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Abstract

Objectives: Contemporary, nationwide data on trends in mitral valve surgery are scarce. Our aim was to investigate changes in procedure rates, patient selection, and post-procedural prognosis of open-heart mitral valve surgery in Finland.
Design: We combined data from three nationwide administrative registers with compulsory reporting. We identified patients who had undergone first-ever open-heart mitral valve surgery between 1997 and 2014 and followed them for adverse events. We examined trends in mitral valve surgery over three six-year time periods (1997-2002, 2003-2008, and 2009-2014).
Results: 3684 mitral valve procedures (mean age: 67.0±10.9 years, 42.6% women) were performed in 1997–2014 in Finland. During this period, mitral valve repair operations became more common than replacements and we observed an increasing trend in the use of bioprosthetic valves. Between 1997-2002 and 2009-2014, the mean age of patients undergoing mitral valve surgery and the proportion of urgent surgeries increased (p<0.001 for both). The proportion of women undergoing surgery decreased while the share of patients with hypertension (p=0.023) or diabetes (p=0.026) increased. The multivariable-adjusted risk of 28-day (hazard ratio, 0.55; 95% confidence interval, 0.37–0.83) and 6-year (hazard ratio, 0.80; 95% confidence interval, 0.67–0.97) post-operative mortality was lower in the last six-year period than in 1994-1998.
Conclusions: Short- and long-term mortality of mitral valve surgery patients in Finland has decreased from 1997 to 2014 despite the patients being older and having more comorbidities. Understanding the changing characteristics and prognosis of these patients is important for the interpretation of previous and future cohort studies and trials.
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Introduction

Moderate or severe symptomatic mitral valve regurgitation is the most common indication for open-heart mitral valve repair or replacement [1,2]. Mitral valve repair is currently recommended as the primary treatment modality in treating valve dysfunction of all etiologies due to lower perioperative mortality and improved survival compared with valve replacement [1,3-5]. As a result, the rate of mitral valve repair operations has increased over the last decades [4,6,7]. Simultaneously, the use of bioprosthetic valves has increased and the use of mechanical prostheses has decreased, especially in older patients [4]. 

Although cardiac surgery is being performed in increasingly older and frailer patients, the overall mortality rates associated with cardiac surgery have declined steadily in recent years [4,8-10]. Previous studies have also assessed patient selection and mortality rates after mitral valve surgery in selected patient cohorts [4,11-13]. There is, however, a paucity of contemporary, unselected, nation-wide population data on longitudinal trends associated with mitral valve surgery. 

The aim of the present study was to examine nationwide trends in open-heart surgical mitral valve replacement and repair procedures between 1997 and 2014 using Finnish nationwide register data. We assessed longitudinal trends in operation types, patient selection, and prognosis during this time period.


Methods

Data sources
The Finnish Cardiovascular Diseases Register was formed by combining cardiovascular-related data from three nationwide electronic health care registers with compulsory reporting: the National Hospital Discharge Register, national Drug Reimbursement Register and the Causes of Death Register. The National Hospital Discharge Register contains information on diagnoses and procedures including a separate detailed page for cardiac surgical patients. The Drug Reimbursement Register contains nationwide information on all drug purchases for reimbursed medications. The National Causes of Death Register contains information on the underlying, contributing and immediate causes of death.

The Hospital Discharge and Causes of Death Registers contain diagnoses for each secondary and tertiary care outpatient and inpatient visit. The treating physicians record the diagnoses in these registers using the Finnish version of the International Classification of Diseases (ICD). For this study, we used data from the years 1997 through 2014. The coverage of the Finnish Cardiovascular Diseases Register data for revascularization procedures was previously shown to be over 90% [10].

Study population
3684 patients had undergone first open-heart mitral valve surgery with or without concomitant coronary-artery bypass grafting (CABG) for mitral regurgitation between 1997 and 2014 in Finland. We divided the patients into three groups by procedure type: 1) all mitral valve procedures; 2) mitral valve repair; and 3) bioprosthetic or mechanical mitral valve replacement.

