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Population trends in aortic valve surgery in Finland between 2001 and 2016

Abstract

Objectives: To investigate nationwide changes in procedure rates, patient selection, and
prognosis after all surgical aortic valve replacements.

Design: Patients undergoing primary iselated-surgical aortic valve replacement between 2001
and 2016 were identified from three nationwide registers with compulsory reporting to
examine trends in aortic valve surgery over four four-year time periods.

Results: A total of 12 139 iselated-surgical aortic valve replacement procedures (mean age
61.9 + 11.8 years, 39.1% women) were performed-between200+-and2646. The total number

of biological valves increased fromThere-was-an-inereasing-trend-in-use-of biologic-valves
compared-to-mechaniealvalves 1001 (42.9%) to 2526 (75.5%) from 2001-2004 to 2013-2016
(p<0.001). During the first and last time periodsstady-period the comorbidity burden
increased; the-share of patients with hypertension_increased from 37.5% to 46.9% (p<0.001),
diabetes_from 14% to 16.5% (p=0.01) and previous stroke from 5.2% to 7.2% (p=0.01)

inereased. The proportion of women undergoing surgery decreased_from 40% to 36.1% from

2001-2004 to 2013-2016 respectively (p=0.01). OverallDuring-the-study-period-the 28-day
mortality was 3.5 %. In patients with biologic valve the multivariable adjusted risk of short-

term mortality decreased steadily in every four-year period from 2001-2004 to 2005-2008
(HR, 0.66; 95% CI 0.47-9.92), 2009-2012 (HR, 0.54; 95% CI, 0.39-0.75) and 2013-2016 (HR,
0.41; 95% CI, 0.29-0.58), whereas short-term mortality remained similar in patients with
mechanical valve. The risk of four-year postoperative mortality after all surgical aortic valve
replacements stayed constant.

Conclusions: The use of biologic aortic valve prosthesis has increased eempared-te
mechanieal prosthesis-from 2001 to 2016. The proportion of women has declined markedly.

The short-term mortality has decreased and the long-term mortality has stayed constant -after

surgical-aortic-valve replacements-despite increasing comorbidity burden.

Keywords: Aortic valve replacement, Aortic valve surgery, survival, population trends,

nationwide data



Introduction

Surgical aortic valve replacement (SAVR) with either mechanical or biologic valve is the most
common type of valvular surgery in western countries [1]. The main indications for surgery are
aortic valve stenosis and aortic valve insufficiency, with the former being more common [1]. The

prevalence of aortic valve stenosis is estimated to be 0.3-0.7% and insufficiency 0.3-0.5% [2,3].

Moreover, their prevalence is markedly higher in population > 75 years; 2.8% and 2.0%,

respectively [3]. The prevalence of aortic stenosis is continually increasing, partly due to an
increasingly aging population [4]. However, despite patients being older and presenting with
increased comorbidities, the overall mortality rates following cardiac surgery have steadily declined
[4-6].

The selection of prosthesis type for valve replacement is based on balancing the risks of life-
long anticoagulation with mechanical and reoperation with bioprosthetic valves. Due to their
limited durability, bioprosthesis are recommended for the elderly [1,7,8] . The data on survival after
SAVR is still controversial. Recently Goldstone et al. [9] showed that SAVR with mechanical
prosthesis was associated with lower mortality among patients aged up to 55 years, whereas in a
study by Glaser et al. [7], patients aged 50-69 years survived better with mechanical valves
compared to biological. In contrast, Chiang et al. found no difference in mortality [10]. Hence, it
has been suggested that a biologic prosthesis could be suitable also for younger patients.

The aim of the present study was to examine nationwide trends in-iselated SAVR
procedures between 2001 and 2016 using Finnish nationwide register data. We assessed
longitudinal trends in valve type and patient selection, the short-term 28-day prognosis and long-

term 4-year prognosis during the study period.



Methods

Data sources and study population

The data for Finnish Cardiovascular Diseases Register was formed by combining individual patient
data from three nationwide electronic health care registers: The National Hospital Discharge
Register, the National Drug Reimbursement Register and the Causes of Death Register. The
information on diagnoses and procedures was collected from the National Hospital Discharge
Register which also includes a separate detailed section for invasively treated cardiac patients. The
data on drug purchases for reimbursed medications was gathered from the Drug Reimbursement
Register. In addition, the information on the causes of death was added from the National Causes of
Death Register.

