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ABSTRACT

Aortic valve surgery is the most common type of heart valve surgery in western
countries. The main causes for aortic valve surgery are aortic valve stenosis and
regurgitation. Mitral valve regurgitation is the most common cause for mitral valve
surgery, as mitral stenosis is rare. The proportion of mitral valve repairs has
increased during the last decades. It is currently the primary choice for treating mitral
valve disease of all etiologies. Cardiac surgery patients have sex-depended
differences as to type of surgery and outcome. Women are usually older by the time
of surgery, and the comorbidity burden differs between sexes. Results on outcome
are conflicting. Thromboembolic prophylaxis is indicated for the first three months
after biologic valve replacement. However, often the need for anticoagulation is
long-term due to other conditions that increase the risk of thromboembolic
complications.

The aim of this study was to elucidate nationwide trends in mitral and aortic
valve surgery in Finland. We also studied the sex differences in long-term outcomes
after an aortic valve replacement procedure, and the prevalence and type of long-
term oral anticoagulation treatment and their association with complications and
death in patients who have undergone biological aortic valve replacement.

We found that the proportion of mitral valve repair surgery and the use of
bioprosthetic valves have increased. Short- and long-term mortality after mitral valve
surgery has decreased. The basic characteristics of aortic valve patients have
changed: patients are older, the proportion of women has decreased, and patients
have markedly more comorbidities. The use of bioprosthetic aortic valves has
increased and short-term mortality has improved while long-term mortality has
remained unchanged. Sex is not an independent risk factor for long-term mortality
after surgical aortic valve replacement. However, male-sex was associated with
higher risk of bleeding, infective endocarditis, and re-surgery. The use of oral
anticoagulation after biologic aortic valve replacement appears to be associated with
decreased risk of death and increased risk of stroke.

KEYWORDS: mitral valve repair, mitral valve replacement, aortic valve
replacement, aortic valve surgery, heart valve surgery, anticoagulation, population
trends, nationwide data, gender, long-term survival
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TIVISTELMA

Aorttaldppékirurgia on tavallisin syddnkirurgian muoto ldnsimaissa. Tavallisimmat
syyt aorttaldppakirurgialle ovat aorttaldpan ahtauma ja vuoto. Mitraalildppékirurgian
tavallisin syy on mirtaalilipdn vuoto. Mitraalildpdn ahtauma on nyky#dén harvi-
nainen. Mitraalildpdn korjausleikkauksien osuus on noussut viimeisien vuosi-
kymmenten aikana. Se on tdlld hetkelld ensisijainen mitraalildpdn vajaatoiminnan
hoitomuoto riippumatta aiheuttajasta. Sydénkirurgisilla potilailla tiedetidén olevan
sukupuolesta riippuvaisia eroja. Naiset ovat yleensd vanhempia leikkauksen aikaan,
ja perussairauksien aiheuttama taakka eroaa sukupuolten vililld. Tulokset
ennusteesta ovat vaihtelevia. Tromboosiprofylaksiaa suositellaan ensimmaiisen
kolmen kuukauden ajaksi biologisen aorttatekoldppéleikkauksen jalkeen. Kuitenkin
antikoagulaation tarve on usein pitkdaikainen muiden tromboembolisia kompli-
kaatioita aiheuttavien sairauksien johdosta.

Tutkimuksemme tavoitteena oli selvittdd mitraalilipan korjaus- ja tekoldppa-
leikkauksen seka aorttatekoldppileikkauksen maanlaajuisia pitkdaikaismuutoksia ja
-ennustetta Suomessa. Tavoitteena oli lisdksi tutkia sukupuolieroja pitkéaikais-
ennusteessa aorttatekoldppéleikkauksen jilkeen. Niiden lisdksi tutkimme pitka-
aikaisantikoagulaation esiintyvyyttd ja tyyppid biologisen aorttatekoldppa-
leikkauksen jélkeen.

Totesimme, ettd biologisten ldppéaproteesien kayttd ja mitraalilipidn korjaus-
leikkausten maara lisddntyi. Mitraalildppékirurgian lyhyt- ja pitkdaikaiskuolleisuus
on laskenut. Aorttaldppapotilaiden taustaominaisuudet muuttuivat seuranta-aikana:
potilaat ovat vanhempia, naisten osuus pieneni ja perussairauksien méird kasvoi.
Biologisten aorttaldppaproteesien kaytto lisddntyi, lyhytaikaiskuolleisuus vahentyi
ja pitkdaikaisennuste pysyi ennallaan. Sukupuoli ei ole itsendinen pitkdaikais-
kuolleisuuden riskitekija aorttatekolappéleikkauksen jilkeen. Miehilli on suu-
rentunut riski vuotokomplikaatioille, infektiiviselle endokardiitille ja uusintaleikka-
ukselle. Suun kautta otettavien antikoagulanttien pitkdaikaiskéyttd aortan biologisen
tekoldppéleikkauksen jélkeen vaikuttaisi liittyvén vihentyneeseen kuolemariskiin ja
lisddntyneeseen aivohalvausriskiin.

AVAINSANAT: mitraalildpin korjausleikkaus, mitraalitekoléppéleikkaus, aortta-
tekoldppdleikkaus, aorttaldppakirurgia, antikoagulaatio, potilasvalinta, sukupuoli,
pitkdaikaisennuste.
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1 Introduction

Surgical aortic valve replacement (SAVR) is the most common type of heart valve
surgery in western countries (Vahanian et al. 2021). Aortic valve stenosis (AS), in
turn, is the most common valve disease and cause of valve surgery or transcathere
intervention (Iung et al. 2003; Nkomo et al. 2006; Vahanianian et al. 2021). SAVR
has been the gold standard treatment for AS, but during the last decade, transcatheter
aortic valve replacement (TAVR) has emerged as a less-invasive alternative to
SAVR, especially in high-risk patients (Makkar et al. 2012; Makkar et al. 2020).
Despite extensive studies on morbidity and mortality after SAVR, the results are still
controversial (Chiang et al. 2014; Glaser et al. 2016; Goldstone et al. 2017; Chiu et
al. 2017). Mitral valve regurgitation (MR) is the most common reason for mitral
valve (MV) surgery (Enriquez-Sarano et al. 2009; Otto et al. 2021). The primary
treatment for MV insufficiency is MV repair surgery, due to better survival
compared to MV replacement (Mohty et al. 2001; Gammie et al. 2009; Vahanian et
al. 2021; Otto et al. 2021). The overall mortality after cardiac surgery has decreased
even though patients who are referred to cardiac surgery have more underlying
diseases (Nashef et al. 2012; Martinsson et al. 2015; Kiviniemi et al. 2016; Otto et
al. 2021).

Sex dependent differences in cardiac surgery have long been recognized and
widely studied, and differences are also present in valvular heart disease (Cho et al.
2021). Current guidelines use sex-neutral definitions for severe heart valve disease
(Vahanian et al. 2021; Otto et al. 2021; Cho et al. 2021). Female sex increases the
scores on cardiac surgery risk calculators from EuroSCORE II and The Society of
Thoracic Surgery (STS). Calculators are widely used to predict perioperative
mortality. Women are less likely to be referred to heart valve surgery than men
(Chaker et al. 2017; Kislitsina et al. 2019, Cho et al. 2021). Moreover, women tend
to be older and have more advanced valvular heart disease by the time of diagnosis
(Fuchs et al. 2010; Elhmidi et al. 2014; Onorati et al. 2014; Chaker et al. 2017; Wong
et al. 2018; Kislitsina et al. 2019). It may be due to many coexisting factors; for
example, the symptoms of cardiovascular diseases can be atypical in women, which
may delay the diagnosis (Chan et al. 2016; Kislitsina et al. 2019).

11
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Lifelong anticoagulation with vitamin K antagonists (VKA) is recommended
after insertion of mechanical valve prosthesis (Vahanian et al. 2021; Otto et al.
2021). In turn, after insertion of bioprosthetic valve, the guidelines recommend
thromboembolism prophylaxis only for the first three months postoperatively
(Vahanian et al. 2021; Otto et al. 2021). However, in some patients, the need for
anticoagulation continues lifelong due to other diseases that increase the risk of
thromboembolic complications. Atrial fibrillation (AF) is the most common such
condition. According to the 2021 update of the European guidelines for the
management of valvular heart disease, the novel oral anticoagulants (NOACs) can
be considered over VKA after bioprosthetic valve replacement surgery (Vahanian et
al. 2021).

There has been paucity of nation-wide population data on MV and aortic valve
(AV) surgery. The different procedure types, numbers, and postoperative long-term
morbidity and mortality have not been studied so far. By studying nationwide
population data, we can improve the care of heart valve surgery patients in the future.

12



2 Review of the Literature

2.1 Aortic valve surgery

2.1.1 Aortic valve anatomy

Aortic valve (AV) is located between the left ventricle and the aorta (Figure 1 and
Figure 2). AV divides one of the highest pressure gradients of the cardiopulmonary
system. AV has three cusps (leaflets) that are named right, left, and posterior. The
cusps are connected to the aortic root via the aortic annulus and suspended by
structures called commissures. Just above AV, there are aortic sinuses (sinuses of
Valsalva) that ensure that the openings of coronary arteries are not occluded when
AV cusps are open. (De Paulis et al. 2019)

21.2 Aortic stenosis

In aortic stenosis (AS), the valve aperture narrows and leads to a reduced AV area
(Figure 2). A reduced valve area increases the resistance of blood flow and the
transvalvular pressure gradient. These changes place additional burden on the LV
and cause hypertrophy. AS is the most common heart valve disease and indication
for cardiac surgery in and constitutes a significant health problem among older
people (lung et al. 2003; Nkomo et al. 2006; Vuyisile et al. 2006). AS can be
originally congenital, acquired, or both (Fishbein et al. 2019). Rheumatoid heart
disease used to be the most common reason for AS, but nowadays, the two main
reasons in high income countries are age related degeneration and calcification of
aortic cusps and congenitally bicuspid aortic valve (Dare et al. 1993; Fishbein et al.
2019). Bicuspid aortic valve is a rather rare condition, with an incidence of 1-2%
(Sabet et al. 1999). However, the bicuspid valve becomes stenotic much more likely
than the tricuspid aortic valve, and severe stenosis also tends to present at an earlier
age. The prevalence of AS is almost equal between sexes (Lindroos et al. 1993;
Aronow et al. 1997; Petrov et al. 2010; Martinsson et al. 2015), and it increases with
age (Lindroos et al. 1993; Eveborn et al. 2012). The incidence is estimated to be 0.1—
0.2% among younger population aged 44—59 years (Nkomo et al. 2006; Eveborn et
al. 2012) and rises from 2.5-2.8% among the 71-79-year-old population (Lindroos et
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Figure 1. Heart anatomy. 1. Pulmonary veins 2. Left atrium 3. Mitral valve 4. Chordae tendinae 5.
Papillary muscles 6. Left ventricle 7. Aortic valve 8. Aorta 9. Pulmonary artery. (Artwork:
Inari Raaterova.)
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al. 1993; Nkomo et al. 2006) up to 9.8% in the >80-year-old-population (Lindroos
et al. 1993; Eveborn et al. 2012). The number of patients with clinically significant
AS is constantly increasing because of aging population.

The progression of AS is insidious, with a long latency period until about the age
of 60 years, during which increasing obstruction and myocardial overload is
generated (Ross et al. 1968). Survival of patients with severe AS are excellent during
the latency period, but once the patient becomes symptomatic, the progression of the
disease is rapid (Ross et al. 1968; Cheitlin et al. 1979; Kelly et al. 1988), resulting in
high rates of death in two years after the first symptoms if not treated properly (Ross
et al. 1968; Turina et al. 1987; Kelly et al. 1988; Otto et al. 2021). It is therefore
essential to identify the correct time of surgery. The operation should not be
performed at a too early stage of stenosis due to the high risks of open-heart surgery,
but also should not be delayed until the patient’s condition deteriorates excessively,
as changes in the myocardium may become irreversible. So, to ensure optimal
follow-up of AS progression, physicians should understand the underlying
physiology and criteria used to define the severity of the disease.

The diagnosis of AS is based on symptoms, signs, and ultrasound findings
(Vahanian et al. 2021). Often patients are experiencing symptoms of heart failure:
dyspnoea, angina pectoris, and syncope (Kanwar et al. 2018). However, especially
older people may only experience a decline in exercise tolerance. Sometimes the
onset of symptoms may be more acute when progress of AS has led to new onset of
atrial fibrillation. The classic sign of AS is loud systolic murmur over the second
right intercostal space which radiates to the carotid arteries. Transthoracic
echocardiography (TTE) is the initial test for patients with suspected AS, and it is
indicated when there are symptoms, or a history, of bicuspid aortic valve and when
it is needed to determine prognosis and right timing of surgical treatment (Oh et al.
1988; Munt et al. 1999; Vahanian et al. 2021; Otto et al. 2021). The severity of aortic
stenosis is determined by measuring maximum transaortic velocity, the Doppler-
derived mean pressure gradient, and the aortic valve area (Table 1) (Otto et al. 2021).

Currently there is no effective medical treatment for AS (Fishbein et al. 2019).
Antihypertensive drugs, statins, and anticalcific drugs have been studied the most
but have not been shown to be of significant benefit in treatment of AS (Marquis-
Gravel et al. 2016). The surgical aortic valve replacement (SAVR) is the only
effective treatment of AS, and it has been the gold standard for years (Schwarz et al.
1982; Vasques et al. 2012). However, since 2002, transcatheter aortic valve
replacement (TAVR) has emerged as a less-invasive alternative to SAVR for
appropriately selected patients with symptomatic AS (Makkar et al. 2012; Makkar
et al. 2020). Jalava et al. noticed in their recent study that preoperative heart failure
is associated with lower survival rates after both SAVR and TAVR (Jalava et al.
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2020). They concluded that the need for invasive treatment should be assessed before
development of heart failure.

Table 1. Severity classification of Aortic Stenosis according to echocardiographic findings.

Transaortic| 250, | oNe
Stage | Definition velocity | Press LVEF
(mls) gradient area
(mmHg) (cm?)
A At risk of AS <2 <10 34 Normal
Progressive mild AS 2-2.9 <20 1.5-2.9 Normal
B
Progressive moderate AS 3-3.9 20-39 1-1.4 Normal
Asymptomatic severe AS >4 >40 <1* Normal
C1
Asymptomatic very severe AS >5 >60 <1* Normal
Asymptomatic severe AS with LV N o
C2 dysfunction >4 >40 <1 <50 %
D1 Symptomatic severe high-gradient AS | >4 >40 < Normal
Symptomatic severe low-flow/low- o
D2 | yradient AS with reduced LVEF <4 <40 <1 <50 %
Symptomatic severe low-gradient AS
D3 with normal LVEF or paradoxical low- |<4 <40 <1 250 %
flow severe AS

*not mandatory to define severe AS. **can be larger when mixed AS/AR. AS, Aortic stenosis; AR
aortic regurgitation; LVEF, left ventricular ejection fraction. (Modified from Otto et al. 2021, 2020
ACC/AHA Guideline for the Management of Patients With Valvular Heart Disease: Executive
Summary: A Report of the American College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines.)
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Normal aortic valve

Closed

Aortic valve regurgitation

Open Closed

Figure 2. Morphology of normal and pathologic aortic valves. (Artwork: Inari Raaterova.)
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21.3 Aortic regurgitation

Failure of the aortic valve cusps to coapt during diastole leads to increased backward
blood flow, regurgitation, from the aorta into the left ventricle (LV) (Figure 2). This
aortic regurgitation (AR) leads to increased LV volume, ventricle wall stress, and
eventually LV hypertrophy (Ishii et al. 1996). AR is the most common indication for
valve sparing root repair and aortic valve repair. Unlike aortic stenosis (AS), AR can
be caused by many different conditions affecting the aortic valve cusps or the aortic
root. It can develop acutely or slowly over the years (Fishbein et al. 2019).

The most common causes of AR are atherosclerotic degeneration of the valve
and congenital bicuspid AV (Iung et al. 2003, Flint et al. 2019) Atherosclerotic
degeneration of the AV is an acquired condition that is usually associated with aging,
hypertension, and hyperlipidemia (Flint et al. 2019). Other causes are rheumatoid
heart disease, infective endocarditis (IE), aortic root dilatation, aortic dissection,
Marfan syndrome, and infectious or inflammatory diseases (Bechet’s disease,
syphilis) (lung et al. 2003; Flint et al. 2019; Fishbein et al. 2019). The prevalence of
AR increases with age. It is estimated to be 0.1-0.7% in younger population aged
4564 years (Nkomo et al. 2006) and increases up to 2.0% in population aged =75
years (Nkomo et al. 2006).

The clinical picture of AR varies, depending mostly on whether the development
is acute or chronic. Acute AR is less common. It often presents as a hemodynamic
emergency, developing acute preload increase to which the normal-sized LV cannot
adapt rapidly enough. Eventually, it results in pulmonary edema and decline in
cardiac output. The patients are at critical state with shortness of breath, tachycardia,
and hypotension. In turn, chronic AR develops slowly over time so that the cardiac
chambers can adapt to changes in the volume load. Chronic LV volume overload
causes compensatory hypertrophy of the cardiac myocytes and leads to chamber
dilatation. As AR worsens over time, it causes decline in the systolic function and
cardiac output, and eventually heart failure develops. Mild or moderate AR is usually
asymptomatic, and even severe AR does not increase morbidity or mortality until
LV dilatation has developed (Bonow et al. 1991). Ultimately, when AR advances,
the patient experiences angina pectoris and develops exertion dyspnea and orthopnea
as symptoms of heart failure (Akinseye et al. 2018).

