponding to a PT-INR of 1.8-2.8), respectively. Tim-
ing and amount of dose adjustment were left to the dis-
cretion of the physician.

3. Study C

The initial dose of warfarin and the therapeutic target
TT value were same as Study B. The maintenance dose
from the 2nd day was set at 3 mg/day, the TT values
were measured on the 3rd day, the 5th day, the 7th day
and the 9th day. The dose of warfarin was adjusted on
the 5th day or later based on the TT value. In addition,
TT values were measured in all patients on the 14th day
and/or on the day of discharge.

4. Study D

The initial dose and the maintenance dose of warfarin

1 day
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Fig. 1 Dosage regimen for introduction of warfarin
treatment after CABG (Study E).

and the therapeutic target TT value were same as Study
C. The TT value was measured on the 5th day, the 7th
day and the 9th day. The dose of warfarin was adjusted
on the 7th day or later based on the TT value. TT values
were measured in all patients on the 14th day and/or on
the day of discharge, same as Study C.

5. Study E

The initial dose of warfarin was set at 5 mg/day. The
maintenance dose from the 2nd day and the therapeutic
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target TT value were same as Study D. The details of the
regimen of Study E were as follows (Fig. 1).

Warfarin at 5 mg/day was administered on the first
day as the loading dose and at 3 mg/day from the 2nd
day as the maintenance dose. TT values were measured
on the 5th day, at which time administration was stopped
and 2.5 mg of warfarin was administered on the 6th day if
the TT value was less than 15% (corresponding to PT-INR
of 2.2). TT values were again measured on the 7th day, at
which time administration was stopped and 2 mg of war-
farin was given on the 8th day if the TT value was still
less than 15%. Administration of warfarin at 25 mg/day
was continued when the TT value was 15% or higher.

On the other hand, when the TT value on the 5th day
was 15% or higher, the dose was continued at 3 mg/day
and the TT value was measured on the 7th day; at this
point administration was stopped and 2 mg of warfarin
was given on the 8th day when the TT value was less
than 15%. Administration was continued at 3 mg/day
when the TT value was between 15 and 30%; the dose
was increased to 35 mg when the TT value was 31% or
higher.

TT values were measured in all patients on the 9th
day; the administration of warfarin was suspended and
resumed with monitoring of TT values after an interval of
one day when the TT value was less than 10%; adminis-
tration was continued at the previous doses when the TT
value was between 10 and 20% (corresponding to PT-INR
of 1.8-2.8); the dose of warfarin was increased by 0.5-1 mg
when the TT value was 21% or higher. TT values were
measured in all patients on the 14th day and/or on the
day of discharge.

6. Statistical analysis

Differences between two groups in each case were ana-
lyzed by an unpaired t-test. Population statistical data be-
tween groups were statistically analyzed by ANOVA.
Statistical analysis was performed using SPSS software
(version 11.0; SPSS Inc., Chicago, Ill). Differences where
p<0.05 in a two-tailed test were considered to be signifi-
cant. All data were expressed as mean+SD. The ratio of
patients achieving the optimal warfarin dose was calcu-
lated by the Kaplan-Meier method, and statistical signifi-

cance was evaluated by a log-rank test.

III. Results

The present study was conducted with 113 Japanese
patients who had undergone CABG with cardiopulmonary
bypass. Table 2 shows the background of patients enrolled
in Studies A-E. No differences were found among groups
in age, body weight, TT value (%) and total protein con-
centration (mg/dl) at the beginning of warfarin treatment.
In these studies, the serious adverse events, such as major
bleeding and thromboembolism, did not occur.

1. Study A (Retrospective survey)

The initial doses ranged between 3 and 5 mg/day, and
the mean dose was 44+09 mg/day. The percentage of
patients achieving the optimal warfarin dose on the 9th
day and 14th day after starting the administration were
only 14.3% and 28.6%, respectively (Table 3). Most patients
were discharged from hospital without achieving the opti-
mal TT value. The numbers of dose adjustments in the
patients whose TT value reached the target range was
6.0+2.7 times.

