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Summary

Oral anticoagulant therapy has been shown to be effective for
scveral indications. The optimal intensity of anticoagulation for
each indication, howcver, is largely unknown. To dcterminc this
optimal intensity, randomiscd clinical trials are conducted in
which two target levcls of anticoagulation are compared. This
approach is incfficient, since the choice of the target levels will be
arbitrary. Moreover, thc achieved intensity is not taken into
account.

We propose a mcthod to determine the optimal achicved
intensity of anticoagulation. This method can bc applied within a
clinical trial as an “efficacy-analysis”, but also on data gathered in
day-to-day paticnt carc.

In this method, INR-specific incidence ratcs of events, either
thromboembolic or hemorrhagic, are calculated. The numerator
of the incidence rate is based on data on the INR at the time of the
cvent. The denominator consists of the pcrson-time at each INR
value, summed over all patients, and is calculated from all INR
measurements of all patients during the follow-up interval. This
INR-specific person-time is calculated with the assumption of a
linear incrcase or decreasc between two consecutive INR deter-
minations. Since the incidence rates may be substratificd on
covariates, efficient assessment of the effects of other factors (e. g.
age, sex, comedication) by multivariate regression analysis
becomes possible.

This method allows the determination of the optimal phar-
macological effccts of anticoagulation, which can form a rational
starting point for choosing the target levels in subscquent clinical
trials.

Introduction

Several randomiscd clinical trials have been conducted, or are
in progress, in which two intensities of oral anticoagulant therapy
are compared prospectively. This unfolding array of trial activity
prescnts two problems to the field. First, it is unclcar how the
target levels of anticoagulation which are contrasted in these trials
are predefined. Up to now, the choice of target levcels is largely
arbitrary and therefore a sheer infinite scries of “trial and error”
will inevitably follow. Second, the actually achieved intensity of
anticoagulation is not taken into account. At best, the achieved
intensity will {luctuatec around the target level in a way that is
dependent on particular patient characteristics and local organisa-
tion of anticoagulation monitoring. These randomised trials
therefore offer only little information about the optimal intensity
of anticoagulation, for thec pharmacologic effect and the effects of
extrancous factors influcncing anticoagulation are inextricably
intertwined.

Corniespondence to. D1 E R. Rosendaal, Depairtment of Clinical
Epidemiology, Bldg 1, CO-P, University Hospital Leiden, P.O Box
9600, NL-2300 RC Leiden, The Nethetlands

236

The efficacy of oral anticoagulant treatment has been un-
cquivocally demonstrated for several indications. Thesc include
short term prophylaxis for venous thrombosis in high-risk situa-
tions, and short term treatment after an episode of deep venous
thrombosis or pulmonary embolism. Long term treatment has
been shown to be bencficial in patients with mechanical heart
valves, in patients with atrial fibrillation, and in patients suffering
from coronary artery discasc (1). For all these indications
anticoagulant treatment has proved to be cffcctive compared to
placebo. The next question is which intensity of anticoagulation
offers the best benefit-risk-ratio, i.e., the optimal balance
betwecn thrombosis prevention and the occurrence of bleeding
complications. This issue has gained rclevance since the develop-
ment and implementation of the ISI/INR system, which renders it
possible to cxpress the anticoagulation level, as measured
routinely and locally with one of the many available thromboplas-
tins, in one standardised measure (2).

Some of the trials in which two levels of anticoagulation were
compared, for instance in patients with bioprostheses of the heart
valves (3) and in paticnts with mechanical heart valves (4), have
shown target levels lower (i.c. less anticoagulation) than those
usually recommended to be as effective and as safe as the higher
target lcvels. All thesc trials arc obviously of the intention-to-
treat type, sincc it is impossible to maintain a completely stable
anticoagulant effect at the target level in all patients all of the
time. Extraneous factors as patient’s compliance, physician’s
experience and variations in cumarin sensitivity in the individual
paticnt will causc differences between the achieved intensity and
the target level. Thercfore, little insight is obtained about the risk
of untoward cffects at different intensitics of anticoagulation.