The diagnosis of AR is based on symptoms, signs, and TTE findings. TTE is the
primary method to determine the etiology and severity of AR (Figure 3) (Vahanian
etal. 2021; Otto et al. 2021). It is indicated when there are signs or symptoms of AR
and also to determine prognosis and right timing of surgical treatment (Bonow et al.
1991; Detaint et al. 2008; Vahanian et al. 2021; Otto et al. 2021). The severity of AR
is determined by evaluating anatomy of the valve, valve hemodynamics, severity of
the LV dilatation, LV systolic function, and by the symptoms the patient is
experiencing (Table 2) (Otto et al. 2021). SAVR is the standard procedure to treat
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AR, but also valve repair or valve sparing surgery can be considered based on the
patient condition (Vahanian et al. 2021). TAVR is not usually a treatment option in
AR (Otto et al. 2021).

Figure 3. The upper images represent a normal aortic valve: a standard transesophageal echo
image on the left and a color doppler ultrasound on the right. The lower images show
aortic valve cusp prolapse and regurgitation: a standard transesophageal echo image
on the left and a color doppler ultrasound on the right. (Source image: Ville-Veikko
Hynninen)
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Table 2.  Severity classification of Aortic Regurgitation according to echocardiographic findings.

Stage | Definition JWof |vC Rvol |RF ERO AG |LVEFILV

age LVOT (%) |(cm) |[(ml) [(%) |(cm?) dilation

A At risk of AR >25 >0.3 >30 >30 >0.1 - Normal/No-mild
Progressive | 55 <03 [<30 [<30 [<0.1 1 | Normal/No-mild
mild AR

B
Progressive

25-64 0.3-06 | 30-59 |3049 |0.1-0.29 |2 Normal/No-mild
moderate AR

C1: Normal/mild-

G |CSTEEEE 506 |60 |>50 |03 3_4 | moderate

severe AR*
C2: <55%/Severe
Symptomatic Normal-
9 -
D severe AR* >65 >0.6 |=60 >50 >0.3 3-4 ;:Se/l?(leModerate

*Diagnosis requires evidence of LV dilation. AG, angiographic grade; AR; aortic regurgitation;
ERO, effective regurgitant orifice; JW, jet width; LV, left ventricular; LVEF, left ventricular ejection
fraction; LVOT, left ventricular outflow tract; RF, regurgitant fraction; RVol, regurgitant volume;
and VC, vena contracta. (Modified from Otto et al. 2021, 2020 ACC/AHA Guideline for the
Management of Patients With Valvular Heart Disease: Executive Summary: A Report of the
American College of Cardiology/American Heart Association Joint Committee on Clinical Practice
Guidelines.)

214 Invasive treatment of the aortic valve

2.1.41 Transcatheter aortic valve replacement

In transcatheter aortic valve replacement (TAVR), the native valve is replaced by a
bioprosthetic valve. The procedure can be performed from a transfemoral,
transapical, or transaortic approach, transfemoral being the most usual approach.
TAVR is known to decrease all-cause and cardiac mortality compared to
conservative therapy among surgically inoperable patients with severe symptomatic
AS (Makkar et al. 2012). It might be a better treatment option also for patients with
intermediate operative-risk due to lower mortality and stroke risk compared to
SAVR (Thourani et al. 2016). The lack of studies on the long-term prognosis and
valve durability in different severity stages of aortic stenosis (AS) still limits the use
of TAVR (Vahanian et al. 2021).

Current European guidelines for the management of valvular heart disease
recommend TAVR for patients who are =75 years old, or who are unsuitable for
operation, or for whom the surgical risk is high, and who are suitable for TAVR
(Figure 4) (Vahanian et al. 2021). According to American guidelines for the
management of patients with valvular heart disease, TAVR is recommended for
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patients with severe AS who are over 80 years and whose life-expectancy is below
ten years. TAVR can also be considered an alternative to SAVR for patients aged
65-80 years when no anatomical contraindication for TAVR exist (Otto et al.
2021).

Maikikallio et al. discovered from the nationwide Finn Valve registry that the
number of TAVR operations in patients with severe AS has increased in Finland
during the last decade (Maikikallio et al. 2019). TAVR has become a more common
treatment strategy of severe AS than SAVR (Mikikallio et al. 2019). Patients were
on average 81.2 years old, and 55% of the patients were women.

Heart Team assessement

>75 years old patients
OR

<75 years old patients at low
risk for SAVR
Unsuitable or surgery risk is
high for SAVR
AND

Suitable for TF-TAVR

OR All other patients

Unsuitable for TF-TAVR and
operable

SAVR
SAVR Or TAVR
TAVR

Figure 4. Invasive trearment recommendations for aortic stenosis. SAVR, surgical aortic valve
replacement; TAVR, transcatheter aortic valve replacement; TF-TAVR, transfemoral-
transcatheter aortic valve replacement. (Modified from Vahanian A et al. 2021,
ESC/EACTS Scientific Document Group; ESC Scientific Document Group. 2021
ESC/EACTS Guidelines for the management of valvular heart disease. Eur Heart J.
2021 Aug 28:ehab395)
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21.4.2 Surgical aortic valve replacement

Surgical aortic valve replacement (SAVR) is the gold standard for treating aortic
stenosis (AS) and the most frequently used treatment for aortic valve disease in non-
elderly population. SAVR can be performed either through full sternotomy or mini-
invasively through hemisternotomy, full sternotomy being the most usual approach.
The native aortic valve is replaced either with a mechanical or a biological valve.
The proportions of TAVR and aortic valve (AV) repair have increased during the
last decades, while as the proportion of SAVR is decreasing (Mékikallio et al. 2019).
As SAVR can be performed using mechanical or bioprosthetic valve, different
factors need to be considered when choosing valves: 1) individual patient
characteristics (age, cardiovascular condition, other comorbidities), 2) life
expectancy based on individual patient characteristics, 3) risks of lifelong
anticoagulation and reoperation, 4) the individual patient’s wishes, and 5) joint
decision by cardiological team and patient (Rahimtoola 2003).

The application of biological valves has increased during the last decades
(Isaacs et al. 2015; Goldstone et al. 2017). Goldstone et al. has reported increased
use from 11.5% in 1996 to 51.6% in 2013 (Goldstone et al. 2017). Furthermore,
Isaacs et al. reported an increase from 37.7% to 63.6% between time periods 1998—
2001 and 20072011 (Isaacs et al. 2015). Bioprosthetic valves are recommended
only for older patients due to their limited durability and increased risk of
reoperation (Glaser et al. 2016; Vahanian et al. 2021; Otto et al. 2021).
Furthermore, the guidelines for the age limits of prosthetic valves have changed,
and the thresholds for mechanical valves have been lowered. The recent 2020
update of the American College of Cardiology and American Heart Association
Joint Committee guidelines for the management of patients with valvular heart
disease recommends mechanical valve in aortic position in patients under 50 years
of age, individual choice between the valve types in patients of 50-65 years of age,
and biologic valve in patients over 65 years of age (Otto et al. 2021). Under certain
conditions, the Ross procedure can be considered in patients under 50 years of age
who prefer bioprosthetic valve (Otto et al. 2021). In the Ross procedure, the
defective AV is replaced using the patient’s own pulmonary valve, and the
removed pulmonary valve is replaced by a homograft pulmonary valve. The recent
2021 update of European Society of Cardiology and the European Association for
Cardio-Thoracic Surgery guidelines for the management of valvular heart disease
recommends mechanical valves in patients aged <60 years, biologic valves in
patients aged >65 years, and individual choice in patients aged 60—65 years (Figure
4) (Vahanian et al. 2021).
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2143 Aortic valve repair

Recently, aortic valve (AV) repair has gained greater popularity as the repair
techniques have evolved during the past 20 years. The aim of AV repair is to preserve
the native aortic valve and its complex natural functions. It is an attractive alternative
to SAVR in patients who meet the criteria for aortic valve replacement surgery due
to aortic regurgitation but have little or no calcification of the aortic annulus and
cusps (Miyahara et al. 2019; Ram et al. 2020; Otto et al. 2021). With AV repair, it is
possible to avoid complications related to prosthetic valves, such as
thromboembolism, anticoagulation-related bleedings, prosthetic infective
endocarditis (PVE), and structural valve deterioration (Vongpatanasin et al. 1996;
Rahimtoola et al. 2003; Brown et al. 2016). AV repair is noticed to have a low
reoperation rate, a low rate of complications related to the valve, and a good long-
term survival, as well as to indicate better quality of life compared to replacement
(de Meester et al. 2014; Arabkhani et al. 2015; Ram et al. 2020). Despite these
advantages, the main limiting factor for increased use of this technique is general
unsuitability of the native valve for the correction.

The two most widely used principles for valve sparing aortic root surgery are
valve reimplantation, or the David procedure, and aortic root remodeling, or the
Yacoub procedure (David et al. 1992; Sarsam et al. 1993). In the Yacoub procedure,
the aortic root is remodeled with the goal to achieve physiological reconstruction of
the aortic root (Sarsam et al. 1993). It is achieved by diminishing aortic root and
creating sinuses of Valsalva using a synthetic tube graft (Sarsam et al. 1993). In the
David procedure, the aneurysmal portion of ascending aorta and sinuses of Valsalva
are removed, and the remaining aortic valve and the coronary arteries are
reimplanted within a tubular synthetic graft (David et al. 1992). Concomitantly with
the root remodeling, the aortic cusps can be repaired for fenestrations or plicated to
optimize cusp coaptation.
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2.2 Mitral valve surgery

2.21 Mitral valve anatomy

The mitral valve (MV) is a structure that consist of an annulus, two leaflets, three chordae
tendinae, and two papillary muscles (Figure 1 and Figure 5). MV annulus is a continuum
with the AV through aortic-mitral curtain. The MV has anterior (A) and posterior (P)
leaflets that are divided into three scallops. The leaflets meet at two commissures. The
chordae tendinae attach leaflets to papillary muscles (Harb et al. 2017).

Mitral valve

B Closed Open

Figure 5. Anatomy of normal mitral valve. 1. Anterior leaflet 2. Posterior leaflet 3. Anterior
comissure 4. Posterior comissure 5. Anterolateral papillary muscle 6. Posteromedial
papillary muscle. The mitral valve leaflets consists of three discrete segments. These
segments are designated A1, A2, and A3 for the anterior leaflet and P1, P2, and P3 for
the posterior leaflet. (Artwork: Inari Raaterova.)

2.2.2 Mitral stenosis

Mitral stenosis (MS) means the narrowing of the mitral valve (MV) area to less than
4.0 cm?, and it becomes symptomatic when MV orifice area narrows to less than
1.5 cm? (Helmut et al. 2009; Otto et al. 2020; Vahanian et al. 2021). Narrowing of the
MYV orifice area leads to increase in left atrium (LA) pressure and decrease in forward
flow (Harb et al. 2017). The increase in LA pressure causes enlargement of LA and
increase in pulmonary pressure. (Harb et al. 2017). LA enlargement increases the risk
of atrial arrhythmias. Increased pulmonary pressures can cause pulmonary edema and
hypertension which can lead to right ventricle failure (Harb et al. 2017). The decreased
forward slow decreases the cardiac output (Harb et al. 2017).
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MS is usually divided into two main groups. The first group is rheumatic MS,
which is the leading cause of MS worldwide (Iung et al. 2003; Harb et al. 2017; Al-
Taweel et al. 2019; Vahaian et al. 2021). The second group is non-rheumatic MS,
which consists of many different pathologies that cause MS. These pathologies are
degenerative mitral annular calcification, radiation valvulitis, congenital causes,
systemic inflammatory disorders, obstructive lesions, and infective endocarditis
(Tung et al. 2003; Harb et al. 2017; Al-Taweel et al. 2019). The incidence of
rheumatic MS is decreasing worldwide, while in turn the incidence of degenerative
MS is increasing due to more older patient population with many comorbidities (Al-
Taweel et al. 2019). The prevalence of MS is 0.1-0.2% regardless of age (Nkomo et
al. 2000).

The severity of MS is assessed with doppler echocardiography, and it is based
on the determination of the valve area in rheumatic MS and mean gradient in
degenerative MS (Baumgartner et al. 2009). Medical therapy includes diuretics,
beta-blockers, digoxin, calcium channel blockers and ivabradine and
anticoagulation with warfarin in case of atrial fibrillation (AF) (Vahanian et al.
2021). However, all symptomatic patients should be treated primarily invasively
(Vahanian et al. 2021). Percutaneous or open mitral commissurotomy should be
considered in all patients with favorable characteristics and surgical treatment for
the rest of the patients (Vahanian et al. 2021; Otto et al. 2021). The most common
surgical procedures are commissurotomy and MV replacement (Vahanian et al.
2021; Otto et al. 2021).

Table 3. Severity classification of Mitral Stenosis according to echocardiographic findings.

Transmitral | Diastolic LA PASP
Stage | Definition MVA (cm?) | flow pressure half- | . ement | (mmHg)
velocity  [time (ms) 9 ’
Mild doming
A At risk of MS during Normal >150 No Normal
diastole
. Mild-
B Progressive MS  [>1.5 Increased | <150 Normal
moderate
c Asymptomatic <15 Increased  |>150 Severe >50
severe MS - -
D Asymptomatic <15 Increased | >150 Severe >50
severe MS = N

LA, left atrial; MS, mitral stenosis; MVA, mitral valve area; and PASP, pulmonary artery systolic
pressure. (Modified from Otto et al. 2021, 2020 ACC/AHA Guideline for the Management of Patients
With Valvular Heart Disease: Executive Summary: A Report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines.)
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223 Mitral regurgitation

Moderate or severe primary mitral regurgitation (MR) is the most common indication
for mitral valve (MV) repair or replacement surgery (Enriquez-Sarano et al. 2009;
Vahanian 2021; Otto et al. 2021) and the second most common heart valve disease
needing surgical correction in Europe (Iung et al. 2003). Pathologies that lead to MR
cause alterations in mitral annular size and function, and the valve loses its regurgitation
preventive mechanism (Grewal et al. 2010). MR causes increased volume-load to the
left atrium (LA) and left ventricle (LV) (Harb et al. 2017). The impact of overload is
dependent on the time course of the development of MR, whether it is acute or chronic
(Harb et al. 2017). In acute MR, the increase in preload is so sudden that the ventricle
does not have time to accommodate for increased volume. It causes increase in LV
filling pressure and can lead to pulmonary edema (Harb et al. 2017). Chronic MR may
progress insidiously. Hence it is important to identify LV changes at an early stage to
recommend operation prior permanent LV damage (Harb et al. 2017).

The prevalence of MR increases with age (Nkomo et al. 2006; Dziadzko et al.
2018). Prevalence is 0.1-0.7% in patients aged 45—64 years and 1.0-2.0% in patients
aged =65 years. On basis of the etiology, MR is classified as primary or secondary
(Enriquez-Sarano et al. 2009; Harb et al. 2017). Primary causes are abnormalities at
any level of MV apparatus, while secondary causes are due to alterations in LV
geometry that interfere with proper function of MV apparatus (Harb et al. 2017). The
most common primary cause of MR is MV prolapse, which is also the most common
cause of MR requiring surgery (Enriquez-Sarano et al. 2009; Harb et al. 2017,
Gammie et al. 2018) Other reasons for primary MR are infective endocarditis (IE),
mitral annular calcification, rheumatic heart disease, connective tissue disorders,
congenital malformations, and certain drugs (Harb et al. 2017; Gammie et al. 2018).
Secondary causes of MR are further classified as ischemic MR or non-ischemic-MR
(Enriquez-Sarano et al. 2009; Harb et al. 2017). In ischemic MR, the decrease in LV
function is secondary to coronary artery disease (Harb et al. 2017). Non-ischemic
MR can be caused by all types of non-ischemic cardiomyopathies (dilated
cardiomyopathy, restrictive cardiomyopathy, and hypertrophic cardiomyopathy),
but it can also be secondary to AF and right ventricular pacing (Harb et al. 2017).

After the clinical assessment of signs and symptoms, doppler transthoracic
echocardiography (TTE) or transesophageal echocardiography (TEE) is the first
method to further assess the severity of MR (Figure 6) (Vahanian et al. 2021; Otto
et al. 2021). It provides important information about the functional anatomy of the
valve, and reparability of the valvular pathology can be assessed (Enriquez-Sarano
et al. 1999; Monin et al. 2005). The severity determination should be based on
echocardiography measurements of effective orifice area, regurgitant volume,
regurgitant fraction using the proximal isovelocity surface area, quantitative Doppler
flow measurements, and multiple Doppler parameters (colour jet area, vena
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contracta, continuous wave Doppler intensity, and transmitral jet velocity curve)
(Table 4) (Otto et al. 2021). Surgery should be considered at early stage of the
disease; and surgery is practically inevitable for patients with severe MR, as the risk
of cardiac events and death increases each year (Ling et al. 1996). MV repair and
surgical MV replacement are the primary ways to treat MR (Vahanian et al. 2021;
Otto et al. 2021). However, in severely symptomatic patients, transcatheter mitral
valve repair may be considered (Vahanian et al. 2021; Otto et al. 2021).

|
/

=
=3
—

Figure 6. The upper images represent a normal mitral valve: a standard transesophageal echo
image on the left and a color doppler ultrasound on the right. The lower images show
mitral valve prolapse with severe regurgitation: a transesophageal echo image on the
left and a color doppler ultrasound on the right. (Source image: Ville-Veikko Hynninen)
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Table 4. Severity classification of chronic primary Mitral Regurgitation according to
echocardiographic findings.
Central jet MR
. . |VC |Rvol |RF |ERO La/LV LVEF/LVESD
0,
Stage | Definition jﬁtLN?éeccentrlc (cm) | (ml) | (%) | (cm?) AG enlargement | (%/mm) PH
A At risk of MR | <20/None <0.3 |>60 (>50(>0.4 |- No/No Normal
Progressive | >20-40/late T+- | e
B MR systolic <0.7 |<60 [<50|<0.4 o4 Mild/No Normal
Moderate- C1: Normal/ | May be
: _| severe/Present | mild-moderate | present
c | Asymplomaticl s s0molosystolic|20.7 |60 |250(20.4 |5
severe C2: <55%/
Severe
Symptomatic . 3+- | Moderate-
D severe MR >40/holosystolic | >0.7 | >60 |>50|>0.4 4+ | severe/Present Present

ERO, effective regurgitant orifice; PH, pulmonary hypertension; LA left atrium/atrial; LV, left
ventricular; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension;
MR, mitral regurgitation; RF, regurgitant fraction; and RVol, regurgitant volume. (Modified from Otto
et al. 2021, 2020 ACC/AHA Guideline for the Management of Patients With Valvular Heart Disease:
Executive Summary: A Report of the American College of Cardiology/American Heart Association
Joint Committee on Clinical Practice Guidelines.)
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Mitral valve (MV) surgery has been evolving over the last decades. During the years
2011 to 2016, the annual overall MV operation rate increased by 24% in North
America (Gammie et al. 2018). Moreover, the rate of mitral valve repair surgery has
been increasing during the last decades (Gammie et al. 2009; Goldstone et al. 2017).
However, a slight decrease in MV repair rate from 67.1% in 2011 to 63.2% in 2016
was seen in the North American population (Gammie et al. 2018). Moreover, in
recent years, the use of minimally invasive procedural options has increased in
patients with severe symptomatic mitral regurgitation (MR) who are at high surgical
risk (Goode et al. 2020). The most common reason for open-heart mitral valve
surgery is moderate or severe symptomatic MR (Enriquez-Sarano et al. 2009;
Gammie et al. 2018) In the Society of Thoracic Surgeons Adult Cardiac Surgery
Database Analysis of isolated MV surgery, only 12.1% of the operated patients had
MYV stenosis (Gammie et al. 2018). To an increasing extent, the patients who undergo
MYV surgery are older and have more comorbidities (Gammie et al. 2018). There is
a discrepancy between the incidence of MR that meets criteria for surgery and the
number of MV surgeries (Dziadzko et al. 2018; Monteagudo et al. 2018). Dziadzko
et al. found that only 15% of the population diagnosed with MR was referred for
surgery (Dziadzko et al. 2018).

