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Background: Atrial fibrillation (AF) is associated with an increased risk of stroke and the combination of AF and
mitral stenosis (MS) is associated with a higher risk. In developed nations, degenerative mitral stenosis (DMS)
constitutes a sizeable proportion of patients with MS. Current international guidelines do not offer recommen-

ittn?kle fibrillati dations regarding anticoagulation in these patients. The objective of this study was to describe the incidence of
ria rillation . . . . . . .
Anti . stroke or systemic embolism in patients with DMS with or without prevalent AF.

nticoagulation

Methods: A cohort study of DMS patients from 1997 to 2018, using data from the Danish health registries. The
cohort was stratified based on AF prevalence and prior ischemic stroke. The primary outcome was a diagnosis of
ischemic stroke or systemic embolism after 1 year of follow-up from time of DMS diagnosis.

Resuits: The study included 1162 patients with DMS, of which 421 had prevalent AF. The incidence rate of stroke
or systemic embolism after 1 year of follow-up was highest in the DMS without AF group (7.58 vs. 6.63 per 100
person-years). In both groups, DMS without AF and DMS with AF, the incidence rate was highest in patients with
prior thromboembolic events (29.61 vs. 5.15 and 19.53 vs. 5.15, respectively).

Conclusions: The incidence rate of stroke or systemic embolism was highest in DMS patients without AF. Current
Danish guidelines recommend DMS patients should be treated with anticoagulation only with concurrent AF, yet
our results call for additional research to establish if DMS patients without AF could benefit from stroke pre-
vention therapy.

1. Introduction Euro Heart Survey DMS was shown by echocardiographic assessment to

account for 12.5% of all cases out of 336 patients with MS, with the

Atrial fibrillation (AF) is associated with an increased risk of stroke
and can occur in isolation or concurrently with various pathologies such
as mitral stenosis (MS) [1]. Degenerative mitral stenosis (DMS) is the
most prevalent type of non-rheumatic MS, often related to mitral
annular calcification (MAC) [2-5]. DMS is commonly found in patients
with cardiovascular risk factors, particularly among females, and the
frequency is expected to rise in an aging population where these risk
factors accumulate [6-8]. The prevalence of DMS has previously been
estimated between 0.19% and 0.22% [6,9]. In developed nations, DMS
constitutes a sizeable proportion of patients with MS: for example, in the

majority presenting with severe and symptomatic disease [10]. In a
more recent study of 50 patients with MAC assessed by echocardiogra-
phy, DMS was found in 26% [11]. MAC has previously been associated
with an increased risk of stroke, even in the absence of AF [12,13].
Patients with moderate-to-severe MS were excluded from the pivotal
NOAC-trials because of a particularly high risk for thromboembolism
[14,15]. A consensus statement from the European Heart Rhythm As-
sociation states that patients with AF and any degree of rheumatic MS
and moderate-to-severe non-rheumatic MS should be treated with
vitamin K-antagonists (VKA), until more data are available [14]. The

Abbreviations: DMS, degenerative mitral stenosis; DOAC, direct oral anticoagulants; MAC, mitral annular calcification; MS, mitral stenosis; NOAC, non-vitamin K-
antagonist oral anticoagulants; OAC, oral anticoagulants; VKA, vitamin K-antagonist.
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most recent ACC/AHA-, ESC/EACTS- and APHRS-guidelines do not offer
any recommendations regarding anticoagulation in patients with DMS
[16-18].

Results from previous prospective studies, estimating the risk of
stroke or systemic embolism in MS patients with concurrent AF, were
summarized by Karthikeyan et al. [15]. The incidence rates reported
were in the range of 0.4 to 3.9 per 100 person-years, after up to 4.5 years
of follow-up, however these studies included patients with MS of both
rheumatic and non-rheumatic etiology [19-21]. Also, most of the data
available on stroke-risk in MS and AF come from retrospective studies
that are several decades old on patients with rheumatic MS [15,22].

The objective of this study was to describe the incidence of ischemic
stroke or systemic embolism in an unselected nationwide cohort of pa-
tients with DMS with or without prevalent AF.

