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ABSTRACT
Background: Whether advances in identification and management of
atrial fibrillation and atrial flutter (collectively, AF) have led to improved
outcomes is unclear. We sought to study trends in clinical outcomes
selected as quality indicators for nonvalvular AF in Canada.
Methods: We identified hospitalized patients with a first diagnosis of
nonvalvular AF between April 2006 and March 2015, in all of Canada
except Quebec. We assessed trends in 1-year incidence of stroke/
systemic embolism (SSE), major bleeding, and initial heart failure (HF)
hospitalization.
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R�ESUM�E
Contexte : On ne sait pas si les avanc�ees en matière de d�etection et
de prise en charge de la fibrillation auriculaire et du flutter auriculaire
(collectivement appel�es « FA » ci-après) ont permis d’am�eliorer les
r�esultats pour les patients. Nous avons donc �etudi�e les tendances à
l’�egard de r�esultats cliniques particuliers pris comme indicateurs de
qualit�e relatifs à la FA non valvulaire au Canada.
M�ethodologie : Nous avons recens�e les patients hospitalis�es au Can-
ada (sauf au Qu�ebec) entre avril 2006 et mars 2015 en raison d’une
FA non valvulaire nouvellement diagnostiqu�ee. Nous avons �evalu�e les
Atrial fibrillation and the related arrhythmia atrial flutter
(collectively, AF) are the most common heart rhythm
disorders encountered in clinical practice. AF has a global
prevalence approaching 1%, with increasing incidence and
prevalence because of population aging and changing patterns
of risk factors.1-3 AF leads to debilitating symptoms, and is
associated with important clinical sequelae: notably a fivefold
́

increase in the risk of ischemic stroke or systemic embolism
(SSE), a threefold increased risk of developing heart failure
(HF), and a near doubling in mortality.4-6 Furthermore, the
costs of AF care have been estimated at > CAD$5400
annually per patient.7

These facts have prompted several cardiovascular profes-
sional societies to develop and monitor a series of quality
indicators (QIs) designed to track adherence to evidence-based
processes as well as the outcomes of AF care.8-10 In Canada,
this effort has been led by the Canadian Cardiovascular So-
ciety. As part of this work, the AF Quality Working Group
published an initial set of QIs in 2016.11 In that report,
priority QIs were identified and defined in 3 distinct cate-
gories: access to care, treatment, and outcomes. After
completing an environmental scan of available data assets, the
working group published a second report that included an
expanded list of QIs and proposed methods to exploit
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Results: The cohort included 466,476 patients. The median age was
77 years (interquartile range, 68-84 years), 46% were female, and
68% had a Congestive Heart Failure, Hypertension, Age (�75 years),
Diabetes, Stroke/Transient Ischemic Attack, Vascular Disease, Age
(65-74 years), Sex (Female) (CHA2DS2-VASc) score > 3. Within 1 year
of discharge, 3.5% were hospitalized for stroke or SSE, 1.6% for major
bleeding, and 8.6% for new HF. Over the study period, the crude rate of
SSE declined from 3.6% to 3.3% (P ¼ 0.002), whereas the rates of
hospitalization for new HF and for major bleeding did not significantly
change. After adjustment for CHA2DS2-VASc score, the yearly rates of
incident SSE (risk ratio, 0.99; 95% confidence interval [CI], 0.98-0.99;
P ¼ 0.002) and HF (risk ratio, 0.99; 95% CI, 0.99-1.00; P ¼ 0.001)
declined � 1% absolute, whereas major bleeding remained un-
changed (risk ratio, 1.00; 95% CI, 0.99-1.00; P ¼ 0.28).
Conclusions: Among hospitalized patients with nonvalvular AF in
Canada, the rate of SSE and new HF decreased modestly over a 10-
year period, with no significant change in major bleeding. Efforts to
study process-based quality indicators, with increased focus on HF
prevention, are needed.

