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Efficient dosage regimen for introduction of warfarin treatment
after cardiovascular surgery in Japanese patients:
comparisons between coronary artery bypass grafting and

surgery for valvular heart disease

Junichi Kawana,'? Toshiya Koyanagi® Tetsuya Sumiyoshi*
Kazuhiko Hanada,' Tetsuo Ohno,* Hiroyasu Ogata’

We have demonstrated that the regimen in which warfarin was administered at 5 mg/day on the first
day as the loading dose, at 3 mg/day from the 2nd day, and adjusted on the 7th day post coronary
artery bypass grafting (CABG), was the most efficient and safe method for determining the optimal
dose within 10 days of a procedure. In the present investigation, we extended this regimen to patients
who had undergone cardiovascular surgery, including heart valve surgery. The percentage of patients
achieving the optimal warfarin dose on the 9th day was 83.3% after CABG, but was as low as 47.4%
after heart valve surgery. In the patients who had undergone heart valve surgery, we changed the
regimen, such that the loading dose of warfarin was set at 5 mg/day on the first and second day. As a
result, the percentage of patients achieving the optimal warfarin dose on the 9th day was 75% after
CABG and 78.6% after heart valve surgery. In this regimen, the serious adverse events, such as ma-
jor bleeding and thromboembolism, did not occur. We have demonstrated that the regimens were the
most efficient and safe methods for determining the optimal dose within 10 days of a procedure, both
in patients who had undergone CABG or heart valve surgery, by applying different methods for
scheduled administration of warfarin.
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I. Introduction

Since thromboembolism, including cerebral infarction,
after cardiovascular surgery is a serious complication, the
anticoagulant warfarin has been extensively used for its
prophylaxis. In our hospital, the dose of warfarin has tra-
ditionally been adjusted based on each physician’s experi-
ence of daily measured thrombotest (TT) values following
initiation of treatment. However, it has been difficult to
obtain stable TT values due to the fluctuations in the dai-
ly dose of warfarin; it has also been difficult to control and
maintain the TT value in the target therapeutic range

between 10 and 20% (corresponding to prothrombin time-
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international normalized ratio (PT-INR) of 1.8-2.8) for up
to 10 days after coronary artery bypass grafting (CABG)
in most patients. In advance of this investigation, for the
purpose of shortening the time needed to determine the
individual optimal dose of warfarin, we had studied a
method for initiating warfarin treatment based on theories
of pharmacokinetics and pharmacodynamics in patients
who had undergone CABG.” From this study we had pro-
posed a “CABG-Warfarin-Regimen (CWR),” namely a regi-
men for initiating warfarin treatment after CABG, in
which warfarin was administered at 5 mg/day on the first
day as the loading dose, at 3 mg/day from the 2nd day
post procedure. Subsequently the dose of warfarin is ad-
justed on the 7th day or later based on the TT value; this
allows determination of the individual optimal dose within
10 days of the procedure in 70% of patients. In this study,
we applied the proposed “CWR” method to patients who
had undergone cardiovascular surgery other than CABG
for whom warfarin treatment was an absolute require-
ment. The objective was to shorten the time needed to
determine the individual optimal dose of warfarin after
cardiovascular surgery.
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II. Methods

Patients who had undergone CABG and those who had
undergone surgery for valvular heart disease (mitral valve
replacement, aortic valve replacement, double valve re-
placement, and mitral valvuloplasty) were candidates for
study inclusion. Methods for the introduction of warfarin
treatment were examined in a stepwise manner as Study
I and Study II. The target TT value was set to between
10 and 20% (corresponding to PT-INR of 1.8-2.8). Heparin
was available for administration if required. Patient char-
acteristics examined were sex, age, weight, surgical proce-
dure, status of warfarin administration and laboratory test
value of coagulation activity (TT value), and presence of
hemorrhagic and thromboembolic events. The primary
end point was the percentage of patients whose TT val-
ues reached their therapeutic target value on the 9th day
after starting warfarin administration; this was defined as
the percentage of patients achieving the optimal warfarin
dose. Cumulative warfarin doses in every 5-day-interval,
and the TT values (on the 5th and 10th day, and the day
of discharge) were also evaluated.

1. Study (Fig. I; CWR)

Warfarin was administered according to the “CWR”
method” to both patient groups (who had undergone
CABG or heart valve surgery). The details of the “CWR”
method were as follows.

