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fibroelastic deficiency, or Barlow disease. En­
docarditis is one reason for primary MR that is 
specifically discussed in the European Society of 
Cardiology and European Association for Cardio­
‑Thoracic Surgery guidelines.1,3 In secondary MR, 
the valve apparatus is anatomically intact and 
MR results from a disproportion between clos­
ing and tethering forces on the valve second­
ary to left ventricular dilation and dysfunction. 
It is most frequently seen in dilated or ischemic 
cardiomyopathies.1,3

INTRODUCTION  Mitral regurgitation (MR) 
is the second most frequent indication for valve 
surgery and affects about 2% of the total popu­
lation.1,2 It is essential to distinguish the cause 
of MR, particularly in relation to disease man­
agement. The most common classification di­
vides MR according to its mechanism into pri­
mary and secondary forms. In primary MR, 1 
or more components of the valve apparatus 
are affected as a result of mitral valve (MV) de­
generation, including rheumatic heart disease, 
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ABSTRACT
BACKGROUND  Mitral regurgitation (MR) is the second most frequent indication for valve surgery. There 
are few studies addressing mitral valve (MV) surgery in the context of etiology of MR.
AIMS  We aimed to compare postoperative outcomes in the context of the etiological mechanism of MR 
in patients after MV surgery.
METHODS  The study group included 337 consecutive patients with severe MR. Preoperative comorbidities, 
postoperative clinical course, and predictors of in‑hospital mortality were assessed.
RESULTS  Primary etiology of MR was observed in 72% of patients, and of secondary, in 28% (P <0.001). 
Among the primary MR group, the most common etiological factor was fibroelastic deficiency (79%), 
followed by Barlow disease (16%) and rheumatic disease (5%) (P <0.001). Secondary MR was seen in 
ischemic heart disease (67%) and dilated cardiomyopathy (33%) (P <0.001). The incidence of death and 
complications following surgery did not differ between the groups. Univariate analysis revealed that 
higher risk of death was associated with older age, severe heart failure symptoms, impaired left ventricular 
ejection fraction, previous percutaneous coronary interventions, cardiopulmonary bypass time, low 
cardiac output syndrome, and wound infections (P = 0.004, P <0.001, P = 0.005, P = 0.009, P = 0.002, 
P = 0.006, and P = 0.03, respectively). Also MV replacement with concomitant other valve surgery increased 
the risk of mortality (P = 0.049).
CONCLUSIONS  This study indicates that the clinical outcomes and in‑hospital mortality in patients with 
severe MR correlate with the type of procedure and concomitant perioperative comorbidities rather than 
the etiological mechanism of MR itself.
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The diagnosis of MR was based on preop­
erative echocardiography and confirmed by 
the surgeon’s direct assessment of the valve.1,9 
Two‑dimensional Doppler transthoracic echo­
cardiography was performed, using an iE33/
EPIQ 7 (Philips Healthcare, Andover, Massa­
chusetts, United States). Additionally, 3‑dimen­
sional transesophageal echocardiography was 
performed in all patients before surgery, using 
the same ultrasound system. Surgery was per­
formed in both symptomatic and asymptomat­
ic patients who met the echocardiographic cri­
teria for severe MR.1 Intraoperative transesoph­
ageal echocardiography was performed in all 
patients who underwent MV repair, and trans­
thoracic echocardiography was performed in all 
patients before discharge.

Demographic and clinical data, including 
the EuroSCORE II and the STS score, were col­
lected prospectively. Low cardiac output (LCO) 
was diagnosed if the patient required intra­
‑aortic balloon pump or inotropic therapy to 
maintain the systolic blood pressure of more 
than 90 mm Hg and cardiac output of more 
than 2.2 l/min/m2 for 30 minutes or more after 
correcting abnormalities of all electrolyte and 
blood gases and after adjusting the preload and 
afterload to its optimal value. Patients who re­
ceived a low dose of dopamine (≤3 µg/kg/min) 
and those who required vasoconstricting med­
ications to increase low peripheral vascular re­
sistance in the presence of high cardiac out­
put (≥2.5 l/min/m2) were not considered to 
have LCO.10,11

New postoperative atrial fibrillation was di­
agnosed as atrial fibrillation or flutter that oc­
curred during the postoperative period before 
hospital discharge and required treatment. This 
did not include transient, nonsustained arrhyth­
mias or arrhythmias treated only with magne­
sium or potassium supplementation.12

In‑hospital cardiovascular death was defined 
as death occurring during the same hospitaliza­
tion period as the MV surgery.

Surgical technique  The MV procedures were 
performed through a median sternotomy or 
right or left minithoracotomy.