The Hospital Discharge register contains diagnoses for each secondary and tertiary care
patient visit and Causes of Death Registers contain diagnoses of underlying, contributing or
immediate causes of death. The recording of the diagnoses to the registers is obligatory and done by
the treating physicians using the codes from the International Classification of Diseases 10t
revision (ICD-10). For the present study, we used data from the years 2001 through 2016. The
coverage of the Finnish Cardiovascular Diseases Register data is shown to be good, for
revascularization procedures it was previously shown to be over 90% [11].

Between 2001 and 2016, 12 146 patients had undergone first SAVR with_or withouteut
concomitant coronary artery bypass grafting (CABG) surgery in Finland. We divided the patients
into three groups by procedure type: 1) all SAVR procedures; 2) mechanical prosthesis; and 3)
biologic prosthesis.

A patient was considered to have diabetes, hypertension or chronic lung disease (i.e., asthma
or chronic obstructive pulmonary disease) if a specific medication was found in the Drug
Reimbursement Register or the ICD codes matched with these diseases prior the operation [6]. The

operation was defined as urgent if it was necessary to perform within one week of arrival to the



hospital. Before 2003 the information about urgency was not available in the registers, whereas all
procedures in which the patient had arrived in the hospital through the emergency room were

defined as urgent. Endocarditis was not an exclusion criteria, so all the endocarditis patients are

included to the population.

Follow-up and outcomes

The follow-up ended on December 31, 2016. The outcome events were detected through National
Hospital Discharge and Causes of Death Registers. These registers are nationwide and the coverage
of follow-up is practically 100%. Only persons who have permanently moved abroad are lost to
follow-up. On average, 0.1-0.2% of the Finnish population move abroad each year but this
proportion is likely to be even lower among elderly cardiac patients.

Four endpoints were used: 28-day all-cause postoperative mortality, 4-year all-cause
postoperative mortality, 4-year incidence of cardiovascular events and 4-year risk of intracranial
bleeding. Cardiovascular mortality was defined as mortality related to disease of the circulatory
system (ICD-10 codes 120-25, 146, R96, R98, 161, 163 and 164) as the underlying, contributing or
immediate cause of death. The intracranial bleeding was defined as cerebral bleeding or
nontraumatic intracranial bleeding (161 and 162), subarachnoidal hemorrhage was not included.
Myocardial infarction was defined with ICD-10 codes 121 and 122 as a hospital discharge diagnosis
or as the underlying, contributing or immediate cause of death. Stroke, excluding subarachnoid
hemorrhage, was defined with ICD-10 codes 161 and 163 (not 163.6) as a hospital discharge
diagnosis or as the underlying, contributing or immediate cause of death. The validity of coronary,
stroke and heart failure diagnoses in the Finnish registers has been previously fully described [11-

13].

Statistical methods

To assess the longitudinal changes in procedure types, patient characteristics, and post—procedural



outcomes, we divided the study period into four four-year categories by the year of the SAVR
operation: 2001-2004, 2005-2008, 2009-2012 and 2013-2016. Trends in the patient characteristics
across the time strata were compared using the Cochran-Armitage trend test for categorical
variables and regression analysis for continuous variables. We used Cox proportional hazards
regression models with follow-up truncated at four years to estimate the hazard ratios for post-
procedural mortality and cardiovascular events in different time periods. In addition, Cox
proportional hazards regression was used to assess the 28-day post-procedural hazard of all-cause
mortality in the different time periods. Proportional hazard assumptions were evaluated graphically
through plotting the Schoenfeld residuals and no strong evidence against proportionality were
obtained. The period 2001-2004 was used as the reference category in all models. The models were
adjusted for sex, age, urgency of the surgery, diabetes (yes/no), hypertension (yes/no), chronic lung

disease (yes/no), previous myocardial infarction (yes/no) and previous stroke (yes/no).



