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There is limited data regarding the association between sarcopenia and clinical outcomes
in patients who underwent transcatheter aortic valve implantation (TAVI). From the pro-
spective ASAN-TAVI registry, we evaluated a total of 522 patients with severe aortic ste-
nosis who underwent TAVI between March 2010 and November 2018. Routine pre-TAVI
computed tomography scan was used to calculate the skeletal muscle index (SMI), which
was defined as skeletal muscle area at the L3 level divided by height squared; subject
patients were classified into the gender-specific tertile groups of SMI. The patients’ mean
age was 79 years and 49% were men. Mean SMI values were 41.3 § 6.7 cm2/m2 in men
and 34.1 § 6.5 cm2/m2 in women. The Kaplan−Meier estimates of all-cause mortality at
12 months were higher in the low-tertile group than in the mid- and high-tertile groups
(15.5%, 7.1%, and 6.2%, respectively; p = 0.036). In multivariate analysis, low-tertile of
SMI was an independent predictor of mortality (vs high-tertile of SMI, hazard ratio 2.69;
95% confidence interval, 1.18 to 6.12; p = 0.019). The all-cause mortality was substantially
higher in the groups with high-surgical risk plus low SMI tertile. The risk assessment with
addition of SMI on conventional STS-PROM score was significantly improved by statisti-
cal measures of model reclassification and discrimination. In patients who underwent
TAVI, sarcopenia measured by SMI was significantly associated with an increased risk of
1-year mortality. The prognostic impact of SMI-measured sarcopenia was more promi-
nent in patients with high surgical risks. © 2020 Elsevier Inc. All rights reserved. (Am J
Cardiol 2021;139:79−86)
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Aortic stenosis (AS) is a degenerative disease that
mainly occurs in the old population. Over the last decade,
transcatheter aortic valve implantation (TAVI) has become
an established treatment for symptomatic severe AS, and
the application has been extended to patients with low
surgical risk.1,2Therefore, it is important to understand the
risk factors related to the future risk of mortality and adverse
cardiovascular events in older adults who underwent TAVI
beyond the conventional risk assessment tools. Sarcopenia is
a progressive skeletal muscle disorder characterized by loss
of muscle mass and function as an age-related process in
older people.3 Importantly, sarcopenia significantly affects
the quality of life by leading to frequent falls and fractures,
loss of independence, postoperative complications, and even
mortality.4 Skeletal muscle mass might play an important
role in predicting clinical outcomes in patients who under-
went TAVI. We therefore evaluated the association of the
degree of sarcopenia with mortality and adverse clinical
events in patients who underwent TAVI.
Methods

The ASAN-TAVI registry is a prospective, “real-world”
registry that includes all consecutive patients with symp-
tomatic severe AS who undergo TAVI at Asan Medical
Center (Seoul, Korea).5-9 The current study included conse-
cutive patients who underwent TAVI between March 2010
and November 2018 in this registry. The decisions on
TAVI and the details of procedures (e.g., valve type, valve
size, access route, and type of anesthesia) were made by
discussions in a multidisciplinary heart team according to

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2020.10.039&domain=pdf
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pre-TAVI 3-dimensional multidetector CT and transeso-
phageal echocardiography. Surgical risks were assessed
with the Society of Thoracic Surgeons Predicted Risk of
Mortality (STS-PROM score) and the logistic European
System for Cardiac Operative Risk Evaluation (Euro-
SCORE II). TAVI was performed using standard meth-
ods.10,11 After TAVI procedures, all patients were
prescribed dual anti-platelet therapy (aspirin [100 mg once
daily] and clopidogrel [75 mg once daily]) for at least 6
months.12 Prolonged use of the dual anti-platelet therapy or
concomitant use of oral anticoagulants were carried out at
the discretion of the attending physician considering the
patient’s co-morbidities. This study was approved by the
institutional review board of Asan Medical Center, and all
patients provided written informed consent.

Body compositions including skeletal muscle area, vis-
ceral fat area, and subcutaneous fat area were measured
at the inferior margin of L3 vertebra in the abdominal
scan of pre-TAVI CT. Experienced operators (Y. K and
K.W. Kim) analyzed the CT images using the automated
Asan J-Morphometry software (http://datasharing.aim-
aicro.com/morphometry), which is an ImageJ-based soft-
ware (NIH, Bethesda, Maryland) for measuring the
abdominal muscle and fat areas (Figure 1). Interscan and
inter-reader agreement of this method were reported pre-
viously.13 Skeletal muscle areas were demarcated using
predetermined thresholds (�29 to +190 Hounsfield
units).14 Visceral fat areas and subcutaneous fat areas
were also demarcated using fat tissue thresholds (�190 to
-30 Hounsfield units). Skeletal muscle index (SMI) was
calculated as skeletal muscle area divided by height
squared (cm2/m2).15 Study subjects were classified into 3
groups according to gender-specific tertiles of SMI. Vis-
ceral fat index and subcutaneous fat index were also cal-
culated by dividing the visceral fat area and subcutaneous
fat area by height squared (cm2/m2), respectively.

