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Abstract

Objectives: To determine whether sex-based differences
exist following surgery for degenerative mitral valve dis-
ease. Methods: Using a national database, we analysed
data on mitral valve surgery for degenerative disease (n =
22,658) between January 2000 and March 2019 in the UK.
We split the cohort into men (n = 14,681) and women (n =
7977) and compared background characteristics, intraoper-
ative variables and early postoperative outcomes. Our pri-
mary outcome was hospital mortality; secondary outcomes
included re-exploration for bleeding, prolonged admission
(>10 days) and mitral replacement. We used binary logis-
tic regression models for all outcomes, with multiplicative
interaction terms to determine the nature of any differences.
Results: Women presented older (70 4 11 years vs. 67 +
11 years, p < 0.001) with worse symptom profiles (New
York Heart Association Class III-IV 57% vs. 44%, p <
0.001). They had higher rates of preoperative atrial fib-
rillation (39% vs. 35%, p < 0.001) and tricuspid disease
requiring surgery (21% vs. 15%, p < 0.001). They had
lower repair rates (66% vs. 76%, p < 0.001), higher mor-
tality (3% vs. 2%, p < 0.001) and were more likely to have
a prolonged admission (48% vs. 40%, p < 0.001). Fe-
male sex was an independent predictor of mortality (odds
ratio (OR): 1.52, 95% CI: 1.21-1.90, p < 0.001). Age and
Canadian Cardiovascular Society (CCS) score showed sig-
nificant interactions with sex. The relationship between
advancing age and mortality was found to be more pro-
nounced in women. Conclusions: (1) Female sex is an
independent predictor of hospital mortality, prolonged hos-
pital admission and mitral valve replacement. (2) The re-
lationship between female sex and mortality is exacerbated
by worsening CCS score and advancing age. (3) Women
have significantly lower repair rates.

degenerative; mitral; valve; disease; sex; differences

Introduction

Degenerative mitral valve disease (DMD) is a progres-
sive disorder characterised by leaflet thickening as well as
thickening and elongation of the chordae tendinae; left un-
treated, the sequelae include left atrial enlargement, sec-
ondary atrial fibrillation, and tricuspid regurgitation[1].
These consequences disrupt quality of life and reduce life
expectancy. Surgical correction is the treatment of choice
for DMD. In the context of symptomatic disease, mitral
valve repair (MVr) is the gold standard, with data demon-
strating clear prognostic benefits when compared with mi-
tral valve replacement (MVR) [2-9].

Sex-based outcome discrepancies are reported across
the literature in various medical and surgical special-
ties. Discrepancies have been demonstrated in a range
of cardiac sub-specialties [10—12]. The publications have
demonstrated unfavourable outcomes for women undergo-
ing surgery, including reduced long-term survival.

A recently published meta-analysis examining sex-
specific outcomes after mitral valve (MV) surgery high-
lighted the lack of studies with sufficient sample sizes and
concluded a need for further large studies in the area [13].
The purpose of this analysis was therefore to examine the
relationship between sex and early postoperative outcomes
specifically in patients with degenerative MV disease, us-
ing a large cohort of patients from a national database.

Materials and Methods

Data Acquisition

A retrospective cohort study was planned using the
UK National Adult Cardiac Surgery Audit (NACSA) data,
maintained by the National Institute for Cardiovascular
Outcomes Research (NICOR). All cardiac surgical centres
in the UK are required to submit data to NICOR using a
standardized data submission form, including a range of
preoperative and intraoperative variables as well as early
postoperative outcomes from the index admission. The
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database therefore contains clinical information on all pa-
tients undergoing cardiac surgery in the UK. Maintenance
and validation are regularly undertaken by the use of repro-
ducible cleaning and maintenance algorithms, with return to
individual centres for local validation. Access was solicited
from NICOR to examine the relationship between demo-
graphic, and operative characteristics with early clinical
outcomes. Identifiable patient information was removed,
the requirement for patient informed consent was waived
and the dataset was adapted for use with statistical analy-
sis software. The dataset was resurveyed for non-adult or
duplicate results, with removal planned as appropriate.