Conventional mitral surgery was performed 
through a median sternotomy. Heparin (500 
IU/kg) was administered as anticoagulant ther­
apy before the start of cardiopulmonary bypass 
(CPB) and was monitored by means of the acti­
vated clotting time, which had to be above 400 
seconds during CPB. All operations were per­
formed on CPB, consisting of a nonpulsatile roll­
er pump (Jostra Medizintechnik AG, Hirrlin­
gen, Germany) and an in‑line arterial blood fil­
ter (Jostra Medizintechnik AG) under moderate 
systemic hypothermia (esophageal temperature, 
32ºC). Mean arterial pressure was maintained 
between 40 and 60 mm Hg and CPB blood flow 

Mitral valve surgery is considered the gold 
standard treatment for patients with severe 
symptomatic MR or with severe asymptomat­
ic MR and left ventricular dysfunction or dila­
tion.1 There are limited studies addressing MV 
surgery in the context of the etiology of MR.4‑8 
Neither European System for Cardiac Operative 
Risk Evaluation (EuroSCORE) II nor the Society 
of Thoracic Surgeons (STS) score incorporated 
data regarding MR mechanism into their pre­
dictive model. Risk scores have major limitations 
for practical use in this setting because they do 
not take disease severity into sufficient consid­
eration, and they do not include major risk fac­
tors such as frailty, porcelain aorta, chest radi­
ation as well as echocardiographic parameters 
(eg, right ventricular function).1 

To the best of our knowledge, no previous stud­
ies have compared postoperative outcomes as 
well as in‑hospital mortality rate in the context 
of etiological mechanism of MR in consecutive 
patients after MV surgery. This prompted us to 
assess the impact of etiology of MR on clinical 
outcomes in the early postoperative period after 
MV surgery. In this study, we report our experi­
ence with MV surgery in consecutive patients 
with different types of primary and secondary 
MR. We analyzed the etiology, risk factors, and 
clinical outcomes of these patients.

METHODS  Patients  The investigation con­
forms to the principles outlined in the Declara­
tion of Helsinki. A total of 337 consecutive pa­
tients with severe MR were enrolled in the study 
from January 2015 to December 2017. Patients 
who required concomitant tricuspid annuloplas­
ty, aortic valve replacement, or coronary artery 
bypass grafting (CABG) for coronary artery dis­
ease were included in the study. Exclusion crite­
ria were as follows: patients requiring an emer­
gency or urgent surgery due to MR caused by me­
chanical complication of myocardial infarction 
(rupture of the papillary muscle), endocarditis 
or prosthesis dysfunction (paravalvular leaks, 
prosthetic valve thrombosis), and left ventric­
ular ejection fraction (LVEF) of less than 30%.

WHAT’S NEW
Appropriate estimation of the etiology of mitral regurgitation (MR) is a crucial 
part of adequate disease management. No previous studies have compared 
postoperative outcomes depending on the etiological mechanism of MR in 
consecutive patients after mitral valve surgery. This study was conducted in 
the real-life setting of a cardiosurgical unit and enrolled unselected consecutive 
patients. We found that the etiological mechanism of MR did not correlate 
with the postoperative clinical course. In‑hospital mortality correlated with 
the type of procedure and associated comorbidities rather than the etiological 
mechanism of MR itself. Patients with severe MR and associated comorbidities 
require a thorough assessment and attention to additional risk factors to 
reduce the risk of perioperative complications and death.
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Draw Edwards Lifesciences, Irvine, California, 
United States). Both cannulas were placed under 
transesophageal echocardiography control. An ap­
proximate 5‑cm transverse incision was made un­
der the right nipple, and the chest was entered 
through the forth intercostal space on the right 
side. CO2 insufflation into the right hemithorax 
was performed. An aortic transthoracic cross­
‑clamp was introduced through the third inter­
costal space, and antegrade cardioplegia was ini­
tiated by 2000 ml of Custodiol (Dr. Franz Köhler 
Chemie, Alsbach‑Hähnlein, Germany). Visualiza­
tion of the MV was achieved through convention­
al left atrial incision in the interatrial groove. The 
surgery was performed using long‑shafted instru­
ments designed for a minimally invasive thora­
coscopic surgery.

For the Harpoon procedure, that is, beating 
heart MV repair procedure, a small transverse 
incision was made under the left nipple and 
the device was inserted into the left ventricle. 
The entire procedure was guided by transesoph­
ageal echocardiography. Polytetrafluoroethylene 
cords were implanted into the posterior leaflet 
to restore the leaflet coaptation. The procedure 
was performed as described by Gammie et al.13

Patients from all groups received uniform 
postoperative care.

Statistical analysis  Categorical variables were 
expressed as numbers and percentages. Quanti­
tative variables were expressed as median and 
interquartile range (IQR). The null hypothesis 
of no differences between groups was tested 
using the Mann–Whitney test. For categorical 
variables, significance of differences between 
groups was assessed using the χ2 test or Fish­
er test. A P value of less than 0.05 was consid­
ered significant. No adjustment for multiple 
comparisons was made. All statistical analyses 
were performed using the R software, version 
3.4 (The R Foundation for Statistical Comput­
ing, Vienna, Austria).