Invasive treatment of mitral valve
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2241 Mitral valve repair

Mitral valve (MV) repair is the preferred surgical treatment for MV dysfunction of
all other etiologies, except in theumatic disease, where valve replacement may be a
better first line option (Mohty et al. 2001; Suri et al. 2006; Gammie et al. 2009;
Gammie et al. 2018; Tsang 2019; Otto et al. 2021). MV repair has many advantages
over MV replacement. It preserves left ventricle (LV) function better, carries lower
operative mortality and better long-term survival, and helps to avoid anticoagulation
(Ren et al. 1996; Suri et al. 2006; Gammie et al. 2009; Gammie et al. 2018; Tsang
2019). The rate of MV repair has increased during the last decades (Savage et al.
2003; Jokinen et al. 2007; Gammie et al. 2009). In the Society of Thoracic Surgeons
Adult Cardiac Surgery Database Analysis from year 2011 to year 2016, the overall
MV repair rate was 65.6% (Gammie et al. 2018). The life-expectancy after MV
repair is reported to be equal with the age- and sex-matched general population, as
well as in patients >75 years of age (Vassileva et al. 2013).

The aim of MV repair is to restore a sufficient surface of coaptation of posterior
and anterior leaflets to ensure competency of the valve. The technique of MV repair
varies depending on which part of the valve is affected. The posterior leaflet prolapse
is the most common dysfunction seen in degenerative MV disease, followed by
bileaflet prolapse and isolated prolapse of the anterior leaflet (Perier et al. 2020). The
valve resection used to be the proper way to correct posterior leaflet prolapse, but
nowadays, tissue-saving techniques have come alongside (Perier et al. 2020). Surgical
techniques to repair anterior leaflet prolapse can be divided into autologous or hybrid
techniques (Perier et al. 2020). In the autologous technique, all materials that are used
in the surgery are from the patient’s own recourses; while in the hybrid technique, the
used chordae are artificial (Perier et al. 2020). The anterior leaflet prolapses are more
difficult to repair than posterior leaflet prolapses (Tsang 2019). The surgeon must have
experience and master at least a few different repair techniques to achieve good valve
competence (Tsang 2019; Perier et al. 2020). It is known that the durability of MV
repair is very good in patients with degenerative MR, but it has remained controversial
in patients with rheumatic heart disease (Chen et al. 2020). According to the recent
evidence, the reoperation rate in rheumatic heart disease might be higher after MV
repair compared to MV replacement (Chen et al. 2020).

MYV surgery is indicated in symptomatic patients with primary MR (Vahanian et
al. 2021; Otto et al. 2021). Surgery should be performed while left ventricular
ejection fraction (LVEF) is still >60% and left ventricular end-systolic dimension
(LVESD) <40 mm (Vahanian et al. 2021; Otto et al. 2021). Watchful waiting has
been considered a safe strategy to follow asymptomatic MR patients. However, it is
known that early surgery reduces long-term mortality more than watchful waiting.
(Goldstone et al. 2015) Transcatheter edge-to edge MV repair may be considered an
option to MV surgery, especially in patients with severe symptomatic MR that
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cannot be operated due to high surgical risk (Feldman et al. 2011; Feldman et al.
2015; Vahanian et al. 2021; Otto et al. 2021). Urgent MV surgery is indicated in
patients with acute severe primary MR (Vahanian et al 2021; Otto et al. 2021). MV
replacement surgery is considered a preferable choice especially in case of papillary
muscle rupture, but repair surgery can also be considered according to the newest
guidelines (Grigioni et al. 2001; Vahanian et al. 2021; Otto et al. 2021).

Indications for surgery of secondary MR are more restrictive due to worse
prognosis, and surgery is recommended only if also another indication for surgery
exists or if the MR is persisting severe and the patient is symptomatic and appropriate
for surgery (Vahanian et al. 2021; Otto et al. 2021).

2.2.4.2 Mitral valve replacement

As stated before, mitral valve (MV) repair is the preferred surgical treatment for MV
dysfunction, but when MV repair is not feasible, MV replacement is favored
(Vahanian et al 2021; Otto et al. 2021).

MV replacement can be done either with bioprosthetic or mechanical valve.
During the last decades, there has been an increase in the use of bioprosthetic valves
especially among older patients (Gammie et al. 2009; Vassileva et al. 2013;
Goldstone et al. 2017; Gammie et al. 2018). The increase might be due to reports
displaying an improvement in outcomes of biological valves (Gammie et al. 2009;
Isaacs et al. 2015). At the same time, the characteristics of MV surgery patients have
changed: patients are older and have more comorbidities (Nashef et al. 2012).
Furthermore, when comparing MV replacement patients to repair, the patients are
usually older, more likely to be women, have increased rates of diabetes mellitus,
chronic lung disease, and hypertension, and have been admitted to hospital urgently
(Nashef et al. 2012; Vassileva et al. 2013; Gammie et al. 2018). The European
Society of Cardiology and the European Association for Cardio-Thoracic Surgery
guidelines for the management of valvular heart disease recommend bioprosthetic
over mechanical valve in mitral position in patients over 70 years of age, and both
valve types are acceptable in patients 65-70 years of age based on individual
judgement (Vahanian et al. 2021). The American College of Cardiology and
American Heart Association Joint Committee guidelines for the management of
patients with valvular heart disease in turn recommend mechanical valve in mitral
position in patients under 65 years of age and bioprosthetic valve in patients equal
or over 65 years of age who are not suitable for MV repair (Otto et al. 2021).
However, in clinical practice, there are many other factors than age affecting the
choice of the valve type — for example, contraindications for anticoagulation, life
expectancy, risk of reoperation, and the patient’s own desire and lifestyle, as
mentioned above in the aortic valve replacement paragraph.
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2.3 Surgery due to infective endocarditis
2.31 Infective endocarditis

2.3.11 Native valve endocarditis

Infective endocarditis (IE) in native valves is a severe and devastating state, and it is
associated with high mortality and morbidity (Ahtela et al. 2019; Malmberg et al.
2020). In IE, the toxins and enzymes cause valve degeneration and invasion that
eventually lead to valve regurgitation, fistulas, paravalvular abscesses, and heart
block (Pettersson et al. 2017). Valve regurgitation that has developed rapidly is
usually poorly tolerated and may lead to pulmonary edema and cardiogenic shock.
The prevalence of IE has increased during the last decades (Pettersson et al. 2017).
Incidence of IE is 6.3/100 000 person-years in Finland during time period 2005—
2014 (Ahtela et al. 2019) The annual increase in incidence was 7.2-7.6% in
population aged 18-30 years, 3.8% in population aged 40—49 years, while no change
in incidence rate was seen in population aged =50 years. (Ahtela et al. 2019). The
increase in incidence of IE in younger population was speculated to be related to
increasing drug abuse among young Finnish adults. In general, men are at higher risk
of IE (Heiro et al. 2007; Ahtela et al. 2019). Managing IE includes antimicrobial
therapy and properly timed highly demanding surgical intervention (Pettersson et al.
2017). The prognosis is mainly determined by the pathogen, valve position (aortic,
mitral), and type of diseased valve (native or prosthesis) (Pettersson et al. 2017). The
most common and most destructive pathogens are staphylococci and streptococci
bacteria (Pettersson et al. 2017).

2.3.1.2 Prosthetic valve endocarditis

Prosthetic valve endocarditis (PVE) is a potentially life-threatening complication of
heart valve surgery. Prosthetic valves can be affected by infection early or late after
the surgery. The early PVE is defined as infection during the first year after operation
(Ivanovic et al. 2019). PVE accounts for about 10-30% of all IE cases, and the risk
is 0.3—1.2% per patient yearly (Habib et al. 2008; Slipczuk et al. 2013; Habib et al.
2015). The prevalence of PVE at 5 years is 5.7% and is equal between mechanical
and bioprosthetic valves (Oxenham et al. 2003; Ivanovic et al. 2019). There is a
relation between the causative pathogen and the time to PVE. In early PVE, the most
common pathogens are Staphylococcus aureus (36%), coagulase negative
staphylococci (17%), and fungi (Ivanovic et al. 2019). In late PVE, the proportion of
Staphylococcus aureus and coagulase negative staphylococci decreases to 18-20%,
while the proportion of enterococci and Streptococcus viridans increases to 10—-13%
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(Ivanovic et al. 2019). Age, staphylococcal infection, early PVE, congestive heart
failure, stroke, and intracardiac abscess are associated with decreased survival in
PVE (Habib et al. 2008).

2.3.2 Invasive treatment of infective endocarditis

Indications for surgical intervention in managing infective endocarditis (IE) are heart
failure, severe valve dysfunction, persistent infection, prosthetic valve endocarditis,
paravalvular abscess, cardiac fistula, large vegetations, and prevention of embolic
complications, especially in the brain (Pettersson et al. 2017). The indications for
surgery are identical in PVE (Ivanovic et al. 2019). Endocarditis surgery is
challenging and technically complex. The hospital length of stay after both aortic
and mitral valve replacement surgery is significantly longer in patients operated for
IE than for other reasons (Malmberg et al. 2020; Anttila et al. 2021).

Two recent studies investigated the long-term outcomes of adult native-valve IE
patients treated with first-time surgical aortic valve replacement (SAVR) (Malmberg
et al. 2020) or mitral valve (MV) replacement (Anttila et al. 2021) in Finland from
2004 to 2008, using propensity score-matching. Of all included SAVR and MV
replacement patients, 1.9% and 13.8%, respectively, were operated for IE
(Malmberg et al. 2020; Anttila et al. 2021). In patients with IE, a history of drug
abuse was seen in 9.3% of the SAVR population and in 11.8% of the MV
replacement population (Malmberg et al. 2020; Anttila et al. 2021). SAVR patients
operated for IE were younger and were more often men than patients without IE
(Malmberg et al. 2020). MV replacement patients operated due to IE were also
younger and had coagulopathy, cerebrovascular disease, and systemic rheumatic
disease more often than patients without IE (Anttila et al. 2021). In non-matched IE
patients, mechanical aortic valve prosthesis was more commonly used (53.7%)
compared to the control group (29.9%) (Malmberg et al. 2020). In addition,
mechanical mitral valve was more commonly used in non-matched IE patients
(54.7%) compared to the control group (40.5%) (Anttila et al. 2021).

2.4 Outcomes after valve surgery

Bioprosthetic and mechanical valves are both associated with valve-related
complications like thromboembolic- and bleeding-complications, structural failure,
and infective endocarditis (Zellner et al. 1999; Kvidal et al. 2000; Oxenham et al.
2003; Akins et al. 2008; David et al. 2016). Previous thromboembolic or bleeding
events significantly increase the risk for such complications after valve surgery
(Kvidal et al. 2000).
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2.4.1 Survival

The data on survival after surgical aortic valve replacement (SAVR) is inconsistent.
Some studies have concluded that in non-elderly patients, survival is better when
using mechanical valves (Glaser et al. 2016; Goldstone et al. 2017), while others
have concluded that no difference between mechanical and biological valves exists
(Chiang et al. 2014). Two recent population-based, propensity score-matched studies
compared long-term outcomes between mechanical and bioprosthetic aortic valves
in patients of two different age groups undergoing SAVR in Finland. In the first
study, the patients were over 70 years old (Kytd et al. 2019) and in the latter 50-70
years old (Kyto et al. 2020). The 10-year survival in non-elderly patients was
significantly better with mechanical valve prosthesis (81.4%) compared to biological
valve (72.4%). On the contrary, the survival was better in elderly patients with
biological valve prosthesis (57.8%) compared to mechanical valve (46.1%). These
findings are in line with current guidelines recommending mechanical valve
prosthesis for non-elderly and biological valve prosthesis for elderly patients
(Vahanian et al. 2021; Otto et al. 2021). Even though the durability of the mechanical
valve is good in non-elderly patients after SAVR, life expectancy is lower compared
to the general population (Korteland et al. 2017).

The operative and long-term mortality is higher after mitral valve (MV)
replacement compared to MV repair (Vassileva et al. 2013; Gammie et al. 2018).
Vassileva et al. examined the long-term survival after MV repair and replacement in
patients >65 years of age. They noticed that the 1-, 5-, and 10-year Kaplan-Meier
survival estimates for MV repair were 90.9%, 77.1%, and 53.6%, respectively, and
for MV replacement, the estimates were 82.6%, 64.7%, and 37.2% (Vassileva et al.
2013). Oxeham et al. noticed no difference in long-term survival between
mechanical and bioprosthetic valves in mitral position (Oxenham et al. 2003).
However, Goldstone et al. noticed differences when dividing patients to subgroups
by age: the long-term mortality was higher in patients with bioprosthetic valves
compared to mechanical valves in age groups of 40-49 and 50-69 years, but not in
the age group of over 70 years old (Goldstone et al. 2017).

There was no difference in 30-day and 1-year mortality between MV
replacement or SAVR patients operated for infective endocarditis (IE) compared to
matched non-IE control groups (Malmberg et al. 2020; Anttila et al. 2021). However,
10-year mortality was significantly higher in both MV replacement and SAVR
groups operated for native valve IE compared to non-IE control groups (Malmberg
et al. 2020; Anttila et al. 2021).
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24.2 Bleeding events

The risk of bleeding complications is higher in patients with mechanical valves due
to the long-term anticoagulation therapy (Oxenham et al. 2003; Goldstone et al.
2017; Kyto et al. 2019). For mechanical valves in aortic position, the rate of bleeding
is 16% after 10-year follow-up and 61% after 20-year follow-up. For bioprosthetic
valves, the rates were 6% and 42% (Oxenham et al. 2003). For mechanical valves in
mitral position, the rate of bleeding is reported to be 14% after 10-year follow-up,
and 53% after 20-year follow-up, while the rates were 11% and 37%, respectively,
for bioprosthetic valves (Oxenham et al. 2003).

The risk of bleeding complications in patients with native IE of the aortic valve
is significantly higher during the first year after SAVR compared to non-IE controls
(Malmberg et al. 2020). The risk decreases during the 10-year follow-up (Malmberg
et al. 2020). On the contrary, the risk of bleeding complications in patients with
native IE of the mitral valve is significantly higher during the cumulative 10-year
follow-up after MV replacement compared to non-IE controls (Anttila et al. 2021).

24.3 Stroke and other cardiovascular events

In their recent study, Kyt et al. compared the long-term outcomes between
mechanical and bioprosthetic aortic valve (AV) in Finland (Kyto et al. 2019). They
noticed no significant difference in ischemic stroke events between the mechanical
and bioprosthetic AV groups. However, Goldstone et al. noticed that the ischemic
stroke risk was significantly lower with bioprosthetic valve compared to mechanical
valve in patients aged 45-54 years (Goldstone et al. 2017).

There is no significant difference in the risk of thromboembolic complications
between mechanical and biological valves (Oxenham et al. 2003). In patients with
mechanical valves in aortic position, the rate of thromboembolic complications is
reported to be 10% after 10-year follow-up, and 24% after 20-year follow-up. In
patients with bioprosthetic valves, the rates were 23% and 39%, respectively. With
mechanical valves in mitral position, the rate of thromboembolic complications is
reported to be 30% after 10-year follow-up, and 53% after 20-year follow-up. With
bioprosthetic valves, the rates were 29% and 31%, respectively (Oxenham et al.
2003).

The short and long-term risk for ischemic stroke is equal after MV replacement
when comparing patients with native IE of the mitral valve to matched non-IE
controls (Anttila et al. 2021). However, the short- and long-term risks of ischemic
stroke were significantly higher after SAVR in patients with IE of the aortic valve
than in non-IE patients (Malmberg et al. 2020).
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244 Reoperations

Mechanical valves have good long-term durability. The risk of reoperation is higher
in patients with bioprosthetic valves (Oxenham et al. 2003; Goldstone et al. 2017;
Korteland et al. 2017). Korteland et al. conducted a meta-analysis of mechanical
surgical aortic valve replacement (SAVR) in non-elderly (=18 <55 years) patients
(Korteland et al. 2017). They noticed that the lifetime risk for reoperation after
SAVR is 8-15%, and the most common reasons for reoperation were endocarditis
and non-structural valve dysfunction.