Covariates
A patient was considered to have prevalent diabetes, hypertension or chronic lung disease (i.e., asthma or chronic obstructive pulmonary disease) if an entitlement to special medicine reimbursement for the disease in question had been recorded in the Drug Reimbursement Register or an ICD diagnosis code matching with these diseases was found in the Hospital Discharge Register prior to the mitral valve procedure. After 2003, a procedure was defined as urgent if it was necessary to perform the procedure within one week. Before 2003, when this information was not available, all procedures in which the patient had arrived in the hospital through the emergency room were defined as urgent.

Follow-up and outcomes
The follow-up for adverse events ended on December 31, 2014. The National Hospital Discharge and Causes of Death Registers were used to identify outcome events. With these registers the coverage of follow-up is virtually 100%, except for persons who have permanently moved abroad. On average 0.1-0.2% of the Finnish population move abroad each year but this proportion is likely to be much smaller among elderly and sick individuals.

The following endpoints were used: 28-day all-cause postoperative mortality, 6-year all-cause postoperative mortality, and 6-year incidence of cardiovascular events. Cardiovascular mortality was defined as mortality related to disease of the circulatory system (ICD-10 codes I20-25, I46, R96, R98, I61, I63 and I64) as the underlying, contributing or immediate cause of death. Myocardial infarction was defined with ICD-10 codes I21 and I22 as a hospital discharge diagnosis or as the underlying, contributing or immediate cause of death. Stroke, excluding subarachnoid hemorrhage, was defined with ICD-10 codes I61 and I63 (not I63.6) as a hospital discharge diagnosis or as the underlying, contributing or immediate cause of death. The validity of coronary, stroke and heart failure diagnoses in the Finnish registers has been described in detail previously [14-16].

Statistical methods
To assess the longitudinal changes in procedure types, patient characteristics, and post–procedural outcomes, we divided the study period into three six-year categories by the year of the mitral valve operation: 1997-2002, 2003-2008 and 2009-2014. Using population information from Statistics Finland, we calculated annual incidence rates for mitral valve procedures during these three time periods. Trends in the patient characteristics across the time strata were compared using the Cochran-Armitage trend test for categorical variables and regression analysis for continuous variables. We used Cox proportional hazards regression models with follow-up truncated at six years to estimate the hazard ratios for post-procedural mortality and cardiovascular events in different time periods. In addition, Cox proportional hazards regression was used to assess the 28-day post-procedural hazard of all-cause mortality in the different time periods. The period 1997-2002 was used as the reference category in all models. We also evaluated hazard ratios for mortality and cardiovascular events per 1-year increase in calendar year of procedure between 1997 and 2014. The models were adjusted for sex, age, urgency of the surgery, diabetes (yes/no), hypertension (yes/no), chronic lung disease (yes/no), previous MI (yes/no), previous stroke (yes/no), and concomitant CABG (yes/no).


Results

Trends in mitral valve surgery rates and types
In total, 3684 mitral valve operations were performed in Finland between 1997 and 2014 (Table 1). The annual incidence rates of mitral surgery in Finland during the whole study period of 18 years was 3.9/100 000. In 1997-2002, 2003-2008, and 2009-2013, these rates were 3.3/100 000, 4.5/100 000, and 3.8/100 000, respectively. Of these procedures, 2298 (62.4 %) were mitral valve repairs and 1386 (37.6 %) were mitral valve replacements (Table 2). During the 18-year time period, mitral valve repair operations became more common than replacements and an increasing trend in the use of bioprosthetic valves was observed (Figure 1).  Of the mitral valve procedures, 20.4% were classified as urgent. The numbers and proportions of urgent procedures during the three time periods 1997-2002, 2003-2008 and 2009-2014 were 61 (6.0 %), 332 (23.2 %) and 357 (29.0 %), respectively (Table 1). The number of urgent mitral valve replacement and repair procedures increased significantly from 1997-2002 to 2009-2014 (Table 1 and Table 2; p<0.001 for trend for all). The proportion of concomitant CABG procedures decreased over the same time period (Table 1; p<0.001 for trend). This decrease was mainly driven by concomitant CABGs performed with mitral valve repair (p<0.001 for trend) whereas no trend was observed in mitral valve replacement procedures (Table 2; p=0.825 for trend). 

