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Abstract: Background: In older patients, sarcopenia is a prevalent disease associated with negative outcomes.
Sarcopenia has been investigated in patients undergoing transcatheter aortic valve implantation (TAVI), but the
criteria for diagnosis of the disease are heterogeneous. This systematic review of the current literature aims to
evaluate the prevalence of sarcopenia in patients undergoing TAVI and to analyse the impact of sarcopenia on
clinical outcomes. Methods: A comprehensive search of the literature has been performed in electronic databases
from the date of initiation until March 2020. Using a pre-defined search strategy, we identified studies assessing
skeletal muscle mass, muscle quality and muscle function as measures for sarcopenia in patients undergoing
TAVI. We evaluated how sarcopenia affects the outcomes mortality at =1 year, prolonged length of hospital
stay, and functional decline. Results: We identified 18 observational studies, enrolling a total number of 9°513
patients. For assessment of skeletal muscle mass, all included studies used data from computed tomography. Cut-
off points for definition of low muscle mass were heterogeneous, and prevalence of sarcopenia varied between
21.0% and 70.2%. In uni- or multivariate regression analysis of different studies, low muscle mass was found to
be a significant predictor of mortality, prolonged length of hospital stay, and functional decline. No interventional
study was identified measuring the effect of nutritional or physiotherapy interventions on sarcopenia in TAVI
patients. Conclusions: Sarcopenia is highly prevalent among patients undergoing TAVI, and negatively affects
important outcomes. Early diagnosis of this condition might allow a timely start of nutritional and physiotherapy

interventions to prevent negative outcomes in TAVI patients.
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Background

Sarcopenia is defined as age-related loss of muscle mass,
strength and function (1). In older people, it is a highly
prevalent disease associated with functional decline and
impaired ability to perform activities of daily living (2). The
most recent guideline from the European Working Group on
Sarcopenia in Older People 2 (EWGSOP2) emphasizes the
importance of functional status in the diagnosis of sarcopenia
(3). This guideline recommends the assessment of muscle
strength (e.g., grip strength and/or chair rise test) for the initial
screening of sarcopenia. If muscle strength is low, further
diagnostic steps for assessment of muscle mass or muscle
quality (e.g., body impedance analysis, computed tomography
or magnetic resonance imaging) are used to confirm the
diagnosis.

Assessment of skeletal muscle mass as a marker of
sarcopenia has been investigated in patients undergoing
transcatheter aortic valve implantation (TAVI) for severe aortic
stenosis. Two meta-analyses investigated the usefulness of
skeletal muscle mass to predict mortality in TAVI patients (4,
5). Both analyses showed a significant association between
reduced muscle mass and higher mortality. However, to the
best of the author’s knowledge, so far no systematic review has
been published on how sarcopenia affects functional outcomes
in TAVI patients. Therefore, we aimed to conduct a systematic
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review of the literature to address the following questions: 1)
What is the prevalence of sarcopenia in patients undergoing
TAVI? 2) How does sarcopenia affect the outcomes mortality,
length of hospital stay, and functional status after TAVI?
3) Do controlled trials measure the effect of nutritional and
physiotherapy interventions on sarcopenia in TAVI patients?

Methods

Search strategy

We followed a search strategy in accordance with the
PRISMA statement (6). The literature search was carried out
in MEDLINE via PubMed, Embase and Cochrane Central
Register of Controlled Trials from date of initiation until
March 15, 2020. We designed two different search strategies:
Strategy I for questions one and two, and strategy II for
question three using pre-defined terms (“transcatheter aortic
valve implantation” or “TAVI”) and (“sarcopenia” or “muscle
mass” or “psoas muscle”) and (“protein supplementation” or
“nutritional intervention” or “physiotherapy”). Detailed search
strategies are shown in supplemental material. No language
filters were used. References of included studies were screened
for additional studies.
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Inclusion and exclusion criteria

For the purpose of this literature review, we included all
published observational or interventional studies reporting
on sarcopenic patients undergoing transcatheter aortic
valve implantation (TAVI), irrespective of which outcome
was measured. Studies without original data, without an
instrumental measurement of muscle mass, or reporting on
mortality less than one year, were excluded from this review.
We also excluded studies that were not available as full-text or
were written in languages other than English, French, German
or Italian.