Table 2 Background of the patients participated

Study Num.ber of Age Weight Thrombotest Total protein

patients (vear) (kg) (%) (mg/db
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Table 3 Percentages of patients achieving the optimal warfarin dose

Percentages of patients achieving the

Study optimal warfarin dose (%)
9th day 14th day
Study A 143 286
(Retrospective survey)
Study B 25.0 50.0
Study C 38.1 714
Study D 50.0 73.1
Study E 731 788
meanSD
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Fig. 2 Time course of changes in TT values in 3 patients
who successfully achieved a satisfactory effect of warfarin by
continuation of administration at 3 mg after CABG.

2. Study B

The percentages of patients achieving the optimal war-
farin dose on the 9th day and 14th day after starting the
administration were 25.0% and 50%, respectively (Table 3).
The numbers of dose adjustments in the patients whose
TT value reached the target range was 2.5%1.4 times.

3. Study C

The percentages of patients achieving the optimal war-
farin dose on the 9th and 14th day after starting the ad-
ministration were 38.1% and 71.4%, respectively (Table 3).
Figure 2 shows the time course of changes in TT values
in 3 patients who successfully achieved a satisfactory ef-
fect of warfarin by continuation of administration at 3 mg
after CABG. It is evident from the figure that the TT
value did not reach a steady state by the 5th day. This in
turn led to prolongation of the time required to achieve
the optimal dose.

4. Study D

The percentages of patients achieving the optimal war-
farin dose on the 9th and 14th days after starting the ad-
ministration were 50.0% and 73.1%, respectively (Table 3).

Day after operation

Fig. 3 Kaplan-Meier analysis of the ratio of patients who
attended an optimal dose (D vs E, P=0.04: compared using a
log-rank test).

5. Study E

The percentages of patients achieving the optimal war-
farin dose on the 9th and 14th days after starting the ad-
ministration were 73.1% and 78.8%, respectively (Table 3).
The numbers of dose adjustments in the patients whose
TT wvalue reached the target range was 1.5+1.3 times.

6. Kaplan-Meier analysis of the patients achieving the

optimal warfarin dose

The ratio of patients achieving the optimal warfarin
dose was calculated by Kaplan-Meier analysis (Fig. 3). Pa-
tients who were discharged without achieving the optimal
dose were also included in the analysis. Among regimens
examined for the initiation of warfarin treatment, the regi-
men used in Study E gave the highest percentage of pa-
tients whose TT value reached a range between 10 and
20% on the 9th day. A statistically significant difference in
the percentage was found between Study D and Study E
by the log rank test (p=0.04).

IV. Discussion

Warfarin exerts anticoagulant and antithrombotic ef-
fects by suppressing biosynthesis of vitamin K-dependent

— 101 —



J Jpn Coron Assoc 2009; 15: 98-103

coagulation factors (prothrombin, and factors VII, IX and
X) and increasing proteins induced by vitamin K absence
or antagonist. Vessel ES et al reported that the elimina-
tion half life of warfarin from the blood was 36.3 hr after a
single administration at 0.75 mg/kg in healthy adult males.
The anticoagulant effect appeared 12 to 24 hr after admin-
istration and lasted for 48 to 72 hr® Although warfarin
suppresses biosynthesis of vitamin K-dependent coagula-
tion factors, it does not affect their decomposition. Thus,
its pharmacological effect appears after a lag time, due to
the breakdown of preexisting coagulation factors in the
blood. Regarding the relationship between the blood con-
centration and effect of warfarin, Sheiner LB first pro-
posed a linear model.” Later, Holford NH proposed a PK/
PD model based on combination of a one-compartment
model for blood concentration of warfarin and a maximum
effect model for prothrombin complex activity.? Using this
model he reported that the effect of warfarin reached a
steady state 4 or 5 days following administration of initial
and maintenance doses of 15 mg and 7.5 mg, respective-
ly®

On the other hand, Fennerty A et al investigated 50
patients with venous thromboembolic disease using a
method for predicting the maintenance dose based on a
three-day-warfarin-induction regimen and dose adjust-
ment on the basis of PT on the 4th day.” Warfarin was
given for 3 days by a flexible induction dose regimen. The
maintenance dose was determined based on the PT on
the 4th day. From the view point of PK/PD of warfarin,
however, laboratory test value of coagulation activity on
the 4th day are not considered to reach the steady state
following the regimen reported by Fennerty A et al. This
is because the dose of warfarin can be changed as re-
quired immediately after the early stage in these regi-
mens.

