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Abstract
Objective: To evaluate the quality of management of oral anticoagulation among patients on oral anticoagulation for atrial
fibrillation, and to verify the relation between patient performance and the risk of an event due to therapy. Methods: In a
retrospective cross-sectional study involving 66 general practices, international normalized ratio (INR) values obtained over
a 6-mo period were analysed. All INR values were determined by a single clinical laboratory, and additional medical
information was provided by GPs. Results: 395 patients were included in the study, with a mean age of 749/9.6 y. In total,
3111 INR values were obtained. The mean number of tests/month per patient was 2.79/4.3. A total of 49 728 d of therapy
was evaluated. Fifty-three per cent of the day values were within 0.5 INR units of the target (and 69% within 0.75 INR units
of the target). The incidence rate for major bleeding was 4.4/100 patient years (and 2.9/100 patient years for
thromboembolic events). There was a significant relation between patient performance and the presence of an event
(p�/0.017), with an odds ratio of 2.8 (95% CI 1.3�6.3).

Conclusion: The quality of oral anticoagulation in patients with atrial fibrillation is suboptimal. This is significantly related
to an increased risk of haemorrhagic events.
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Introduction

Recent years have seen an increase in interest in the

management of oral anticoagulation. Principally, this

has been driven by the increasing numbers of

patients receiving oral anticoagulation as a result of

trials demonstrating the effectiveness of this treat-

ment in preventing strokes in patients with atrial

fibrillation (AF) (1,2). However, the risk of therapy

with oral anticoagulants is high because of the

following factors: the narrow therapeutic range of

the anticoagulants, patient characteristics, and the

variable quality of care depending on the manage-

ment system.

Deviation from the therapeutic range is an im-

portant cause of treatment failure, including both

thrombosis and haemorrhage. Cannegieter et al.

found an increasing risk of haemorrhage or throm-

bosis when the international normalized ratio (INR)

was above or below the therapeutic range of 2.5�4.9
(3). Van der Meer et al. found that the risk of major

bleeding increased by 42% for each one-point

increase in the INR (4). According to the third

edition of the guidelines on oral anticoagulation,

the target INR for patients with AF is 2.5 (5). The

following quality criteria are defined: 50% of the

INR results of the patient population should be

within the range of 2�3 (and 80% within the INR

range of 1.75�3.25). Several studies found an

increase of bleeding with age and the dependence

of bleeding frequency on the type of coumarin

derivative used (4,6�8). The quality of supervision
of the anticoagulation therapy by the physician is the

third risk factor determining the occurrence of

adverse events. In the Netherlands, the follow-up

of the therapy is performed in anticoagulation clinics

(9). The UK has a mixed system, the anticoagulant

dosing being prescribed by the anticoagulation clinic

rather than by GPs (10). In Germany, more than

90% of orally anticoagulated patients are controlled

by the GP (11). As in Germany, the management of

oral anticoagulation in Belgium is mainly performed

by the GP. A venous blood sample is taken by the GP

at the patient’s home or in the office. Blood analysis

is performed by an external laboratory. After obtain-

ing the INR, the patient receives information from

the GP regarding the dosage for the following days
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or weeks. The dosing and next date for INR control

is based on the GP’s clinical judgement.

A retrospective study of 15 GPs in Belgium

showed 58% of the results within the target

INR interval of 2�3 (target INR 2.5), and 68.38%

within 1.75�3.25 (12). The aim of this cross-

sectional study was to analyse the quality of the

management of oral anticoagulation in patients with

AF, and to verify the relation between patient

performance and risk of haemorrhagic or throm-

boembolic events.

Methods

Population

All 255 GPs who send blood samples for analysis to

the clinical laboratory at the Medical Centre for GPs

in Tessenderlo (the northern part of the province of

Limburg and the western part of the province of

Antwerp, action rate 100 km) were invited to

participate in the study. In total, 96 GPs (response

rate of 38%) were enrolled in the study (71 males

and 25 females). No significant difference in gender,

age and type of practice was found between the

participating GPs and the non-participating GPs. Of

the 96 participating GPs, 52 were working in group

practice and 44 were working in single practice. The

mean number of years after graduation for the GPs

was 18 y. Nine per cent of the GPs had been

educated in oral anticoagulation within the year

before the study. Eighty-one per cent graduated at

the University of Leuven, 9% at the University of

Antwerp, 6% at the University of Gent and 3% at

the University of Brussels. Three sessions were

organized to train the GPs in filling in patient

anticoagulation files. During these sessions, the aim

of the study and the definition of events were

explained. The group practices counted for one

entity; this resulted in 66 GP practices being

included in the study.