Data extraction

The following data were extracted from the included studies:
First author, year of publication, country of origin, number of
enrolled patients, mean age, mean body mass index (BMI),
mean Society of Thoracic Surgeons Predicted Risk of Mortality
(STS) score, median follow-up time, and methods used for
assessment of sarcopenia. Variables were presented as mean
(standard deviation) or median (25th to 75th interquartile
range), depending on variable distribution.

Furthermore, we summarized cut-off points for low muscle
mass if a dichotomous definition for sarcopenia was used. From
these studies, information on prevalence of sarcopenia was
extracted. If available, we also extracted measures of sarcopenia
as predictors of the outcomes mortality at =1 year after TAVI,
length of hospital stay and functional decline from uni- and
multivariate regression analysis.

Results

General characteristics of included studies

The database search identified 222 studies (Figure 1). Of
these, 53 duplicate studies (23.9%) were excluded, resulting
in 169 screened studies. Of these, 151 records (89.3%) were
excluded according to the pre-defined exclusion criteria, which
resulted in 13 single-centre and five multicentre observational
longitudinal studies included in the qualitative synthesis
(7-24). Ten studies were performed in Northern America,
four in Europe, and two in Asia. Two further studies were
performed in a collaboration between Northern America and
Europe. All included studies were published between 2016
and 2020, enrolling a total number of 9’513 patients. Baseline
characteristics of the studies are shown in Table 1.

Prevalence of sarcopenia

All 18 studies assessed muscle mass using computed
tomography (CT) on the level of the third and/or fourth lumbar
vertebra (L3 and L4) according to current guidelines (3). Of
these, only seven studies (38.9%) were suited to determine the
prevalence of sarcopenia, as the other studies did not report
data on dichotomized muscle mass. Muscle mass was either
determined using psoas muscle area (PMA) (14, 16), or total
abdominal muscle area (TMA), consisting of erector spinae,
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quadratus lumborum, psoas major and minor, internal and
external obliques, transversus and rectus abdominis muscles
(7, 11, 19, 20, 22). One of these studies additionally used
paravertebral muscles at level L3 (erector spinae, quadratus
lumborum, psoas major and minor, internal and external
obliques, transversus and rectus abdominis, latissimus dorsi)
as measure for muscle mass (14). Another study additionally
assessed the muscle area at 7th and 12th thoracic levels (20).

Based on the five studies, which used TMA for the
assessment of muscle mass, prevalence ranged between 33.8%
and 70.2% (7, 11, 19, 20, 22). For dichotomization, these
studies used a validated skeletal muscle mass index with
gender-specific cut-offs [25]. Despite these gender-specific cut-
offs, sarcopenia was more prevalent among men than among
women (7, 11, 19, 20, 22). Based on the two studies, which
used PMA for the assessment of muscle mass, prevalence was
21.0% and 39.6%, respectively (14, 16). The study of Mamane
et al. used low muscle strength (chair rise test =15 sec) as
additional criterion for the definition of sarcopenia, hereby
explaining the low prevalence of 21.0% (16).

Figure 1
PRISMA flow diagram of systematic literature review
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Sarcopenia as predictor of outcomes

Of the seven studies, which determined prevalence of
sarcopenia (7, 11, 14, 16, 19, 20, 22), five identified sarcopenia
as significant predictor of mortality at =1 year in univariate
and/or multivariate analyses (Table 2). Highest prediction of
mortality was found in the multivariate analysis of Mamane
et al. using low muscle mass and low muscle strength for
diagnosis of sarcopenia (OR 11.30; 95% CI 2.51-50.91) [16].
Low CT density, a measure for muscle quality, as well as the
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Table 1
Baseline characteristics of studies assessing sarcopenia in patients undergoing TAVI

Study (Year) [Ref.] Country (SC/MC) Total patients Mean age Mean BMI Mean STS Median time Assessment of sarcopenia
(male/female) (years)* (kg/m2)* score (%)* of follow-up

Dahya (2016) (7) USA (SC) 104 (50/54) 81.0+10.0 280+50 na. na. CT (Level L3)

