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The oral anticoagulant warfarin sodium is one of the
most commonly prescribed medications as a result
of its effectiveness in preventing and treating arter-

ial and venous thrombosis.1–6 Successful anticoagulant man-
agement requires careful monitoring of the international
normalized ratio (INR), ongoing patient education, and
good communication between patients and their caregivers.

Evidence is accumulating that the quality of oral antico-
agulant therapy influences the risk of patients having unde-
sirable outcomes. Subgroup analyses of studies have
demonstrated that failure to reach the target INR increases
the risk of thromboembolic complications, and prolonga-
tion of the INR beyond the target range clearly predisposes
patients to the risk of major bleeding complications includ-
ing intracerebral hemorrhage.7–12 To prevent undertreat-
ment or overdosing of warfarin sodium, regular laboratory
control of the INR and dose adjustments are necessary.

There are 3 primary models available for managing oral
anticoagulant care: usual medical care by a patient’s family
physician, pharmacist-managed or physician-managed oral
anticoagulation clinics and patient self-management.13 As a
consequence of the complexity and the time requirements
for managing oral anticoagulant therapy, anticoagulation
clinics have been set up in Canada and the United States to
provide comprehensive and systematic patient care and to
ease the burden on the primary physician.

Anticoagulation clinics are designed to coordinate and
optimize the delivery of anticoagulant therapy by deter-
mining the appropriateness of therapy, managing warfarin
sodium dosing, and providing continuous monitoring of
patients’ INR results, dietary factors, concomitant medica-
tions and interfering disease states.14 Comprehensive educa-
tion and good communication links are used in these clinics
to maximize compliance and to optimize warfarin sodium
management.

Existing evidence suggests that management of warfarin
sodium by anticoagulation clinics is more likely to attain
the desired patient outcomes and reduce costs per person-
year of follow-up than routine medical care by family
physicians.13–38 However, the available literature on the ben-
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Abstract

Background: There is growing evidence that better outcomes are
achieved when anticoagulation is managed by anticoagulation
clinics rather than by family physicians. We carried out a ran-
domized controlled trial to evaluate these 2 models of anti-
coagulant care.

Methods: We randomly allocated patients who were expected to
require warfarin sodium for 3 months either to anticoagulation
clinics located in 3 Canadian tertiary hospitals or to their fam-
ily physician practices. We evaluated the quality of oral anti-
coagulant management by comparing the proportion of time
that the international normalized ratio (INR) of patients receiv-
ing warfarin sodium was within the target therapeutic range
± 0.2 INR units (expanded therapeutic range) while they were
managed in anticoagulation clinics as opposed to family
physicians’ care over 3 months. We measured the rates of
thromboembolic and major hemorrhagic events and patient
satisfaction in the 2 groups.

Results: Of the 221 patients enrolled, 112 were randomly assigned
to anticoagulation clinics and 109 to family physicians. The
INR values of patients who were managed by anticoagulation
clinics were within the expanded therapeutic range 82% of the
time versus 76% of the time for those managed by family
physicians (p = 0.034). High-risk INR values (defined as being
< 1.5 or > 5.0) were more commonly observed in patients
managed by family physicians (40%) than in patients managed
by anticoagulation clinics (30%, p = 0.005). More INR mea-
surements were performed by family physicians than by antico-
agulation clinics (13 v. 11, p = 0.001). Major bleeding events
(2 [2%] v. 1 [1%]), thromboembolic events (1 [1%] v. 2 [2%])
and deaths (5 [4%] v. 6 [6%]) occurred at a similar frequency
in the anticoagulation clinic and family physician groups re-
spectively. Of the 170 (77%) patients who completed the pa-
tient satisfaction questionnaire, more were satisfied when their
anticoagulant management was managed through anticoagula-
tion clinics than by their family physicians (p = 0.001).

Interpretation: Anticoagulation clinics provided better oral anti-
coagulant management than family physicians, but the differ-
ences were relatively modest.
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efits of anticoagulation clinics consists mostly of descriptive
reports, case–control studies or nonrandomized prospective
studies.13–38 We conducted a randomized controlled trial to
determine whether anticoagulation clinics improve the
quality of anticoagulant management compared with family
physician–based monitoring.

Methods

An open randomized controlled multicentre trial was con-
ducted at the Queen Elizabeth II Health Sciences Centre, Hali-
fax, NS, the Ottawa Hospital, Ottawa, Ont., and the London
Health Sciences Centre, London, Ont., from January 1998 to
September 2000 to compare the quality of oral anticoagulant
monitoring in anticoagulation clinics and in family physician
practice. The research protocol was approved by each hospital’s
ethics review board.

