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Aims Atrial fibrillation (AF) is associated with numerous cardiovascular complications. We sought to estimate the annual
burden of cardiovascular complications in AF patients in French hospitals.

Methods
and results

All AF patients hospitalized in France in 2012 were identified from the national public/private hospital database.
Comorbid conditions and medical histories were documented using medical records dating back 5 years. Reasons
for hospitalization, type of admission (emergency or otherwise), length of stay, rehabilitation transfers, and death at
discharge were identified and costs of acute and rehabilitation care determined (2012 Euros). In total, 533 044 AF
patients (mean age+ SD 78.0+ 11.4 years, 47.1% women) were hospitalized in 2012 for any reason. Hospitalizations
were cardiovascular-related in 267 681 patients [22.5% cardiac dysrhythmia, 18.3% heart failure, 7.1% vascular/ischae-
mic diseases, 6.9% stroke/transient ischaemic attack (TIA)/systemic embolism (SE), and 1.3% haemorrhages]. Patients
with stroke/TIA/SE had higher rates of emergency admission (68.1%), transfer to rehabilitation unit (28.1%), and death
at discharge (13.7%) than those with other cardiovascular complications, with the exception of haemorrhages, where
emergency admission rates were similar. They also had longer mean lengths of stay (12.6+13.2 days for acute care and
46.8+ 42.5 days for rehabilitation). The annual total cost (acute care and rehabilitation) for all hospitalized cardiovas-
cular events was E1.94 billion, of which heart failure represented E805 million, vascular/ischaemic diseases E386 mil-
lion, stroke E362 million, cardiac dysrhythmia E341 million, and haemorrhage E48 million.

Conclusion Half a million patients with AF were hospitalized in France in 2012. Cardiovascular-related hospitalizations involved
half of these admissions, for a global burden of almost E2 billion, equivalent to 2.6% of total expenditure in French
hospitals. Among these hospitalizations stroke/TIA/SE represented costly, but potentially preventable, complications.
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Introduction
Atrial fibrillation (AF) is the most common chronic cardiac rhythm dis-
order, with a prevalence of between 1 and 2% in the general popula-
tion.1,2 In France, between 600 000 and 1 million people are estimated
to have AF.3 Atrial fibrillation has attracted much attention due to its
association with substantial mortality and morbidity. Indeed, this ar-
rhythmia is associated with numerous cardiovascular complications

including ischaemic stroke, heart failure, and myocardial infarction.4

Furthermore, the use of anticoagulant therapy for stroke prevention
in AF increases the risk of bleeding.4 The attributable risk of AF for
stroke is 1.5% for those aged 50–59 years and 23.5% for those
aged 80–90 years.5 A recent study in patients with AF estimated
the 24-month cumulative incidence of stroke to be 32.1 cases per
1000, haemorrhage to be 53.1 cases per 1000, myocardial infarction
to be 20.3 cases per 1000, and chest pain to be 45.3 cases per 1000.6
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Rehabilitation care contributes a high number of hospital stays
after acute care for a stroke; one-third of patients (with AF or
not) were admitted for rehabilitation after a stroke event.7 How-
ever, no data are available on the global burden of AF and its cardio-
vascular complications in France. The objectives of this study were
to describe the characteristics of patients with AF hospitalized in
France in 2012 and to estimate the annual burden of this arrhythmia
and of cardiovascular complications in hospitalized patients with AF,
at national and regional levels.

Methods
In this retrospective analysis, we used data from the Programme de
médicalization des systèmes d’information (PMSI). The PMSI consists of
five comprehensive databases that record diagnoses and procedures
for most day-care and inpatient stays in private and public hospitals in
France. Information from two of these databases was used. PMSI-MCO
(Médecine chirurgie obstétrique, Medicine, Surgery, Obstetric) was used
to identify patients and PMSI-SSR (Soins de suite et de réadaptation, post-
acute care and functional rehabilitation) was used to identify medical
and rehabilitation procedures during hospitalization and physical and
cognitive dependence.

