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ABSTRACT
Background: Sarcopenia, the age-related loss of skeletal muscle
mass/function, has been identified as a marker of frailty. We exam-
ined the association between sarcopenia and adverse events following
transcatheter aortic valve implantation (TAVI).
Methods: A retrospective cohort study was conducted at Toronto
General Hospital. All patients who underwent TAVI in the time period
2007-2017 with preoperative computed tomography were included.
Skeletal muscle index (SMI) was calculated radiographically using
psoas muscle area at the L3 vertebral level, divided by height. Various
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R�ESUM�E
Contexte : La sarcop�enie, soit la perte de masse et de fonction des
muscles squelettiques li�ee à l’âge, a �et�e identifi�ee comme un mar-
queur de fragilit�e. Nous avons examin�e l’association entre la sar-
cop�enie et les �ev�enements ind�esirables suivant l’implantation
valvulaire aortique par cath�eter (IVAC).
M�ethodologie : Une �etude de cohorte r�etrospective a �et�e men�ee au
Toronto General Hospital. Tous les patients ayant subi une IVAC avec
tomodensitom�etrie pr�eop�eratoire au cours de la p�eriode 2007-2017
ont �et�e inclus. L’indice de masse musculaire squelettique (IMMS) a �et�e
Transcatheter aortic valve implantation (TAVI) was initially previous studies have demonstrated an association between

offered to patients who were at prohibitive or high risk for
conventional surgery.1 Despite theminimally invasive nature of
TAVI, older patients with a substantial burden of comorbidity
remain at substantial risk of incurring adverse events post-
operatively.2,3 Identifying risk factors for poor outcomes can
inform clinical decision-making and management strategies.

Sarcopenia, the age-related loss of skeletal muscle mass and
function, has been investigated as a potential marker of frailty
and adverse events among hospitalized patients.4 A validated
method for quantifying sarcopenia is the measurement of
psoas muscle area using cross-sectional computed tomography
(CT) imaging.5 Using the psoas area as a surrogate measure,
sarcopenia and morbidity/mortality in patients with abdom-
inal aortic aneurysm,6 colorectal cancer,7 and pulmonary
embolism.8 However, the literature on sarcopenia in patients
undergoing TAVI is heterogenous in terms of the measure-
ment of sarcopenia, with a prevalence ranging from 21% to
70%, depending on the definitions used.9 This range is
associated with variability in outcome prediction measure-
ments, with mortality effect sizes ranging from odds ratios and
hazard ratios of 1.12-11.30.9

Given the heterogeneity of sarcopenia measurements and
results in the literature, we quantified psoas area radiograph-
ically and defined sarcopenia using various skeletal muscle
index thresholds to determine its association with post-
operative death and complications in patients undergoing
TAVI.
Methods

Design and study population

We conducted a retrospective cohort study at Toronto
General Hospital between January 18, 2007 and October 1,
2017. The research ethics board of the University Health
n Cardiovascular Society. This is an open access article under the CC BY-NC-
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measures of sarcopenia, including mean SMI, SMI below the sex-
specific median, and SMI in the lowest sex-specific quartile were
calculated. The primary outcome was postoperative adverse events,
defined as a composite of in-hospital mortality and morbidity including
cardiovascular, pulmonary, neurologic, access-related, and gastroin-
testinal complications. Univariate and multivariate logistic regression
were performed to determine the association between sarcopenia and
adverse events.
Results: A total of 468 patients (mean age: 80.7 years) were included.
Baseline comorbidity burden was high, particularly congestive heart
failure (93.4%). Postoperative adverse events occurred in 62 patients
(13.2%). Univariate logistic regression demonstrated that post-
operative adverse events were correlated with mean SMI (odds ratio
[OR] 0.81, 95% confidence interal [CI] 0.66-0.97), events were less
than the SMI (OR 2.16, 95% CI 1.24-3.84), and SMI in the sex-specific
lowest quartile (OR 2.34, 95% CI 1.33-4.07). On multivariate analysis,
SMI in the sex-specific lowest quartile was an independent predictor of
adverse events (OR 2.53, 95% CI 1.41-4.50).
Conclusions: Sarcopenia defined by radiologic psoas muscle mea-
surements was independently associated with in-hospital mortality and
morbidity following TAVI.

