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Claes Gustafsson, Kjell Asplund, Mona Britton, Bo Norrving, Bertil Olsson, Lars-Ake Mark&

Abstract
Objective-To assess the potential effects of

primary prevention with anticoagulants or aspirin in
atrial fibrillation on Swedish population.
Design-Analysis of cost effectiveness based on

the following assumptions: about 83000 people have
atrial fibrillation in Sweden, of whom 22 000 would
be potential candidates for treatment with anti-
coagulants and 55 000 for aspirin treatment; the
annual 50/o stroke rate is reduced by 64% (with
anticoagulants) and 25% (with aspirin); incidence of
intracranial haemorrhage of 0.3%, 133%, or 2.0% per
year; direct and indirect costs of a stroke of
Krl80000 and Kr90000; estimated annual cost of
treatment is Kr5030 for anticoagulants and KrlOO for
aspirin.
Setting-Total Swedish population.
Main outcome measures-Direct and indirect

costs of stroke saved, number of strokes prevented,
and cost ofpreventive treatment.
Results-Depending on the rate of haemorrhagic

complications 34 to 83 patients would need to be
treated annually with anticoagulants to prevent one
stroke; 83 patients would need to be treated with
aspirin. Giving anticoagulant treatment only would
reduce costs by Kr6O million if the incidence of
intracranial haemorrhage were 030/0 but would imply
a net expense if the complication rate exceeded
1.3%. The total savings from giving anticoagulant
(22 000 patients) and aspirin (55 000 patients) treat-
ment would be Krl75 million per year corresponding
to £2 million per million inhabitants each year.
Conclusions-Treatment with anticoagulants and,

if contraindications exist, with aspirin is cost effec-
tive provided that the risk of serious haemorrhage
complications due to anticoagulants is kept low.

Introduction
Non-valvar atrial fibrillation is associated with an

increased risk of ischaemic stroke.' Four randomised
studies have recently reported that treatment with
anticoagulants significantly reduces the risk of
stroke.2-5 One of these studies also showed a positive
effect with aspirin.3 No analysis has considered the
effects on a whole society if this treatment was adopted.
We looked at the medical and economic con-

sequences for the population of Sweden (8-5 million
inhabitants) of introducing primary prevention with
anticoagulant treatment as standard treatment for
patients with atrial fibrillation. We assessed the
economic effects of using anticoagulants or aspirin
alone and of using anticoagulants in selected patients
and aspirin in the others.

Methods
We based our calculations of the number of people

eligible for treatment on prevalences and risks reported

in previous studies. The Framingham study showed
that the prevalence of atrial fibrillation increased from
0.5% in 50-59 year old people to 8-8% in 80-89 year
olds.' Other population based studies, including a
report from Sweden, have shown increasing prevalence
rates of the same magnitude in different age groups.7
We therefore used the Framingham data to estimate the
total number of patients with chronic atrial fibrillation
in Sweden. The incidence of stroke in non-valvar
atrial fibrillation patients is around 5%/O a year.6 In
patients with lone atrial fibrillation below the age of 60
years and those with paroxysmal atrial fibrillation the
risk is lower, about 2% per year.6

All four primary prevention studies showed a signifi-
cant reduction of primary events (stroke and systemic
emboli) in patients taking anticoagulants with an overall
effect of 64%.' The trials included only a 4-40% of
screened patients with atrial fibrillation because of
contraindications.53I The proportion of patients with
contraindications to anticoagulant treatment increases
with age. We assumed a 50% eligibility for anti-
coagulant treatment in patients aged 50-69 years,
decreasing to 30% in those aged 70-80. A board of
clinically experienced physicians in the United States
also agreed that these estimates are reasonable.9

Aspirin reduced the number of primary events by
42% (p=002) in one study3 and by 16% (p= > 0 05) in
another.2 The 95% confidence intervals of the estimates
of stroke reduction overlapped in the two studies. The
Antiplatelet Trialists' Collaboration showed an overall
25% reduction in deaths from vascular disease and in
myocardial infarction and stroke when patients with
various cardiovascular disorders were given antiplatelet
treatment. Non-fatal stroke was reduced by 27%.'°
People with non-valvar atrial fibrillation have many
characteristics in common with other patients with
atherosclerotic diseases. The effect of aspirin in atrial
fibrillation is thus not established but we have assumed
that it produces a 25% reduction.

