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Background. Little research has been conducted to explore the postoperative outcomes of obese patients after transfemoral
transcatheter aortic valve replacement (TF-TAVR). Objective. We investigated the influence of body mass index (BMI) on 1-year
outcomes after TF-TAVR. Methods. We included retrospectively 1609 high- and intermediate-risk TAVR patients (mean
EuroSCORE II 21± 11) operated under general anesthesia between March 2014 and March 2018 in central hospital, Bad Berka,
Germany. We stratified the patients according to BMI. Results. Our demographic data analysis showed 41% of patients were male
and the mean age was 78 (range, 61–92 years). According to the WHO classification, 33% patients had normal weight, 42% were
defined as overweight, and 22% were obese. Obese patients showed statistically significant difference in their clinical parameters as
having higher incidence of hypertension, diabetes mellitus, pulmonary hypertension, and chronic obstructive pulmonary disease;
on the contrary, obese patients were found to be younger than others. We found no differences in valve types and sizes among the
different BMI categories. Our mortality rate during the 1-year follow-up period was 17.8% (287 patients). Mortality was sig-
nificantly higher in patients with BMI< 25 kg/m2 (1 year mortality 149 patients 28.2% in patients with BMI< 25 kg/m2 vs. 138
patients 12.6% in patients with BMI≥ 25 kg/m2; P � 0.0001). Even after considering the confounding risk factors, BMI≥ 25 kg/m2

was independently associated with reduced 1 year mortality (odds ratio (OR): 0.36, 95% confidence interval (CI): 0.21–0.6;
P � 0.01) in multivariate logistic regression analysis. +e rate of vascular complication was higher in patients with BMI≥ 25 kg/
m2. However, the rate of blood transfusion was higher in patients with BMI< 25 kg/m2. All other serious complications occurred
with equal distribution in both groups. Conclusion. In our single-center study, BMI≥ 25 kg/m2 was independently associated with
lower 1 year mortality after TF-TAVR.

1. Introduction

Obesity is considered to be a morbidity- and mortality-
dependent cardiovascular factor [1]. However, this clinical
factor is still under investigation in the literature in the
domain of transcatheter aortic valve replacement (TAVR).
Nevertheless, several studies expressed obese patients as
having better outcomes when compared with nonobese
patients in aortic valve replacement procedures [2, 3] and in
percutaneous coronary intervention [4]. Tokarek et al.

showed that increased BMI was independently associated
with 1-year survival benefit after TAVR. However, there was
no difference between the groups in terms of 30-day all-
cause mortality [5].

As for the progressively increasing population and
awareness to medical consequences, it would be logical to
expect greater number of obese patients with aortic valve
stenosis referred for TAVR. In this study, we evaluated how
influential is the body mass index (BMI) on TAVR outcomes
concerning procedure-related complications and mortality.
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1.1. Study Population and Data Collection

1.1.1. Methods

(1) Study Design and Follow-Up. In this study, we retro-
spectively collected data of TAVR patients in our institute
(Zentralklinik Bad Berka, Germany) in the period between
March 2014 andMarch 2018. All patients signed routinely an
informed consent preoperatively. Clinical, echocardio-
graphic, and hemodynamic criteria were our diagnostic
tools. Computerised tomography was our preparatory tool.
Eligibility for TAVR was determined by our heart team. We
collected 1609 patients in this period who underwent
transfemoral TAVR. After hospital discharge, all patients
were subjected to follow-up schedule at 3 months and 1 year.
Mortality data were collected by contacting the patients and
the referring physicians.