calcul�e par radiographie en utilisant la surface du psoas au niveau de
la vertèbre L3, divis�ee par la taille. Diverses mesures de la sarcop�enie,
y compris l’IMMS moyen, l’IMMS sous la m�ediane selon le sexe et
l’IMMS dans le quartile inf�erieur selon le sexe, ont �et�e calcul�ees. Le
critère d’�evaluation principal �etait les �ev�enements ind�esirables post-
op�eratoires, d�efinis comme un critère composite comprenant la mor-
talit�e et la morbidit�e à l’hôpital, notamment les complications
cardiovasculaires, pulmonaires, neurologiques, gastro-intestinales et
li�ees à l’accès vasculaire. Des r�egressions logistiques univari�ee et
multivari�ee ont �et�e effectu�ees pour d�eterminer l’association entre la
sarcop�enie et les �ev�enements ind�esirables.
R�esultats : Un total de 468 patients (âge moyen : 80,7 ans) ont �et�e
inclus. Le fardeau de comorbidit�e au d�epart �etait �elev�e, en particulier
pour ce qui est de l’insuffisance cardiaque congestive (93,4 %). Des
�ev�enements ind�esirables postop�eratoires sont survenus chez 62 pa-
tients (13,2 %). La r�egression logistique univari�ee a montr�e que les
�ev�enements ind�esirables postop�eratoires �etaient en corr�elation avec
un IMMS moyen (rapport des cotes [RC] : 0,81, intervalle de confiance
[IC] à 95 % : 0,66 à 0,97), un IMMS sous la m�ediane selon le sexe (RC :
2,16; IC à 95 % : 1,24 à 3,84) et un IMMS dans le quartile inf�erieur
selon le sexe (RC : 2,34; IC à 95 % : 1,33 à 4,07). Lors de l’analyse
multivari�ee, un IMMS situ�e dans le quartile inf�erieur selon le sexe �etait
un pr�edicteur ind�ependant d’�ev�enements ind�esirables (RC : 2,53; IC à
95 % : 1,41 à 4,50).
Conclusions : La sarcop�enie d�efinie par les mesures radiologiques du
psoas �etait ind�ependamment associ�ee à la mortalit�e et à la morbidit�e
à l’hôpital à la suite d’une IVAC.
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Network, Toronto, Canada, approved this study and waived
the requirement for informed consent. All patients who un-
derwent TAVI and had preoperative CT imaging were
included. For patients who had multiple pre-procedure CT
scans, the examination closest to the date of the TAVI pro-
cedure was analyzed. Preoperative CT is routinely done at our
institution to assess the size of the aortic annulus, the degree
of valve calcification, and the status of peripheral access ves-
sels. Use of this approach is corroborated by other groups.10,11

At our institution, TAVI candidates undergo comprehensive
assessment by a team of cardiac surgeons, cardiologists, and
vascular surgeons, with consideration of clinical and anatomic
factors relevant to TAVI, including severity of disease based
on symptoms and echocardiogram findings, suitability of ac-
cess vessels, and comorbidities. This approach is the one
recommended in the literature.12,13

Data collection

Our study used data collected in the CorHealth Ontario
TAVI Registry. This database contains demographic, comor-
bidity, and procedural variables from hospitals across the
province of Ontario, Canada that perform TAVI. The data-
base has been validated through chart audits and core labo-
ratory analysis.14