Foldyna (2018) (8) USA (SC) 403 (193/210) 825+8.0 27769 85 +52 458 days CT (Level L4)

Garg (2017) (9) USA (SC) 152 (88/64) 833+65 na. 69 +34 12 months CT (Level L3)

Hebeler (2018) (10)  USA (SC) 470 (250/220) 81779 275+62 75 £37 12 months CT (Level L3)

Heidari (2019) (11) USA (SC) 602 (342/260) 809+89 n.a. n.a 18 months CT (Level L4)

Kleczynski  (2018) (12)  USA (SC) 153 (55/98) 820+75 268+5.7 58 +55 12 months CT (Level L4)

Kofler (2019) (13)  Austria/Germany (MC) 1076 (476/600)  83.0+3.5 260+30 60 +22 435 days CT (Level L3 and L4)

Krishnan (2019) (14)  USA (SC) 381 (161/220) 82.0=+8.0 279 +10.0 71 £55 24 months CT (Level L3 and L4)

Luetkens (2020) (15) Germany (SC) 937 (n.a.) n.a. n.a. n.a. 36 months CT (Level L3 and L4)

Mamane (2019) (16) Canada/USA/France (MC) 400 (n.a.) 835+5.7 na. 65 +44 12 months CT (Level L4), Chair rise test

Mamane (2016) (17) Canada/Germany (MC) 208 (94/114) 80.7 +6.8 n.a. 60 +39 504 days CT (Level L4)

Michel (2019) (18) Germany (SO) 1731 (823/908) 81.0+4.0 263+29 n.a 775 days CT (Level L4)

Mok (2016) (19) Canada (MC) 460 (236/224) 81.0=+8.0 268+58 69 £39 12 months CT (Level L3)

Nemec (2017) (20)  USA (SC) 157 (79/78) 823 +10.0 273+6.1 71 %53 12 months CT (Level L3, Th7 and Th12)

Paknikar ~ (2016) (21) USA (SO) 139 (86/53) 790+89 29.6+7.1 65 +45 24 months CT (Level L4)

Tokuda (2020) (22) Japan (MC) 1375 (401/974) n.a. n.a. n.a. 769 days CT (Level L3)

Tzeng (2019) (23) Taiwan (SC) 182 (87/95) 792+78 239+39 11.0+9.7 na. CT (Level L3)

Van Mourik (2019) (24) Netherlands (SC) 583 (264/319) 82.6=+39 26.7+28 46 £16 24 months CT (Level L3)

* Variables are presented as mean (SD); Abbreviations: BMI: Body mass index; CT: Computed tomography; MC: Multicentre study; n.a.: not available; SC: Single-centre study; SD:

Standard deviation; STS: Society of Thoracic Surgeons Predicted Risk of Mortality score.

combination of low CT density and sarcopenia were predictive
for cumulative 3-year mortality in both uni- and multivariate
models by Tokuda et al. (14). In contrast, sarcopenia alone was
associated with an increased risk of mortality only in univariate,
but not in multivariate analysis. One study did not reveal
a significant association between sarcopenia and mortality
(20), and three studies did not find an association between
sarcopenia and prolonged length of hospital stay (7, 11, 20).
One study investigated functional decline as an outcome, which
was defined as worsening disability for basic activities of
daily living (BADL) and instrumental activities of daily living
(IADL). Sarcopenia was predictive for functional decline in this
multivariate analysis (16).

Muscle mass as predictor of outcomes

Thirteen studies investigated muscle mass as continuous
or categorized predictor of outcomes (Table 3). Eight studies
used PMA or TMA as a continuous variable, and other studies
calculated percentiles, tertiles or quartiles. In five out of seven
studies, multivariate analysis revealed low muscle mass as a
predictor of mortality at =1 year. Three out of five studies found
a significant univariate association between low muscle mass
and mortality. Michel et al. found an association in univariate
analysis of males (18), two other studies in multivariate analysis
of females (17, 24), and one study in multivariate analysis of
both sexes (8).
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Low muscle mass was predictive for prolonged length of
hospital stay in the uni- and multivariate model of Dahya et
al (7). Another study found a univariate association of low
TMA and prolonged length of hospital stay at Level L3 and
Th12, but not at Level Th7 (20), and two studies did not find
any significant association (9, 23). No study investigated low
muscle mass as a predictor of functional decline.

