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Abstract

Measures of sarcopenia, such as low muscle mass measured from the readily available preoperative computed tomography
(CT) images, have been recently suggested as a predictor of outcomes in patients undergoing transcatheter aortic valve
replacement (TAVR). However, results of these studies are variable and, therefore, we performed a systematic review of
current literature to evaluate sarcopenia as a predictor of outcome post TAVR. The search was carried out in electronic
databases between 2008 and 2018. We identified studies that reported CT-derived skeletal muscle area (SMA) and survival
outcomes post TAVR. Studies were evaluated for the incidence of early (<30 days) and late all-cause mortality (> 30 days)
post TAVR. Eight studies with 1881 patients were included (mean age of 81.8 years + 12, 55.9% men). Mean body mass
index was (28.2 kg/m2 +1.1), mean Society of Thoracic Surgeons risk score (7.0 +£0.6), and mean albumin level was (3.8 g/
dL +0.1). Higher SMA was associated with lower long-term mortality [odds ratio (OR) 0.49, 95% confidence interval (CI)
0.28-0.83, p=0.049], compared with low SMA. Also, higher SMA was associated with lower early mortality but was not
statistically significant (OR 0.72; 95% CI 0.44-1.18; p=0.285). CT-derived SMA provides value in predicting post-TAVR
long-term outcomes for patients undergoing TAVR. This is a simple risk assessment tool that may help in making treatment
decisions and help identifying and targeting high-risk patients with interventions to improve muscle mass prior to and fol-
lowing the procedures.

Keywords Transcatheter aortic valve replacement - Skeletal muscle area - Computed tomography - Frailty - Mortality

Introduction

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s10554-019-01582-0) contains
supplementary material, which is available to authorized users.

The Society of Thoracic Surgeons (STS) score and European
System for Cardiac Operative Risk Evaluation are frequently
used as risk stratification tools before transcatheter aortic
valve replacement (TAVR) in order to evaluate a patient’s
risk for such interventions [1]. In recent years, there was an
Section of Interventional Cardiology, MedStar Washington incre?asing inj[erest in frailty as a predictor of OUtCO.m.es af:ter
Hospital Center, 110 Irving St NW, Washington, DC 20010, surgical aortic valve replacement/TAVR, thus guiding risk
USA stratification of those patients before the procedure [2]. Nev-
ertheless, most of the proposed frailty indicators are difficult
to measure objectively and are often estimated on the basis
of subjective clinical judgment and questionnaires of patient
functionality as well as relying heavily on physical perfor-
mance tests which can be less feasible in very frail patients
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[2, 3]. In the aging population, frailty is often associated
with sarcopenia, which is defined as an age-related disease
described by a significant loss of muscle mass [4, 5]. Low

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10554-019-01582-0&domain=pdf
https://doi.org/10.1007/s10554-019-01582-0

1142

The International Journal of Cardiovascular Imaging (2019) 35:1141-1147

muscle mass as a measure of sarcopenia is easily measured
from preoperative computed tomography (CT) images and
has garnered interest as an objective quantitative measure
of frailty. Moreover, recent small reports suggested skeletal
muscle mass as an independent predictor of outcomes in
patients undergoing TAVR. We sought, therefore, to perform
a meta-analysis of the available body of literature to examine
the effect of low muscle mass on the clinical outcomes post
TAVR.

Methods
Search strategy

With the help of an experienced librarian at MedStar Wash-
ington Hospital Center (F.K.), the search was carried out
in three electronic databases, Medline/Ovid, Embase, and
Scopus, between January 2008 and February 2018. This was
done entirely as a keyword search because (1) we wanted to
include results from Ovid Medline’s non-indexed segments,
and (2) the keyword search included all the citations found
using MeSH terms (“Sarcopenia” and “transcatheter aortic
valve replacement”).