Patients

A list of all patients from the co-operating GPs who

had had more than one INR determination during

the 6-mo study period was generated by the

laboratory computer. This list of patient names

was sent to the general practitioner, who was asked

to fill in an anticoagulation file for each patient.

Only patients anticoagulated for atrial fibrillation

were included. The patients were entered into the

study as soon as they were in a steady state after the

initial start up of therapy. This initial start-up

period was considered to be 28 d for all oral

anticoagulants, starting doses and schemes. Patients

who needed to discontinue the anticoagulation

therapy for a surgical procedure during the regis-

tration period were dropped from the study. All

lethal/severe/minor bleedings, thromboembolic

complications or hospitalizations during this period

had to be declared.

Study design

The study consists of a retrospective analysis of

all INR determinations that were requested by the

co-operating general practitioners. The primary

outcome measure was quality of anticoagulation

management, defined as the percentage of time

that INR values were within their target ranges.

This was calculated according to Rosendaal’s algo-

rithms, assuming a linear increase or decrease

between two consecutive INR determinations. This

percentage was calculated on the group and on the

patient level. The latter implies the possibility of

classifying the patients as poor (B/50% of INR day

values within INR range of 2�3; B/80% within INR

range of 1.75�3.25) or good (&/50% within INR

range of 2�3; &/80% within INR range of 1.75�
3.25) performers. Secondary outcome measures

were the number of thromboembolic complications

and the number of haemorrhages. The complica-

tions were classified according to severity, and were

defined according to the European Atrial Fibrillation

Trial (20).

Approval was obtained from the ethics committee

of the Catholic University Hospital Leuven, and

signed informed consent was obtained from each

general practitioner before the start of the study. In

accordance with Belgian law, the study was reported

to the Belgian Commission for the Protection of

Privacy, controlling for the private manipulation of

patients data (name and address) in the study.

Analysis

In the descriptive analysis, the mean and interquar-

tile range were calculated. Linear mixed models were

used to model the percentage INR within the target

range as a function of different covariates and

factors. This means that, in order to take into

account the dependency between patients of the

same GP, the GP was added to the model as a

random effect. The relation between patient perfor-

mance and the presence of an event was analysed

with a random-effect logistic regression model (with

GP as the random effect). The alpha level was set at

5%. All analyses were performed with the statistical

package SAS (version 8.2), using the procedure

PROC MIXED for the linear mixed model and

PROC NLMIXED for the random-effect logistic

regression.
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Results

Patient characteristics

Three hundred and ninety-five patients were in-

cluded in the study: 51% were males (n�/200) and

49% were females (n�/195). The mean age of the

patients was 74 y (interquartile range (IQR) 68�80
y). The risk factors for stroke and the occurrence

of thromboembolic complications or bleedings were

as follows: 239 patients had hypertension, 69 dia-

betes mellitus, 100 a prior stroke or transient

ischaemic attack, 61 peripheral vascular disease,

144 congestive heart failure, 54 a previous myocar-

dial infarction, 98 a valve disease, 19 a history of

malignancy, and 45 were smokers. Three hundred

and thirty-six patients were anticoagulated using

phenprocoumon, 39 used acenocoumarol, 14 used

warfarin, and in six patients the anticoagulant was

unknown. The mean number of patients per GP

practice was 7 (IQR 3�8).

Proportion of time that INR values were within their

target ranges

The average follow-up per patient, including pa-

tients on short- and long-term anticoagulation, was

4 mo (IQR 3.2�5.3 mo). A total of 3111 INR values
were obtained, with a mean number of 8 INR values/

patient (IQR 5�10). The mean number of tests/

month per patient was 2.7 (IQR 1.3�2.4).

