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Article 
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Abstract: Background: A careful work-up before Transcatheter aortic valve replacement (TAVR) consists not 

only of measuring anatomical conditions but also assessment of frailty. Previous studies have evaluated body 

composition parameters, primarily fat and muscle mass. Few data are available on other frailty parameters, 

which, however, can be easily determined by pre-TAVR computed tomography (CT). Objectives: The primary 

objective was to investigate the impact of total muscle area (TMA) and visceral adipose tissue (VAT), as frailty 

parameters, on 5-year all-cause mortality in patients undergoing TAVR. Methods: Between 01/2017 and 

12/2018, consecutive TAVR patients undergoing CT-angiography scan enabling TMA and VAT measurement 

were included. A single axial image was acquired at the level of the middle third lumbar vertebra to perform 

TMA and VAT measurements using dedicated slicing software (Sliceomatic, TomoVision). Results: A total of 

500 patients qualified for TMA analysis. Age was not associated with a higher risk of 5-year mortality HR 1.02 

(95% CI: 0.998 - 1.049; p=0.069). Body surface area normalized TMA (nTMA) was significantly associated with 

5-year all-cause mortality (HR 0.927, 95% CI: 0.927-0.997; p= 0.033), while VAT had no effect (HR 1.002, 95% CI: 

0.99-1.015; p= 0.7). The effect of nTMA on 5- year all-cause mortality was gender-dependent: the protective 

effect of higher nTMA was found in male patients (pinteraction: sex * nTMA = 0.007). The combination of 

normalized TMA and VAT was not associated with higher mortality rates. Conclusion: Normalized TMA 

derived from routine CT before TAVR complements frailty assessment in patients undergoing TAVR.  

Keywords: aortic valve stenosis; body composition parameters; CT scan; sarcopenia; frailty; 

mortality   

 

Abbreviations 

TAVR = Transcatheter aortic valve replacement 

AS= Aortic valve stenosis  

TMA= Total muscle area  

nTMA= normalized total muscle area  

PMA= Psoas muscle area  

VAT= Visceral adipose tissue 
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Introduction 

Due to significant advancements in TAVR safety, efficacy and noninferiority to surgical aortic 

valve re-placement (SAVR) the number of TAVR procedures is rising.1-6 

A meaningful examination prior to TAVR consists not only of measuring anatomic features such 

as femoral access size, valve type and size to be implanted, or determining the coronary status, but 

also obtaining parameters of general medical condition and frailty. While measuring anatomical 

structures is standardized and precise by using TAVR CT scan, assessment of frailty may be more 

difficult to objectify, and there is no consensus on its assessment. Although Society of Thoracic 

Surgeons (STS) and European System for Cardiac Operative Risk Evaluation (EuroSCORE)-2 scores 

are an integral part of any heart team evaluation to predict outcomes after TAVR, a comprehensive 

frailty assessment should be performed.7 Previous studies have analysed factors such as age, 

cognitive impairment, physical weakness, and also laboratory values such as anaemia and 

hypoalbuminemia.8 There is a great heterogeneity in clinical vulnerability, including nutritional 

status, physical and cognitive impairment, and psychosocial risk factors.9  

As an objective frailty parameter, body composition parameters have been analysed in previous 

studies. In particular, two tissues were measured for risk assessment, namely muscle mass and fat 

mass. These parameters were evaluated not only for cardiac risk but also for noncardiac risk 

assessment. 10-16  With respect to muscle mass, studies have shown that sarcopenia is associated with 

frailty in the elderly population.17 For example, quadriceps depth measured by ultrasound was a 

predictor of adverse postoperative outcomes, including discharge to a skilled nursing facility and 

delirium.18 Measurement of sarcopenia using the psoas muscle area (PMA) has also been 

evaluated.19,20 Studies have been performed with regard to subcutaneous and visceral adipose tissue 

fat mass, analyzing the effects on noncardiac and cardiac perioperative outcomes and survival.21,22  

In summary, data are available for both muscle mass and visceral adipose tissue (VAT) to 

support them as predictors of poor outcome after surgery. However, regarding muscle mass 

primarily PMA was measured and only spare data is available on the effects of total muscle area 

(TMA) which includes the total muscle mass of a given segment. Consequently also the impact of 

TMA and VAT interaction on the outcome after TAVR is unclear.  

We aimed to identify an objective marker of frailty. We hypothesized that low TMA is associated 

with poor survival and, second, that the combination of low TMA and low VAT may be a stronger 

predictor of poor outcome in patients after TAVR. 
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Methods 

Study design and population 

All patients undergoing TAVR at our university-based tertiary referral center are consecutively 

recorded in a prospective institutional database as part of the Swiss TAVI registry, which is mandated 

by the national health authorities (registered at clinicaltrials.gov with NCT01368250).23 The present 

analysis included all patients with severe aortic valve stenosis who underwent transfemoral (TF)-

TAVR with contemporary balloon-expandable (SAPIEN 3, SAPIEN 3 Ultra [Edwards Lifesciences]) 

or self-expanding devices (Evolut R/PRO [Medtronic]) between January 2017 and December 2018. 

