European Concerted Action on
Anticoagulation (ECAA): Studies on
Computer-Assisted Anticoagulant Dosage

Leon POLLER

FRCPath, Honorary Professor, Co-ordinator, European Concerted Action on Anticoagulation, Central Facility,

Manchester University, Manchester, UK

Turk J Haematol 2002;19(2):179-184

It is a great honour to be invited to contribute to
this issue dedicated to my long-standing friend and col-
league, Professor Orhan Ulutin who has made distin-
guished contributions to the haematology literature.
We have shared an interest in research into causal fac-
tors of thrombosis and its prevention, for almost 50 ye-
ars.

INTRODUCTION

The European Concerted Action on Anticoagulati-
on has been concerned with both clinical and labora-
tory aspects of oral anticoagulation in 16 European sta-
tes. Many relevant reports have been published in re-
cent years.

The worldwide increase in the scale of oral antico-
agulant treatment in recent years has followed publica-
tion of clinical reports demonstrating their value in a
widening spectrum of disorders!!l. A 10% increase per
annum is estimated for EU countries!2. Increased be-
nefit/risk ratio resulting from lower dose oral antico-
agulant administration combined with implementation

of the WHO INR system of prothrombin time standar-
disation of laboratory control has played a part in this
development.

One possible way of preserving present clinical
standards in the face of the increased demand is by
computerisation of anticoagulant dosage. Good results
from computer dosage programs have been claimed but
lacked confirmation by randomised studies[3-5]. The
ECAA therefore launched a multicentre randomised
study to evaluate the procedure.

A small randomised study from Manchester had
previously demonstrated that three earlier, UK compu-
terised dosage programs were almost as good in achi-
eving INR targets as the experienced medical staff of a
specialist centrel6]. The ECAA computerised dosage
study was the first attempt at a multicentre randomised
evaluation of the safety and effectiveness of compute-
rised anticoagulant dosage. The advantages of multi-
centre evaluation are not only in providing larger pati-
ent entry but also in giving a more dependable compa-
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rison between computer and traditional medical staff
dosage because standards of the latter vary conside-
rably from centre to centre. An individual centre’s
comparison with a computerised dose program if it is
better or worse than average may not therefore be rep-
resentative.

The results were from five centres comprising two
in the UK and three in other EU countries. Participant
centres had to have a sufficient patient-entry to guaran-
tee adequate recruitment of subjects in the six months
of the study. The five centres selected for the DAWN
AC anticoagulant therapy management system (4S In-
formation Systems, Milnthorpe, Cumbria, UK) prog-
ram which is the subject of this report were the Royal
Infirmary, Manchester, UK; St. Bartholomew’s Hospi-
tal, London, UK; the Aker Sykehus Hospital, Oslo,
Norway; Centralsygehuset, Esbjerg, Denmark; and
Centro Hospitalar, V.N. Gaia, Portugal.

The computer program was used in parallel with
the traditional (manual) method of dosing by the expe-
rienced medical staff at each centre.

PATIENTS

Two groups of patients at different stages of antico-
agulant administration were studied.

Stabilisation Patients

These consisted of patients discharged from hospi-
tal within 6 weeks from the start of anticoagulation.
They are considered to be most challenging subjects
for control of anticoagulant dosage and as many pati-
ents as possible were to be recruited for this group.

Stabilised Patients

The second group consisted of patients already sta-
bilised on long-term anticoagulant therapy. Nearly all
had received a minimum of 22 weeks anticoagulation.

All sequential patients were randomly allocated to
either traditional medical staff (manual) dosage or
computerised dosage. In the stabilisation group, each
new patient was given an appointment for first atten-
dance within one week following discharge form hos-
pital. Following counselling on the aims and objectives
of long-term anticoagulation, they were to be informed
of the study design before being invited to take part and
giving their consent. They were assured that the com-
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puterised dosage would be monitored by medical staff
who would continue to be responsible for their treat-
ment.

Patients randomised to the traditional (manual)
medical staff dosage were to be reviewed in the normal
way at each centre by the doctor who normally super-
vised the dosage.