Reoperations after mechanical aortic valve (AV) were also uncommon in both
non-elderly and elderly patients in the Finnish population (Kyto et al. 2019; Kyto et
al. 2020). In non-elderly patients with mechanical valves, the 10-year cumulative
reoperation rate was 1.4% (Kyto et al. 2020), and in elderly patients, it was 0.8%
(Kytd et al. 2019). However, in non-elderly patients with bioprosthetic valves, there
was an increasing trend in the cumulative risk of reoperation during long-term
follow-up (1-year rate, 1.3%; S-year rate, 4.1%; 10-year rate, 8.5%). (Kyto et al.
2020) In elderly patients with bioprosthetic valves, the reoperation risk was not
increased (Kyto et al. 2019). Moreover, Goldstrone et al. noticed in the American
population that the risk of reoperation was higher after bioprosthetic aortic valve
replacement than mechanical (Goldstone et al. 2017).

The reoperation rate after mitral valve (MV) repair is 2.1%; after MV
replacement, it is 4.1%. (Gammie et al. 2018) The risk of reoperation after MV
replacement was lower in patients who received a bioprosthetic valve compared to
those who received a mechanical valve (Goldstone et al. 2017).

The 10-year cumulative risk for AV reoperation was equal after SAVR in the IE
group compared to the non-IE control group (Malmberg et al. 2020). The risk was
4.3% in the IE group and 8.4% in the non-IE controls. In a larger population of AV
IE patients, the risk of reoperation after SAVR was as high as 20.6% during a median
follow-up time of 6.8 years (Toyoda et al. 2018).

2.5 Risk-Modifying factors in valve surgery

2.51 Sex and outcome

Sex differences in cardiovascular diseases and cardiac surgery are recognized and
have received wide attention in recent years (Cho et al. 2021). It has been suggested
that the effect of sex differences on the outcome may be due to many coexistent
factors. For example, sex hormones, genes, environmental influences, lifestyle, and
differences in treatment may explain differences in outcome (Regitz-Zagrosek et al.
2017). Estrogen is thought to have a protective effect on vascular diseases and may
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cause the delay in onset of aortic stenosis (AS) in women, partly explaining the
higher age at the time of diagnosis (Nordstrom et al. 2003). Women preserve better
ejection fraction and myocardial contractility in AS than men (Regitz-Zagrosek et
al. 2017). Despite the fact that women have a smaller body surface and
corresponding aortic valve annulus, the current guidelines use sex-neutral thresholds
to define severe AS (Vahanian et al. 2021; Otto et al. 2021; Cho et al. 2021).

Female sex has been related to worse overall outcome after cardiac surgery
(Onorati et al. 2014). It might be because women are older and have more serious
comorbidities by the time of surgery than men (Duncan et al. 2006; Doenst et al.
2006; Avierinos et al. 2008; Kulik et al. 2009; Hamed et al. 2009; Fuchs et al. 2010;
Hartzell et al. 2011; Onorati et al. 2014; Elhmidi et al. 2014; Wong et al. 2018;
Kislitsina et al. 2019, Johnston et al. 2019). Women undergoing coronary artery
bypass graft (CABG), mitral, aortic, tricuspid valve, or combined surgery are known
to have more heart valve disease, atrial fibrillation, hypertension, cerebrovascular
and peripheral arterial disease, chronic obstructive pulmonary disease (COPD),
diabetes mellitus, hypothyroidism, and anaemia (Johnston et al. 2019). In contrast,
men were more likely to have myocardial infarction (MI) and previous percutaneous
coronary intervention, to undergo isolated CABG, to be morbidly obese, or to abuse
alcohol (Johnston et al. 2019). Moreover, the symptoms of cardiovascular diseases
differ between men and women. The symptoms in women can be atypical and
therefore delay diagnosis and the decision of surgery (Chan et al. 2016; Kislitsina et
al. 2019) These sex differences might explain the overall observation of decreased
long-term survival in women after cardiac surgery and female sex being an
independent risk factor for long-term mortality (Johnston et al. 2019).

Women are less likely to undergo mitral valve (MV) repair than replacement
(Avierinos et al. 2008; Vassileva et al. 2013; Kislitsina et al. 2019), even though it
is known that the outcome is better after repair surgery. (Suri et al. 2006; Gammie
et al. 2009; Gammie et al. 2018; Tsang 2019). Klitsina et al. noticed in their study
on sex differences in MV surgery that women have more severe disease by the time
of surgery and because of that, women often need more complex surgery than men
(Kislitsina et al. 2019). In a propensity-matched study of men and women with
similar stages of MV valve disease at the time of the surgery, the differences between
sexes disappeared (Kislitsina et al. 2019). It was proposed that the differences in
surgical approaches between men and women in unmatched population depend
mostly on the severity of the disease rather than sex. The lower rate of MV repair
surgery might also be partly due to the higher incidence of anterior and bileaflet
prolapse in women (Avierinos et al. 2008).

Similar differences between sexes have also been seen in aortic valve (AV)
surgery patients. Women are less often referred to AV replacement surgery due to
aortic stenosis (AS) than men (Chaker et al. 2017; Cho et al. 2019). This may be
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explained by the higher age and risk profile of women at the time of diagnosis
(Onorati et al. 2014; Chaker et al. 2017). There is also evidence of sex-dependent
differences in pathogenesis and progression of AV calcification. These factors might
partly explain the differences in the mechanics of AS between men and women
(Chaker et al. 2017). The in-hospital mortality after heart valve surgery seems to be
higher in women compared to men (Chaker et al. 2017; Wong et al. 2018; Johnston
et al. 2019; Cho et al. 2021). There is evidence that the long-term survival is equal
between men and women (Doenst et al. 2006; Fuchs et al. 2010; Elhmidi et al. 2014)
but also that the long-term survival is higher in women (Kulik et al. 2009).

2.5.2 Long-term oral anticoagulation and outcome

The aim of antithrombotic therapy after prosthetic heart valve surgery is to prevent
valve thrombosis and to decrease the risk of other thromboembolic complications.
However, when considering antithrombotic therapy, the risk of bleeding should be
considered. The recommendations for anticoagulation after heart valve prosthesis
surgery are presented in Figure 7.

Mechanical Bioprosthetic

valve valve
[
MV repair or
replacement
|

Lifelong VKA

) |
|
SAVR TAVR

[
No other Other No other Other No other _ Other
A, indication indication indication indication indication indication
for OAC for OAC for OAC for OAC for OAC for OAC

Single antiplatelet
theraphy OR VKA
for 3 months

Add low-dose ASA Long- term single
if VKA for 3 months Long- term OAC Long- term OAC antiplatelet Long- term OAC
low risk of bleeding theraphy

Figure 7. Recommendations for antithrombotic therapy after heart valve prosthesis surgery. ASA,
acetylsalicylic acid; CAD, coronary artery disease; MV, mitral valve; SAVR, surgical
aortic valve replacement; OAC, oral anticoagulant; TAVR, transcatheter aortic valve
replacement; VKA, vitamin K anticoagulant. (Modified from Vahanian A et al. 2021,
ESC/EACTS Scientific Document Group; ESC Scientific Document Group. 2021
ESC/EACTS Guidelines for the management of valvular heart disease. Eur Heart J.
2021 Aug 28:ehab395)
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2.5.21 Mechanical valve

Lifelong vitamin K antagonists (VKA) are recommended for patients with
mechanical valve, and novel oral anticoagulants (NOACs) are not officially
approved for these patients (Vahanian et al. 2021; Otto et al. 2021). Combining low-
dose aspirin (75-100 mg/day) to VKA in patients with mechanical valves should be
considered after a thromboembolic complication, in addition to good monitoring of
VKA treatment, and also if patient has concomitant atherosclerotic disease
(Vahanian et al. 2021). In patients with coronary stents or high ischemic risk, triple
therapy with aspirin (75-100 mg/day) and clopidogrel (75 mg/day) should be
considered for at least one month (Vahanian et al. 2021).

2522 Bioprosthetic valve

The evidence and practices of anticoagulation after bioprosthetic valve
implementation are incoherent. After bioprosthetic surgical aortic valve replacement
(SAVR) or mitral valve (MV) replacement, the American Guidelines for the
management of patients with valvular heart disease recommend vitamin K antagonist
(VKA) for at least 3 months and for as long as 6 months postoperatively for patients
who are at low risk of bleeding (Otto et al. 2021). The European Guidelines for the
management of valvular heart disease recommend VKA or single antiplatelet
therapy for the first 3 months after biological valve surgery (Vahanian et al. 2021).
After biological MV replacement or repair, it is recommended to initiate VKA for
the first three months (Vahanian et al. 2021). However, after surgical aortic valve
replacement (SAVR), a choice can be made between VKA and single antiplatelet
therapy (Vahanian et al. 2021). Lifelong anticoagulation is recommended for all
patients with bioprosthetic valves who have other indications for anticoagulation,
and novel oral anticoagulants (NOACs) can be considered over VKA in patients with
atrial fibrillation (AF) (Vahanian et al. 2021). After transcatheter aortic valve
replacement (TAVR), single antiplatelet therapy is indicated lifelong for patients
who have no other reason for oral anticoagulation (OAC) (Vahanian et al. 2021).
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3 Aims

The aim of this thesis was to investigate the long-term trends and outcomes in mitral
and aortic valve surgery in Finland.

The thesis consisted of four studies, and their aims were:

1. To examine nationwide trends in open-heart surgical mitral valve
replacement and repair procedures between 1997 and 2014 in Finland.

2. To examine nationwide trends in surgical aortic valve replacement
procedures between 2001 and 2016 in Finland.

3. To examine the sex differences in long-term outcomes after surgical aortic
valve replacement procedures between 2004 and 2014 in Finland.

4. To examine the prevalence and type of oral anticoagulation treatment and
their association with complications and death after the mandatory 3-month
warfarin treatment period in patients who have undergone biological aortic
valve replacement procedure between 2010 and 2016 in Finland.
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4

Patients and Methods

The summary of the four studies of this thesis is presented in Table 5.

Table 5. Summary of studies | to IV.
FOLLOW-
DESING AIMS PATIENTS UP TIME OUTCOME
Retrospective | To examine nationwide 3 684 adult patients 1997-2014 | 1. 28-day all-cause
trends in surgical MV who underwent postoperative
replacement and repair primary MV repair or mortality
STUDY procedures replacement 2. 6-year all-cause
| procedure + CABG for postoperative
MR mortality
3. 6-year incidence
of cardiovascular
events
Retrospective | To examine nationwide 12 139 adult patients | 2001-2016 | 1. 28-day all-cause
trends in SAVR procedures | who underwent postoperative
primary SAVR * mortality
CABG 2. 4-year all-cause
postoperative
STUDY mortality
| 3. 4-year incidence
of cardiovascular
events
4. 4-year risk of
intracranial
bleeding
Retrospective | To examine the sex 7 616 patients aged 2004-2014 | 1. 10-year survival
differences in long-term =18 years who had Secondary:
outcomes after SAVR primary SAVR + 1. 10-year
STUDY procedures CABG occurrence of
1 major bleeding,
2. Ischemic stroke,
3. IE,
4. AV reoperation
Retrospective | To examine the prevalence | 3 880 patients who 2010-2016
and type of OAC and had primary BAVR + 1. Death
STUDY association with CABG and were alive 2 Stroke
v complications and death 3 months after 3' Maior bleedin
after 3-month warfarin surgery : | 9
treatment period

AV, aortic valve; BAVR, biological aortic valve replacement; CABG, cardiopulmonary bypass graft;
IE, infective endocarditis; MR, mitral regurgitation; MV, mitral valve; OAC, oral anticoagulation;
SAVR, surgical aortic valve replacement
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4.1 Nationwide studies on the demographics of mitral
valve and aortic valve surgery (Study | and II)

411 Data sources

In the first and second study of this thesis, we investigated the trends on open-heart
mitral and aortic valve surgery in Finland by using nationwide register data. We used
the data from the Finnish Cardiovascular Disease Register (Sydidn- ja
verisuonitautirekisteri). We formed it by combining cardiovascular-related patient
data from three nationwide electronic health care registers with compulsory
reporting. The registers were the Care Register for Healthcare in Finland registry
(CRHF) (National Hospital Discharge Register, Hoitoilmoitusjérjestelma, Hilmo),
the national Drug Reimbursement Register (Kelan l4ddkekorvausrekisteri), and the
Causes of Death Register (Kuolinsyyrekisteri). The institutional ethics review board
of the National Public Health Institute approved the research use of the Finnish
Cardiovascular Disease Register.

We collected the data on diagnoses and procedures from the National Hospital
Discharge Register. This register also includes a separate detailed section on cardiac
surgery patients. We collected the data on causes of death from the National Causes
of Death Register. The CRHF register contains diagnoses for each secondary and
tertiary care outpatient and inpatient visit, and the Causes of Death Register contains
diagnoses of underlying, contributing, or immediate causes of death. The recording
of the diagnoses is done by the treating physicians. Recording is mandatory and done
using the codes from the Finnish version of the 10th version of International
Classification of Diseases (ICD-10).

In the first study of mitral valve (MV) surgery, we used data from 1997 to 2014;
and in the second study of aortic valve (AV) surgery, we used data from 2001 to 2016.

4.1.2 Study population

In the first study, 3 684 patients underwent primary open-heart MV surgery during
the study period 1997-2014; and in the second study, 12 146 patients underwent
primary SAVR between 2001 and 2016. The procedures were performed in Finland
and with or without concomitant coronary artery bypass graft (CABG).

Patient groups in Study I:
1. All mitral valve procedures
2. Mitral valve repair

3. Bioprosthetic or mechanical mitral valve replacement
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Patient groups in Study II:
1. All surgical aortic valve replacement procedures
2. Mechanical valve

3. Bioprosthetic valve

413 Covariates

We considered a patient to have diabetes, hypertension, or chronic lung disease (i.e.,
asthma or chronic obstructive pulmonary disease) if specific medication for the disease
in question was found in the Drug Reimbursement Register, or if ICD-10 codes found
in the CRHF register matched with these diseases prior mitral or aortic valve surgery.

In the records, information on urgency of the procedure was not available before the
year 2003, because all procedures in which the patient had arrived in the hospital through
the emergency room were defined as urgent. After 2003, procedures were defined as
urgent if they were necessary to perform within one week of arrival to the hospital.

In Study II, we included all infective endocarditis (IE) patients in the population.

4.1.4 Follow-up and outcomes

The follow-ups of adverse events ended on December 31, 2014, and December 31,
2016, in the first and second study, respectively. We identified the outcome events
from the National Hospital Discharge and Causes of Death Registers. These
nationwide registers cover nearly 100% of the cases, with the only exception being
patients who permanently moved abroad during the follow-up period. The
percentage of the Finnish population moving abroad annually is 0.1-0.2% but is
likely lower among elderly cardiac patients.

Outcomes in Study I:
1. 28-day all-cause postoperative mortality
2. 6-year all-cause postoperative mortality

3. 6-year incidence of cardiovascular events

Outcomes in in Study II:
1. 28-day all-cause postoperative mortality
2. 4-year all-cause postoperative mortality
3. 4-year incidence of cardiovascular events
4

4-year risk of intracranial bleeding
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In both studies, we defined cardiovascular mortality 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. We defined myocardial
infarction by ICD-10 codes 121 and 122 as the hospital discharge diagnosis or as the
underlying, contributing, or immediate cause of death. We defined stroke, excluding
subarachnoid hemorrhage, by ICD-10 codes 161 and 163 (not 163.6) as the hospital
discharge diagnosis or as the underlying, contributing, or immediate cause of death.
In the second study, we defined intracranial bleeding as cerebral bleeding or non-
traumatic intracranial bleeding (161 and 162), excluding subarachnoidal hemorrhage.

415 Statistical methods

To assess the longitudinal changes in procedure types, patient characteristics, and
post-procedural outcomes, we divided the study period in the first study into three
six-year categories by the year of the mitral valve (MV) operation: 1997-2002,
2003-2008, and 2009-2014; and in the second study into four four-year categories
by the year of the surgical aortic valve (SAVR) operation: 2001-2004, 2005-2008,
2009-2012, and 2013-2016. In the first study, we calculated the annual incidence
rates for MV procedures during three study periods by using population information
from Statistics Finland (Tilastokeskus).

In both studies, we compared trends in the patient characteristics across the time
strata using the Cochran-Armitage trend test for categorical variables and regression
analysis for continuous variables. We used Cox proportional hazards regression
models in both studies to estimate the hazard ratios for post-procedural mortality and
cardiovascular events in different time periods. We divided the total follow-up
period into six-year periods in the first study and four-year periods in the second
study. In addition, we used Cox proportional hazards regression to assess the 28-day
post-procedural hazard of all-cause mortality in the different time periods. We used
the first study periods in both studies as reference categories in all models. In Study
I, we evaluated the hazard ratios for mortality and cardiovascular events per 1-year
increase in calendar year of procedures between 1997 and 2014. In Study II, we
evaluated proportional hazard assumptions graphically through plotting the
Schoenfeld residuals, and we obtained no strong evidence against proportionality. In
both studies, we adjusted the models for sex, age, urgency of the surgery, diabetes
(yes/no), hypertension (yes/no), chronic lung disease (yes/no), previous myocardial
infarction (MI) (yes/no), and previous ischemic stroke (yes/no). We also adjusted the
model for concomitant coronary artery bypass graft (CABG) (yes/no) in study L.
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4.2 Sex differences after surgical aortic valve
replacement (Study Ill)

4.2.1 Study design and outcomes

In the third study of this thesis, we investigated the sex differences and long-term
outcome after primary surgical aortic valve replacement (SAVR) (=CABG) in a
nationwide population-based, propensity score-matched study in Finland.