Psoas muscle area and radiodensity were measured from
CT scans within 6 months of the TAVI procedure. A trained
researcher (S.G.) quantified the cross-sectional area of the
bilateral psoas muscles, in centimeters squared, at the third
lumbar vertebra (L3), with verification by

a board-certified radiologist (A.D.B.). The L3 level was
landmarked by counting the vertebral levels on the CT scan,
and measurement was made when the spinous processes
became visible at the middle of L3. These muscles in the region
of interest were outlined freehand, , with the use of an in-house
PACS workstation (Coral Workstation 3.6, University Health
Network, Toronto; Fig. 1). Single-slice abdominal cross-
sectional areas at the L3 vertebra are strongly correlated with
whole-body volumes of muscle and have been used in prior
studies.15 The skeletal muscle index (SMI) was defined as
muscle area at L3, in cm2, divided by height in m2. Given the
various ways sarcopenia can be defined,16,17 we chose to use 2
cutoff values for dividing populations into sarcopenic and non-
sarcopenic groups. With the first method, patients with SMIs
in the lowest quartile were considered sarcopenic, whereas in
the second method, patients with SMIs below the median were
considered sarcopenicdin both instances, sex-specific cutoffs
were used. Skeletal muscle radiodensity represents muscle
quality and was measured using the average radiation attenu-
ation of tissue in Hounsfield units.

Outcomes

The CorHealth registry tracks mortality and 20 serious
postoperative complications that may manifest during the
period from post-TAVI procedure to time of discharge. Our
primary endpoint was postoperative adverse events, defined as
a composite of in-hospital death and complications, including
low cardiac output syndrome (defined as a decrease in cardiac
index to < 2.0 L/min per m2 and a systolic blood pressure <
90 mm Hg with signs of tissue hypoperfusion18) and
gastrointestinal complications (defined based on clinical,
biochemical, and/or endoscopic examinations and included
bleeding, pancreatitis, liver failure, and mesenteric
ischemia19). The remaining complications are captured by the
Valve Academic Research Consortium-2 (VARC-2)20 clinical



Figure 1. Bilateral psoas muscle cross-sectional area measurement at the third lumbar vertebral level (L3), using freehand circumscribed region of
interest. HU, Hounsfield units; Max, maximum; Min, minimum; 3D, 3-dimensional.
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endpoints following TAVI, including myocardial infarction,
unplanned vascular surgery, low cardiac output syndrome,
cardiac arrest, major arrhythmia, new-onset atrial fibrillation/
flutter, cardiac tamponade, mitral valve apparatus damage or
dysfunction, cerebrovascular event, pulmonary embolism,
pneumonia, vascular access site and access-related complica-
tions, vascular access hemorrhage, access-site hemorrhage,
access-site infection, initiation of antibiotic treatment, multi-
system organ failure, new initiation of dialysis, gastrointestinal
complications, and prolonged ventilation after 24 hours.

Statistical analysis

Baseline characteristics were reported for patients with vs
without postoperative adverse events as mean � standard
deviation (SD), or number and proportion. Kruskal-Wallis or
c2 tests were used to compare categorical variables between
groups. The independent t-test was used to compare contin-
uous variables between groups. Odds ratios (ORs) and 95%
confidence intervals (CIs) estimating the risk of postoperative
adverse events were calculated using univariate logistic
regression for imaging-based characteristics representative of
sarcopenia. Backward stepwise multivariable logistic regression
of significant predictors on univariate analysis was performed
to identify independent predictors of adverse events. Statistical
analysis was performed in R (version 4.0.3) (https://www.R-
project.org/) using the dplyr 1.0.3 and tidyverse 1.3.0 pack-
ages. Significance was set at P � 0.05.
Results

Patient characteristics

A total of 468 patients underwent TAVI during the study
period. Postoperative adverse events occurred in 62 patients
(13.2%). The mean � SD age of the study population was
80.7 � 9.6 years, and 56% were male. Mean body mass index
(BMI) was 29.2 kg/m2, with no significant difference between
groups. The baseline comorbidity burden in these patients was
high, including a history of congestive heart failure (93.4%).
About half of the patients had previously undergone a cardiac
procedure, 19.0% had a prior myocardial infarction, and
19.4% had previously undergone coronary bypass grafting.
Most patients were hypertensive (73.9%) and had advanced
New York Heart Association functional class (III or IV for
52.3%). Baseline characteristics were similar between patients
with vs without postoperative adverse events (Table 1).