Missing Data

The following variables had missing data for >5% of
patients: redo sternotomy (5%), coronary disease (13%),
preoperative acute kidney injury (AKI; 29%), concomitant
tricuspid valve surgery (TVS; 65%), concomitant coronary
artery bypass graft (CABG; 26%), concomitant ablation
(23%), postoperative stroke/transient ischemic attack (TIA;
15%), postoperative dialysis (13%), return to theatre for
bleeding and/or cardiac tamponade (8%). The nature of
missingness in the dataset was investigated using Little’s
test, which returned a significant result (p < 0.001), indicat-
ing that data were not completely missing at random. We
imputed missing values with ‘0’ in these variables (i.e., the
event did not occur). This is a reasonable assumption, since
the proportion of patients with no event (i.e., 0) in these
variables reflect the rates of these events in cardiac surgery
populations reported in the literature.

Inclusion and Exclusion Criteria

We included patients undergoing MV surgery for pri-
mary degenerative disease, with or without concomitant
coronary artery bypass grafting (CABG), tricuspid valve
surgery (TVS) or ablation for atrial fibrillation. We ex-
cluded patients presenting as emergency or salvage cases,
as well as patients presenting with any aetiology other than
primary degenerative disease. We excluded patients pre-
senting in a pre-operative critical state, defined as being in
shock, requiring dialysis, requiring mechanical assistance
or intra-aortic balloon pump (IABP). We also excluded pa-
tients undergoing concomitant major aortic, or aortic valve

surgery.

Outcomes

Hospital mortality was our primary outcome of inter-
est. Secondary outcomes were rates of MV replacement,
prolonged hospital admission (defined as >10 days) and
postoperative return to theatre for bleeding and/or tampon-
ade.
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Statistical Analysis

All statistical analyses were conducted using IBM
SPSS Statistics for Windows, version 26 (IBM Corp., Ar-
monk, NY, USA). All data are presented descriptively by
group (men and women) using means and standard de-
viation or median and interquartile ranges for continuous
variables and counts and percentages for categorial vari-
ables. Univariable analyses were conducted to examine dif-
ferences in background characteristics, intraoperative vari-
ables and postoperative outcomes by group. For categorical
variables, chi-squared test was used. Where expected val-
ues were less than 5, Fisher’s exact test was used. For con-
tinuous variables, the independent #-test was used. We used
Cochran-Mantel-Haenszel tests to compare trends in repair
rates over time between men and women across four-year
time periods (2000-2003, 2004-2007, 2008-2011, 2012—
2015 and 2016-2019).

To investigate the independent association of sex with
hospital mortality, we used a binary logistic regression
model. We pre-defined a threshold of p < 0.25 in the uni-
variable analyses for inclusion in the multivariable model.
We also used binary logistic regression models to examine
the independent relationship of sex with all secondary out-
comes (re-exploration for bleeding and prolonged admis-
sion). When conducting the regression model for MVR,
we excluded intraoperative covariates. We used the Box-
Tidwell test with a Bonferroni correction to test the assump-
tion of linearity. Based on this assessment, continuous in-
dependent variables were found to be linearly related to the
logit of the dependent variables in all models.

In order to better understand how different covariates
impacted the relationship between sex and mortality, we
planned to repeat the binary logistic regression modelling
with the inclusion of multiplicative interaction terms. The
same list of covariates was used each time. We did so itera-
tively, each time including multiplicative interaction terms
between a different covariate and sex. For covariates that
were found to have a significant interaction with sex, we
then calculated the odds ratios for sex in patients with and
without that variable. This was done by repeating the re-
gression models in all cases with the characteristic, and then
in those without it.

As a sensitivity analysis, we conducted univariable
comparisons between men and women in the complete-case
population to ensure no significant deviation from the study
cohort (see Supplementary Material). There was no sig-
nificant difference in the complete-case population com-
pared to the study population. Hosmer and Lemeshow’s test
did not return a statistically significant result in any model,
indicating good model fits.
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Study Cohort

After applying inclusion and exclusion criteria (see
Fig. 1) our final study sample consisted of 22,658 consecu-
tive patients undergoing surgery for primary degenerative
MYV disease; there were 7977 (35%) women and 14,681
(65%) men.

Total cohort | n = 63,803
Non-degenerative

n=36,633
n=27,170

Critical preoperative state n= 4[179
n=22,991

Emergency or salvage n =333

Study cohort | n= 22,658

Fig. 1. Schema showing the study population.