This can be illustrated by the study of Saour et al. (4), who
compared target levels of INR 2.65 and INR 9.0 in patients with
mechanical heart valves. In this study 33 thromboembolic cvents
and 13 major bleedings were observed. The thromboembolic
events were equally divided over both treatment groups, whereas
most bleedings occurrcd in the group with the high target level.
However, two-thirds of all thromboembolic events occurred at
anticoagulation intensities (at the time of the event) below
INR 2.65 and all occurrcd at intensities below INR 9.0. Similarly,
in ninc of the 13 patients with major bleeding, the anticoagulation
intensity exceeded INR 14 at the time of the event. So, most
complications occurred in patients in whom the achieved intensity
of anticoagulation at thc time of the event was far from the
intended intensity. In addition, one may question the generalisa-
bility from the results of a study of this design to other centers,
since patient compliance and quality of anticoagulation monitor-
ing may be quite different.

We propose a method to determine thc optimal achieved
intensity of anticoagulation. In our view, this method should not
replace, but precede trials in which target levels are compared,
since knowledge of this optimal achieved intensity offers a
rational starting point for setting the target levels in subsequent
trials. In addition, our method will yield insight into the variability



at different taiget levels 1n a care system which 1s dedicated but
still belongs to medical routine

Method

The proposed mcthod volves the calculation of incidence 1ates of
both types of untoward cvents (thiomboecmbolism and bleeding) fot
ditferent achieved intensitics of anticoagulation To petfoim these caleu
lations, a study ume fiamc has to be delined over which a cohoit of
paticnts 15 obscived The required mlormation include the dates of all
prothiombin time asscssments and the tesults of these measuicments
duting the obscivation time, as well as the dates of all event occutiences
and the prothiombin times at the time of the cvents Covartates, cither
general such as age and gender o1 specific such as hypettension, atiial
tibitllation o1 co medication may be 1cgistered and ncorpoiated by
stiatificd analysis o1 multivatiate modeling by Poisson 1egicssion Befoie
desciibing the specitic application ot the caiculation of incidence rates in
anticoagulated paticnts, we will discuss the concepts of incidence i1ates and
the categotisation of incidence 1ates

Incidence Rates

Mathematically, the incidence rate (incidence density o1 hazard 1ate) 1s
the instantancous piobability of an cvent occutience The average
incidence 1ate 15 the number of cvents divided by the obscivation time,
ususally cxpicssed m patient-ycais It appioximates the instantancous
incidence 1ate by the assumption that over short observation mtetvals the
probability of discase 1s proportional to the obscivation time, 1 ¢,
10 paticnts  tollowed tor 2 yeais will yicld the samc ncidence as
20 paticents followed fo1 1 ycar Undei this assumption, the mcidence 1ate
15 casily calculated by determining the number of events and dividing this
figutc by the sum of the obscivation times of all patients in the cohort (5)
Fo1 cach individual paticnt, the obscivation time 1s counted from his entiy
in the study until erther the end ot the study time fiame o1 the time of an
cvent, whichcver occurs fnst The piobability of an cvent over a certamn
time inteival (cumulative meidence) can be denrved trom the merdence
rate by a simple exponential t1anstormation (5, 6)

Categorsation of the Observation Time

In the stmplest foim, the ncidence 1s calculated for one, unstiatificd
cohott, by dividing the number of cvents by the sum of the obscivation
times of all patients in the cohott A first extension is stratification ovel
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Fig 1 Allocation ol person-time at diifeient INRs Six prothrombin ttme
assessments and the dates of these assessments are shown for one patient
The time clapsed between two measurements 1s divided over the INRs of
these two asscssments  as indicated 1n the upper night The peison-time
will subscquently be divided over the piedefined cells, 1 ¢ , INR25-29
280 days INR 30-34 245 days, INR 35-39 105 days and
INR 4 5-49 14 0 days

tixed covatiates, such as sex In this case all men contiibute peison time
only to the male stitatum and all women only to the temale stiatum, with
the 1csult ot two sex-spectlic inctdence 1ates