Intracerebral haemorrhage occurred at a rate of
0/3% per patient year of anticoagulant treatment in
four studies.2-5 This low figure could be explained by
the careful selection of patients and close follow up by
enthusiastic, skilled doctors. Other studies of out-
patients have shown serious haemorrhages in 5-1 1% of
patients and fatal bleeds in up to 2% within one year in
routine medical care." 12 In a retrospective study from a
Stockholm hospital the incidence of intracerebral
haemorrhage was 1-3% a year. Another 0-2% suffered
other fatal bleeds and 1-4% had other non-fatal
haemorrhages that required admission to hospital.'3
These figures, which may be more representative of
routine management of patients receiving anti-
coagulants than that of those from the treatment trials,
were also included in our calculations, which con-
sequently included incidence rates of intracranial
haemorrhage of 0/3%, 1-3%, and 2-0% a year.
The incidence of stroke, including cerebral haemor-

rhage, increases with increasing age. The risk of
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cerebral haemorrhage during anticoagulant treatment
is about ten times higher than that in patients not
taking anticoagulants and is independent of age." For
patients aged 80 years or over this would mean a yearly
risk of around 2-3%, which is similar to the gain with
treatment. Patients aged over 80 were therefore not
considered to be eligible for anticoagulants.
We assumed a 005% annual excess rate of haemor-

rhagic strokes in patients taking aspirin in our calcula-
tions (Antiplatelet Trialists' Collaboration, unpub-
lished data). In all aspirin studies the mortality from
gastrointestinal side effects has been very low.9

COSTS

Costs are expressed in Swedish kronor (KrlOO=
C9 50). Terent calculated the increased direct cost for a
stroke patient in Sweden by comparing the cost for the
year before the stroke with that in the first two years after
stroke.6 We have extrapolated the cost for the following
years to be the same as for the second year after the
stroke. The discount rate in the analysis was 5/o. The
value of expected life time costs for a stroke patient
would be Krl 80 000 when adjusted to the prices at the
end of 1991 (unpublished data). This figure includes
costs for hospital care, nursing care in old people's
homes, and home help. It agrees reasonably well with
the results of another Swedish stroke study after
adjustment for "basal" medical costs before stroke.' As
a comparison, the total cost for stroke care in Great
Britain in 1985 (excluding community support services
that are included in the Swedish costs) was estimated to
be C550 000 000. This would correspond to about
Kr55 000 per stroke patient.'" The hospital costs of
stroke in Scotland 1988 have been estimated at J4600
or Kr48 000."'

Patients who have a stroke also produce indirect
costs such as sickness benefit, disability pension, or
death before the pensionable age at 65. The costs of
sickness benefit are calculated only for the year of
stroke. Cost of disability pension or death have been
estimated from the year of stroke until the year of
retirement. Sickness benefit accounts for about 20%
and disability pension and death 40% each (unpub-
lished data). The average indirect cost was calculated
as Kr9O 000 when the costs were distributed among all
stroke patients.

Patients taking anticoagulants would also need to be
monitored, which incurs costs. A low estimate would
be a need for 13 planned anticoagulation tests and five

FABLE I-Annu7t(al costs of treatmizenzt (Kr) per patient i.n primain-
preventtion of atnal/fibnllation in Sweden

Anticoagulant Aspirin

Drugs 300 100
Visits for anticoagulation test 2160
Iravelling costs:

P'ublic transport 480 --

Transport service foir disablcd 470
Loss of irncome 970 --

Doctors visit 650

Total 5030 100

unplanned visits a year because of values outside the
therapeutic range, complications, and other reasons.
The total cost for each anticoagulation test varies from
Kr85 to Krl53 in Swedish hospitals; we used an
estimated average of Krl 20 (table I).
Each visit for an anticoagulation test was estimated

to take two hours, including travel. By using data on
work and income by age and sex from the Swedish
Bureau of Statistics the total loss of income because of
anticoagulation tests in 50-64 year old patients with
atrial fibrillation was calculated to be Kr21 0 million
per year.20 2 The cost of travelling to each anticoagula-
tion check up for non-disabled patients was estimated
to be Kr3O. We estimated that 2300 patients aged 50-79
with atrial fibrillation would require transport." The
cost of a return trip for these patients would be Kr250.
The daily warfarin dose of 5 mg would cost Kr300 per
patient per year. The corresponding cost for aspirin
would be Kr 00.
We included in the costs one extra visit a year to a

hospital physician or general practitioner to minimise
complications as well as to reduce and evaluate possible
new contraindications to treatment. The cost was
estimated to be at least Kr650 per visit. The loss of
work time is included above since the consultation
would probably take place with a check up of anti-
coagulation treatment.