Univariable Analysis

Tables 1 and 2 show the demographic, clinical char-
acteristics and operative characteristics in women vs. men.
Fig. 2 shows that women were more likely to present for
surgery with markers of advanced disease, presenting older
(70 £ 11.0 years vs. 67 £ 11.3 years, p < 0.001) with more
advanced breathlessness (NYHA III-1V: 57% vs. 44%, p <
0.001), more likely to require concomitant tricuspid valve
surgery (21% vs. 15%, p < 0.001) and as urgent referrals
more frequently (14% vs. 12%, p < 0.001). They were also
more likely to have preoperative atrial fibrillation (39% vs.
35%, p < 0.001), however rates of concomitant ablation
did not differ between women and men (16% vs. 18%, p =
0.111).

Women had lower rates of coronary disease (19% vs.
29%, p < 0.001) and were accordingly less likely to re-
ceive concomitant CABG (16% vs. 26%, p < 0.001). They
had greater rates of concomitant TVS (21% vs. 15%, p <
0.001). They more likely to suffer from MV stenosis or
mixed disease (10% vs. 3%, p < 0.001). There were no
differences in rates of diabetes, hypertension, active smok-
ing, acute kidney injury or chronic obstructive pulmonary
disease (COPD).
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In terms of intra-operative variables, women had
lower mean cardiopulmonary bypass time (CPB; 118 +
46.6 mins vs. 131 &+ 51.6 mins, p < 0.001) and lower mean
aortic cross clamp time (87 4= 36.1 mins vs. 97 4= 38.2 mins,
p < 0.001). They were significantly more likely to receive
MVR than men (34% vs. 24%, p < 0.001) and in patients
receiving MVR women were more likely to receive a bio-
prosthesis (67% vs. 64%, p = 0.0006).

Compared with men, women had higher mortality
rates (3% vs. 2%, p < 0.001) and lower return to theatre
for bleeding and/or cardiac tamponade (5% vs. 6%, p <
0.001). There were no differences in rates of stroke, post-
operative dialysis or deep sternal wound infection.

Repair Rate Trends

Fig. 3 shows the repair rates for degenerative disease
over time in men and women. They rose from 33% to 67%
in men and from 17% to 49% in women. Women had lower
repair rates across all time periods (p < 0.005).

Multivariable Analysis

We included 16,257 (72%) patients in the multivari-
able models for hospital mortality, prolonged admission
and re-exploration for bleeding; 16,746 (74%) patients were
included in the model for receiving a replacement (see Ta-
ble 3). Table 4a and Table 4b show the modifying effect of
sex on the relationship between preoperative variables and
postoperative outcomes.

Hospital Mortality

After adjusting for confounders, female sex was an in-
dependent predictor of mortality (OR: 1.52, 95% CI: 1.21—
1.90, p < 0.001). This was modified by age (p = 0.01) and
CCS score (p =0.036). Female sex was only found to be an
independent predictor of mortality in patients aged 64—74
(OR: 2.34, 95% CI: 1.57-3.50). There was no effect in pa-
tients with CCS score 0, however there was a significant re-
lationship in patients with CCS scores I-II (OR: 1.73, 95%
CI: 1.12-2.67) and III-1V (OR: 2.49, 95% CI: 1.20-5.20).
See Table 3 for other independent predictors of mortality.

Return to Theatre

Female sex was a protective factor against re-
exploration for bleeding (OR: 0.68, 95% CI: 0.59-0.80, p
< 0.001). This was modified by year of admission (p <
0.001) and concomitant TVS (p = 0.038) (see Table 4a and
Table 4b). Other protective factors against return to the-
atre include active smoking status (OR: 0.61, 95% CI: 0.40—
0.93) and year of admission falling within 2016-2019 (OR:
0.65, 95% CI: 0.45-0.94) (see Table 3).
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Table 1. Demography, comorbidities and clinical characteristics of men and women undergoing mitral valve surgery for

degenerative mitral valve disease in a UK population (2000-2019).

Variable Women (n=7977) Men (n=14,681) p-value Missing
Age, years [Mean (SD)] 70 (£11.0) 67 (£11.3) <0.001 2 (0%)
BMI, kg/m? [Mean (SD)] 25.7 (£5.2) 26.4 (£4.3) <0.001 490 (2%)
NYHA class <0.001 129 (1%)

I-11 3368 (43%) 8244 (56%)

HI-IV 4556 (58%) 6361 (44%)
CCS score 0.004 286 (1%)

I 5650 (72%) 10,417 (71%)

TI-11I1 1743 (22%) 3376 (23%)

vV-v 464 (6%) 722 (5%)
Diabetes 592 (8%) 1101 (8%) 0.849 94 (0%)
Hypertension 4122 (52%) 7424 (51%) 0.103 166 (1%)
Active smoker 314 (4%) 635 (4%) 0.182 193 (1%)
Preoperative AKI 53 (1%) 114 (1%) 0.346 6663 (29%)
Urgency <0.001 4 (0%)

