
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Antistolling binnen de grenzen

Daalderop, J.H.H.

Publication date
2008

Link to publication

Citation for published version (APA):
Daalderop, J. H. H. (2008). Antistolling binnen de grenzen. [Thesis, fully internal, Universiteit
van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/antistolling-binnen-de-grenzen(a80bc180-7b20-486d-adeb-c5a33ec5ce45).html


 

 

Chapter 3 
 
 
 

Ag
an
th
 

Joh  A. Hutten , Augueste Sturk , Marcel 

 
1Th boratory of Clinical Chemistry and 

 
2De
4Int
 

J T
 
 

e and first INR after initiation of oral 
ticoagulant therapy with acenocoumarol predict 
e maintenance dosage 

 
anna H.H. van Geest-Daalderop1, Barbara 2 3

4M. Levi

rombosis Service, Department of La
Haematology, Jeroen Bosch Hospital, ‘s-Hertogenbosch, The Netherlands; 

partments of Clinical Epidemiology and Biostatistics, 3Clinical Chemistry and 
ernal Medicine, Academic Medical Centre, Amsterdam, The Netherlands. 

 
hromb Thrombolysis 2003;15:197-203 

41 



Chapter 3 

Abstract 

Background  

his retrospective study was performed to develop a model to predict the 
aintenance dosage of the vitamin K antagonist acenocoumarol, based on the first 
R after a standard initial dosage regimen.  

g 

t was related to the first INR 
fter those standard initial dosage regimens, because in that period the INR was 
6% of the time within the therapeutic range and therefore considered suitable to 

 and the 
tandard 

itial dosage and based on the first INR and adjusted for age, has been 
irst 

predict the maintenance dosage of 
cenocoumarol. With this formula it is possible to install this maintenance dosage 
nd thus achieve oral anticoagulant therapy within the therapeutic range at an 

earlier stage. This will have to be shown in a prospective study. 

T
m
IN

Materials and methods 

Outpatients with atrial fibrillation (n=284) and initial regimens of 6-4 or 6-4-2 m
acenocoumarol on day 1, 2 and 3, respectively, were included. The maintenance 
dosage of the period 3-6 months after the instalmen
a
7
perform the analysis.  

Results  

A clear relation was found between the first INR, the maintenance dosage
age. A model that predicts the maintenance dosage immediately after the s
in
developed, according to the formula: required dosage = 5.03 – 1.65 * ln (f
INR) – 0.01 * age.  

Conclusion  

We have developed a formula to 
a
a
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Introduction 
 
The aim optimal management of oral anticoagulant (OAC) therapy with 

gulation, expressed in International 
N ave been developed [2,3], and for a number of clinical 
condition ange has been established [4-6]. Still, despite 

n between the patient and the anticoagulation clinic and 
adjustm or reduce, the period outside the 
t c range. However, especially patients who start treatment with vitamin K 

 in the Netherlands for the therapy with the short-acting 
acenocoum l. Frequently, standard initial dosages of 6 mg and 4 mg 
a l on days 1 and 2, respectively (6-4 dosage regimen) or 6, 4 and 2 

 for an outpatient 
with INR control taking place on a weekly basis. During this period the patient has 
a high risk of under- and overanticoagulation.  

The aim of the present study was to investigate retrospectively whether the 
first INR obtained after a standard initial dosage, and possibly other factors, could 
predict the ultimate maintenance dosage of acenocoumarol in patients who started 
OAC therapy because of atrial fibrillation. 
 

of an 
vitamin K antagonists is to reduce the risk of thromboembolic events without an 
undue increase in the risk of bleeding complications [1]. Methods to determine the 
therapeutic range of the intensity of anticoa

ormalized Ratio (INR), h
s the optimal therapeutic r

careful and well-organised care and frequent laboratory control, the INRs of 
patients are not within the therapeutic range for some periods due to several 
interfering factors as co-medication changes, interfering diseases and changes in 
diets. INRs outside the therapeutic ranges are associated with an increased risk of 
bleeding complications or thrombotic episodes. Frequent laboratory control of the 
INR, proper interactio