RESULTS  Baseline characteristics  The base­
line characteristics of MR patients are shown in 
TABLES 1 and 2. A group of 337 patients consisting of 
mostly hypertensive and overweight men with 
preoperative atrial fibrillation were studied. The 
etiology of MR was primary in 72% of patients 
and secondary in 28% (P <0.001). Patients with 
primary MR were younger than those with sec­
ondary MR (P <0.001). Severe heart failure symp­
toms (New York Heart Association functional 
classification, class III or IV) occurred in 39% of 
patients and were more frequent in patients with 
secondary MR (P = 0.006). Furthermore, LVEF 
was much lower in this group (P <0.001). Patients 
with secondary MR also had a higher incidence of 
diabetes mellitus, previous pacemaker implanta­
tions, and percutaneous coronary interventions 

was maintained at 2.0 to 2.4 l/min/m2. Besides 
CO2 insufflation, antegrade warm blood or cold 
crystalloid cardioplegia was applied, and MV sur­
gery was performed using standard techniques.

For minimally invasive mitral surgery, trache­
al intubation was performed with a double lumen 
tracheal tube. Anticoagulation was accomplished 
similarly as in the conventional mitral procedure. 
Vacuum‑assisted CPB was instituted by peripheral 
cannulation of the femoral vessels (Bio‑medicus 
Medtronic, Minneapolis, Unites States, and Quick 

TABLE 1  Baseline characteristics of patients with primary and secondary mitral 
regurgitation

Variable All patients 
(n = 337)

Primary 
MR 
(n = 243)

Secondary 
MR 
(n = 94)

P value

Age, y 65 (60.5–75) 64 (59–70) 69 (63–74.8) <0.001

Male sex, n (%) 224 (66.5) 163 (67.1) 61 (64.9) 0.80

Mechanism 
of MR, 
n (%)

Rheumatic heart 
disease

12 (3.6) 12 (4.9) – <0.001

Fibroelastic 
deficiency

192 (57) 192 (79) –

Barlow disease 39 (11.6) 39 (16) –

Ischemic heart 
disease

63 (18.7) – 63 (67) <0.001

Dilated 
cardiomyopathy

31 (9.2) – 31 (33)

BSA, m2 1.9 (1.7–2) 1.9 (1.7–2) 1.9 (1.8–2) 0.57

BMI, kg/m2 26.4 
(24.2–29.6)

26.2 
(24.3–29.6)

27.5  
(24–29.6)

0.21

NYHA class, 
n (%)

I/II 206 (61.1) 160 (65.8) 46 (48.9) 0.006

III/IV 131 (38.9) 83 (34.2) 48 (51.1)

Previous stroke, n (%) 32 (9.5) 23 (9.5) 9 (9.6) 1.0

Diabetes mellitus, n (%) 64 (19) 39 (16) 25 (26.6) 0.04

Hypertension, n (%) 274 (81.3) 194 (79.8) 80 (85.1) 0.34

Thyroid disease, n (%) 54 (16) 32 (13.2) 22 (23.4) 0.07

Preoperative AF, n (%) 180 (53.4) 124 (51) 56 (59.6) 0.20

Preoperative pacemaker 
implantation, n (%)

19 (5.6) 8 (3.3) 11 (11.7) 0.006

LVEF, % 58  
(46–65)

60  
(50–65)

42.5 
(30.5–55)

<0.001

Previous PCI, n (%) 68 (20.2) 35 (14.4) 33 (35.1) <0.001

COPD, n (%) 22 (6.5) 14 (5.8) 8 (8.5) 0.50

Renal failure, n (%) 6 (1.8) 4 (1.6) 2 (2.1) 0.67

EuroSCORE II, points 1.7 (1–3.3) 1.4 (0.9–2.7) 2.9 (1.6–5.3) <0.001

STS score, points 1.4 (0.7–2.4) 1.2 (0.6–1.9) 2.1 (1.2–3.6) <0.001

Data are presented as median (interquartile range) unless otherwise indicated.

Abbreviations: AF, atrial fibrillation; BMI, body mass index; BSA, body surface area; COPD, chronic 
obstructive pulmonary disease; EuroSCORE, European System for Cardiac Operative Risk Evaluation; 
LVEF, left ventricular ejection fraction; MR, mitral regurgitation; NYHA, New York Heart Association 
functional classification; PCI, percutaneous coronary interventions; STS, Society of Thoracic Surgeons
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with patients with Barlow disease (P = 0.008 and 
P = 0.004, respectively) (TABLE 2).

Secondary MR was seen in 67% of patients 
with ischemic heart disease and 33% of those 
with dilated cardiomyopathy (P <0.001). Pa­
tients with ischemic cardiomyopathy had high­
er incidence of severe heart failure symptoms 
and percutaneous coronary interventions than 
patients with dilated cardiomyopathy (P = 0.02 
and P = 0.003, respectively). Preoperative atrial 
fibrillation occurred more frequently in the lat­
ter group (P = 0.007). The EuroSCORE II and STS 
score were higher in the ischemic group than in 
the dilated cardiomyopathy group (P = 0.04 and 
P = 0.005, respectively) (TABLE 2).

