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Abstract

Background. The effect of metabolic syndrome (MetS), defined as insulin resistance along with two or more of: obesity,

atherogenic dyslipidaemia and elevated blood pressure, on post-operative complications after isolated heart valve interven-

tion remains controversial. We hypothesized that MetS may negatively influence the post-operative course in these patients.

Methods. Patients from 10 cardiac units who underwent isolated valve intervention (mitral ± tricuspid repair/replacement

(MVS) or aortic valve replacement (SAVR), or transcatheter aortic valve replacement (TAVR) were included. MetS was defined

according to the WHO criteria. Primary outcome was in-hospital mortality and overall post-operative length of stay. Relevant

post-operative complications were also recorded. Results. From 2010 to 2019, 17283 patients underwent valve intervention.

The MVS, SVAR and TAVR accounted for the 39.4%, 48.2% and 12.3% respectively of the whole. MetS compared to no-MetS

was associated to higher mortality in the MVS group (6.5% vs. 2%, p<0.001), but not in the SAVR and TAVR group. In

both surgical cohorts, MetS was associated with increased complications including red blood cells transfusion, renal failure,

mechanical ventilation time, intensive care and overall post-operative length of stay (11 (9) vs. 10 (6), p<0.001 and 10 (6) vs. 10

(5) days, p=0.002, MVS and SAVR)). No differences were found in the TAVR cohort, with similar mortality and complications.

Conclusion. MetS was associated to more post-operative complications, with higher mortality in the MVS group. In the TAVR

cohort, post-operative complications and mortality rate did not differ between patients with and without MetS, however length

of stay was longer in the MetS group.
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Background. The effect of metabolic syndrome (MetS), defined as insulin resistance along with two or
more of: obesity, atherogenic dyslipidaemia and elevated blood pressure, on post-operative complications
after isolated heart valve intervention remains controversial. We hypothesized that MetS may negatively
influence the post-operative course in these patients.

Methods. Patients from 10 cardiac units who underwent isolated valve intervention (mitral± tricuspid
repair/replacement (MVS) or aortic valve replacement (SAVR), or transcatheter aortic valve replacement
(TAVR) were included. MetS was defined according to the WHO criteria. Primary outcome was in-hospital
mortality and overall post-operative length of stay. Relevant post-operative complications were also recorded.

Results. From 2010 to 2019, 17283 patients underwent valve intervention. The MVS, SVAR and TAVR
accounted for the 39.4%, 48.2% and 12.3% respectively of the whole. MetS compared to no-MetS was as-
sociated to higher mortality in the MVS group (6.5% vs. 2%, p<0.001), but not in the SAVR and TAVR
group. In both surgical cohorts, MetS was associated with increased complications including red blood cells
transfusion, renal failure, mechanical ventilation time, intensive care and overall post-operative length of
stay (11 (9) vs. 10 (6), p<0.001 and 10 (6) vs. 10 (5) days, p=0.002, MVS and SAVR)). No differences were
found in the TAVR cohort, with similar mortality and complications.

Conclusion. MetS was associated to more post-operative complications, with higher mortality in the MVS
group. In the TAVR cohort, post-operative complications and mortality rate did not differ between patients
with and without MetS, however length of stay was longer in the MetS group.

Key words : Metabolic syndrome, isolated surgical heart valve intervention, transcatheter aortic valve
replacement.

Glossary

BMI= Body mass index

CABG= Coronary artery bypass grafting

ICU= Intensive care unit

LOS= Length of stay

MetS= Metabolic syndrome

MHO= Metabolically healthy obese

2



P
os

te
d

on
A

u
th

or
ea

15
S
ep

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

32
12

65
.5

32
08

56
4/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. MVS= Mitral valve surgery

RBC= Red blood cell

SAVR= Surgical aortic valve replacement

TAVR= Transcatheter aortic valve replacement

WHO= World Health Organization (WHO)

INTRODUCTION

Metabolic syndrome (MetS) is a complex condition defined by the presence of specific risk factors such as
high systemic blood pressure, atherogenic dyslipidaemia, high fasting glucose concentration, and obesity(1-
3). It has a high prevalence worldwide and is very prominent in countries with Western life-style, affecting
around 34–39% of the adult population(4).

MetS is known to be associated to a pro-inflammatory and prothrombotic state, due to adipose tissue dys-
function and insulin resistance, with potentially harmful secretion concentration of cytokines and ultimately
endothelial dysfunction(5).

Some studies have evaluated the effect of MetS on the prognosis of patients with coronary artery disease
undergoing coronary artery bypass grafting (CABG)(6, 7). In a Canadian large retrospective analysis, the
presence of MetS tripled the risk of in-hospital mortality after CABG(8). It appeared also, according to
other studies, that patients with MetS were more prone to develop post-operative renal failure(8), or to have
higher incidence of wound dehiscence(6, 8), post-operative stroke(9) and cognitive dysfunction(10).

MetS was also found to be responsible for prolonged postoperative hospital and intensive care unit stays
(ICU) with women having higher stays and rates of in-hospital death (11).

The effect of MetS on post-operative complications after isolated valve intervention is poorly investigated.
We hypothesized that MetS may be a detrimental condition for patients undergoing valve intervention.

Thus, the main study aim was to determine whether patients with MetS (defined according to the World
Health Organization (WHO) criteria) requiring isolated valvular intervention (defined as isolated surgical
aortic valve replacement (SAVR) or percutaneous aortic valve replacement (TAVR) or mitral valve surgery
(repair/replacement with or without tricuspid valve repair (MVS)) were exposed to increase post-operative in-
hospital mortality and prolonged post-operative length of stay (LOS). Predictors for in-hospital mortality and
post-operative LOS were also examined. In-hospital survival probability and in between centres variability
was investigated.