Muscle quality as predictor of outcomes

Different markers for muscle quality have been investigated
as predictors of outcomes in four studies (Table 4). Luetkens et
al. identified a high fatty muscle fraction (FMF) as a predictor
of short- and long-term mortality in uni- and multivariate
analysis (15). Different markers for muscle quality were found
to be predictive for mortality in multivariate analysis of males,
but not in multivariate analysis of females (8).

Low psoas muscle density (PMD), but not subcutaneous
(SAT) or visceral adipose tissue (VAT) were predictive for
prolonged length of hospital stay (7, 23). Muscle quality was
not investigated as predictor of functional decline in these
studies.

Therapeutical interventions on sarcopenia in TAVI patients

Among existing literature, no study was identified measuring
the effect of nutritional and physiotherapy interventions on
sarcopenia in patients undergoing TAVI.
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Table 2

Prediction of outcomes among studies assessing prevalence of sarcopenia

Study (Year) Definition of sarcopenia: Cut-off for male, Prevalence of sarcope- Predictor Outcome™*
female nia (male, female)
Mortality =1 year ProlongedLOS  Functional
[HR or OR; 95% CI] decline
Dahya (2016) TMA <55.0,39.0 cm*m? 70.2% (83.3%,56.0%)  Sarcopenia n.a. - n.a.
Heidari (2019) TMA <554, 38.9 cm¥m? 62.1% (76.0%,44.2%)  Sarcopenia +[1.45;1.04-2.04] (-) n.a.
Krishnan (2019) PMA <120, 8.0 cm*m’ 39.6% (n.a.) Sarcopenia (PMA) (+) [2.3;1.2-4.3] na. na.
+[2.5;1.2-5.0]
PVM <50.0, 35.0 cm*m? 50.1% (n.a.) Sarcopenia (PVM) (+)[2.1; 1.1-4.0] n.a n.a
-[1.4;0.6-3.3]
Mamane (2019) PMA <20.3,11.8 cm?, and chair rise test =15 sec  21.0% (n.a.) Sarcopenia + [11.30;2.51-50.91] n.a +
PMA <20.3, 11.8 cm?, or chair rise test >15 sec 63.3% (n.a.) Pre-sarcopenia +[5.90; 1.36-25.57] n.a -
Mok (2016) TMA <55.4,38.9 cm*’/m? 63.7% (79.7%,46.9%)  Sarcopenia (+) [1.55;1.07-2.27] n.a n.a
+ [1.55;1.02-2.36]
Nemec (2017) TMAL3 <55.4,38.9 cm*m? 33.8% (51.9%, 154%)  Sarcopenia (TMA L3) (-) [2.41;0.82-7.07] (-) n.a
TMA Th7 <46.5,32.3 cm*m? 39.5% (54.4%,244%) n.a. n.a. n.a. n.a.
TMA Th12 <42.6, 30.6 cm*m? 36.9% (53.1%,20.5%)  Sarcopenia (TMA Th12) (-) [1.12;0.38-3.26] (-) n.a
Tokuda (2020) TMA <55.4,38.9 cm?’/m? 58.3 % (91.0%,44.9%) Sarcopenia (+) [1.48;1.18-1.89] n.a n.a.
-[1.30;0.99-1.69]
Sarcopenia and low CT (+) [2.05; 1.46-2.94] n.a. n.a.
density** + [1.43;1.00-2.08]
Low CT density (+) [1.33; 1.06-1.66] n.a n.a

+ [1.35;1.06-1.72]

* (+) Statistically significant association between predictor and outcome in univariate analysis; + Statistically significant association between predictor and outcome in multivariate
analysis; (-) No statistically significant association between predictor and outcome in univariate analysis; - No statistically significant association between predictor and outcome in

multivariate analysis; **

Low CT density was defined as 33.4 HU (male) and 29.5 HU (female), based on the median value of the study cohort (22); Abbreviations: CT: Computed

tomography; HR: Hazard ratio; LOS: Length of hospital stay; n.a.: not available; OR: Odds ratio; PMA: Psoas muscle area; PVM: Paravertebral muscle area; TMA: Total muscle area.