In the group of patients randomised to the compu-
ter system, INR values were entered into the computer
program. The computer then suggested the dose of oral
anticoagulant and the time-interval to the next visit. All
advice on dosage and time interval between visits from
the computer was reviewed by an experienced doctor.
If either was considered to be harmful, confirmation of
this opinion from a second medical person was to be
sought. In case of over-anticoagulation, suspension of
treatment for a variable number of days according to
the result was advised. A maximum upper limit of 6
weeks for the time-interval between visits was chosen.
At each visit, the following were recorded in the com-
puter dose group: The INR, the suggested dose, the re-
commended time-interval between visits, any alterati-
on to the computer-generated advice and any clinical
events. The following data was provided: The percen-
tage of time within the target therapeutic interval, num-
bers of INR below the target range (under-anticoagula-
ted) and above the upper limit (over-anticoagulated)!7].

INR THERAPEUTIC RANGES

The INR targets for the individual patients were
decided at each centre.

ANALYSIS

The endpoint for all groups and sub groups was the
percentage of time within target INR range according to
the Rosendaal method!7!. This analysis takes account of
the time-interval between tests in estimating therapeutic
success since the simple percentage of the number of
tests within the target INR range may be misleading as
more frequent tests are performed in unstable patients.
Two types of percentage time in range have been calcu-
lated. The first is for the whole patient group. The per-
centage time in range for each patient has also been cal-
culated and the average of patients’ results within a gro-
up used to test for significance using the unpaired Stu-
dent’s t-test.
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RESULTS

Two hundred and eighty five sequential patients
were randomised into the study at the five centres by
the ECAA on Anticoagulation/8]. Two hundred and
fifty four remained after exclusions (122 in the compu-
ter dosage group and 132 received manual dosage).

All centres used warfarin. Nicoumalone (sinthro-
me) was given to 42% of patients at one of the centres.

Because of the initial delays caused by the reluc-
tance of medical staff to trust the computer recommen-
dations, the majority of patients (79%) in the first 3 we-
eks in the computer dose group received mainly manu-
al dosage. After this period, 89% of the dosage in this
group was according to computer recommendations.
Therefore for genuine comparison, the first 3 weeks re-
sults were deleted for both groups and the first 6 we-
eks’ control in the two groups has been taken as the
weeks 4 to 9 of treatment, and the second period of 12
weeks’ duration relates to the subsequent treatment
weeks 10 to 21. The third comparison of the two gro-
ups relates to results from week 22 onwards. Week 22
onwards was chosen because it was observed that most
of the patients in the stabilised group had been on war-
farin for this period of 22 weeks.

In Table 1, the overall results for all patients from
all five centres for all INR ranges are given. Results af-
ter exclusion of the first 3 weeks are subdivided as exp-
lained into the first period of 6 weeks, the second peri-
od of 12 weeks and the third period from 22 weeks.
This is because there was necessarily some variable de-
lay of entry into the computer-dosage program.

In the stabilisation period the number of INR tests
performed was slightly less in the computer group. The
percentage of time in range was nevertheless higher
throughout. The dosage interval was similar, but the
percentage of dosage changes was lower with the com-
puter.

In the smaller group of stabilised patients, the num-
ber of INR estimations was again marginally less with
the computer dosage. Time within target INR range
was higher and there were less dosage changes. The in-
cidence of INR above and below the target levels was
similar as were the mean INRs.
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Table 2 and Figure 1 give the percentage of INR re-
sults below and above the target ranges for the respec-
tive INR intervals and for all ranges combined in both
stabilisation and stable patients.

For the combined results of patients in the stabili-
sation and stabilised groups, the benefit from computer
dosage in achieving the target INR was highly signifi-
cant (p= 0.004). When the two clinical groups were
tested separately, the stabilised patients fared signifi-
cantly better with computer dosage (p= 0.02) but the
benefit in the stabilisation group did not quite achieve
statistical significance (p= 0.06).