Perioperative characteristics  Mitral valve 
repair or replacement with concomitant CABG 
was preformed more often in patients with isch­
emic MR, whereas MV repair alone was per­
formed much more frequently in the primary 
MR group (P <0.001 for all comparisons) (TABLE 3).

(P = 0.04, P = 0.006, and P <0.001, respectively). 
The higher incidence of all these risk factors in 
the secondary MR group resulted in more pa­
tients being assessed as high risk. Moreover, 
the EuroSCORE II and STS score indexes were 
much higher in these patients (P <0.001 for both 
comparisons) (TABLE 1).

In the primary MR group, the most com­
mon etiological factor was fibroelastic defi­
ciency (79%), followed by Barlow disease (16%) 
and rheumatic etiology (5%) (P <0.001). Patients 
with Barlow disease were younger (median age, 
61 years [IQR, 47–67]) than those with fibroelas­
tic deficiency and rheumatic disease (median age, 
65 years [IQR, 60–70] and 68.5 years [IQR, 64.8–
70]; P = 0.001 and P = 0.003, respectively). Pre­
operative atrial fibrillation occurred more often 
in patients with rheumatic disease as compared 
with those with fibroelastic deficiency and Bar­
low disease (P = 0.002 and P = 0.001, respective­
ly). Patients with rheumatic heart disease also 
had lower LVEF and higher STS score compared 

TABLE 2  Baseline characteristics of patients according to etiology of mitral regurgitation

Variable Primary MR (n = 243) P value Secondary MR (n = 94) P value

Rheumatic 
heart disease 
(n = 12)

Fibroelastic 
deficiency 
(n = 192)

Barlow 
disease 
(n = 39)

Ischemic heart 
disease 
(n = 63)

Dilated 
cardiomyopathy 
(n = 31)

Age, y 68.5 (64.8–70) 65 (60–70) 61 (47–67) 0.003a

0.001b

69 (62–75.5) 69 (63.5–73) 0.99

Men, n (%) 6 (50) 132 (68.7) 25 (64.1) 0.144 45 (71.4) 16 (51.6) 0.01

BSA, m2 1.8 (1.8–1.9) 1.9 (1.7–2) 1.9 (1.7–2) 0.859 1.9 (1.8–2) 1.9 (1.8–2) 0.55

BMI, kg/m2 29.1 (24.6–30.7) 26.3 (24.5–29.4) 25.5 (23.2–27) 0.184 27.6 (24.5–29.1) 26.8 (23.3–31.2) 0.65

NYHA class, n (%) I/II 7 (58.3) 126 (65.6) 27 (69.2) 0.541 25 (39.7) 21 (67.7) 0.02

III/IV 5 (41.7) 66 (34.4) 12 (30.8) 38 (60.3) 10 (32.3)

Previous stroke, n (%) 2 (16.7) 19 (9.9) 2 (5.1) 0.096 5 (7.9) 4 (12.9) 0.47

Diabetes mellitus, n (%) 2 (16.7) 33 (17.2) 4 (10.2) 0.271 16 (25.4) 9 (29) 0.90

Hypertension, n (%) 11 (91.7) 153 (79.7) 30 (76.9) 0.755 53 (84.1) 27 (87.1) 1.0

Thyroid disease, n (%) 1 (8.3) 23 (12) 8 (20.5) 0.116 11 (17.5) 11 (35.5) 0.15

Preoperative AF, n (%) 12 (100) 93 (48.4) 19 (48.7) 0.001a

0.002c

31 (49.2) 25 (80.6) 0.007

Preoperative pacemaker 
implantation, n (%)

0 (0) 6 (3.1) 2 (5.1) 0.336 6 (9.5) 5 (16.1) 0.50

LVEF, % 55 (48.8–60) 60 (50–65) 60 (60–65) 0.008a 40 (30–52.5) 50 (40–55) 0.27

Previous PCI, n (%) 1 (8.3) 31 (16.1) 3 (8.1) 0.697 33 (52.4) 0 (0) 0.003

COPD, n (%) 0 (0) 14 (7.6) 0 (0) 0.462 6 (9.5) 2 (6.5) 1.0

Renal failure, n (%) 0 (0) 3 (1.6) 1 (2.6) 0.292 2 (3.2) 0 (0) 1.0

EuroSCORE II, points 2.4 (1.2–3) 1.4 (0.9–2.6) 1.2 (0.8–1.9) 0.063 3.3 (2.1–6.1) 2.4 (1.4–3.7) 0.04

STS score, points 1.6 (1.1–1.9) 1.2 (0.6–1.9) 0.8 (0.5–1.4) 0.004a 2.3 (1.5–3.6) 1.4 (0.9–2.5) 0.005

Data are presented as median (interquartile range) unless otherwise indicated.

a  Rheumatic heart disease vs Barlow disease;    b  Fibroelastic deficiency vs Barlow disease;    c  Rheumatic heart disease vs fibroelastic deficiency

Abbreviations: see TABLE 1
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after concomitant other valve surgery (P = 0.04). 
Patients with LCO syndrome also had a higher 
frequency of new-onset postoperative atrial fi­
brillation, wound infections, and blood transfu­
sion therapy (P = 0.004, P = 0.008, and P <0.001, 
respectively) (data not shown).