METHODS

Ethical statement

All patients provided written informed consent for the clinical and administrative storage of medical data.
Given the observational nature of this study, the local ethics committee waived the need for patients’ consent
to analyse the data from the registry.

Study design

This was a multicentric retrospective analysis of prospectively collected data from 10 cardiac units in Italy
(December 2010 to December 2019), based upon a predefined and anonymized extraction sheet. All centres
entered cardiac surgery-related data into a common registry that was subject to review by a centralized
clinical governance unit who checked data for accuracy and completeness monthly.

. Patients undergoing elective, urgent or emergent isolated valve intervention (MVS or SAVR or TAVR) were
included in the analysis. Patients with concomitant coronary artery disease necessitating surgical or percu-
taneous revascularization were excluded. For the surgical strata, both standard sternotomy and minimally
invasive approach were included.

3
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. Centre specification and inclusion / exclusion criteria are given inSupplementary Material .

Metabolic syndrome definition

There are three main definitions of MetS used for surveys and health care plan and those are the WHO of
1999, the National Cholesterol Education Program (NCEP/ATP 3) of 2005, and the International Diabetes
Federation (IDF) of 2006 and are reviewed in Supplementary Material (2, 12).

In this study, we followed the WHO definition of MetS and we included patients with insulin resistance along
with two or more of the following a) atherogenic dyslipidaemia (HDL cholesterol < 0.9 mmol/L (35 mg/dl)
in men, < 1.0 mmol/L (40 mg/dl) in women) b) Triglycerides > 1.7 mmol/L (150 mg/dl) c) Body mass
index (BMI) > 30 kg/m2 d) Blood pressure > 140/90 mmHg (2).

Outcomes measured

Primary outcome was in-hospital mortality (all causes) and overall post-operative LOS.

Secondary outcomes included: mechanical ventilation time and intensive care unit (ICU) stays (for the
surgical cohorts only), post-operative renal failure (defined as increase in serum creatinine of more than 1.5X
over seven-day duration), disabling stroke and need for red blood cells transfusion (RBC) (2 or more units
of red blood cell transfused). Independent predictors associated to in-hospital mortality and post-operative
LOS were investigated.

For the overall MetS and no-MetS group, in hospital survival probability and in between centres variability
was also explored.

Statistical analysis

Data distributions were checked for normality before further analysis with the Shapiro–Wilk test. Continuous
data are presented as the mean and standard deviation (SD) or median and interquartile range (IQR).
Unpaired t-tests or Wilcoxon rank sum tests were used for statistical comparisons. Categorical data are
presented as proportions and were compared using the chi-squared tests.

A generalized linear model (logit model) and linear model was used to assess the effect of multiple variables
on in hospital mortality and post-operative LOS. Candidate explanatory variables (n=10) included were:
MetS/no-MetS, age, sex, left ventricle ejection fraction (LVEF), renal failure, chronic obstructive pulmonary
disease (COPD), redo surgery, atrial fibrillation (AF), peripheral vascular disease and previously treated
coronary artery disease. In order to examine the effect of MetS stratified for each of the cohort of treatments
(MVS, SAVR and TAVR), interaction term was added to the model (MetS*Treatment), keeping mitral
intervention as reference level.

Linearity assumptions were checked (cran.r-project.org/web/packages=sjPlot).

As sensitivity analysis, regression model was also built including the risk factors incorporated in the MetS
definition such as: BMI>30 kg/m2 and as continuous variable, systemic hypertension, atherogenic dyslipi-
daemia and insulin resistance.

The models were also tested for multicollinearity with variance inflation factor (VIF), and explanato-
ry variables with VIF higher than 5 were excluded since considered poor regression estimates (cran.r-
project.org/web/packages=VIF). Results were presented as adjusted Odds Ratio (adj. OR) and beta-
coefficients and 95% confidence intervals (Cis) (models diagnostic in Supplementary Material ).

30-, 60- , 90- and 120-days in hospital-survival probability was also analysed using the Kaplan-Meier and
corresponding survival curves were built by plotting all observations. Comparisons of survival estimates for
two different patient strata (overall MetS vs. no-MetS) were performed with the log-rank statistic

In between centres mortality variability was also evaluated and pooled mortality proportion (overall
MetS vs. no-MetS) plotted along with the prediction interval using a random effects model (cran.r-
project.org/web/packages=meta).

4
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. All statistical analyses were performed with RStudio Team (2020) (RStudio: Integrated Development for R.
RStudio, PBC, Boston, MA, USA.

RESULTS

A total of 17283 patients underwent isolated valve intervention during the study period; of these 1376 (7.9%)
had clinical and laboratory findings for MetS. Overall population baseline characteristics and post-operative
results for those with or without MetS are reported inSupplementary Table 1 and 2 .

The MVS, SVAR and TAVR cohort accounted for the 39.4%, 48.2% and 12.3% of the whole cohort respec-
tively.

Mitral ± tricuspid valve surgical cohort

Baseline patients’ characteristic and post-operative results for MVS cohort (n=6815) are given in Table 1.

Patients in the MetS group (n=309), when compared to the no-MetS (n=6506) were older (70.8 (8.3) y/o
vs. 65.2 (12.7) y/o, p<0.001), with higher proportion of female patient (57% vs. 49.1%, p=0.008), and with
generally greater burdens of clinical comorbidities.

Notably, there was no difference in terms of proportion of patients operated with minimally invasive approach
among the two groups (52.8% vs. 48.9%, p=0.20). Cardiopulmonary bypass (88 (46) min vs. 81 (43.5) min,
p=0.37) was longer in the MetS group.