Postoperative adverse events

Overall, 62 patients suffered adverse events, including 2
deaths and 75 complications. The 2 deaths were due to left
ventricular rupture and complete heart block. Complication
types included 44 cardiovascular (32 major arrhythmia, 10
new-onset atrial fibrillation/flutter, 1 cardiac arrest, 1 cardiac
tamponade), 3 pulmonary (2 pneumonia, 1 prolonged
ventilation), 7 cerebrovascular, 20 vascular accesserelated (5
major, 15 minor) and 1 gastrointestinal bleed (Table 2).

Association between sarcopenia and adverse events

Sarcopenia was quantified using mean SMI, SMI below the
sex-specific median, and SMI in the lowest sex-specific quar-
tile. Patients with postoperative adverse events had a lower
mean SMI (45.3 [SD 15.1] vs 49.9 [SD 15.1] cm2/m2; OR
0.81, 95% CI 0.66-0.97, P ¼ 0.03). Furthermore, patients
with postoperative adverse events were more likely to have an
SMI below the sex-specific median (male < 52.6 cm2/m2;
female < 40.9 cm2/m2; 66.1% vs 47.5%; OR 2.16, 95% CI
1.24-3.84, P ¼ 0.007) and SMI in the lowest sex-specific
quartile (male < 42.9 cm2/m2; female < 33.6 cm2/m2;
40.3% vs 22.4%; OR 2.34, 95% CI 1.33-4.07, P ¼ 0.003).
There was no difference in skeletal muscle density measured
in Hounsfield units between patients with vs without adverse
events. On stepwise multivariate analysis of significant

https://www.R-project.org/
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Table 1. Baseline patient characteristics

All patients (n ¼ 468) Adverse event (n ¼ 62) No adverse event (n ¼ 406) P

Demographics
Age, y, mean (SD) 80.7 (9.6) 82.3 (8.0) 80.5 (9.8) 0.18
Female 206 (44.0) 29 (46.8) 177 (43.6) 0.74
BMI, kg/m2, mean (SD) 29.2 (13.8) 28.0 (8.2) 29.4 (14.5) 0.48
Clinical characteristics
NYHA functional class

Asymptomatic 4 (0.9) 0 (0.0) 4 (1.0) 0.92
I 12 (2.6) 2 (3.2) 10 (2.5)
II 207 (44.2) 27 (43.5) 180 (44.3)
III 220 (47.0) 30 (48.4) 190 (46.8)
IV 25 (5.3) 3 (4.8) 22 (5.4)

LVEF, %
> 50 355 (75.9) 49 (79.0) 306 (75.4) 0.47
31e50 77 (16.5) 10 (16.1) 67 (16.5)
21e30 29 (6.2) 3 (4.8) 26 (6.4)
< 21 7 (1.5) 0 (0.0) 7 (1.7)

Aortic valve mean gradient, mm Hg, mean (SD) 43.4 (16.4) 40.7 (15.5) 43.8 (16.5) 0.17
Cardiac comorbidities
Congestive heart failure 437 (93.4) 56 (90.3) 381 (93.8) 0.45
Prior myocardial infarction 89 (19.0) 9 (14.5) 80 (19.7) 0.42
Previous cardiac procedure* 232 (49.6) 38 (61.3) 194 (47.8) 0.07
Prior coronary artery bypass graft 91 (19.4) 15 (24.2) 76 (18.7) 0.40
Prior valve surgery 41 (8.8) 5 (8.1) 36 (8.9) 1.0
Atrial fibrillation 129 (27.6) 20 (32.3) 109 (26.8) 0.46
Permanent pacemaker 53 (11.3) 4 (6.5) 49 (12.1) 0.28
Noncardiac comorbidities
Hypertension 346 (73.9) 47 (75.8) 299 (73.6) 0.84
Diabetes 123 (26.3) 17 (27.4) 106 (26.1) 0.95
Chronic lung disease 114 (24.4) 14 (22.6) 100 (24.6) 0.85
Peripheral vascular disease 179 (38.2) 26 (41.9) 153 (37.7) 0.62
Cerebrovascular disease 79 (16.9) 7 (11.3) 72 (17.7) 0.28
Dialysis 9 (1.9) 1 (1.6) 8 (2.0) 1.0