Randomization was stratified based on whether patients were
previous or new users of warfarin sodium, whether the target INR
was low intensity (INR 2.0–3.0) or high intensity (INR 2.5–3.5)
and by study centre.1–6 New users were defined as those who had
been prescribed warfarin sodium for less than 1 month. Patients
who were expected to require warfarin sodium for a minimum of
3 months were eligible for this study. Patients were excluded if
they met one of the following criteria: life expectancy of less than
3 months; major hemorrhagic contraindication to anticoagulation;
refusal of the patient’s family physician to participate; absence of a
family physician; geographic inaccessibility for follow-up; and
likelihood of poor compliance (e.g., patients who were unable to
care for themselves, lacked adequate home support or were un-
willing to comply with the treatment care plan).

All patients were initially evaluated by a hematologist and a
clinical pharmacist in an anticoagulation clinic. All study patients
received a standardized educational package that detailed the indi-
cation for therapy, the importance of complying with the regi-
men, the need for close monitoring, the potential risks of taking
other medications, dietary considerations and the importance of
self-monitoring for evidence of bleeding or thromboembolic
complications. Informed consent was obtained from all partici-
pants and their family physicians. Once patients were on a stable
warfarin sodium dose in an anticoagulation clinic (usually within
7 days), they were randomly allocated to either continuing to be
managed at the anticoagulation clinic or having their family
physician be responsible for anticoagulant monitoring over the
next 3 months. The randomization codes were generated using a
computerized random allocation sequence and were not revealed
to the clinical pharmacist until completion of the initial education
session and of the period during which each patient’s warfarin
sodium dosage was stabilized. Family physicians were informed by
telephone of the outcome of randomization. If patients were ran-
domly allocated to family physician monitoring, the physician was
provided with the patients’ warfarin sodium log, INR results, the
date and location of the next INR test, and follow-up details of
the study. These patients were given a reusable blood work requi-
sition that included instructions for the laboratory to send INR
reports by fax to the family physician managing the anticoagulant
therapy and to mail INR reports to the anticoagulation clinic par-
ticipating in this study. Patients were also given a logbook in
which to record their INR results.

All patients were followed over a 3-month period. Investiga-
tors were blinded to the INR results of patients randomly allo-

cated to family physician management. However, patients in the
family physician arm were contacted by the study site coordinator
at monthly intervals to confirm the frequency and location of
INR tests, to determine whether they had any thromboembolic or
major bleeding complications, and to identify any interruptions in
warfarin sodium therapy due to surgery or dental procedures. For
any missing INR reports, family physicians and laboratories were
contacted for a hard copy of this information. At the end of the 3-
month follow-up period, patients completed a questionnaire to
determine their level of satisfaction with the care provided.

The primary study outcome was the proportion of time that
patients receiving warfarin sodium had their INR within ± 0.2
units of the target therapeutic range (expanded therapeutic range)
over a 3-month period while managed in an anticoagulation clinic
compared with family physician care. For patients requiring war-
farin sodium for the prevention or treatment of thrombosis (stan-
dard risk), the recommended range was 2.0–3.0.1–3,5,6 For patients
who required warfarin sodium for the prevention of cardioem-
bolic complications caused by prosthetic valves or recurrent
thrombosis (high risk), the recommended range was 2.5–3.5.4 Be-
cause minor fluctuations defined by ± 0.2 units would be consid-
ered clinically unimportant and would not necessarily require a
warfarin sodium dose adjustment, the defined expanded therapeu-
tic ranges for this study were 1.8–3.2 for standard-risk and 2.3–3.7
for high-risk patients.

Anticoagulation control was calculated as the percentage of pa-
tient time spent within the target range using the method de-
scribed by Rosendaal and colleagues.39 For those patients who had
their warfarin sodium therapy temporarily interrupted either in
preparation for upcoming surgical or dental procedures or because
of thrombotic or bleeding complications, the interval between
when the warfarin sodium dose was first withheld until 5 days after
warfarin sodium was resumed was censored from the analysis.

Secondary outcome measures included rates of thromboem-
bolic and major hemorrhagic complications in the 2 groups over
the 3-month study period as determined by a centralized adjudi-
cation committee blinded to the treatment allocation group.
Thrombotic events that were considered outcome measures in-
cluded acute myocardial infarction, stroke, peripheral arterial oc-
clusion, deep vein thrombosis or pulmonary embolism, as defined
by previously described criteria.2–6 Major bleeding was considered
to be those events that resulted in death or the need for acute
medical or surgical intervention, also as defined by previously de-
scribed criteria.40 Patient satisfaction was determined by a previ-
ously validated questionnaire completed at the end of the 3-
month follow-up period. The questionnaire consisted of 10 items.

