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Abstract

:

Background: Sarcopenia is the core component of frailty; however, its role in patients undergoing transcatheter aortic valve replacement (TAVR) is a matter of debate. The Toronto Aortic Stenosis Quality of Life Questionnaire (TASQ) is a validated instrument for assessing quality of life (QoL) in patients with severe aortic stenosis (AS). Aims: We aim to evaluate the QoL of sarcopenic and non-sarcopenic patients with severe AS undergoing TAVR. Methods: TASQ was prospectively administered to patients undergoing TAVR. All patients completed the TASQ before TAVR and at a 3-month follow-up. The study population was divided in two groups according to sarcopenic status. The primary endpoint was the TASQ score in the sarcopenic and non-sarcopenic cohorts. Results: In total, 99 patients were eligible for the analysis. In both sarcopenic (n = 56) and non-sarcopenic (n = 43) cohorts, significant changes were observed in the overall TASQ score and in all but one (i.e., health expectations) of the individual domains (p < 0.01). Sarcopenic and non-sarcopenic patients showed substantial improvements across TASQ subscores. The mean change in overall TASQ score at three months revealed a significant improvement in both cohorts (p < 0.01). Health expectations worsened in sarcopenic patients at the 3-month follow-up (p = 0.06). Conclusions: The TASQ questionnaire revealed changes in QoL after TAVR, regardless of patients’ sarcopenic status. Health status improved substantially in both sarcopenic and non-sarcopenic patients following TAVR. Lack of improvement in health expectations seems to depend on patients’ expectations regarding the procedure and specific aspects in the evaluation of the outcome.
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1. Introduction


Aortic valve stenosis (AS) is the most common type of valvular heart disease in developed countries and has an increasing prevalence worldwide due to ageing populations. Transcatheter aortic valve replacement (TAVR) is currently recommended for patients with severe symptomatic AS aged 75 years or above. This minimally invasive interventional aortic valve treatment reduces mortality at two years and improves quality of life mainly by reducing dyspnea [1,2]. However, 15% to 30% of patients reported no benefit from the intervention, experiencing no improvement in quality of life after TAVR [2,3]. In particular, geriatric syndromes seem to be strongly associated with less effective symptoms relief [4]. In this context, sarcopenia is the biological substrate of geriatric syndromes. Similar to AS, sarcopenia occurs as an age-related process in older people and is associated with serious health consequences in terms of frailty, disability, morbidity, and mortality [5]. The impact of sarcopenia on increased mortality, rehospitalization, or high-resource utilization after TAVR is still debated, with different studies giving diverging results [6,7,8]. Furthermore, current data regarding the impact of sarcopenia on the quality of life (QoL) of patients undergoing TAVR are sparse.



In this view, we performed a prospective study based on the Toronto Aortic Stenosis Quality of Life Questionnaire (TASQ) to evaluate health status outcomes [9,10] in objectively defined sarcopenic patients with severe symptomatic AS treated with TAVR as compared with non-sarcopenic patients.




2. Materials and Methods


2.1. Study Population


Consecutive patients aged 75 years or more with severe AS who underwent TAVR at the San Maurizio Hospital, Bolzano, Italy, in the context of an executive collaboration with the heart valve center of the University of Verona (Verona, Italy). Patients were recruited between October 2020 and May 2022. All patients underwent TAVR using either the SAPIEN (SAPIEN, SAPIEN XT, or SAPIEN 3; Edwards Lifesciences, Irvine, CA, USA) or the CoreValve® (CoreValve®, EvolutTM R, or EvolutPRO Plus; Medtronic, Minneapolis, MN, USA) prosthesis. TAVR procedures were performed following the indications of the most recent consensus papers [11]. All patients provided signed informed consent before the procedure, in accordance with the ethical principles for medical research involving human subjects established by the Declaration of Helsinki, protecting the privacy of all participants, as well as the confidentiality of their personal information.