(2) TAVR Procedure. TAVR was performed under general
anesthesia.+ree types of aortic valve prostheses were used: the
Evolut aortic valve prosthesis (Medtronic, Inc., Minneapolis,
MN) (23, 26, 29, or 34mm), the Edwards SAPIEN 3 prosthesis
(Edwards Lifesciences Corp, Irvine, CA) (23, 26, and 29mm),
and the Symetis aortic valve prosthesis (Boston Scientific)
(small, medium, and large). Two senior TAVR operators (a
cardiac surgeon and an interventional cardiologist) were in
charge of the whole procedure. Valve type and size were de-
cided preoperatively according to CT and echocardiography.
All intraoperative and postoperative special findings or com-
plications were always recorded and documented.

(3) End Points. Periprocedural complications and mortality
rates were evaluated according to VARC-2 definitions [6]. End
points of the study were all-causemortality at 1 year, major and
life-threatening bleeding complications, major vascular com-
plications, blood transfusions, cerebrovascular events, and
need for permanent pacemakers following the procedure.

(4) BMI (Body Mass Index). +is parameter was obtained
from patients’ files by dividing the weight in kilograms by
the square of the height in meters. We classified the patients
into three groups: normal weight, BMI from 18.5 to 24.9 kg/
m2; overweight, BMI from 25.0 to 29.9 kg/m2; and obese,
BMI≥ 30 kg/m2. In our cohort, only 1% of the patients were
classified as underweight and being statistically non-
influential. +is group was excluded from our study.

Before 01/2018, all TAVR patients were treated post-
operatively with dual antiplatelet therapy (aspirin and clo-
pidogrel) for 6 weeks and then monotherapy lifelong. Since
01/2018, all TAVI patients were treated postoperatively with
monotherapy either aspirin or clopidogrel in the absence of
indication to anticoagulation or anticoagulants.

(5) Statistical Analysis. All data were displayed as mean
(standard deviation) for continuous variables and as the
number (percentage) of patients in each group for cate-
gorical variables. Student’s t-test or the analysis of variance
test was used to evaluate the statistical significance between
continuous variables, whereas the χ2 test was used in case of

categorical variables, respectively. Odds ratios were calcu-
lated with a confidence interval of 95%. +e analysis was
done for BMI as continuous as well as categorical variables
(BMI< or 25 kg/m2). Furthermore, multivariate analysis is
performed to explore the association between BMI≥ 25 kg/
m2 and 1 year mortality. All of the analyses were considered
significant at a 2-tailed P value of <0.05. All analyses were
done using SPSS statistical software (IBM Corp. released
2013, IBM SPSS Statistics for Windows, version 22.0,
Armonk, NY).

2. Results

Our total study cohort included 1609 patients (41% males)
with a mean age of 78 (range, 61–92 years). Our demo-
graphic data analysis showed that the mean logistic Euro-
SCORE of the study patients was 21%, 88% of patients
suffering from hypertension, 19% from COPD, 12% from
PH, 57% from carotid stenosis, and 34% from diabetes. 28%
of patients were classified as New York Heart Association
class IV. Edwards SAPIEN 3 was implanted in 60% of pa-
tients, while the Evolut prosthesis was used in 31% of pa-
tients and Symetis prosthesis in 9% of patients. +e clinical
characteristics of patients according to their BMI classifi-
cation are presented in Table 1. According to the WHO
classification, 1% of patients were defined as underweight,
33% had normal weight, 42% were defined as overweight,
and 22% were obese. As shown in Table 1, the obese patients
showed statistically significant difference in their clinical
parameters as having higher incidence of hypertension,
diabetes mellitus, pulmonary hypertension, and chronic
obstructive pulmonary disease; on the contrary, obese pa-
tients were found to be younger than others and conse-
quently have lower logistic EuroSCORE. We found no
differences in valve types and sizes among the different BMI
categories.