The pre-defined search terms were: “sarcopenia”, “mus-
cle mass”, or “muscle area” and “TAVI” or “TAVR” or
“transcatheter aortic valve implantation” or “transcatheter
aortic valve replacement”. In addition, conference abstracts
and presentations were considered using the Google search
engine to ensure further that pertinent articles were not
missed. The reference lists of included studies were screened
as well for any eligible studies. This search was not limited
by any language filters. The search strategy and search terms
used are detailed in the Online Data Supplement.

Inclusion criteria

Eligible studies would have fulfilled all of the follow-
ing inclusion criteria: (1) randomized controlled trials or
observational studies (cohort, cross-sectional, or case-
control studies) published as original articles or conference
abstracts that evaluated and compared the effect of sarco-
penia in patients undergoing TAVR; (2) sufficient quantita-
tive data such as contingency tables, OR, relative risks, or
hazard ratios with 95% confidence intervals (CIs); and (3) a
reference group composed of non-sarcopenic patients. The
outcomes of interest were short- and long-term mortality
after TAVR.

Data extraction and outcome measures

Independent duplicate data extraction was done by two
reviewers (G.H. and M.S.). The following data were
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extracted: first author, article title, study design, year of
study, country of origin, year of publication, and tools used
to assess muscle mass and muscle strength. Eligible studies
were examined for the short-term (<30 days) and long-term
mortality (> 30 days). For continuous variables, we collected
the means and standard deviations whenever possible. For
dichotomous variables, we abstracted effect measures [rela-
tive risks, odds ratios (OR), or hazard ratios] and 95% CIs.
Alternatively, we collected the event rates and populated a
contingency table to calculate the effect measures.

Statistical analysis

The findings were evaluated in a descriptive manner based
on the information provided by each of the included studies.
Quantitative study results were expressed as OR with 95%
CI. When available, ORs were reported. Otherwise, crude
ORs were computed from the available results in the paper.

We assessed heterogeneity of the study using Chi square
tests (p> 0.1 showed no significant heterogeneity among
studies) and 12 statistic (Iz> 25, > 50, and > 75% showed
low, moderate, and high heterogeneity, respectively). Sta-
tistical analyses were conducted using OpenMetaAnalyst
[6]. All values are two-tailed, and p<0.05 was set as the
threshold for statistical significance.

Quality and bias assessment

The quality of the included studies was assessed by two
authors independently based on the modified Newcastle-
Ottawa-scale in this meta-analysis [7]. Modified Newcastle-
Ottawa-scale uses a rating system to determine the quality of
studies based on two categories, which include selection of
participants, comparability between groups, and assessment
of exposure or outcome. Modified Newcastle-Ottawa-scale is
widely used and recommended by the Cochrane collabora-
tion to assess the quality of nonrandomized studies, espe-
cially in cohort and case-control studies. Eight items relevant
to the evaluation of quality were applied to this meta-analy-
sis (online data supplement). Disagreements were resolved
through discussion.

We intended to assess publication bias using funnel plot
techniques, Begg’s rank test and Egger’s regression test, as
appropriate given the known limitations of these methods.

Results

Eight studies with 1881 patients were included (Fig. 1)
[8—15]. Long-term outcome data were available for six
studies [8, 10-13, 15]. Based on the available information,
55.9% of the included patients were males, and the mean age
of the enrolled patients was 81.8 years + 12. The body mass
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Fig. 1 Flow diagram of the
meta-analysis with algorithm
for the literature search results
and inclusion into the study
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Eligibility Screening
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index was 28.2 kg/mzi 1.1, STS risk score was 7.0+ 0.6,
and albumin level was 3.8 g/dL +0.1. Roughly one-third
(37.4%) of patients had diabetes, two-thirds (64.2%) had
hyperlipidemia, and 81.4% had hypertension.

Five studies used the psoas muscle area to assess mus-
cle mass [8, 9, 11-13]. One study used psoas muscle area
indexed to body mass index [14], and two studies used the

Table 1 Characteristics of included studies

l

Records screened
(n=15)

Excluded irrelevant articles
(n=5)

A

Excluded irrelevant articles
(n = 2) such as; inadequate
information provided, not
reporting outcomes in
both genders, describing
the results of the same
study

Full-text articles assessed
for eligibility
(n=10)

8 eligible studies
(N = 1,881 patients)

skeletal muscle index [10, 15]. Characteristics of the studies
included in the analysis are described in Table 1.