Elective 6867 (86%) 12,940 (88%)

Urgent 1108 (14%) 1739 (12%)
Previous MI 521 (7%) 1195 (8%) <0.001 211 (1%)
Re-do sternotomy 507 (6%) 1004 (7%) 0.164 1176 (5%)
Preoperative COPD 921 (12%) 1631 (11%) 0.326 296 (1%)
Previous stroke/TIA 513 (7%) 843 (6%) 0.035 517 (2%)
PVD 287 (4%) 611 (4%) 0.041 129 (1%)
Preoperative AF 3016 (39%) 5056 (35%) <0.001 570 (3%)
Coronary disease 1299 (16%) 3672 (25%) <0.001 2860 (13%)
EF range <0.001 213 (1%)

Good 4281 (54%) 7523 (52%)

Moderate 1650 (21%) 3338 (23%)

Poor 1965 (25%) 3688 (25%)
MYV lesion <0.001 342 (2%)

Regurgitation 7094 (90%) 14,050 (97%)

Stenosis 381 (5%) 248 (2%)

Mixed 378 (5%) 165 (1%)

Numbers are n (%) unless otherwise indicated. The denominators used to calculate the percentages

take into account the missing values for each variable. Bold indicates statistical significance. Abbre-
viations: NYHA, New York Heart Association; CCS, Canadian Cardiovascular Society; AKI, acute
kidney injury; IMD, index of multiple deprivation; MI, myocardial infarction; COPD, chronic ob-

structive pulmonary disease; PVD, peripheral vascular disease; AF, atrial fibrillation; EF, ejection

fraction; MV, mitral valve; BMI, body mass index; TIA, transient ischemic attack.

Prolonged Hospital Admission

Female sex was an independent predictor of prolonged
admission (OR: 1.21, 95% CI: 1.12-1.30, p < 0.001). This
was modified by age (p = 0.043), body mass index (BMI)
(p = 0.02) and concomitant TVS (p = 0.05) (see Table 4a
and Table 4b).

Mitral Valve Replacement

Female sex was an independent predictor of receiv-
ing MVR (OR: 1.35, 95% CI: 1.25-1.47). This effect was
modified by the presence of MV stenosis (see Table 4a and
Table 4b). Please see Table 3 for other independent predic-
tors of MVR.
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Discussion

Our results confirm that significant sex-based discrep-
ancies exist in patients undergoing surgery for degenerative
MV disease in the UK. Women make up only 35% of pa-
tients referred for surgery, despite recently published data
showing that women in the general population have a sig-
nificantly higher burden of degenerative MV disease com-
pared to men across all age categories [14]. Women seem
more likely to present for surgery urgently, older and more
breathless. They have higher rates of atrial fibrillation (AF)
and concomitant TV disease, both indicators of advanced
disease. They are more likely to receive a mitral valve re-
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Table 2. Intra and postoperative characteristics of men and women undergoing mitral valve surgery for degenerative mitral
valve disease in a UK population (2000-2019).

Variable Women (n=7977) Men (n=14,681) p-value Missing
MYV Procedure <0.001 0 (0%)
Repair 5264 (66%) 11,104 (76%)
Replacement 2713 (34%) 3577 (24%)
MVR: Mitral prosthesis 0.006 288 (1%)
Biological 1732 (67%) 2185 (64%)
Mechanical 845 (33%) 1240 (36%)
Concomitant CABG 1302 (16%) 3771 (26%) <0.001 6786 (30%)
Concomitant TV surgery 1680 (21%) 2267 (15%) <0.001 13,780 (61%)
Concomitant ablation! 491 (16%) 893 (18%) 0.111 5651 (25%)
Cardiopulmonary bypass time, minutes [Mean (SD)] 117.6 (£46.6) 130.6 (£51.6) <0.001 604 (3%)
Cross clamp time, minutes [Mean (SD)] 87.0 (£36.1) 97.0 (£38.2) <0.001 606 (3%)
Mortality 263 (3%) 286 (2%) <0.001 227 (1%)
Re-exploration for bleeding 381 (5%) 889 (6%) <0.001 1112 (5%)
Stroke 122 (2%) 183 (1%) 0.078 2778 (12%)
Postoperative dialysis 225 (3%) 382 (3%) 0.330 2028 (9%)
Deep sternal wound infection 18 (0%) 46 (0%) 0.235 9696 (57%)
Length of stay, days 9(7-13) 8 (6-11) <0.001 233(1%)
Admitted >10 days 3779 (48%) 5756 (40%) <0.001 233 (1%)