The presence of MetS was associated to increased number of patients who received at least two units of RBC
(42.7% vs. 26.9%, p<0.001) and post-operative renal failure (20.1% vs. 5.9%, p<0.001). Both mechanical
ventilation time (8 (7) hours vs. 7 (6) hours, p=0.02) and intensive care unit (ICU) stays (2 (2) days vs. 2
(1) days, p<0.001)) were longer in the MetS group.

Overall post-operative LOS (11 (9) days vs. 10 (6) days, p<0.001) were longer in the MetS group (Figure
1 A/B/C ). In-hospital mortality rate was significantly higher in the MetS group (6.5% vs. 2%, p<0.001).

Surgical aortic valve replacement cohort

Baseline patients’ characteristic and post-operative results for SAVR cohort (n=8340) are given in Table 2.
Similar to the mitral cohort, patients in the MetS group (n=887), when compared to the no-MetS (n=7453)
were older, with higher proportion of female sex and with greater burdens of comorbidities.

There was no difference in term of proportion of patients operated with minimally invasive approach (47.2%
vs. 51.1%, p=0.20). Both cardiopulmonary bypass (79 (33) min vs. 75 (35) min, p=0.005) and cross clamp
time (62 (27) min vs. 60 (28) min, p=0.07) were longer in the MetS than in the no-MetS.

Mets group, compared to no-MetS, had increased number of patients who received at least two units of RBC
(40.2% vs. 27.7%, p<0.001) and experienced post-operative renal failure (10.1% vs. 5.6%, p<0.001). ICU
stay (2 (2) days vs. 2 (1) days, p=0.007) was longer in the MetS group.

Overall LOS was also longer in the MetS group (10 (6) days vs. 10 (5) days, p=0.002) (Figure 1 A/B/C
). However, in-hospital mortality did not differ between the two groups (1.8% vs. 2.1%, p=0.65)

Transcatheter aortic valve replacement cohort

Baseline patients’ characteristic and post-operative results for the TAVR cohort are given in Supplementary
Table 3. Patients in the MetS group (n=180) had greater burdens of comorbidities than the no-MetS group
(n=1948).

Notably, there were no differences in terms of RBC transfused and incidence of post-operative renal failure.
Mortality rate did not differ between MetS and no-MetS group (2.8% vs. 3%, p=0.99). Only overall LOS
was significantly longer in the MetS group (9 (6) days vs. 8 (6) days, p<0.001) (Figure 1 A/B/C ).

-Predictors for in-hospital mortality
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. Age (p<0.001), renal failure (p<0.001), redo surgery (p<0.001), COPD (p=0.002), female sex(p=0.006),
and MetS (p=0.003) were independent predictors for in-hospital mortality (full ORs reported in Supple-
mentary Table 4 ). There was a statistically significant interaction between SAVR, TAVR and MetS (p
for interaction= 0.004 and 0.003) suggesting lower association to mortality in these cohorts compared to the
MVS cohort (reference level). Notably, sensitivity analysis showed BMI (continuous variable) as inversely as-
sociated to mortality (p=0.02), while no significant association with mortality, insulin resistance, atherogenic
dyslipidaemia and systemic hypertension (Supplementary Table 5) .

-Predictors for post-operative LOS

Age (p<0.001), renal failure (p<0.001), COPD (p<0.001), redo surgery (p<0.001), AF (p<0.001), female sex
(p<0.001), operation type (Mitral) (p<0.001), and MetS (p=0.02), were independent predictors associated
with in-hospital LOS (full coefficients reported in Supplementary Table 6 ).

Sensitivity analysis showed hypertensions (p=0.01) and insulin resistance (p=0.01) as predictors indepen-
dently associated to post-operative LOS (Supplementary Table 7 ).

In hospital survival probability

For both strata (overall no-MetS and MetS), prolonged hospital stay was associated to increased likelihood
for mortality.

In hospital survival at 30, 60, 90 and 120 days was 91% vs. 90%, 64% vs. 67%, 48% vs. 60% and 31% vs.
48%, (no-MetS vs. MetS respectively, p=0.8, log-rank) (Figure 2 /Supplementary Table 8 ).

In between centres mortality variability

Figure 3 depicts the overall in between centres variability and pooled mortality proportion for MetS (4%,
(95% CI: 2%, 6%)) and no-MetS (2%, (95% CI: 1%, 3%)). Moderate heterogeneity was observed in the MetS
group, however, studies with higher weight (n=3, 5, 7) showed similar magnitude and direction of the effect
size.

DISCUSSION

The main findings of study can be summarized as follow:

a) Individuals with MetS, according to the WHO definition, had significant greater burdens of clinical
comorbidities;

b) post-operative complications, including prolonged post-operative LOS, were more frequent in the surgical
strata MetS group; mortality rate was significant higher in the MVS MetS group;

c) however, in the TAVR cohort, post-operative complications and mortality rate did not differ between
patients with and without MetS; overall LOS was longer in the MetS group.

MetS may cause a number of effects on the myocardium and the circulatory system, including myocardial
fibrosis, activation on inflammatory and proatherogenic pathways (macrophage infiltration and cytokine gene
expression), endothelial dysfunction and heart failure with either preserved or reduced ejection function(13).

To the best of our knowledge, this is the first study that specifically investigated the effect of MetS on
post-operative complications after isolated valve intervention.

It is important to notice that MetS in our study was a significant independent predictor for post-operative
mortality, however this was largely driven by the mitral cohort. Notably, when controlling for other confoun-
ders, systemic hypertension, atherogenic dyslipidaemia and insulin resistance were not significantly associated
to mortality. On the contrary, BMI was inversely correlated with mortality. This latter concept is known as
‘obesity paradox’ and has been described already by others(13, 14).