We were unable to assess the publication bias as there
were inadequate numbers of included studies to properly
assess a funnel plot or more advanced regression-based
assessments. The information regarding the intra/interob-
server variability were available only from two studies [8,

Study Year Study design Sample size Follow-up Country Outcomes
(months)
Garg [8] 2017 Retrospective cohort 152 12 USA Early poor outcome 30 days, 1-year mortality,
high-resource utilization
Saji [12] 2016 Retrospective cohort 154 6 USA All-cause mortality at 30 days and 6 months
Paknikar [11] 2016 Retrospective cohort 139 24 USA late mortality, high-resource utilization
Mok [10] 2016 Prospective cohort 460 12 Canada Mortality at 30 days and cumulative mortality
Garg [9] 2016 Retrospective cohort 103 12 USA Early poor outcome 30 days, 1-year mortality,
high resource utilization
Lindman [14] 2016 Retrospective cohort 330 1 USA All-cause mortality at 30 days
Mamane [13] 2016 Prospective cohort 386 12 Canada Length of stay, disability, all-cause mortality
Nemec [15] 2017 Retrospective cohort 157 12 USA Postprocedural complications, length of stay

30 days and 1-year mortality
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12]. Both inter-observer and intra-observer reproducibility
for muscle area assessment were satisfactory, with a coef-
ficient of variability ranging from <2-5%.

Primary and secondary outcomes

When compared with sarcopenic patients, non-sarcopenic
individuals have a lower risk for long-term mortality follow-
ing TAVR OR 0.49, 95% CI 0.28-0.83, p=0.049; Fig. 2a).
Similarly, short-term mortality after TAVR was reduced in
non-sarcopenic patients; however, it was not statistically sig-
nificant (OR 0.72; 95% CI 0.44-1.18; p=0.285; Fig. 2b).
Despite all efforts, we were unable to eliminate the overall
substantial statistical heterogeneity (I > 50%).

Discussion

We demonstrated that aortic stenosis patients with low mus-
cle mass, measured on the preoperative CT images, had a
50% lower long-term mortality rate when compared to their
peers with normal skeletal muscle mass. This summarizes
the growing body of evidence on frailty in TAVR and offers
better insight into the various scales that were developed and
adapted to the highly frail and complex TAVR population in
order to predict post-procedural poor outcomes [2, 16, 17].

In order to obtain a more objective evaluation to iden-
tify frail patients, preprocedural serum albumin level as a
simple marker that is not subject to inter- or intraobserver
bias was found to be independently associated with mor-
tality in patients who undergo TAVR [18, 19]. Recently,
the FRAILTY-AVR study compared different frailty scales
in a prospective cohort of 646 patients undergoing TAVR
and demonstrated a four-items scale encompassing lower-
extremity weakness, cognitive impairment, anemia, and
hypoalbuminemia to outperform other frailty scales [2].
Nevertheless, albumin is considered an acute-phase pro-
tein that has a relatively short half-life, with levels that are
largely influenced by vascular injury, renal injury, and vari-
ous cytokine levels which can reflect acute changes rather
than representing a true frailty syndrome [20, 21].

Several tools are available for valid and reliable measure-
ments of muscle strength and performance [22]. Tests such
as handheld dynamometer, short physical performance bat-
tery, and gait speed over a short distance are frequently used
as screening tools, and when scores on these parameters are
below normal, further assessment of muscle mass might be
more useful. In this current era of TAVR, CT remains the
standard method for sizing the aortic annulus and assess-
ing the access route patency before the procedure; therefore,
muscle area measurement on CT images is readily accessible
in almost all patients [23, 24].