Values are n (%), unless otherwise indicated.
BMI, body mass index; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; SD, standard deviation.
*Documented history of cardiac procedure not requiring opening of sternum, including cardiac device implantation and interventional cardiology procedures

(eg, transcatheter aortic valve implantation, percutaneous coronary intervention).
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predictors on univariate regression (mean SMI, SMI below
sex-specific median, and SMI in the lowest sex-specific quar-
tile), SMI in the sex-specific lowest quartile was the only in-
dependent predictor of postoperative adverse events (OR
2.53, 95% CI 1.41-4.50, P ¼ 0.002; Table 3). Patients with
SMIs in the sex-specific lowest quartile had a significantly
higher adverse event rate than those with SMIs above the sex-
specific lowest quartile (21.6% [n ¼ 25 of 116] vs 10.5%
[n ¼ 37 of 352], P ¼ 0.009).
Discussion

Main findings

In this retrospective cohort study of 468 patients who
underwent TAVI at a single institution, sarcopenia was an
independent predictor of in-hospital mortality and
morbidity. Multiple measures of sarcopenia, including mean
SMI, SMI below the sex-specific median, and SMI in the
lowest sex-specific quartile were associated with adverse
events. On multivariate analysis, SMI in the lowest sex-
specific quartile was an independent predictor, with
thresholds of < 42.9 cm2/m2 for men and < 33.6 cm2/m2

for women. Baseline characteristics, including age, gender,
BMI, and comorbidities were not associated with adverse
events.

Comparison to existing literature

The quantification of sarcopenia, using radiographic psoas
measurements, and its correlation to outcomes in cardiac
procedures have been reported previously. Hawkins et al.
demonstrated that psoas muscle index predicted adverse out-
comes in patients undergoing open surgical aortic valve
replacement.21 We have observed a similar association in
patients who received TAVI, a less-invasive approach. An
association between sarcopenia and poor outcomes was pre-
viously observed in 152 patients undergoing TAVI.22 How-
ever, the investigators employed an infrequently used
definition of sarcopenia (psoas muscle area indexed to body
surface area) and did not report whether the sarcopenia
thresholds used were sex-specific.22 We demonstrated similar
findings using sex-specific sarcopenia thresholds based on the
validated measurement of SMI. Our findings corroborate
those reported in a recent systematic review of 18 observa-
tional studies demonstrating a correlation between radio-
graphic measurements of sarcopenia and poor outcomes
following TAVI.9 Given the heterogeneity of CT-based
quantification of sarcopenia in the literature, an important



Table 2. In-hospital adverse events

Event n (%)

Deaths 2 (3.2)
Cardiovascular complications
Major arrhythmia 32 (51.6)
New-onset atrial fibrillation / flutter 10 (16.1)
Cardiac arrest 1 (1.6)
Cardiac tamponade 1 (1.6)
Pulmonary complications
Pneumonia 2 (3.2)
Prolonged ventilation after 24 h 1 (1.6)
Neurologic complications
Cerebrovascular event 7 (11.3)
Access-related complications
Major vascular* 5 (8.1)
Minor vasculary 15 (24.2)
Gastrointestinal complications
Bleed 1 (1.6)

Values are of n ¼ 62 patients.
*Major vascular complications: (i) any aortic dissection, aortic rupture,

annulus rupture, left ventricle perforation, or new apical aneurysm/pseudo-
aneurysm; OR (ii) access-site or access-related vascular injury (dissection,
stenosis, perforation, rupture, arterio-venous fistula, pseudoaneurysm, hema-
toma, irreversible nerve injury, compartment syndrome, percutaneous closure
device failure) leading to death, life-threatening or major bleeding, visceral
ischemia, or neurologic impairment; OR (iii) distal embolization (non-cere-
bral) from a vascular source requiring surgery or resulting in amputation or
irreversible end-organ damage OR the use of unplanned endovascular or
surgical intervention associated with death, major bleeding, visceral ischemia
or neurologic impairment; OR (iv) any new ipsilateral lower-extremity
ischemia documented by patient symptoms, physical exam, and/or
decreased or absent blood flow on lower-extremity angiogram; OR (v) surgery
for access siteerelated nerve injury OR (vi) permanent access siteerelated
nerve injury.