2. Methods
2.1. Data source and study population

This was a registry-based cohort study using data from the Danish
health registries, which apply a unique personal identification number
assigned to all Danish residents at birth or emigration. The Danish Na-
tional Patient Register records all information on diagnostic procedures
and treatment in Danish hospitals, community or privately owned [23].
The Civil Registration System provides information on sex, age, vital
status, and emigration [24,25]. The Danish National Prescription Reg-
istry collects information on claimed prescriptions [26]. All data used in
the study was retrieved from these databases and made available by the
Danish Health Data Authority.

The study population included patients diagnosed with mitral ste-
nosis on a non-rheumatic basis (i.e., degenerative MS) between January
1, 1997, and December 31, 2018. The registries were screened for pa-
tients with a record of non-rheumatic MS according to the ICD-10 (In-
ternational Classification of Diseases, 10th revision). Patients with
mitral valve prolapse and rheumatic- and congenital mitral valve disease
were excluded from the study. Patients with previous surgery on native
left-sided valves and/or a diagnosis of aortic valve disease were
excluded. See Supplementary Fig. 1 and Supplementary Table 1 (ap-
pendix section) for details on patient selection.

Baseline (index date) was defined as the date of an incident DMS
diagnosis, and the cohort was stratified based on a record of prevalent
AF and categorized as “DMS without AF” and “DMS with AF”.

2.2. Study variables

Variables included in the study were age, female sex, hypertension,
prior thromboembolic events, dyslipidemia, obesity, cardiomyopathy,
diabetes mellitus, congestive heart failure, ischemic heart disease,
chronic kidney disease, peripheral artery disease, dialysis due to chronic
renal failure, coronary revascularization procedures (percutaneous
coronary intervention or coronary artery bypass graft), ablation therapy
and pacemaker implantation. The CHA3DS,-VASc score, denoting
congestive heart failure, hypertension, age >75 years, diabetes mellitus,
prior stroke, systemic embolism or transient ischemic attack, vascular
disease, age 65-74 years, and sex category was also included. The Na-
tional Prescription Registry was used to assess claimed prescriptions for
medical therapy based on pharmacy redemptions within the last year
before the index date by using the Anatomical Therapeutic Chemical
(ATC)-codes (see Supplementary Table 1).

2.3. Follow-up and outcomes

Patients were followed in the Danish National Patient Register for up
to 1 year after baseline for a record of ischemic stroke or systemic em-
bolism. An outcome of systemic embolism included emboli in the pe-
ripheral arteries of the upper- and lower extremity as well as in the
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aorta, iliac-, renal-, splenic- and mesenteric arteries. All-cause mortality
was included as a secondary outcome. An analysis stratifying event rates
by CHA,DS,-VASc score was also performed as “No treatment indica-
tion” comprising males with a score of 0, and females with a score of 1;
“Consider treatment” comprised of males with a score of 1, and females
with a score of 2; “Recommend treatment” comprising males with a
score of >2, and females with a score of >3. Last, an analysis stratifying
the cohort by prior thromboembolic events was also conducted.

2.4. Statistics

Baseline characteristics were ascertained at the time of DMS diag-
nosis and stratified by AF diagnosis. Percentages and number count were
provided for categorical data, and continuous data are presented with
means and standard deviations (SD). Investigations of outcomes were
performed by means of time-to-event analyses. Patients were followed
for up to 1 year from the time of DMS diagnosis to an outcome of in-
terest, study end (December 31, 2018), emigration, or death — whichever
came first. Risks of outcomes over time were depicted with cumulative
incidence curves using the Aalen-Johansen estimate for competing risk
of death. Time-to-event analyses and incidence rates were calculated as
number of events per 100 person-years.

Three sensitivity analyses were also performed. First, for the primary
outcome, with and without stratification by prior thromboembolic
events, the analysis was performed using a 10-day quarantine period
following the index date, hereby postponing the counting of days at risk.
This was done to reduce the risk of carry-over diagnoses, i.e., an
outcome diagnosis erroneously given to patients with a prior thrombo-
embolic event very close to the index date, leading to an exaggerated
stroke rate [27]. Second, an analysis on the incidence of AF after the
index date in the “DMS without AF” cohort was performed to evaluate
the classification of AF status at baseline. Third, event rates for the
primary outcomes were calculated for patients not treated with oral
anticoagulants (OAC) at index date, with censoring of person-time
occurring when treatment with oral anticoagulants was initiated dur-
ing follow-up. This was done to get an indication of the natural history
for stroke in this subgroup.