2.2. Clinical and Laboratory Measurements


Collected baseline data included age, gender, diabetes mellitus status, and New York Heart Association (NYHA) heart failure information, as well as data on history of moderate to severe pulmonary disease, atrial fibrillation, stroke, peripheral arterial disease, myocardial infarction, percutaneous coronary angioplasty, and coronary artery bypass grafting. Baseline echocardiography was performed in all patients before the TAVR procedure according to the guidelines of the European and American Society of Echocardiography [12].




2.3. Measurement of Quality of Life


We evaluated health status outcomes by using the TASQ (Supplementary Data S1), which is a 16-item health-specific QoL survey consisting of 5 domains addressing the physical, emotional, and social factors associated with AS disease. The scoring of the TASQ is based on a consistent 7-point scale for each of the 16 questions, with response options ranging from “not very much” to “very much”. Reversed scoring (except for question 16) is used so that increasing values are consistent with better QoL. Patients were required to complete the TASQ prior to the intervention (baseline) and at 3-month follow-up.




2.4. Measurement of Abdominal Muscle Mass


Abdominal computed tomography (CT) scan at the level of the L3 vertebra is the gold standard for non-invasive measurement of muscle mass [13]. Abdominal muscle mass measured by CT scan of the L3 vertebra is a good indicator of total body muscle mass and lower values are associated with adverse outcomes in different patient populations (Supplementary Figure S1) [13,14]. Muscle density was defined as densities from −29 to +150 Hounsfield units (HU), and skeletal muscle index was calculated by normalizing skeletal muscle area by height (m2) and reported as cm2/m2 [15]. The measurement of muscle mass obtained from pre-TAVR CT scan was carried out by an expert radiologist (M.B.) using a validated semi-automated software system for body composition [16].




2.5. Definitions


Glomerular filtration rate (GFR) was estimated using the Cockcroft–Gault equation formula. Chronic kidney disease was defined as stage 3, 4, or 5 chronic renal failure (estimated GFR < 60 mL/min/1.73 m2). The Society of Thoracic Surgeons (STS) risk score and EUROSCORE II were calculated for each patient according to published guidelines [17]. Sarcopenia was defined as skeletal muscle index values <55.4 cm2/m2 in males and <38.9 cm2/m2 in females. These gender-specific cut-off values were used in a previously published TAVR study [7,18].




2.6. Statistical Analysis


The primary endpoint was the TASQ score. The primary analysis evaluated health status in the sarcopenic and non-sarcopenic patients. Mean changes in health status scores were compared with baseline within each treatment group using paired t-tests. For the analyses, clinical categories were defined as worsening (decrease of >5% vs. baseline), no change (change of between −5% and 5%), slight improving (increase of >5–10% vs. baseline), moderate improving (increase of 10–20%), and substantial improving (increase of >20%), as already performed previously [9]. Baseline characteristics were compared between the cohorts using two-tailed t-tests for continuous variables and Fisher’s exact test for categorical variables (p values < 0.05 were regarded as statistically significant). Statistical analysis was performed using SPSS V.28.0.0.





3. Results


In total, 99 patients (50 males (50.5%)) underwent TAVR and completed the 3-month follow-up period. The mean age of the study population was 81.6 ± 4.3 years. Sarcopenia was prevalent in our study population (56 patients (56.6%)).



Sarcopenic patients were slightly older (82.5 ± 3.8 years vs. 80.4 ± 4.6 years, p < 0.01) and had lower body mass index (24.1 ± 4.4 kg/m2 vs. 27.6 ± 4.2 kg/m2, p < 0.01). Mean skeletal muscle index was 42.6 ± 9.5 cm2/m2 in sarcopenic and 51.2 ± 9.1 cm2/m2 in non-sarcopenic individuals (p < 0.01). Clinical presentation of patients with AS was not different between the two cohorts (Table 1).