yMinor vascular complications: (i) access-site or access-related vascular
injury (dissection, stenosis, perforation, rupture, arterio-venous fistula, pseu-
doaneurysm, hematoma, percutaneous closure device failure) not leading to
death, life-threatening, or major bleeding, visceral ischemia, or neurologic
impairment; OR (ii) distal embolization treated with embolectomy and/or
thrombectomy and not resulting in amputation or irreversible end-organ
damage; OR (iii) any unplanned endovascular stenting or unplanned surgi-
cal intervention not meeting the criteria for a major vascular complication;
OR (iv) vascular repair or the need for vascular repair (via surgery, ultrasound-
guided compression, transcatheter embolization, or stent-graft); OR (v)
percutaneous closure device failure; OR (vi) failure of a closure device to
achieve hemostasis at the arteriotomy site leading to alternative treatment
(other than manual compression or adjunctive endovascular ballooning).
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strength of our analysis is the consideration of multiple
measurement thresholds for sarcopenia to identify the most
significant predictor of adverse outcomes.

There remains no standardized cutoff value for dividing
populations into sarcopenic and non-sarcopenic groups.
Damluji et al.23 used absolute sex-specific cutoffs (women:
SMI < 39 cm2/m2; men: SMI < 55 cm2/m2), and Yoon
et al.24 analyzed sarcopenic patients based on SMI tertiles.
This heterogeneity led us to explore different methods for
quantifying sarcopenia from psoas area. We demonstrated that
multiple measures of sarcopenia were associated with adverse
events; however, only a single method of quantification (SMI
in the lowest sex-specific quartile) was an independent pre-
dictor. The reason only 1 of the 3 SMI measurements was an
independent predictor is likely the collinearity between the
measurements and the fact that SMI in the lowest sex-specific
quartile had the strongest association with adverse events. This
finding may inform the development of a standardized defi-
nition for sarcopenia using SMI quartiles.

Explanation for findings

The mechanism by which sarcopenia contributes to
adverse outcomes has not been fully elucidated.25 It is
considered a marker of older age and more comorbidities26;
however, we observed that sarcopenia was an independent
predictor of adverse events, whereas age and comorbidity
burden were not. Therefore, declining muscle mass may in-
crease the propensity for poor outcomes independent of age
and comorbidities. We suspect that sarcopenia is an indicator
of frailty,27 broadly defined as age-associated decline in
physiological reserve.28 There are a number of measurement
scales for frailty, including the Frailty Phenotype29 and Frailty
Index.30,31 Our study suggests that psoas muscle measure-
ments may provide a timely and objective indicator of frailty,
which improves reliability and practicality in the clinical
setting, particularly for patients who routinely undergo pre-
operative CT imaging. Future studies are required to validate
the use of psoas measurements as an indicator of frailty.

The assessment of frailty is complex, given the multiple
contributing factors, including demographic, clinical, and
psychosocial considerations.32 Phenotypic criteria include
weakness, slowness, low level of physical activity, self-reported
exhaustion, and unintentional weight loss.29 In our study, the
mean BMI was 29, which was higher than those in other
cohorts, which range from 20 to 27.33-36 This variability
suggests that BMI alone is insufficient to characterize frailty,
given that weight-loss phenotypes often neglect sarcopenic
obesity.37 Furthermore, the assessment of frailty in TAVI
candidates can be challenging due to the high volumes of
patients and limited time/expertise of cardiovascular specialists
to perform complete frailty evaluations.38 Given that TAVI
patients undergo routine preoperative CT, and intervention-
alists have expertise in assessing imaging studies, we hypoth-
esize that our modality will be practical in the clinical
setting.39 Patients suspected to have frailty can then be
referred for comprehensive geriatrics assessment and undergo
targeted, multidimensional, prehabilitation interventions to
improve TAVI outcomes.40