Results

Trends in SAVR rates and types

In total 12 139 SAVRs were performed in Finland years 2001-2016 (Table 1). The incidence of
SAVRs in Finland during the whole study period of 16 years was 14 per 100 000 person-days. Over
the study period, there was an increasing trend to using biologic valves (p<0.001) whereas the use
of mechanical valves markedly decreased (p<0.001) (Table 1). During the first time period 2001-
2004, the proportion of biologic valves was 42.9% and their proportion increased steadily to 75.5%
in 2013-2016. Altogether 16.5% of all SAVR procedures were classified as urgent. Urgent
procedures increased significantly over the study period (p<0.001) (Table 1). However, the amount
of urgent procedures stayed rather constant after the first two 4-year periods. When biologic and
mechanical valve groups were analyzed separately the increase in urgent procedures was only seen

in the mechanical valve group (p<0.001)._The proportion of concomitant CABG procedures has

increased from 22% to 9.5% (p<0.001) from 2001-2004 to 2013-2016 (Table 1). The same change

is also seen with mechanical and biological valves; from 16% to 4.4% (p<0.001) and 30% to 11.1%

(P<0.001), respectively (Table 1).

Trends in patient selection

Trends in patient selection for SAVR are presented in Table 1. The mean age of all SAVR patients
was 69.1 years, staying constant over the 16-year period. The mean age of patients undergoing
mechanical and biological SAVR remained unchanged; 59.5 (11.8) years and 74.7 (7.3) years,
respectively. During the whole study period, the average proportion of women receiving an aortic
valve prosthesis was 39.1%. The proportion of women decreased from 2001 to 2016 (p=0.01) and
this trend was apparent in both mechanical and biologic SAVR groups (p<0.001 for both) (Table 1,
Figure 1). The decrease in the proportion of women increasedesealated during the last four-year

time period (Figure 1). Biologic prosthesis was the more common choice for women; in the



mechanical valve group the proportion of women was 27.7% and in the biologic group 45.7%,

respectively. On average 72.8% of the patients had aortic valve stenosis and the proportion stayed

constant during the study period (Table 1). [Muotoiltu: Fontti: Lihavoitu

The comorbidity burden of the SAVR patients increased during the 16 years. Overall, the
share of patients with hypertension (p<0.001), diabetes (p=0.01) and previous stroke (p=0.01)
increased (Table 1). However, the prevalence of previous myocardial infarction declined slightly
(p=0.05), particularly in the mechanical valve group (p<0.001). In separate analyses, none of the
comorbidities showed an increase in the mechanical valve group, while in the biologic valve group

we observed an increased trend of patients with hypertension (p=0.01) (Table 1).

Trends in 28-day mortality after SAVR

The hazard ratios (HR) for all-cause mortality within 28 days after SAVR are presented in Table 2. «— [Muotoiltu: Normaali, Vili Ennen: 0 pt

During the whole study period the short-term mortality for all SAVR procedures was 3.5%.;-_ The

short-term mortality decreased from 2001-2004 to 2009—2012; 153/100 000 to 127/100 000

respectively (HR, 0.61: 95% CI, 0.46—0.80) and from 2001-2004 to 2013-2016; 153/100 000 to

89/100 000 respectively (HR, 0.47: 95% CI, 0.35-0.63). deereasing39%from2001—2004-t0-2009—

0-35-0-63)—In patients who underwent a bioprosthesis operation, the short-term mortality decreased
steadily in every four-year period from 2001-2004 to 2005-2008 (HR, 0.66; 95% CI 0.47-9.92),
2009-2012 (HR, 0.54; 95% CI, 0.39-0.75) and 2013-2016 (HR, 0.41; 95% ClI, 0.29-0.58) whereas it

remained similar in patients with a mechanical prosthesis (Table 2).