The results from this multicentre randomised study
on computerised oral anticoagulant dosage are therefo-
re encouraging. If the success in achieving target INR
with computerised dosage had merely been equal to
that of experienced medical staff at the same five expe-
rienced centres, it could be argued that this would have
been a sufficient case for the computer program. This
is because similar standards of treatment achieved in
these specialist centres could be made available by the
computer program to other hospitals and community
clinics with varying degrees of expertise and experien-
ce. This is important since nurses, laboratory technici-
ans and pharmacists in addition to medical staff, are
now increasingly involved in anticoagulant dosage.

In practice the results were more favourable, sho-
wing a highly significant overall benefit in the combi-
ned clinical groups at the five centres in achieving the
target INR assessed by percentage of the time within
target INR rangel7].

The smaller number of INRs above and below the
therapeutic range which are an additional measure of
safety also tended to be less overall with the computer
program.

The present results with an advanced computer do-
sage system thus are even better than the earlier pilot
study from Manchesterl®]. This is despite the fact that
the earlier study was performed “blind” whereas this
was not feasible in the present multicentre study. The-
refore the medical staff performing the manual dosage
in this study were aware of the competitive challenge
and they were in direct competition with the computer
and this may have influenced their decisions.
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Table 1. Results for all INR ranges, all sites

Stabilisation Stable Both
Weeks 4-9 10-21 22- Total -22 22- Total Total
Computer
Number of patients 60 69 48 83 0 39 39 122
Number of INRs 191 248 174 619 0 314 314 933
% time in range (Rosendall) 60 71 72 68 0 72 72 70
Mean of interval (days) 13 17 20 17 0 20 20 18
% of dose changes 49 38 29 39 0 36 36 38
% of dose interventions 26 21 21 23 0 21 21 22
% number of high INRs 31 30 25 29 0 25 25 28
% number of high INRs 16 13 13 14 0 18 18 15
Mean of INRs 2.6 2.5 2.7 2.6 0.0 2.7 2.7 2.6
Manual
Number of patients 76 79 51 92 2 39 40 132
Number of INRs 220 246 212 693 5 382 387 1080
% time in range (Rosendall) 51 57 55 55 58 59 59 56
Mean of interval (days) 14 18 17 16 13 18 18 17
% of dose changes 60 57 52 57 47 46 53
% of dose interventions 0 0 0 0 0 0 0 0
% number of low INRs 37 37 33 36 60 27 27 33
% number of high INRs 12 17 19 16 0 20 19 17
Mean of INRs 2.5 2.7 2.5 2.6 2.6 2.7 2.7 2.6
Table 2. Percentage of INR results below and above target ranges
% low INR % high INR
Stabilisation patients Computer (n= 92) 29.1 13.2
Manual (n= 83) 36.1 19.3
Stable patients Computer (n= 39) 27.6 15.4
Manual (n= 40) 329 17.2

In addition to the benefits in dose administration,
the ECAA study concluded that computerised dosage
has considerable potential for saving of medical, nur-
sing and secretarial time. The additional administrative
advantages of such a program would also be available
and these include the possibility of large data banks of
anticoagulant records, the provision of written dosage
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schedules, recording of concomitant treatments, clini-
cal instructions regarding duration of therapy, clinic di-
aries as well as facilitating supportive documentation
and letters.

The clinical benefit of this improved INR control
from computerised dosage remains to be established. A
clinical end-point study to be undertaken by the ECAA
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Figure 1. Percentage time in all INR ranges (Rosenda-
al).

over the next 4 years will attempt to resolve this and
the resultant cost-effectiveness of computerised dosa-
ge. Forty centres will be involved in 16 EU countries
and 4 associated states (see Figures 2 and 3), involving
16.000 patient-years. As the incidence of thrombotic
and bleeding complications increases exponentially at
INR less than 2.0 and over 4.0 respectively, it is possib-
le that the clinical benefit could greatly exceed the per-
centage improvement in INR control. Two computer
dosage programs will be included - DAWN AC and
PARMA 4 in the new study with half of the centres and
half of the participants allocated to each program.

The cost benefit of any clinical gain will be asses-
sed by a team of health economists from Birmingham
University.
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* Tel-Aviv (2 centers)

= Adelaide Australia

Figure 2. Dawn AC participants.

« Ramat-Gan, Israel

Figure 3. Parma participants.
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