The study population comprised adults (≥18 years) with a diagnosis
of AF or atrial flutter (ICD-10 code I48) coded in the principal diagno-
sis (i.e. the health problem that justified admission to hospital),
the related diagnosis (i.e. potential chronic disease or health state
during hospital stay), or the significantly associated diagnosis (i.e. co-
morbidity or associated complication) who were hospitalized for
any reason from 1 January to 31 December 2012. Patient information
(demographics, coexisting medical conditions, and medical history)
was described using data collected in their hospital records since
1 January 2007. Individualized risk stratification was done retrospect-
ively using the CHA2DS2-VASc [Cardiac failure or dysfunction, Hyper-
tension, Age ≥75 (Doubled), Diabetes, Stroke [Doubled]-Vascular
disease, Age 65–74, and Sex category (Female)] score for stroke
and the HAS-BLED [Hypertension, Abnormal renal/liver function,
Stroke, Bleeding history or predisposition, Labile international normal-
ized ratio (INR), Elderly, Drugs/alcohol concomitantly] score for
bleeding. A modified version (excluding labile international normalized
ratio and ‘antithrombotic drug therapy’) is presented as not all compo-
nents of the HAS-BLED score were available.

For AF complications occurring in 2012, data from acute and rehabili-
tation stays were collected and analysed.

Statistical analysis
Qualitative variables are described using counts and percentages and
continuous quantitative variables as means and standard deviations
(SDs). Comparisons were made using non-parametric tests as appropri-
ate: the Wilcoxon W and Kruskal–Wallis tests were used for comparing

values between two independent groups and the x2 test for comparing
categorical data. Costs of acute stays were determined using diagnosis-
related groups and corresponding tariffs (2012 Euros). Regarding the
costs of rehabilitation, stays were valuated using the Activity Value
Indicator (AVI) points system for each week per patient. The AVI points
obtained for each week per patient are deducted from an algorithm
formula taking into account the specific parameters correlated to the
patient’s care.8 The mean costs per patient (including both acute and
rehabilitation stays) were estimated for each cardiovascular complica-
tion. All analyses were performed using SAS software version 9.2
(Cary, NC, USA).

Results

Patient characteristics and reasons
for hospitalization
In France in 2012, 533 044 patients were hospitalized for AF as the
principal, related, or associated diagnosis. The mean+ SD age of
the population was 78.0+ 11.4 years, 53.2% were ≥80 years, and
47.1% were women (Table 1). The prevalence of hypertension
was 70.2 and 24.2% had diabetes mellitus. Overall, 50.2% of patients
were hospitalized for a cardiovascular reason, most commonly for a
cardiac dysrhythmia (22.5%), followed by heart failure (18.3%), vas-
cular/ischaemic diseases (7.1%), stroke/transient ischaemic attack
(TIA)/systemic embolism (SE) (6.9%), and haemorrhages (1.3%)
(Table 2).

Resource use and costs
Resource use
Of the cardiovascular-related hospitalizations, 44.9% required
emergency admission. The mean length of stay (LOS) in acute
care was 8.2+ 9.3 days. In the 15.8% of patients who required trans-
fer to a rehabilitation unit, the LOS for rehabilitation was 32.0+
28.5 days.

A total of 50 165 patients (9.4%) died during hospitalization, of
which 17 066 (34.0%) were cardiovascular deaths. Of the cardiovas-
cular complications, patients with stroke/TIA/SE showed significant-
ly higher rates (P , 0.0001) of emergency admission, transfer to
rehabilitation, and death at hospital discharge compared with
patients with heart failure, cardiac dysrhythmia, or vascular/ischae-
mic diseases, but not for patients with haemorrhages (Figure 1).
The length of stay was longer for patients with stroke/TIA/SE than
for other cardiovascular complications, for both acute care (median:
9.0; Q1–Q3: 5.0–16.0) (Figure 2A) and rehabilitation care (median:
34.0; Q1–Q3: 19.0–30.0) (Figure 2B). In hospitalized patients with
AF who had a stroke, 74.9% required emergency admission to hos-
pital and 34.2% required rehabilitation in hospital (Table 3).

Global costs
The overall costs for the management of cardiovascular complica-
tions were E1.94 billion. Heart failure represented E805 million
(41.5%), cardiac dysrhythmia E386 million (19.9%), stroke/TIA/SE
E362 million (18.7%), vascular/ischaemic diseases E341 million
(17.6%), and haemorrhages E48 million (2.5%) (Figure 3). Hospital-
ization for AF symptoms as the principal diagnosis was collected in
the cardiac dysrhythmia group, and represented 5674 stays (5433
patients) for a total amount of E9.5 million in 2012. Acute care

What’s new?
† The hospital costs of cardiovascular complications in patients

with AF are substantial in France, representing 2 billion Euros.
† While stroke, TIA, and SE are not the most frequent compli-

cations in AF, they have higher resource consumption. These
complications require special attention because of their
preventability.
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was provided in public hospitals for 75.0% of patients and rehabilita-
tion care for 66.2% of patients (Table 4). These rates increased to 88.8
and 75.2%, respectively, for patients with stroke/TIA/SE.