Primary outcome:

1. 10-year survival after surgical aortic valve replacement
Secondary outcomes:

1. 10-year occurrence of major bleeding

2. Ischemic stroke

3. Infective endocarditis

4. Aortic valve reoperation

We performed interim analyses at the 1-year and 5-year follow-ups. We excluded
perioperative events that occurred during the admission of primary SAVR surgery
from the analyses of secondary outcomes. We included all patients >18 years of age
who underwent SAVR surgery between 2004 and 2014 in Finland. We used
propensity score matching in the identification of comparable groups of men and
women.

4.2.2 Study population

During the study period from January 1, 2004, to December 31, 2014, a total of 8
193 patients aged >18 years underwent primary surgical aortic valve replacement
(SAVR) operation either with mechanical or bioprosthetic valve. We identified the
patients retrospectively from the CRHF registry. This nationwide mandatory registry
is held by The National Institute for Health and Welfare of Finland (Terveyden ja
hyvinvoinnin laitos). It collects data of all hospital admissions in Finland (Gunn et
al. 2018). During the study period, SAVR operations were performed in 6 public
hospitals (5 university hospitals and 1 central hospital) and 2 private hospitals. The
final study population was composed of 7 616 patients after unsuitable patients had
been excluded.
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Exclusion criteria:
1. Concomitant surgery of the aorta (n = 192)

2. Concomitant surgery of other heart valves (mitral valve n = 222, tricuspid
valve n = 64)

3. Concomitant surgery of other cardiac or pulmonary vasculature defects (n =
95)

4. Concomitant surgery of infective endocarditis (n = 203)
5. Previous valve replacement (n = 38)

We collected the mortality data from the Causes of Death Register. This nationwide
mandatory registry is also held by The National Institute for Health and Welfare of
Finland. The follow-up of survival ended 10 years after the primary SAVR operation
or on December 31, 2016, whichever came first. The study was approved by the
National Institute for Health and Welfare of Finland (permissions no.:
THL/143/5.05.00/2015 and THL/1569/5.05.00/2016) and Statistics Finland (TK53-
1410-15).

4.2.3 Propensity score matching

We used standardized difference scores to assess effect sizes in baseline
characteristics between groups. We assessed the comorbidity burden by using the
Charlson comorbidity index. We created a propensity score based on patient baseline
characteristics using logistic regression. We used the obtained score for 1:1 caliber
matching with a 0.10 caliber width of the logit of the standard deviation without a
replacement to balance for baseline differences between men and women (Coca-
Perraillon 2007).

424 Statistical methods

We studied the group differences using the chi-square test or ¢ test as appropriate. A
follow-up was calculated for survivors. We studied outcomes using the Kaplan-
Meier method and Cox regression, with female sex as the reference. We did the
confirmations of proportionality hazard assumptions by using a visual examination
of Schoenfeld residuals. We used interaction analyses to evaluate an effect
modification by prosthetic valve type. We used the cause-specific hazard models to
account for competing risks of mortality in analyses of other outcomes. Results are
presented as the mean, median, percentage, or hazard ratio (HR) with 95%
confidence interval (CI) or standard deviation (SD). We considered a p-value <0.05
statistically significant and a standardized difference >0.20 to mean an imbalance in
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baseline characteristics. We performed analyses by using the SAS version 9.4 (SAS
Institute Inc., Cary, NC).

4.3 Anticoagulation after aortic valve surgery
(Study V)

4.31 Data sources

In the fourth publication in this thesis, we investigated the prevalence and prognosis
of oral anticoagulation treatment after biologic aortic valve replacement (BAVR).
We collected the data for study IV from the Finnish Cardiovascular Diseases
Register, which is described in detail above (section 4.1.1).

We collected the data on drug purchases for reimbursed medications from the
Drug Reimbursement Register.

Surveyed drugs:
1. Warfarin
2. Novel oral anticoagulants
a. Rivaroxaban
b. Edoxaban
c. Dabigatran
d. Apixaban

We collected the data after postoperative three-month warfarin treatment. The
grouping of the patients was based on the medication use. We analyzed the drug
purchases in three-month periods.

4.3.2 Follow-up and outcomes

We used data from January 1, 2010, to January 31, 2016. The median follow-up time
was 3.0 years.

Outcomes:
1. Death
2. Stroke

3. Major bleeding (gastro-intestinal bleeding or intracranial non-traumatic
bleeding, excluding subarachnoid hemorrhage)
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We defined intracranial bleeding using the ICD-10 codes 161 and 162. We defined
the gastrointestinal bleedings using the ICD-10 codes 185, K22.6, K25-29, K62.5,
K66.1, and K92. We defined stroke using the ICD-10 codes 163 (ischemic stroke)
and 164 (stroke, not specified).

433 Statistical methods

We performed risk estimation of adverse outcomes using Cox proportional hazards
regression models which were adjusted for age, sex, procedure urgency, previous
myocardial infarction, previous stroke, concomitant coronary artery bypass,
diabetes, hypertension, chronic lung disease, and previous atrial fibrillation.

Anticoagulation status was divided in three states:
1. No oral anticoagulation therapy (no-OAC)
2. Warfarin
3. Non-vitamin K antagonist oral anticoagulants (NOAC)

Anticoagulation status with three possible states (no-OAC, warfarin, or NOAC) was
included in the model as the state that was current at the time of the outcome event.
Drugs are distributed from the pharmacy every 3 months in Finland. If
discontinuation or change in medication was detected, the patient was moved to
another group after 3 months from the latest drug purchase. Therefore, an individual
patient can be included both in the warfarin and NOAC groups if both medications
were purchased during the 3 months before the end of follow-up. Three months after
operation was determined as the baseline for the Cox models. Statistical analyses
were done using the R statistical software version 3.6.0 (R Core Team, 2019).
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5 Results

5.1 Mitral valve surgery

5.1.1 Mitral valve surgery rates and types

During the study period from 1997 to 2014, a total of 3 684 mitral valve (MV)
operations were performed in Finland (Table 6). During the follow-up time of 18
years, the annual incidence of MV operations was 3.9/100 000. When divided into
three time periods — 1997-2002, 2003-2008, and 2009-2013 — incidence rates were
3.3/100 000, 4.5/100 000, and 3.8/100 000, respectively. The proportions of MV
repair and replacement procedures were 62.4% and 37.6%, respectively (Table 6).
During the follow-up time, MV repair surgery became more common than
replacement surgery (Figure 8). An increasing trend in the use of bioprosthetic valves
was seen. Moreover, the use of bioprosthetic valves became more common (Figure
8). MV surgery was classified as urgent in 20.4% of all patients. The proportion of
urgent procedures increased markedly from 1997-2002 (6.0%) to 2009-2014
(29.0%) (Table 6; p<0.001 for trend for all). During the same time periods, the
amount of concomitant CABG surgery decreased (Table 6; p<0.001 for trend). This
trend was not seen in MV replacement surgery (Table 6; p=0.825 for trend), so the
decrease was driven by MV repair surgery (p<0.001 for trend) with concomitant
coronary artery bypass graft (CABG).
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Figure 8. Trends in the numbers of the open surgical mitral valve procedures in Finland from 1997
to 2014.

51.2 Patient selection

The characteristics of mitral valve (MV) surgery patients are presented in Table 6.
MYV surgery patients were on average 66.0 years old, and 33.4% of the patients were
women. During the study period, there was a significant increase in the age of the
patients (p<0.01) and decrease in the total number and proportion of women
(p<0.001). These changes were seen in both MV replacements and repairs (Table 6).
In addition, the proportion of patients with hypertension (p=0.023 for trend) and
diabetes (p=0.026 for trend) increased in the MV surgery group (Table 6)
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Table 6. The characteristics of mitral valve surgery patients in Finland from 1997 to 2014.
Characteristic Overall 1997-2002 |2003-2008 |2009-2014 |P(trend)
ALL PROCEDURES, N |3684 1024 1428 1232
Age, (year) 66.0 (10.7) |65.0(10.2) |65.6(10.6) |67.2(11.0) |<0.001
Women 1231 (33.4) |401(39.2) |464 (32.5) |366(29.7) |<0.001
Urgent 750 (20.4) 61 (6.0) 332(23.2) |[357(29.0) |[<0.001
Previous MI 584 (15.6) 166 (16.2) |229 (16.0) |189(15.3) |0.56
Previous stroke 272 (7.4) 71 (6.9) 103 (7.2) 98 (8.0) 0.35
Concomitant CABG 355 (9.6) 106 (10.4) |171(12.0) |78 (6.3) <0.001
Diabetes 451 (12.2) 115(11.2) |161(11.3) |175(14.2) |0.03
Hypertension 1240 (33.7) |316(30.9) |487 (34.1) |437(35.5) |0.02
Chronic lung disease 366 (9.9) 92 (9.0) 139 (9.7) 135(11.0) |[0.12
MV REPLACEMENT, N | 1386 586 441 359
Age, (year) 67.0 (10.9) |66.0(10.2) |67.0(11.5) |68.7 (11.0) |<0.001
Women 590 (42.6) 269 (45.9) |179(40.6) |142(39.6) |0.04
Urgent 320 (23.1) 43 (7.3) 137 (31.1) | 140 (39) <0.001
Previous MI 267 (19.3)  [102 (17.4) |90 (20.4) 75 (20.9) 0.16
Previous stroke 109 (7.9) 44 (7.5) 30 (6.8) 35(9.7) 0.28
Concomitant CABG 158 (11.4) 55 (9.4) 76 (17.2) 27 (7.5) 0.83
Diabetes 214 (15.4) 72 (12.3) 67 (15.2) 75 (20.9) <0.001
Hypertension 484 (34.9) 187 (31.9) | 163 (37) 134 (37.3) |0.07
Chronic lung disease 158 (11.4) 60 (10.2) 52 (11.8) 46 (12.8) 0.22
MV REPAIR, N 2298 438 987 873
Age (year) 65.3 (10.5) |63.8(10.2) |65.0(10.1) |66.6(10.9) |<0.001
Women 641 (27.9) 132 (30.1) |285(28.9) |224 (25.7) |0.06
Urgent 430 (18.7) 8 (4.1) 195(19.8) |217(24.9) |<0.001
Previous MI 317 (13.8) 64 (14.6) 139 (14.1) | 114 (13.1) |0.41
Previous stroke 163 (7.1) 27 (6.2) 73 (7.4) 63 (7.2) 0.57
Concomitant CABG 197 (8.6) 51 (11.6) 95 (9.6) 51 (5.8) <0.001
Diabetes 237 (10.3) 43 (9.8) 94 (9.5) 100 (11.5) |0.26
Hypertension 756 (32.9) 129 (29.5) |324(32.8) |303(34.7) |0.06
Chronic lung disease 208 (9.1) 32(7.3) 87 (8.8) 89 (10.2) 0.08

Numbers are mean+SD for age and n (%) for other variables. MI, myocardial infarction; MV, mitral
valve; CABG, coronary artery bypass grafting.
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513 Short-term mortality after mitral valve procedures

The hazard ratios for all-cause mortality within 28 days after mitral valve (MV)
surgery are presented in Table 7. During the follow-up periods of 1997-2002 and
20092014, the multivariable-adjusted risk of early post-operative mortality
decreased by 45% (HR, 0.55; 95% CI, 0.37-0.83). The same change was seen in
both MV repair (HR, 0.59; 95% CI, 0.28-1.25) and replacement procedures (HR,
0.77; 95% CI, 0.46—1.27). However, the decrease remained non-significant because
the numbers of procedures and events were low. (Table 7) A decrease was seen in
the adjusted mortality per 1-year procedure year increase in the MV repair group
(HR, 0.93; 95% CI, 0.89-0.98).

5.1.4 Long-term outcome after mitral valve procedures

HRs for 6-year incidence of cardiovascular events and all-cause mortality after
primary surgical mitral valve (MV) procedure during time periods 1997-2002 and
2003-2008 are presented in Table 8. The HRs for mortality and cardiovascular events
per 1-year increase in procedure year between 1997 and 2014 are also presented in
Table 8. There were no significant changes seen in the risk of cardiovascular events
from follow-up period 1997-2002 to 2003—2008 (Table 8). During the same time
periods, there was a significant decrease in multivariable-adjusted 6-year
postoperative mortality after all MV surgery operations (HR, 0.80; 95% CI, 0.67—
0.97). When MV repairs and replacements were analyzed separately, this decrease
was no longer significant. The year of surgery was added to the model as a
continuous exposure variable, but no statistically significant changes were seen in
the risk of cardiovascular events (Table 8). However, every l-year increase in
procedure year was associated with a lower risk of death after all procedures (HR,
0.97; 95% CI, 0.95-0.99) and MV repairs (HR, 0.96; 95% CI, 0.92-0.99). During
the entire study period, the proportion of cardiovascular deaths remained almost
unchanged (25% in 1997-2002 versus 26% in 2003—2008; P>0.05).
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Table 7. Hazard ratios for 28-day postoperative mortality after first surgical mitral valve procedure
in Finland in 1997-2014.
Time period Per 1-year
Procedure increase in
1997-2002 |2003-2008 2009-2014 procedure year

ALL PROCEDURES

N of deaths 57 85 50 192

Incidence per 1000 21 29 15 19

person-days

Crude 1.00 (ref) 1.07 (0.76-1.50) |0.73 (0.50-1.07) 0.98 (0.95-1.00)
Adjusted 1.00 (ref) 0.89 (0.62-1.26) |0.55 (0.37-0.83)** |0.95 (0.92-0.98)**
MV REPLACEMENT

N of deaths 45 39 29 113

Incidence per 1000 29 34 3.1 3.1

person-days

Crude 1.00 (ref) 1.16 (0.75-1.78) |1.07 (0.67-1.71) 1.01 (0.98-1.05)
Adjusted 1.00 (ref) 0.83 (0.52-1.31) |0.77 (0.46-1.27) 0.98 (0.94-1.03)
MV REPAIR

N of deaths 12 46 21 79

Incidence per 1000 10 17 0.9 13

person-days

Crude 1.00 (ref) 1.72 (0.91-3.25) |0.88 (0.43-1.79) 0.97 (0.92-1.02)
Adjusted 1.00 (ref) 1.36 (0.70-2.63) | 0.59 (0.28-1.25) 0.93 (0.89-0.98)*

*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,
concomitant CABG, and prevalent myocardial infarction and stroke as covariates. Ref, reference;

MV, mitral valve.
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Table 8.

Results

Hazard ratios for 6-year postoperative cardiovascular events and mortality after primary

surgical mitral valve procedure in Finland in 1997-2008 and hazard ratios per 1-year
increase in procedure year between 1997 and 2014.

Procedure

ALL
PROCEDURES

N of deaths

Incidence per
1000 person-days

Crude

Adjusted

Mv
REPLACEMENT
N of deaths
Incidence per
1000 person-days
Crude

Adjusted

MV REPAIR

N of deaths
Incidence per
1000 person-days

Crude

Adjusted

Cardiovascular events

Postoperative mortality

Time period HR per 1- Time period HR per 1-
year year
increase in increase in

1997— d 1997 | 2003- dure
2003-2008 procedaure procedu
2002 year (1997— |2002 2008 year (1997-
2014) 2014)
3463|3346
705  |69.5
202 271 223 i lerie |38
1418|1208
42 40 71 ey | |12
100 (rofy | 025 1.00 626 555 1.00
: (0.79-1.14) |(0.97-1.02) [(181) |(16.6) |(0.98-1.02)
0.86 0.98 398 337 0.97
1.00(eN | 0 71-124) |(095-1.01) |(11.5) [(10.1) |(0.95-0.99)"
250 240
72) (7.2
445 317
144 101 113 o |ee |1
758 551
56 53 36 ore) |ues |6
100 (ron 095 1.02 1810 |1569  |1.04
: (0.74-123) |(0.98-1.06) |[(52.3) |(46.9) |(1.01-1.07)
0.80 0.98 362 247 1.00
1.00(eN | 0 61-1.05) |(094-1.02) |(105) [(7.4) |(0.97-1.03)
2682  |2320
774) | (693)
58 170 110 985 820 142
584  |56.8
26 34 35 e a1
100 (rofy | 1:34 1.01 263 187 0.99
: (0.99-1.80) |(0.97-1.05) |(26.7) |(22.8) [(0.96-1.03)
o 1.00 179 151 0.96
: (0.90-161) |(0.96-1.05) [(182) |(184) |(0.92-0.99)*

*p<0.05. Numbers are hazard ratios (95% confidence intervals). Adjusted models include age, sex,
type of procedure (urgent vs. non-urgent), diabetes, hypertension, chronic lung disease,
concomitant CABG and prevalent myocardial infarction and stroke as covariates. CABG, coronary
artery bypass grafting; Ref, reference; MV, mitral valve.
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5.2 Aortic valve surgery

5.2.1 Surgical aortic valve replacement rates and types

During years 2001 to 2016, a total of 12 139 patients underwent surgical aortic valve
replacement (SAVR), and the incidence of SAVRs was 14 per 100 000 person-days.
The use bioprosthetic valves (p<0.001) increased during these years (p<0.001).
(Table 9) The use of bioprosthetic valves increased from 42.9% to 75.5% from
period 2001-2004 to period 2013-2016, respectively (p<0.001) (Table 9). During
the same time, the use of mechanical valves decreased significantly (p<0.001) (Table
9). A total of 16% of the procedures were classified as urgent, and their proportion
increased markedly during the 16 years (p<0.001) (Table 9). However, the
significant increase in urgent procedures was seen only in the mechanical valve
group (p<0.001), when analyzing the two different valve groups separately. During
the first and last period, the proportion of concomitant CABG procedures decreased
markedly from 22% to 9.5% (p<0.001) (Table 9). A parallel change was also seen in
the mechanical and bioprosthetic valve groups from 16% to 4.4% (p<0.001) and 30%
to 11.1% (P<0.001), respectively (Table 9).