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. T'T 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 2.5 mg/day
was continued when the T'T 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
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Fig. 1 Dosage regimen for introduction of warfarin
treatment after cardiovascular surgery.

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 the patients on the day of discharge.

2. Study II (Fig. 1; CWR and VWR)

Warfarin was administered to patients who had under-
gone CABG according to the “CWR” method. In the case
of patients who had undergone heart valve surgery, we
modified the “CWR” method, such that the loading dose of
warfarin was set at 5 mg/day on the first and second day.
Warfarin was administered according to the “Valve sur-
gery-Warfarin-Regimen (VWR)” method. The details of the
“VWR” method were as follows.

Warfarin was administered at 5 mg/day on the first
and second day as the loading dose, and at 3 mg/day from
the 3rd day as the maintenance dose. After the 4th day,
warfarin was administered according to the same method
as “CWR.
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Table 1 Patient background

Study I Study II
CABG Heart valve CABG Heart valve
surgery surgery
N (male/female) 18 (16/2) 19 (10/9) 20 (18/2) 28 (16/12)
Age (yr-old) 63.6+10.6 60.0+15.0 67.217.7 62.1+14.1
Body weight (kg) 61.3+10.5 55.9+11.7 61.5+8.4 56.249.3
Surgical time (min) 241476 23866 213461 195450
Cardiopulmonary 143469 134437 11437 99:+29
bypass time (min)
TT (%) 67.2425.6 66.1+£30.2 64.8+27.9 61.4+29.7
Platelet (10*/mm?) 76122 79424 77426 81+29
Mean+SD
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Fig. 2 Comparison of time course change of thrombotest (TT)
value and cumulative dose of warfarin over 5 days in patients who
had undergone CABG or heart valve surgery (Study I). MeantSD,

*p<0.05 vs CABG (TT)

Data were statistically analyzed by paired t-test and x2
test using SPSS statistical software (version 11.0; SPSS
Inc., Chicago, Ill), and differences were considered to be
statistically significant when p<0.05.

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.

II1. Results

The present study was conducted with 85 Japanese pa-
tients who had undergone cardiovascular surgery including
CABG or surgery for valvular heart disease. Table 1 shows
the background of patients enrolled in Study I and II. No
differences were found between groups in age, body
weight, surgical time, cardiopulmonary bypass time, throm-
botest and platelet at the beginning of warfarin treatment.
In these studies, the serious adverse events, such as major
bleeding and thromboembolism, did not occur.

1. Study I

In Study I, both the 18 patients who had undergone
CABG and the 19 patients who had undergone heart
valve surgery received warfarin in accordance with the
“CWR” method. As a result, the percentage achieving the
optimal warfarin dose on the 9th day (the primary end
point) was 83.3% in the patients who had undergone
CABG, but was 47.4% in the patients who had undergone
heart valve surgery. Furthermore, this difference was sta-
tistically significant.

Figure 2 shows a comparison of the time course of
changes in TT values between patients who had under-
gone CABG and heart valve surgery. TT values were
24.7+12.0%, 181+7.2% and 18.0+5.7% in the 5th day, 10th
day and the day of discharge, respectively, in patients
who had undergone CABG. On the other hand, TT values
markedly changed from 34.24174% on the 5th day to
27.6£144% on the 10th day and 17.5489% on the day of
discharge in the patients who had undergone heart valve
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Fig. 3 Comparison of time course change of thrombotest (TT) value
and cumulative dose of warfarin over 5 days in patients who had
undergone CABG or heart valve surgery (Study II). Mean+SD

surgery. However, there were no statistical differences in
cumulative doses of warfarin in each 5-day-interval be-
tween patients who had undergone CABG and heart
valve surgery.

2. Study II

In Study II, warfarin was administered according to the
“CWR” method to 20 patients who had undergone CABG,
and according to the “VWR” method to 28 patients who
had undergone heart valve surgery. The percentage of
patients achieving the optimal warfarin dose on the 9th
day (the primary end point) was 75% in those who were
given warfarin by the “CWR” method after CABG. The
corresponding value was 78.6% in patients who received
warfarin by the “VWR” method after heart valve surgery.