Since, however the only constituents of the mcidence 1ates aic the
stitatum-specific number ot cvents, and the stiatum-specific total obscrva
ton time, 1t 1s not requured that patients only contuibute patient-time to
onc stiatum When stiatification 1s performed on untixed covatiates, such
as calendar-pciiod or age as 15 usually donc to allow standardised
compaison of two ncidence trates, onc patient may contitbute peison-
time 1o scvelal stiata For instance, 1f S-ycar age categotics arc used and
10-ycar calendar time petiods, a patient lollowed for 5 yeats, starting in
1988 at agc 42 will contubute 2 ycais pcison time to the ccll
[40-44 ycais, 1980-1989], | ycar to the cell [40-44 ycais, 1990-2000]
and 2 ycars to the cell [45-49 ycars, 1990-2000] Age- and calendai-
pettod specific incidence 1ates are subscquently calculated as the numbetr
ot events within cach cell, divided by the total obsctvation time 1n cach
ccll, which 1s denived from several patients

Application to the Level of Anticoagulation

Fully analogous to thc categonsation of the peison time 1n cclls
determined by age sex and calendar periods, the obscivation time may be
bioken down 1 cclls of the achieved level of anticoagulation The
incidence 1ate of cvents at cach level of anticoagulation 1s again calculated
as the ratio of the number of cvents occuriing at a paiticular intensity,
over the summed peison time at that intensity

Lvents at Each Level (Incidence Numerator)

Decpendent on the cvents the study is aimed at, a system has to be sct
up n which all events ate registered It scems most practical to lmit the
study to scvere complications 1 ¢ those that 1cquue hospitalisation o1
Icad to death Ideally, onc has to know thc intensity ot anticoagulation at
the time of the cvent In casc of hospitalisation, a prothrombin time will
usually be performed When this has not been done the only approxima
tion of the anticoagulation level a the time of the cvent 1s that of the last
mecasuicment betore the event occuried

Calculation of the Observation Time for Different Levels
(Incidence Denominator)

For cach patient, prothiombmn times have been measuted at fixed ot
valiable intervals, the Iength of which time intervals 1s known We assume
that the INR valuc between two measuicments will vary lincaily fiom the
valuc ot the fost, to the value of the sccond mcasuicment With this
assumption, two approaches may be employed to allocate the person-time
between two measutements to patticular INR values The most simple
approximation 1s to divide the time between two mcasuicment i halves,
and allocate the first halt to the INR value of the fust, and the sccond halt
to the INR value of the second measuiement So, it a 2-week inteival s
bounded by a prothrombin time of 3 6 INR as the fnst, and 4 3 INR as
the second measutement, 1 week of person-time 1s allocated to 3 6 INR,
and | week to 4 3 INR This 1s tllustiated by Fig 1 Subscquently the
person-time at cach INR value 1s summed over all measuicments of all
patients, and then giouped mto cells of 05 o1 1 0 INR  Although m this
approxtmation the INR 1s ticated as if 1t changes mstantly hallway
between two measutements, ovet large numbers it yields a tan appioach
to the assumption ot a hincar mcicasc o1 decicasc (Fig 2)

A sccond, moic accurate approach s to divide the time between two
mcasutements 1n days, and to usc small steps of 0 [ INR ovei the 1ange of
the time nterval In this appiroach, the INR 1s ticated as gradually
mcrcasing o1 decicasing over the inteival In the cxample above, 2 days
arc allocated to an INR ot 3 6, 2 days to an INR ot 37, and so on
Subsequently, the peison time of these small steps 1s collapsed mto Jairger
cells of 05 o1 1 0 INR and then summed over all paticnts We have
developed software to peiform these calculations on a pcisonal com-
puter !

Fig 2 shows the 1csults of the application of both appioaches to the
data ot 392 paticnts with mechanical heait valves who visited the Leiden
Thiombosis Scivice between 1985 and 1991 (total obscivation time

! Note The softwaic can be made available on 1cquest
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Fig 2 Allocation ot INR speciiic person-time of 392 paticnts with mechanical heart valves The achicved intensity, in peison yeais at diticient INR
valucs, 1s shown tor 392 patients (1 297 patient ycars) with mechanical heart valves who wete followed between 1985 and 1991 For the upper part of the
figuic, the approach depicted in Fig 1 has been employed, mn which halt ot the time clapsed between two visits 15 allocated to the tust, and halt to the
sccond measuicment For the lower pait the approach ot a truly lincar inciease o1 decieasc was used. in which the INR 15 calculated for cach day of the
intcival For both paits of the figuie, the tesults have been 1egrouped in 0 S INR ntervals, and the days have been conveited to ycars