Limitations

This study has several limitations. First, it involves the
experience of a single institution using retrospectively
collected data. Second, our registry currently captures in-
hospital outcomes, and future studies analyzing longer-term
results are needed. Third, only 2 deaths occurred in the
cohort, and therefore, mortality was not analyzed as an indi-
vidual outcome, owing to the low event rate. Fourth, urgency
of TAVI was not recorded. Fifth, debate remains regarding the
level at which the psoas area should be measured, with some
authors using L4 as the reference level.41 We measured at L3,
given that skeletal muscle area has been reported to peak at
this level16 and L3 measurements are more commonly re-
ported in the literature.8,42 Sixth, freehand planimetry has the
disadvantage of including intramuscular fat as part of the
measured muscle area. Future studies can consider
Hounsfield-based segmentation of muscle pixels for more



Table 3. Psoas measurements and associations with postoperative adverse events

Psoas measurements
All patients
(n ¼ 468)

Adverse event
(n ¼ 62)

No adverse event
(n ¼ 406)

Univariate logistic
regression, OR
(95% CI)

Multivariate logistic
regression, OR
(95% CI)

SMD, HU, mean (SD) 49.7 (10.8) 48.9 (9.01) 49.8 (11.0) 0.99 (0.97e1.02) P ¼ 0.53 NS
SMI, cm2/m2, mean (SD) 49.3 (1.53) 45.3 (1.51) 49.9 (1.51) 0.81 (0.66e0.97) P ¼ 0.03 NS
SMI below sex-specific median,* n (%) 234 (50.0) 41 (66.1) 193 (47.5) 2.16 (1.24e3.84) P ¼ 0.007 NS
SMI in lowest sex-specific quartile,y n (%) 116 (24.8) 25 (40.3) 91 (22.4) 2.34 (1.33e4.07) P ¼ 0.003 2.53 (1.41e4.50)

P ¼ 0.002

Multivariate logistic regression was performed for significant univariate predictors (mean skeletal muscle density [SMI], SMI below sex-specific median, and SMI
in lowest sex-specific quartile). Boldface indicates statistical significance.

CI, confidence interval; HU, Hounsfield unit; NS, not significant; OR, odds ratio; SD, standard deviation; SMD, skeletal muscle density.
* SMI below sex-specific median in our study population was < 52.6 cm2/m2 for male patients and < 40.9 cm2/m2 for female patients.
y SMI in the lowest sex-specific quartile in our study population was < 42.9 cm2/m2 for male patients and < 33.6 cm2/m2 for female patients.
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accurate measurement of muscle mass with radiologic vali-
dation of cutoff Hounsfield thresholds for the psoas muscle.
Seventh, muscle strength cannot be gleaned from CT imaging
data. The European Working Group on Sarcopenia in Older
People (EWGSOP) 2018 revised guidelines use muscle
strength as the primary parameter defining sarcopenia, given
its strong correlation with adverse outcomes in patients with
sarcopenia.43 Therefore, future studies on this topic should
consider the importance of muscle strength in the diagnosis of
sarcopenia. Eighth, patient-relevant outcomes, including
length of stay, discharge to institutions, and quality of life
post-TAVI were not captured in our study.
Conclusions
Accurate assessment of the postoperative risk of death and

complications remains critically important, even in minimally
invasive procedures such as TAVI. We demonstrated that
sarcopenia defined as SMI in the lowest sex-specific quartile
(< 42.9 cm2/m2 for men and < 33.6 cm2/m2 for women in
our study population) was an independent predictor of
adverse events following TAVI. As indications for TAVI
expand to include younger patients with lower rates of co-
morbidity, routine assessment of sarcopenia may identify
those at highest risk of poor outcomes.
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