Based on noncontrolled studies, it was estimated that with rou-
tine medical care by a patient’s family physician, INR levels would
be within the target range about 50% of the time.41–43 It was ex-
pected that care through an anticoagulation clinic would result in
at least a 10% absolute improvement in this level to 60% and that
this improvement would be considered clinically important. We
assumed that the standard deviations of the means in the 2 groups
were equal to 0.25, and therefore we would require a sample size
of 62 per group to have 80% power and a 2-tailed α error of 0.05
to observe this difference in effect. Furthermore, it was agreed
that enrolment in the study would continue until each centre ac-
crued at least 20 patients in the trial and until at least 124 patients
had been randomly allocated to a study group.

The primary analysis compared the proportion of time that
INR values were within the expanded therapeutic range for pa-
tients managed by anticoagulation clinics as opposed to those
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managed by family physicians using an unpaired Student’s t-test.
An intention-to-treat analysis was performed. A 2-tailed p value of
less than 0.05 was regarded as a statistically significant difference
between the 2 groups. Rates of thrombotic and major hemor-
rhagic complications were compared between the 2 groups using
Fisher’s exact test. Ninety-five percent confidence intervals using
the binomial distribution were calculated around these rates. De-
scriptive statistics and the χ2 test were used to compare the results
of the patient satisfaction questionnaire.

Results

Two hundred and seventy patients who were referred to
the 3 participating anticoagulation clinics were potentially
eligible for the study, which was carried out between Janu-
ary 1998 and September 2000. Forty-one of these referred
individuals and 6 individuals’ family physicians refused to
give informed consent to take part in the study, and 2 pa-
tients had no family doctor. Of the 41 patients who de-
clined to participate, 20 were not interested in participating
in a research study, and 12 were dissatisfied and 9 were sat-
isfied with their family physicians’ management of their
oral anticoagulant therapy. Five of the family physicians
who declined to participate in the study preferred to have
their patients monitored in the anticoag-
ulation clinics and the other family physi-
cian gave no reason for declining to par-
ticipate in the study. The remaining 221
patients were enrolled in the study. One
hundred and twelve patients were ran-
domly allocated to an anticoagulation
clinic and 109 patients were randomly al-
located to their family physician for anti-
coagulant management (Fig. 1). Informa-
tion about the warfarin dosage protocols
used in the anticoagulation clinics is pro-
vided online in Appendices 1 and 2 at
www.cmaj.ca.

Patients’ characteristics were similar
with respect to age, sex, indication for
anticoagulant therapy, new or previous
warfarin use, and target INR range
(Table 1). The primary indication for an-
ticoagulation was venous thromboem-
bolism in 142 (64%) patients. One hun-
dred and seventy-nine (81%) patients
were new users of warfarin sodium. The
mean time taken to stabilize patients’
dosage of warfarin sodium before ran-
domization was 5.9 (standard deviation
[SD] 4.7) days for the anticoagulation
clinic group and 5.7 (SD 5.6) days for the
family physician group.

All patients in the anticoagulation
clinic group and 106 patients in the
family physician group completed the 3-
month study. Two patients in the family

physician group died within 1 week of randomization and
1 patient stopped taking warfarin sodium within 1 week of
randomization due to noncompliance. These 3 patients
were not included in the INR analysis, because only 1
INR measurement had been performed. An intention-to-
treat analysis included the remaining patients. The INR
of patients managed by anticoagulation clinics was within
the expanded therapeutic range 82% (95% confidence in-
terval [CI] 78%–85%) of the time versus 76% (95% CI
72%–80%) of the time for patients in the family physician
group (p = 0.034) (Table 2). The INR of patients man-
aged by anticoagulation clinics was within the actual ther-
apeutic range 63% (95% CI 59%–67%) of the time ver-
sus 59% (95% CI 54%–64%) of the time for patients
managed by family physicians (p = 0.19). Thirty percent
(95% CI 22%–40%) of patients had high-risk INR values
(defined as being < 1.5 or > 5.0) in the anticoagulation
clinic group compared with 40% (95% CI 39%–59%) of
patients in the family physician group (p = 0.005). The
mean number of INR measurements performed in the an-
ticoagulation clinics was 11 (95% CI 10–12) versus 13
(95% CI 12–14) for the family physician group over the
3-month period (p = 0.001).