The primary outcome of the study was all-cause mortal-
ity at 1 year. We also assessed various secondary outcomes
Figure 1. The images of CT scan show skeletal muscle, visceral fat, and subcutan

Morphometry software. Panel A shows CT image of 80-year old man in mid-tertil

score = 3.487, logistic EuroSCORE II = 15.62) Panel B shows CT image of

index = 25.83 kg/m2, STS-PROM score = 1.289, logistic EuroSCORE II = 8.27)

brown colors indicate skeletal muscle, visceral fat, and subcutaneous fat, respectiv
including the rates of stroke, myocardial infarction, rehospi-
talization, new pacemaker insertion, acute kidney injury,
vascular events, and bleeding. All study endpoints were
defined according to the VARC-2 criteria.16 Myocardial
infarction was defined as periprocedural (occurred as a
complication after TAVI) or spontaneous (diagnosed at
readmission during follow-up). Stroke was defined as new
neurological deficits with available neuroimaging docu-
ments a new hemorrhage or infarct confirmed by a neurolo-
gist. Transient ischemic attacks, which were neurological
deficit lasting < 24 hours without documentation of hemor-
rhage or infarcts on neuroimaging, were also included in
clinical outcomes. Rehospitalization was regarded as any
hospitalization during follow-up owing to either cardiovas-
cular or noncardiovascular causes. Acute kidney injury
included all levels of severity from stage 1 to stage 3. Vas-
cular injury consists of major and minor injury. Bleeding
events comprised life-threatening, major, and minor bleed-
ing. All events were reviewed and adjudicated by an inde-
pendent group of clinicians blinded to the study purpose.

Clinical, procedural, and outcome data were collected
using a dedicated electronic case report form that included
baseline clinical, laboratory, echocardiographic, and CT
data as well as procedural and clinical follow-up data. Clin-
ical follow-up after TAVI was performed via clinical visit
and/or telephone interview at 1, 6, and 12 months and every
6 months thereafter. At each follow-up contact, data per-
taining to the patients’ clinical status and occurrence of any
adverse clinical events were collected. Referring cardiolo-
gists, general practitioners, and patients were contacted to
obtain further information as necessary.

The baseline clinical, anatomic, and procedural charac-
teristics of the patients were compared according to their
SMI tertiles. Continuous variables were compared using 1-
way analysis of variance or Kruskal-Wallis test and pre-
sented as mean § standard deviation; categorical variables
were compared using the chi-squared or Fisher’s exact test
as appropriate and presented as counts or percentages.
eous fat area at L3 vertebra level which are measured by automated Asan J-

e group. (SMI = 42.1 cm2/m2, body mass index = 24.83 kg/m2, STS-PROM

73-year old man in low-tertile group (SMI = 28.0 cm2/m2, body mass

. There showed fat degeneration in paraspinal muscle. White, green, and
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Event rates and curves of the primary and secondary
outcomes at 12 months were calculated using the
Kaplan−Meier estimates and compared using the log-rank
test. The entire follow-up period was used to analyze time-
to-event outcomes and patients were censored at the time of
death, outcome of interest, or last follow-up, whichever
came first. Multivariable Cox proportional hazards models
with backward elimination under stratification of sex were
used to assess the independent associations between SMI
levels and clinical outcomes. The initial input variables
were age, body-mass index, STS-PROM score, hyperten-
sion, diabetes mellitus, low ejection fraction (<40%), previ-
ous stroke, peripheral vascular disease, chronic kidney
disease, balloon-expandable valve, transfemoral approach,
and type of anesthesia. The muscle index was input both as
a categorical variable and a continuous variable in separate
models.

The relation between SMI levels and the primary out-
come of all-cause mortality was also investigated in groups
with different baseline surgical risks. The all-cause mortal-
ity according to SMI grades (low or mid-high) were
assessed in low-intermediate and high-risk groups as
defined by the STS-PROM score and the logistic Euro-
SCORE II. Net reclassification index, integrated discrimi-
nation index, and C-index were calculated in the Cox
proportional hazard models with or without SMI tertile to
assess additive value of SMI in the risk prediction. We also
performed receiver operating characteristics curve analysis
separately in men and women with measurement of area
under the curve (AUC), in which a higher AUC indicated
better performance in distinguishing between patients with
and without events. The optimal cutoff value was defined
as the value with the maximal sum of sensitivity and speci-
ficity. All reported p values are 2-sided and were not
adjusted for multiple testing. All statistical analyses were
performed with R version 3.5.3 (R Foundation for Statisti-
cal Computing, Vienna, Austria).
Result

Between March 2010 and November 2018, a total of
533 patients with severe symptomatic AS who underwent
TAVI were enrolled in the ASAN-TAVI registry. In them,
6 patients were excluded from the data analysis due to the
lack of available 3-dimensional, multi-detector CT images
before TAVI, and 5 patients were excluded due to poor
CT image quality that hindered valid measurement of
SMI. Finally, a total of 522 patients were included in the
present analysis. The mean (§SD) age of the patients was
78.9 § 5.2 years and 49.4% were men. The mean STS-
PROM score and logistic EuroSCORE II were 4.1 § 3.0
and 14.7 § 11.7, respectively. Most patients (96.4%)
underwent TAVI through the transfemoral access. The
mean SMIs of men and women in pre-TAVI CT scan anal-
ysis were 41.3 § 6.7 cm2/m2 and 34.1 § 6.5 cm2/m2