5.2.2 Patient selection

Trends in patient characteristics are presented in Table 9. From 2001 to 2016, the
mean age of surgical aortic valve replacement (SAVR) patients was constantly 69.1
years. The mean age of mechanical and bioprosthetic valve groups was also constant:
59.5 (11.8) years and 74.7 (7.3) years, respectively. Of all patients during the entire
study period, 39.1% were women. The proportion of women decreased during the
years (p=0.001), and the decrease was greatest during the last period (Figure 9). The
same change was seen in both mechanical and bioprosthetic valve groups (p<0.001
for both) (Table 9). Women received bioprosthetic valves more often than men, and
the proportion of women in mechanical and bioprosthetic valve groups were 27.7%
and 45.7%, respectively. The indication for surgery was aortic stenosis (AS) in
72.8% of the patients, and the proportion stayed constant during the study period
(Table 9).
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Figure 9. Decreasing proportion of women in the surgical aortic valve operations with mechanical
and bioprosthetic valves from 2001 to 2016. AV, aortic valve; SAVR, surgical aortic valve
replacement

During 2001-2016, the number of comorbidities of SAVR patients increased. More
patients had hypertension (p<0.001), diabetes (p=0.01), and previous stroke (p=0.01)
(Table 9). During 2001-2016, a decrease was however seen in the incidence of
myocardial infarction (p=0.05), especially in the mechanical valve group (p<0.001).
When the mechanical and bioprosthetic valve groups were analyzed separately, the
increase in comorbidities was not seen in the mechanical valve group, while in the

bioprosthetic valve group there was an increase in patients with hypertension
(p=0.01) (Table 9).
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Table 9. The characteristics of aortic valve surgery patients in Finland from 2001 to 2016.
Characteristic Overall  |2001-2004 |2005-2008 gggg‘ gg:g‘ P(trend)
R 12139 2335 2095 3463 3346 <001
PROCEDURES, n

Age (year) 69.1(11.8) |67.0(121) |688(116) |705(11.7) |69.5(116) |042
Women 4745(39.1) |934(400) |1185(396) |1418(40.9)| 1208 (36.1) | 0.01
Urgent 2001(165) |243(104) |577(193) |626(18.1) |555(16:6) | <001
Previous MI 1371(113) |264(113) |372(124) |398(115) |337(10.1) |0.05
Previous stroke 818 (6.7) 122( 2)  |206(69) 250( 2) |240(72) |00
Concomitant CABG [ 1908 (15.7) |513(220) |633(21.1) |445(129) |317(95) |<001
Diabetes 2005(182) |327(140) |569(19.0) |758(219) |551(165) |0.01
Hypertension 5655 (46.6) |875(375) |1401(468) | 1810 (52.3)| 1569 (46.9) | <001
Chronic lung disease | 1076 (8.9) 182 (7.8) 285 (9.5) 362 (10.5) |247(74) |0.57
AS 8834 (728) | 1620 (694) |2212(739) |2682(77.4)|2320(69.3) | 0.83
{‘,"Ef\',"é‘wc“' 4468 1334 1329 985 820 <001
Age, (year) 505(11.8) |609(121) |60.6(116) |584(115) |56.8(115) |0.54
Women 1238 (277) |414(310) |374(281) |263(267) |187(228) | <001
Urgent 717(160) [124(93) |263(19.8) |179(182) |151(184) |<001
Previous MI 350(78) |11989) |124(93) |70(71) |37(@5) | <001
Previous stroke 22(50) |65(@9) |73(55)  |48(49) |36(44) |056
Concomitant CABG [533(119) |213(160) |201(151) |83(84) |36(44) |<001
Diabetes 624 (140) |168(126) |212(160) |151(153) |93(113) |065
Hypertension 1640 (36.7) |436(327) |528(397) |376(382) |300(366) |0.06
Chronic lung disease [ 298 (67)  |90(67)  |99(74)  |68(69) |41(50) |05
E'OLOG'C VALVE, | 7674 1001 1666 2478 2526 <001
Age (vear) 747(73) |75167) |754(62) |753(76) |736(82) |099
Women 3507 (45.7) |520(519) |811(487) |1155(4656)|1021 (40.4) | <001
Urgent 1284 (167) |119(119) |314(188) |447(180) |404(160) |0.20
Previous MI 1021 (133) |145(145) |248(149) |328(132) |300(119) |0.01
Previous stroke 506(78) |57(57) 133(80) |202(82) |204(81) |006
Concomitant CABG | 1375(17.9) |300(30.0) |432(259) |362(146) |281(11.1) |<001
Diabetes 1581(206) |159(159) |357(214) |607 (245) |458(18.1) | 061
Hypertension 4015(523) |439(439) |873(524) |1434 (57.9)| 1269 (50.2) | 0.01
Chronic lung disease | 778 (10.1) |92 (9.2) 186(112) |294(119) |206(82) |008

Numbers are meanSD for age and n (%) for other variables. AS, aortic stenosis; MI, myocardial

infarction; CABG, coronary artery bypass grafting.
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523 Short-term mortality after surgical aortic valve
replacement

Hazard ratio (HR) for 28-day all-cause mortality is seen in Table 10. From 2001 to
2016, the all-cause mortality within 28 days after surgical aortic valve replacement
(SAVR) was 3.5%. There was a decrease in the short-term mortality 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). In the bioprosthetic valve group, there
was also a steady decrease in all four-year time periods 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). However, the short-term mortality
remained unchanged in the mechanical valve group (Table 10).

Table 10. 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
Incidence per
1000 person-days 153 159 127 8
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
Incidence per
1000 person-days = 2 o =
Crude 1.00 143 (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
Incidence per
1000 person-days 235 180 147 9%
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524 Long-term outcome after surgical aortic valve
replacement

Table 11 shows hazard ratios (HR) for 4-year risk of cardiovascular events, all-cause
mortality, and intracranial bleedings. A decrease was seen in multivariable-adjusted
risk of cardiovascular events when analyzing mechanical and bioprosthetic valve
groups together. The decrease was 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 the two groups were analyzed separately, the decrease was seen
only in patients who underwent bioprosthetic valve procedure (HR 0.79; 95% CI,
0.63—0.98) (Table 11). Overall, crude 4-year postoperative mortality increased from
2001-2004 to 2009-2012 (HR, 1.23; 95% CI, 1.07-1.42) but stayed unchanged in
the multivariable-adjusted models (HR, 0.92; 95% CI, 0.80—1.05) (Table 11). The
risk of intracranial bleeding stayed unchanged from 2001 to 2016 in both valve
groups (Table 11)
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Table 11. Hazard ratios for 4-year incidence of cardiovascular events, postoperative mortality and intracranial bleedings (161+162) after first surgical

aortic valve replacement in Finland in 2001-2016.

Cardiovascular events Mortality Intracranial bleeding
Procedure Time period Time period Time period
2001-2004 |2005-2008 |2009-2012 |2001-2004 |2005-2008 |2009-2012 |2001-2004 |2005-2008 |2009-2012

ALL
PROCEDURES
N of events 225 289 333 313 472 568 27 31 27
Incidence per
1000 person-days 26 25 25 37 44 46 319 287 217
Crude 1.00 1.00 1.00 1.00 1.18 1.23 1.00 0.90 0.68

: (0.84-1.19) |((0.84-1.18) ) (1.02-1.36)* | (1.07—1.42)* | - (0.54-1.51) [(0.40-1.16)
Adjusted 1.00 0.83 0.76 1.00 0.96 0.92 1.00 0.81 0.60

: (0.70-0.99)* |(0.64—-0.91)** | *- (0.83—-1.11) |(0.80—1.05) : (0.48-1.36) |(0.35-1.04)
MECHANICAL
VALVE
N of events 110 109 63 128 156 92 14 16 6
Incidence per
1000 person-days 22 21 17 26 32 25 281 326 162
Crude 1.00 0.99 0.77 1.00 1.24 0.97 1.00 1.16 0.58

: (0.76-1.29) |(0.56—1.05) : (0.98-1.56) |(0.74—1.26) : (0.57-2.38) |(0.22-1.50)
Adjusted 100 0.91 0.78 100 1.10 1.01 100 1.1 0.60

: (0.69-1.19) |[(0.57-1.06) ) (0.86-1.39) |(0.77-1.33) : (0.53-2.30) |[(0.23-1.57)
BIOPROSTHETIC
VALVE
N of events 115 180 270 185 316 476 13 15 21
Incidence per
1000 person-days 31 29 29 53 54 54 374 255 241
Crude 1.00 0.93 0.94 1.00 1.01 1.03 1.00 0.68 0.64

: (0.74-1.18) |[(0.76-1.17) ) (0.85-1.22) |(0.87-1.22) : (0.32-1.43) [(0.32-1.28)
Adjusted 100 0.82 0.79 100 0.89 0.89 100 0.59 0.59

: (0.64-1.03) |[(0.63-0.98)* | - (0.74-1.06) |(0.75—1.06) : (0.29-1.20) |(0.29-1.20)

*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 as covariates.

sjnsoy



Monna Myllykangas

525 Sex differences in surgical aortic valve replacement
patients

Altogether 7 616 adult patients underwent primary surgical aortic valve replacement
(SAVR) from 2004 to 2014. Of these, 4 508 (59.2%) were men and 3 108 (40.8%)
were women. Female patients were older than male patients, 73 years and 67 years,
respectively (p<0.0001) (Table 12). Female patients had aortic stenosis (AS) more
often; men, however, had more comorbidities and concomitant coronary artery
bypass graft (CABG) (Table 12). Women received a bioprosthetic valve more often
(77.6%) than men (59.4%) (p<0.0001) (Table 12).

The final study population used to analyze sex differences in SAVR patients after
propensity score matching included 2 814 men and 2 814 women. The groups were
comparable in terms of their characteristics (Table 13).

The survival after SAVR was 94.4% and 92.9% at 1-year follow-up, 81.2% and
83.6% at 5 years, and 66.8% and 67.5% at 10 years in men and women, respectively.
There were no differences in long-term mortality within 10 years after SAVR
between men and women (HR 1.09; CI 0.98-1.22; p = 0.107) (Figure 10). No sex
difference was seen in 5-year (HR 1.14; CI 1.00-1.30; p=0.053) or in 1l-year
mortality (HR 0.93; C10.76—1.14; p = 0.476).

The cumulative incidence of major bleeding after SAVR was 3.0% and 1.4% at
1 year, 10.2% and 7.3% at 5 years, and 21.5% and 19.7% at 10 years in men and
women, respectively. The 10-year bleeding hazard after SAVR was significantly
higher among men than women (HR 1.36; CI 1.13-1.63; p = 0.0009). A significant
difference was seen in the incidence of major bleeding between sexes at the 1-year
(HR 2.07; CI 1.40-3.06; p=0.0003) and 5-year (HR 1.52; CI 1.22-1.88; p=10.0001)
follow-up. There was no sex difference in bleeding sites (p=0.239). Gastrointestinal
(38.5%) and intracranial (27.6%) bleedings were the most common sites of bleeding
at 10-year follow-up.

During the 10-year period, no sex difference was seen in the incidence of stroke
after SAVR (HR 1.06; CI 0.85-1.31; p = 0.614). In addition, the hazard ratio was
similar between sexes within the 1-year (HR 1.11; CI 0.76-1.62 p = 0.595) and 5-
year follow-ups (HR 1.21; C1 0.95-1.54; p = 0.123).

IE after SAVR occurred in 2.1% and 1.0% within 1 year, in 3.4% and 2.1%
within 5 years, and in 4.7% and 2.6% within 10 years in men and women,
respectively. Significantly higher 10-year hazard of IE was seen in men (HR 1.77;
CI 1.25-2.51; p=0.001). The type of valve modified the risk (interaction p = 0.020).
The risk was equal between sexes in patients with mechanical valves (HR 0.94; CI
0.50-1.75; p = 0.899), whereas in patients with bioprosthetic valves, the risk was
higher in men than women (HR 2.23; CI 1.50 3.58; p = 0.0001). The difference
between sexes in the incidence of infective endocarditis after SAVR was already
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present at the 1-year (HR 2.06; CI 1.30-3.26; p = 0.002) and 5-year (HR 1.78; CI
1.24-2.57; p = 0.002) follow-ups.

Men had a higher risk of early re-operations than women. The difference
between men and women at the first-year follow-up was 0.8% vs. 0.1% (HR 2.98;
CI 1.27-7.00; p = 0.013), and at the 5-year follow-up, 1.9% vs. 0.9% (HR 2.23; CI
1.28-3.89; p = 0.005). However, no difference was seen between men and women
during the whole 10-year follow-up (2.4% vs. 3.8%; HR 1.35; CI 0.86-2.13; p =
0.189). These differences were the same irrespective of valve type.
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Figure 10. Sex-stratified survival after first-time surgical aortic valve replacement (coronary artery

bypass surgery) among propensity-matched patients from 2004 to 2014. HR, hazard
ratio; Cl, confidence interval.
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Table 12. Characteristics of all patients aged 218 years with primary surgical aortic valve
replacement (tCABG) with mechanical or biological valve prosthesis in Finland during
2004-2014 (original cohort) by sex. (n=7616)

Variable Original Cohort
Men n=4508 |Women Standardized |P-value
n=3108 difference
Age, (years) 67.1(11.9) 73.0(9.3) 0.55 <0.0001
Valvular stenosis 3671 (81.4%) (2902 (93.4%) |0.37 <0.0001
Charlson comorbidity index 0.09 0.0019
score
0 2656 (58.9%) | 1947 (62.6%)
1 1122 (26.1%) | 745 (24.0%)
2 470 (24.9%) |276 (8.9%)
>3 260 (5.8%) 140 (4.5%)
Atrial fibrillation 714 (15.8%) |443 (14.3%) |0.04 0.058
Concomitant CABG 1525 (33.8%) [899 (28.9%) |0.11 <0.0001
Mechanical valve 1832 (40.6%) |696 (22.4%) |0.40 <0.0001
prosthesis
Urgent or emergency 252 (5.6%) 150 (4.8%) 0.03 0.143
surgery
Operation year 0.09 0.134
2004 383 (8.5%) 244 (7.9%)
2005 423 (9.4%) 232 (7.5%)
2006 371 (8.2%) 271 (8.7%)
2007 430 (9.5%) 278 (8.9%)
2008 368 (8.2%) 282 (9.1%)
2009 389 (8.6%) 282 (9.1%)
2010 388 (8.6%) 285 (9.2%)
2011 453 (10.1%) | 302 (9.7%)
2012 437 (9.7%) 331 (10.7%)
2013 473 (10.5%) [335(10.8%)
2014 393 (8.7%) 266 (8.6%)

Numbers are meanSD for age.
CABG, coronary artery bypass surgery; SD, standard deviation.
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Table 13. Characteristics of propensity-matched patients aged 218 years with primary surgical
aortic valve replacement (xCABG) with mechanical or biological valve prosthesis in
Finland during 2004-2014 by sex.

Variable Propensity-Mached Cohort

_ Women Standardized

Men n=2814 | \=2814 difference | ©value

Age, (years) 71.8(9.1) 72.2 (9.4) 0.05 0.078
Valvular stenosis 2596 (92.3%) |[2608 (92.7%) |0.02 0.545
Charlson comorbidity index 0.02 0.952
score
0 1710 (60.8%) | 1721 (61.2%)
1 684 (24.3%) |688 (24.5%)
2 279 (9.9%) 267 (9.5%)
>3 141 (5.0%) 138 (4.9%)
Atrial fibrillation 413 (14.7%) |425(15.1%) |0.01 0.653
Concomitant CABG 905 (32.2%) |884(31.4%) |0.02 0.548
SO CEll PRI 699 (24.8%) |686 (24.4%) |0.01 0.688
prosthesis
Urgent or emergency o o
surgery 134 (4.8%) 145 (5.2%) 0.02 0.499
Operation year 0.03 0.134

2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Numbers are meantSD for age.
CABG, coronary artery bypass surgery; SD, standard deviation.

291 (10.3%)
288 (10.2%)
298 (10.6%)
240 (8.5%)
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228 (8.1%)
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296 (10.5%)
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5.2.6 Long-term anticoagulation after biologic aortic valve
replacement

From 2010 to 2016, altogether 4 079 patients underwent primary open-heart biologic
aortic valve replacement (BAVR). During the first 3 months after surgery, 4.9% of
the patients died, 0.7% had non-traumatic intracranial or gastrointestinal bleeding,
and 2.6% had ischemic stroke (Table 14).

Table 14. Complications during the first 3 months after the operation (n=4079).

Complication N (%)

Any complication 335 (8.2)
Intracranial nontraumatic bleeding or gastrointestinal bleeding | 28 (0.7)
Ischemic stroke 108 (2.6)
Death 199 (4.9)
No complications 3744 (91.8)

The baseline characteristics of the final study population of 3 880 patients are
presented in Table 15. After the first three months after the operation, 95.1% of the
patients were alive and 57.9% of the patients had oral anticoagulation (OAC). During
the follow-up, warfarin was the most common OAC used, while only 7.5% used
NOAC. There was no difference in the proportion of women in different groups
(42.6—44.6%). However, patients with OAC were older and had more comorbidities
such as diabetes, hypertension, chronic obstructive lung disease, and previous AF.
Furthermore, patients with warfarin had a history of MI or ischemic stroke more
often, and the BAVR were urgent more often (Table 15).