tendances quant à la survenue d’un accident vasculaire c�er�ebral ou
d’une embolie syst�emique (AVC/ES), d’une h�emorragie majeure et
d’une première hospitalisation pour insuffisance cardiaque.
R�esultats : La cohorte comprenait 466 476 patients, dont l’âge
m�edian �etait de 77 ans (intervalle interquartile : 68 à 84 ans); 46 %
des patients �etaient des femmes, et 68 % avaient un score CHA2DS2-
VASc (Congestive Heart Failure [insuffisance cardiaque congestive],
hypertension, âge [� 75 ans], diabète, Stroke/Transient Ischemic
Attack [AVC/accident isch�emique transitoire] e maladie vasculaire,
âge [65-74 ans], sexe [femmes]) sup�erieur à 3. Dans l’ann�ee suivant la
sortie de l’hôpital, 3,5 % des patients ont �et�e hospitalis�es en raison
d’un AVC ou d’un AVC/ES, 1,6 %, en raison d’une h�emorragie majeure
et 8,6 %, en raison d’une nouvelle insuffisance cardiaque. Au cours de
la p�eriode �etudi�ee, le taux brut d’AVC/ES est pass�e de 3,6 % à 3,3 %
(p ¼ 0,002), tandis que les taux d’hospitalisation en raison d’une
nouvelle insuffisance cardiaque ou d’une h�emorragie majeure n’ont
pas chang�e de manière significative. Après correction pour tenir
compte du score CHA2DS2-VASc, les taux annuels de survenue d’un
AVC/ES (rapport des risques de 0,99; intervalle de confiance [IC] à 95
% : de 0,98 à 0,99; p ¼ 0,002) et d’une insuffisance cardiaque (rapport
des risques de 0,99; IC à 95 % : de 0,99 à 1,00; p ¼ 0,001) ont
diminu�e de � 1 % en valeur absolue, tandis que le taux de survenue
d’une h�emorragie majeure n’a pas chang�e (rapport des risques : 1,00;
IC à 95 % : de 0,99 à 1,00; p ¼ 0,28).
Conclusions : Parmi les patients hospitalis�es au Canada en raison
d’une FA non valvulaire, les taux d’AVC/ES et de nouvelle insuffisance
cardiaque ont affich�e une r�eduction modeste sur une p�eriode de 10
ans, tandis que le taux d’h�emorragie majeure n’a pas chang�e de
manière significative. D’autres �etudes �evaluant les indicateurs de
qualit�e fond�es sur les proc�ed�es, notamment en matière de pr�evention
de l’insuffisance cardiaque, s’imposent.
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currently available data sets to report on national trends for
each QI category.12 In this article, we report national temporal
trends over a 10-year period for 3 outcome QIs among
hospitalized patients with nonvalvular AF: stroke or SSE,
major hemorrhage, and new-onset HF.
Methods

Data source and cohort identification

The Canadian Institute for Health Information (CIHI) is a
federally funded agency that collects health administrative data
from provincial health authorities. For this analysis, CIHI
supplied data from the Discharge Abstract Database (DAD),
which contains complete data for all inpatient hospitalizations
and surgical procedures, covering all Canadian provinces and
territories except Quebec. Primary and secondary diagnoses
are recorded in the DAD using the International Classification
of Diseases, Tenth Revision, Clinical Modification (ICD10-
CM). As previously published,12 Supplemental Table S1 in-
cludes the ICD10-CM diagnosis and Canadian Classification
of Health Interventions codes we used to define the study
population, identify comorbidities, and assess outcomes. The
University of Alberta Health Research Ethics Board approved
this project, as well as the waiver of individual informed
consent.

The study cohort included all patients aged 20 years or
older with � 1 hospital discharges with a diagnosis of AF
(ICD10-CM code I48.x) in any position in the discharge
record, between April 2006 and March 2015. In Canada,
there is no population-based national data set for outpatient or
emergency care, so patients with AF not requiring hospitali-
zation could not be identified. This widely accepted case
definition for AF identification within the DAD has been
validated against chart review in a primary care setting, and
was reported to be insensitive (44.8%) but highly specific
(99.8%).13 We excluded patients with a hospital discharge
diagnosis of AF in the 2 years before the study period. We also
excluded patients with a history of valvular heart disease or of
valve surgery, and patients who died during the index hos-
pitalization. In the case of multiple hospitalizations over the
study period, the first hospitalization with nonvalvular AF was
defined as the index hospitalization.