The registry was approved by the local ethics committee. All patients provided written informed 

consent for participation.     

CT assessment 

All patients who had a CT scan before TAVR were included. A volumetric assessment of  each 

CT scan was performed. Here, a single axial image was acquired at the level of the middle third 

lumbar vertebra (L3) and analysed with dedicated software (Sliceomatic, TomoVision, 3280 chemin 

Milletta, Magog, J1X 0R4, Canada) by measuring visceral adipose tissue (VAT) area (cm2) and total 

muscle area (TMA). (Figure 1) TMA was normalized by division with BSA. VAT was measured in 

cm2. 

 

Figure 1. Measurement of each body composition parameter, total muscle area (TMA) and visceral 

adipose tissue (VAT). Legend: PMA means psoas muscle area; VAT means visceral adipose tissue; 

SAT means Subcutaneous adipose tissue. 

Data collection  

Baseline clinical, procedural, and follow-up data were prospectively recorded in a web-based 

database held at the Clinical Trials Unit of the University of Bern. Clinical follow-up was obtained 

from standardized telephone interviews, medical reports,  and hospital discharge summaries. All 

adverse events were independently adjudicated by a clinical event committee according to Valve 

Academic Research Consortium (VARC) criteria applicable at the time of the procedure of the 

university of Bern.24 

Endpoints 

The primary objective endpoint of this analysis was  to assess the impact of normalized total 

muscle area (TMA) and visceral adipose tissue (VAT) on 5-year all-cause mortality.  

Statistical analysis 
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Categorical variables are presented as frequencies and percentages. Continuous variables are 

presented as mean and standard deviation if they are normally distributed variables and with median 

and interquartile range (IQR) otherwise. Univariable and multivariable logistic regression and Cox 

proportional hazard models were used to calculate hazard ratios (HRs), respectively. The Youden 

index was used to calculate cutoff values for normalized TMA and VAT in relation to 5-year all-cause 

mortality. A p value < 0.05 was considered statistically significant, and all calculations were 

performed using R version 4.0.2.25  

Results 

604 patients underwent TAVR between 01/2017 and 12/2018. Due to image cropping TMA and 

VAT measurements could be performed in 500 patients (82.8% of the overall patient number in the 

study period). 

The mean age of this cohort was 82.8 years (IQR: 79.0-86.5), and 304 (52.1%) patients were female 

(Table 1). Age was not associated with a higher risk of 5-year mortality with HR 1.023 (95% CI: 0.998 

- 1.049; p=0.069).  

Table 1. Baseline Characteristics. 

 All patients N=584 

Gender:  

    Male 280 (47.9%) 

    Female 304 (52.1%) 

Age (years) 82.8 [79.0;86.5] 

Height (cm) 165 [158;172] 

Weight (kg) 71.0 [62.0;83.0] 

Body mass index  (kg/m2) 25.6 [22.7;29.7] 

Diabetes mellitus [Yes] 156 (26.7%) 

Arterial hypertension [Yes] 506 (86.6%) 

Dyslipidemia [Yes] 391 (67.0%) 

Chronic obstructive pulmonary disease [Yes] 61 (10.4%) 

History of cerebrovascular accident [Yes] 71 (12.2%) 

Transient ischemic attack [Yes] 31 (5.31%) 

Coronary artery disease [Yes] 346 (59.2%) 

History of myocardial infarction [Yes] 87 (14.9%) 

Atrial fibrillation [Yes] 203 (34.8%) 

Peripheral artery disease [Yes] 69 (11.8%) 

History of cardiac surgery [Yes] 59 (10.1%) 

Dyspnea [Yes] 578 (99.1%) 

Body surface area (m2, Haycock) 1.81 [1.67;1.99] 

Visceral adipose tissue (cm2) 134 [68.5;216] 

Total muscle area (cm2) 110 [93.4;131] 

Total muscle Area normalized by body surface area (-) 62.3 [54.5;70.1] 

Subcutaneous adipose tissue (cm2) 148 [106;207] 

Creatinine (µmol/l) 95.5 [77.0;120] 

Brain natriuretic peptide (pg/ml) 257 [108;625] 

Albumin (g/L) 34.0 [32.0;36.0] 

Mean Gradient (mmHg)   39.0 [28.0;47.0] 

Peak Gradient (mmHg)   63.0 [45.0;78.0] 

Aortic Valve Area (cm2)   0.70 [0.60;0.90] 

Indexed Aortic Valve Area (cm2)   0.27 [0.21;0.32] 
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 All patients N=584 

Left ventricular ejection fractionLVEF (%)   60.0 [50.0;65.0] 

Logistic Euro Score 9.18 [5.83;17.7] 

Linear Euro Score 8.00 [6.00;10.0] 

Euro Score II 3.67 [2.24;6.66] 

STS predicted risk of mortality 4.12 [2.90;6.31] 

Body mass index (kg/m2) was also not associated with higher 5-year mortality with a HR of 

1.005 (95% CI: 0.97-1.05; p= 0.8).  