Nevertheless, there are two important considerations to be made for ‘obesity’: the first is that not always
obesity is synonymous of MetS since there are so-called metabolically healthy obese (MHO) individuals

6
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. with high level of insulin sensitivity without systemic hypertension and atherogenic dyslipidaemia and other
features of MetS(12, 15). A survey analysis, suggested that MHO may account for a significant percentage
of obese population(15). The second consideration is that waist circumference rather than BMI is a more
sensitive index for the definition of obesity(16). An epidemiological study showed that, when BMI and waist
circumference were included in the same regression model, the latter remained a positive predictor of risk of
death while the former was unrelated or inversely related to the risk of death(17). Waist circumference is a
more precise index for visceral adiposity / central obesity(16). Visceral obesity causes a decrease in insulin-
mediated glucose uptake, insulin resistance and ultimately endothelial dysfunction (3, 5). Nonetheless, waist
circumference is seldom measured in the cardiac surgery context, and most studies that investigated the
obesity paradox have considered the BMI as measure of obesity, rather than waist circumference(14).

In our study cohort, individuals with MetS had significant greater burdens of comorbidities that included
COPD, peripheral vascular and previously treated coronary disease, advanced age, reduced LVEF, renal
failure and prevalent female sex. The latter is a proven ‘condition of risk’ associated to worst outcome in
cardiac surgery(18). The association of MetS with those comorbidities can explain the excess mortality and
complication rate in this group.

Post-operative LOS was significantly prolonged in the MetS group. The presence of MetS was also indepen-
dent predictor for increased LOS; also, sensitivity analysis showed diabetes, systemic hypertension but not
BMI nor obesity (defined as BMI>30kg/m2) to be independently associated to LOS.

Evaluating the feasibility and performance of the minimally invasive surgical approach (both mitral and
aortic) in individual with MetS is beyond the scope of this research. However, there was no difference in
terms of number of patients approached with minimally invasive techniques (mitral and aortic) among MetS
and no-MetS.

With the advent of TAVR, many high-risk patients with symptomatic aortic valve stenosis have been treated
worldwide. Some studies investigated the effect of specific risk factors (i.e., diabetes / obesity)(19) in patients
undergoing TAVR, but none focused on MetS. Two studies found BMI as inversely associated to mortality,
while visceral adiposity as independent risk factor for post-operative mortality(20, 21). Those findings confirm
the suboptimal accuracy of BMI as trait for MetS. Opposite to the surgical group, in our series we found
that MetS was not associated with worst post-operative outcomes in the TAVR subgroup.

Limitation

Beside the known limitations inherent to the retrospective nature of this study we acknowledge some other
limitations. For this study, we used the WHO definition for MetS, and perhaps the use of different definitions
such as the NCEP/ATP 3 or IDF could have potentially led to different results. For the obesity, the latter
two definitions refer more specifically to waist circumferences rather than BMI>30 kg\m2, pointing the focus
to the visceral adiposity(16). Microalbuminuria, an adjunctive criterion for the WHO definition of MetS, was
not recoded in our dataset.

Long term follow-up was not carried out; hence we could not evaluate the impact of MetS at distance. In
fact, an important aspect of MetS is the tendency to accelerated development of pressure gradient in the
bioprosthetic valve(22). Nevertheless, the progression of aortic bioprosthetic valve gradient and stenosis was
not investigated.

Conclusions

In this multicentric study, individuals affected by MetS when compared with no-MetS undergoing heart
valve surgery experienced more post-operative complications, including prolonged post-operative LOS, with
mortality rate significant higher in the MVS group.

In the TAVR cohort, post-operative complications and mortality rate did not differ between patients with
and without MetS, however overall LOS was longer in the MetS group.
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. This data supports the need for further investigation for both risk definition and reduction in patients with
MetS, particularly in the context of surgical heart valve surgical intervention.

Figure legends

Figure 1. Post-operative length of stay (LOS), mitral valve surgery (MVS), surgical aortic valve (SAVR)
and transcatheter aortic valve replacement (TAVR) cohort, of patients with and without metabolic syndrome
(MetS). A) Density plot: depicts the distribution (y-axis, %) of LOS (x-axis, days) in the MetS and no-MetS
groups(B) Jitter-plot: depicts distribution of single LOS values (days) in the MetS vs. no-MetS, (C) Box-plot
with outliers’ visualization.

Figure 2. Kaplan-Meier: In hospital survival at 30, 60, 90 and 120 days: 91% (95% CI: 89%-93%) vs. 90%
(95% CI: 85%-94%), 64% (95% CI: 58%-70%) vs. 67% (95% CI: 53%-84%), 48% (95% CI: 40%-58%) vs.
60% (95% CI: 43%-83%) and 31% (95% CI: 20%-47%) vs. 48% (95% CI: 27%-82%), no-MetS vs. MetS
respectively, p=0.8 (log-rank)

Table 1. Baseline patients’ characteristics and peri-operative outcomes, MVS

Overall N=6815 No-MetS N=6506 MetS N=309 p
Age, y/o, (mean
(SD))

65.5 (12.6) 65.2 (12.7) 70.8 (8.3) <0.001

BMI kg/m2

(mean (SD))
25.8 (4.5) 25.5 (4.1) 29.4 (5.9) <0.001

BMI [?] 30 kg/m2 664 (9.7) 546 (8.4) 118 (38.2) <0.001
Sex male, n (%) 3445 (50.6) 3312 (50.9) 133 (43) 0.008
Diabetes, n (%) <0.001
IDDM, n (%) 85 (1.2) 28 (0.4) 57 (18.4)
NIDDM, n (%) 325 (4.8) 140 (2.2) 185 (59.9)
IGT/IFT, n (%) 115 (1.7) 48 (0.7) 67 (21.7)
Atherogenic
dyslipidemia, n
(%)