Studies Estimate (95% C.I.)
Saji 2016 0.373 (0.163, 0.854) B .
Paknikar 2016 0.242 (0.063, 0.939) » _
Mok 2016 0.864 (0.590, 1.265) D —
Garg (b) 2017 0.903 (0.371, 2.193) =
Mamane 2016 0.178 (0.050, 0.633) - L
Nemec 2017 0.414 (0.141, 1.215) .
Overall (1?=54.96 % , P=0.049)  0.491 (0.288, 0.836) ——E—
| T T ;I '
@ 0.05 0.1 0.25 0.49 1 2.19
Odds Ratio of Late Mortality (log scale)
Studies Estimate (95% C.I.) '
Saji 2016 0.648 (0.176, 2.395) =
Garg (a) 2016 0.270 (0.095, 0.769) = g
Lindman 2016 0.915 (0.590, 1.420) —
Garg (b) 2017 1.268 (0.327, 4.914) L -
Nemec 2017 0.765 (0.124, 4.725) .
Overall (12=20.36 % , P=0.285) 0.725 (0.444, 1.186) Cﬁ
| T T : T T I'
0.09 0.19 0.47 073 095 1.9 475
Odds Ratio of Early Mortality (log scale)

Fig. 2 Forest plots for the long-term (a) and short-term (b) mortality for non-sarcopenic patients who underwent TAVR compared to their sarco-
penic counterparts. Heterogeneity across trials was evaluated with I? statistic. CIconfidence interval
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Table 2 Features of the tools that were used to assess muscle area in the included studies

Study Vertebra level(s) Density thresh- Tool used to assess muscle mass Comment(s)
olds (Hounsfield
unit)

Garg [8] L3 n/a BSA indexed PMA mm?*/m? PMA obtained from axial cuts on CT as a surrogate for

global muscle mass
Sarcopenia was defined as PMA indexed to body sur-

face area less than the median

Saji [12] L4 —30to 150 BSA indexed PMA mm?*m? Three tertiles according to indexed PMA for each
gender (men: tertile 1, 1708-1178 mm?*m?; tertile 2,
1176-1011 mm*m?; and tertile 3, 1009-587 mm?/
m?; women: and tertile 1, 1436-962 mm?%*m?; tertile
2, 952-807 mm?/m?; and tertile 3, 806-527 mm?/m?

Paknikar [11] L1-L4 n/a TPA The areas of the left and right psoas muscles were
summed to compute the TPA. TPA was standardized
by gender to control for differences in body habitus

Mok [10] L3 —29to0 150 SMMI cm?/m? Muscles that can be identified at L3 are psoas (major
and minor), erector spinae, quadratus lumborum,
transversus abdominis, external and internal obliques,
and rectus abdominis

Sarcopenia was defined as an SMMI 2 SDs less than

the mean SMMI of young, healthy gender-specific
reference ranges

Garg [9] n/a n/a BSA indexed IPA n/a

Lindman [14] LA4L5 n/a PMABMI Right and left psoas muscle area indexed to BMI

Mamane [13] n/a n/a PMA n/a

Nemec [15] L3 —29to 150 SMI The measurements included the psoas, erector spinae,

quadratus lumborum, transversus abdominis, external
and internal oblique, and rectus abdominis muscles

For diagnosing sarcopenia, cutoff values of L3 muscle
area of <52.4 cm*m? in men and <38.9 cm%m? in
women were used

BSA body surface area, PMA psoas muscle area, CT computed tomography, TPA total psoas area, SMMI skeletal muscle mass index, IPA iliop-
soas muscle area, BMI body mass index, PMABMI PMA indexed to BMI, SMI skeletal muscle index

Muscle mass has garnered interest as an objective quanti-
tative measure of frailty that is independent of illness acuity
and day-to-day changes in functional status required by other
performance-based on frailty assessments, which may be
unrelated to operative risk factors. Previous studies showed
a prognostic value of skeletal muscle assessment in noncar-
diac as well as cardiothoracic surgeries [25]. The relation-
ship between muscle mass and other known frailty markers
is not well studies. A study by Cesari et al. [26] investigated
the relation of the frailty syndrome with muscle, as assessed
by computerized tomography scan, and found strong associ-
ations between that the different frailty syndrome component
and muscle mass measurement.