Trends in 4-year prognosis after SAVR

The HRs for four-year risk of cardiovascular events i.e. myocardial infarction or stroke, all-cause

mortality, and intracranial bleeding are presented in Tables 3, 4 and 5, respectively. Overall, the

multivariable-adjusted risk of cardiovascular events decreased by 17% from 2001-2004 to 2005-



2008 (HR, 0.83; 95% CI, 0.70-0.99) and 26% from 2001-2004 to 2009-2012 (HR, 0.76; 95% CI,
0.64-0.91). When analyzed separately, this trend was significant only in biologic valve group (HR
0.79; 95% CI, 0.63-0.98) (Table 3). The crude 4-year postoperative mortality after all the aortic
valve replacement procedures increased from 2001-2004 to 2009-2012 (HR, 1.23; 95% CI, 1.07—
1.42), but stayed constant in the adjusted models (HR, 0.92; 95% CI, 0.80-1.05, Table 4). The
multivariable-adjusted 4-year risk of risk of intracranial bleeding did not change over the study

period in either the biologic nor mechanical valve groups (Table 5).

Discussion

The aim of this study was to examine how aortic valve replacement surgery has evolved from 2001
through 2016 in a nationwide setting in Finland. During the 16-year study period, the number of
SAVRs using bioprosthesis increased, whereas the use of mechanical prostheses decreased.
However, the mean age of the patients remained unchanged in both valve groups. The proportion of
operated women declined markedly, especially in the last four-year period. During the last two time
periods (2009-2012 and 2013-2016), short-term mortality has decreased and long-term mortality
has stayed constant despite the increase in comorbidities. RAtse-therisk of cardiovascular events

after SAVR procedures has decreased, especially in the biologic valve group. Moreover, the

proportion of concomitant CABG procedures diminished over the study period and the same trend

was seen with both mechanical and biological valves.

The study by Martinsson et al. showed that the incidence of aortic stenosis does not differ
markedly between men and women in the general population [4]. Hence, our continually decreasing
proportion of women undergoing SAVR is an interesting finding. This may root from various
causes including presumed — and to some extent — a perceived higher risk of complications and
mortality after open-heart surgery among women compared to men [14]. As the survival of women
after transcatheter aortic valve implantation seems to be better compared to men, this might lead

physicians to refer women more easily either to TAVR or conservative treatment. fatine-the



FAMRWomen are also typically older at the time of symptomatic aortic stenosis, which might also
favor TAVR over surgery in women. TheHeweves; data on the gender distribution of TAVR

patients in Finland was not available in our register. However, the nationwide FinnValve registry

includes data from all TAVR-operations from 2008 to 2017 [15]. Mékikallio et al. discovered that

the amount of TAVR-operations increased during the whole follow up period, also TAVR patients

were on average 81.2 years old, 55% were women and EuroSCORE 11 was on average 7.2% [15].

Thus i striking decline in the proportion of women in 2013-2016 is probably related to

increasing use of TAVR .;is-net-yet-available-for-thepresentstudy-

In the current European guidelines, bioprosthetic valves are recommended in patients aged
older than 65 years and mechanical valves for patients aged under 60 years [1]. In the American
guidelines, however, bioprosthetic valves are recommended in patients aged older than 70 years and
mechanical prosthesis in patients aged younger than 50 years, and either type in patients aged from
50 to 70 years [8]. The mean ages of mechanical and biologic SAVR groups were 59.5 and 74.7
years, respectively, staying constant in both groups between 2001 and 2016. This reflects the
guideline-based prosthesis selection and their implementation into practice [1,8] . The observed
decrease in the number of mechanical valve procedures could partly be explained by overall higher
age of the patients at the time of the surgery. This is also supported by a Swedish nationwide study
which demonstrated that the median age at the time of the diagnosis of aortic stenosis has increased
[4]. It was discussed that the increasing use of lipid-modifying medications, angiotensin receptor
blockers and angiotensin converting enzyme inhibitors might indirectly slow the progression of
aortic stenosis, although evidence on the effectiveness of medical management for the progression
of aortic stenosis is at best weak.

Generally, the use of biological valves has increased [9,16], as also seen in our study. In our

study population, however, the mean age of patients undergoing mechanical and biologic valve
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procedures stayed constant. The optimal cutoff age on the choice between mechanical and
biological valve selection has been recently debated due to some studies with contradicting
findings. A few studies support the use of biological valves in patients aged 50-69 years after
finding no difference in mortality [10,17,18]. Whereas other studies demonstrated lower long-term
mortality in patients aged 50-69 years undergoing SAVR with mechanical prosthesis, in line with
the current recommendations [7,9,19].