2055 (30.2) 1773 (27.3) 282 (91.3) <0.001

Systemic
hypertension, n
(%)

3454 (50.7) 3152 (48.4) 302 (97.7) <0.001

Creatinine > 1.2
mg/dl

162 (2.4) 134 (2.1) 28 (9.1) <0.001

COPD, n (%) 319 (4.7) 281 (4.3) 38 (12.3) <0.001
LVEF, %, (mean
(SD))

54 (8.7) 54.2 (8.6) 50.5 (9.5) <0.001

Peripheral
vascular disease,
n (%)

136 (2) 113 (1.7) 23 (7.4) <0.001

Previous
CABG/PCI

401 (5.8) 369 (5.6) 32 (10.3) 0.002

Current/
ex-smokers, n (%)

1491 (21.8) 1387 (21.3) 104 (33.6) <0.001

Redo surgery, n
(%)

524 (7.7) 483 (7.4) 41 (13.3) <0.001

AF§, n (%) 1628 (23.9) 1505 (23.1) 123 (39.8) <0.001
Operation type
Mitral valve
repair, n (%)

4560 (66.9) 4361 (67) 199 (64.4) 0.70
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. Mitral valve
replacement, n
(%)

2255 (33) 2150 (33) 105 (33.9) 0.85

Associated
tricuspid repair, n
(%)

1102 (16.1) 1054 (16.2) 48 (15.5) 0.85

Minimally
invasive, n (%)

3346 (49.1) 3183 (48.9) 163 (52.8) 0.20

CPB time, min,
median (IQR)

87 (46) 81 (43.5) 88 (46) <0.001

Cross clamp time,
min, median
(IQR)

66 (41) 59 (43) 62 (30) 0.73

Ventilation time,
hours, median
(IQR)

7 (5) 7 (6) 8 (7) 0.02

RBC transfused,

n (%)[?]
1885 (27.7) 1753 (26.9) 132 (42.7) <0.001

Invalidating
stroke, n (%)

24 (0.4) 23 (0.4) 1 (0.3) 0.99

Renal failure, n
(%)

448 (6.6) 386 (5.9) 62 (20.1) <0.001

ICU LOS, days,
median (IQR)

2 (1) 2 (1) 2 (2) <0.001

Post-operative
LOS, days,
median (IQR)

10 (6) 10 (6) 11 (9) <0.001

In-hospital
mortality, n (%)

149 (2.2) 129 (2) 20 (6.5) <0.001
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. Data are reported
as number or
frequency or
mean and
standard
deviation (SD) or
median and
interquartile
range (IQR). AF:
Atrial fibrillation.
BMI: Body mass
index. COPD:
Chronic
obstructive
pulmonary
disease. CPB:
Cardiopulmonary
bypass. ICU:
Intensive care
unit. IDDM:
Insulin dependent
diabetes mellitus.
IGT: Impaired
glucose tolerance.
IFT: Impaired
fasting glucose.
LVEF: Left
ventricle ejection
function. MetS:
Metabolic
syndrome. MVS:
Mitral valve
surgery. NIDDM:
non-insulin
dependent
diabetes mellitus.
RBC: Red blood
cells. [?] Refers to
at least 2 units of
RBC transfused §

Include
paroxysmal,
persistent and
permanent AF.

Data are reported
as number or
frequency or
mean and
standard
deviation (SD) or
median and
interquartile
range (IQR). AF:
Atrial fibrillation.
BMI: Body mass
index. COPD:
Chronic
obstructive
pulmonary
disease. CPB:
Cardiopulmonary
bypass. ICU:
Intensive care
unit. IDDM:
Insulin dependent
diabetes mellitus.
IGT: Impaired
glucose tolerance.
IFT: Impaired
fasting glucose.
LVEF: Left
ventricle ejection
function. MetS:
Metabolic
syndrome. MVS:
Mitral valve
surgery. NIDDM:
non-insulin
dependent
diabetes mellitus.
RBC: Red blood
cells. [?] Refers to
at least 2 units of
RBC transfused §

Include
paroxysmal,
persistent and
permanent AF.

Data are reported
as number or
frequency or
mean and
standard
deviation (SD) or
median and
interquartile
range (IQR). AF:
Atrial fibrillation.
BMI: Body mass
index. COPD:
Chronic
obstructive
pulmonary
disease. CPB:
Cardiopulmonary
bypass. ICU:
Intensive care
unit. IDDM:
Insulin dependent
diabetes mellitus.
IGT: Impaired
glucose tolerance.
IFT: Impaired
fasting glucose.
LVEF: Left
ventricle ejection
function. MetS:
Metabolic
syndrome. MVS:
Mitral valve
surgery. NIDDM:
non-insulin
dependent
diabetes mellitus.
RBC: Red blood
cells. [?] Refers to
at least 2 units of
RBC transfused §

Include
paroxysmal,
persistent and
permanent AF.

Data are reported
as number or
frequency or
mean and
standard
deviation (SD) or
median and
interquartile
range (IQR). AF:
Atrial fibrillation.
BMI: Body mass
index. COPD:
Chronic
obstructive
pulmonary
disease. CPB:
Cardiopulmonary
bypass. ICU:
Intensive care
unit. IDDM:
Insulin dependent
diabetes mellitus.
IGT: Impaired
glucose tolerance.
IFT: Impaired
fasting glucose.
LVEF: Left
ventricle ejection
function. MetS:
Metabolic
syndrome. MVS:
Mitral valve
surgery. NIDDM:
non-insulin
dependent
diabetes mellitus.
RBC: Red blood
cells. [?] Refers to
at least 2 units of
RBC transfused §

Include
paroxysmal,
persistent and
permanent AF.