Mean costs per patient per event
In patients hospitalized for a cardiovascular complication,
those with stroke/TIA/SE had the highest mean cost per patient
(E10 094), followed by vascular/ischaemic diseases (E9366), heart
failure (E8419), haemorrhages (E6841), and cardiac dysrhythmia
(E3299). Haemorrhagic stroke had a higher mean cost per patient
(E12 748) than ischaemic stroke (E11 234), SE (E9087), unspeci-
fied stroke (E8108), and TIA (E3734).

Discussion
A total of 533 044 patients with AF were hospitalized in France in
2012 (841 per 100 000 inhabitants), half for a cardiovascular reason,
and 53.2% were among the very elderly (≥80 years). Consequently
the annual burden for cardiovascular complications related to AF is
huge, costing nearly E2 billion, and equivalent to 2.6% of the total
expenditure of French hospitals in 2012. To our knowledge, this is
the first national cost-of-illness estimate for AF complications in
France. It can, however, be measured against UK data, where 0.9–
2.4% of the UK healthcare budget was allocated to AF in 2000, and
against US data, where $6.65 billion was attributed to AF hospitali-
zations in 2005.9 Previously, based on 2000 data from France, Jean-
tet et al.10 estimated the cost of treatment for the first two episodes
of AF to be E305 million.

The results from this study show that the use of healthcare re-
sources in patients with AF is substantial: 45% of patients were
hospitalized as an emergency admission and the mean LOS in acute
care exceeded 1 week. Of the cardiovascular complications, stroke/
TIA/SE required the greatest use of healthcare resources (i.e. emer-
gency admission, transfer to rehabilitation unit, and LOS) and cost the
most per patient. Hence, minimizing the risk of stroke in patients with
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Table 2 Reason for hospitalization (n 5 533 044
patients) (patients may have several hospitalizations)

Reason for hospitalization Hospital stays,
n (%)

Patients,
n (%)

Number of patients 833 127 533 044

Cardiovascular reason 347 862 (41.8) 267 681 (50.2)a

Cardiac dysrhythmia 138 939 (16.7) 119 930 (22.5)a

Haemorrhage 7485 (0.9) 7013 (1.3)a

Heart failure 120 310 (14.4) 97 622 (18.3)a

Stroke/TIA/SE 39 156 (4.7) 36 320 (6.9)a

Vascular/ischaemic diseases 41 972 (5.0) 37 670 (7.1)a

Non-cardiovascular reason 485 265 (58.2) 369 515 (69.3)a

Cancer 29 588 (3.6) 25 894 (4.9)a

Digestive disease 42 539 (5.1) 37 864 (7.1)a

Ophthalmology 13 893 (1.7) 11 401 (2.1)a

Pneumology 74 415 (8.9) 63 750 (12.0)a

Rheumatology 28 737 (3.4) 26 810 (5.0)a

Other non-cardiovascular
reason

296 093 (35.5) 203 796 (38.2)a

Data given as number (%).
aPatients may have several hospitalizations.
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Table 1 Patient baseline characteristics

All patients (n 5 533 044)

Mean age (years) 78.0+11.4

Median (Q1–Q3) 80 (72–86)

Minimum, maximum 18–110

Age ≥80 years 53.2

Women 47.1

Coexisting conditions (%)

Alcohol-related diagnosis 6.1

Anaemia 23.8

Cancer 19.0

Diabetes mellitus 24.2

Dyslipidaemia 27.8

Hypertension 70.2

Inflammatory disease 9.8

Liver failure 4.7

Lung disease 22.5

Neurological disease 10.4

Obesity 17.6

Renal failure 22.8

Thyroid disease 13.4

Cardiovascular history (%)