The incidence of other common complications 
following cardiac surgery (new postoperative 
atrial fibrillation, postoperative drainage, post­
operative myocardial infarction, intubation time, 
permanent pacemaker following surgery, wound 
infections, and transfusion therapy) also did not 
differ between groups. Only the length of hos­
pital stay was greater in patients with dilated 
cardiomyopathy compared with patients with 
ischemic heart disease (P = 0.04) (TABLES 3 and 4).

In‑hospital death  In the early postoperative 
period, 11 patients (3.3%) died, including 3.7% 
of patients from the primary MR group and 
2.1% from the secondary MR group (P = 0.13). 
There were no differences between the subgroups 

In patients with rheumatic disease, MV re­
pair was performed much less often than in pa­
tients with fibroelastic deficiency and Barlow 
disease, while MV replacement with concomi­
tant other valve surgery was performed more 
frequently in rheumatic patients (P = 0.01 and 
P = 0.04, respectively). All Harpoon procedures 
were performed in patients with fibroelastic defi­
ciency (P <0.001). Among the secondary MR group, 
MV repair alone was more common in patients 
with dilated cardiomyopathy compared with pa­
tients with ischemic heart disease (P = 0.01) (TABLE 4).

Of the 337 patients, 53 patients (15.7%) de­
veloped LCO (TABLE 3). There were no differenc­
es in the incidence of LCO between groups. Pa­
tients with LCO were older, had higher occur­
rence of severe heart failure symptoms, impaired 
LVEF, and renal insufficiency (P = 0.02, P = 0.006, 
P = 0.01, and P = 0.05, respectively). Also the Eu­
roSCORE II and STS score were higher in this 
group (P = 0.006 and P = 0.002, respectively). 
We observed LCO much more often in patients 

TABLE 3  Perioperative characteristics comparing patients with primary and secondary mitral regurgitation

Variable All patients 
(n = 337)

Primary MR 
(n = 243)

Secondary MR 
(n = 94)

P value

Aortic cross‑clamp time, min 79.5 (62–100) 80 (61.2–104.8) 79 (62.2–95) 0.41

Cardiopulmonary bypass time, min 124.5 (99.5–164) 121 (98–160) 127.5 (102.2–170) 0.16

Type of procedure, n (%) MV repair 131 (38.9) 105 (43.2) 26 (27.7) <0.001a

MV repair + CABG 44 (13) 16 (6.6) 28 (29.8)

MV repair + other valve 
surgery

17 (5) 10 (4.1) 7 (7.4)

MV replacement 72 (21.4) 56 (23) 16 (17)

MV replacement + CABG 17 (5) 8 (3.3) 9 (9.6)

MV replacement + other valve 
surgery

35 (10.4) 27 (11.1) 8 (8.5)

Harpoon MV repair 21 (6.2) 21 (8.6) 0 (0)

Transfusion (red cells/platelets/plasma), units 2 (0–7) 2 (0–6) 3 (1–7) 0.10

Postoperative drainage >800 ml, n (%) 74 (21.9) 48 (19.8) 26 (27.7) 0.15

Rethoracotomy for bleeding, n (%) 17 (5) 10 (4.1) 7 (7.4) 0.26

Low cardiac output, n (%) 53 (15.7) 34 (14) 19 (20.2) 0.21

Postoperative myocardial infarction, n (%) 7 (2.1) 4 (1.6) 3 (3.2) 0.40

Intubation time >24 h, n (%) 20 (5.9) 15 (6.2) 5 (5.3) 0.97

New postoperative AF, n (%) 19 (5.6) 14 (5.8) 5 (5.3) 1.0

Permanent pacemaker implantation following surgery, n (%) 22 (6.5) 16 (6.6) 6 (6.4) 1.0

Wound infection, n (%) 13 (3.8) 11 (4.5) 2 (2.1) 0.53

Hospital length of stay, d 11 (9–16) 11 (9–16) 11 (9–16) 0.66

In‑hospital death, n (%) 11 (3.3) 9 (3.7) 2 (2.1) 0.13

Data are presented as median (interquartile range) unless otherwise indicated.

a  Overall P value

Abbreviations: CABG, coronary artery bypass grafting; MV, mitral valve; others, see TABLE 1
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530 TABLE 4  Perioperative characteristics of patients according to etiology of mitral regurgitation

Variable Primary MR (n = 243) P value Secondary MR (n = 94) P value

Rheumatic heart disease 
(n = 12)

Fibroelastic deficiency 
(n = 192)

Barlow disease 
(n = 39)

Ischemic heart disease 
(n = 63)

Dilated cardiomyopathy 
(n = 31)

Aortic cross‑clamp time, min 60.5 (57.8–76.5) 81.5 (63.8–104.2) 77 (60–110) 0.07 87 (68.5–97) 65 (46.5–81.5) 0.002

Cardiopulmonary bypass time, min 113 (80–129.2) 124 (100–159) 110 (90–171) 0.10 137 (108–178) 120 (94.5–149) 0.09