Results
TREATMENT STRATEGIES AND ELIGIBILITY

In view of the established and significant effects of
anticoagulant treatment, this was selected as the first
choice of treatment for 50-79 year old patients with
atrial fibrillation provided they had no contraindica-
tions. Older patients and those with contraindications
were considered candidates for aspirin. We also cal-
culated the effect of a policy of giving aspirin to all
patients with atrial fibrillation. Only patients aged 50
years or over were considered since the prevalence of
atrial fibrillation below that age is extremely low.
A total of 83 000 people aged 50-89 years were

expected to have atrial fibrillation (table II). Prevalence
data on people aged 90 years or over are uncertain and
any treatment effects in this group have not been
documented. We therefore excluded this group from
our calculations. A total of 22 000 patients with atrial
fibrillation were candidates for anticoagulant treat-
ment. Based on clinical estimates, 90% of the patients
with atrial fibrillation who were not receiving anti-
coagulants were considered candidates for aspirin,
resulting in 55 000 patients. With aspirin as the only
available treatment 75 000 patients would be eligible.

EFFECTS AND TREATMENT COSTS

The risk of stroke in the population with atrial
fibrillation was assumed to be 5% annually, or 4150
cases of stroke (table III). The net reduction of stroke
by anticoagulant treatment depends on the annual risk
of bleeding due to anticoagulants. We used three levels
in our calculations: 0-3%/, 1 ./3%, and 2 0%. Assuming a
reduction in risk of 64% for anticoagulant treatment

TABLE 11-TCZhe'alCeC of artnalfibnllation anid eligibilitvfor anticoagulant or aspirin treatment in Swvedish popuilatiotn by age

Age (years)

50-59 60-69 70-79 80-89 T'otal

Totalpopulation 882550 866964 713400 328002 2790916
Prevalence of atrial fibrillation (%) 05 18 48 8.8
No of patients with atrial fibrillation 4 400 15 600 34 200 28 900 83 000
Eligibilitv for anticoagulant treatment (°) 50 50 > 30-50
No of patientseligible 2200 7 800 12000 22000

Eligibilit for aspirin treatment (") 90 90 90 90
Noofpatientseligible 4000 14000 31000 26000 75000
No of patients eligible if anticoagulant 2 000 7 000 20 000 26 000 55 000

is contraindicated
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TABLE iII-Expected reductioni in thlromiiboem7bol)ic stroke anid numswlber of cerebral haemiiorrhages in1 pati'entS
with atrialfibrillation treated zwith anticoagtulatnts or aspirin in Sweden

Treatment strategies

Anticoagulants Anticoagulants Aspirin
only or aspirin only

(n=22 000) (n=75 000)* (n=75 000)

No of ischaemic strokes:
WX'ithout treatment 1100 3850 3750
With treatment 400 2450 2800
Saved with treatment 700 1400 950

Frequencyofcerebralhaemorrhages 0 3 1 3 2 0 0 3 1 3 2 0
due to anticoagulants

No of haemorrhages due to 70 290 440 70 290 440
anticoagulants

No of haemorrhages due to aspirint __ - 30 30 30 40

Netreductioninstoke 630 410 260 1300 1080 930 910

* 22 000 Receiving anticoagulant and 55 000 aspirin. tAssuming a frequency of 0 05°'.