Stroke 8.1

Ischemic 6.3

Haemorrhagic 1.1

Unspecified 1.7

Major haemorrhage 2.4

Intracranial 0.5

Gastrointestinal 1.0

Any severe bleeding 1.1

TIA 3.0

SE 3.1

Vascular disease 17.7

Myocardial infarction 8.0

Peripheral arterial disease 9.8

Occlusions 4.4

Other ischaemic heart disease 22.1

AF symptoms present 7.3

Heart failure (including dyspnoea) 29.5

Cardiac dysrhythmia 7.6

Abnormal cardiac conduction 16.3

Valvular disease/surgery 13.8

Risk scores

Stroke: CHA2DS2-VASc 4.0+1.8

Haemorrhage: HAS-BLED 2.2+1.1

CHA2DS2-VASc, Cardiac failure or dysfunction, Hypertension, Age ≥75
(Doubled), Diabetes, Stroke (Doubled)-Vascular disease, Age 65–74, and Sex
category (Female); HAS-BLED, Hypertension, Abnormal renal/liver function,
Stroke, Bleeding history or predisposition, Labile international normalized ratio
(INR), Elderly, Drugs/alcohol concomitantly

Burden of cardiovascular complications in AF in France 503



AF is vital, not only from a healthcare perspective but also from an
economic perspective. Ischaemic stroke is also a largely avoidable
complication in the presence of effective anticoagulant prophylaxis.
As a previous study reported, before the introduction of non-vitamin
K oral antagonists (NOACs), a quarter of patients with AF in France
received no antithrombotic therapy, 50.7% were treated with a vita-
min K antagonist, 19.9% with aspirin, and 4.3% with clopidogrel (with
or without aspirin).11 Vitamin K antagonists require close monitoring
to maintain treatment within the target therapeutic range, but data
from the primary care setting demonstrate that barely half of the pa-
tients receiving vitamin K antagonist therapy have a well-controlled
international normalized ratio.12 Non-vitamin K oral antagonists offer
a new therapeutic approach for the prevention of stroke and SE and
are cost-effective when compared with warfarin.13,14 In addition, re-
cent studies have shown that patients on NOACs have a significantly
shorter LOS in hospital compared with patients receiving war-
farin.1,15,16 A re-evaluation of our findings when NOACs are more
widely used in France may thus be of interest.

The high rate of emergency admissions for stroke reflects an in-
appropriate use of resources in France, especially as only a small
percentage of patients are admitted direct to acute stroke centres.17

This finding may explain the higher rate of patients with strokes
managed in public hospitals (where most emergency units are lo-
cated) as opposed to private hospitals. A similar relationship can
be observed for haemorrhage and heart failure. The use of

healthcare resources in the 36 320 patients with stroke/TIA/SE
was generally homogenous, but with a few notable exceptions. Al-
though often thought of as benign, four-fifths of AF patients with a
TIA were admitted to hospital as emergencies, and the mean acute
LOS exceeded a week. While this could potentially be viewed as a
poor use of resources, the general public is appropriately encour-
aged to attend the emergency department if they experience early
signs suggestive of stroke, and often the transient nature of the
symptom may not be apparent at the time of presentation. Further-
more, the long LOS for TIA in patients with AF may be related to the
patient’s age or their social situation, which cannot be evaluated in
our study, but is similar to that reported in a Spanish study (mean 8
days vs. 7.3 days, respectively).18

The rate of death at discharge was also considerably higher for
patients with haemorrhagic stroke when compared with the other
cardiovascular complications. This finding is concert with recent
data showing that patients with haemorrhagic stroke were at greater
risk of dying within the first 30 days of the event when compared
with those with ischaemic stroke.19 Despite the substantial costs re-
lated to stroke in the study population, additional costs correspond
to a global cardiac disease. Many aspects of the current care for AF
patients set apart treatment ‘strategies’, while an approach that
takes into account all aspects of their cardiac profile may achieve
better clinical outcomes. Optimizing the management of these
patients, including the use of evidence-based cardiac medications,

Figure 1 Emergency admission, transfer to rehabilitation unit, and death at hospital discharge according to type of cardiovascular complication
(*P , 0.0001 vs. stroke/TIA/SE; NS: non-significant difference vs. stroke/TIA/SE). SE, systemic embolism; TIA, transient ischaemic attack.