According to some recent studies, the use of biological valves has increased also in younger
age groups [20], in contrast to current guidelines and recommendations [1,8]. One explanation for
this change could be the development of newer generation bioprosthetic valves which tend to show
very good long-term structural integrity [21,22] making physicians less reticent to choose biological
valves for younger patients.

The proportion of patients with previous myocardial infarction decreased throughout the
study period although other comorbidities like diabetes, previous stroke and hypertension increased.
This most likely reflects the changing burden of disease in the study population. i.e., the incidence
of coronary heart disease and stroke in Western countries has been steadily declining while

hypertension and diabetes are on the rise [6,23]._In our study population, concomitant CABG

procedures increased markedly over the study period, probably due to constantly increasing

percutaneous coronary interventions [6].

We observed a statistically significant increase in the proportion of urgent procedures over
the study period. However, the change is only seen from 2001-2004 to 2005-2008. After 2005, the
proportions of different urgency categories stayed rather constant. Before 2003, the information on
urgency was not recorded directly in the registers and we therefore coded all pre-2003 procedures in
which the patient had arrived in the hospital through the emergency room were defined as urgent.
Taking this into account, it is possible that the increase in the urgent procedures is due to change in

the reporting methods rather than a real change in clinical practice.

11



The strength of our study is the use of a comprehensive nationwide registry that includes
virtually all patients who underwent SAVR in Finland over a period of 16 years. As reporting to the
administrative registers used in our study is mandatory in Finland, our study is virtually free of
selection bias. However, there are some limitations related to retrospective register data; the detail
of the available data is limited and the register contained no information on the grading of the aortic
valve disease. The New York Heart Association score could have been used to grade the severity of
symptoms, but this was registered only for a small group of patients, and therefore excluded from

the analyses. Moreover, reliable EuroSCORE data were unavailable because it has been included as

part of the Finnish operative register starting in 2006 and our analyses extend back to 2001.

Therefore, we included several key components of the EuroSCORE, such as age, sex, lung disease,
urgency and history of myocardial infarction, in our analyses.

This nationwide study demonstrated how patient selection and prognosis of SAVRs has
changed over the past 16 years in Finland. The characteristics of patients have changed; the
proportion of women decreased and the proportion of patients with coexisting conditions increased.
Bioprosthetic valves became more common whereas the use of mechanical valves declined. At the
same time, however, the patients are older at the time of surgery, which favors the use of biologic
valves. Despite the increasingly morbid patient population, the short-term mortality improved and

the long-term mortality remained unchanged.
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Tables

Table 1. Trends in patient selection for surgical aortic valve replacements in Finland in 2001-2016.

Characteristic
All Procedures, n
Age,y
Women
Urgent
Previous MI
Previous stroke
| Concomitant
CABG
Diabetes
Hypertension
Chronic lung
disease
| Aortic valve
stenosis
Mechanical
valve, n
Age,y
Women
Urgent

Previous MI

Overall
12139
69.1(11.8)
4745 (39.1)
2001 (16.5)
1371 (11.3)
818 (6.7)
1908 (15.7)

2205 (18.2)
5655 (46.6)
1076 (8.9)

8834 (72.8)

4468

59.5 (11.8)

1238 (27.7)

717 (16.0)
350 (7.8)

2001-2004
2335
67.0 (12.1)
934 (40.0)
243 (10.4)
264 (11.3)
122 (5.2)
513 (22.0)

327 (14.0)
875 (37.5)
182 (7.8)

1620 (69.4)

1334

60.9 (12.1)

414 (31.0)

124 (9.3)
119 (8.9)

2005-2008
2995
68.8(11.6)
1185 (39.6)
577 (19.3)
372 (12.4)
206 (6.9)
633 (21.1)

569 (19.0)
1401 (46.8)
285 (9.5)

2212 (73.9)

1329

60.6 (11.6)

374 (28.1)

263 (19.8)
124 (9.3)

2009-2012
3463
70.5 (11.7)
1418 (40.9)
626 (18.1)
398 (11.5)
250 (7.2)
445 (12.9)

758 (21.9)
1810 (52.3)
362 (10.5)

2682 (77.4)