Trends in patient selection
The mean age of all mitral valve surgery patients was 66.0 years and 33.4 % were women. Trends in patient selection for surgical mitral valve procedures are presented in Table 1 for all procedures and in Table 2 by procedure type. During the 18 year time period (Table 1), the age of the mitral valve operation patients increased (p<0.001) and the total number and proportion of women decreased (p<0.001). These trends were also apparent in both mitral valve replacements and repairs (Table 2). Moreover, the share of mitral valve surgery patients with hypertension (p=0.023 for trend) or diabetes (p=0.026 for trend) increased (Table 1). These trends were statistically significant only for diabetes in the valve replacement group (p<0.001) whereas these trends were non-significant in the valve repair group (Table 2).

Trends in 28-day mortality after mitral valve procedures
The hazard ratios (HR) for all-cause mortality within 28 days after the surgery are presented in Table 3. The multivariable-adjusted risk of post-operative mortality decreased by 45% from 1997–2002 to 2009–2014 (HR, 0.55; 95% confidence interval [CI], 0.37–0.83). This decrease was apparent in both mitral valve repair (HR, 0.59; 95% CI, 0.28–1.25) and replacement procedures (HR, 0.77; 95% CI, 0.46–1.27), but remained non-significant due to the lower numbers of procedures and events (Table 3). The adjusted mortality per 1-year increase in procedure year decreased in the subgroup of mitral valve repairs (HR, 0.93; 95% CI, 0.89–0.98) (Table 3).

Trends in 6-year prognosis after mitral valve procedures
The HRs for six-year incidence of cardiovascular events are presented in Table 4 and for all-cause mortality in Table 5. The HRs for mortality and cardiovascular events per 1-year increase in procedure year between 1997 and 2014 are presented in Table 6. No statistically significant changes in risk of cardiovascular events occurred from 1997-2002 to 2003-2008 (Table 4). The multivariable-adjusted 6-year postoperative mortality after all the mitral surgery operations decreased from 1997-2002 to 2003-2008 (HR, 0.80; 95% CI, 0.67–0.97; Table 5). This decrease was non-significant when mitral valve repairs and replacements were analyzed separately. When procedure year was included in the model as a continuous exposure variable, we observed no statistically significant changes in the risk of cardiovascular events (Table 6). However, each 1-year increase in calendar year of procedure was associated with a decreased risk of death after all procedures (HR, 0.97; 95% CI, 0.95–0.99; Table 6) and mitral valve repairs (HR, 0.96; 95% CI, 0.92–0.99; Table 6). The proportion of the cardiovascular deaths of all deaths did not change significantly during the study period (25% in 1997-2002 versus 26% in 2003-2008; P>0.05).





Discussion

This study examined how mitral valve surgery has evolved from 1997 through 2014 in a nationwide setting in Finland. After 1997, there has been an increasing trend towards mitral valve repair procedures, whereas the number of valve replacements has decreased. During the last 6-year time period (2009-2014) the use of bioprosthetic valves in replacement procedures has become more common than the use of mechanical valve prostheses. Our study demonstrates that both short- and a long-term mortality have decreased from 1997 to 2014 despite the patients being older and having more comorbidities, such as hypertension and diabetes. Moreover, the proportion of urgent procedures has increased.

The increases in the number of mitral valve repairs and the use of bioprosthetic valves in Finland are in line with other similar studies (4, 11). Interestingly, after the rapid increase in the number of mitral valve repairs in 2000–2006, this trend has stabilized during the 2007–2014 (Figure 1). Patient selection may have improved during the latter period (2009-2014) when a trend towards decreasing mortality was observed. The 2003-2008 time period may also include more patients with ischemic mitral regurgitation as in the late 1990s and early 2000s it was hypothesized that downsizing the mitral annulus might improve survival in ischemic mitral regurgitation [17]. This is also reflected by the higher number of repairs with concomitant CABG during this period. However, the guidelines later recommended that a more conservative approach to ischemic mitral valve regurgitation is warranted [18]. This is also supported by a more recent study  of Smith et al. which showed that performing valve repair simultaneously with CABG did not result in clinical benefit in ischemic mitral valve regurgitation [19]. The incidence rate of mitral surgery in Finland during the whole study period was approximately 4/100 000, which is slightly lower than what has been reported for other Nordic countries, such as Sweden (7/100 000), Norway (6/100 000), or Denmark (7/100 000) [20]. However, the rates for the other Nordic countries apply only for the year of 2006 and the variation in annual rates is considerable [20]. In another study from Sweden, the incidence rate of mitral valve surgery between 2001 and 2007 was 5/100 000 [21]. In any case, the overall operative rates in all Nordic countries are low and long-term trends in operative rates have not been thoroughly reported for the other countries. We therefore hesitate to make any definite conclusions on the statistical differences in operative rates across countries [22].