Data management and analyses were performed using SAS 9.3 soft-
ware (SAS Institute, Cary, North Carolina) and STATA/MP version 16
software (StataCorp LP, College Station, Texas).

3. Results

A total of 2672 patients with DMS were identified, and after exclu-
sions, 1162 patients (71% females) with DMS were included in the
study, of which 421 (36.2%) had prevalent AF. Patients with AF were
older (mean 73 vs. 67 years), and had a higher prevalence of comor-
bidity, in particular congestive heart failure (41.1% vs. 21.9%), ischemic
heart disease (32.8% vs. 24.8%) and cardiomyopathy (4.0% vs. 1.8%).
The higher prevalence of comorbidity in the DMS with AF group was
also reflected by a higher mean CHA2DS»-VASc score (3.9 vs. 3.3). The
number of patients on oral anticoagulation treatment with VKAs was
more than three times higher in the DMS with AF group (49.2% vs.
15.9%). The prevalence of prior stroke or systemic embolism was 12.1%
in the DMS with AF group and 11.1% in the DMS without AF group. See
Table 1 for full details.

3.1. Incidence rates and cumulative incidence

Table 2 presents the number of events and incidence rates per 100
person-years (95% CI) for stroke or systemic embolism and all-cause
mortality after 1 year of follow-up. A total of 72 events were
observed. The incidence rate per 100 person-years of stroke or systemic
embolism was highest in the DMS without AF group (7.58 vs. 6.63). All-
cause mortality at 1 year of follow-up was highest in the DMS with AF
group: incidence rate 27.28 vs. 17.0. The cumulative incidences of
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Table 1
Baseline characteristics of patients with DMS stratified by AF status.
Total (n = DMS without AF DMS with AF
1162) (n=741) (n =421)
Age in years, mean (SD) 69.9 67.9 (16.1) 73.4 (11.6)
(14.8)
Female sex, % (n) 71.2 (827) 70.0 (519) 73.2 (308)
Hypertension, % (n) 48.4 (562) 45.6 (338) 53.2 (224)
Prior stroke or systemic 11.4 (133) 11.1 (82) 12.1 (51)
embolism, % (n)
Dyslipidaemia, % (n) 10.5 (122) 11.1 (82) 9.5 (40)
Obesity, % (n) 5.2 (61) 5.4 (40) 5.0 (21)
Cardiomyopathy, % (n) 2.6 (30) 1.8(13) 4.0 (17)
Diabetes mellitus, % (n) 17.5 (203) 17.5 (130) 17.3 (73)
Congestive heart failure, % (n) 28.8 (335) 21.9 (162) 41.1 (173)
IHD, % (n) 27.7 (322) 24.8 (184) 32.8 (138)
CKD, % (n) 7.1 (82) 7.3 (54) 6.7 (28)
PAD, % (n) 7.1 (83) 6.6 (49) 8.1 (34)
CHA,DS,-VASc, mean (SD) 3.51.9) 3.3(1.9 3.9 (1.8)
CHA,DS,-VASc score, % (n)
Males 0, females 1 12.9 (150) 16.5 (122) 6.7 (28)
Males 1, females 2 13.6 (158) 14.4 (107) 12.1 (51)
Males > 2, females > 3 73.5 (854) 69.1 (512) 81.2 (342)
Coronary revascularization 4.0 (46) 3.5 (26) 4.8 (20)
(PCI/CABG), % (n)
Pacemaker, % (n) 2.6 (20) 1.9 (14 3.8(16)
Ablation therapy, % (n) - (<5) —(<5) - (<5)
Dialysis, % (n) 2.1 (24 2.2 (16) 1.9 (8)
Pharmacological therapy, %
(n)
VKA 28.0 (325) 15.9 (118) 49.2 (207)
Aspirin 36.0 (418) 35.0 (259) 37.8 (159)
Thienopyridines 5.0 (58) 5.5 (41) 4.0 (17)
CCB 28.5 (331) 26.6 (197) 31.8 (134)
ACEI/ARB 38.1 (443) 38.1 (282) 38.2 (161)
Beta-blocker 29.3 (340) 22.1 (164) 41.8 (176)
Diuretics 66.4 (771) 60.9 (451) 76.0 (320)
Statins 24.6 (286) 25.6 (190) 22.8 (96)