IABLE I'V-Number of patieits wzho zwvould need to be treated to prevent onie stroke anid treatmiienit costs in
conmparison wit/ the cost ofstroke

Anticoagulant

0-3%, Risk of 1-3"o Risk of 2 0%/I Risk of
haemorrhage haemorrhage haemorrhage Aspirin

No of patients treated to prevent one ischaemic strokc 31 31 31 80
Net No of patients required to prevent one stroke 34 53 83 83
TIreatment costs per stroke presented (Kr) 171 267 417 8
Net cost per stroke prevrented (Kr):

Based on direct costs onlv* -9 87 237 -172
Based on direct and indirect costst -99 -3 147 -262

* Direct costs Krl 80 000 per stroke. t Total costs Kr270 000 per stroke.

and 25% for aspirin, the reduction of strokes in Sweden
ranged from 260 to 1300 a year (table III).
Depending on the level of haemorrhagic complica-

tions 34 to 83 patients would need to be treated with
anticoagulants for one year to prevent one stroke (table
IV). The treatment cost per stroke prevented with the
lowest complication rate would be Kr171 000. To
prevent one stroke with aspirin treatment 83 patients
would need to be treated for one year at a cost of
Kr8000.
The best treatment option would be anticoagulants

when possible and aspirin for patients not suitable for
anticoagulants. At a 1 3% annual risk for intracerebral
haemorrhage during anticoagulant treatment, this
treatment strategy would reduce the annual number of
strokes by over 1000 and the total costs for stroke in
Sweden by Kr175 million a year. This means a yearly
rate of reduction of strokes of about 127 per million
inhabitants and a net saving of Kr21 million or C2
million per million inhabitants each year. If only direct
costs are considered (Kr180 000 per stroke) primary
prevention of atrial fibrillation with anticoagulants
results in a net cost as soon as the complication rate
exceeds 0-3%. But a considerable number of life years
will be gained and quality of life will be increased in
those who have had a disabling but non-fatal stroke
averted. When indirect costs are included (total
Kr270000) a net saving remains at a 1 3% risk of
intracranial haemorrhage. At a risk of 2%/o anticoagulant
treatment does not reduce the net number of strokes
more than aspirin does and the net cost per stroke
prevented is high.

Discussion
Our results show that for medical and economic

reasons anticoagulant treatment is justified for primary
prevention of stroke and systemic embolism in patients
with atrial fibrillation as long as the risk ofhaemorrhagic
complications is low. The low complication rates in the
randomised trials are probably not representative of
complications in routine anticoagulant treatment. In
the retrospective study from Stockholm, intra-
cerebral haemorrhage occurred four times more often
than in the primary prevention studies.'3 The incidence

of haemorrhage during anticoagulant treatment must
be closely monitored. It is debatable whether depart-
ments with an incidence of serious cerebral haemor-
rhagic complications above 2O0% should continue to
prescribe anticoagulant treatment. The complication
rate could probably be kept down by careful observation
of contraindications before as well as during treatment.
Low intensity anticoagulant treatment was as effective
as higher intensity treatment in the primary prevention
studies and should therefore be recommended.8

Anticoagulants have a pronounced and established
effect on risk of stroke in patients with atrial fibrillation
and should be the first choice if no contraindications
exist. Aspirin could be prescribed for those patients
with contraindications to anticoagulant treatment.
When the results from an ongoing direct comparison
between warfarin and aspirin in patients with atrial
fibrillation are available, the regimen might be changed
into an even more limited use of anticoagulants in
favour of aspirin. We estimated that aspirin is much
cheaper and causes less interference with the daily life
of patients and health care resources. In three ran-
domised trials of anticoagulants in patients with chronic
atrial fibrillation, 10-38%/o of patients withdrew from
anticoagulant treatment. Poor compliance may reduce
the number of strokes prevented but has no impact on
calculations of each stroke prevented. On the other
hand, a substudy within the framework of the Boston
trial has shown that long term treatment with warfarin
has little impact on quality of life unless an episode of
bleeding occurs."3 Any negative effect of anticoagulant
treatment on quality of life may be balanced by
confidence in its protective effects.

Subanalysis of one of the randomised trials has
shown recent congestive heart failure, history of hyper-
tension, and previous arterial thromboembolism to be
clinical predictors of thromboembolism and left ventri-
cular dysfunction and atrial size to be echocardio-
graphic predictors.242 5 These predictors were not con-
sidered in our calculations.
We conclude that prophylactic treatment with anti-

coagulants in patients with chronic atrial fibrillation
saves both strokes and money if bleeding complications
are kept low. A further reduction may be achieved if
aspirin is used in patients not eligible to receive
anticoagulants. The number of strokes saved with this
treatment strategy (1100 annually) corresponds to
about 4%/o of all strokes in Sweden. The cost reduction
(about Krl80 million a year) also represents about 4%
of the total cost of stroke. The benefits are shared by all
parts of the society.