Oral anticoagulation management
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Fig. 1: Flow of subjects through the study. R = randomization, INR = interna-
tional normalized ratio.
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One hundred and sixty-three (74%) patients whose tar-
get INR was 2.0–3.0 received warfarin sodium therapy for
the first time. Eighty patients were in the anticoagulation
clinic group and 83 were in the family physician group.
These patients’ INR was within the expanded therapeutic

range 86% (95% CI 82%–89%) of the time for anticoagu-
lation clinics versus 77% (95% CI 73%–82%) of the time
for family physicians (p = 0.004). Twenty-one percent (95%
CI 13%–32%) of patients had high-risk INR values (< 1.5
or > 5.0) in the anticoagulation clinic group compared with
46% (95% CI 35%–57%) of patients in the family physi-
cian group (p = 0.001) (Table 3).

Major bleeding events (2 [2%] v. 1 [1%]), thromboem-
bolic events (1 [1%] v. 2 [2%]) and deaths (5 [4%] v. 6
[6%]) occurred at a similar frequency in the anticoagulation
clinic and family physician groups respectively. In the anti-
coagulation clinic group, 1 patient had a stroke. In the fam-
ily physician group, 2 patients developed deep vein throm-
bosis and pulmonary embolism. Of the 5 deaths in the
anticoagulation clinic group, 4 were from cancer and 1
from a stroke. Two patients in the family physician group
died within the first week of the study. One patient who
was receiving warfarin sodium for atrial fibrillation had an
acute myocardial infarction 15 days after randomization.
Ten days before the patient’s death, the patient’s INR was
1.9. The second patient was receiving oral anticoagulant
therapy for deep vein thrombosis and died of cancer
15 days after randomization. Of the remaining 4 patients, 2
died of cancer, 1 from a pulmonary embolism and 1 from
sepsis.

Of the 170 (77%) patients who completed the patient
satisfaction questionnaire, 85% (95/112) were in the anti-
coagulation clinic group and 69% (75/109) were in the
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Table 1: Baseline characteristics of study patients in the
anticoagulation clinic (AC) and family physician (FP) groups

No. (and %) of patients*

Characteristic
AC group
n = 112

FP group
n = 109

Mean age (and SD), yr 61 (15) 61 (15)
Male sex 69 (62) 59 (54)
Indication
  Venous thromboembolism 71 (63) 71 (65)
  Atrial fibrillation 18 (16) 23 (21)
  Mechanical heart valve 15 (13) 8   (8)
  Other 8   (7) 7   (6)
New warfarin use 89 (79) 90 (83)
Previous warfarin use 23 (21) 19 (17)
Target INR range
  2.0–3.0 101 (90) 98 (90)
  2.5–3.5 9   (8) 10   (9)

  Other† 2   (2) 1   (1)

Note: SD = standard deviation, INR = international normalized ratio.
*Unless stated otherwise.
†Two patients’ target INR ranges were 3.0–4.0 and 1 patient’s target INR range was 1.5–2.0.

Table 2: Quality of anticoagulation management for all study patients

%* (and 95% CI)

Characteristic
AC group
n = 112

FP group
n = 106 p value

Percentage of time that patients’ INR values
were within the expanded therapeutic range† 82 (78–85) 76 (72–80) 0.034
Percentage of patients whose INR values
were < 1.5 or > 5.0 (high-risk values) 30 (22–40) 40 (39–59) 0.005
Mean number of INR measurements 11 (10–12) 13 (12–14) 0.001

Note: CI = confidence interval.
*Unless stated otherwise.
†Expanded therapeutic range for the prevention or treatment of thromboembolic disorders (standard risk) 1.8–3.2;
expanded therapeutic range for the prevention of cardioembolic complications because of prosthetic valves or
recurrent thrombosis (high risk) 2.3–3.7.