Percentage of time in range and patient performance

A total of 49 728 d of therapy were counted. Fifty-

three per cent (26 555 d of therapy) were within the

INR range of 2�3 (and 69% were within the INR

range of 1.75�3.25) (Table I). Figure 1 shows the
distribution of the INRs: 8.7% were below the target

range and 38.5% were above the target range; 2.8%

of the patient days gave an INR&/5. For an INR

range of 2�3, 213 were more than 50% within this

range (good performers) and 182 patients were less

than 50% within this range (poor performers). For

an INR range of 1.75�3.25, 294 were more than

80% within this range (good performers) and 101

patients were less than 80% within this range (poor

performers).

Relation between the percentage of time in range and

co-variables

Simple models (without correction for other influ-

ences) showed no significant correlation between the

percentage of time in the 2�3 INR range and gender
(p�/0.13), the age of the patients (p�/0.06), the type

of GP practice (single or group practice) (p�/0.99),

the anticoagulant used (phenprocoumon, acenocou-

marol, warfarin) (p�/0.43), the frequency of tests/

patient (p�/0.92), or the number of patients on oral

anticoagulation/practice (p�/0.14). A significant re-

lation between the percentage of time in the 1.75�
3.25 INR range and age was found (p�/0.049). The

variability between GP practices was 22%.

Event rates

Table II shows the number of thromboembolic and

haemorrhagic events. The incidence rate of minor

bleeding was 14 per 100 patient years. There were

six major bleeding events, representing an incidence

rate of 4.4 per 100 patient years. There were four

thromboembolic events, representing an incidence

rate of 2.9 per 100 patient years. In the logistic

regression analysis, no significant relation between

the presence of an event and hypertension, diabetes

mellitus, prior stroke or transient ischaemic attack,

congestive heart failure, myocardial infarction, valve

disease, smoking habit, or a history of malignancy

was found. In a random-effect logistic regression

model, no significant relation between the presence

of an event and patient performance within the 2�3
INR range was found (p�/0.056). A significant

relation between the presence of an event and patient

performance within the 1.75�3.25 INR range was

found (p�/0.017). The odds ratio for patient per-

formance (poor versus good) and an event was 2.85

(95% CI 1.3�6.3). The relation between patient

performance and thromboembolic events was not

significant (p�/0.9), but the relation between patient

performance and haemorrhagic events was signifi-

cant (p�/0.02), with an odds ratio of 5.16 (SE 2.92).

Discussion

In a retrospective cross-sectional study involving 66

GP practices, the INR values obtained over a 6-mo

period were analysed. Fifty-three per cent of the day

Table I. Percentage of time in target range and patient perform-

ance.

INR target range 2�3 a 1.75�3.25 b

Percentage of time in

range

53%

(n�/26 555 d)

69%

(n�/34 190 d)

Good performers 54%

(n�/213 patients) c
75%

(n�/295 patients) d

a According to British Guidelines, 50% of the INRs have to be

within this range (5).
b According to British Guidelines, 80% of the INRs have to be

within this range (5).
c Percentage of patients &/50% of the INR day values within this

range.
d Percentage of patients &/80% of the INR day values within this

range.
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values were within 0.5 INR units of the target (69%

within 0.75 INR units of the target). Analysing the

distribution of the INRs, it appears that the sub-

optimal results are due to the fact that patients were

over-anticoagulated: 38.5% of the INRs were above

the target range (2.8% of the INRs were &/5). In 101

of the 395 patients, the INR day values were B/80%

within the 1.75�3.25 INR range (poor performers).

A significant relation between the presence of an

event and patient performance (good versus poor)

was found, with an odds ratio for a haemorrhagic

event of 5.16.

The strength of this study is that all the INR

analyses were performed in one single clinical

laboratory. A check for possible inclusion bias of

the participating GPs (response rate of 38% for all

255 GPs) showed no significant difference in dis-

tribution (p�/0.7) of the INRs between patients

from participating and patients from non-participat-

ing GPs. This study is limited by being a retro-

spective cross-sectional study of general practice case

records. Therefore, the dates of the events were often

missing and a survival analysis could not be per-

formed because no time-to-event was available. The

analyses to look for a relation between patient

performance and the presence of an event are

therefore only exploratory. Collection of the events

occurred on a voluntary basis and could have been

incomplete, especially regarding minor events. In

addition, no reliable information about concomitant

medication was available. An additional strength of

study is the fact that we first made a list of all

the INR analyses performed in the lab during the

study period and sent the names of the correspond-

ing patients to the GPs, so no patients on oral

anticoagulation were missed and the INRs were

reliable.