1,297 years) Both appioaches yicld very similar results, albert that with
the approach m which the time between two measurements 1s divided in
halves, shightly moic peison-time 1s accumulated at the extieme valucs

Analysis

Since the number of cvents at cach mtensity and the summed peison-
time at cach intensity atc now known, incidence 1ates at cach intensity can
be calculated The cells may be {urther stiaufied by sex, age and other
covatiates, and by application of a multivaiiate Poisson tegicssion model
incidence 1atc 1atios at the difterent intensitics may be calculated, to
control o1 confounding by this covaiiates and to cxamine the sk of
complications associated with these covanates Standaid criors for the
incrdence 1ates and the incidence rate 1at1os can be derived m the standaid
tashion based on the assumption ot a Poisson disttibution ot the numbe:
of cvents Thesc multivatiate analyses can be pertormed by seveial ot the
commcicially available softwaic packages

Application of the Method

This method can be appliecd 1ctiospectively, on data 1outinely 1cgis-
tered by a thiombosis scivice, as well as prospectively as a secondary
analysis within a randomized tiial The method 1s presently employed n
two studies In the fust onc, the Lewden Attificial Valves and Anticoagula
tion study (LAVA), we scek the optimal intensity of achieved anticoagu
lation 1n paticnts with mechanical hcait valves as the level at which the
incidence of stioke, combinmg ntaiction and bleeding, 1s lowest  Since
the 115k of thrombosis on a mechanical valve and subscquent cercbial
cmbolism 1s high in the absence of anticoagulation ticatment (approxi-
mately 1-5% per ycar), paticnts with mechanical hcart valves aic
inicnscly anticoagulated (taiget 1ange in The Netherlands 3 6-4 8 INR)
This imphes that the 11sk of major bleedings, ot which ceicbial hemor
thage 1s the most scveie, 1s 1elatively high, and the balance between
thiombosis prophylaxis and 11sk of bleeding piecious It 15 1casonable to
assumc that the sk of cercbial embohsm and intaiction ncicases with
lower mtensitics of anticoagulation, wheicas the 1isk ot cerebral bleeding
incrcascs with higher intensitses (Fig 3) So, we expect that the ineidence
of stioke will have a U-shaped distuibution over the 1ange of achieved
intensitics Preliminary 1esults indicate that this U-shaped distitbution
docs cxist (7) For this analysis, 1t 1S not cven necessaty to distinguish
between ceiebial ifarctions and cerebial blecding and 1t avoids the
difficult task of classitying a hemoirhagic infaiction as cither mtarction o
blceding Since we aie interested i the Ievel of anticoagulation that has
the lowest 11sk of stioke, whatever 1ts onigin, 1t 1s of mote 1clevance to use
a chimical classification system based on the severity of the scquelac of the
stroke
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In the sccond study, we usc this method to mvestigate 11sk factors for
bleeding 1n unsclected patients who 1ccerve anticoagulant trcatment for
vaitous indication (8) To this cffect, we study minot and major blecding
complications duning 1 ycar m the over 6,800 patients ticated by the
Leiden Thiombosis Scivice annually In this mstance, the method scives
two purposcs Fust we cxamine the usk ot biceding for different
intensitics of anticoagulation Sccond we can by multivanate analysis,
usc the intensitics as an adjustment factor and mvestigate the contiitbution
ot other tfactois to the sk ot bleedmg independent of the achicved
intensity of anticoagulation

Yet another application of this method 1s as a measuic for the quality
of anticoagulation monitoting which 1s now usually given as the peicent
age of prothtombin times within the taiget zones By calculating the
peison-time spent at cach intensity of anticoagulation we can expiess the
quabity ol monitoring as the peicentage of the total person time that hies
within the target zoncs