Type of procedure, n (%) MV repair 2 (16.7) 88 (45.8) 15 (38.5) <0.001a 12 (19) 14 (45.2) 0.004a

MV repair + CABG 0 (0) 14 (7.3) 2 (5.1) 24 (38.1) 4 (12.9)

MV repair + other valve surgery 0 (0) 8 (4.2) 2 (5.1) 4 (6.3) 3 (9.7)

MV replacement 4 (33.3) 36 (18.7) 16 (41.0) 10 (15.9) 6 (19.4)

MV replacement + CABG 1 (8.3) 6 (3.1) 1 (2.6) 9 (14.3) 0 (0)

MV replacement + other valve surgery 5 (41.7) 19 (9.9) 3 (7.7) 4 (6.3) 4 (12.9)

Harpoon MV repair 0 (0) 21 (10.9) 0 (0) 0 (0) 0 (0)

Transfusion (red cells/platelets/plasma), units 2.0 (1.8–5.2) 2 (0–6) 3 (0–6) 0.52 4.0 (1–9) 2 (0.5–4.5) 0.18

Postoperative drainage >800 ml, n (%) 3 (25) 34 (17.7) 11 (28.2) 0.13 20 (31.7) 6 (19.4) 0.31

Rethoracotomy for bleeding, n (%) 2 (16.7) 6 (3.1) 2 (5.1) 0.25 6 (9.5) 1 (3.2) 0.42

Low cardiac output, n (%) 3 (25) 24 (12.5) 7 (17.9) 0.18 13 (20.6) 6 (19.4) 1.0

Postoperative myocardial infarction, n (%) 0 (0) 2 (1) 2 (5.1) 0.13 2 (3.2) 1 (3.2) 1.0

Intubation time >24 h, n (%) 0 (0) 14 (7.3) 1 (2.6) 0.47 4 (6.3) 1 (3.2) 0.89

New postoperative AF, n (%) 0 (0) 12 (6.2) 2 (5.1) 0.99 4 (6.3) 1 (3.2) 0.99

Permanent pacemaker implantation following surgery, n (%) 1 (8.3) 12 (6.2) 3 (7.7) 0.57 2 (3.2) 4 (12.9) 0.09

Wound infection, n (%) 0 (0) 9 (4.7) 2 (5.1) 0.16 2 (3.2) 0 (0) 1.000

Hospital length of stay, d 10 (6.8–11.8) 11 (9–17) 10 (9–13) 0.12 10 (8–14.5) 13 (10–16.5) 0.04

In‑hospital death, n (%) 1 (8.3) 7 (3.6) 1 (2.6) 0.43 1 (1.6) 1 (3.2) 0.26

Data are presented as median (interquartile range) unless otherwise indicated.

a  Overall P value

Abbreviations: see TABLES 1 and 3
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cases were also included, primary forms of MR 
constituted a proportion similar to our results.16

In this study, among patients with primary 
MR, the most common causative factor was fi­
broelastic deficiency, followed by Barlow dis­
ease and rheumatic etiology. Although the Eu­
ropean Registry of MR was not a population­

‑based epidemiological study and did not report 
the prevalence of MR in the general population, 
the results regarding the etiology of primary 
MR are consistent with our outcomes.8 In our 
setting, ischemic cardiomyopathy was the most 
common etiology of secondary MR (67%), and 
this finding is also consistent with other re­
sults.8,14,16 The study group did not include pa­
tients with severe left ventricular dysfunction 
(ie, LVEF <30%), in whom other treatment (in­
cluding MitraClip technique) was used. This 
may be a typical scenario for the current pop­
ulation of patients with secondary MR, who are 
considered to be individuals at very high sur­
gical risk and with a relative contraindication 
to open heart surgery according to the guide­
lines.1 The fact that we excluded patients with 
infective endocarditis and prosthetic valve dys­
function also deserves a comment. Despite im­
provements in their management, infective en­
docarditis and prosthetic valve dysfunction re­
main associated with high mortality and severe 
complications. Surgical therapy of the diseas­
es is associated with perioperative risk.17,18 In 
our institution, surgery was usually performed 
in this group of patients on an emergency or 
urgent basis, irrespective of the duration of 
antibiotic treatment, which further increased 
the operative risk scores. We excluded these pa­
tients from the study to minimize differences 
between groups.