It is worth noting that the presence of CAD was higher in the sarcopenic cohort when compared with the non-sarcopenic cohort (58.2% vs. 34.9%; p = 0.03); however, no difference was found in the prevalence of previous revascularization. Echocardiographic findings were similar in the two cohorts, although the mean aortic valve gradient was higher in non-sarcopenic patients when compared with sarcopenic individuals (51.4 ± 13.6 mmHg vs. 45.0 ± 11.6 mmHg; p = 0.01). Most other variables, including risk scores, were not different between the two groups (Table 1). There were no significant differences between the groups as far as baseline TASQ score was concerned (Table 2).



The absolute modification of the TASQ score in sarcopenic and non-sarcopenic patients at the 3-month follow-up compared with the baseline is reported in Figure 1 and Figure 2, respectively.



Proportion of sarcopenic and non-sarcopenic patients who underwent TAVR achieving specific categorized levels of clinically relevant change in TASQ Score is depicted in Figure 3 and Figure 4, respectively.



In more detail, QoL improved after TAVR, as indicated by significant increases in the overall TASQ score in both sarcopenic and non-sarcopenic patients (+18.6 and +18.32, respectively, p < 0.01 for both) at three months (Table 3).



Improvement was achieved in 94.6% of sarcopenic and 97.7% of non-sarcopenic patients (Supplementary Tables S1 and S2).



Sarcopenic and non-sarcopenic patients showed a statistical overall improvement in “TASQ physical symptoms” (+1.67 and +1.33, respectively, p < 0.01 for both). A clinical improvement occurred in 62.5% of sarcopenic patients and in less than half of non-sarcopenic patients. A significant improvement in NYHA functional class was achieved in both sarcopenic and non-sarcopenic patients at 3-month follow-up (p < 0.05, Supplementary Figure S2).



There is agreement in the “TASQ physical limitations” domain between sarcopenic and non-sarcopenic patients, both in terms of statistical (+9.4 and +9.16, respectively, p < 0.01 for both) and clinical (in 94.7% and 97.7% of cases, respectively) improvements in their ability to perform daily activities. “TASQ social limitations” showed a significant improvement for both sarcopenic and non-sarcopenic patients (+5.87 and +6.33, respectively, p < 0.01 for both), with a clinical improvement reported in 80% of sarcopenic and 94.8% of non-sarcopenic patients. In the area of “TASQ emotional impact”, sarcopenic and non-sarcopenic patients showed a statistical improvement (+ 5.87 and + 6.33, respectively, p < 0.01 for both). The subanalysis by clinical level revealed no change or a worsening in TASQ emotional impact in 7.3% of sarcopenic patients and 18.6% of non-sarcopenic patients.



A trend towards a worsening in health expectations occurred in sarcopenic patients (−0.14; p = 0.06), whereas it showed no statistically significant changes (+0.05; p = 0.60) in non-sarcopenic patients at follow-up. The majority of sarcopenic patients presented a substantial absence in variability before and after the TAVR procedure.




4. Discussion


Sarcopenia is the core component of frailty, a frequent condition in patients undergoing TAVR. The functional impairment resulting from sarcopenic status may lead to decreased QoL prior to TAVR, and may also, theoretically, hamper the benefits after the intervention. Based on the principle that a good outcome has to take into account the disease as well as the illness status, we adopted the TASQ in order to address the knowledge gap of the currently available health-related QoL questionnaires. Indeed, the cornerstone randomized controlled trials on TAVR evaluated objective QoL measurements prior to and after TAVR using specific tools to heart failure symptoms [19,20,21,22,23,24]; however, they are not adequately designed to analyze the psychological implications of TAVR, especially regarding sarcopenic status.



Our study adds to the body of evidence about the TASQ, exploring whether CT-defined sarcopenia may affect short-term changes in QoL for patients who underwent TAVR.