For risk adjustment and stratification we calculated
baseline Congestive Heart Failure, Hypertension, Age, Dia-
betes, Stroke/Transient Ischemic Attack (CHADS2) and
Congestive Heart Failure, Hypertension, Age (�75 years),
Diabetes, Stroke/Transient Ischemic Attack, Vascular Dis-
ease, Age (65-74 years), Sex (Female) (CHA2DS2-VASc)
scores (C, congestive HF: 1 point; H, hypertension: 1 point;
A, age: 1 point for age � 75 years in CHADS2, 2 points for
age� 75 and 1 point for age 65-74 years in CHA2DS2-VASc;
D, diabetes mellitus: 1 point; S, stroke or transient ischemic
attack: 2 points; V, vascular disease, defined as a history of
coronary artery disease or peripheral vascular disease: 1 point;
Sc, sex category female: 1 point) using algorithms validated



Figure 1. Description of the study cohort. AF, atrial fibrillation; NVAF, nonvalvular atrial fibrillation.
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for identifying these conditions from administrative
data.14,15

Study outcomes

All patients were followed for 1 year from the index
discharge date for the occurrence of a hospitalization for SSE,
major bleeding, or HF, using the definitions applied in a recent
publication from our group.12,15 Supplemental Table S1 in-
cludes the ICD10-CM codes used to define these outcomes.
Primary and secondary diagnoses were included. Stroke was
subclassified as ischemic or hemorrhagic, and transient
ischemic attacks (ICD10-CM G45, H34.0) were excluded as
outcomes because lack of specificity.14 Hemorrhagic stroke was
also counted as a major bleeding event.

Statistical analysis

Baseline characteristics are presented as median and
interquartile range for continuous variables and absolute
number with proportion for categorical variables. Cochrane
Armitage trend or c2 tests were performed for categorical data
and nonparametric Kruskal-Wallis test was done for contin-
uous data. We used a Poisson regression model to assess
outcome rates over time and across provinces. Crude
incidence was calculated as the number of patients who
developed the given outcome within 1-year of the index
discharge divided by the number of index AF patients. Crude
incidences of outcomes were stratified according to sex. To
assess temporal trends in outcomes over time after adjustment
for risk scores, 2 separate Poisson regression models were
performed; one included CHADS2 and fiscal year as covariates
and the other model included CHA2DS2-VASc score and
fiscal years. For assessment of the risk-adjusted temporal trend
in outcomes, patients with previous HF were excluded from
the analysis of this outcome. All analyses were performed
using SAS version 9.4 (SAS Institute Inc, Cary, NC).
Results
The formation of the study cohort is shown in Figure 1.

After applying exclusion criteria, the final cohort consisted of
466,476 patients with a first hospitalization with a diagnosis
of AF between April 2006 and March 2015 who were fol-
lowed for 1 year. Although total mortality was not included in
the data set, 33,034 (7.1%) patients died in-hospital during
follow-up.

Table 1 includes a summary of the baseline characteristics
of the cohort. The median age was 77 years and 46% were



Table 1. Baseline characteristics of study cohort

Variable Female Male Total

Total 213,475 (45.8) 253,001 (54.2) 466,476
Median age (IQR), years 80.0 (72.0-86.0) 74.0 (65.0-82.0) 77 (68-84)
Age < 65 years 25,578 (12.0) 63,111 (24.9) 88,689 (19.0)
Age 65-74 years 41,617 (19.5) 67,032 (26.5) 108,649 (23.2)
Age 75-84 years 78,291 (36.7) 81,988 (32.4) 160,279 (34.3)
Age � 85 years 67,989 (31.8) 40,870 (16.2) 108,859 (23.3)
CHADS2

0 26760 (12.5) 50492 (20.0) 77252 (16.6)
1 63442 (29.7) 79194 (31.3) 142636 (30.6)
2 66573 (31.2) 69275 (27.4) 135848 (29.1)
3 36746 (17.2) 36456 (14.4) 73202 (15.7)
4 15598 (7.3) 13760 (5.4) 29358 (6.3)
5 3736 (1.8) 3320 (1.3) 7056 (1.5)
6 620 (0.3) 504 (0.2) 1124 (0.2)

Median CHADS2 (IQR) 2 (1-3) 1 (1-2) 2 (1-2)
CHA2DS2-VASc

0 0 (0.0) 24,456 (9.7) 24,456 (5.2)
1 11,422 (5.4) 33,930 (13.4) 45,352 (9.7)
2 19,781 (9.3) 59,773 (23.6) 79,554 (17.1)
3 53,085 (24.9) 59,893 (23.7) 112,978 (24.2)
4 58,326 (27.3) 43,245 (17.1) 101,571 (21.8)
5 40,185 (18.8) 22,429 (8.9) 62,614 (13.4)
6 21,892 (10.3) 7548 (3.0) 29,440 (6.3)
7 7144 (3.3) 1414 (0.6) 8558 (1.8)
8 1351 (0.6) 313 (0.1) 1664 (0.4)
9 289 (0.1) 0 (0.0) 289 (0.1)