Figure 3 shows a comparison of the time course of
changes in TT values between patients who had under-
gone CABG and those who had undergone the surgery of
valvular heart diseases. In patients who had undergone
CABG, TT values changed from 29.1£184% on the 5th
day to 20.5+14.6% on the 10th day and 185+89% on the
day of discharge. On the other hand, TT values changed
from 26.9+£13.9% on the 5th day to 18.5+8.9% on the 10th
day and 18.2454% on the day of discharge in patients who
had undergone heart valve surgery.

IV. Discussion

Post-operative anticoagulant therapy is crucial for pro-
phylaxis of thromboembolic complications, such as cere-
bral infarction, in patients undergoing cardiovascular sur-
gery. However, up to now it has taken considerable time
to determine the maintenance dose of warfarin, due to
large individual variations in its anticoagulant effect.
Therefore, there has been a pressing need to establish a

method for efficient initiation of warfarin treatment.

Previously, we first investigated a method for scheduled
initiation of warfarin treatment in patients who had un-
dergone CABG, and established the “CWR” method which
enabled us to initiate warfarin treatment efficiently in
those patients.” We then attempted to establish a method
for scheduled initiation of warfarin treatment in patients
who had undergone heart valve surgery, including me-
chanical valve replacement that inevitably requires antico-
agulant treatment.

Application of the “CWR” method resulted in signifi-
cantly lower percentages of patients achieving the optimal
warfarin dose on the 9th day in the patient group who
had undergone heart valve surgery. In addition, while TT
values decreased to the therapeutic target range of be-
tween 10 and 20% (corresponding to PT-INR of 1.8-2.8) by
the 10th day in patients who had undergone CABG, this
did not happen in the patients who had undergone heart
valve surgery. TT values, however, did fall into the thera-
peutic target range at the time of discharge in both
groups and there was no difference in TT values between
the groups at this point (Fig. 1). These results suggested
that there was a difference in coagulant activity between
the two groups only at the early post-operative stage. As
an insufficient anticoagulant effect was obtained by the
“CWR” method in patients who had undergone heart
valve surgery at the early post-operative stage in Study I,
warfarin (b mg/day) was loaded for 2 days on the first
and second day in these patients (“VWR” method) in
Study II. As a result, in the patients who had undergone
heart valve surgery, TT values reached their therapeutic
target range earlier in Study II than in Study L. The per-

centage of patients achieving the individual optimal warfa-
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rin dose on the 9th day in those who had undergone heart
valve surgery was similar to that in patients who had un-
dergone CABG (Fig. 3). We have therefore demonstrated
that efficient dosage regimens for introduction of warfarin
treatment could be achieved, both in patients who had
undergone CABG or heart valve surgery, by applying dif-
ferent methods for scheduled administration of warfarin
(Fig. 1).

It is known that the blood coagulation system is gener-
ally activated during the perioperative period around in-
vasive surgery and contact of the blood with a cardiopul-
monary bypass, and that patients are in a transient hyper-
coagulable state for a few days post-operatively? ® Such
different states of the coagulation system in patients who
had undergone different surgical procedures may be one
of the reasons that different optimal methods for initiating
warfarin treatment are required. It has been reported that
platelet function is activated and the coagulation-fibrinoly-
sis system is enhanced after CABG, regardless of the use
of a cardiopulmonary bypass; furthermore, this effect lasted
for four days or so after the procedure.™ In addition, en-
hancement of fibrinolysis has been reported during the
perioperative period in patients who had undergone pros-
thetic valve replacement.” However, there have been no
reports on the direct comparison of activation of blood co-
agulation between the patients who had undergone CABG
and those who had undergone heart valve surgery. Then,
we compared background between the patients who had
undergone CABG and those who had undergone heart
valve surgery in order to compare the extent of surgical
invasion; no statistical difference was found in background
between the groups (Table 1). Thus, in the future it will be
necessary to clarify reasons for the requirement of differ-
ent optimal initial doses of warfarin between various sur-
gical procedures from the viewpoints of platelet function,
the coagulation-fibrinolysis system and the immune sys-
tem.

V. Conclusion

We have demonstrated that the regimens were the
most efficient and safe methods for determining the opti-
mal dose within 10 days of a procedure, both in patients
who had undergone CABG or heart valve surgery, by
applying different methods for scheduled administration of
warfarin. These methods would therefore be recommended
as the regimen for introduction of warfarin treatment af-

ter cardiovascular surgery.
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