Numbers are n (%) unless otherwise indicated. The denominators used to calculate the percentages take into account the missing

values for each variable. Bold indicates statistical significance. Abbreviations: MV, mitral valve; MVR, mitral valve replacement;

CABG, coronary artery bypass graft; TV, tricuspid valve; BMI, body mass index. Normal continuous variables: mean 4+ SE. Non-

normal variables: median (IQR) 1. Ablation rates calculated as proportion of patients with preoperative AF, rather than whole

population.
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Fig. 2. Characteristics associated with advanced disease by sex.
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Fig. 3. Repair rates over time stratified by sex.

placement, have higher mortality rates and longer hospital
admissions. Regression analysis showed female sex to be
an independent predictor of mortality, receiving a replace-
ment and of prolonged admission. Men were more likely to
present with higher BMIs, coronary disease and underwent
higher rates of concomitant CABG. This is in keeping with
the higher prevalence of coronary disease amongst men in
the general population [15]. Male sex seems to be indepen-
dently associated with re-exploration for bleeding.

According to our results, the relationship between fe-
male sex and postoperative mortality was modified by age
and CCS score. The relationship between advanced age (85
and above) and mortality appears to be more pronounced in
women than men (see Table 4b), with women being more
sensitive to the impact of advancing age on early postopera-
tive mortality. In terms of CCS scores, we see that advanced
CCS scores (III-1V) independently predict female mortality
following surgery for degenerative MV disease. The same
is not true for men. This may be caused by sex-differences
in symptom reporting, as women who qualify as CCS III-
IV may actually have worse symptoms than men with the
same scores. Alternatively, it may be that sex-differences in
exertional behaviour as people age result in women devel-
oping CCS class III-1V symptoms further along in their dis-
ease course. This would explain why the same CCS scores
in appear to have different prognostic implications for men
and women.

These findings from a large UK database suggest that
women undergo delayed surgery for degenerative mitral
disease compared to men. This was also the conclusion of
a large retrospective US study looking at 183,792 patients
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——\Women

undergoing MV surgery between 2000-2009, which noted
that sex-based outcome differences were driven largely by
women presenting for surgery later in the disease process
[16]. This suggests that current referral criteria and thresh-
olds for MV surgery in women remain sub-optimal at earlier
detection of MV disease compared to men, and these crite-
ria may be missing a considerable number of patients who
would benefit from earlier surgical intervention. The latest
European and American guidelines both use left ventricu-
lar end-systolic diameter (LVESD) >40 mm as a class I in-
dication for MV surgery in asymptomatic patients [17,18].
This may contribute to the discrepancy, as a large US study
showed that women with severe MR are less likely to have
LVESD >40 mm than men, and that after correction for
body surface area, they had significant left ventricular and
left atrial changes than men [19,20]. This is a clear tar-
get for improvement within clinical practice, as this cut-
off for early intervention appears to serves men better than
women. Surgical decision-making for early intervention
should be guided either by sex-stratified LVESD measure-
ments, with different thresholds for men and women, or
by LVESD measurements adjusted for body surface area.
Asymptomatic women with severe primary mitral regurgi-
tation (MR) and LVESD measurements approaching 40mm
should be counselled regarding this and offered further
measurements adjusted for body surface area to help guide
optimal decision-making. This will likely improve access
to surgical intervention earlier in the disease process for
women, and provide better long-term outcomes.

Our results confirm that sex-differences exist in mor-
tality and repair rates after mitral valve surgery, with

E571


https://journal.hsforum.com/

Table 3. Odds ratios and 95% confidence intervals for mortality, re-exploration and prolonged admission patients undergoing

mitral valve surgery in a UK populations (2000-2019).