(p<0.001), respectively.
The study population was then categorized according to

the gender-specific SMI tertile levels (low ≤38.9 cm2/m2,
mid >38.9 cm2/m2 and ≤43.9 cm2/m2, high >43.9 cm2/m2

in men; low ≤31.3 cm2/m2, mid >31.3 cm2/m2 and ≤36.8
cm2/m2, high >36.8 cm2/m2 in women). Baseline clinical,
anatomic, and procedural characteristics of the study popu-
lation according to the gender-specific SMI tertiles are
shown in Table 1. Patients in the low SMI groups tended to
have older age, lower body-mass index, higher STS-PROM
score, and higher logistic EuroSCORE II; conversely, the
prevalence of other risk factors and known cardiovascular
diseases were not significantly different according to the
SMI tertiles. In addition, the hemodynamic and anatomic
characteristics measured by echocardiography and CT anal-
ysis did not show significant differences according to the
SMI tertiles. Procedural characteristics such as use of the
balloon-expandable valve, transfemoral access, and type of
anesthesia also did not show significant differences in the
groups.

The median follow-up duration was 12.3 months, and the
rate of complete follow-up was 97.6% in the patients as a
whole. The Kaplan−Meier estimates of all-cause mortality
at 12 months were 6.2% in the high-tertile group, 7.1% in
the mid-tertile group, and 15.5% in the low-tertile group (p
= 0.036) (Table 2 and Figure 2). After multivariable adjust-
ment for the potential explanatory factors for mortality, the
low-tertile group showed a significantly higher risk of mor-
tality (referent: high-tertile group; hazard ratio [HR] 2.69;
95% confidence interval [CI], 1.18 to 6.12; p = 0.019).
There were no significant associations between the SMI ter-
tiles and secondary clinical outcomes in multivariate analy-
sis. Univariate and multivariate analyses for the predictors
of all-cause mortality are summarized in Table 3 and
Online Table 1 in the Supplementary Appendix. The SMI
was an independent risk factor for mortality both as a cate-
gorical (tertile) and a continuous variable, whereas other
body compositions including the visceral and subcutaneous
fat index were not significant determinants for increased
mortality.

Stratified analyses for primary outcomes according to
SMI tertile in combination with baseline the STS-PROM
score or the logistic EuroSCORE II are illustrated in
Figure 3. The 1-year rate of primary outcome was 39.8% in
STS-PROM score >8 and low SMI tertile, 18.3% in STS-
PROM score >8 and mid-high SMI tertile, 12.5% in STS-
PROM score ≤8 and low SMI tertile, 5.8% in STS-PROM
score ≤8 and mid-high SMI tertile. The 1-year rate of pri-
mary outcome was 29.8% in logistic EuroSCORE II score
>20 and low SMI tertile, 9.1% in logistic EuroSCORE II
score >20 and mid-high SMI tertile, 8.4% in logistic Euro-
SCORE II score ≤20 and low SMI tertile, 5.6% in logistic
EuroSCORE II score ≤20 and mid-high SMI tertile. Rate of
all-cause mortality was substantially higher in the groups
with high-surgical risk and low SMI tertile. In the Cox pro-
portional hazard models involving STS-PROM score, sex,
diabetes, and ejection fraction, predictive performance was
significantly improved as integrated discrimination index
0.026 (95% CI, 0.001 to 0.079; p = 0.027), continuous net
reclassification index 0.227 (95% CI, 0.025 to 0.395;
p = 0.04), C-index from 0.735 to 0.746 by adding SMI ter-
tile to this prediction model.

The predictive power of SMI and its best cut-off points
for mortality separately in men or women are illustrated in
Figure 4. Overall, the power of SMI for predicting mortality
was higher in men than in women (AUC: 0.707 and 0.578,
respectively). The best cut-off levels of SMI were 40.7



Table 1

Baseline patient characteristics

Skeletal muscle index tertile

Variable High (n=174) Mid (n=174) Low (n=174) p Value

Age (years) 77.7§5.2 78.5§5.0 80.6§5.0 <0.001
Men 86 (49.4%) 86 (49.4%) 86 (49.4%) >0.99
Body weight (kg) 60.5 § 8.8 59.2 § 9.8 57.3 § 9.4 0.006

Height (cm) 156.0 § 9.0 156.8 § 8.5 158.6 § 9.2 0.023

Body mass index (kg/m2) 24.8 § 3.0 24.1 § 3.6 22.8 § 2.9 <0.001
STS score 3.7 § 3.4 3.9 § 2.6 4.6 § 3.1 0.011

