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1. Introduction

Copyright © 2018 Egle Tamuleviciute-Prasciene et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

The aim of this literature review was to evaluate existing evidence on exercise-based cardiac rehabilitation (CR) as a treatment
option for elderly frail patients with valvular heart disease (VHD). Pubmed database was searched for articles between 1980 and
January 2018. From 2623 articles screened, 61 on frailty and VHD and 12 on exercise-based training for patients with VHD were
included in the analysis. We studied and described frailty assessment in this patient population. Studies reporting results of exercise
training in patients after surgical/interventional VHD treatment were analyzed regarding contents and outcomes. The tools for
frailty assessment included fried phenotype frailty index and its modifications, multidimensional geriatric assessment, clinical
frailty scale, 5-meter walking test, serum albumin levels, and Katz index of activities of daily living. Frailty assessment in CR
settings should be based on functional, objective tests and should have similar components as tools for risk assessment (mobility,
muscle mass and strength, independence in daily living, cognitive functions, nutrition, and anxiety and depression evaluation).
Participating in comprehensive exercise-based CR could improve short- and long-term outcomes (better quality of life, physical
and functional capacity) in frail VHD patients. Such CR program should be led by cardiologist, and its content should include
(1) exercise training (endurance and strength training to improve muscle mass, strength, balance, and coordination), (2) nutrition
counseling, (3) occupational therapy (to improve independency and cognitive function), (4) psychological counseling to ensure
psychosocial health, and (5) social worker counseling (to improve independency). Comprehensive CR could help to prevent, restore,
and reduce the severity of frailty as well as to improve outcomes for frail VHD patients after surgery or intervention.

Careful monitoring, adequate medication, and perfect
surgery or intervention timing is key to a successful treatment

Worldwide, the population is aging, and the associated chal-
lenges for the healthcare system are significant. There is a clear
association between degenerative valve disease, older age,
and increasing life expectancy [1, 2]. According to the Euro
Heart Survey on Valvular Heart Disease (VHD), patients with
diagnosed VHD are often older, with a higher prevalence of
other cardiovascular risk factors and comorbidities [2].

of VHD. Due to the shift in patient population, the profile
of patients who are referred to cardiac surgeon changed
dramatically. The share of surgically treated elderly patients
(>80 years old) increased from 2.6-7% to 9.3-12% in a period
of 10 years [3, 4]. Innovation in cardiac surgery techniques
[5], advance in anesthesiology, and early postsurgery care led
to a lower risk of cardiac surgery in elderly patients [4] and
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FIGURE 1: Flowchart of the selection of publications included in literature review related to valve surgery and exercise training.

evidence of improved outcomes with valve surgery or tran-
scatheter aortic valve implantation (TAVI) [6, 7]. However,
older patients still have higher mortality and morbidity rates,
more frequent complications related to surgery, and longer
stay in hospital compared to younger patients [3, 4, 6].

Disease complexity in the elderly raises questions about
other risk factors that exist upon well-known and established
prognostic factors. Frailty is a common and relevant geriatric
syndrome that could be defined as a biological syndrome
with reduced reserve and resistance to stressors, resulting
from cumulative deficits across multiple physiologic systems
and causing vulnerability to adverse outcomes [8]. Most
of the studies analyzed frailty before surgery/intervention
as prognostic tool for later outcomes [9] and frailty is a
reliable prognostic factor for mortality, morbidity, major
complications [10-16], functional decline [17], quality of life
[18], and risk of delirium after procedure [19, 20]. Frailty
status can be changed and its assessment should not only
be for prognosis but also lead to “pre-rehabilitation” inter-
ventions [21] and clear comprehensive cardiac rehabilitation
(CR) recommendations [9, 22]. Physical rehabilitation for
frail older people can positively affect physical fitness and
this effect may be related to level of frailty in a setting
of long-term care [23]. On the other hand, there are no
clear recommendations concerning what methods and tools
are sensitive enough and could be used to detect existence
and dynamics of frailty syndrome in this particular patient
population.

The aim of this literature review was to evaluate existing
evidence on exercise-based cardiac rehabilitation (CR) as
a treatment option for elderly frail VHD patients. This
literature review aimed to assess the following issues:

(1) Are assessment tools used for frailty screening sen-
sitive enough to show improvement in frailty status
after exercise-based CR?

(2) What exercise interventions would be the most bene-
ficial for frail patients?

(3) Would the change of frailty status improve outcomes
on levels of disability, functional capacity, and quality
of life after surgical/interventional VHD treatment
beyond the effects of the surgery/intervention itself?