Variable

Outcome

Mortality

Re-exploration

Admission >10 days

MV replacement

Female sex
Mitral replacement
NYHA score I1I-1V
CCS score

I (reference)

I

111
Hypertension
Coronary disease
Active smoker
Year of admission

20002003 reference

2004-2007
2008-2011
2012-2015
2016-2019
IMD quintile
I-11
-1v
V-VI
VII-VIII
IX—XT (reference)
Urgency

Elective (reference)

Urgent
Previous MI
Redo sternotomy
Previous stroke/TIA
PVD
Preoperative AF
EF range
Good (reference)
Moderate
Poor
Mitral stenosis
Concomitant CABG
Concomitant TVS
Age
BMI
CPB time
Cross clamp time

Length of admission

1.52 (1.21-1.90)
1.82 (1.44-2.30)
1.39 (1.09-1.76)

1.02 (0.79-1.32)
1.22 (0.84-1.77)
1.39 (1.10-1.75)
1.65 (1.14-2.39)
0.73 (0.37-1.43)

0.87 (0.56-1.36)
0.73 (0.47-1.14)
0.55 (0.33-0.89)
0.50 (0.29-0.84)

0.95 (0.64-1.41)
0.95 (0.65-1.38)
0.87 (0.60-1.25)
1.15 (0.81-1.63)

1.43 (1.09-1.86)
1.40 (1.02-1.90)
2.25 (1.64-3.08)
1.25 (0.88-1.77)
1.80 (1.26-2.55)
1.20 (0.96-1.50)

1.49 (1.15-1.94)
1.48 (0.98-2.23)
0.49 (0.24-0.99)
2.18 (1.48-3.20)
1.11 (0.85-1.45)
1.07 (1.06-1.09)
1.00 (0.97-1.02)
1.01 (1.01-1.01)
0.99 (0.99-1.00)
1.01 (1.01-1.02)

0.68 (0.59-0.8)
1.29 (1.1-1.51)
0.95 (0.83-1.1)

1.35 (1.15-1.58)
1.21 (0.91-1.62)
1.19 (1.04-1.37)
1.05 (0.79-1.39)
0.61 (0.40-0.93)

0.80 (0.60-1.06)
0.80 (0.61-1.06)
0.75 (0.56-1.01)
0.65 (0.45-0.94)

0.90 (0.70-1.16)
0.93 (0.73-1.18)
0.93 (0.74-1.17)
0.99 (0.79-1.24)

0.97 (0.8-1.19)
0.88 (0.69-1.13)
0.81 (0.61-1.07)
1.29 (1.01-1.65)
0.72 (0.51-1.01)
1.20 (1.04-1.38)

0.96 (0.81-1.14)
0.81 (0.61-1.10)
0.82 (0.46-1.48)
1.10 (0.83-1.47)
1.03 (0.86-1.24)
1.01 (1.00-1.01)
0.97 (0.96-0.99)
1.00 (1.00-1.00)
1.00 (0.99-1.00)
1.03 (1.03-1.04)

1.21 (1.12-1.30)
1.69 (1.55-1.84)
1.33 (1.23-1.43)

1.13 (1.04-1.23)
1.06 (0.90-1.24)
1.03 (0.96-1.10)
0.93 (0.79-1.08)
0.95 (0.80—1.14)

0.94 (0.79-1.12)
0.69 (0.59-0.82)
0.71 (0.60-0.85)
0.52 (0.42-0.64)

1.05 (0.92-1.20)
0.90 (0.79-1.02)
0.85 (0.76-0.96)
0.93 (0.82-1.04)

4.62 (4.1-5.21)
1.34 (1.17-1.54)
1.24 (1.07-1.43)
1.21 (1.05-1.40)
1.32 (1.10-1.58)
1.15 (1.06-1.23)

1.14 (1.04-1.25)
0.99 (0.84-1.16)
0.90 (0.66-1.24)
1.06 (0.91-1.24)
1.72 (1.56-1.89)
1.04 (1.04-1.04)
1.00 (1.00-1.01)
1.00(1.00-1.01)
1.00 (1.00-1.00)

1.35 (1.25-1.47)

1.26 (1.16-1.36)

1.42 (1.30-1.56)
1.11 (0.93-1.31)
1.04 (0.96-1.13)
1.22 (1.10-1.35)
1.28 (1.06-1.55)

0.36 (0.30-0.42)
0.19 (0.17-0.23)
0.15 (0.13-0.18)
0.13 (0.10-0.16)

0.81 (0.7-0.93)
0.80 (0.70-0.92)
0.76 (0.67-0.87)
0.67 (0.59-0.77)

1.05 (0.93-1.18)
1.22 (1.05-1.40)
5.75 (5.01-6.59)
1.36 (1.16-1.59)
0.94 (0.78-1.14)
1.22 (1.12-1.32)

0.94 (0.85-1.04)
0.94 (0.79-1.12)
1.49 (0.99-2.25)

1.01 (1.01-1.02)
1.02 (1.01-1.03)