Data are reported
as number or
frequency or
mean and
standard
deviation (SD) or
median and
interquartile
range (IQR). AF:
Atrial fibrillation.
BMI: Body mass
index. COPD:
Chronic
obstructive
pulmonary
disease. CPB:
Cardiopulmonary
bypass. ICU:
Intensive care
unit. IDDM:
Insulin dependent
diabetes mellitus.
IGT: Impaired
glucose tolerance.
IFT: Impaired
fasting glucose.
LVEF: Left
ventricle ejection
function. MetS:
Metabolic
syndrome. MVS:
Mitral valve
surgery. NIDDM:
non-insulin
dependent
diabetes mellitus.
RBC: Red blood
cells. [?] Refers to
at least 2 units of
RBC transfused §

Include
paroxysmal,
persistent and
permanent AF.

Table 2. Baseline patients’ characteristics and peri-operative outcomes, SAVR cohort

Overall N=8340 No-MetS N=7453 Mets N=887 p
Age, y/o, (mean
(SD))

71.2 (11.6) 71 (12) 73.5 (7.6) <0.001
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. BMI kg/m2

(mean (SD))
27.4 (4.5) 27 (4.3) 30.2 (5.1) <0.001

BMI [?] 30 kg/m2 1391 (16.7) 1015 (13.6) 376 (42.4) <0.001
Sex male, n (%) 4516 (54.1) 4088 (54.9) 428 (48.3) <0.001
Diabetes, n (%) <0.001
IDDM, n (%) 249 (3) 71 (1) 178 (20.1)
NIDDM, n (%) 780 (9.4) 228 (3.1) 552 (62.2)
IGT/IFT, n (%) 243 (2.9) 86 (1.2) 157 (17.7)
Atherogenic
dyslipidemia, n
(%)

3419 (41) 2616 (35.1) 803 (90.5) <0.001

Systemic
hypertension, n
(%)

5085 (61) 4215 (56.6) 870 (98.1) <0.001

Creatinine > 1.2
mg/dl

253 (3) 196 (2.6) 57 (6.4) <0.001

COPD, n (%) 537 (6.4) 444 (6) 93 (10.5) <0.001
LVEF, %, (mean
(SD))

55 (8.2) 55 (8.2) 54.8 (7.9) 0.48

Peripheral
vascular disease,
n (%)

508 (6.1) 404 (5.4) 104 (11.7) <0.001

Previous
CABG/PCI

520 (6.2) 419 (5.6) 101 (11.3) <0.001

Current/
ex-smokers, n (%)

2203 (26.4) 1861 (24.9) 342 (38.5) <0.001

Redo surgery, n
(%)

533 (6.4) 465 (6.2) 68 (7.7) 0.11

AF§, n (%) 696 (8.3) 587 (7.9) 109 (12.3) <0.001
Minimally
invasive, n (%)

4205 (50.4) 4270 (51.1) 724 (47.2) 0.20

CPB time, min,
median (IQR)

76 (34) 75 (35) 79 (33) 0.005

Cross clamp time,
min, median
(IQR)

60 (29) 60 (28) 62 (27) 0.007

Ventilation time,
hours, median
(IQR)

7 (5) 7 (6) 7 (5) 0.26

RBC transfused,

n (%)[?]
2424 (29.1) 2067 (27.7) 357 (40.2) <0.001

Invalidating
stroke, n (%)

34 (0.4) 29 (0.4) 5 (0.6) 0.99

Renal failure, n
(%)

509 (616) 419 (5.6) 90 (10.1) <0.001

ICU LOS, days,
median (IQR)

2 (1) 2 (1) 2 (2) 0.007

Post-operative
LOS, days,
median (IQR)

10 (6) 10 (5) 10 (6) 0.002
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. In-hospital
mortality, n (%)

172 (2.1) 156 (2.1) 16 (1.8) 0.65

Data are reported
as number or
frequency or
mean and
standard
deviation (SD) or
median and
interquartile
range (IQR). AF:
Atrial fibrillation.
BMI: Body mass
index. COPD:
Chronic
obstructive
pulmonary
disease. CPB:
Cardiopulmonary
bypass. ICU:
Intensive care
unit. IDDM:
Insulin dependent
diabetes mellitus.
IGT: Impaired
glucose tolerance.
IFT: Impaired
fasting glucose.
LVEF: Left
ventricle ejection
function. MetS:
Metabolic
syndrome.
NIDDM:
non-insulin
dependent
diabetes mellitus.
RBC: Red blood
cells. SAVR:
Surgical aortic
valve
replacement. [?]

Refers to at least
2 units of RBC
transfused §

Include
paroxysmal,
persistent and
permanent AF.

Data are reported
as number or
frequency or
mean and
standard
deviation (SD) or
median and
interquartile
range (IQR). AF:
Atrial fibrillation.
BMI: Body mass
index. COPD:
Chronic
obstructive
pulmonary
disease. CPB:
Cardiopulmonary
bypass. ICU:
Intensive care
unit. IDDM:
Insulin dependent
diabetes mellitus.
IGT: Impaired
glucose tolerance.
IFT: Impaired
fasting glucose.
LVEF: Left
ventricle ejection
function. MetS:
Metabolic
syndrome.
NIDDM:
non-insulin
dependent
diabetes mellitus.
RBC: Red blood
cells. SAVR:
Surgical aortic
valve
replacement. [?]

Refers to at least
2 units of RBC
transfused §

Include
paroxysmal,
persistent and
permanent AF.