The percentage of time within 0.5 INR of the

target range was 53%, as proposed in British guide-

lines (5). In the literature, this percentage ranges

from 53.2�86.3% (13�17). A comparison between

the British guidelines and our results within the

1.75�3.25 INR range shows that the patients

were 11% of the time less within the range than

proposed by the guidelines (69% vs 80%) (5). This

study shows the importance of the latter quality

criterion; it was in this group that a significant

relation between poor performers (patients who

were B/80% of their time within this range) and

the occurrence of a haemorrhagic event was found.

A high frequency of testing was found in our study,

namely 2.7 per patient per month. However, no

significant relation between the percentage of time in

the 2�3 INR range and the frequency of tests/patient
was found. This implies that it is acceptable to test

the INR in stable patients monthly to every 6 wk (5).

The high frequency of testing could be explained by

GPs’ fear of anticoagulation therapy, namely exces-

sive INRs and events due to therapy. Education on

the guidelines of oral anticoagulation could increase

the knowledge and self-confidence of GPs about this

therapy, and thus reduce the number of tests.

A study in the Netherlands within the antic-

oagulation clinics compared phenprocoumon versus

acenocoumarol (6). The authors concluded that

phenprocoumon leads to better quality regarding

the percentage in range; no difference in occurrence

of major bleedings was found. We could not confirm
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Figure 1. Distribution of INRs.

Table II. Number of thromboembolic and haemorrhagic events.

Number of

events (n�/29)

Incidence rate per

100 patient years

Minor bleeding 19 14

Major bleeding 6 4.4

Thromboembolic event 4 2.9
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this conclusion. No significant correlation between

the percentage of time in the 2�3 INR range and the
anticoagulant used (phenprocoumon, acenocou-

marol, warfarin) was found. However, in our study,

only a small percentage of patients were anticoagu-

lated with acenocoumarol (10%) and warfarin

(3.5%).

There was great variability in the percentage in

range between GP practices, although the quality of

management of oral anticoagulation was not signifi-

cantly different in single or group practices, and the

quality of the management did not depend on the

number of anticoagulant patients per GP practice.

These results support the conclusion of a previous

published study that there is no evidence that single-

practice GPs are clinically underperforming (18).

The incidence rate of major bleeding was 4.4 per

100 patient years, and patients were only included

after the first month of therapy. The incidence rate

for major bleeding was higher when comparing our

data with data from a meta-analysis of 33 studies. In

this study, the incidence rate for patients after the

first 3 mo of therapy was 2.7 per 100 patient years

(95% CI 2.71�2.77) (19). It is proven that the risk
of haemorrhage increases when the INR is above the

therapeutic range of 2.5�4.9 (3,4). In the European
Atrial Fibrillation Trial, the incidence rate of hae-

morrhagic events was 3 per 100 patient years for the

overall group. This incidence rate rose to 50 per 100

patient years when the INR was above 5 (20). In that

study, 2.6% of the INRs were &/5, compared to

2.8% in our study. However, the overall incidence

rate for bleeding was significantly higher in our study

(3 per 100 patient years versus 4.4 per 100 patient

years). This could be explained by the higher age of

our population, known to be a risk factor for a

haemorrhagic event (21). A significant relation

between age and the occurrence of an event was

shown, with an odds ratio of 1.033 (95% CI 1.007�
1.061) for every additional year in age (22). The

incidence rate for thrombotic events was not sub-

stantially different from those (ranging from 3.5�3.9
per 100 patient years) in two available observational

studies (17,21). Remarkably, in our study popula-

tion, no significant relation between (history of)

hypertension and the presence of bleeding was

found. Possible explanations may be that the study

sample was too small or that only patients with

adequately controlled hypertension were enrolled.

Comparing these results with results in the litera-

ture, we conclude that the quality of monitoring oral

anticoagulation by GPs in Belgium is suboptimal, as

reflected by the distribution of INRs within the

1.75�3.25 INR range and the number of bleedings.

A significant relation between poor performance and

the occurrence of a haemorrhagic event was found.
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