The characteristics of patients undergoing mitral valve surgery in Finland have changed substantially during the past 20 years. Between 1997 and 2014, the mean age of the patients increased along with the proportion of patients with diabetes and hypertension. Similar trends have also been observed in other studies [8,10]. Moreover, the proportion of urgent mitral valve procedures increased in Finland. In the time period 1997-2002, only 6% of the operations were urgent, whereas this proportion was 29% in 2009-2014. At the same time, the adjusted short- and long-term mortality rates decreased. The new European guidelines advocate a more aggressive approach to urgent mitral repair for improving survival [3]. These recommendations have most likely had an impact on the higher rate of urgent procedures in the later time period, resulting in improved survival. The improvement in prognosis could also be attributable to the advances in perioperative and intensive care [23] as well as improved diagnostic accuracy due to the wide-spread use of echocardiography [24]. Patients might therefore be also operated more rapidly than before due to prompt and exact diagnosis making. 

The proportion of women undergoing mitral valve surgery decreased between 1997 and 2014. This decrease was seen in both repair and replacement operations. In addition, during all the three time periods (1997-2002, 2003-2008, and 2009-2014) the proportion of women in the mitral valve repair group was lower than in the replacement group. According to Aviernos et al., female patients present more often with anterior and bileaflet prolapse than male patients, which might explain the lower repair operation rates [25]. Generally, the outcomes of female patients after cardiac surgery is poorer than for male patients, possibly due to higher age and more severe disease at the time of the surgery [25,26]. 

Our study population includes almost all open-heart surgical mitral valve patients in Finland between 1997 and 2014. The total number of the procedures has remained essentially the same (approximately 200 patients per year). However, in recent years minimally invasive surgery and insertion of percutaneous devices by venous approach have become more common [27, 28]. This will most likely influence future operation rates in all five university hospitals that perform cardiac surgery in Finland. Assumingly, more patients affected by severe mitral valve regurgitation will undergo minimally invasive procedures instead of open-heart surgery in the future because of increased surgical risk in older patients with comorbidities.

The strength of our study is a large nationwide registry that includes nearly all patients who underwent open-heart mitral valve surgery in Finland over a period of nearly 20 years. As reporting to the administrative registers used in our study is mandatory in Finland, our study is virtually free of selection bias. The limitations of our study are those inherent to a retrospective register study; the detail of available data is limited and no information on the grading of the mitral valve regurgitation or the severity of the symptoms is available. In addition, we defined a procedure urgent if it was deemed necessary to perform the procedure within one week in the two latter six-year periods. In contrast, due to a change in the register data structure, the procedures performed in 1997-2002 were defined urgent if the patient had arrived in the hospital through the emergency room. This change in definition might have some impact on our results, but the increasing trend in urgent procedures continued throughout all three six-year periods. Moreover, data on the crossover from mitral valve repair to mitral valve replacement at the time of surgery, or on EuroSCORE, were unavailable. However, we included several key components of the EuroSCORE, such as age, sex, lung disease, urgency, concomitant CABG, and history of myocardial infarction, in our analyses.

This nationwide study demonstrated how mitral valve surgery has evolved from 1997 through 2014 in Finland. The number of valve repairs has increased whereas the number of replacements has decreased while bioprosthetic valves have become more common. Despite the increasingly frail patient population and increasing proportion of urgent procedures, short- and long-term mortality have improved. Understanding the changing characteristics and prognosis of these patients is important for the interpretation of previous and future cohort studies and trials. 
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Tables

Table 1. Trends in patient selection for surgical mitral valve procedures in Finland in 1997–2014 (n=3684).

	Characteristic
	Overall
	1997–2002
	2003–2008
	2009–2014
	P(trend)

	N 
	3684
	1024
	1428
	1232
	

	Age, y
	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


Numbers are mean±SD for age and n (%) for other variables. MI, myocardial infarction; CABG, coronary artery bypass grafting.


1

Table 2. Trends in patient selection for mitral valve procedures by subtype in Finland in 1997–2014 (n=3684).