Our mortality rate during the 1-year follow-up period
was 17.8% (287 patients). Mortality was significantly higher
in patients with BMI< 25 kg/m2 (+e 1-year mortality in
patients with BMI< 25 kg/m2 was 28.2% (149 patients) vs
12.6% (138 patients) in patients with BMI≥ 25 kg/m2;
P � 0.0001), see Figure 1. Even after considering the con-
founding risk factors, BMI≥ 25 kg/m2 was independently
associated with reduced 1 year mortality (odds ratio (OR):
0.36, 95% confidence interval (CI): 0.21–0.6; P � 0.01) in
multivariate logistic regression analysis, as shown in Table 2
und Figure 2. +e rate of vascular complication was lower in
patients with BMI≥ 25 kg/m2. However, the rate of blood
transfusion was higher in patients with BMI< 25 kg/m2. All
other serious complications occurred with equal distribution
in both groups, as shown in Table 3.

3. Discussion

In this retrospective observational study, we targeted to
focus on the influence of BMI on TAVR outcomes. +e
principle conclusion was patients with BMI≥ 25 kg/m2 had
lower long-term mortality rates and, on the other hand,
higher rate of procedure-related complications. As reported
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by the Nutrition Council of the American Heart Association,
obesity is considered a risk factor for cardiovascular mor-
bidity and mortality [1]. Obesity rates are progressively
rising due to the sedentary life style and still associated with
higher morbidity and mortality [7, 8]. On the contrary, Batty
et al. and Lancefield et al. reported a better survival rates
among obese patients [9, 10].

TAVR is known to be indicated in high and intermediate
surgical risk candidates for aortic valve replacement [11].
However, to our knowledge, the BMI is an absent parameter
in logistic EuroSCORE, and consequently, its influence on
the TAVR outcomes has not been directly investigated in
detail. Van der Boon et al. showed that obesity was asso-
ciated with a decrease in 30-day mortality, but had no effect
on long-term outcomes [12]. +is conclusion point differs
from our results in the following aspects: our cohort group is
bigger in comparison with his as they retrospectively in-
vestigated 944 patients vs 1609 patients in our study.
However, on the contrary, they reported no increase in
procedure-related complications among the obese group
which is opposite to what we found out in our study. Despite
an increase in our periprocedural complications, we found
lower 1-year mortality in patients with BMI≥ 25 kg/m2. We
would explain this finding by the fact that overweight

patients might have more metabolic reserves [13]. Another
explanationmight be the fact that we were introducing a new
closure device in our institute during the phase where this
study was conducted. Our results go on line with the recent
analysis from the FRANCE2 (French Aortic National
CoreValve and Edwards 2) registry, according to which,
among the TAVR population, overweight and obesity were
associated with improved 1-year survival [14]. BMI
remained an independent predictor of improved survival in
multivariate analysis.+ismight be explained by the fact that
overweight and obese patients are usually intensively treated
with optimummedical therapy for the associated risk factors
and consequently contributing to better outcomes [13].

Blood transfusion was found to be less frequent in the
obese cohort in our study group. Despite the fact that he-
moglobin level was similar among all groups on admission
and the increased number of procedure-related complica-
tions in the obese group, we would interpret this as those
patients were seen as less frail and less fragile and hence
blood transfusion in this group was restricted only to pa-
tients suffering from progressive anemia and active bleeding;
therefore, overall, patients defined as obese were treated with
blood transfusion less frequently. Several studies support our
results [15–17].

Table 1: Baseline clinical characteristics of patients according to BMI classification.

Variables Entire cohort,
1609 patients

18.5<BMI≤ 24.9, normal
weight, 528 patients

25≤BMI≤ 29.9, overweight,
676 patients

BMI≥ 30, obese,
405 patients

P

value
Age (years), mean± SD 78± 6.2 86± 6 81± 5 78± 6 0.01
Gender (male), n (%) 692 (41) 216 (41) 332 (50) 124 (30) 0.01
Diabetes mellitus, n (%) 562 (34) 136 (26) 232 (34) 188 (46) 0.005
Hypertension, n (%) 1436 (88) 436 (81) 608 (90) 380 (93) 0.012
Dyslipidemia, n (%) 1280 (77) 400 (75) 528 (78) 336 (82) 0.41
Smoking, ever, n (%) 421 (27) 128 (24) 160 (24) 124 (30) 0.42
PVD, n (%) 152 (6) 56 (12) 44 (6) 16 (4) 0.137
CAD, n (%) 951 (57) 316 (59) 408 (60) 236 (56) 0.73
GFR (MDRD)
(mL/min/1.73m2),
mean± SD