Although the EuroSCORE II and STS score 
were much higher in patients with secondary 
MR, the postoperative course and in‑hospital 
mortality did not differ compared with those 
in patients with primary MR. Also, no differ­
ences in terms of postoperative outcomes and 
death were noted for different types of prima­
ry as well as secondary MR mechanisms. This 
study indicates that the hospital death rate cor­
related with the type of procedure and associ­
ated comorbidities rather than the etiological 
mechanism of MR. Mitral valve replacement 
with concomitant other valve surgery increased 
the risk of postoperative death. According to re­
cent studies assessing early results of multiple 
valve operations, in‑hospital mortality rates 
range from 2.5% to 20%.16,19 In our study, this 
group of patients had the highest in‑hospital 
mortality rate, that is, 14.3%, and these results 
are in line with current literature.20,21 In con­
trast to our results, Mkalaluh et al22 determined 
CABG as the only concomitant procedure that 
was a predictor of early mortality after MV sur­
gery. The discrepancy might result from different 

regarding etiological factor of MR (P = 0.13) 
(TABLE 3 and 4). Univariate analysis revealed that 
the higher risk of death was associated with 
older age, severe heart failure symptoms, im­
paired LVEF, previous percutaneous coronary 
interventions, CPB time, LCO, and wound infec­
tions (P = 0.004, P <0.001, P = 0.005, P = 0.009, 
P = 0.002, P = 0.006, and P = 0.03, respective­
ly). Also MV replacement with concomitant oth­
er valve surgery increased the risk of mortality 
(P = 0.049) (TABLE 5).

DISCUSSION  In this study, we have shown 
the distribution of MR etiology and evaluated 
the clinical outcomes and risk factors in predict­
ing death in patients undergoing mitral surgery 
for different types of MR. We found that the eti­
ological mechanism of MR did not correlate with 
the postoperative clinical course as well as with 
the hospital mortality rate. In‑hospital mortali­
ty correlated with the type of procedure and as­
sociated comorbidities rather than with the eti­
ological mechanism of MR. 

The definition of severe MR involving cutoff 
points for effective regurgitant orifice area and 
regurgitant volume (quantitative parameters) 
is widely discussed. According to the European 
Society of Cardiology and European Association 
for Cardio‑Thoracic Surgery guidelines, the cut­
off points for effective regurgitant orifice area 
and regurgitant volume for severe primary MR 
are 0.4 cm2 and 60 ml, and for severe secondary 
MR, 0.2 cm2 and 30 ml, respectively.1 There is 
a noticeable trend towards performing the MV 
surgery in secondary MR with the same quanti­
tative parameters as in primary MR, thus com­
ing closer to the American College of Cardiolo­
gy and American Heart Association guidelines. 
According to these guidelines the recommend­
ed definition of severe secondary MR is now 
the same as of primary MR.14 

It is crucial to integrate the clinical and echo­
cardiographic findings to make a good decision 
for patients, especially in secondary MR. Mak­
ing an appropriate estimation of the etiology 
and underlying MR mechanism is a crucial part 
of adequate management.7 The major cause of 
MR in this study group was primary MR, oc­
curring in about 70% of patients, which is con­
sistent with the results of other studies, where 
the degeneration of the MV apparatus was also 
the most common etiological factor of MR.14,15 
The European Registry of MR showed a more 
balanced frequency of primary and secondary 
MR.8 This discrepancy might result from distin­
guishing mixed types of MR in the registry, de­
scribed as concomitant presence of both mech­
anisms of MR. Furthermore, we classified eti­
ologies of MR not only on the basis of echocar­
diographic criteria but also surgical findings. 
In the Euro Heart Survey study, where surgical 
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532 TABLE 5  Perioperative characteristics of patients and regression analysis for in‑hospital death (continued on the next page)

Variable All patients (n = 337) Survivors (n = 326) In‑hospital death (n = 11) P value

Age, y 65 (60.5–75) 65 (59–71) 71 (66–74.5) 0.004

Male, n (%) 224 (66.5) 217 (66.6) 7 (63.6) 0.06

Type of MR, n (%) Primary 243 (72.1) 234 (71.8) 9 (81.8) 0.13

Secondary 94 (27.9) 92 (28.2) 2 (18.2)

Mechanism of MR, n (%) Rheumatic heart disease 12 (3.6) 11 (3.4) 1 (9.1) 0.13

Fibroelastic deficiency 192 (57) 185 (56.7) 7 (63.6)

Barlow disease 39 (11.6) 38 (11.6) 1 (9.1)

Ischemic heart disease 63 (18.7) 62 (19) 1 (9.1)

Dilated cardiomyopathy 31 (9.2) 30 (9.2) 1 (9.1)

BSA, m2 1.9 (1.7–2) 1.9 (1.8–2) 1.8 (1.6–1.9) 0.06

BMI, kg/m2 26.4 (24.2–29.6) 26.6 (24.2–29.6) 25.6 (23.4–28.4) 0.32

NYHA, n (%) I/II 206 (61.1) 204 (62.6) 2 (18.2) <0.001

III/IV 131 (38.9) 122 (37.4) 9 (81.2)