The mechanism that links skeletal muscle mass and post-
TAVR mortality is thought to be related to the central role
of skeletal muscle in the frailty syndrome. Skeletal muscle
is the main reservoir for amino acids in the body, which,
when depleted, impairs several vital functions necessary
for recovery [27]. Frail patients with low muscle mass have
impaired muscle protein synthesis and a high risk of decon-
ditioning after an invasive procedure; this is compounded

by the vicious cycle of inadequate nutrition and decreased
physical activity [28].

The impact of lower muscle mass after the procedure is
not only limited to its undesirable effect on survival follow-
ing TAVR, patients with SMA were found to be more likely
to require discharge to rehabilitation facilities [8]. Therefore,
CT-derived skeletal mass measurement might be considered
a screening tool to identify vulnerable sarcopenic patients
who might be targeted for specific interventions (e.g., pro-
tein supplementation and physical rehabilitation) to optimize
their frailty status after the TAVR procedure [29, 30].

Limitation

Our study has several evident limitations. Inherent to all
meta-analyses is the potential for heterogeneity among
selected studies. However, heterogeneity testing did not
indicate significant heterogeneity for the overall OR of mor-
tality. The measurement of muscle mass and the definition
of sarcopenia are not uniformed, and our analysis included

@ Springer



1146

The International Journal of Cardiovascular Imaging (2019) 35:1141-1147

studies with several tools that were used to assess muscle
area with different threshold to define sarcopenic patients.
These differences are highlighted in Table 2.

Conclusion

Our meta-analysis of all the available literature to date is
suggestive of a benefit of CT-derived skeletal muscle area
in providing a prognostic value and predicting post-TAVR
long-term outcomes.

This method is a simple risk assessment tool that may
improve risk stratification for TAVR procedure and guide
clinical decisions and may perhaps be integrated into the
STS score. It might also help identifying and targeting
high-risk patients with nutritional and exercise interven-
tions to improve muscle mass prior to and following the
procedure.

More research is needed to validate these results with a
prospective analysis of a larger cohort of patients or even
through extracting data from the prior published randomized
TAVR studies.

Acknowledgements The authors thank Mr. Fred King, MSLS (the
medical librarian at MedStar Washington Hospital Center) for his great
help in the literature search.

Compliance with ethical standards

Conflict of interest Ron Waksman: Advisory Board: Abbott Vascu-
lar, Amgen, Boston Scientific, Cardioset, Cardiovascular Systems
Inc., Medtronic, Philips Volcano, Pi-Cardia Ltd.; Consultant: Abbott
Vascular, Amgen, Biosensors, Biotronik, Boston Scientific, Cardioset,
Cardiovascular Systems Inc., Medtronic, Philips Volcano, Pi-Cardia
Ltd.; Grant Support: Abbott Vascular, AstraZeneca, Biosensors, Bio-
tronik, Boston Scientific, Chiesi; Speakers Bureau: AstraZeneca, Chie-
si; Investor: MedAlliance. All other authors declared that they have no
conflict of interest.

References

1. Piazza N, Wenaweser P, van Gameren M, Pilgrim T, Tzikas A,
Otten A, Nuis R, Onuma Y, Cheng JM, Kappetein AP, Boersma
E, Juni P, de Jaegere P, Windecker S, Serruys PW (2010) Rela-
tionship between the logistic EuroSCORE and the society of
thoracic surgeons predicted risk of mortality score in patients
implanted with the CoreValve ReValving system—a Bern-Rotter-
dam study. Am Heart J 159(2):323-329. https://doi.org/10.1016/j.
ahj.2009.11.026

2. Afilalo J, Lauck S, Kim DH, Lefevre T, Piazza N, Lachapelle K,
Martucci G, Lamy A, Labinaz M, Peterson MD, Arora RC, Noi-
seux N, Rassi A, Palacios IF, Genereux P, Lindman BR, Asgar
AW, Kim CA, Trnkus A, Morais JA, Langlois Y, Rudski LG,
Morin JF, Popma JJ, Webb JG, Perrault LP (2017) Frailty in older
adults undergoing aortic valve replacement: the FRAILTY-AVR

@ Springer

10.