ent of the dosage can partly avoid, 
herapeuti

antagonists have a low percentage of time within the therapeutic range in the 
initial period of the treatment, due to the large differences between patients in the 
required dosage of coumarin derivatives. Because the optimal maintenance dosage 
can not presently be predicted, a standard initial dosage is applied. Several 
regimens are in use

aro
cenocoumaro

mg on days 1, 2 and 3, respectively (6-4-2 dosage regimen) are used. For practical 
reasons, in the outpatient situation the first INR is determined on day 3 (6-4 
dosage regimen) or 4 (6-4-2 dosage regimen). Subsequently, the determination of 
the optimal maintenance dosage can take up to 3 or 4 weeks
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Materials and methods 

olution of 0.106 mol/l. Blood collected at 
e patient’s home or at the regional blood collection locations was transported in 

cool boxes if the ambient temperature was above 25 ºC. The blood was 
centrifuged for 10 minutes at 3000 g and ambient temperature, the plasma 

Patients 

A retrospective cohort study was performed in the anticoagulation clinic 
‘Thrombosis Service ‘s-Hertogenbosch’. This clinic took care of anticoagulation 
management of 6.300 patients in the year 2000 and forms part of the network of 
anticoagulation clinics in the Netherlands. Blood from the patient was collected at 
the primary location of the clinic, at secondary locations that are open on a regular 
basis, or – if medically required – at the patient’s home. At each blood collection, 
patients were asked whether possible complications associated with the therapy or 
intermittent diseases had occurred, and whether their situation regarding co-
medication had changed. The INR was determined in the central laboratory of the 
anticoagulation clinic, after which the dosage of the coumarin was established. The 
patients were informed of the dosage by post or – if necessary – by telephone.  

Atrial fibrillation is an important indication for oral anticoagulant therapy [7-
12]. The percentage of patients that received OAC therapy because of atrial 
fibrillation was 29% in the year 2000. The therapeutic range for this group is an 
INR between 2.0–3.5, according to the advice of the Dutch Federation of 
Anticoagulation Clinics.  

The initial dosage regimen is in general prescribed by the physician who refers 
the patient to the anticoagulation clinic and not by the clinic itself. The first INR 
and ensuing instalment of the therapy is then performed by the anticoagulation 
clinic. 

The following characteristics of the patients were collected: age, sex, starting 
date of the OAC therapy with acenocoumarol, initial dosage regimen, first INR 
after the initial regimen, all INR values and dates in the first 6 months after the 
start of the OAC therapy, the mean of the dosages used in the period preceding 
the INR values, intermittent diseases and medication interfering with the OAC 
therapy.  

INR determination 

The blood samples were collected with Monovette (Sarstedt, Nümbrecht, Germany) 
containing one tenth volume of a citrate s
th
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collected and the INR determined with an Amax CS 190 (Amelung, Lemgo, 
IS-SHIELD, Oslo, Norway) batches with an ISI of 

1.2–1.4. 

lly 
dete

re compared using the two sample t-test. Differences 
betw

ter the start of the OAC therapy. Using multivariate models, adjustments 
were

Germany), using Nycoplastin (AX

Estimation of quality of OAC therapy 

The quality of the OAC therapy was estimated by the percentage of time spent in 
the therapeutic INR range (INR 2.0–3.5) and was calculated using linear 
interpolation [2,3]. This method assumes that INR values between two consecutive 
measurements vary linearly between the values of the first and the second 
measurement. If the number of days between two consecutive measurements 
exceeded 28, the INR was considered not predictable for the middle part of this 
interval. These days were allocated to the missing INR category. 

Data were evaluated during the first two months after the initiation of the OAC 
therapy and during the connecting period of 3-6 months thereafter. The two 
month period of analysis was chosen because the INR of these patients is usua

rmined every 7-14 days, and thus a sufficient number of data in the instalment 
period is obtained versus the remainder of the study period.  