Complications were grouped by medication use for the 3-month period after
BAVR till the end of the study period. The complication rates are presented in Table
16. The rates of bleeding complications were similar in the OAC and no-OAC
groups. However, more ischemic strokes were seen in patients with OAC, 17.3/1000
person-years and 19.7/1000 person-years in patients with warfarin and NOAC,
respectively. The incidence of death was significantly lower in the novel oral
anticoagulant (NOAC) group compared to no-OAC group (p=0.0002). Despite the
increased risk of ischemic stroke, the risk of death was markedly lower in the OAC
group (Table 17).
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Table 15. Preoperative characteristics of biologic aortic valve replacement patients between

2010-2016.
Characteristic Any OAC | p-value |Warfarin |p-value |NOAC p-value B‘Xc
All procedures, n | 2245 2158 168 1635
Age (year) 75.4 (7.1) | <0.001 |75.5(7.1) |<0.001 |74.9 (5.9) | <0.001 (782.86)
958 715
Women a7y |0511 |920(426) (0490 |75(446) 0821 (2
378 225
Urgent Gog [0009 [370(17.1) [0.005  |23(137) [08 |Gy
Previous MI (217211) 0.047 |264(12.2) 0.034  |19(11.3) |0.601 (116;'0)
Previous stroke | 215 (9.6) |<0.001 |209 (9.7) |<0.001 [12(7.1) |0576 |99 (6.1)
Concomitant 246 206
cons o) |0116 [236(10.9) |0414  |19(113) 063  |EPe
. 707 432
Diabetes (15 |<0001 [679(315) |<0.001 |60(357) 001  |in¥,
. 1370 1311 103 821
Hypertension (61.0) <0.001 (60.8) <0.001 (61.3) 0.006 (50.2)
Chronic lung 353 197
Shronic a7y [0001 |340(15.8) [0.001  |32(19.0) [0.009 | T
Previous AF (734??3) <0.001 |728(33.7) |<0.001 |45 (26.8) |<0.001 |76 (4.6)

Patients were grouped according to the medication use. If the medication was discontinued or
changed, the patient was moved to another group after 3 months from the latest drug purchase, so
one patient can be in both Warfarin and NOAC group. Warfarin and NOAC medications were
surveyed 3 months after the operation until the end of the follow-up, any drug purchase during the
period was considered. Numbers are mean+SD for age and n (%) for other variables. p-values any
OAC vs. no-OAC, Warfarin vs. no-OAC & NOAC vs. no-OAC. AF, atrial fibrillation; MI, myocardial
infarction; BAVR, biologic aortic valve replacement; CABG, coronary artery bypass grafting; OAC,
oral anticoagulation; NOAC, non-vitamin K antagonist oral anticoagulant.
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Table 16. Bleeding complications and mortality from 3 months after operation until end of follow-

up. (n=3880).
Incidence 3 months Warfarin |p-value |NOAC p-value no-OAC
after operation n=2158 n=168 n=1635
Median follow-up, years 3.2 3.1 2.9
Bleeding complication, n (n/1000 48 (6.8) |0.559 4(72) 0.744 29 (5.9)
person years) ’ ’ ’ ’ ’
Ischemic stroke, n (n/1000 122 <0.0001 |11 (19.7) 0.039 35(7.2)
person years) (17.3) ’ ’ ’ ’
Death, n (n/1000 person years) ?:825) 0.089 10 (17.9) 0.0002 204 (41.9)

Patients are grouped according to the antithrombotic medication. If the medication was
discontinued or changed, the patient was moved to another group after 3 months from the latest
drug purchase. Bleeding complication = Intracranial nontraumatic bleeding or gastrointestinal
bleeding. p-values Warfarin vs. no-OAC & NOAC vs. no-OAC. OAC, oral anticoagulation; NOAC,
non-vitamin K antagonist oral anticoagulant.

Table 17. Risk of complications in oral anticoaculation theraphy users vs. patients not using oral
anticoagulation theraphy.

HR (95% ClI)
Complication Warfarin vs. no-OAC Any OAC vs. no-OAC
Any complication 1.03 (0.87-1.23), p=0.700 1.01 (0.85-1.20), p=0.913
Bleeding complication 1.00 (0.61-1.65), p=0.996 1.00 (0.61-1.65), p=0.995
Ischemic stroke 2.45(1.66-3.21), p<0.001 2.39 (1.62-3.53), p<0.001
Death 0.82 (0.67-0.99), p=0.039 0.79 (0.65-0.96), p=0.016

Patients are grouped according to the medication use (warfarin only and all the OACs including
warfarin = any OAC). If the medication was discontinued or changed, the patient was moved to
another group after 3 months from the latest drug purchase. Hazard ratios are warfarin vs. no-OAC
and any OAC vs. no-OAC. The models are adjusted for age, sex, procedure urgency, previous
myocardial infarction, previous stroke, concomitant CABG, diabetes, hypertension, chronic lung
disease and previous atrial fibrillation. Cl, Confidence interval; HR, Hazard ratio; OAC, oral
anticoagulation; CABG, coronary artery bypass grafting.
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6.1 Methodological considerations

In three studies of this thesis (I, II, IV), the data from 1997 to 2016 was collected
from the large nationwide Finnish Cardiovascular Disease register. The register was
formed by combining cardiovascular data from the National Hospital Discharge
Register (CRHF), the National Drug Reimbursement Register, and the Causes of
Death Register. In Study III, the data was collected separately from the CRHF
Register, the National Drug Reimbursement Register, and the Causes of Death
Register from year 2004 to 2014. These three administrative registers are nationwide
electronic health care registers to which reporting is mandatory. Due to their
mandatory nature, these registers include data on almost all patients who have had
mitral or aortic valve surgery in Finland for the last nearly 20 years.

Over the last four decades, there has been a major increase in the number of
national cardiac registries, and the use of registries has been associated with
improvements in patient outcomes and mortality (Dawson et al. 2021). Despite its
many advantages, the true value of a registry is determined by how complete and
accurate its data is. The validity of coronary, stroke, and heart failure diagnoses in
the Finnish registers has been described in detail previously (Pajunen et al. 2005;
Tolonen et al. 2007; Méahonen et al. 2013). The coverage of the Finnish
Cardiovascular Diseases Register data is known to be high, for example over 90%
for revascularization procedures (Méhonen et al. 2013). In Finland, administrative
registers have been widely used for epidemiological studies because they have good
coverage and are cost-effective, and because by using combined data from different
registers, we can improve sensitivity (Méhonen et al. 2013). A recent review about
the characteristics and quality of national cardiac registries stated that registries that
could be linked to existing population-based registries, like ours in Finland, were
associated with a higher quality score (Dawson et al. 2021). Moreover, cardiac
surgery registries had the highest quality scores of all registries. In the quality
assessment, the Finnish Cardiovascular Diseases Register received a score of 17 of
the maximum 24. The average score for the included cardiac registers (n=16) was
16.6 (Dawson et al. 2021).
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The strengths of our studies include the use of large nationwide administrative
registers with good coverage. Due to the mandatory reporting, these registers contain
data on virtually all patients who have undergone cardiac surgery in Finland over a
period of 19 years. Furthermore, for the same reason, all our studies are virtually free
of selection bias.

6.2 Mitral valve surgery

Our first study of this thesis demonstrated how mitral valve (MV) surgery has
evolved during the 17-year study period from 1997 to 2014 in Finland. We found
that the proportion of MV repair procedures increased, whereas the proportion of
MYV replacements decreased. The use of bioprosthetic valves exceeded the number
of mechanical valves. Moreover, we noticed that during the study period, short- and
long-term mortality decreased although patients were older and had more underlying
diseases, and the proportion of urgent procedures increased.

Our findings of the increased use of bioprosthetic valves and MV repairs are in
line with results of other studies (Gammie et al. 2009; Vassileva et al. 2013). The
rapid increase in MV repairs in years 2000-2016 stabilized during 2007-2014,
during which time a decrease in mortality was also observed. These changes may be
due to improvement in patient selection. In the late 1990s and early 2000s, it was
thought that the reduction of the mitral annulus could improve survival in ischemic
mitral regurgitation (MR) (Bax et al. 2004). However, later guidelines recommended
a more conservative approach to ischemic MV regurgitation (Vahanian et al. 2012).
Later, Smith et al. demonstrated that performing MV repair during the same
operation with coronary artery bypass graft (CABG) in ischemic MR did not
improve outcome in patients with ischemic mitral regurgitation (Smith et al. 2014).

We noticed a significant change in the characteristic of MV surgery patients
during the study period. Our findings showed that patients are older by the time of
surgery and have more diabetes and hypertension. The changes in the characteristic
are similar to what was seen in a Finnish study of coronary artery bypass graft
patients (Kiviniemi et al. 2016).

In 2012, the European guidelines for the management of heart valve diseases
recommended a more aggressive approach to urgent mitral repair (Vahanian et al.
2012). These recommendations likely led to an increase in the proportion of urgent
procedures from 6% to 29% from 1997-2002 to 2009-2014, respectively. During
this period, the survival after mitral valve surgery improved. In addition to altered
treatment of urgent MV regurgitation, improved outcome may also be due to
advances in perioperative and intensive care (Morrow et al. 2012) and advanced and
wide-spread use of perioperative echocardiography (Lancellotti et al. 2013). In our
study, we noticed some sex differences. We have demonstrated a decrease in the
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proportion of women having MV surgery during the study period 1997-2014. The
change was seen in both repair and replacement surgery. Avernos et al. earlier
showed that women have anterior and bileaflet prolapse more often than men, which
could partly explain the lower rates of MV surgery in women (Avierinos et al. 2008).
Moreover, women tend to be older and the disease tends to be more severe at the
time of operation, which might partly explain the worse outcome in women after
cardiac surgery (Avierinos et al. 2008; Mokhles et al. 2016).

6.3 Aortic valve surgery

In three studies of this thesis (II, III, IV), we elucidated the trends and outcomes of
aortic valve (AV) surgery in Finland during years 2001-2016. We demonstrated how
AV surgery and characteristics of the patients have evolved over the years. We also
studied sex differences in surgical aortic valve replacement (SAVR) patients and
anticoagulation after biologic aortic valve replacement (BAVR). We noticed that the
use of bioprosthetic valves has increased. However, we also noticed that the mean
age of the patients increased, which favors the use of bioprosthetic valves. Despite
the patients having more comorbidities, we saw an improvement in short-term
mortality, and long-term mortality remained unchanged. Moreover, we noticed that
sex is not an independent risk factor for long-term mortality. However, when
biologic valve was used, men were at higher risk for bleeding complications and re-
operation after SAVR and infective endocarditis (IE). Permanent postoperative oral
anticoagulation (OAC) use seems to reduce mortality after BAVR.

6.3.1 Patient selection and outcome

In Study II, the mean age in both groups stayed constant from 2001 to 2016, being
significantly higher in the biologic aortic valve replacement (BAVR) group. The
mean ages were 59.5 years in mechanical valve patients and 74.7 in bioprosthetic
valve patients. Our findings suggest that age-dependent guidelines in valve selection
are well implemented in the practice in Finland (Vahanian et al. 2012; Nishimura et
al. 2014). The overall higher mean age of the patients might partly explain the
decrease in the use of mechanical valves. Similar findings were made in a Swedish
nationwide study, where an increase in the mean age of aortic stenosis (AS) patients
by the time of the diagnosis was noticed (Martinsson et al. 2015). The decrease in
the use of mechanical valves could be explained by the higher age of the patients at
the time of the surgery.

In line with our findings, the use of bioprosthetic valves has generally increased
(Glaser et al. 2016; Goldstone et al. 2017). There are varying results about the
optimal age recommendations for biological and mechanical valves. Some studies
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support the use of bioprosthetic valves also in middle-aged patients after finding no
difference in mortality (Chiang et al. 2014; McClure et al. 2014; Chikwe et al. 2015),
whereas several studies, in line with recommendations, show lower long-term
mortality with mechanical valve prosthesis in patients aged 50—69 years (Brown et
al. 2008; Glaser et al. 2016; Goldstone et al. 2017). As early as 2009, an increase in
the use of bioprosthetic valves also in younger patient populations could be seen
(Barnett and Ad 2009). Increasing use of bioprosthetic valves in younger patients
might be due to a newer generation of bioprosthetic valves, which have shown good
long-term integrity (Une et al. 2014; Bourguignon et al. 2015). New American and
European guidelines for the management of the heart valve disease have been
released after the end of our study period (2016), and the age-recommendation for
bioprosthetic valves has been lowered by 5 years in both guidelines (Vahanian et al.
2012; Nishimura et al. 2014). The recent 2021 update of European guideline for the
management of valvular heart disease recommends mechanical valves in patients
aged <60 years, biologic valves in patients aged >65 years, and individual choice in
patients aged 60—65 years (Vahanian et al. 2021). The American guideline for the
management of patients with valvular heart disease in turn recommend mechanical
aortic valve in patients aged <50 years, individual choice between mechanical and
bioprosthetic valve in patients aged 50—65 years, and bioprosthetic valve in patients
aged >65 years (Otto et al. 2021).

The comorbidity burden increased during our study period. Patients had more
diabetes, previous stroke, and hypertension. However, we saw a decrease in the
proportion of patients with previous myocardial infarction (MI). This probably
reflects the changing global burden of diseases: the incidence of coronary heart
disease and stroke in Western countries has decreased, while rates of hypertension
and diabetes are on the rise (Kiviniemi et al. 2016; Salomaa et al. 2016).

Statistically, there was some increase in the urgency of the procedures over the
study period. However, the change is only seen in time periods 2001-2004 and
2005-2008; after 2005, the proportion of urgent procedures remained constant.
Before 2003, information on urgency was not available in the registers, so we defined
all procedures in which the patient had arrived at the hospital through the emergency
room as urgent. Based on these facts, we can assume that at least part of the increase
in the proportion of urgent procedures is due to change we made in the definition of
urgent surgery rather than actual change in the clinical practice.

6.3.2 Sex differences in surgical aortic valve replacement
patients

Sex difference in cardiovascular diseases has received attention in recent years. It
has been suggested that sex differences in outcome may be due to many different
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coexistent causes. For example, sex hormones, genes, environmental influences,
lifestyle, and differences in treatment are proposed (Regitz-Zagrosek et al. 2017).
Estrogen is thought to have a protective effect on vascular diseases and might cause
the delay in onset of aortic stenosis (AS) in women, partly explaining the higher age
at the time of diagnosis (Nordstrom et al. 2003). It is also known that in AS patients,
women preserve better ejection fraction and myocardial contractility than men
(Regitz-Zagrosek et al. 2017).

In Study III, we noticed, in line with results from other studies, that women are
older by the time of surgical aortic valve replacement (SAVR), and the burden of
underlying diseases differs between men and women (Duncan et al. 2006; Doenst et
al. 2006; Kulik et al. 2009; Fuchs et al. 2010; Hartzell et al. 2011; Chaker et al. 2017,
Regitz-Zagrosek et al. 2017; Wong et al. 2018). We noticed that AS was more
common in women, whereas men had overall more underlying diseases, i.c.,
atherosclerotic comorbidities. Our findings support the finding from other studies
that men assigned to SAVR have more atherosclerotic comorbidities and more
concomitant coronary artery bypass graft (CABG) than women (Hartzell et al. 2011;
Regitz-Zagrosek et al. 2017; Chaker et al. 2017). However, there are also studies
where the women studied have had more underlying diseases than men, contrary to
our findings (Onorati et al. 2014; Chaker et al. 2017).

Female sex is one of the risk factors affecting mortality in the European System
for Cardiac Operative Risk Evaluation II (EuroSCORE II) (Nashef et al. 2012) and
the Society of Thoracic Surgeons score (O’Brien et al. 2018; Shahian et al. 2018).
Previous results on sex differences in outcome after SAVR are controversial (Doenst
et al. 2006; Kulik et al. 2009; Fuchs et al. 2010; Chaker et al. 2017). Women have
higher unadjusted and adjusted in-hospital mortality following SAVR compared to
men (Chaker et al. 2017; Wong et al. 2018). However, there are also studies that
report no difference between sex in survival (Duncan et al. 2006; Onorati et al. 2014;
ter Woorst et al. 2019). Female sex is related to lower long-term mortality (Fuchs et
al. 2010). Conflicting study results of survival may be related to many factors — for
example, different study populations, varying research settings, national differences,
different study eras, and co-variables.

In Study 11, we noticed a consistently declining proportion of women undergoing
SAVR during the study period of 2001 to 2016. The study by Martinsson et al.
showed that the incidence of AS does not differ significantly between men and
women (Martinsson et al. 2015). Hence, our markedly smaller proportion of women
undergoing SAVR is a noteworthy finding. As stated before, survival of women after
open-heart surgery is worse compared to men, but survival after transcatheter aortic
valve replacement (TAVR) seems to be better in women compared to men (Yousif
et al. 2018). Moreover, women are usually older by the time of surgery. Due to all
these reasons, physicians might be more willing to refer women to conservative
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treatment or TAVR over surgery. We did not have data on the sex distribution of
TAVR patients in Finland during our study period. However, Mékikallio et al. has
used the FinnValve registry to investigate TAVR surgeries in Finland (Makikallio et
al. 2019). The nationwide FinnValve registry includes data from all TAVR
operations from 2008 to 2017. Makikallio et al. observed that the proportion of
TAVR operations has increased from 2008 to 2017, patients were on average 81.2
years old, and 55% of the patients were women. (Mikikallio et al. 2019) Therefore,
it is likely that the decrease in the proportion of women in the study period from
2013 to 2016 is related to the increase in the use of TAVR. Moreover, it is likely that
the number of SAVR procedures will decrease even more due to TAVR operations
in the coming years. TAVR surgery does not explain all sex differences seen in Study
II. TAVR surgeries began in Finland in 2008, so they explain only the changes in
the latest period of our study. The proportion of women was already smaller from
the beginning of the study period, especially in the mechanical SAVR group.

In Study II, we noticed some differences between men and women in mid- and
long-term morbidity. The risk for bleeding complications within 10 years after
SAVR was markedly higher among men. However, we saw no difference in bleeding
site between sexes. Similarly, in line with our findings, men who use OAC for AF
have been shown to have a higher risk for bleeding complications (Pancholy et al.
2014). All pathophysiological mechanisms causing differences in bleeding
characteristics are not identified, but they may be due to differences in lifestyle,
platelet function, and coagulation mechanisms (Renda et al. 2019). We found no
difference in incidence of ischemic stroke between sexes, although previous studies
have reported the ischemic stroke risk to be higher among women (Doenst et al.
2006; Kulik et al. 2009).