First of all, it confirms an overall improvement in QoL after TAVR, as shown by significant increases in the overall TASQ score in both sarcopenic and non-sarcopenic patients at three months. This result reinforces the overall benefit of TAVR on QoL, as previously demonstrated using a variety of QoL tools [20,21,25,26] and, again, by TASQ [9,10,27].



Significant improvements occurred in four of the five TASQ domains: physical symptoms, physical limitations, emotional impact, and social limitations at the three-month follow-up.



Although both sarcopenic and non-sarcopenic patients showed a statistically significant overall improvement in physical symptoms, one-third of sarcopenic patients and more than half of non-sarcopenic patients reported no clinical changes or a worsened status after TAVR. These results emphasize the fact that there is only a proportion of patients—irrespective of sarcopenic status—who experience a benefit in reported physical symptoms after TAVR; however, this enhancement may explain the overall improvement observed in terms of statistical significance. A lack of changes or worsening in physical symptoms in non-sarcopenic patients may be driven by the large proportion of female patients, who are twice as likely as men to experience the relevant anxiety. This psychological condition may lead to an underrating of the heart health investigated in “TASQ physical symptoms”.



Sarcopenic and non-sarcopenic patients reported improvements in their ability to perform personally relevant activities rather than just their symptoms (such as walking without resting, doing daily chores). This observation, taken together with the agreement of both the absolute and clinically classified results on the “TASQ physical limitations” domain (Figure 1, Figure 2, Figure 3 and Figure 4), suggests that patients likely had an improvement in their physical limitations even though they continued to report the symptom “dyspnea”. In this view, TAVR seems to allow patients to better tolerate dyspnea during their daily chores in both sarcopenic and non-sarcopenic cohorts.



Importantly, the TASQ does not focus predominantly or specifically on physical symptoms or treatment issues but takes instead into account the social and emotional aspects of QoL, which in turn can hamper normal daily activities and social functioning. In this scenario, the results reported for the domain of “TASQ social limitations” reinforce the above speculation: although dyspnea remains a patient-reported symptom, TAVR allowed sarcopenic and non-sarcopenic patients to better tolerate this symptom. In fact, our patients reported a reduction in the significant limitations to their social lives (attending social events, meeting friends and family).



Furthermore, emotional status and overall emotional effects are also of great importance to QoL: this aspect is specifically investigated in a different TASQ domain. The “TASQ emotional impact” domain analyzed the daily anxiety concerning cardiac events, demonstrating a significantly reduced degree of worry about having a heart attack and about financial and family problems after TAVR. The subanalysis by clinical level revealed that the proportion of patients who experienced no change or saw a worsening in “TASQ emotional impact” was more than double in non-sarcopenic versus sarcopenic patients. This observation may suggest a higher baseline sensitivity to emotional changes in sarcopenic subjects that may report improvement more frequently after TAVR than non-sarcopenic patients, at least in the short term. More importantly, these results underline the need for support and attention by health professionals and caregivers to patients’ emotional wellbeing. Although ambitious, this goal should be pursued by delivering dedicated and personalized information, education, reassurance about the therapeutic strategy and, if needed, psychological support.



It is worth noting that we identified a trend towards a worsening in health expectations in the analyzed cohort. The majority of sarcopenic patients presented a substantial absence of variability before and after the TAVR procedure, although the statistical analysis showed an overall trend towards a worsening of life expectancy in these patients. The significantly older age of sarcopenic patients undergoing TAVR may have favored a reduction in the hope of future wellbeing, confirming previous results that observed how people with sarcopenia expect to live a higher proportion of years with disabilities [28]. To further confirm this point, no changes were found before and after the procedure in non-sarcopenic patients. Again, sarcopenia probably causes patients to develop a more significant emotional involvement than non-sarcopenic patients.



Taken together, the findings of our study reinforce the acknowledged role of patient expectations and perceptions on the impact of post-procedural outcomes, including QoL, [29,30] irrespective of their sarcopenic status.