n = number of patients, SD = standard deviation, AF = atrial fibrillation, DMS =
degenerative mitral stenosis, IHD = ischemic heart disease, CKD = chronic
kidney disease, PAD = peripheral arterial disease, PCI = percutaneous coronary
intervention, CABG = coronary artery bypass graft, VKA = vitamin K-antagonist
(warfarin and phenprocoumon were included), CCB = calcium-channel blocker,
ACEI = angiotensin-converting enzyme inhibitor, ARB = angiotensin receptor
blocker. Thienopyridines included were clopidogrel, ticagrelor, and prasugrel.

Table 2
Events and incidence rates per 100 person-years (95% CI) for ischemic stroke or
systemic embolism and all-cause mortality after 1 year of follow-up.

Ischemic stroke or systemic  All-cause mortality

embolism
No. of  Incidence rate No. of Incidence rate
events  (95% CI) events (95% CI)
DMS without AF 49 7.58 114 17.0
group (n = 741) (5.73-10.03) (14.15-20.43)
DMS with AF 23 6.63 (4.41-9.98) 97 27.28

group (n = 421) (22.35-33.28)

AF = atrial fibrillation, CI = confidence interval, DMS = degenerative mitral
stenosis, n = number of patients.

stroke or systemic embolism and all-cause mortality after 1 year of
follow-up, in patients with DMS stratified by AF status, are depicted in
Fig. 1 and Supplementary Fig. 2, respectively.

Table 3 presents the number of events and incidence rates for
ischemic stroke or systemic embolism and all-cause mortality after 1
year of follow-up stratified by prior thromboembolic event. The inci-
dence rate of stroke or systemic embolism after 1 year of follow-up was
highest in patients with prior thromboembolic events, regardless of AF
status. In the DMS without AF group, the incidence rate was 29.61 in
patients with a prior thromboembolic event vs. 5.15 in patients with no
prior thromboembolic event. Likewise, in the DMS with AF group, the
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incidence rate was 19.53 in patients with a prior thromboembolic event
vs. 5.15 in patients without a prior thromboembolic event. In the DMS
without AF group, the incidence rate for all-cause mortality at 1 year of
follow-up, was 10.39 in patients with prior thromboembolic events vs.
17.86 in patients with no prior thromboembolic events. In the DMS with
AF group, the incidence rate was highest in patients with prior throm-
boembolic events (44.25 vs. 25.22).

In Table 4, the number of events and incidence rates for ischemic
stroke or systemic embolism after 1 year of follow-up stratified by
CHA,DS,-VASc score are presented. Incidence rates of the main outcome
were highest in the “recommend treatment” group: 8.74 in the DMS
without AF group vs. 8.10 in the DMS with AF group. In the “consider
treatment” group, incidences rates were 6.17 in the DMS without AF
group vs. 2.07 in the DMS with AF group. In the “no treatment indica-
tion” group, incidences rates were 4.39 in the DMS without AF group vs.
0.00 in the DMS with AF group.

3.2. Sensitivity analyses

Supplementary Table 2 and Supplementary Table 3 presents the
sensitivity analysis using a 10-day quarantine period on the main
outcome analysis. The incidence rate of stroke or systemic embolism
after 1 year of follow-up was highest in the DMS without AF group (6.65
vs. 5.77). Regardless of AF, patients with prior thromboembolic events
had the highest incidence rates for ischemic stroke or systemic embolism
after 1 year of follow-up. In the DMS without AF group, the incidence
rate was 24.93 in patients with a prior thromboembolic event vs. 4.64 in
patients with no prior thromboembolic event. In the DMS with AF group,
the incidence rate was 13.95 in patients with a prior thromboembolic
event vs. 4.82 in patients without a prior thromboembolic event.