Abbreviations: MV, mitral valve; NYHA, New York Heart Association; CCS, Canadian Cardiovascular Society;
IMD, index of multiple deprivation; MI, myocardial infarction; TIA, transient ischaemic attack; PVD, peripheral
vascular disease; AF, atrial fibrillation; EF, ejection fraction; CABG, coronary artery bypass graft; TVS, tricuspid
valve surgery; BMI, body mass index; CPB, cardiopulmonary bypass.

women experiencing higher mortality and lower repair rates
than men [10,21,22]. Whilst this would be in keeping
with the hypothesis that they present further along in their

disease course, it does not explain female sex emerging
as an independent predictor for mortality, MVR, and pro-
longed admission in the multivariable models. This sug-

E572

Heart Surgery Forum


https://journal.hsforum.com/

Table 4a. Modifying effect of sex on post-operative outcomes.

Adjusted odds ratio for women (95% CI)

Variable Interaction p-value
Presence of characteristic ~ Absence of characteristic
Mortality
Age - 0.010
<64 (n=7906) 1.80 (0.83-3.92)
64-74 (n=8127) 2.34 (1.57-3.50)
75-85 (n =6239) 1.08 (0.79-1.47)
>85 (n=384) 7.62 (0.80-72.83)
CCS score - 0.036
0 (n=16067) 1.30 (0.97-1.73)
I-II (n=5119) 1.73 (1.12-2.67)
-1V (n = 1186) 2.49 (1.20-5.20)
Re-exploration for bleeding
Year of admission - <0.001
2000-2003 (n = 1297) 0.88 (0.51-1.53)
2004-2007 (n = 3800) 0.61 (0.43-0.86)
2008-2011 (n = 5442) 0.49 (0.36-0.66)
2012-2015 (n = 5824) 1.03 (0.73-1.45)
2016-2019 (n = 6038) 0.81 (0.61-1.09)
Concomitant TVS (n = 3947) 0.52 (0.38-0.73) 0.76 (0.64-0.90) 0.038
Prolonged admission
Age - - 0.043
<64 (n=7906) 1.38 (1.19-1.60)
64-74 (n=8127) 1.10 (0.98-1.25)
75-85 (n =6239) 1.13 (0.99-1.28)
>85 (n=384) 0.70 (0.36-1.36)
BMI - 0.017
<18.5 (n=458) 0.80 (0.46-1.37)
18.5-24.9 (n=9212) 1.14 (1.02-1.27)
25-29.9 (n = 8649) 1.19 (1.05-1.36)
30-39.9 (n =3660) 1.28 (1.06-1.55)
>40 (n = 189) 3.22(0.71-14.52)
Concomitant TVS (n = 3947) 1.02 (0.86-1.21) 1.21 (1.11-1.32) 0.045
Mitral replacement
Mitral stenosis 3.38 (1.73-6.61) 1.27 (1.17-1.38) <0.001

Abbreviations: CI, confidence interval; CCS, Canadian Cardiovascular Society; TVS, tricuspid valve surgery; BMI,

body mass index.

gests there are either sex-specific factors, physician be-
haviour factors or other unmeasured confounders not in-
cluded in our data. An explanation which has been de-
scribed in the literature is that women experience a more ag-
gressive form of mitral valve disease [21]. A single-centre
study looking at 3671 patients receiving minimally invasive
MYVS between 1999-2011 described significant differences
in both the degenerative mitral pathologies seen and the re-
pair techniques performed in men and women. They found
that women are more likely to present with anterior mitral
valve leaflet (AMVL) and bileaflet prolapse, pathologies
considered more challenging to surgically repair than iso-
lated posterior mitral valve leaflet (PMVL) prolapse. They
also found that women are more likely to suffer associated
PMVL calcification (20.1% vs. 6.5%). These differences
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naturally translate into differences in repair techniques; in
the same study, PMVL resection was performed in 17.9%
of men versus 10.1% of women, and PMVL neochord inser-
tion was performed in 39.3% of men compared with 20.4%
of women. Different morphological patterns of mitral pro-
lapse have also been identified, with women being more
likely to present with thickened leaflets and less likely to
have posterior leaflet prolapse [10]. Whilst sex-differences
in the morphology and severity of MV disease have been
previously demonstrated, knowledge of the role of sex hor-
mones in the development of degenerative mitral disease is
limited.

A range of potential confounding variables may con-
tribute to the observed differences in outcomes between
men and women including surgical experience, surgeon-
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Table 4b. Sex-stratified odds ratios for variables with positive interaction term.