Statistics 

Continuous variables we
een 3 groups were tested by ANOVA and a posteriori tests. Linear regression 

analysis was used to evaluate the relation between the maintenance dosage in the 
period of 3-6 months after the initial dosage and the first INR measured on day 3 
or 4 af

 made for the baseline variables age, gender and initial dosage regimens. The 
two 6-4 and 6-4-2 dosage regimens were pooled, because in the multivariate 
analysis there was no difference between the two groups. All data were analysed 
using SAS 8.02 (SAS Institute, Cary, NC, USA). 
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Results 

Study population 

T 7 outpatients with atrial fibrillation who 

mpliance with the 
pres

e six months. Of the 
remaining 284 patients the mean age of all patients was 69 (standard deviation 
10) and 184 (65%) were male. After the initial 6-4 and 6-4-2 dosage regimens 139 

he study population consisted of all 74
started therapy with acenocoumarol between July 1st 1996 and August 1st 2000. 
Patients with the two most frequently used initial dosage regimens of 6-4 or 6-4-2 
mg acenocoumarol and with a continuation of the treatment for more than two 
months, were subsequently included in the analysis. A number of 460 patients 
were not taken in the study for the following reasons: 268 patients did not start 
with the 6-4 and 6-4-2 dosage regimens, 85 patients stopped the OAC therapy 
within two months and 107 patients did not start properly (no co

cribed initial dosage, more than 4 days between the start of OAC therapy and 
the first INR measurement, one or more of the initial dosages forgotten).  
 
Of the 287 included patients 3 patients were excluded from the analysis, because 
they did not comply with their prescribed regimen during th

(49%) patients had a first INR within the therapeutic range, 45 (16%) below and 
100 (35%) above the therapeutic range. See Table 1.  
 
Table 1. First INR and the age of the patients 
 
First INR Number of patients Mean age (SD) (years) 
< 2.0 45 64.1 (11.6) 
2.0 – 3.5 139 68.1 (10.4) 
> 3.5 100 72.9 (8.7) 

 
In the period between 1-2 months (the instalment of the OAC therapy), some 

patients had medication interfering with acenocoumarol: 8 had thyroid hormones, 
4 amiodaron, 4 corticosteroids, 3 cisapride, 3 sulfonamide/trimethoprim, 1 
carbamazepine, 1 cimetidine, 1 bezafibrate, 1 barbiturate, 2 estriol, 1 fluvoxamine; 
in this period 5 patients had decompensatio cordis, 3 a malignancy; 1 patient had 
a muscle bleeding; 11 interrupted the OAC therapy or changed the dosage one or 
more days for several reasons.  

In the period between 3-6 months, some patients started medication 
interfering with acenocoumarol: 1 had thyroid hormones, 5 amiodaron, 1 
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corticosteroids, 1 colchicine, 2 sulfonamide/trimethoprim; in this period 1 patient 
ensatio cordis, 1 a malignancy; 1 patient had a muscle bleeding; 1 had 

a low-fat diet; 22 interrupted the OAC therapy or changed the dosage one or more 
d ons; 34 patients stopped the OAC therapy in this period.  

of OAC therapy and relation with the first INR 

rcentages of time spent bel and above the therapeutic range are 
own in Figure 1. In the first two months of OAC therapy the percentage of the 

time

ories separately (< 2.0, 2.0-3.5 and > 
3.5)

had decomp

ays for several reas
Analyses performed with and without patients with interfering medication and 

comorbidity did not show statistically different results. This is due to the fact that 
in the first six months of the treatment only a small number of patients had 
interfering medication or comorbidity. 
 
Figure 1. Quality of the OAC therapy. The percentages of time spent below, within and 
above the therapeutic range at the 0-2 months and 3-6 months periods after the initial 
dosage regimens are presented. 
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Quality 

The pe ow, within 
sh

 within the therapeutic range (63%) were significantly lower (p = 0.0001) than 
the percentages in the next four months (76%). This difference was mainly caused 
by a higher percentage of time spent below the therapeutic range in the first two 
months of treatment. For further analyses of the predictive value of the first INR 
for the required anticoagulant dosage, the data obtained in the 3-6 months period 
are more appropriate than the data from the 0-2 months period.  