The incidence rate of developing AF after index date among patients
with DMS was 15.66 after 1 year of follow-up (see Supplementary Table
4). The 1-year cumulative incidence is depicted in Supplementary Fig. 3.

Supplementary Table 5 presents the subgroup analysis with event
rates after 1 year of follow-up for patients not treated with OACs at index
date, censored for when oral anticoagulants were started during follow-
up. The incidence rate for stroke or systemic embolism was 7.30 in this
subgroup.

4. Discussion

In this study of Danish DMS patients with or without AF, our prin-
cipal finding was a 1-year incidence rate of ischemic stroke or systemic
embolism of 7.58 and 6.63 in patients with DMS without AF and with
AF, respectively. Second, when stratifying the cohort by prior throm-
boembolic events, the results show markedly higher incidence rates of
stroke or systemic embolism in patients with a prior event, regardless of
AF status. Third, the number of patients on oral anticoagulation treat-
ment with VKAs was three times higher in the DMS with AF group.

Rheumatic MS is a well understood disease, but much less is known
about DMS [28]. Patients with significant MS were excluded from the
NOAC-trials and current Danish guidelines recommend that patients
with MS (regardless of etiology) should be treated with VKAs, but not
DOAG, and only in the presence of concurrent AF, a prior thromboem-
bolic event or thrombus formation in the left atrial appendage, or a
severely dilated left atrium [29]. The current ESC/EACTS-, ACC/AHA-
and APHRS-guidelines do not offer any recommendations on treatment
with anticoagulants in patients with DMS, but offer the same recom-
mendations as stated above in patients with rheumatic MS [16-18].

De Catarina et al. [30] discussed the use of anticoagulation in MS
patients, and state that even though these patients are considered the
highest risk for thromboembolism, “there are no reasons to suggest a
differential response to various anticoagulants”. Furthermore, a 2019,
non-randomized study by Kim et al. [1] assessing the efficacy of pre-
scribed off-label DOAC vs. conventional warfarin treatment in a popu-
lation of patients with MS (rheumatic and non-rheumatic etiology) and
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Fig. 1. DMS = degenerative mitral stenosis, AF = atrial fibrillation. 1-year cumulative incidence of ischemic stroke or systemic embolism in patients with DMS

stratified by AF status.

Table 3

Events and incidence rates per 100 person-years (95% CI) for ischemic stroke or systemic embolism and all-cause mortality after 1 year of follow-up stratified by prior

thromboembolic event.

Ischemic stroke or systemic embolism

All-cause mortality

No. of events

Incidence rate (95% CI)

No. of events Incidence rate (95% CI)

DMS without AF group

No prior thromboembolic event (n = 659) 30

Prior thromboembolic event (n = 82) 19
DMS with AF group

No prior thromboembolic event (n = 370) 16

Prior thromboembolic event (n = 51) 7

5.15 (3.60-7.37) 106 17.86 (14.76-21.60)
29.61 (18.88-46.41) 8 10.39 (5.20-20.78)

5.15 (3.15-8.40) 80 25.22 (20.26-31.40)
19.53 (9.31-40.97) 17 44.25 (27.51-71.18)

AF = atrial fibrillation, CI = confidence interval, DMS = degenerative mitral stenosis, n = number of patients.

Table 4

Events and incidence rates per 100 person-years (95% CI) for ischemic stroke or systemic embolism and all-cause mortality after 1 year of follow-up stratified by

CHA,DS,-VASc score.

Ischemic stroke or systemic embolism

No. of events Incidence rate (95% CI)

DMS without AF group
CHA;DS,-VASc “no treatment” group (n = 122)
CHA,DS,-VASc “consider treatment” group (n = 107)
CHA,DS»-VASc “recommend treatment” group (n = 512)
DMS with AF group
CHA,DS,-VASc “no treatment” group (n = 28)
CHA,DS,-VASc “consider treatment” group (n = 51)
CHA,DS,-VASc “recommend treatment” group (n = 342)

5 4.39 (1.83-10.54)
6 6.17 (2.77-13.73)
38 8.74 (6.36-12.01)
<5 0.00

<5 2.07 (0.29-14.72)
22 8.10 (5.34-12.31)

AF = atrial fibrillation, CI = confidence interval, DMS = degenerative mitral stenosis, n = number of patients. Event counts < 5 are masked as required by Danish

registry data legislations.