EuroSCORE II 14.2 § 11.2 13.1 § 9.9 17.0 § 13.1 0.005

Hypertension 143 (82.2%) 134 (77%) 137 (78.7%) 0.479

Diabetes mellitus 64 (36.8%) 50 (28.7%) 57 (32.8%) 0.278

Dyslipidemia 94 (58%) 86 (52.8%) 94 (57.3%) 0.583

Congestive heart failure 25 (15.4%) 26 (16%) 40 (24.4%) 0.065

Previous myocardial infarction 9 (5.2%) 10 (5.7%) 11 (6.3%) 0.899

Previous stroke 22 (12.6%) 26 (14.9%) 17 (9.8%) 0.342

Peripheral vascular disease 8 (4.6%) 7 (4%) 11 (6.3%) 0.591

Chronic kidney disease 47 (27%) 53 (30.5%) 55 (31.6%) 0.621

Echocardiography data

Ejection fraction (%) 58.9 §10.5 58.5 §10.8 58.3 §11.1 0.867

Ejection fraction (<40%) 12 (6.9%) 15 (8.6%) 17 (9.8%) 0.624

Mean aortic-valve gradient (mmHg) 57.7 § 20.1 60.9 § 21.7 59.4 § 24.0 0.409

Aortic-valve area (cm2) 0.6 § 0.2 0.6 § 0.2 0.6 § 0.2 0.427

Computed tomography data

Aortic annulus maximal diameter (mm) 25.5 § 3.5 25.4 § 3.4 25.7 § 3.4 0.715

Aortic annulus minimal diameter (mm) 22.2 § 3.3 22.4 § 3.7 21.7 § 3.4 0.147

Aortic annulus area (mm2) 439.1 § 81.0 442.0 § 88.4 432.5 § 93.8 0.611

Aortic annulus perimeter (mm) 75.6 § 7.0 75.8 § 7.4 75.2 § 7.8 0.778

Skeletal muscle index 44.7 § 5.0 37.8 § 4.1 30.4 § 5.1 <0.001
Subcutaneous fat index 52.4 § 26.9 52.7 § 27.1 50.4 § 25.2 0.678

Visceral fat index 51.0 § 24.9 50.7 § 28.7 47.6 § 25.5 0.412

Procedural characteristics

Type of deployment 0.364

Balloon-expandable 118 (67.8%) 130 (74.7%) 124 (71.3%)

Self-expandable 56 (32.2%) 44 (25.3%) 50 (28.7%)

Type of valve 0.561

SAPIEN 6 (3.4%) 2 (1.1%) 2 (1.1%)

SAPIEN XT 39 (22.4%) 42 (24.1%) 38 (21.8%)

SAPIEN 3 73 (42%) 86 (49.4%) 84 (48.3%)

CoreValve 29 (16.7%) 20 (11.5%) 29 (16.7%)

Evolut R 24 (13.8%) 23 (13.2%) 20 (11.5%)

Lotus 3 (1.7%) 1 (0.6%) 1 (0.6%)

Valve size (mm) 26.1 § 2.2 26.0 § 2.3 25.9 § 2.3 0.799

Access route 0.622

Transfemoral 168 (96.6%) 167 (96%) 168 (96.6%)

Transapical 4 (2.3%) 6 (3.4%) 5 (2.9%)

Transaortic 2 (1.1%) - 1 (0.6%)

Transsubclavian - 1 (0.6%) -

Monitored anesthesia care 106 (60.9%) 113 (64.9%) 96 (55.2%) 0.173

EuroSCORE indicates the European System for Cardiac Operative Risk Evaluation; STS, Society of Thoracic Surgeons. Data are shown as mean (SD) for

continuous variables and absolute numbers (percentage) for dichotomous variables.
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cm2/m2 in men (sensitivity: 75.1%, specificity: 62.8%) and
34.0 cm2/m2 in women (sensitivity: 73.2%, specificity:
51.2%).
Discussion

In this study, we used a prospective, real-world cohort of
consecutive patients with severe AS undergoing TAVI to
evaluate the prognostic role of baseline sarcopenia mea-
sured by CT-determined SMI. The major findings are that
(1) a higher degree of sarcopenia (i.e., a lower level of
SMI) was significantly associated with a higher risk of all-
cause mortality at 1 year, (2) the prognostic impact of lower
SMI on mortality was substantially higher in patients who
were at baseline higher surgical risks of the STS-PROM
score and the logistic EuroSCORE II, (3) the addition of
SMI substantially improves the risk stratification for mor-
tality beyond that of a model based only on conventional
risk factors, and (4) the discriminative capacity of SMI for
predicting mortality was higher in men than in women.

www.ajconline.org


Table 2

Primary and secondary clinical outcomes at 12 months according to skeletal muscle index tertile

Event rate at 12 Mo*, n (%) Adjusted Hazard Ratio (95% CI)y

High Mid Low p Value Mid p Value Low p Value

Primary outcome: death from any cause 8 (6.2%) 11 (7.1%) 20 (15.5%) 0.036 1.66 (0.66−4.18) 0.282 2.69 (1.18−6.12) 0.019

Secondary outcomes

Stroke or TIA 7 (4.7%) 9 (6.1%) 7 (4.9%) 0.826 1.59 (0.58−4.37) 0.373 1.12 (0.38−3.29) 0.840

Stroke 6 (3.9%) 9 (6.1%) 4 (2.5%) 0.355 1.74 (0.61−5.02) 0.303 0.69 (0.19−2.51) 0.573