Table 3: Quality of anticoagulation management for new patients with target
INR 2.0–3.0

% (and 95% CI)

Characteristic
AC group

n = 80
FP group
n = 83 p value

Percentage of time that patients’ INR values
were within the expanded therapeutic range* 86 (82–89) 77 (73–82) 0.004
Percentage of patients whose INR values
were < 1.5 or > 5.0 (high-risk values) 21 (13–32) 46 (35–57) 0.001

*Expanded therapeutic range for the prevention or treatment of thromboembolic disorders (standard risk) 1.8–3.2.



family physician group (p = 0.001). Ninety-six percent of
patients in the anticoagulation clinic group reported that
they were either very satisfied or satisfied with their overall
warfarin care compared with 84% of patients in the family
physician group (p = 0.001). The remaining 4% in the anti-
coagulation clinic group had no opinion and the remaining
16% in the family physician group were either dissatisfied
or had no opinion. Patients in the anticoagulation clinic
group reported that they were more satisfied with teaching
(93% v. 80%), helpfulness of staff (98% v. 89%), availabil-
ity of staff in an emergency (76% v. 67%) and time spent
with staff (93% v. 76%) compared with the family physi-
cian group (p = 0.001).

Interpretation

The results of our study show that both models of care
provided very high-quality oral anticoagulant management.
The expanded therapeutic INR range of our study (within
± 0.2 units of the target therapeutic range) was achieved
over 75% of the time in both patient groups. Oral antico-
agulant management in anticoagulation clinics did achieve
statistically significant improvements in the proportion of
time patients’ INR values were within the expanded thera-
peutic range, although the observed difference (6%) was
less than the minimal clinically important difference (10%)
from which the target sample size had been derived. Man-
agement by anticoagulation clinics also resulted in signifi-
cantly fewer patients having high-risk INR values of less
than 1.5 or greater than 5.0. The mean number of INR
measurements performed was statistically significantly
lower in the anticoagulation clinic arm of this study. Satis-
faction with the quality of care was also statistically signifi-
cantly higher among patients managed through anticoagu-
lation clinics than with routine care.

Our study was not powered to detect differences in
thromboembolic or bleeding outcomes between the 2
groups, and no trend favoured 1 modality over the other.
The care provided in both arms of this study would be re-
garded as high quality compared with that reported in non-
controlled or registry studies.8,24,27,29,37,38 However, in the
family physician arm of this study, the quality of INR mon-
itoring was higher than previously reported in clinical tri-
als.31–44 There are a few features of our study that may have
accounted for the high-quality oral anticoagulant care in
the family physician arm. First, all patients were seen ini-
tially in a specialized anticoagulation clinic and received de-
tailed education regarding the use of and the risks and ben-
efits of oral anticoagulant management. Second, patients
had their dose of warfarin sodium stabilized before transfer
of care. Third, there was good transitional care between
our clinics and the family physicians who provided routine
anticoagulant care. The patients’ family physicians were
notified of the indication for oral anticoagulant manage-
ment, the INR results and the warfarin sodium dosage dur-
ing the stabilization period of the study. Fourth, family

physicians were aware that they were participating in a clin-
ical trial and may have been more vigilant about monitor-
ing anticoagulant care than in routine practice. In addition,
although only 6 family physicians refused to participate, it
is possible that those who did refuse may have perceived
their ability to regulate warfarin to be substandard, and
their elimination from the pool of family physicians could
have artificially increased the excellent level of monitoring.

There has been much debate about the most appropri-
ate model for oral anticoagulant therapy care. Noncon-
trolled studies have suggested that specialized anticoagula-
tion clinics with highly trained pharmacists, nurses and/or
physicians provide better anticoagulant care than family
physicians.29–38 Such studies suggest that the care rendered
by anticoagulation clinics results in improved anticoagulant
management (more INR results and time in the target
range) with fewer major bleeding and thromboembolic
complications.29–38

We believe that the results of our study should be gen-
eralizable to other tertiary care centres. The refusal rate on
the part of either patients or the family physicians was low,
making it unlikely that selection bias accounted for the re-
sults. The results were also similar when we considered pa-
tients who were receiving oral anticoagulant therapy for
the first time.

There are several limitations to our study. First, the fol-
low-up period was relatively short. It is possible that with
time, differences in compliance or follow-up could differ-
entially affect the quality of anticoagulant care in the 2
groups. Second, our study was underpowered to detect dif-
ferences in clinical outcomes, which would be the ideal end
point in comparing models of oral anticoagulant care. Fi-
nally, our study may not mimic routine medical care in
many centres. Because all patients were initially seen in an
anticoagulation clinic and received detailed educational
packages, these study results may not necessarily be gener-
alizable to routine care by family physicians if these educa-
tional and clinical measures are not undertaken.

In summary, anticoagulation clinics provided better
oral anticoagulant management than family physicians did,
but the differences were relatively modest. Further ran-
domized controlled trials to evaluate a much larger cohort
for a longer duration are required to determine whether
anticoagulation clinics improve patient outcomes and are
cost-effective.

Oral anticoagulation management
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