985

58.4 (11.5)

263 (26.7)

179 (18.2)
70 (7.1)

2013-2016
3346
69.5(11.6)
1208 (36.1)
555 (16.6)
337(10.1)
240 (7.2)
317 (9.5)

551 (16.5)
1569 (46.9)
247 (7.4)

2320 (69.3)

820

56.8 (11.5)

187 (22.8)

151 (18.4)
37 (4.5)

P(trend)

16

<.001
0.42
0.01

<.001
0.05
0.01

0.01
<.001
0.57

<.001

0.54
<.001
<.001
<0.01



Previous stroke
| Concomitant
CABG

Diabetes

Hypertension

Chronic lung
disease
Biologic valve, n

Age,y

Women

Urgent

Previous MI

Previous stroke
| Concomitant
CABG

Diabetes

Hypertension

Chronic lung

disease

222 (5.0)
533 (11.9)

624 (14.0)
1640 (36.7)
298 (6.7)

7671
747 (1.3)
3507 (45.7)
1284 (16.7)
1021 (13.3)
596 (7.8)
1375 (17.9)

1581 (20.6)
4015 (52.3)
778 (10.1)

65 (4.9)
213 (16.0)

168 (12.6)
436 (32.7)
90 (6.7)

1001
75.1(5.7)
520 (51.9)
119 (11.9)
145 (14.5)

57 (5.7)
300 (30.0)

159 (15.9)
439 (43.9)
92 (9.2)

73 (5.5)
201 (15.1)

212 (16.0)
528 (39.7)
99 (7.4)

1666
75.4(6.2)
811 (48.7)
314 (18.8)
248 (14.9)
133 (8.0)
432 (25.9)

357 (21.4)
873 (52.4)
186 (11.2)

48 (4.9)
83 (8.4)

151 (15.3)
376 (38.2)
68 (6.9)

2478
75.3 (7.6)
1155 (46.6)
447 (18.0)
328 (13.2)
202 (8.2)
362 (14.6)

607 (24.5)
1434 (57.9)
294 (11.9)

36 (4.4)
36 (4.4)

93 (11.3)
300 (36.6)
41 (5.0)

2526
73.6 (8.2)
1021 (40.4)
404 (16.0)
300 (11.9)
204 (8.1)
281 (11.1)

458 (18.1)
1269 (50.2)
206 (8.2)

Numbers are mean +SD for age and n (%) fort other variables. CABG: coronary artery bypass

grafting; MI: myocardial infarction.

0.56

<.001| Kommentoinut [MM3]: Added

0.65
0.06
0.15

<.001
0.99

<.001
0.20
0.01
0.06

<.00 1‘[ Kommentoinut [MM4]: Added

0.61
0.01
0.08
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Table 2. Hazard ratios for 28-day postoperative mortality after first surgical aortic valve

replacement in Finland in 2001-2016.

Time period

Procedure 2001-2004 2005-2008 2009-2012 2013-2016
All procedures
N of deaths 97 129 120 81
N per 100000 153 159 127 89
person-days
Crude 1.00 1.04 (0.80-1.35) 0.83 (0.64-1.08) 0.58 (0.44-0.78) ***
Adjusted 1.00 0.80 (0.61-1.05)  0.61 (0.46-0.80) **  0.47 (0.35-0.63) ***
Mechanical
valve
N of deaths 34 48 21 14
N per 100000 93 132 77 62
person-days
Crude 1.00 1.43(0.92-2.21) 0.83 (0.48-1.44) 0.68 (0.36-1.26)
Adjusted 1.00 1.08 (0.68-1.70) 0.79 (0.45-1.37) 0.75 (0.40-1.41)
Biological valve
N of deaths 63 81 99 67
N per 100000 235 180 147 98
person-days
Crude 1.00 0.77 (0.55-1.07) ~ 0.63 (0.46-0.86) ** | 0.42 (0.30-0.59) ***
Adjusted 1.00 0.66 (0.47-0.92)  0.54 (0.39-0.75) ***  0.41 (0.29-0.58) ***

*

*p<0.05; **p<0.01; ***p<0.001. Numbers are hazard ratios (95% confidence intervals). Adjusted
models include age, sex, type of procedure (urgent vs. non-urgent), diabetes, hypertension, chronic
lung disease and prevalent myocardial infarction and stroke as covariate
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Table 3. Hazard ratios for 4-year incidence of cardiovascular events after first surgical

aortic valve replacement in Finland in 2001-2016.