Prosthetic valve surgery increases the risk of infective endocarditis (IE)
substantially (Thornhill et al. 2018), and about 10-30% of all IE is prosthesis-related
(Slipczuk et al. 2013; Habib et al. 2015). It is well known that men have a higher risk
of endocarditis in the general population (Slipczuk et al. 2013; Ostergaard et al.
2018; Thornhill et al. 2018; Ahtela et al. 2019). In Study 1V, we discovered that men
are at higher risk for IE. However, the sex difference was significant only with
bioposthetic valves. Our findings are in line with other studies (Thornhill et al. 2018;
Ostergaard et al. 2018; Grubitzsch et al. 2018). Ostergaard et al studied the incidence
of IE and risk factors for IE in a nationwide cohort of Danish patients after left-sided
heart valve replacement (Ostergaard et al. 2018). They discovered that male sex and
bioprosthetic valves increased the risk of IE after both SAVR and MV replacement.
However, Kyto et al. discovered in a Finnish nationwide study that the risk of IE was
comparable between mechanical and bioprosthetic valves after SAVR in patients
aged over 70 years (Kyto et al. 2019). It is thought that the degeneration and
calcification of biological valves might increase the bacterial adhesion to the valve
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and thereby increase the risk of IE (Pressman et al. 2017). However, it is not known
how sex affects this process. [E might also explain our finding in Study III that re-
operation rates are higher among men at 1- and 5-year follow-ups. This could be
explained by an increased risk of prosthesis infection after valve prosthesis surgery
because surgery is the primary treatment. (Habib et al. 2015) In Study II, we
observed the re-operation rates to be higher among men in mid-term follow-up.
Furthermore, we noticed in Study III that reoperation rates were higher in mid-term
follow-up. This could be explained by findings from a previous study, where median
time to hospitalization after SAVR due to IE was about 1.7 years (Butt et al. 2019).

6.3.3 Long-term anticoagulation after biologic aortic valve
replacement

In Study IV, our aim was to study the oral anticoagulation (OAC) use after the first
three months postoperatively. The data consisted of 4 079 patients who underwent
their first biologic aortic valve replacement (BAVR) in Finland. Mortality was 4.9%
during the first 3 months postoperatively, so the final population was 3 871 patients.

We discovered the ischemic stroke risk to be increased among patients using
OAC compared to non-users. It could be explained by the fact that users of OAC
have an underlying higher risk of ischemic stroke, bigger comorbidity burden, and
increased incidence of atrial fibrillation (AF). AF alone increases the risk of stroke
by 20-25% compared sinus rhythm and additional risk factors further increase the
risk (Chugh et al. 2001). Despite the higher risk of ischemic stroke, it seems that
using OAC could be advantageous compared to no-OAC, since the risk of death is
lower. There is also evidence that patients with AF and valvular heart disease (VHD)
have a higher incidence of bleeding complications (Pan et al. 2017). We noticed that
the incidence of bleeding complications was equal in OAC and no-OAC groups,
contrary to previous findings. Lopez-Lopez et al. concluded in their study that novel
oral anticoagulants (NOACs) were associated with a lower risk of bleeding
complications compared to warfarin in patients with AF without valvular heart
disease (VHD) (Lopez-Lopez et al. 2017), and similar findings have also been made
with AF and VHD (Pan et al. 2017; Malik et al. 2019). Discrepancy in our results
compared to others may be explained by frequent and regular follow-up of cardiac
surgery patients in Finland and the consequent lower risk of overdose of warfarin
compared to other AF patients.

A recent meta-analysis compared the efficacy and safety of novel oral
anticoagulants (NOACs) with warfarin in patients with AF and VHD or bioprosthetic
valve. They concluded that NOACs are more effective than warfarin in preventing
stroke, myocardial infarction, and intracranial bleeding complications in patients
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with AF and VHD; furthermore, outcomes were similar for NOACs and warfarin
among patients with AF and bioprosthetic valve. (Malik et al. 2019)

In our study population, the risk of death was markedly higher among no-OAC
group than among patients using OACs. This finding may be due to discontinuation
of medications from patients with poor prognosis or a situation where patients are in
long-term inpatient care without purchasing medicines from a pharmacy and
consequently without entry in the Drug Reimbursement Register. However, if there
is no other reason for the anticoagulation in addition to the bioprosthetic valve, it is
not justified to initiate use of the drug because of the increased risk of bleeding
complications. (Vahanian et al. 2021)

6.4 Limitations of the study

The four retrospective studies of this thesis are based on administrative register
databases and therefore have typical limitations of observational retrospective
register studies. We had no access to more detailed information on the data, and we
had no information about the grade of valvular heart disease (VHD), nor the severity
of the symptoms and EuroSCORE. However, we included several components from
EuroSCORE (age, sex, lung disease, urgency, and history of MI) to cover this
deficiency. Furthermore, in the case of drugs, we knew for certain only that the drugs
were purchased from the pharmacy, not whether they were actually taken or why
they were stopped or initiated. We also lacked the information about specific valve
types or surgical techniques — we knew only whether the valve was biologic or
mechanical. Moreover, in Study IV, the small number of patients using novel oral
anticoagulants (NOACs) prevented us from analyzing NOAC and warfarin
separately in the multivariable models, so they were analyzed as one group: any oral
anticoagulant (OAC).

Due the retrospective observational nature of our four studies, it is possible that
unidentified confounding factors may also have influenced the results.

6.5 Clinical aspects/Future considerations

In all four studies of this thesis, we studied the nationwide characteristics and
prognosis of mitral and aortic valve surgery patients in Finland. Through our studies,
we have gained new valuable information about these cardiac surgery patients in
Finland. With this real-world evidence, we can improve the care of our patients by
identifying factors related to risk of complications and prognosis and by improving
techniques. Furthermore, this knowledge is essential for the interpretation of past
and future studies.
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In the future, we need to ascertain that we continue to monitor heart valve
diseases and the results of current treatment, so that we can evaluate the treatment
methods and further improve the care of our patients.
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Summary and Conclusions

These studies provide valuable information about heart valve surgery in Finland.
This knowledge can help us to improve the management of heart valve surgery
patients in the future.

The conclusions based on our results are:

1.
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The number of mitral valve repairs has increased, and the number of mitral
valve replacements has decreased. The use of bioprosthetic mitral valves has
increased. Short- and long-term mortality has decreased despite the
increased comorbidity burden and the larger proportion of operations that
were urgent.

The use of bioprosthetic aortic valves has increased. The characteristics of
surgical aortic valve patients have changed: patients are older, the proportion
of women has decreased, and the proportion of patients with comorbidities
has increased. The short-term mortality has improved, and the long-term
mortality has remained unchanged.

Sex is not an independent risk factor for long-term mortality after surgical
aortic valve replacement. Male sex was associated with higher risk of
bleeding, infective endocarditis (when using biological prostheses), and re-
operation.

The oral anticoagulation use after biologic aortic valve replacement appears
to be associated with a decreased risk of death and an increased risk of
ischemic stroke. The incidence of bleeding complications was equal
between patients who use oral anticoagulants and those who do not.



Kiitokset

Suurimmat kiitokset kuuluvat ohjaajilleni, dosentti Jenni Aittokalliolle ja professori
Jarmo Gunnille, heidén tuestaan ja avustaan vaitdskirjaprosessin kaikissa vaiheissa.
Jennid on kiittiminen siitd, ettd pditin spontaanisti ryhtyd projektiin leikkaus-
osastolla kdydyn kahvipoytikeskustelun paitteeksi. Hin on ollut vahvasti mukana
vaitoskirjatyoskentelyssd ja tiivis yhteydenpito on ollut erityisen korvaamatonta.
Iltamyo6hadn kéaydyt “tieteellisesti tasokkaat” Whatsapp-keskustelut ovat olleet
tarkeitd niind hetkind, joina asioiden ymmértdminen ja véitoskirjatyoskentely on
tuntunut ylitsepddsemattomailtd. Jarmo on niin ikéédn ollut erinomainen ohjaaja.
Mahdollisuus tukeutua hinen sydénkirurgiseen asiantuntemukseensa oli erittdin
keskeistd etenkin tyoskentelyn loppusuoralla.

Kiitokset kuuluvat myds seurantaryhméini jasenille, dosentti Kari Leinolle ja
dosentti Mikko Jdrvisalolle, sujuvasta ja mutkattomasta yhteistyostd vaitoskirja-
tyoskentelyn aikana.

Osatoéiden aineisto on tutkimusprofessori Veikko Salomaan johtamasta Sydén- ja
verisuonirekisteristd Terveyden ja hyvinvoinnin laitokselta; kiitdin Salomaata
ystavillisestd luvasta sen kdyttoon. Han on osallistunut projektiin myds yhtend
kanssakirjoittajista, ja hénen pitkd kokemuksensa tutkimustydssd on nostanut
artikkeleidemme arvoa.

Haluan kiittdd myos muita kanssakirjoittajiani. Professori Teemu Niiranen on
kokenut tutkija ja hdnen asiantuntemuksensa havainnointi 1hietéisyydeltd on ollut
vaikuttavaa. Teemu on antanut hyddyllisid kédytdnnon neuvoja kirjoittamiseen ja
tieteellisen tyon kaytdntoihin. Dosentti Tuomas Kiviniemi on ollut aktiivisesti
mukana artikkeleiden kirjoittamisessa ja antanut niihin paljon lisd4 kokemuksellaan.
Filosofian maisteri Arto Pietild on ollut korvaamaton: hén laati tilastoanalyysit
ensimmaiseen, toiseen ja neljanteen artikkeliin ammattitaidolla, joka lisdsi niiden
vakuuttavuutta. Kiitdn myos dosentti Ville Kytéd, joka toimi kolmannen artikkelin
ohjaajana seké dosentti Jussi Sipildd ja professori Pdivi Rautavaa, jotka kirjoittivat
sitd kanssani. Olen oppinut paljon heilté kaikilta.

Viitoskirjan esitarkastajina toimivat dosentit Erika Wilkman ja Jari Halonen.
Haluan kiitti4 heitd erinomaisista korjausehdotuksista, joiden ansiosta vaitoskirjani
sisdltd parani entisestaan.
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Kiitdn kuvataiteilija Inari Raaterovaa upeista kuvista, jotka hén piirsi
vaitoskirjaani ja LT Ville-Veikko Hynnistd ultradanikuvista, jotka hian antoi kayttooni
viitoskirjaani varten.

Viitoskirjatyoskentelyn rinnalla olen aloittanut kouluttautumisen lasten-
anestesiologiksi, minkd my6td minut on ympardinyt joukko mahtavia persoonia.
Néitd “salsamakkaroita” saan kutsua paitsi kouluttajikseni, myds ystavikseni.
Dosentti Tuula Manner, erikoisladkéri Sanna Vilo ja dosentti Markku Taittonen ovat
sekéd lastenanestesiologeja ettd esimichidni. Haluan kiittdd heitd joustosta, joka
mahdollisti tutkimusvapaideni sovittamisen yhteen leikkaussalissa ja Hengitys-
tukiyksikossa tyoskentelyn kanssa. Tuulalta olen saanut arvokasta tukea luodessani
omaa tyokenttddni hengitysvajauslasten kanssa, ja hdnen innostunut suhtautuminen
asioihin on ihailtavaa. Sannalta olen oppinut paljon lastenanestesiologiasta, mutta
etenkin esimichend Sanna on tukenut minua ja jaksanut aina kérsivéllisen
huolehtivaisesti muistuttaa minua asioista, joiden deadlinet ovat jo menneet. Markku
on ollut mahtavaa seuraa SSAIL:n lastenanestesiakoulutusmatkoilla, ja olemme
kidyneet monta hedelmaillistd keskustelua kauden kuumimmista trendeista.
Erikoisladkéri Olli Vinttinen kannustaa omalla esimerkillddn pysyméaidn kartalla
uusimmasta tiedosta. Hénelld on taito tiivistdd siitd oleellinen ja esittdd se
ytimekkaasti. Kiitdn Ollia hyvéstd opetuksesta etenkin lasten teho-osastolla ja
monista nauruista tydpéivien aikana. Erikoisldédkéri Kosti Koivisto-Kokkoon olen
padssyt vasta tdimé&n vuoden aikana tutustumaan paremmin hénen palattuaan
kotimaahan, mutta haluan kiittd4 Kostia laajan kokemuksensa jakamisesta kanssani
osana koulutustani. LT Mari Fihlman on ollut keskeisessd roolissa lasten
leikkaussalianestesiologian koulutuksessani. Kiitdn Maria my0s hyvistd neuvoista
koskien viitdskirjatyoskentelyn loppumetrejd. Aloitin  vaitoskirjatydskentelyn
samaan aikaan LT Anssi Heinon kanssa. Anssi osoitti esimerkillaén, ettd vaitoskirjan
valmistuminen on ylipdétddn mahdollista meille molemmille, mikd lisdsi omaa
motivaatiotani. Kiitdnkin Anssia tistd vertaistuesta viitdskirjatydskentelymme
aikana.

Haluan kiittdd koko tyOyhteis6dni — TOTEK:n anestesialdédkireitd. Te
kannattelette kollegaa paitsi tydkaverina, myds ihmisend. LT Waltteri Siiralalta
olen saanut paitsi oppia, myds vertaistukea tydskennellessdni Hengitystuki-
yksikossd. Hengitystukiyksikon sairaanhoitajille, Kristina Ylitalo-Liukkoselle ja
Tuula Sirkidlle, olen kiitollinen antamastanne tuesta ja “perddn katsomisesta”
kiireisimpind ajanjaksoina. Erikoisladkéri Annalotta Scheininin kanssa aloitimme
ladketieteen opinnot samalla vuosikurssilla, ja meisté tuli hyvia ystivii jo silloin.
Tiemme kohti anestesiologin ammattia viitoitettiin hetkelld, jolloin saimme
silloiselta anestesiologian ja tehohoidon professorilta, Klaus Olkkolalta, seuraavan
suullisen palautteen anestesiologian syventdvien opintojen kuulustelusta: “tehin
ette oikeastaan tienneet yhtddn mitddn”. Kiitos Annalotta vuosien ystdvyydesti ja
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vertaistuesta yrittdessimme aikuistua. Erikoislddkari Aiki Kauppisen kanssa
tutustuimme, kun aloitin anestesiaan erikoistumisen Loimaan aluesairaalassa. Aiki
inspiroi innostumalla herkésti uudesta, heittdytymalld sitd kohti ja laittamalla
itsensa likoon. Kiitos, ettd olet lojaali ystdva. Erikoislddkari Pauliina Paanasen
kanssa 16ysimme nopeasti yhteisen sdvelen jakaessamme koulutusreissulla
hotellihuoneen — siitd alkoi ystdvyys. Pauliinan energia on tarttuvaa ja tekee
hénen seurassaan olemisesta vaivatonta. Kiitos ldsnédolostasi ja ystdvyydestisi,
Pauliina. Erikoislddkédri Saara Huoponen on tehnyt vaikutuksen eldmén-
asenteellaan, ja hénestd tuli minulle merkittdva henkild tyoyhteisdssd, kun alkoi
eldménvaihe, jossa asiat eivdt menneet odotusten mukaisesti. Kiitos tuestasi ja
ystavyydestd. Dosentti Panu Uusaloa ja LT Ulla Ahlmen-Laihoa haluan kiittda
saamistani neuvoista koskien viitoskirjaa ja sithen liittyvid juhlallisuuksia, ja Ullaa
kiitdn lisdksi avusta kieliasun tarkastamisessa.

Paitsi anestesialddkareitd, haluan kiittdd myos lasten leikkausosaston ja lasten ja
nuorten teho-osaston henkilokuntaa saamastani koulutuksesta sekd tavasta, jolla
teette tyOpdivistd niin mukavia. Kiitokset kuuluvat myds lastenkirurgeille,
pediatreille ja korvaldédkareille hyvésta yhteistyosta.

Kiitos, Juoksuaika, fyysisesti ja henkisestd treenistd raskaan véitoskirja-
prosessin aikana.

Ulla Kudjoi ja Reko Manninen, yksi suurimmista onnistumisistani. Olette niin
tarkeitd! Kiitos tuesta ja Canvoista, jotka ovat auttaneet ylos hetkellisistd véitOs-
kirjakuopista.

Haluan kiittid myds suurta perhettini. Aitini Margot Sandell, isini Tomi
Saarinen, ditipuoleni Anna-Sofia Saarinen ja isdpuoleni Hans Sandell ovat aina
tukeneet tekemidni valintoja ja olen voinut luottaa saavani apua, kun sitd tarvitsen.
Haluan kiittda isovanhempiani Anja ja Reijo Saarista, jotka ovat olleet vahvasti
mukana eldméssini. He ovat aina tukeneet, kannustaneet opiskelemaan ja uskoneet
minuun. Kiitos sisaruksilleni, joiden kanssa olen saanut jakaa elimédni ja viettdd
monia sen parhaita hetkid. Kiitos siis Mikko Ehngvist, Pertti Sandell, Jarkko
Ehngvist, Jutta Saarinen, Kristina Sandell, Timo Saarinen ja Oliver Sandell! Kiitin
my0s appivanhempiani Johan ja Pirjo Myllykangasta tuesta mitd olemme saaneet
perheend jokapdivdiseen arkeen.

Viitoskirjan osatyot toteutettiin Turun yliopiston anestesiologian, tehohoidon,
ensihoidon ja kivunhoidon oppiaineessa vuosina 2016-2021; kiitdn lampimaésti
oppiaineen  henkilokuntaa projektin  mahdollistamisesta. Kiitos Suomen
Anestesiologiyhdistykselle ja Turun Yliopistolle apurahoista, joiden turvin olen
voinut omistaa aikaa tutkimustyoélle.

Lopuksi haluan erityisesti kiittdd omaa rakasta perhettdni: Markusta, Oilia ja
Taimia. Kiitos, ettd olen vuosien aikana saanut aina kannustusta kaikkeen
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tekemiseeni, vaikka se on vaatinut vélilli myds joustoa. Ilman teitd ei tidma
vaitoskirja olisi ikind valmistunut.

”Toi ei pidd paikkansa, ilman meitd sun vditoskirja olis valmistunut paljon
nopeammin.” (Oili Myllykangas, 8 vuotta, joulukuu 2021).

Turussa joulukuussa 2021
Monna Myllykangas
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