Myocardial infarction 11 (6.3%) 11 (6.6%) 12 (7.2%) 0.957 1.05 (0.45−2.42) 0.914 1.21 (0.52−2.82) 0.663

Any rehospitalization 35 (26%) 33 (26.4%) 33 (26.3%) 0.996 1.08 (0.67−1.75) 0.744 1.19 (0.73−1.94) 0.491

New permanent pacemaker insertion 8 (7%) 11 (10.4%) 8 (6.8%) 0.659 2.22 (0.85−5.78) 0.102 1.46 (0.55−3.87) 0.446

Acute kidney injury 14 (8%) 17 (9.8%) 19 (11%) 0.659 1.51 (0.74−3.12) 0.259 1.28 (0.64−2.58) 0.487

Vascular access site complication 10 (5.7%) 10 (6%) 20 (12.2%) 0.063 1.15 (0.48−2.76) 0.761 2.06 (0.96−4.45) 0.065

Bleeding 61 (36.2%) 74 (44.9%) 78 (45.4%) 0.101 1.28 (0.91−1.80) 0.154 1.26 (0.89−1.79) 0.195

CI indicates confidence interval; TIA, transient ischemic attack.

* The percentages are Kaplan−Meier estimates of the rates of the endpoints at 12 months.
yHazard ratios are for comparison with the high-tertile group (reference). Models were adjusted for age, body mass index, STS score, hypertension, diabetes

mellitus, baseline ejection fraction, coronary artery disease, prior stroke, peripheral vascular disease, renal insufficiency, valve type, and type of anesthesia

with sex-stratification.
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The evaluation of frailty is a critical task for risk predic-
tion and patient selection in TAVI.17 Sarcopenia is one of
the determining factors for the functional status of the old
patients and important biological substrates of frailty.3,17,18

Sarcopenia was defined according to the European Working
Group on Sarcopenia in Older People18 as the copresence of
low muscle mass and strength, operationally defined as low
psoas muscle area by CT imaging. In this regard, our results
suggest that the degree of sarcopenia as measured by CT-
derived SMI substantially improve the risk stratification for
mortality in patients who underwent TAVI.

By analyzing the CT images in the context of TAVI,
physicians can obtain information on body composition in
the trunk. Several studies used the psoas muscle area as a
convenient marker for estimating the skeletal muscle
mass.19-21 However, there is still a lack of evidence that
psoas muscle area can appropriately represent the total
Figure 2. Kaplan-meier curve of all-cause mortality at 12 months according
body muscle; therefore, utilizing an entire cross-sectional
scan to calculate the skeletal muscle mass in the abdomen
provides a better estimation of the entire muscle mass.22 By
using an automated software system, the amount of muscle
mass in patients can be simply obtained with routine pre-
TAVI CT scan. This information on body composition
would improve the risk stratification of TAVI candidates as
well as patient care including nutritional support and reha-
bilitation, especially in old patients with lower skeletal
muscle mass.

In the present study, low SMI was an independent pre-
dictor for 1-year mortality. Our findings are consistent with
previous studies showing that sarcopenic patients had lon-
ger hospitalization periods and increased mortality after
TAVI.23-25 The addition of SMI to conventional risk model
resulted in significant increases in the ability to classify 1-
year mortality risk. This finding was similar to recent report
to skeletal muscle index tertiles. SMI indicates skeletal muscle index.



Table 3

Predictors for all-cause mortality at 12 months in univariate and multivariate cox proportional hazards analyses with sex-stratification

Univariate Multivariate

Hazard ratio (95% CI) p Value Hazard ratio (95% CI) p Value

Skeletal muscle index (categorical)

High tertile 1 (referent) 1 (referent)

Mid tertile 1.46 (0.59−3.63) 0.416 1.66 (0.66−4.18) 0.282

Low tertile 2.74 (1.20−6.22) 0.016 2.69 (1.18−6.12) 0.019

Age (per 1-year increase) 1.02 (0.96−1.09) 0.476

Body mass index 0.96 (0.87−1.06) 0.445

STS-PROM score 1.11 (1.06−1.16) <0.001 1.08 (1.01−1.15) 0.020

Hypertension 1.91 (0.67−5.38) 0.224

Diabetes mellitus 2.65 (1.41−4.99) 0.003 2.27 (1.17−4.40) 0.015

Ejection fraction <40% 3.85 (1.82−8.13) <0.001 2.73 (1.24−6.04) 0.013

Previous stroke 1.23 (0.51−2.94) 0.649

Peripheral vascular disease 2.53 (0.99−6.48) 0.053

Chronic kidney disease 2.51 (1.34−4.71) 0.004

Balloon-expandable valve 1.10 (0.59−2.03) 0.766

Transfemoral approach 0.41 (0.15−1.17) 0.096

Monitored anesthesia care 0.74 (0.39−1.40) 0.354

CI indicates confidence interval.
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from FRAILTY-AVR (Frailty in Aortic Valve Replace-
ment) registry.26 Interestingly, the mortality risk according
to the degree of SMI was substantially different in combina-
tion with the conventional surgical risk categories. The
additive prognostic impact of low SMI was the highest in
patients who were at high surgical risks. In this context, fur-
ther categorization using CT-measured skeletal muscle
mass may be a more useful anatomic profile for the predic-
tion of mortality in higher-risk patients who underwent
TAVI.