Procedure

All Procedures

N of events

Incidence per 1000 person-
years

Crude

Adjusted

Mechanical valve

N of events

Incidence per 1000 person-
years

Crude

Adjusted

Biological valve

N of events

Incidence per 1000 person-
years

Crude

Adjusted

2001-
2004

225
26

1.00
1.00

110
22

1.00
1.00

115
31

1.00
1.00

Time period

2005-2008

289

25

1.00 (0.84-1.19)
0.83 (0.70-0.99) *

109
21

0.99 (0.76-1.29)
0.91 (0.69-1.19)

180
29

0.93 (0.74-1.18)
0.82 (0.64-1.03)

2009-2012

333

25

1.00 (0.84-1.18)
0.76 (0.64-0.91) **

63
17

0.77 (0.56-1.05)
0.78 (0.57-1.06)

270
29

0.94 (0.76-1.17)
0.79 (0.63-0.98) *

Numbers are hazard ratios (95% confidence intervals). Adjusted models include age, sex,
type of procedure (urgent vs. non-urgent), diabetes, hypertension, chronic lung disease
and prevalent myocardial infarction and stroke as covariates.

19



Table 4. Hazard ratios for 4-year postoperative mortality after first aortic valve

replacement in Finland in 2001-2016.

Procedure

All Procedures

N of events

Incidence per 1000 person-
years

Crude

Adjusted

Mechanical valve

N of events

Incidence per 1000 person-
years

Crude

Adjusted

Biological valve

N of events

Incidence per 1000 person-
years

Crude

Adjusted

2001-2004

313
37

1.00
1.00

128
26

1.00
1.00

185
53

1.00
1.00

Time Period

2005-2008

472
44

1.18 (1.02-1.36) *
0.96 (0.83-1.11)

156
32

1.24 (0.98-1.56)
1.10 (0.86-1.39)

316
54

1.01 (0.85-1.22)
0.89 (0.74-1.06)

2009-2012

568
46

1.23 (1.07-1.42) **
0.92 (0.80-1.05)

92
25

0.97 (0.74-1.26)
1.01 (0.77-1.33)

476
54

1.03 (0.87-1.22)
0.89 (0.75-1.06)

*p<0.05; **p<0.01. Numbers are hazard ratios (95% confidence intervals). Adjusted
models include age, sex, type of procedure (urgent vs. non-urgent), diabetes,
hypertension, chronic lung disease and prevalent myocardial infarction and stroke as

covariates.
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Table 5. Hazard ratios for 4-year incidence of intracranial bleedings (161+162) after first

surgical aortic valve replacement in Finland in 2001-2016.

Procedure

All Procedures

N of events

Incidence per 100000 person-years
Crude

Adjusted

Mechanical valve

N of events

Incidence per 100000 person-years
Crude

Adjusted

Biological valve

N of events

Incidence per 100000 person-years
Crude

Adjusted

2001-2004

27
319
1.00
1.00

14
281
1.00
1.00

13
374
1.00
1.00

Time Period

2005-2008

31
287
0.90 (0.54-1.51)
0.81 (0.48-1.36)

16
326

1.16 (0.57-2.38)

1.11 (0.53-2.30)

15
255
0.68 (0.32-1.43)

2009-2012

27

217
0.68 (0.40-1.16)
0.60 (0.35-1.04)

6

162
0.58 (0.22-1.50)
0.60 (0.23-1.57)

21
241
0.64 (0.32-1.28)

0.59 (0.29-1.20)  0.59 (0.29-1.20)

Numbers are hazard ratios (95% confidence intervals). Adjusted models include age, sex,
type of procedure (urgent vs. non-urgent), diabetes, hypertension, chronic lung disease

and prevalent myocardial infarction as covariates.
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Figures

Figure 1. Decreasing proportion of women in the surgical aortic valve operations with

mechanical and biologic prosthesis.
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