Median CHA2DS2-VASc (IQR) 4 (3-5) 3 (2-4) 3 (2-4)
Pre-existing conditions

Diabetes 49,707 (23.3) 69,894 (27.6) 119,601 (25.6)
Hypertension 97,384 (45.6) 106,784 (42.2) 204,168 (43.8)
Coronary artery disease 31,880 (14.9) 67,496 (26.7) 99,376 (21.3)
Vascular disease 46,247 (21.7) 84,304 (33.3) 130,551 (28.0)
Heart failure 56,541 (26.5) 62,288 (24.6) 118,829 (25.5)
Stroke/TIA 20,853 (9.8) 19,976 (7.9) 40,829 (8.8)
Stroke/embolism 17,805 (8.3) 17,092 (6.8) 34,897 (7.5)

Data are presented as n (%) except where otherwise noted. All comparisons according to sex were statistically significant (P < 0.0001).
CHADS2, Congestive Heart Failure, Hypertension, Age, Diabetes, Stroke/Transient Ischemic Attack; CHA2DS2-VASc, Congestive Heart Failure, Hyper-

tension, Age (�75 years), Diabetes, Stroke/Transient Ischemic Attack, Vascular Disease, Age (65-74 years), Sex (Female); IQR, interquartile range; TIA, transient
ischemic attack.
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female. The median CHADS2 score was 2 and the median
CHA2DS2-VASc score was 3. The most common stroke risk
factors were hypertension (43.8%), vascular disease (28.0%),
and HF (25.5%), whereas 7.5% had a history of SSE. There
were significant differences in all baseline characteristics
between women and men.

Figure 2 shows the unadjusted 1-year outcomes for the
entire cohort stratified according to sex. Overall, the incidence
of SSE was 3.5%, including 12,549 (2.7%) ischemic strokes,
and 3062 (0.7%) hemorrhagic strokes. A total of 7661 pa-
tients (1.6%) had a hospital discharge for major bleeding.
Finally, of 347,647 patients without a previous hospitalization
for HF 29,929 (8.6%), had a first hospitalization for HF.
Compared with men, women had a higher crude incidence of
SSE and HF, but a slightly lower incidence of major bleeding.
The crude national trends in each outcome are shown in
Table 2. Over the study period, there were modest but sta-
tistically significant reductions in the rate of SSE, ischemic
stroke, and HF hospitalization, but no measurable change in
the rate of hemorrhagic stroke, or major bleeding. Figure 3
shows trends in the incidence of SSE (panel A), major
bleeding (panel B), and HF hospitalization (panel C), before
and after adjustment for the components of the CHA2DS2-
VASc scores. Crude and adjusted analyses showed an absolute
decline in the rate of SSE � 1.0% between 2006 and
2014 (all P < 0.01). Incident admissions for HF also declined
by � 1.0% after adjustment for CHADS2 (P < 0.001) and
CHA2DS2-VASc scores (P < 0.001). Trends in SSE and
bleeding outcomes were similar in women and men
(Supplemental Table S2). However, there appeared to be
differences in trends for SSE according to age. The rate of SSE
for those aged < 65 years rose significantly during the study
period, whereas it fell in those aged � 75 years (Supplemental
Table S3 and Supplemental Fig. S1).

Supplemental Table S4 shows the interprovincial com-
parison in the crude 1-year incidence of each study outcome.
Sample size ranged from 261,632 (50.7%) for Canada’s most
populous province of Ontario, to 847 (0.16%) for the
combined Territories of Nunavut, Northwest Territories, and
Yukon. There were statistically significant differences between
jurisdictions for each outcome, although absolute differences
between provinces were not marked. For example, the 1-year
rate of SSE ranged from 2.3% (281 events) in Newfoundland
and Labrador to 3.9% (122 events) in Prince Edward Island.
The incidence of major bleeding ranged from 1.1% (188
events) in New Brunswick to 2.0% (17 events) in the Terri-
tories, and incident HF hospitalizations ranged from 7.8%
(652 events) in Newfoundland and Labrador to 10.2% (1706