11.

12.

13.

15.

16.

study. J Am Coll Cardiol 70(6):689-700. https://doi.org/10.1016/j.
jacc.2017.06.024

Schoenenberger AW, Moser A, Bertschi D, Wenaweser P, Win-
decker S, Carrel T, Stuck AE, Stortecky S (2018) Improvement
of risk prediction after transcatheter aortic valve replacement
by combining frailty with conventional risk scores. JACC:
Cardiovasc Interv 11(4):395-403. https://doi.org/10.1016/j.
jcin.2017.11.012

Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heyms-
field SB, Ross RR, Garry PJ, Lindeman RD (1998) Epidemiology
of sarcopenia among the elderly in New Mexico. Am J Epidemiol
147(8):755-763

Cesari M, Landi F, Vellas B, Bernabei R, Marzetti E (2014) Sar-
copenia and physical frailty: two sides of the same coin. Front
Aging Neurosci 6:192. https://doi.org/10.3389/fnagi.2014.00192
Wallace BC, Dahabreh 1J, Trikalinos TA, Lau J, Trow P, Schmid
CH (2012) Closing the gap between methodologists and end-
users: R as a computational back-end. J Stat Softw 49(5):1-15
Wells GSB, O’Connell D, Peterson J, Welch V, Losos M, Tugwell
P (2014) The Newcastle-Ottawa Scale (NOS) for assessing the
quality of nonrandomised studies in meta-analyses. http://www.
ohri.ca/programs/clinical_epidemiology/oxford.asp

Garg L, Agrawal S, Pew T, Hanzel GS, Abbas AE, Gallagher
MlJ, Shannon FL, Hanson ID (2017) Psoas muscle area as a pre-
dictor of outcomes in transcatheter aortic valve implantation.
Am J Cardiol 119(3):457-460. https://doi.org/10.1016/j.amjca
rd.2016.10.019

Garg L, Pow T, Gallagher M, Abbas A, Hanzel G, Safian R, Shan-
non F, Agrawal S, Hanson I (2016) Iliopsoas area as an objec-
tive frailty assessment tool for TAVR. J Am Coll Cardiol 67 (13
Suppl):246. https://doi.org/10.1016/s0735-1097(16)30247-9
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 (2016) Prognostic
value of fat mass and skeletal muscle mass determined by com-
puted tomography in patients who underwent transcatheter aortic
valve implantation. Am J Cardiol 117(5):828-833. https://doi.
org/10.1016/j.amjcard.2015.12.015

Paknikar R, Friedman J, Cron D, Deeb GM, Chetcuti S, Grossman
PM, Wang S, Englesbe M, Patel HJ (2016) Psoas muscle size as
a frailty measure for open and transcatheter aortic valve replace-
ment. J Thoracic Cardiovasc Surg 151(3):745-751. https://doi.
org/10.1016/j.jtcvs.2015.11.022

Saji M, Lim DS, Ragosta M, LaPar DJ, Downs E, Ghanta RK,
Kern JA, Dent JM, Ailawadi G (2016) Usefulness of psoas mus-
cle area to predict mortality in patients undergoing transcatheter
aortic valve replacement. Am J Cardiol 118(2):251-257. https://
doi.org/10.1016/j.amjcard.2016.04.043

Mamane S, Mullie L, Ades M, Trnkus A, Webb J, Piazza N, Per-
rault L, Noiseux N, Lauck S, Arora R (2017) Incremental prog-
nostic value of sarcopenia in older adults undergoing transcatheter
aortic valve replacement: the FRAILTY-AVR study. Circulation
136:A20791-A20791.