However, female patients had better survival compared to male patients with a HR of 0.036, 95% 

CI: 0.003-0.39, p=0.007) in the 5 year follow up period. (Table 2, Figure 3 A)  

Further,a significant interaction between female and nTMA was observed (HR: 1.048, 95%-CI: 

1.013 - 1.084; p=0.007) (Table 2).  

Table 2. Regression coefficient and associated 95%-confidence intervals and p-values for a 

multivariable logistic regression model and multivariable survival cox regression model. 

 Cox regression 

Characteristic HR 95% CI p 

Age (years) 1.023 0.998, 1.049 0.069 

BMI (kg/m2) 1.005 0.97, 1.046 0.8 

Sex:    

Female 0.036 0.003, 0.396 0.007 

TMA (normalized) 0.96 0.927, 0.997 0.033 

VAT (cm2) 1.002 0.99, 1.015 0.7 

Sex * TMA (normalized)    

Female * TMA (normalized) 1.048 1.013, 1.084 0.007 

Sex * VAT    

Female * VAT (cm2) 0.997 0.99, 1.001 0.2 

TMA (normalized) * VAT (cm2) 0.9999 0.9998, 1.00011 0.5 

Regarding the individual CT tissue parameters, the following results were observed:  

I) Muscle mass:  

PMA was not associated with higher 5-years mortality with HR 0.970 (95% CI: 0.921- 1.026; 

p=0.3).  

nTMA was significantly associated with higher 5-year all-cause mortality with HR 0.96 (95% CI: 

0.927-0.997; p= 0.033).  

When analyzing sex-specific outcomes, we observed a higher survival probability for the whole 

5 year period with p=0.022 in female patients  compared to male patients. (Table2) (Figure 3A).  A 

protective effect of higher nTMA levels was observed in male patients (pinteraction: sex * TMA 

(normalized) = 0.007) (Figure 2, Table 3). 
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Figure 2. (A) Marginal distributions of total muscle area (TMA) and visceral adipose tissue (VAT) in 

surviving and deceased patients for the entire cohort and stratified according to gender. (B) Predicted 

5-yr mortality risk when considering TMA and VAT jointly. 

Table 3. Gender-specific regression coefficient and associated 95%-confidence intervals and p-values 

for multivariable survival cox regression model. 

II) Fat mass:  

Regarding VAT, no significant difference was observed HR 1.002 (95% CI: 0.99-1.015; p= 0.7). No 

gender difference was also observed with HR 0.99 (95% CI: 0.99-1.001; p= 0.2) (Table2).  

 Female patients Male patients 

Characteristic HR1 95% CI1 p HR1 95% CI1 p 

Age (years) 1.029 0.99, 1.070 0.14 1.018 0.99, 1.052 0.3 

BMI (kg/m2) 1.003 0.948, 1.061 >0.9 1.006 0.95, 1.065 0.8 

TMA (normalized) 1.009 0.98, 1.038 0.6 0.96 0.917, 0.999 0.044 

VAT (cm2) 1.001 0.98, 1.019 >0.9 1.001 0.99, 1.017 0.9 

TMA (normalized) * VAT (cm2) 0.9999 0.9996, 1.00022 0.6 0.99995 0.9997, 1.00017 0.7 

1HR = Hazard Ratio, CI = Confidence Interval 
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III) Interaction of Muscle and Fat mass:  

The combination of nTMA with VAT (cm2) was not associated with higher mortality and HR 

1.00 (95% CI:1.00- 1.00; p = 0.5) (Table2).  Low TMA and low VAT were rather associated with 

mortality than high TMA and high VAT in both sexes.  (Figure 3B)   
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Figure 3. A. 5 years Survival curves, associated p-values from the log rank test and number at risk 

stratified according to gender (A). B. 5 years Survival curves, associated p-values from the log rank 

test and number at risk stratified according normalized TMA values (A) and VAT values (B). Legend: 

TMA means total muscle area; VAT means visceral adipose tissue. 

Discussion 

In the present study, we investigated various body composition parameters for the purpose of a 

comprehensive assessment of frailty using the obligatory CT scan before TAVR. Our study showed 

that low TMA, i.e., sarcopenia, was associated with higher 5-year all-cause mortality and was an 

additional tool for comprehensive assessment of frailty. The effect of nTMA on 5-year all-cause 

mortality was gender-dependent. Here the protective effect of higher nTMA levels was found in male 

patients  (pinteraction: sex *nTMA = 0.007). But PMA and VAT were not associated with higher 5-year 

mortality. Also, the combination of TMA and VAT was not a stronger parameter for lower survival.  