Incidence rates

Thromboembolism Bleeding

1
0 Intensity of QAC
Fig 3 Theotetical 1clation of the icidence of thromboembolism and
bleceding with the achicved itensity ol anticoagulation The 1isk ot
thrombocmbolism dccicases exponentially with incicased ntensities ot
anticoagulation, whetcas the 11sk of bleeding incicases exponentially The
lowest incidence of untowaid cticets 1 ¢ the minmmum of the supciim
posed graphs, denotes the optimal intensity of anticoagulation



Discussion

We have proposed a method that allows assessment of the
optimal achieved intensity of anticoagulation by the calculation of
INR-specific incidence rates of untoward events The results of
analysis by this method can be used to sct the target ranges for
clinical tials on oral anticoagulation for various indications In
addition, the method can be employed to determine 11sk factors
for complications, thiombosis or blecding, adjusted for the
achieved level of anticoagulation

A prerequistite for the usc of this method 1s careful observation
of all complication If, however, this 1s done routinely, as in the
Dutch Thrombosis Services, and if dates and 1esults of prothrom-
bin ttmc mcasurements are stored in computers over longer
periods of time, this method can be applied rctiospectively to
large numbers of patients, and precise estimates may be expected

One of the assumptions of the allocation of person-time to
different ntensitics of anticoagulation 1s a limear increase or
decrease of the anticoagulation effect betwecen subsequent mcas-
urcments It may well be, however, that the change 1s greatest
shortly aftcr a measuiement has been performed and a dose
adjustment has been made, in particular when a prothrombin
mecasurcment shows excessive under- or overanticoagulation, 1n
which case a boostei-dose or vitamin K may be prescribed We
feel that these effects will probably cven out 1n the broad range
around the target values, encompassing the majority of mecasuic-
ments This 1s especially so since the INR categoiies are broadly
chosen, with ntcivals of 05 or 1 0 INR For extreme values,
there may be a bias, with an overcstimate of the person-time at
very low, and at very high INR values This implics that the
mcidence rates at thesc extremes will be underestimated Since
the optimal Icvel will not be located at these extreme values, we
considet this of mmor importance It must be noted that this

reasoning becomes less valid when anticoagulation contiol 1s of
vely pool quality, 1 e when all stability in anticoagulation 1s
lacking

Assessment of the optimal achieved level of anticoagulation
should precede studies comparing different target levels Since 1t
1s not possible to maimntain an optimal level mn all patients
constantly, subscquent clinical trials 1emain nccessaty, to evalu-
ate target levels set at or around the optimal achieved intensity on
an intention-to-treat basis

REFERENCES

1 Hnsh J Oral anticoagulant diugs N Engl J Med 1991 324 1865-75

2 Intcinational Commuttce tor Standardization in Hacmatology, Inteina-
tional Committee on Thiombosis and Hacmostasis, ICSH/ICTH
recommendations to1 1eporting ptothtombin time 1n o1al anticoagulant
conttol Thiomb Hacmostas 1985, 53 155-6

3 Turpic AGG, Gunstensen J, Hush J, Nelson H, Gent M Randomised
compatison of two mtensitics of oral anticoagulant theirapy atter tissuc
heart valve icplacement Lancct 1988, 1 12425

4 Saowr JN, Sicck JO, Mamo LAR, Gallus AS Tiial of ditfeient
mtensitics on anticoagulation in patients with prosthetic heatt valves
N Engl J Med 1990, 322 428-32

5 Breslow NE, Day NE Statistical Mcthods in Cancer Rescaich 1T The
Design and Analysis of Cohoit Studies IARC, Lyon 1987 pp 48-79

6 Rothman KJ Modein Epidemiology Little, Biown and Company
Boston 1986, pp 23-31

7 Canncgicter SC, Rosendaal FR, Biict E The optimal intensity of oal
anticoagulation thcrapy in patients with prosthetic heait valves
(abstract) Thiomb Res 1992, 65 (Suppl) 80

8 Van dci Mcer FIM, Rosendaal FR, Vandenbioucke JP, Biiet E
Bleeding complications m o1al anticoagulant thciapy an analysis of
1isk factors Aich Intein Med 1993 (i piess)

Recewved August 11, 1992 Accepted alter 1evisiton November 6, 1992

239