Strengths and Limitations


Our cohort of patients was small and the TASQ was only used to capture changes in QoL at a 3-month follow-up. Recruitment was aimed at facilitating an equal distribution of patient numbers across different languages (Italian and German). It will be therefore important to confirm the findings of this study in other patient groups. It would have been ideal to adjust for cognitive status as a confounding variable; however, this was not assessed in this study. Given the cross-sectional nature of the present study, the causal relationship between sarcopenia and quality of life could not be established.





5. Conclusions


Objectively defined sarcopenia did not hinder changes in QoL among patients with severe AS who were treated with TAVR. In fact, health status improved substantially in both sarcopenic and non-sarcopenic subjects after TAVR. The improvements in reported in the TASQ are statistically significant but occurred only in a limited number of patients, irrespective of their sarcopenic condition. A lack of improvement mostly involves patients’ health expectations, and may greatly depend on the patients’ unrealistic hopes regarding procedural effects, as well as the specific aspects involved in a personal evaluation of the outcome.
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Figure 1. Absolute modification of TASQ score in sarcopenic patients at 3-month follow-up compared with baseline. 
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Figure 2. Absolute modification of TASQ score in non-sarcopenic patients at 3-month follow-up compared with baseline. 
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Figure 3. Proportion of sarcopenic patients who underwent TAVR achieving specific levels of clinically relevant change in TASQ Score. 
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Figure 4. Proportion of non-sarcopenic patients who underwent TAVR achieving specific levels of clinically relevant change in TASQ Score. 
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Table 1. Baseline characteristics of the study population pre-TAVR.
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Sarcopenic

(n = 56)

	
Non-Sarcopenic

(n = 43)

	
p-Value






	
Demographics




	
Age, years

	
82.5 ± 3.8

	
80.4 ± 4.6

	
<0.01




	
Men, n (%)

	
34 (60.7%)

	
16 (37.2%)

	
0.02




	
Body mass index, kg/m2

	
24.1 ± 4.4

	
27.6 ± 4.2

	
<0.01




	
Skeletal muscle index, cm2/m2

	
42.6 ± 9.5

	
51.2 ± 9.1

	
<0.01




	
Cardiovascular risk factor




	
Hypertension, n (%)

	
48 (85.7%)

	
35 (81.4)

	
0.59




	
Hypercholesterolemia, n (%)

	
35 (60.5%)

	
26 (62.5)

	
0.83




	
Moderate or severe pulmonary

disease, n (%)

	
7 (12.5%)

	
3 (7%)

	
0.50




	
Diabetes mellitus, n (%)

	
12 (21.4%)

	
10 (23.3%)

	
0.99




	
Medical history




	
Prior myocardial infarction, n (%)

	
8 (14.3%)

	
4 (9.3%)

	
0.54




	
Prior coronary revascularization, n (%)

	
11 (19.6%)

	
6 (14.0%)

	
0.59




	
Prior stroke, n (%)

	
4 (7.1%)

	
5 (11.6%)

	
0.49




	
Coronary artery disease, n (%)

	
32 (58.2%)

	
15 (34.9%)

	
0.03




	
Peripheral artery disease, n (%)

	
21 (37.5%)

	
16 (37.2%)

	
0.99




	
Atrial fibrillation/flutter, n (%)

	
11 (19.7%)

	
13 (30.2%)

	
0.34




	
Echocardiographic findings




	
Aortic valve area index, cm2/m2

	
0.41 ± 0.13

	
0.39 ± 0.15

	
0.11




	
Mean aortic valve gradient, mmHg

	
45 ± 11.6

	
51.4 ± 13.6

	
0.01




	
Moderate or severe mitral

regurgitation, n (%)

	
9 (20.9%)

	
10 (17.9%)

	
0.79




	
Moderate or severe tricuspid

regurgitation, n (%)

	
7 (12.5%)

	
6 (14.0%)

	
0.99




	
Left ventricular ejection fraction, n (%)