Lindman B, Sheehy J, Chung M, Perry A, Quader N, Zajarias A,
Vatterott A, Lawler C, Melby S, Lasala J (2016) Sarcopenia is
associated with increased mortality and worse quality of life after
transcatheter aortic valve replacement. Eur Heart J 37:352-353
Nemec U, Heidinger B, Sokas C, Chu L, Eisenberg RL (2017)
Diagnosing sarcopenia on thoracic computed tomography: quan-
titative assessment of skeletal muscle mass in patients undergoing
transcatheter aortic valve replacement. Acad Radiol 24(9):1154—
1161. https://doi.org/10.1016/j.acra.2017.02.008

Talbot-Hamon C, Afilalo J (2017) Transcatheter aortic valve
replacement in the care of older persons with aortic stenosis. J
Am Geriatr Soc 65(4):693-698. https://doi.org/10.1111/jgs.14776


https://doi.org/10.1016/j.ahj.2009.11.026
https://doi.org/10.1016/j.ahj.2009.11.026
https://doi.org/10.1016/j.jacc.2017.06.024
https://doi.org/10.1016/j.jacc.2017.06.024
https://doi.org/10.1016/j.jcin.2017.11.012
https://doi.org/10.1016/j.jcin.2017.11.012
https://doi.org/10.3389/fnagi.2014.00192
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1016/j.amjcard.2016.10.019
https://doi.org/10.1016/j.amjcard.2016.10.019
https://doi.org/10.1016/s0735-1097(16)30247-9
https://doi.org/10.1016/j.amjcard.2015.12.015
https://doi.org/10.1016/j.amjcard.2015.12.015
https://doi.org/10.1016/j.jtcvs.2015.11.022
https://doi.org/10.1016/j.jtcvs.2015.11.022
https://doi.org/10.1016/j.amjcard.2016.04.043
https://doi.org/10.1016/j.amjcard.2016.04.043
https://doi.org/10.1016/j.acra.2017.02.008
https://doi.org/10.1111/jgs.14776

The International Journal of Cardiovascular Imaging (2019) 35:1141-1147

1147

17.

18.

19.

20.

21.

22.

23.

24.

Puri R, Iung B, Cohen DJ, Rodes-Cabau J (2016) TAVI or No
TAVI: identifying patients unlikely to benefit from transcatheter
aortic valve implantation. Eur Heart J 37(28):2217-2225. https://
doi.org/10.1093/eurheartj/ehv756

Bogdan A, Barbash IM, Segev A, Fefer P, Bogdan SN, Asher E,
Fink N, Hamdan A, Spiegelstein D, Raanani E, Guetta V (2016)
Albumin correlates with all-cause mortality in elderly patients
undergoing transcatheter aortic valve implantation. Eurolnterven-
tion 12(8):e1057-e1064. https://doi.org/10.4244/eijy15m10_09
Koifman E, Magalhaes MA, Ben-Dor I, Kiramijyan S, Escarcega
RO, Fang C, Torguson R, Okubagzi P, Negi SI, Baker NC, Minha
S, Corso PJ, Shults C, Satler LF, Pichard AD, Waksman R (2015)
Impact of pre-procedural serum albumin levels on outcome of
patients undergoing transcatheter aortic valve replacement. Am
J Cardiol 115(9):1260-1264. https://doi.org/10.1016/j.amjca
rd.2015.02.009

Gabay C, Kushner I (1999) Acute-phase proteins and other sys-
temic responses to inflammation. N Engl J Med 340(6):448-454.
https://doi.org/10.1056/nejm199902113400607

Rothschild MA, Oratz M, Schreiber SS (1988) Serum albumin.
Hepatology 8(2):385-401. https://doi.org/10.1002/hep.18400
80234 doi

Mijnarends DM, Meijers JM, Halfens RJ, ter Borg S, Luiking YC,
Verlaan S, Schoberer D, Cruz Jentoft AJ, van Loon LJ, Schols JM
(2013) Validity and reliability of tools to measure muscle mass,
strength, and physical performance in community-dwelling older
people: a systematic review. ] Am Med Dir Assoc 14(3):170-178.
https://doi.org/10.1016/j.jamda.2012.10.009

Bleakley C, Monaghan MJ (2018) The pivotal role of imag-
ing in TAVR procedures. Curr Cardiol Rep 20(2):9. https://doi.
org/10.1007/s11886-018-0949-z

Yu W-L, Omid-Fard N, Arepalli C, Shao M, Hart SL, Weir
McCall J, Rosenblatt SR, Blanke P, Leipsic J (2018) Role of
computed tomography in pre-procedural planning of transcatheter

25.