For each of the three first INR categ
 the relation between the time below, within and above the therapeutic range 

in the first two months and in the four next months are provided in Figure 2. For 
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all the three first INR categories the percentages of the time within the therapeutic 
range increased substantially in the 3-6 months period versus the 0-2 months 
period, from 58% to 76%, from 64% to 75% and from 64% to 77%, respectively. 
This is mainly due to a decreasing percentage of the time below the therapeutic 
rang

d in each category the percentages of time spent 
below, within and above the therapeutic range in the 0-2 months and 3-6 months periods 

 

e. The percentages of the time above the therapeutic range did not show 
important differences in the two periods.  
 
Figure 2. The three first INR categories an

after the initiation of the therapy. 
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Relation between first INR and age 

The first INR results show an age-dependence as illustrated in Table 1. Patients 
with a high first INR were significantly older in comparison with the patients with a 
lower first INR (p=0.0001). This is further illustrated in Figure 3. Here, the first 
INR results after the standard initial 6-4 and 6-4-2 dosage regimens were divided 
in categories below, within and above the therapeutic range, and then the 
corresponding patients subdivided in age groups. With increasing age, the first INR 
increased also consistently. 
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Figure 3. Relation between the first INR and the age of patients. The percentages of 
patients with increasing age are presented for the first INR values <2.0 (45 patients), 2.0-
3.5 (139 patients) and >3.5 (100 patients). 
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Table 2. Results of the univariate and multivariate analyses 
 
 Univariate Multivariate#

 Parameter 
estimate 95% CI p-value Parameter 

estimate 95% CI p-value 

Age -0.032 [-0.042; 
-0.022]  0.0001 -0.011 [-0.018; 

- 0.004] 0.0041 

Male versus female 0.154 [-0.081; 0.1997 -* - - 

I i

0.390]  

nitial dosage reg men: [-0.469; 
6-4 versus 6-4-2 -0.245 -0.021] 0.0328 - - - 

Ln (First INR) after  
initiation of OAC therapy -1.737 [-1.910; 

-1.564] 0.0001 -1.653 [-1.833; 
-1.474] 0.0001 

 

# The intercept of the multivariate model is 5.03. 
* - indicates that the variable did not appear in the final model. 

Predictors of the mean daily dosage 

redictors for the mean daily dosage, based upon all the dosages in the period of 
3-6 months following the start of the OAC therapy, were investigated using linear 
regression analysis. In the univariate analysis, age, initial dosage regimen and the 

P

60

80

100
>80
76-80
71-75
66-70
60-65
<60
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first INR value (log transformed) were statistically significant associated with the 
dosage administered in that period. In the multivariate analysis, age and the first 
INR value were identified as predictors of the dosage whereas the initial dosage 

r 

 

 

 

after the initial dosage ns is plotted 
ains l administered in the 3-6 months 

ps 40-50, 60-70 and 
80-90 year are presented. Within each age group narrow 95% confidence limits 
a d (Figure 4A–C). The age dependence of 

regimen had no statistically significant influence. In both statistical analyses gende
was not associated with the dosage. The results of the univariate and multivariate 
analyses are provided in Table 2. The multivariate model indicates that the dosage 
can be calculated as follows: mean daily dosage = 5.03 – 1.65 * ln (first INR) – 
0.01 * age (years). For example, for a patient at the age of 75 years and a first
INR of 4.0, the mean daily maintenance dosage is 1.9 mg acenocoumarol. 
 
Figure 4. Relation between first INR, mean daily dosage and age. The dependence of the
mean daily dosage on the first INR values for the patient group of 40-50 years (A), 60-70 
years (B) and 80-90 years (C) are presented with 95% confidence intervals, or the relation
between those dosages and first INR values without those intervals (D). 
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Recommended dosage 

Based on the results of this retrospective study and the resulting multivariate 
model, it is possible to calculate the prescription of the dosages, depending on the 
first INR after a standard initial dosage and considering the age of the patient 
(Table 3). Generally for this group of patients the 95% confidence interval differs 
only 0.2 from the recommended dosage. Therefore this model will be appropriate 
to use for a prospective study. 
 
Table 3. The age and the prescribed maintenance dosage based upon the first INR 

easurement. The data were obtained according to the formula: dosage = 5.03 – 1.65 * ln m
(first INR) – 0.01 * age (years). The mean dosage and 95% confidence intervals are 
presented. 