The amount of skeletal muscle is affected by various fac-
tors such as race, age, and sex.3,4 In the current study, the
mean SMI was significantly higher in men, and the discrim-
inative capacity of SMI for predicting mortality was also
substantially higher in men. Until recently, there were no
accepted cut-off values of CT-measured skeletal muscle for
Figure 3. Kaplan-meier curves of all-cause mortality at 12 months according to s

surgical risk categories. Panel A shows all-cause mortality at 12 months in group

the STS-PROM score (≤8 or >8). Panel B shows all-cause mortality at 12 mont

stratified by the logistic EuroSCORE II (≤20 or >20). EuroSCORE indicates the

Thoracic Surgeons.
diagnosing sarcopenia in different clinical groups. In older
patients and especially the TAVI candidates, the prevalence
of sarcopenia may be much higher than in other patient
groups. When using the diagnostic criteria for sarcopenia in
the Korean population with malignant disease,27 nearly
80% and 30% of men and women in our registry would be
classified into sarcopenia. However, the direct adoption of
criteria used in other ethnic populations could lead to mis-
classification and misinterpretation of the results.

This study has several limitations. First, our study is an
analysis from a nonrandomized, observational data, and
thus the confounding variables not taken into account may
have influenced the observed findings. Therefore, the over-
all findings should be considered as hypothetical and
hypothesis-generating only. Second, we included TAVI
patients from a tertiary center in Korea. Therefore, the
tratified groups by skeletal muscle index tertiles combined with traditional

s according to skeletal muscle index grades (low or mid-high) stratified by

hs in groups according to skeletal muscle index grades (low or mid-high)

European System for Cardiac Operative Risk Evaluation; STS, Society of
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Figure 4. Best cut-off levels of skeletal muscle index for risk prediction of mortality in men and women. AUC indicates area under the curve.
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direct application of our findings to other ethnic populations
or different clinical settings might be limited. Third, given
that the sample size of patients and clinical events was rela-
tively small, our study was underpowered to detect clini-
cally relevant differences in terms of the outcomes. Also,
even though all-cause mortality was related with severity of
SMI, most of other surrogate endpoints were not associated
significantly. The reason of higher mortality in low SMI
was not fully elucidated. Lastly, we did not include detailed
information on the functional status, physiologic muscle
strength, and quality of life, which might be important man-
ifestations of sarcopenia in the old population.26

This study has prospectively demonstrated the incremen-
tal prognostic value of sarcopenia in patients who under-
went TAVI. This association was more prominent in
patients who were at high surgical risk. Physiological risk
stratification with SMI as an adjunct to clinical and anatom-
ical risk factors may be useful. In the clinical viewpoint,
one of the most important rationale to adopt a sarcopenia-
based assessment of frailty is its actionable therapeutic
responsiveness to exercise and nutrition-based interven-
tions. Further researches are required to elucidate whether
sarcopenic patients benefit from effective preventive and
therapeutic strategies to counteract their frailty and improve
their outcomes following TAVI.
Authors contribution

Yong-Hoon Yoon: Methodology, Software, Validation,
Investigation, Resources, Data Curation, Writing − Origi-
nal Draft, Visualization. Yousun Ko: Methodology, Soft-
ware, Resources, Investigation, Writing − Original Draft.
Kyung Won Kim: Methodology, Software, Resources,
Investigation, Writing − Original Draft. Do-Yoon Kang:
Investigation, Resources. Jung-Min Ahn: Investigation,
Resources. Euihong Ko: Investigation, Resources. Hanbit
Park: Investigation, Resources, Data Curation. Sang-
Cheol Cho: Investigation, Resources, Data Curation. Ho
Jin Kim: Resources. Joon Bum Kim: Validation, Resour-
ces, Writing - Review & Editing. Suk Jung Choo: Resour-
ces. Seung-Ah Lee: Validation, Resources, Writing -
Review & Editing. Dae-Hee Kim: Validation, Resources,
Writing - Review & Editing. Duk-Woo Park: Conceptuali-
zation, Methodology, Validation, Investigation, Resources,
Writing - Review & Editing, Supervision, Project adminis-
tration, Funding acquisition. Seung-Jung Park: Validation,
Investigation, Resources, Writing - Review & Editing,
Supervision, Project administration, Funding acquisition.
Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
amjcard.2020.10.039.

1. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M,
Kapadia SR, Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J, Hahn RT,
Blanke P, Williams MR, McCabe JM, Brown DL, Babaliaros V, Gold-
man S, Szeto WY, Genereux P, Pershad A, Pocock SJ, Alu MC, Webb
JG, Smith CR. Transcatheter aortic-valve replacement with a balloon-
expandable valve in low-risk patients. N Engl J Med 2019;380:1695–
1705.

2. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O’Hair D,
Bajwa T, Heiser JC, Merhi W, Kleiman NS, Askew J, Sorajja P, Rovin
J, Chetcuti SJ, Adams DH, Teirstein PS, Zorn GL, 3rd Forrest JK,
Tchetche D, Resar J, Walton A, Piazza N, Ramlawi B, Robinson N,
Petrossian G, Gleason TG, Oh JK, Boulware MJ, Qiao H, Mugglin
AS, Reardon MJ. Transcatheter aortic-valve replacement with a self-
expanding valve in low-risk patients. N Engl J Med 2019;380:1706–
1715.

3. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T,
Cooper C, Landi F, Rolland Y, Sayer AA, Schneider SM, Sieber CC,
Topinkova E, Vandewoude M, Visser M, Zamboni M. Sarcopenia:
revised European consensus on definition and diagnosis. Age and age-
ing 2019;48:16–31.

4. Cruz-Jentoft AJ, Sarcopenia Sayer AA. Lancet 2019;393:2636–2646.
5. Oh JK, Park SJ, Kim HJ, Ahn JM, Kim DH, Gwon HC, Park PW,

Kang DH, Park DW, Park SJ. Transcatheter versus surgical aortic
valve replacement in low-risk, elderly patients with severe aortic ste-
nosis. J Am Coll Cardiol 2019;74:1514–1515.

https://doi.org/10.1016/j.amjcard.2020.10.039
https://doi.org/10.1016/j.amjcard.2020.10.039
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0005


86 The American Journal of Cardiology (www.ajconline.org)
6. Yoon YH, Ahn JM, Kang DY, Ko E, Lee PH, Lee SW, Kim HJ, Kim
JB, Choo SJ, Park DW, Park SJ. Incidence, predictors, management,
and clinical significance of new-onset atrial fibrillation after transcath-
eter aortic valve implantation. Am J Cardiol 2019;123:1127–1133.

7. Om SY, Ko E, Ahn JM, Kang DY, Lee K, Kwon O, Lee PH, Lee SW,
Kim HJ, Kim JB, Choo SJ, Park DW, Park SJ. Relation of body mass
index to risk of death or stroke in patients who underwent transcatheter
aortic valve implantation. Am J Cardiol 2019;123:638–643.

8. Koo HJ, Choe J, Kang DY, Ko E, Ahn JM, Park DW, Park SJ, Kim HJ,
Kim JB, Choo SJ, Kang JW, Yang DH. Computed tomography fea-
tures of cuspal thrombosis and subvalvular tissue ingrowth after trans-
catheter aortic valve implantation. Am J Cardiol 2020;15:597–606.

9. Yoon SH, Lefevre T, Ahn JM, Perlman GY, Dvir D, Latib A, Barbanti
M, Deuschl F, De Backer O, Blanke P, Modine T, Pache G, Neumann
FJ, Ruile P, Arai T, Ohno Y, Kaneko H, Tay E, Schofer N, Holy EW,
Luk NHV, Yong G, Lu Q, Kong WKF, Hon J, Kao HL, Lee M, Yin
WH, Park DW, Kang SJ, Lee SW, Kim YH, Lee CW, Park SW, Kim
HS, Butter C, Khalique OK, Schaefer U, Nietlispach F, Kodali SK,
Leon MB, Ye J, Chevalier B, Leipsic J, Delgado V, Bax JJ, Tamburino
C, Colombo A, Sondergaard L, Webb JG, Park SJ. Transcatheter aor-
tic valve replacement with early- and new-generation devices in bicus-
pid aortic balve stenosis. J Am Coll Cardiol 2016;68:1195–1205.

10. Blanke P, Weir-McCall JR, Achenbach S, Delgado V, Hausleiter J,
Jilaihawi H, Marwan M, Norgaard BL, Piazza N, Schoenhagen P,
Leipsic JA. Computed tomography maging in the context of transcath-
eter aortic valve implantation (TAVI)/transcatheter aortic valve
replacement (TAVR): an expert consensus document of the society of
cardiovascular computed tomography. JACC Cardiovascular imaging
2019;12:1–24.

11. Holmes DR Jr., Mack MJ, Kaul S, Agnihotri A, Alexander KP, Bailey
SR, Calhoon JH, Carabello BA, Desai MY, Edwards FH, Francis GS,
Gardner TJ, Kappetein AP, Linderbaum JA, Mukherjee C, Mukherjee
D, Otto CM, Ruiz CE, Sacco RL, Smith D, Thomas JD. 2012 ACCF/
AATS/SCAI/STS expert consensus document on transcatheter aortic
valve replacement. J Am Coll Cardiol 2012;59:1200–1254.

12. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP, 3rd
Guyton RA, O’Gara PT, Ruiz CE, Skubas NJ, Sorajja P, Sundt TM,
3rd Thomas JD. 2014 AHA/ACC guideline for the management of
patients with valvular heart disease: executive summary: a report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. J Am Coll Cardiol 2014;63:2438–2488.

13. Park J, Gil JR, Shin Y, Won SE, Huh J, You MW, Park HJ, Sung YS,
Kim KW. Reliable and robust method for abdominal muscle mass
quantification using CT/MRI: An explorative study in healthy sub-
jects. PloS one 2019;14:e0222042.