Previous stroke, n (%) 32 (9.5) 31 (9.5) 1 (9.1) 0.11

Diabetes mellitus, n (%) 64 (19) 60 (18.4) 4 (36.4) 0.08

Hypertension, n (%) 274 (81.3) 264 (81) 10 (90.1) 0.39

Thyroid disease, n (%) 54 (16) 53 (16.2) 1 (9.1) 0.25

Preoperative AF, n (%) 180 (53.4) 172 (52.8) 8 (72.7) 0.08

Preoperative pacemaker implantation, n (%) 19 (5.6) 18 (5.5) 1 (9.1) 0.31

LVEF, % 58 (46–65) 60 (48–65) 50 (33.8–52.5) 0.005

Previous PCI, n (%) 68 (20.2) 63 (19.3) 5 (45.4) 0.009

COPD, n (%) 22 (6.5) 21 (6.4) 1 (9.1) 0.38

Renal failure, n (%) 6 (1.8) 5 (1.5) 1 (9.1) 0.31

EuroSCORE II, points 1.7 (1–3.3) 1.6 (1–3.1) 3.5 (2.6–13.7) <0.001

STS score, points 1.4 (0.7–2.4) 1.3 (0.7–2.2) 2.6 (1.6–5.5) <0.001

Aortic cross‑clamp time, min 79.5 (62–100) 80 (61–100) 79 (74–96) 0.39

Cardiopulmonary bypass time, min 124.5 (99.5–164) 120 (98.8–160) 162 (132–191.5) 0.002
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TABLE 5  Perioperative characteristics of patients and regression analysis for in‑hospital death (continued from the previous page)

Variable All patients (n = 337) Survivors  (n = 326) In‑hospital death (n = 11) P value

Type of procedure, n (%) MV repair 131 (38.9) 128 (39.3) 3 (27.3) 0.049a

MV repair + CABG 44 (13) 43 (13.2) 1 (9.1)

MV repair + other valve surgery 17 (5) 17 (5.2) 0 (0)

MV replacement 72 (21.4) 71 (21.8) 1 (9.1)

MV replacement + CABG 17 (5) 16 (4.9) 1 (9.1)

MV replacement + other valve surgery 35 (10.4) 31 (9.5) 4 (36.4)

Harpoon MV repair 21 (6.2) 20 (6.1) 1 (9.1)

Transfusion (red cells/platelets/plasma), units 2 (0–7) 2 (0–6) 5.5 (2.8–16) 0.002

Postoperative drainage >800 ml, n (%) 74 (21.9) 71 (21.8) 3 (27.3) 0.78

Rethoracotomy for bleeding, n (%) 17 (5) 16 (4.9) 1 (9.1) 0.27

Low cardiac output, n (%) 53 (15.7) 48 (14.7) 5 (45.4) 0.006

Postoperative myocardial infarction, n (%) 7 (2.1) 5 (1.5) 2 (18.2) 0.005

Intubation time >24 h, n (%) 20 (5.9) 19 (5.8) 1 (9.1) 0.98

New postoperative AF, n (%) 19 (5.6) 18 (5.5) 1 (9.1) 0.94

Permanent pacemaker implantation following surgery, n (%) 22 (6.5) 22 (6.7) 0 (0) 0.63

Wound infection, n (%) 13 (3.8) 11 (3.4) 2 (18.2) 0.03

Hospital length of stay, d 11 (9–16) 11 (9–16) 14 (3–29) 0.78

Data are presented as median (interquartile range) unless otherwise indicated.

a  Overall P value

Abbreviations: see TABLES 1 and 3
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patient characteristics, as Mkalaluh et al22 an­
alyzed only octogenarians, and patients in our 
study were much younger.

In this study, besides concomitant other valve 
surgery, other factors associated with higher risk 
of death were age, severe heart failure symptoms, 
impaired LVEF, previous percutaneous coro­
nary interventions, CPB time, LCO, and wound 
infections. Our results are in line with the cur­
rent literature. In an attempt to identify inde­
pendent risk factors for perioperative mortali­
ty, Akay et al23 found that preoperative severe 
heart failure symptoms, reduced LVEF, and in­
creased left ventricular end‑diastolic diameter 
were factors associated with increased mortal­
ity in MV surgery. In a study by Lio et al,17 pre­
vious cardiac interventions, preoperative LVEF, 
prolonged cardiopulmonary bypass, and postop­
erative complications were factors that impact­
ed short‑term survival. Similarly, Pagni et al18 
showed that advanced age and LCO syndrome 
were also associated with increased perioper­
ative risk.

Several limitations of our study should be ac­
knowledged. It was a single‑center study on a rel­
atively small population with multiple combina­
tions of procedures and different cardiac opera­
tors. The groups included into the analysis dif­
fered in age, symptom severity, comorbidities, 
and LVEF. The presence of these cofounding fac­
tors hampers the analysis of the impact of the eti­
ology on surgical outcomes. On the other hand, 
the study was performed in real‑life setting of 
a cardiosurgical unit and enrolled unselected con­
secutive patients. The low incidence of the clin­
ical endpoints may have impacted the strength 
of this study and may have biased the outcomes. 
No multivariate logistic regression analysis was 
performed because of a low number of clinical 
endpoint events. Finally, our study was limited 
to the hospital stay. It would be of interest to as­
sess long‑term follow‑up.

In conclusion, this study indicates that the clin­
ical outcomes including in‑hospital mortality cor­
related with the type of procedure and concomi­
tant perioperative comorbidities rather than with 
the etiological mechanism of MR itself.
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