Age 40-50   50-60 60-70 70-80 80-90   90-100 

First 
INR Mean 95% Cl   Mean 95% Cl Mean 95% Cl Mean 95% Cl Mean 95% Cl   Mean 95% Cl 

1 4.5 4.3-4.8   4.4 4.2-4.6 4.3 4.1-4.5 4.2 4.0-4.4 4.1 3.8-4.4   4.0 3.7-4.3 

1.5 3.9 3.7-4.1   3.8 3.6-3.9 3.7 3.5-3.8 3.5 3.4-3.7 3.4 3.2-3.6   3.3 3.1-3.6 

2 3.5 3.2-3.6   3.3 3.2-3.4 3.2 3.1-3.3 3.1 2.9-3.2 3.0 2.8-3.1   2.9 2.6-3.1 

2.5 3.0 2.8-3.2   2.9 2.8-3.0 2.8 2.7-2.9 2.7 2.6-2.8 2.6 2.4-2.7   2.5 2.3-2.7 

3 2.7 2.5-2.9   2.6 2.5-2.7 2.5 2.4-2.6 2.4 2.3-2.5 2.3 2.1-2.4   2.2 2.0-2.4 

3.5 2.5 2.3-2.7   2.4 2.2-2.5 2.3 2.2-2.3 2.1 2.1-2.2 2.0 1.9-2.2   1.9 1.7-2.1 

4 2.3 2.0-2.5   2.1 2.0-2.3 2.0 1.9-2.1 1.9 1.8-2.0 1.8 1.7-1.9   1.7 1.5-1.9 

4.5 2.1 1.8-2.3   1.9 1.8-2.1 1.8 1.7-1.9 1.7 1.6-1.8 1.6 1.5-1.8   1.5 1.3-1.7 

5 1.9 1.6-2.1   1.8 1.6-1.9 1.7 1.5-1.8 1.6 1.4-1.7 1.4 1.3-1.6   1.3 1.1-1.5 

5.5 1.7 1.5-2.0   1.6 1.4-1.8 1.5 1.4-1.6 1.4 1.3-1.5 1.3 1.1-1.4   1.2 1.0-1.4 

6 1.6 1.3-1.8   1.5 1.3-1.7 1.4 1.2-1.5 1.3 1.1-1.4 1.1 1.0-1.3   1.0 0.8-1.2 

6.5 1.4 1.2-1.7   1.3 1.1-1.5 1.2 1.1-1.4 1.1 1.0-1.3 1.0 0.8-1.2   0.9 0.7-1.1 

7 1.3 1.0-1.6   1.2 1.0-1.4 1.1 0.9-1.3 1.0 0.8-1.2 0.9 0.7-1.1   0.8 0.6-1.0 

7.5 1.2 0.9-1.5   1.1 0.9-1.3 1.0 0.8-1.2 0.88 0.7-1.1 0.8 0.6-1.0   0.7 0.4-0.9 

8 1.1 0.8-1.4   1.0 0.8-1.2 0.9 0.7-1.1 0.77 0.6-1.0 0.7 0.5-0.9   0.6 0.3-0.8 

8.5 1.0 0.7-1.3   0.9 0.6-1.1 0.8 0.6-1.0 0.67 0.5-0.9 0.6 0.4-0.8   0.5 0.2-0.7 

9 0.9 0.6-1.2   0.8 0.5-1.1 0.7 0.5-0.9 0.58 0.4-0.8 0.5 0.3-0.7   0.4 0.1-0.6 

 

9.5 0.8 0.5-1.1   0.7 0.4-1.0 0.6 0.4-0.8 0.49 0.3-0.7 0.4 0.2-0.6   0.3 0.0-0.5 

10 0.7 0.4-1.1   0.6 0.4-0.9 0.5 0.3-0.8 0.41 0.2-0.6 0.3 0.1-0.5   0.2 0.0-0.4 
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Discussion 
 
In the present study we aimed to investigate in outpatients with atrial fibrillation 
whether the first INR value obtained after an initial dosage regimen of 6-4 or 6-4-2 
mg acenocoumarol could be used to predict the maintenance dosage required to 
achieve OAC therapy within the therapeutic range, as soon as possible after the 
rst INR.  