Prediction of outcomes among studies assessing skeletal muscle mass as non-dichotomous predictors

Table 3

Study (Year) Definition of predictor Outcome*
Mortality =1 year Prolonged LOS
All Male Female

Dahya (2016) Low TMA (continuous variable) n.a na. n.a. +)/+
Foldyna (2018) Low PMA (Ist vs 2nd-4th quartile) + + + n.a.
Garg (2017) Low PMA (<50th vs =50th percentile) (-) na. n.a. (-)
Hebeler (2018) Low PMA (continuous variable) - na. n.a. n.a.
Kleczynski (2018) Low PMA (continuous variable ) +)/+ n.a n.a n.a
Kofler (2019) Low PMA (continuous variable) +)/+ n.a n.a n.a
Mamane  (2019) Low PMA (continuous variable) + na. n.a n.a
Mamane  (2016) Low PMA (continuous variable) n.a (-)/- +)/+ n.a.
Michel (2019) Low PMA (quartiles as ordinal variable) (+)/- (+) (-) n.a.
Nemec (2017) Low TMA L3 (continuous variable ) (-) n.a. n.a (+)

Low TMA Th7 (continuous variable ) (-) n.a n.a (-)

Low TMA Th12 (continuous variable ) (-) n.a n.a (+)
Paknikar  (2016) Low PMA (3rd tertile vs 2nd and st tertile) + n.a n.a n.a.
Tzeng (2019) Low PMA (continuous variable) n.a. n.a. n.a. (-)
Van Mourik (2019) Low PMA (tertiles as ordinal variable) n.a. - + n.a.

* (4) Statistically significant association between predictor and outcome in univariate analysis; + Statistically significant association between predictor and outcome in multivariate
analysis; (-) No statistically significant association between predictor and outcome in univariate analysis; - No statistically significant association between predictor and outcome in
multivariate analysis; Abbreviations: LOS: Length of hospital stay; n.a.: not available; PMA: Psoas muscle area; TMA: Total muscle area.
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Table 4
Prediction of outcomes among studies assessing muscle quality as non-dichotomous predictors

Study (Year) Definition of predictor

Outcome*

Mortality =1 year Prolonged LOS

All Male Female
Dahya (2016) Low SAT (continuous variable) n.a. n.a. n.a. (-)
Low VAT (continuous variable) n.a n.a n.a. (-)
Foldyna (2018) Low SAT (1st vs 2nd-4th quartile) + + n.a.
Low VAT (Ist vs 2nd-4th quartile) + + n.a
Low PMD (continuous variable) + n.a
Low SAT density (continuous variable) + + n.a
Low VAT density (continuous variable) + n.a.
Luetkens (2020) High FMF (tertiles as ordinal variable) (+)/+ n.a. n.a. n.a.
Tzeng (2019) Low PMD (continuous variable) n.a. n.a. n.a. +)/+

* (+) Statistically significant association between predictor and outcome in univariate analysis; + Statistically significant association between predictor and outcome in multivariate
analysis; (-) No statistically significant association between predictor and outcome in univariate analysis; - No statistically significant association between predictor and outcome in
multivariate analysis; Abbreviations: FMF: Fatty muscle fraction; LOS: Length of hospital stay; n.a.: not available; PMD: Psoas muscle density; SAT: Subcutaneous adipose tissue; VAT:

Visceral adipose tissue.

Discussion

In this systematic literature review, observational studies
reported a wide range of prevalence rates for sarcopenia
between 21.0% and 70.2% in patients undergoing TAVI.
Further, these studies demonstrated that sarcopenia is predictive
for poor outcomes, such as mortality, prolonged length of
hospital stay and functional decline. The strength of this
review is based on the large number of included predictive
studies investigating sarcopenia in patients undergoing TAVI.
Furthermore, to the best of our knowledge, this is the first
systematic review to report on how sarcopenia is affecting
different outcomes in TAVI patients.