There is considerable individual variation in the mainte-
nance dose of warfarin. Factors affecting the variation of
the maintenance dose of warfarin have also been explored.
Garcia D et al studied the influence of age and gender in
12,202 patients with atrial fibrillation, and demonstrated
that the maintenance dose decreased with age, and that
was lower in females than in males!” Since it has been
reported that the maintenance dose of warfarin is affected
by a number of factors including age, gender, body
weight, laboratory test values of hepatic function, con-
comitant use of drugs, genetic polymorphism of CYP2C9
and VKORCL™ it is possible to incorporate these factors
into the regimen. However, it has been pointed out that
these genetic factors and clinical characteristics can ex-

plain only 56% of variation of the maintenance dose.’? In
addition, the percentage contribution of age, gender, body
weight, CYP2C9 and VKORCI polymorphisms was re-

¥ and was lower

ported to be 33.7% in Japanese patients,
than that reported in Westerners. As the present study
was conducted with Japanese patients who had under-
gone CABG, individual differences in age, body weight and
genetic polymorphism considered to be small. Therefore,
without considering these factors, we investigated dosage
regimen for introduction of warfarin treatment after
CABG.

As there was a report that thromboembolism could be
induced under these conditions when the TT value was
25% or higher, the target TT value in the patients sub-
jected to CABG was set at a range of 10 to 20%.!"

Study A, the retrospective survey of patients treated,
where the dose of warfarin had been empirically changed
at an early stage by the physician, demonstrated that
most patients were discharged without reaching the tar-
get TT value.

The steady state doses of warfarin in 69 out-patients
whose TT value was maintained between 10 and 20
(mean*SD; 16.1+3.0) % were surveyed, retrospectively.
Daily doses of warfarin in these patients varied between
0.5 and 6.0 mg, and the mean daily dose was 2.8+1.1 mg.
Based on the result of the mean daily dose, the initial dose
and therapeutic target TT value were set at 3 mg/day in
Study B. A similar result as Study A was obtained in
Study B where the initial dose and TT value were set in
advance of starting the treatment.

From pharmacokinetic and pharmacodynamic studies,
the effect of warfarin was found to reach a steady state 5
days after starting treatment. In Study C, TT values were
evaluated on the 5th day. As a result, the percentage of
patients whose TT value reached the target range ex-
ceeded 70%, though the time required to achieve the opti-
mal dose was not reduced. The prolongation of the time
required to achieve the optimal dose may be explained by
a transient enhancement of coagulation activity due to
surgical invasion. It is known that the blood coagulation
system is generally activated during the perioperative pe-
riod by invasive surgery and contact of blood with an ex-
tracorporeal circuit. Furthermore, patients are in a tran-
sient hypercoagulable state for a few days after the proce-

1516 suggesting possible prolongation of the time re-

dure,
quired for the TT value to reach a steady state. It can
also be speculated that increasing the dose on the 5th day,
at a time when warfarin did not exert its full effect, re-

sulted in a delay in achieving an optimal effect and to an
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excessive anticoagulant effect.

Based on these considerations, TT values were evalu-
ated on the 7th day in Study D. Furthermore, to shorten
the time required to achieve the optimal dose, the loading
dose of warfarin on the first day was increased to 5 mg in
Study E. The Study E regimen enabled us to achieve the
optimal dose within 10 days.

For the patients who had undergone CABG, the anti-
platelet therapy only by aspirin is a first choice, and com-
bined use of warfarin is restrictive at the real world. As
the study subjects in the present investigation were pa-
tients with ischemic heart disease who had undergone
CABG, individual differences in age and body weight were
considered to be small. It is necessary to examine whether
the regimen for introduction of warfarin treatment after
CABG is applicable to super-elderly people or the patient
of low weight. And, it is unclear whether the duration of
the hypercoagulable state is similarly increased in patients
subjected to different surgical procedures. In the future,
we would like to investigate a regimen for initiating war-
farin treatment in patients subjected to surgery for valvu-
lar heart diseases, including mechanical valve replace-
ment, which inevitably requires anticoagulant treatment.

V. Conclusion

We have demonstrated that the regimen in which war-
farin was administered at 5 mg/day on the first day as
the loading dose, at 3 mg/day from the 2nd day, and ad-
justed on the 7th day post procedure (Regimen of Study
E; Fig. 1), was the most efficient and safe method for de-
termining the optimal dose within 10 days of a procedure.
This would therefore be recommended as the regimen for
introduction of warfarin treatment after CABG.