therapeutic range, 7% below and 13% above this range in the period of 
hs following the instalm of therapy, regardless dosage regimen. 

 is similar to or better than the results obtained in several other studies [7-12]. 
g t u -3

5.  r a  t er e  ra r  
st  m h n p w he o o e  

l  s is d 3 o r to  p
e m t a ui fo ro  in n th r

f a ti be t fir  e e
a w v a  f a e ith g

e a b  ar n tw   IN f
a s n h e p nts h fir l 

en en a gu on   t r tie s  
ic u 5 e tia o -4  no d  
im s l hi or ts v ea f 

 o in d lo  s  l  f he . 
d rv fe ce e  

 model to predict the required dosage with 
n u d th rst an  d ho a  

ut only for the first dosage related to the first INR. The following INRs and 
dosages will depend on the changing clinical conditions of the patients, and thus 
the required dosage may change and has to be adjusted depending on subsequent 
INR measurements. 

In our study, we investigated outpatients with atrial fibrillation. Their initial 
dosage regimen is prescribed by their physician, but then the ensuing INR 
measurement and OAC instalment is performed by the anticoagulation clinic. The 
past few years the treatment of deep vein thrombosis has changed from 

fi
Such an analysis can only be made if the quality of the OAC therapy is 

adequate, i.e. comparable to other studies. We obtained 76% of the INR values 
within the 
3-6 mont ent of the 
This
However, the therapeutic ran e in hose st dies was 2.0 .0 and in our study 2.0-
3. Our esults indic te that he p iod within the therap utic nge is lowe  in the
fir two onths of t erapy i  com arison ith t  next f ur m nths. We th refore
ana ysed the dosage  admin tere in the -6 m nths pe iod  be able to redict 
th ain enance dos ge req red r the p per stalme t of erapy (Figu e 4). 

We ound a cle r rela on tween he st INR valu and the r quired 
dos ge, hich was in erse: high irst INR was ssociat d w  a low dosa e and 
vic vers . We also o served a cle  relatio  be een the first R values a ter the 
initi l do age regime s and t e ag of the atie , whic con ms the wel known 
ph om on in the nticoa lati  clinics that he olde  pa nt needs le s oral
ant oag lants [13-1 ]. Th  ini l 6-4 r 6 -2 mg ace coumarol osage
reg en seem actua ly too gh f  patien  abo e 70 y rs o age. Hence, based 
on ur f dings, we a vise a wer tandard initia dosage or t se patients  

We id not obse e a dif ren  betwe n the sexes. 
We presume that our

ace oco marol base  upon e fi  INR c  also be use  in spitalised p tients,
b
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hospitalisation into ambulatory treatment with initial low-molecular-weight heparin 
imultaneous initiation of OAC therapy [16]. We expect the results 

f our study to be also applicable to ambulatory patients with deep vein 

nt of the prothrombin ratio and daily adjustment of the dosage. The 
mod

acen

treatment and s
o
thrombosis, because their therapeutic range is similar. 

To attempt to predict the maintenance dosage of warfarin some methods and 
models have been developed [17-22]. The models for inpatients are based on an 
initial daily dosage of 10 mg warfarin and a flexible induction regimen after daily 
measureme

els for outpatients are based on initial daily dosages of 10, 5 or 2 mg warfarin 
and weekly measurement. For acenocoumarol there are no methods or models 
available. We aim to perform a prospective study to validate this approach with 
acenocoumarol. If successfully, general introduction of the approach in the 
Netherlands can be envisaged via guidelines to be proposed for her members by 
the official Dutch Federation of Anticoagulation Clinics. Subsequently the guidelines 
can be used also on a wider scale. 

In conclusion, in this retrospective analysis we were able to design a model to 
predict the required maintenance dosage of acenocoumarol after a standard initial 
dosage. The method can be used for other standard initial dosages 

ocoumarol. To enable this, the initial dosage has to be standardised. With this 
approach it may be possible to install the OAC therapy within the therapeutic range 
at an earlier stage.  
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