14. Yip C, Dinkel C, Mahajan A, Siddique M, Cook GJ, Goh V. Imaging
body composition in cancer patients: visceral obesity, sarcopenia and
sarcopenic obesity may impact on clinical outcome. Insights into
imaging 2015;6:489–497.

15. Prado CM, Lieffers JR, McCargar LJ, Reiman T, Sawyer MB, Martin
L, Baracos VE. Prevalence and clinical implications of sarcopenic
obesity in patients with solid tumours of the respiratory and gastroin-
testinal tracts: a population-based study. Lancet Oncol 2008;9:629–
635.

16. Kappetein AP, Head SJ, Genereux P, Piazza N, van Mieghem NM,
Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es GA, Hahn
RT, Kirtane AJ, Krucoff MW, Kodali S, Mack MJ, Mehran R, Rodes-
Cabau J, Vranckx P, Webb JG, Windecker S, Serruys PW, Leon MB.
Updated standardized endpoint definitions for transcatheter aortic
valve implantation: the valve academic research consortium-2 consen-
sus document. J Am Coll Cardiol 2012;60:1438–1454.

17. Afilalo J, Lauck S, Kim DH, Lef�evre T, Piazza N, Lachapelle K, Mar-
tucci G, Lamy A, Labinaz M, Peterson MD, Arora RC, Noiseux N,
Rassi A, Palacios IF, G�en�ereux P, Lindman BR, Asgar AW, Kim CA,
Trnkus A, Morais JA, Langlois Y, Rudski LG, Morin JF, Popma JJ,
Webb JG, Perrault LP. Frailty in older adults undergoing aortic valve
replacement: The FRAILTY-AVR study. J Am Coll Cardiol
2017;70:689–700.

18. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi
F, Martin FC, Michel JP, Rolland Y, Schneider SM, Topinkova E,
Vandewoude M, Zamboni M. Sarcopenia: European consensus on def-
inition and diagnosis: report of the European working group on sarco-
penia in older people. Age and ageing 2010;39:412–423.

19. Saji M, Lim DS, Ragosta M, LaPar DJ, Downs E, Ghanta RK, Kern
JA, Dent JM, Ailawadi G. Usefulness of psoas muscle area to predict
mortality in patients undergoing transcatheter aortic valve replace-
ment. Am J Cardiol 2016;118:251–257.

20. Okamura H, Kimura N, Tanno K, Mieno M, Matsumoto H, Yamagu-
chi A, Adachi H. The impact of preoperative sarcopenia, defined based
on psoas muscle area, on long-term outcomes of heart valve surgery. J
Thorac Cardiovasc Surg 2018;27:1071–1079.

21. Kleczynski P, Tokarek T, Dziewierz A, Sorysz D, Bagienski M, Rzes-
zutko L, Dudek D. Usefulness of psoas muscle area and volume and
frailty scoring to predict outcomes after transcatheter aortic valve
implantation. Am J Cardiol 2018;122:135–140.

22. Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar LJ, Bara-
cos VE. A practical and precise approach to quantification of body
composition in cancer patients using computed tomography images
acquired during routine care. Appl Physiol Nutr Metab. 2008;33:997–
1006.

23. Mok M, Allende R, Leipsic J, Altisent OA, Del Trigo M, Campelo-
Parada F, DeLarochelliere R, Dumont E, Doyle D, Cote M, Freeman
M, Webb J, Rodes-Cabau J. Prognostic value of fat mass and skeletal
muscle mass determined by computed tomography in patients who
underwent transcatheter aortic valve implantation. Am J Cardiol
2016;117:828–833.

24. Dahya V, Xiao J, Prado CM, Burroughs P, McGee D, Silva AC, Hurt
JE, Mohamed SG, Noel T, Batchelor W. Computed tomography-
derived skeletal muscle index: a novel predictor of frailty and hospital
length of stay after transcatheter aortic valve replacement. Am Heart J
2016;182:21–27.

25. Heidari B, Al-Hijji MA, Moynagh MR, Takahashi N, Welle G, Eleid
M, Singh M, Gulati R, Rihal CS, Lerman A. Transcatheter aortic valve
replacement outcomes in patients with sarcopaenia. EuroIntervention
2019;15:671–677.

26. Mamane S, Mullie L, Lok Ok Choo W, Piazza N, Martucci G, Morais
JA, Kim DH, Lauck S, Webb JG, Afilalo J. Sarcopenia in older adults
undergoing transcatheter aortic valve replacement. J Am Coll Cardiol
2019;74:3178–3180.

27. Kim EY, Kim YS, Park I, Ahn HK, Cho EK, Jeong YM. Prognostic
significance of CT-determined sarcopenia in patients with small-cell
lung cancer. Eur J Cancer Care (Engl). 2015;10:1795–1799.

http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0026
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0026
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0026
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0026
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0027
http://refhub.elsevier.com/S0002-9149(20)31145-0/sbref0027
www.ajconline.org

	Prognostic Value of Baseline Sarcopenia on 1-year Mortality in Patients Undergoing Transcatheter Aortic Valve Implantation
	Methods
	Result
	Discussion
	Authors contribution
	Supplementary materials