3.5
1.6

8.6

3.1
1.8

8.0

4.0

1.5

9.3

0

1

2

3

4

5

6

7

8

9

10

SSE Major bleeding New HF

Ra
te

 p
er

 1
00

 p
aƟ

en
ts

Total Males Females

Males vs Females: p<0.001 for each outcome
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events) in Saskatchewan. Adjustment for CHA2DS2-VASc
score attenuated some of the interprovincial differences in
these outcomes (Fig. 4).
Discussion
To our knowledge, this analysis is the first to report on QIs

related to outcomes of hospitalized Canadians with a diagnosis
of nonvalvular AF at a national level. We included almost half
a million patients discharged from hospital for the first time
with AF as a primary or secondary diagnosis over a 10-year
period from 2006 to 2015, and report on trends for 3
patient-important outcomes identified as QIs: stroke or SSE,
major bleeding, and new-onset HF. The main findings are:
(1) that the risk-adjusted 1-year rate of SSE declined slightly
during the study period, but remains at approximately 3%; (2)
that incidence of major hemorrhage have not changed
significantly; (3) that the rate of incident HF is more than
twice that of SSE, and also declined modestly over the study
period; and (4) that there is statistically significant but
clinically modest interprovincial variation in these outcomes.

Contemporary trends in stroke, SSE, and bleeding in
patients with nonvalvular AF

Although we did observe a statistically significant decline in
the rate of SSE within 1 year of index hospitalization, its
magnitude is perhaps less than might have been expected
because of the important changes in AF management that
occurred during the study period. First, stroke risk stratification
has been transformed by the 2010 publication of the
CHA2DS2-VASc and Hypertension, Abnormal Renal/Liver
Function, Stroke, Bleeding History or Predisposition, Labile
INR, Elderly (> 65 Years), Drugs/Alcohol Concomitantly
(HAS-BLED) scores, which have subsequently been widely
adopted.16-19 Compared with the older CHADS2 score,20 use
of the CHA2DS2-VASc score results in classification of> 60%
of previously low- or intermediate-risk patients as having a
definite indication for oral anticoagulation.21 The second and
even more important change has been the introduction of
direct-acting oral anticoagulants (DOACs), beginning with
dabigatran in 2010. These agents overcome many of the
barriers that historically limited uptake of vitamin K antago-
nists, and in clinical trials have been shown to be either superior
or noninferior to warfarin for reducing the risk of ischemic
stroke or SSE in patients with nonvalvular AF, with reduced
risk of hemorrhagic stroke.22-25 Combining these factors, we
would expect to see a larger pool of patients with AF being
treated with safer and potentially more effective agents, which
would in theory result in a larger effect on outcomes than we
have observed in this analysis. In fact, more pronounced pos-
itive trends in SSE outcomes have been observed over this time
frame in other jurisdictions. For example, in a recent Swedish
population-based study patients newly diagnosed with AF be-
tween 2011 and 2013 showed that the 1-year rate of ischemic
stroke declined by 1% absolute (from 2.9% to 1.9%),26

compared with a change from 2.7% to 2.6% over those years
in our sample. Of note, that study included outpatients and
inpatients, and it is possible that changes in stroke risk strati-
fication and therapy are more pronounced and rapid in a
healthier outpatient population. Contradicting this hypothesis
is our finding of a rising risk-adjusted incidence of SSE in those
aged younger than 65 years. Furthermore, the study population
was from a single county that is home to 13% of Sweden’s
population, so generalizability to the Canadian populace is not
assured.

The proportion of at-risk patients receiving oral anticoag-
ulant therapy and the quality of therapy delivery are important
factors likely mediating the trends in SSE and bleeding
outcomes. Although we did not have access to prescription
data for this analysis, there are recent data from Canada and
elsewhere that can provide insight into our findings. In a



Ta
bl
e
2
.
O
ne

-y
ea

r
cr
ud

e
ou

tc
om

e
in
ci
de

nc
e
ac
co
rd
in
g
to

fi
sc
al

ye
ar

V
ar
ia
bl
e

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

T
ot
al

P*

Pa
ti
en
t
n

53
,5
44

50
,4
94

50
,1
78

50
,0
33

50
,5
05

51
,9
98

52
,8
03

53
,0
66

53
,8
55

46
6,
47

6
St
ro
ke
/e
m
bo
lis
m
,
n
(%

)
19

17
(3
.6
)

17
37

(3
.4
)

17
61

(3
.5
)

17
28

(3
.5
)

19
04

(3
.8
)