	
58.9 ± 10.2

	
57.7 ± 7.6

	
0.55




	
Admission and procedural characteristics




	
Exertional angina, n (%)

	
18 (32.1)

	
12 (27.9)

	
0.66




	
Acute heart failure, n (%)

	
4 (7.1%)

	
4 (9.3%)

	
0.72




	
NYHA III–IV, n (%)

	
20 (35.7%)

	
19 (44.2%)

	
0.41




	
Syncope, n (%)

	
7 (12.5%)

	
10 (23.3%)

	
0.18




	
Serum hemoglobin, mg/dL

	
13 ± 1.4

	
12.6 ± 1.5

	
0.28




	
Serum creatinine, mg/dL

	
1.12 ± 0.6

	
1.12 ± 0.3

	
0.98




	
Chronic kidney disease, n (%)

	
40 (71.4%)

	
32 (74.4%)

	
0.82




	
Porcelain aorta, n (%)

	
2 (3.6%)

	
5 (11.6%)

	
0.23




	
STS risk score

	
3.37 ± 1.6

	
3.42 ± 2.2

	
0.90




	
Euroscore II

	
3.79 ± 2.7

	
3.71 ± 2.9

	
0.89




	
Valve type: Edwards

	
17 (30.4%)

	
13 (30.2%)

	
0.90




	
Valve type: Medtronic

	
39 (69.6%)

	
30 (69.8%)

	
0.90




	
Non-femoral access route, n (%)

	
2 (3.6%)

	
0 (0%)

	
0.50








NYHA = New York Heart Association; STS Score = Society of Thoracic Surgeons Score.
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Table 2. Baseline TASQ score of the study population pre-TAVR.
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	Sarcopenic

(n = 56)
	Non-Sarcopenic

(n = 43)
	p-Value





	TASQ overall summary
	62.9 ± 10.1
	63.9 ± 9.2
	0.60



	TASQ physical symptoms
	7.5 ± 2.5
	7.4 ± 2.6
	0.99



	TASQ physical limitations
	11.5 ± 3.8
	12 ± 3.7
	0.56



	TASQ emotional impact
	30.1 ± 6.5
	30.5 ± 5.7
	0.97



	TASQ social limitations
	8.3 ± 1.7
	8.5 ± 1.6
	0.64



	TASQ health expectations
	5.6 ± 0.9
	5.3 ± 0.7
	0.13







TASQ = Toronto Aortic Stenosis Quality of Life Questionnaire.
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Table 3. Within-group change in TASQ in sarcopenic vs. non-sarcopenic patients at three-month follow-up.






Table 3. Within-group change in TASQ in sarcopenic vs. non-sarcopenic patients at three-month follow-up.





	

	
Sarcopenic (n = 56)

	
Non-Sarcopenic (n = 43)




	

	
Paired Difference versus Baseline (95% CI)

	
p-Value

	
Paired Difference versus Baseline (95% CI)

	
p-Value






	
TASQ overall summary

	
18.6 (16.39 to 20.74)

	
<0.01

	
18.32 (15.06 to 21.58)

	
<0.01




	
TASQ physical symptoms

	
1.67 (0.83 to 2.51)

	
<0.01

	
1.33 (0.35 to 2.31)

	
<0.01




	
TASQ physical limitations

	
9.4 (8.32 to 10.48)

	
<0.01

	
9.16 (8.08 to 10.23)

	
<0.01




	
TASQ emotional impact

	
5.87 (4.79 to 6.95)

	
<0.01

	
6.33 (4.16 to 8.519

	
<0.01




	
TASQ social limitations

	
2.5 (1.78 to 3.23)

	
<0.01

	
2.48 (2.01 to 2.96)

	
<0.01




	
TASQ health expectations

	
−0.14 (−0.29 to 0.005)

	
0.06

	
0.05 (−0.16 to 0.26)

	
0.60








TASQ = Toronto Aortic Stenosis Quality of Life Questionnaire.
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