	Characteristic
	Overall
	1997–2002
	2003–2008
	2009–2014
	P(trend)

	MV Replacement 
	1386
	586
	441
	359
	

	   Age, y
	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 
	2298
	438
	987
	873
	

	   Age, y
	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)
	18 (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. MV, mitral valve; MI, myocardial infarction; CABG, coronary artery bypass grafting.
Table 3. Hazard ratios for 28-day postoperative mortality after first surgical mitral valve procedure in Finland in 1997-2014.
	
	Time Period
	Per 1-yr increase in procedure year

	Procedure
	1997–2002
	2003–2008
	2009–2014
	

	All Procedures 
	
	
	
	

	   N of deaths
	57
	85
	50
	192

	   Incidence per 1000 person-days
	2.1
	2.2
	1.5
	1.9

	   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 person-days
	2.9
	3.4
	3.1
	3.1

	   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 person-days
	1.0
	1.7
	0.9
	1.3

	   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.

Table 4. Hazard ratios for 6-year incidence of cardiovascular events after first surgical mitral valve procedure in Finland in 1997–2008.

	
	Time Period

	Procedure
	1997–2002
	2003–2008

	All Procedures
	
	

	   N of events
	202
	271

	   Incidence per 1000 person-years
	42
	40

	   Crude
	1.00 (ref)
	0.95 (0.79-1.14)

	   Adjusted
	1.00 (ref)
	0.86 (0.71-1.24)

	MV Replacement
	
	

	   N of events
	144
	101

	   Incidence per 1000 person-years
	56
	53

	   Crude
	1.00 (ref)
	0.95 (0.74-1.23)

	   Adjusted
	1.00 (ref)
	0.80 (0.61-1.05)

	MV Repair
	
	

	   N of events
	58
	170

	   Incidence per 1000 person-years
	26
	34

	   Crude
	1.00 (ref)
	1.34 (0.99-1.80)

	   Adjusted
	1.00 (ref)
	1.22 (0.90-1.61)


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.


Table 5. Hazard ratios for 6-year postoperative mortality after first surgical mitral valve procedure in Finland in 1997–2008.

	
	Time Period

	Procedure
	1997–2002
	2003–2008

	All Procedures
	
	

	   N of events
	253
	332

	   Incidence per 1000 person-years
	49
	45

	   Crude
	1.00 (ref)
	0.94 (0.80-1.10)

	   Adjusted
	1.00 (ref)
	0.80 (0.67-0.95)*

	MV Replacement 
	
	

	   N of events
	179
	153

	   Incidence per 1000 person-years
	64
	74

	   Crude
	1.00 (ref)
	1.17 (0.94-1.45)

	   Adjusted
	1.00 (ref)
	0.93 (0.74-1.07)

	MV Repair
	
	

	   N of events
	74
	179

	   Incidence per 1000 person-years
	31
	34

	   Crude
	1.00 (ref)
	1.09 (0.83-1.43)

	   Adjusted
	1.00 (ref)
	0.91 (0.61-1.07)


*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. Ref, reference; MV, mitral valve.





Table 6. Hazard ratios for mortality and cardiovascular events per 1-year increase in procedure year between 1997 and 2014.

	
	HR per 1-yr increase in procedure year

	Procedure
	CVD Events
	Mortality

	All Procedures
	
	

	   N of events
	223
	339

	   Incidence per 1000-person years
	71
	106

	   Crude
	1.00 (0.97-1.02)
	1.00 (0.98-1.02)

	   Adjusted
	0.98 (0.95-1.01)
	0.97 (0.95-0.99)*

	MV Replacement 
	
	

	   N of events
	113
	197

	   Incidence per 1000-person years
	36
	61

	   Crude
	1.02 (0.98-1.06)
	1.04 (1.01-1.07)

	   Adjusted
	0.98 (0.94-1.02)
	1.00 (0.97-1.03)

	MV Repair
	
	

	   N of events
	110
	142

	   Incidence per 1000-person years
	35
	44

	   Crude
	1.01 (0.97-1.05)
	0.99 (0.96-1.03)

	   Adjusted
	1.00 (0.96-1.05)
	0.96 (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. Ref, reference; MV, mitral valve.

Figures

Figure 1. Trends in the numbers of the open surgical mitral valve procedures in Finland in 1997-2014.