Data are reported
as number or
frequency or
mean and
standard
deviation (SD) or
median and
interquartile
range (IQR). AF:
Atrial fibrillation.
BMI: Body mass
index. COPD:
Chronic
obstructive
pulmonary
disease. CPB:
Cardiopulmonary
bypass. ICU:
Intensive care
unit. IDDM:
Insulin dependent
diabetes mellitus.
IGT: Impaired
glucose tolerance.
IFT: Impaired
fasting glucose.
LVEF: Left
ventricle ejection
function. MetS:
Metabolic
syndrome.
NIDDM:
non-insulin
dependent
diabetes mellitus.
RBC: Red blood
cells. SAVR:
Surgical aortic
valve
replacement. [?]

Refers to at least
2 units of RBC
transfused §

Include
paroxysmal,
persistent and
permanent AF.

Data are reported
as number or
frequency or
mean and
standard
deviation (SD) or
median and
interquartile
range (IQR). AF:
Atrial fibrillation.
BMI: Body mass
index. COPD:
Chronic
obstructive
pulmonary
disease. CPB:
Cardiopulmonary
bypass. ICU:
Intensive care
unit. IDDM:
Insulin dependent
diabetes mellitus.
IGT: Impaired
glucose tolerance.
IFT: Impaired
fasting glucose.
LVEF: Left
ventricle ejection
function. MetS:
Metabolic
syndrome.
NIDDM:
non-insulin
dependent
diabetes mellitus.
RBC: Red blood
cells. SAVR:
Surgical aortic
valve
replacement. [?]

Refers to at least
2 units of RBC
transfused §

Include
paroxysmal,
persistent and
permanent AF.

Data are reported
as number or
frequency or
mean and
standard
deviation (SD) or
median and
interquartile
range (IQR). AF:
Atrial fibrillation.
BMI: Body mass
index. COPD:
Chronic
obstructive
pulmonary
disease. CPB:
Cardiopulmonary
bypass. ICU:
Intensive care
unit. IDDM:
Insulin dependent
diabetes mellitus.
IGT: Impaired
glucose tolerance.
IFT: Impaired
fasting glucose.
LVEF: Left
ventricle ejection
function. MetS:
Metabolic
syndrome.
NIDDM:
non-insulin
dependent
diabetes mellitus.
RBC: Red blood
cells. SAVR:
Surgical aortic
valve
replacement. [?]

Refers to at least
2 units of RBC
transfused §

Include
paroxysmal,
persistent and
permanent AF.

References

12



P
os

te
d

on
A

u
th

or
ea

15
S
ep

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

32
12

65
.5

32
08

56
4/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 1. Tzimas P, Petrou A, Laou E, Milionis H, Mikhailidis DP, Papadopoulos G. Impact of metabolic syndrome
in surgical patients: should we bother? Br J Anaesth. 2015;115(2):194-202.

2. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. Harmonizing the metabolic
syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epidemiology and
Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation;
International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation.
2009;120(16):1640-5.

3. Huang PL. Unraveling the links between diabetes, obesity, and cardiovascular disease. Circ Res.
2005;96(11):1129-31.

4. Golden SH, Robinson KA, Saldanha I, Anton B, Ladenson PW. Clinical review: Prevalence and incidence
of endocrine and metabolic disorders in the United States: a comprehensive review. J Clin Endocrinol Metab.
2009;94(6):1853-78.

5. Cullen A, Ferguson A. Perioperative management of the severely obese patient: a selective pathophysio-
logical review. Can J Anaesth. 2012;59(10):974-96.

6. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet. 2005;365(9468):1415-28.

7. Isomaa B. A major health hazard: the metabolic syndrome. Life Sci. 2003;73(19):2395-411.

8. Echahidi N, Pibarot P, Despres JP, Daigle JM, Mohty D, Voisine P, et al. Metabolic syndrome increases
operative mortality in patients undergoing coronary artery bypass grafting surgery. J Am Coll Cardiol.
2007;50(9):843-51.

9. Merie C, Kober L, Olsen PS, Andersson C, Jensen JS, Torp-Pedersen C. Risk of stroke after coronary
artery bypass grafting: effect of age and comorbidities. Stroke. 2012;43(1):38-43.

10. Hudetz JA, Patterson KM, Iqbal Z, Gandhi SD, Pagel PS. Metabolic syndrome exacerbates short-
term postoperative cognitive dysfunction in patients undergoing cardiac surgery: results of a pilot study. J
Cardiothorac Vasc Anesth. 2011;25(2):282-7.

11. Brackbill ML, Sytsma CS, Sykes K. Perioperative outcomes of coronary artery bypass grafting: effects
of metabolic syndrome and patient’s sex. Am J Crit Care. 2009;18(5):468-73.

12. Saklayen MG. The Global Epidemic of the Metabolic Syndrome. Curr Hypertens Rep. 2018;20(2):12.

13. Powell-Wiley TM, Poirier P, Burke LE, Despres JP, Gordon-Larsen P, Lavie CJ, et al. Obesity
and Cardiovascular Disease: A Scientific Statement From the American Heart Association. Circulation.
2021;143(21):e984-e1010.

14. El-Andari R, Bozso SJ, Kang JJH, Bedard AMA, Adams C, Wang W, et al. Heart valve surgery and the
obesity paradox: A systematic review. Clin Obes. 2022;12(2):e12506.

15. Wildman RP, Muntner P, Reynolds K, McGinn AP, Rajpathak S, Wylie-Rosett J, et al. The obese without
cardiometabolic risk factor clustering and the normal weight with cardiometabolic risk factor clustering:
prevalence and correlates of 2 phenotypes among the US population (NHANES 1999-2004). Arch Intern
Med. 2008;168(15):1617-24.

16. Huang PL. A comprehensive definition for metabolic syndrome. Dis Model Mech. 2009;2(5-6):231-7.

17. Sluik D, Boeing H, Montonen J, Pischon T, Kaaks R, Teucher B, et al. Associations between general and
abdominal adiposity and mortality in individuals with diabetes mellitus. Am J Epidemiol. 2011;174(1):22-34.