In the existing body of literature, risk assessment predominantly revolves around the 

investigation of two primary tissues, namely muscle mass and fat mass. Additionally, comprehensive 

frailty assessments often incorporate further parameters, such as low bone mineral density. However, 

although low BMD is significantly associated with increased cardiovascular risk regarding the 

interaction of low bone mineral density and TAVR outcome only spare data is available. 26,27  

Regarding fat mass, subcutaneous fat and visceral adipose tissue have been investigated in 

several previous studies analyzing the effects on noncardiac and cardiac perioperative outcomes and 

survival.21,22 For TAVR, a previous study demonstrated that VAT was not associated with significant 

differences, but patients with higher subcutaneous adipose tissue (SAT) had a significantly lower 

incidence of composite outcome and all-cause death compared with patients with lower SAT.22 In 

another study, it was observed that low volume of subcutaneous and visceral adipose tissue was 

associated with worse clinical outcomes than high volume in patients undergoing TAVR.28 Thus, with 

regard to VAT, there are conflicting data in the literature.  Previous studies have also analysed 

adipose tissue in non-cardiac procedures. Thus, in patients with locally advanced rectal cancer, a high 

visceral to subcutaneous adipose tissue ratio is the body composition parameter most strongly 
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associated with poor early postoperative outcomes.29 The ratio of visceral to subcutaneous fat also 

has a significant impact on postoperative complications in colorectal cancer.30  

In our cohort, VAT was not significantly associated with higher mortality. Even after a sex-

specific analysis, no significant difference was found between a low and a high VAT value.  Whether 

adipose tissue has different effects on outcome depending on cardiac or noncardiac interventions 

needs to be investigated in further studies. 

Regarding muscle mass, valuable studies have evaluated PMA for the diagnosis of sarcopenia, 

as it is one of the key components of the frailty syndrome. In noncardiac surgery such as elective 

spine surgery, PMA was a predictor of the need for intensive care and postoperative blood 

transfusion.31 Moreover, in patients with acute mesenteric ischemia, postoperative complications and 

30-day mortality were lower in patients with low PMA.32 Sarcopenia, defined by psoas muscle mass, 

was also an independent predictor of 2-year mortality, major complications, and severity of 

complications after major colorectal surgery.33 PMA was an objective frailty assessment tool 

predicting early morbidity and mortality following spine surgery.21 Also in cardiac surgery low PMA 

was associated with worse outcome.34,35 Low PMA was also associated with increased length of stay 

in older adults undergoing cardiac surgical procedures.36 In cardiac procedures, PMA was described 

as a relevant predictor of poor outcome. In patients undergoing TAVR, the PMA index significantly 

predicted 1-year risk-adjusted mortality and long-term mortality, as well as risk-adjusted severe 

morbidity, prolonged ventilation, length of stay, hospital discharge, and hospital costs.37 But in the 

present study low PMA was not associated with higher 5-year mortality. Nevertheless nTMA, which 

includes the total muscle mass of a given segment was significantly associated with higher 5y 

mortality. This shows the importance of nTMA measurement since it could be a stronger predictor 

for frailty assessment compared to PMA and should performed regularly 

Further In the present study the protective effect of higher nTMA levels was found in male 

patients. Gender differences in this regard need to be investigated in further studies. 

In summary, normalized Total Muscle Area (nTMA) has proven to be a robust predictor of all-

cause mortality. This parameter emerges as a novel, valuable, and supplementary tool, 

complementing well-established frailty prediction tools. Furthermore, its relevance extends to long-

term survival post-Transcatheter Aortic Valve Replacement (TAVR), reinforcing its utility in 

predicting outcomes beyond frailty assessment alone. 

Study Limitations 

The principal constraint in this study is rooted in the intricate nature of the frailty syndrome. 

Notably, body composition parameters, being inherently imaging-related, constitute only a partial 

scope of the comprehensive frailty assessment. It is imperative to recognize that the evaluation of 

frailty should transcend the sole consideration of imaging parameters. Nevertheless, we posit that 

these objective parameters can significantly contribute to a holistic understanding of frailty when 

opportunistically integrated with CT scans, supplementing conventional factors such as age, 

cognitive impairment, physical weakness, and occupational values. 

Moreover, the gender-specific disparities remain ambiguous. The rationale behind the impact of 

total muscle area on outcomes in males, while not evident in females, lacks clarity. This disparity 

necessitates further scrutiny in subsequent investigations to elucidate the underlying mechanisms 

and discern any potential gender-specific nuances impacting the observed outcomes. 
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