26.

217.

28.

29.

30.

mitral valve replacement. Struct Heart 2(1):23-29. https://doi.
org/10.1080/24748706.2017.1407503

Kirk PS, Friedman JF, Cron DC, Terjimanian MN, Wang SC,
Campbell DA, Englesbe MJ, Werner NL (2015) One-year post-
operative resource utilization in sarcopenic patients. J Surg Res
199(1):51-55. https://doi.org/10.1016/j.jss.2015.04.074

Cesari M, Leeuwenburgh C, Lauretani F, Onder G, Bandinelli S,
Maraldi C, Guralnik JM, Pahor M, Ferrucci L (2006) Frailty syn-
drome and skeletal muscle: results from the Invecchiare in Chianti
study. Am J Clin Nutr 83(5):1142-1148. https://doi.org/10.1093/
ajen/83.5.1142

Wolfe RR (2002) Regulation of muscle protein by amino
acids. J Nutr 132(10):3219S-3224S. https://doi.org/10.1093/
jn/131.10.3219S

Ferrucci L, Maggio M, Ceda GP, Beghi C, Valenti G, De Cicco G
(2006) Acute postoperative frailty. ] Am Coll Surg 203(1):134—
135. https://doi.org/10.1016/j.jamcollsurg.2006.03.005
Cruz-Jentoft AJ, Landi F, Schneider SM, Ziiiiga C, Arai H, Boirie
Y, Chen L-K, Fielding RA, Martin FC, Michel J-P, Sieber C, Stout
JR, Studenski SA, Vellas B, Woo J, Zamboni M, Cederholm T
(2014) Prevalence of and interventions for sarcopenia in ageing
adults: a systematic review. Report of the international sarcope-
nia initiative (EWGSOP and IWGS). Age Ageing 43(6):748-759.
https://doi.org/10.1093/ageing/aful 15

Bibas L, Levi M, Bendayan M, Mullie L, Forman DE, Afilalo J
(2014) Therapeutic interventions for frail elderly patients: part I.
Published randomized trials. Prog Cardiovasc Dis 57(2):134—143.
https://doi.org/10.1016/j.pcad.2014.07.004

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1093/eurheartj/ehv756
https://doi.org/10.1093/eurheartj/ehv756
https://doi.org/10.4244/eijy15m10_09
https://doi.org/10.1016/j.amjcard.2015.02.009
https://doi.org/10.1016/j.amjcard.2015.02.009
https://doi.org/10.1056/nejm199902113400607
https://doi.org/10.1002/hep.1840080234
https://doi.org/10.1002/hep.1840080234
https://doi.org/10.1016/j.jamda.2012.10.009
https://doi.org/10.1007/s11886-018-0949-z
https://doi.org/10.1007/s11886-018-0949-z
https://doi.org/10.1080/24748706.2017.1407503
https://doi.org/10.1080/24748706.2017.1407503
https://doi.org/10.1016/j.jss.2015.04.074
https://doi.org/10.1093/ajcn/83.5.1142
https://doi.org/10.1093/ajcn/83.5.1142
https://doi.org/10.1093/jn/131.10.3219S
https://doi.org/10.1093/jn/131.10.3219S
https://doi.org/10.1016/j.jamcollsurg.2006.03.005
https://doi.org/10.1093/ageing/afu115
https://doi.org/10.1016/j.pcad.2014.07.004

	Usefulness of skeletal muscle area detected by computed tomography to predict mortality in patients undergoing transcatheter aortic valve replacement: a meta-analysis study
	Abstract
	Introduction
	Methods
	Search strategy
	Inclusion criteria
	Data extraction and outcome measures
	Statistical analysis
	Quality and bias assessment

	Results
	Primary and secondary outcomes

	Discussion
	Limitation

	Conclusion
	Acknowledgements 
	References