F.-E. Cotté et al.504



Figure 2 Length of hospital stay for (A) acute care and (B) rehabilitation, according to the type of cardiovascular complication. Horizontal white
lines indicate median; rectangles indicate Q1–Q3; solid squares indicate mean. SE, systemic embolism; TIA, transient ischaemic attack.
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Table 3 Resource use and in-hospital death for patients hospitalized for a stroke, TIA, or SE

Stroke TIA
(n 5 5194)

SE
(n 5 5725)

All types
(n 5 25 401)

Ischaemic
(n 5 19 909)

Haemorrhagic
(n 5 4228)

Unspecified
(n 5 1615)

Emergency admission, n (%) 20 419 (74.9) 16 113 (76.4) 3106 (68.9) 1200 (72.7) 4240 (79.1) 1996 (30.5)

Length of acute stay (days)

Mean+ SD 14+14 14+13 15+17 12+12 7+7 11+13

Median (Q1–Q2) 11 (6–17) 11 (6–17) 10 (4–19) 9 (5–16) 6 (4–10) 8 (3–14)

Rehabilitation stay, n (%) 8694 (34.2) 6921 (34.8) 1392 (32.9) 412 (25.5) 431 (8.3) 968 (16.9)

Length of rehabilitation stay (days)

Mean+ SD 48+43 48+43 51+46 43+39 33+31 38+36

Median (Q1–Q2) 35 (20–62) 35 (20–62) 37 (22–65) 32 (18–56) 26 (15–38) 28 (16–47)

Death at discharge, n (%) 4242 (16.7) 2614 (13.1) 1334 (31.6) 294 (18.2) 69 (1.3) 590 (10.3)
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particularly for heart failure associated with AF, will ultimately
reduce the healthcare costs in these patients.

Strengths and limitations
The principal strength of this study was the use of the French PMSI
database, which contains information on all public and private hos-
pital stays in France. This medico-administrative database has also
been used for epidemiological and medico-economic purposes in
many medical fields, including studies assessing the incidence of
stroke and haemorrhage.6,20 Analyses from the PMSI database allow
‘real-world’ research that would not be feasible if conducted in a

prospective manner. The reports contained in the PMSI database
are coded under the responsibility of the head physician at each
medical unit and with the quality support of a dedicated department
in each hospital; coding may, however, have been performed by a
more junior member of staff. External quality controls are also
conducted by insurers, as hospital financial resources are directly
related to the coded information.

Nevertheless, some limitations must be acknowledged. Only the
burden of hospitalizations has been taken in account in our study,
which also underestimated some factors. First, in everyday clinical
practice, patients with non-major complications (e.g. mild bleeding)

Figure 3 Distribution of cardiovascular hospitalization costs in AF patients in 2012 in France (E1.94 billion). AF, atrial fibrillation; SE, systemic
embolism; TIA, transient ischaemic attack.
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Table 4 Global cost (E1.94 billion) of cardiovascular hospitalizations in 2012

Hospitalization
costs in 2012

All cardiovascular
complications
(n 5 267 681)

Stroke/TIA/SE
(n 5 36 320)

Haemorrhage
(n 5 7013)

Heart failure
(n 5 95 655)

Cardiac
dysrhythmia
(n 5 116 890)

Vascular/
ischaemic
diseases
(n 5 36 444)

Acute care E1 619 418 327 E236 282 000 E40 245 062 E682 869 176 E360 665 441 E299 356 648

Treatment in public
hospitals
(% patients)

75.0 88.8 88.4 81.2 67.3 67.3

Rehabilitation care E322 906 651 E125 785 587 E7 731 816 E122 454 928 E24 958 238 E41 976 082

Treatment in public
hospitals
(% patients)

66.2 75.2 72.8 64.3 67.4 59.4

All hospital care E1 942 324 978 E362 067 587 E47 976 878 E805 324 105 E385 623 679 E341 332 729

SE, systemic embolism; TIA, transient ischaemic attack.
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are not systematically hospitalized, and may therefore be under-
reported in our study. Secondly, the absence of consultation and
prescription data in community care is a limitation, but is small rela-
tive to the cost of hospitalization for cardiovascular complications.
Indeed, in the future it may be possible to address the burden of
disease in France using a national health insurance database, which
contains both hospital and community care reimbursement data.
Finally, our analysis included all AF diagnoses, irrespective of
whether it was the primary reason for hospitalization or a coexisting
condition. In a proportion of heart failure admissions, for example,
AF may be a co-morbidity that has only a small impact on the costs
of admission, and thus we may have overestimated the costs attrib-
uted to AF in this analysis.

Conclusion
Atrial fibrillation-related cardiovascular complications pose a
substantial economic burden in French hospitals, and emphasize
the need to minimize the risk of cardiovascular events in this
population.
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