18. Moscarelli M, Lorusso R, Angelini GD, Di Bari N, Paparella D, Fattouch K, et al. Sex-specific differences
and postoperative outcomes of minimally invasive and sternotomy valve surgery. Eur J Cardiothorac Surg.
2022;61(3):695-702.

13



P
os

te
d

on
A

u
th

or
ea

15
S
ep

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

32
12

65
.5

32
08

56
4/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 19. Gonzalez-Ferreiro R, Munoz-Garcia AJ, Lopez-Otero D, Avanzas P, Pascual I, Alonso-Briales JH, et al.
Prognostic value of body mass index in transcatheter aortic valve implantation: A ”J”-shaped curve. Int J
Cardiol. 2017;232:342-7.

20. McInerney A, Tirado-Conte G, Rodes-Cabau J, Campelo-Parada F, Tafur Soto JD, Barbanti M, et al.
Impact of Morbid Obesity and Obesity Phenotype on Outcomes After Transcatheter Aortic Valve Replace-
ment. J Am Heart Assoc. 2021;10(12):e019051.

21. Mancio J, Fonseca P, Figueiredo B, Ferreira W, Carvalho M, Ferreira N, et al. Association of body
mass index and visceral fat with aortic valve calcification and mortality after transcatheter aortic valve
replacement: the obesity paradox in severe aortic stenosis. Diabetol Metab Syndr. 2017;9:86.

22. Briand M, Pibarot P, Despres JP, Voisine P, Dumesnil JG, Dagenais F, et al. Metabolic syndrome is
associated with faster degeneration of bioprosthetic valves. Circulation. 2006;114(1 Suppl):I512-7.

Mitral/tricuspid SAVR TAVR

0 40 80 120 0 40 80 120 0 40 80 120

0

5

10

15

LOS days

P
op

ul
at

io
n 

de
ns

ity
 %

MetS

0

1

A) Density plot: Post−operative LOS

Mitral/tricuspid SAVR TAVR

Normal MetS Normal MetS Normal MetS
0

30

60

90

120

LO
S

 d
ay

s

B) Jitter plot: Post−operative LOS

Mitral/tricuspid SAVR TAVR

Normal MetS Normal MetS Normal MetS
0

30

60

90

120

LO
S

 d
ay

s

C) Box−plot: Post−operative LOS

14



P
os

te
d

on
A

u
th

or
ea

15
S
ep

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

32
12

65
.5

32
08

56
4/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

++++++++++++++++++++++++++++++++++++++++++++++++
++++++++

+++++++
++++++ ++

+ ++
++

+
+ + +

+++++++++++++++++++++++++++++++
+++++++++++++++ +

++++

+ + +

p = 0.8

0%

25%

50%

75%

100%

0 10 20 30 40 50 60 70 80 90 100 110 120
Days

S
ur

vi
va

l p
ro

ba
bi

lit
y

+ +no−MetS MetS

9401 4719 841 298 154 73 42 23 15 12 11 8 6 4 4 3 3 2 2 1 1 1

1067 621 125 52 24 12 4 3 2 2 2 2 1 1 0 0 0 0 0 0 0 0MetS

no−MetS

Number of patients at risk

Subgroup

Total (95% CI)
Heterogeneity: Tau2 = 0.2485; Chi2 = 75.20, df = 19 (P < 0.01); I2 = 75%

Group = MetS  

Group = noMetS

Total (95% CI)

Total (95% CI)

Prediction interval

Prediction interval

Heterogeneity: Tau2 = 0.3753; Chi2 = 19.36, df = 9 (P = 0.02); I2 = 54%

Heterogeneity: Tau2 = 0.1477; Chi2 = 44.95, df = 9 (P < 0.01); I2 = 80%

1
2
3
4
5
6
7
8
9
10

1
2
3
4
5
6
7
8
9
10

Study or
Events

.

.

 2
 3
 5
 0

17
 3
 8
 0
 1
 2

54
21
30
10
95
47
42
 5

22
17

Total

15155.5

 1196.5

13959.0

.

.

  162.0
  171.0
   93.0
   38.0

  358.0
   60.0
   79.0
    0.5

  139.0
   96.0

 1937.0
 1175.0
 1605.0
  560.0
 3718.0
 1046.0
 1020.0
  448.0
 1411.0
 1039.0

Weight

100.0%

31.6%

68.4%

−−

−−

2.7%
3.5%
4.4%
0.9%
6.6%
3.4%
5.3%
0.6%
1.6%
2.7%

7.6%
6.9%
7.2%
5.8%
7.9%
7.5%
7.5%
4.5%
6.9%
6.6%

IV, Random, 95% CI

0.03 [0.02; 0.03]

0.04 [0.02; 0.06]

0.02 [0.02; 0.03]

 [0.01; 0.15]

 [0.01; 0.06]

0.01 [0.00; 0.05]
0.02 [0.01; 0.05]
0.05 [0.02; 0.12]
0.00 [0.00; 0.17]
0.05 [0.03; 0.08]
0.05 [0.02; 0.14]
0.10 [0.05; 0.19]
0.00 [0.02; 0.94]
0.01 [0.00; 0.05]
0.02 [0.01; 0.08]

0.03 [0.02; 0.04]
0.02 [0.01; 0.03]
0.02 [0.01; 0.03]
0.02 [0.01; 0.03]
0.03 [0.02; 0.03]
0.04 [0.03; 0.06]
0.04 [0.03; 0.06]
0.01 [0.00; 0.03]
0.02 [0.01; 0.02]
0.02 [0.01; 0.03]

0 0.1 0.2 0.3 0.4

IV, Random, 95% CI

15