AF, reported that stroke or systemic embolism occurred at a rate of
2.22% per year in the DOAC-group, and 4.19% per year in the warfarin
group. In the present study, we observed an incidence rate of stroke or
systemic embolism of 7.58 in patients with DMS without AF after 1 year
of follow-up, and 15.9% percent of patients in this group were treated
with VKAs. Albeit a limited sample, our results could signal that patients
with DMS without prevalent AF, might benefit from anticoagulation in

terms of stroke prevention. The much higher number of patients on
VKAs in the DMS with AF group (49.2% vs. 15.9%) in this study, likely
explains the lower incidence rate of stroke or systemic embolism
observed in patients with prevalent AF. Our subgroup analysis in the
non-OAC group showed an incidence rate of stroke or systemic embo-
lism of 7.30 after 1 year of follow-up, indicating that DMS patients not
treated with OACs are at a significant risk for thromboembolism,
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corroborating the hypothesis that this population might benefit from
anticoagulation.

Indeed, it is of interest to evaluate the efficacy of DOACs in MS pa-
tients, whether on a rheumatic- or non-rheumatic basis, due to the
advantage of not needing to monitor treatment. Currently, a randomized
controlled trial evaluating the efficacy of rivaroxaban vs. warfarin in
patients with rheumatic mitral stenosis and AF, is in progress [31].

Of note, the sensitivity analysis with a 10-day quarantine period after
index date, showed lower incidence rates of the main outcome after 1
year of follow-up in both groups. Quarantine periods can be applied in
registry-based studies and may reduce overestimation of the outcome by
removing carry-over diagnoses erroneously given to patients. Hence the
results of the main outcome analysis with a 10-day quarantine period,
may represent a more accurate estimate, but could also lead to patients
with a true recurrent stroke being excluded from the study [27].

4.1. Limitations

Our study has limitations that must be acknowledged. We used
nationwide registries spanning 21 years of data but only identified a
relatively limited number of patients diagnosed with DMS. MAC and
subsequent development of DMS is not a treatable condition, thus
possibly leading to underreporting by physicians not coding the finding
in accordance with ICD-10. Identifying DMS patients might be better
accomplished by other means, such as evaluating echocardiographic
features like mitral valve area, which is typically used to grade the
severity of MS [16]. Since we had no information on valve character-
istics, we could not ascertain the severity of mitral stenosis, but only
report if a patient had DMS or not. Furthermore, we had no information
on INR and hence the efficacy of anticoagulation in this cohort. Unfor-
tunately, it was not possible to distinguish between subtypes of atrial
fibrillation nor determine the duration of an episode, using the Danish
national health registries. Yet, current international guidelines do not
distinguish between subtypes of atrial fibrillation with regards to
treatment. Denmark follows international guideline recommendations
suggesting a 12-lead ECG or Holter monitoring to confirm an atrial
fibrillation diagnosis detected from (e.g.) opportunistic screening and
palpation. Thus, we still believe our manuscript is of clinical relevance
while noting this limitation. The results of this study were contingent on
the coding of DMS diagnoses in the Danish health registries. No vali-
dation studies on the DMS diagnosis in the Danish National Patient
Register exists. Different studies have ascertained positive predictive
values for various discharge diagnoses in the Danish National Patient
Register. The positive predictive value of a stroke discharge diagnosis
has previously been found to be 69.3% in one study [32]. In another
study, a diagnosis of stroke was found to have a positive predictive value
between 74% and 97% [33]. In a third study, a diagnosis of AF was
found to have a positive predictive value of 92.6% [34].

5. Conclusion

The 1-year incidence rate of stroke or systemic embolism was highest
in DMS patients without AF, and patients with a prior thromboembolic
event had a higher incidence of this outcome compared to those without
a prior event, regardless of AF status. As current guidelines recommend
that DMS patients should be treated with anticoagulation only with
concurrent AF, our results call for additional studies to establish if DMS
patients without AF could benefit from stroke prevention therapy.
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