18
43

(3
.5
)

18
22

(3
.5
)

17
90

(3
.4
)

17
60

(3
.3
)

16
,2
62

(3
.5
)

0.
00
2

Is
ch
em

ic
st
ro
ke
,
n
(%

)
14

98
(2
.8
)

13
41

(2
.7
)

13
57

(2
.7
)

13
29

(2
.7
)

14
68

(2
.9
)

14
03

(2
.7
)

14
05

(2
.7
)

13
89

(2
.6
)

13
59

(2
.5
)

12
,5
49

(2
.7
)

0.
01
6

H
em

or
rh
ag
ic
st
ro
ke
,
n
(%

)
35

2
(0
.7
)

31
1
(0
.6
)

35
9
(0
.7
)

32
0
(0
.6
)

35
7
(0
.7
)

35
8
(0
.7
)

33
5
(0
.6
)

34
1
(0
.6
)

32
9
(0
.6
)

30
62

(0
.7
)

0.
32

M
aj
or

bl
ee
di
ng
,
n
(%

)
92

3
(1
.7
)

79
8
(1
.6
)

88
0
(1
.8
)

77
4
(1
.5
)

82
0
(1
.6
)

84
5
(1
.6
)

85
6
(1
.6
)

90
0
(1
.7
)

86
5
(1
.6
)

76
61

(1
.6
)

0.
16

Pa
ti
en
t
ny

39
,0
69

37
,1
80

36
,9
18

37
,2
52

37
,8
86

39
,2
97

39
,9
73

39
,8
87

40
,1
85

34
7,
64

7
N
ew

H
F,

n
(%

)
35

47
(9
.1
)

32
35

(8
.7
)

32
21

(8
.7
)

31
06

(8
.3
)

32
14

(8
.5
)

33
26

(8
.5
)

33
88

(8
.5
)

34
33

(8
.6
)

34
59

(8
.6
)

29
,9
29

(8
.6
)

0.
02
1

A
F,

at
ri
al
fi
br
ill
at
io
n;

H
F,

he
ar
t
fa
ilu
re
.

*
P
va
lu
e
fr
om

C
oc
hr
an
e
A
rm

ita
ge

tr
en
d
te
st
.

y E
xc
lu
di
ng

pa
ti
en
ts
w
it
h
pr
ev
io
us

2-
ye
ar

hi
st
or
y
of

H
F/
H
F
du

ri
ng

th
e
in
de
x
A
F
ep
is
od
e.

614 CJC Open
Volume 3 2021
population-based study conducted in the province of Alberta,
Canada over a similar time period (2009-2015), in which
pharmacy data were available, we found a rapid increase in
prescriptions for DOACs that was counterbalanced by a
decline in prescriptions for warfarin, with the result that there
was a < 5% absolute increase in the overall proportion of
patients at high risk of stroke who were anticoagulated.27 In
that study we also did not observe significant reductions in the
rates of stroke or bleeding events with time. It is important to
recognize that despite their benefits, there are practical barriers
to uptake of DOACs. Inclusion of these new drugs on public
formularies and coverage by major insurers did not begin until
2012, with coverage decisions differing somewhat between
provinces. An analysis of the overall Canadian market for oral
anticoagulants showed that by 2014 warfarin continued to
account for approximately 70% of prescriptions (for all in-
dications), with substantial variability across medical
specialties.28 Thus, it will be important to update our analysis
to determine if further uptake of DOACs has now more
substantially begun to influence outcomes.

Dosing of DOACs is also important: population-based and
registry studies have consistently reported higher proportions of
patients receiving reduced doses of dabigatran, rivaroxaban, or
apixaban than would be expected on the basis of drug mono-
graphs. For example, a 2019 claims-based study from France
showed that although the introduction of direct oral anticoag-
ulants was associatedwith an overall increase in prescriptions for
oral anticoagulants and a decline in the use of acetyl salicylic
acid, 40% of prescriptions for DOAC were for a low dose.29 A
similar pattern was observed in a Danish population-based
study.30 Furthermore, a US multi-centre registry classified
DOAC dosing according to established parameters, and
showed that a significant but small percentage of patients were
either under- or over-dosed, which in either case was associated
with adverse clinical events.31 Unfortunately the current data
set does not allow us to conclude whether, in the Canadian
context, the significant costs borne by patients and payers
associated with the shift fromwarfarin toDOACs over this time
period have been worthwhile. Ongoing work by our group
incorporating patient-level prescription data in a national
sample will help to address this issue.