58± 15 62± 19 65± 20 56± 17 <0.01

Albumin (g/l) 42± 2.8 42± 3.7 42± 2.6 43± 3.5 0.09
Atrial fibrillation, n (%) 484 (31) 184 (35) 168 (25) 128 (30) 0.17
Prior stroke, n (%) 159 (9) 52 (10) 64 (10) 40 (10) 0.99
COPD, n (%) 316 (19) 84 (16) 112 (17) 120 (29) 0.015
Previous PCI, n (%) 704 (42) 236 (45) 300 (45) 164 (41) 0.65
Previous MI, n (%) 272 (16) 116 (22) 92 (14) 60 (15) 0.12
CABG, n (%) 251 (16) 92 (17) 144 (21) 44 (11) 0.08
NYHA class, n (%)
III 1084 (68) 288 (54.5) 520 (48) 264 (65)
IV 471 (28) 220 (42) 116 (17) 124 (31) <0.01
Barthel index< 80 209 (13%) 61 (11.5%) 86 (12.7%) 62 (15.3%) 0.08
EuroSCORE, mean± SD 21± 17 24± 12 24± 11 21± 9 0.01
Aortic valve area (cm2),
mean± SD 0.6± 0.3 0.6± 0.2 0.6± 0.1 0.7± 0.2 0.073

Ejection fraction (%),
mean± SD 59± 6.9 56.1± 8.9 52.8± 6.1 61.4± 7.5 0.058

Valve type (Evolut), n
(%) 499 (31) 221 (41) 161 (23) 117 (28) 0.08

BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; GFR (MDRD),
glomerular filtration rate (modification of diet in renal disease); MI, myocardial infarction; NYHA, New York Heart Association; PCI, percutaneous coronary
intervention; PVD, peripheral vascular disease; SD, standard deviation.

Cardiology Research and Practice 3



3.1. Study Limitations. +e main limitation of this study is
being a retrospective observational study and there may have
residual confounders (as the indicators of central obesity, CT
measurements of visceral fat, and medications) that we did

not account for. Another limitation of the current study is
that the clinical follow-up for more than one year was not
available, which might decrease the influence of important
predictors such as age on mortality.

Gender
Age

GFR (MDRD)
EuroSCORE

BMI ≥ 25 (kg/m2)
Diabetes mellitus

Hypertension

0.5 1 1.5 2 2.5 3 3.50
Odds ratio

Figure 2: Odds ratio for 1-year mortality in study patients.
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Figure 1: Kaplan–Meier curve showing the survival curve of patients with BMI< 25 compared with patients with BMI≥ 25.

Table 2: Multivariate Cox proportional hazard model.

Variables Hazard ratio Confidence interval P value
Gender 0.71 0.45–1.14 0.16
Age 1.03 0.98–1.08 0.15
Diabetes mellitus 1.16 0.72–1.87 0.53
Hypertension 1.41 0.66–3.00 0.36
COPD 1.63 0.96–2.78 0.07
GFR (MDRD) 0.99 0.97–1.00 0.13
EuroSCORE 1.02 1.01–1.4 <0.001
BMI≥ 25 kg/m2 0.36 0.21–0.6 0.01
BMI, body mass index; COPD, chronic obstructive pulmonary disease; GFR (MDRD), glomerular filtration rate (modification of diet in renal disease);
NYHA, New York Heart Association.
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4. Conclusion

In our single-center study, BMI≥ 25 kg/m2 was indepen-
dently associated with lower 1-year mortality after trans-
femoral TAVR.
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