Sex-stratified odds ratio (95% CI)

Variable Interaction p-value
Women Men
Mortality
Age 0.010
<64 (n=7906) [REF] - -
64-74 (n=8127) 2.92 (1.61-5.39) 1.75 (1.07-2.87)
75-85 (n=6239) 3.86 (2.12-7.03) 5.00 (3.12-8.02)
>85 (n=384) 8.51(3.39-21.36) 5.16 (2.08-12.81)
CCS score 0.036
0 (n=16067) [REF] - -
I-II (n=5119) 1.27 (0.87-1.85) 0.88 (0.62-1.25)
M-IV (n = 1186) 1.68 (1.02-2.78) 0.79 (0.44-1.42)
Re-exploration for bleeding
Year of admission <0.001
2000-2003 (n = 1297) [REF] - -
2004-2007 (n = 3800) 0.61 (0.37-1.00) 0.90 (0.64-1.27)
2008-2011 (n = 5442) 0.50 (0.30-0.82) 0.89 (0.63-1.25)
2012-2015 (n = 5824) 0.83 (0.50-1.36) 0.64 (0.44-0.92)
2016-2019 (n = 6038) 0.70 (0.36-1.35) 0.59 (0.38-0.91)
Concomitant TVS (n = 3947) 0.75 (0.54-1.05) 1.33 (1.07-1.65) 0.038
Prolonged admission
Age 0.043
<64 (n=7906) [REF] - -
64-74 (n=8127) 1.38 (1.18-1.60) 1.72 (1.55-1.91)
75-85 (n=6239) 2.37(2.02-2.79) 2.90 (2.57-3.27)
>85 (n=384) 3.20 (2.09-4.92) 5.28 (3.65-7.63)
BMI 0.017
<18.5 (n=458) [REF] - -
18.5-24.9 (n=9212) 1.07 (0.79-1.46) 1.81(1.20-2.73)
25-29.9 (n = 8649) 0.87 (0.76-1.00) 0.89 (0.80-0.98)
30-39.9 (n =3660) 1.12 (0.95-1.32) 1.06 (0.93-1.21)
>40 (n=189) 3.10 (1.76-5.44) 1.20 (0.71-2.03)
Concomitant TVS (n = 3947) 1.50 (1.29-1.75) 1.21 (1.11-1.32) 0.045
Mitral replacement
Mitral stenosis 17.27 (11.41-26.12)  8.69 (5.90-12.78) <0.001

Abbreviations: REF, reference; CI, confidence interval, CCS, Canadian Cardiovascular Society; BMI,

body mass index; TVS, tricuspid valve surgery.

specific factors and hospital-level factors. Whilst it remains
to be shown specifically in the field of cardiac surgery, it
has been suggested that female patients operated on by fe-
male surgeons experience better outcomes [23]. Given that
the proportion of women presenting for MV surgery is sig-
nificantly lower than men, less exposure to female patients
overall may also contribute to slightly poorer outcomes.

The uniquely large UK sample size based on prospec-
tively collected data provides strength to our study. Mul-
tivariable analyses allowed us to account for the impact of
covariates. It is important to acknowledge the limitations of
our study design when drawing conclusions from our find-
ings. All nonrandomized retrospective database research
suffers from a degree of inherent limitations. Whilst the
NICOR database undergoes regular maintenance and vali-
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dation, we cannot rule out the possibility of some data being
recorded incorrectly. A lack of granularity in the data limits
the conclusions we were able to make; data on the different
types of repairs performed, as well as information on why
surgeons chose not to repair in MVR cases, would have al-
lowed us to comment further on the reasons behind the ob-
served sex-discrepancies in MV surgery. Lack of long-term
follow up data limited out study to looking at early post-
operative outcomes. The size of the dataset and low levels
of missingness in the data limit the impact of these factors.
Whilst recognising these limitations, our study appears to
confirm the relationship between sex and post-operative
outcomes for patients with degenerative mitral disease.
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Conclusions

(1) Sex-based differences in preoperative profiles and clin-
ical outcomes exist in the field of degenerative MV disease.

(2) Sex differences in pathology may explain these find-
ings; further research into the differences in progression of
degenerative MV disease between men and women is re-
quired.

(3) Further prospective research into differences in health-
care access, surgical technique and referral patterns are re-
quired to determine the role physician bias may play.

(4) Sex-stratified recommendations should be considered
when MV surgical guidelines are next reviewed.
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