Factors other than the quality of stroke prevention therapy
might also have affected our results. Although our analysis of
trends adjusted for covariates contained in the CHA2DS2-
VASc score, we could not account for shifts in population
burden of other covariates or clinical frailty phenotypes.

Prevention of HF as a QI for AF?

Although preventing SSE has rightly long been a focus of
AF management, the bidirectional association between AF
and HF is receiving increasing attention. These 2 common
cardiovascular conditions often coexist, and an extensive
literature now documents that each can cause and/or exacer-
bate the other.32,33 The finding in this study that > 8% of
patients discharged from hospital with AF will have a first
admission for HF within 1 year, a rate that is almost double
that of hospitalization for SSE, is cause for concern. Hospi-
talization for HF carries important prognostic implica-
tionsdsuch as a twofold or greater increment in near-term
mortality34,35dand is an adverse event that has importance
to patients as well as to clinicians, and health care
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Figure 3. Temporal trends in the 1-year incidence of hospitalization for (A) stroke or systemic embolism, (B) major bleeding, and (C) congestive
heart failure. Patients with history of heart failure admission were excluded from heart failure analysis. CHADS2 adjusted incidence was nearly
identical to CHA2DS2-VASc-adjusted incidence, is not displayed. CHADS2, Congestive Heart Failure, Hypertension, Age, Diabetes, Stroke/Transient
Ischemic Attack; CHA2DS2-VASc, Congestive Heart Failure, Hypertension, Age (�75 years), Diabetes, Stroke/Transient Ischemic Attack, Vascular
Disease, Age (65-74 years), Sex (Female);
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administrators.36 Furthermore, at least some HF hospitaliza-
tions among patients with AF are likely preventable with early
identification of ventricular or valvular dysfunction and
careful attention to rate and/or rhythm control. Partly for this
reason, current AF guidelines recommend performing
echocardiography as part of the initial evaluation of patients
with AF.18,19,37 However, this measure was not included in
the final list of QIs or performance measures in either Canada
or the United States.8,11 On the basis of these findings, we
propose that surveillance of rates of HF hospitalization among
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patients with AF continue at a national level, and that
future iterations of national QIs include process measures that
focus on prevention and management of HF and its
consequences.

Limitations

A number of limitations need to be considered in the
interpretation of this report. First, our case definition of AF
required a hospital discharge, as this is the only definition that
can currently be applied at a national level in Canada and that
permits interprovincial comparisons. Although a DAD diag-
nosis of AF is highly specific, it is not sensitive, and biases our
sample toward an older, more comorbid subset of the entire
population with AF.13 This will somewhat inflate the absolute
event rates observed, and could underlie differences between
trends in events observed in this cohort and the recent
Swedish one, as described previously. Second, for adminis-
trative reasons we lacked data from Quebec, Canada’s second
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most populous province. Third, we did not have access to
prescription data, or other important clinical detail such as
laboratory or cardiac imaging data, which were not available at
a national level. Fourth, CIHI data sets do not include deaths
that occur outside of hospital, so we are unable to comment
on trends in overall mortality, which is a competing event for
our outcomes of interest. A recent population-based study
from Ontario showed no significant change in the risk of all-
cause death within 12 months of an initial hospitalization or
emergency room visit for AF between 2007 and 2015.38 This
suggests that the trends we observed might not have been
influenced by changes in mortality. Fifth, some patients might
have been misclassified as free from HF at the time of index
discharge if they had pre-existing HF not leading to hospi-
talization. Finally, we caution that the findings of the inter-
provincial comparisons should be considered exploratory. As
expected, we did find some statistically significant differences
in outcomes measures between provinces. However, the
reported differences in crude and adjusted rates are all small in
absolute terms. Furthermore, the highest and lowest event
rates tended to be found in the provinces with the smallest
populations and number of events, limiting the precision of
these estimates.
Conclusions
Over a 10-year period spanning the introduction of new

oral anticoagulant medications in Canada, we observed a
modest decrease in the incidence of SSE, with no significant
change in major bleeding, among hospitalized patients with
nonvalvular AF. However, of concern was the observation of
the 1-year risk of new HF hospitalization being more than
twice as high as that of SSE. Future QIs work will focus on
addressing barriers to implementing effective stroke preven-
tion therapy, and on preventing HF in this vulnerable
population.
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