References

1) Ansell ], Hirsh ], Poller L, Bussey H, Jacobson A, Hylek E:
The pharmacology and management of the vitamin K
antagonists: the Seventh ACCP Conference on Anti-
thrombotic and Thrombolytic Therapy. Chest 2004; 126:
204S-233S

2) Takahashi H, Echizen H: Pharmacogenetics of warfarin
elimination and its clinical implications. Clin Pharmacoki-
net 2001; 40: 587-603

3) Vigano S, Mannucci PM, Solinas S, Bottasso B, Mariani G:
Decrease in protein C antigen and formation of an abnormal
protein soon after starting oral anticoagulant therapy. Br
J Haematol 1984; 57: 213-220

4) Kovacs M]J, Anderson DA, Wells PS: Prospective assess-
ment of a nomogram for the initiation of oral anticoagula-
tion therapy for outpatient treatment of venous throm-
boembolism. Pathophysiol Haemost Thromb 2002; 32:
131-133

5) Kovacs M]J, Cruickshank M, Wells PS, Kim H, Chin-Yee I,
Morrow B, Boyle E, Kovacs J: Randomized assessment of
a warfarin nomogram for initial oral anticoagulation after
venous thromboembolic disease. Haemostasis 1998; 28:
62-69

6) Vesell ES, Shively CA: Liquid chromatographic assay of
warfarin: similarity of warfarin half-lives in human sub-
jects. Science 1974; 184: 466-468

7) Sheiner LB: Computer-aided long-term anticoagulation
therapy. Comput Biomed Res 1969; 2: 507-518

8) Holford NH: Clinical pharmacokinetics and pharmacody-
namics of warfarin. Understanding the dose-effect rela-
tionship. Clin Pharmacokinet 1986; 11: 483-504

9) Fennerty A, Dolben J, Thomas P, Backhouse G, Bentley
DP, Campbell IA, Routledge PA: Flexible induction dose
regimen for warfarin and prediction of maintenance dose.
Br Med J (Clin Res Ed) 1984; 288: 1268-1270

10) Garcia D, Regan S, Crowther M, Hughes RA, Hylek EM:
Warfarin maintenance dosing patterns in clinical practice:
implications for safer anticoagulation in the elderly popu-
lation. Chest 2005; 127: 2049-2056

11) Mushiroda T, Ohnishi Y, Saito S, Takahashi A, Kikuchi Y,
Saito S, Shimomura H, Wanibuchi Y, Suzuki T, Kamatani
N, Nakamura Y: Association of VKORC1 and CYP2C9
polymorphisms with warfarin dose requirements in Japa-
nese patients. ] Hum Genet 2006; 51: 249-253

12) Wadelius M, Chen LY, Downes K, Ghori J, Hunt S, Eriks-
son N, Wallerman O, Melhus H, Wadelius C, Bentley D,
Deloukas P: Common VKORCI and GGCX polymor-
phisms associated with warfarin dose. Pharmacogenomics
J 2005; 5: 262-270

13) Obayashi K, Nakamura K, Kawana J, Ogata H, Hanada K,
Kurabayashi M, Hasegawa A, Yamamoto K, Horiuchi R:
VKORCI1 gene variations are the major contributors of
variation in warfarin dose in Japanese patients. Clin Phar-
macol Ther 2006; 80: 169-178

14) Uetsuka Y, Hosoda S, Kasanuki H, Aosaki M, Murasaki K,
Ooki K, Inoue M, Akiyama E, Kitada M: Optimal thera-
peutic range for oral anticoagulants in Japanese patients
with prosthetic heart valves: a preliminary report from a
single institution using conversion from thrombotest to
PT-INR. Heart Vessels 2000; 15: 124-128

15) Samama CM, Thiry D, Elalamy I, Diaby M, Guillosson JJ,
Kieffer E, Coriat P: Perioperative activation of hemostasis
in vascular surgery patients. Anesthesiology 2001; 94:
74-78

16) Dixon B, Santamaria J, Campbell D: Coagulation activation
and organ dysfunction following cardiac surgery. Chest
2005; 128: 229-236

— 103 —