This study was supported by grants from FONUS, the
county council in Skaraborg, and the Serafimer Hospital
Foundation.
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Abstract
Objective-To determine in patients with first

ever stroke whether atrial fibrillation influences
clinical features, the need to perform computed
tomography, and prognosis.
Design-Observational cohort study with maxi-

mum follow up of6 5 years.
Setting-Primary care, based on 10 general

practices in urban and rural Oxfordshire.
Subjects-Consecutive series of 675 patients with

first ever stroke registered in the Oxfordshire com-
munity stroke project.
Main outcome measures-Prevalence of atrial

fibrillation by type of stroke; effect of atrial fibrilla-
tion on case fatality rate and risk ofrecurrent stroke,
vascular death, and death from all causes.
Results-Prevalence of atrial fibrillation was 17%

(950/0 confidence interval 14% to 20%) for all stroke
types (115/675), 18% (15% to 21%) for cerebral
infarction (97/545), 11% (4% to 11%) for primary
intercerebral haemorrhage (7/66), and 00/0 (0 to 1l%)
for subarachnoid haemorrhage (0/33). For patients
with cerebral infarction the 30 day case fatality rate
was significantly higher with atrial fibrillation (23%)
than with sinus rhythm (8%); the risk of early
recurrent stroke (within 30 days) was 1% with atrial
fibrillation and 4% with sinus rhythm. In patients
who survived at least 30 days the average annual risk
of recurrent stroke was 8.2% (5-9% to 10/9%) with
sinus rhythm and 11% (6.0% to 17.3%) with atrial
fibrillation.
Conclusions-After a first stroke atrial fibrillation

was not associated with a definite excess risk of
recurrent stroke, either within 30 days or within the
first few years. Survivors with and without atrial
fibrillation had a clinically important absolute risk of
further serious vascular events.

Introduction
People with atrial fibrillation have an increased risk

of stroke compared with people with sinus rhythm'-10;
if the arrhythmia is not associated with valvar heart
disease the increase in risk may be only slight4 0° " or
even non-existent.8 Primary prevention of stroke has
been studied in several randomised trials in patients

with atrial fibrillation, the results suggesting that a
3-6% annual risk of stroke can be reduced by at least
20-40% with anticoagulant or antiplatelet treat-
ment.'2-14 Once a stroke has occurred it is not clear
whether the subsequent early and long term risks of
death or recurrent stroke are significantly different in
patients with and without atrial fibrillation. Some
studies have suggested that atrial fibrillation is associ-
ated with an increased risk of death in the first four
weeks after a stroke'5 16 whereas another has not.2
Similarly, some studies have suggested substantially
higher early and long term risk of recurrent stroke in
patients with atrial fibrillation compared with sinus
rhythm'7-'9 whereas others suggested little if any differ-
ence.220 The aim of this study was to determine the
contribution of atrial fibrillation to the causation of
different types of stroke and to the early and long term
risks of death and recurrent stroke after a first stroke,
thereby identifying priorities in the early and long term
management of patients with stroke and atrial fibrilla-
tion. A study of prognosis should satisfy certain
methodological criteria.2' The Oxfordshire community
stroke project satisfies most, if not all, of these
criteria.2223

Patients and methods
The methods used in the Oxfordshire community

stroke project and the characteristics of the cohort of
patients with stroke have been described elsewhere.--
Briefly, it was a prospective community based register
of all new cases of acute cerebrovascular disease,
including cases of stroke and transient ischaemic
attack, occurring in a defined population of about
105 000 residents of Oxfordshire. Meticulous case
ascertainment methods were used to detect cases
whether patients were admitted to hospital, managed
at home, or treated elsewhere while temporarily
resident outside Oxfordshire. All patients were seen as
soon after the event as possible by one of the neuro-
logists on the study (PS, JB, MD, JB, or CW) and basic
investigations including electrocardiography, chest
radiography, and computed tomography were per-
formed. If computed tomography could not be per-
formed and the patient died every effort was made to
obtain a necropsy to determine the pathological type
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