Criteria for definition of sarcopenia were heterogeneous
among the included studies. Whereas diagnosis of sarcopenia
was based on measurement of muscle mass using data from CT
scans in seventeen studies, only one study used the co-presence
of low muscle mass and low muscle strength for definition of
the disease as recommended in the revised guidelines of the
European Working Group on Sarcopenia in Older People 2
(EWGSOP2) (3, 16). It is not surprising that many studies have
been published on CT scan-derived sarcopenia since CT scans
are available as part of the pre-interventional cardiovascular
routine examination in all TAVI centers. It is likely that the
difference in prevalence rates among the studies using data
from CT scans was due to variable cut-off points for definition
of sarcopenia. However, as suggested by a recent European
consensus on revised sarcopenia guidelines (3), use of CT scans
alone for the diagnosis of sarcopenia has limitations, since low
muscle mass without associated poor muscle function might
not be sufficient for diagnosis of sarcopenia. Therefore, use of
muscle mass alone most likely leads to an overestimation of the
prevalence rate of this disease.

This hypothesis is corroborated by the only study using
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the co-presence of low muscle mass and low muscle strength
for diagnosis of sarcopenia. Hereby, Mamane et al. found a
much lower prevalence of sarcopenia among TAVI patients
(21.0%) as compared to the studies using CT-based criteria
alone (33.8% to 70.2%) (16). Moreover, this study revealed by
far the highest odds ratio of sarcopenia to predict mortality (16).
It is likely that the association of low muscle mass with poor
muscle function actually identified the subgroup of subjects
with “true” sarcopenia at risk for adverse outcomes, whereas
the CT-based studies included many patients false-positively
diagnosed with sarcopenia without risk for adverse outcomes.
However, since this was the only study using the revised
guideline-based definition of sarcopenia, further studies will be
needed to determine if the revised sarcopenia definition is more
specific to predict adverse outcomes in TAVI patients than a
definition solely based on low muscle mass.

In addition to the limitations related to the heterogeneity
of used definitions of sarcopenia in the included studies, this
systematic analysis of predictive studies has further limitations.
Due to methodical differences of the included studies such as
different endpoints and duration of follow-up, we were not
able to perform a meta-analysis. Additionally, among the 18
included studies, only one single study investigated functional
status outcome (16). Previous studies have demonstrated that
frail older patients undergoing TAVI are at increased risk for
functional decline (26-28). In older persons, functional status is
highly relevant for independency and quality of life. Therefore,
additional research based on large populations will be needed
to evaluate functional outcomes, such as BADL and IADL, in
sarcopenic patients undergoing TAVI.

We think that our literature review has important clinical
and research implications. Although we did not find any
published interventional study investigating the possible
effects of targeted interventions on sarcopenia and related
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outcomes after TAVI, various studies among older adults have
demonstrated that specific, easily implementable physiotherapy
and nutritional interventions can have favorable effects on
sarcopenia in geriatric populations (29-31). For example, in a
multicentre, randomized, controlled, double-blind, two parallel-
group trial, it was demonstrated that a simple intervention of
vitamin D and leucine-enriched whey protein supplementation
resulted in improvements of muscle mass and lower-extremity
function among sarcopenic older persons with mobility
limitations (32). Other randomized controlled trials confirmed
the beneficial effects of leucine supplementation on sarcopenia
in patients with chronic obstructive pulmonary disease (COPD)
(33) and in post-stroke patients (34). Such interventions might
also be applicable in sarcopenic patients undergoing TAVI,
and therefore, clinicians should pro-actively search for this
highly prevalent condition and implement timely interventions.
Clinical trials are needed to investigate the best approach for the
treatment of sarcopenia in patients undergoing TAVI in order to
make this minimally invasive technology even more meaningful
for the quality of life of TAVI patients.

Conclusions

Prevalence of sarcopenia is likely very high among older
patients undergoing TAVI, but reliable prevalence estimates
are not available because most previous studies did not use the
revised guideline-based criteria for diagnosis of the disease.
Sarcopenia negatively affects important outcomes in TAVI
patients, and therefore, clinicians should pro-actively search
for this condition. This might allow a timely start of nutritional
and physiotherapy interventions aimed at building up muscle
strength and function before and after TAVI procedure.
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