2. Methods

We conducted a literature review of articles published from
1980 to January 2018. Literature search was performed using
the PubMed database. Relevant studies were identified using
the following key words: valve surgery/TAVI and exercise
training, cardiac rehabilitation, moderate aerobic exercise
training, high intensity interval training, resistance training,
strength training, exercise capacity, prognosis, mortality,
frailty, and sarcopenia. Additionally, we manually searched
the bibliographies of all included articles.

The search was limited to publications related to adults

over 60 years old and published in English (see Figures 1 and
2).

3. Results

3.1. Are Assessment Tools Used for Frailty Screening Sensitive
Enough to Show Improvement in Frailty Status after Exercise-
Based CR? In order to answer first research question we
describe most often used frailty tools for screening in patients
with VHD and compare results with frailty assessment
methods used in a setting of CR.

Large variety of methods and instruments are used to
describe existence or/and level of frailty for patients with
VHD (Table 1). Most of the conducted studies were designed
to evaluate various outcomes after surgery or intervention.
The results of studies evaluating prevalence of the frailty and



BioMed Research International

Records identified and

Records excluded

v

screened for relevance
N=285

l

Records assessed for eligibility

N=153

Records excluded N=71
Exclusion criteria:
1. Not Full text N=7
2. Literature review, systematic

N=132

l

Clinical research on
frailty in patients with
VHD
N=61

review, meta-analysis N=32

3. Not related to main topic
(focused on concomitant
disease, gender, cost analysis
etc.) N=34

FIGURE 2: Flowchart of the selection of publications included in literature review related to valve surgery and frailty.

frailty status strongly depended upon used assessment tools
and variables measured [24]. Prevalence of frailty varied from
20-26% to 68-82%, according to the scale and the population
examined [9, 24]. A systematic review and meta-analysis by
Anand et al. evaluated the relationship between preoperative
frailty and outcomes following TAVI and demonstrated that
the proportion of frail patients varied greatly across the
different studies from 5 to 83% [25]. Although frailty has
a good predictive value, results of the different studies are
inconclusive and/or contradictory even with the same tools
and similar populations. Also there is a gap of evidence
concerning frailty tools sensitivity in this particular patient
population. The most frequently used frailty assessment
procedures for patients with VHD are discussed below.

3.1.1. Fried Phenotype Frailty Index Assessment (FFS). FES
represents the definition of physical frailty and it is based
on the results of the Cardiovascular Health Study and
the Women’s Health and Aging Studies [8]. It has been
widely adopted and consists of five health domains: nutrition
(unintentional weight loss), physical exhaustion (CES-D
(depression) scale), low energy expenditure (or inactivity
status) (Minnesota Leisure Time Activity questionnaire),
mobility (5-meter walking test (5SMWT)), and muscular
strength (dominant hand handgrip strength) [8]. FES covers
all domains of physical frailty and is recommended by the
American Geriatrics Society [26]. FFS scale also could be
named as frailty index from Cardiovascular Health Study (5-
item CHS).

However, the study that validated the FFS was performed
with general population. There is no information about VHD
patients, and the share of very old individuals included in
the study was relatively low (3.6% of patients were 85 years
or older) [8]. Moreover, used methods were subjective and
based on qualitative manner and could not precisely evaluate
cognitive function and level of independence. Enhanced FFS

(or 7-item expanded CHS) with additional testing of cognitive
function (using Mini Mental State Examination (MMSE))
and depressed mood was implemented [24, 27]. Another
example of FFS modification (modified fried frailty criteria)
was scale for frailty evaluation that includes similar domains
by using different methods to describe malnutrition (hypoal-
buminemia) and clearly describe level of independence with
Katz index [13, 28-30].

FFS [12, 24, 31-35] and scale modifications are widely
used in studies involving VHD patients for frailty screening
and unfavorable intervention/surgery outcome prediction.
FFS was an accurate frailty assessment tool for prediction
of increased hospitalization costs after cardiac surgery [31].
Some authors did not find any relation between frailty
(measured by FFS) and mortality, morbidity, or increased
length of stay in the hospital [33, 36, 37]. However the
studies concluded that frail patients are more often referred to
cardiac rehabilitation facilities [33, 36]. In a large study from
Arnold et al. (N=2830) the authors demonstrated that frailty
measured by FFS was a good predictor for negative short-
term outcome (mortality, low quality of life) [32]. Similar
results were reported in other studies [34, 35, 38, 39]. Forcillo
et al. included high- and extreme-risk patients undergoing
TAVTI and found that serum albumin, Katz index, and 5MW'T
were associated with increased risk of adverse outcomes, but
only albumin was predictive of 30-day all-cause mortality
[28]. In contrast, in two studies from Afilalo et al. (2012 and
2017) the FFS and its modifications were inferior compared
to other assessment tools (SMWT alone and EFT) for frailty
screening [12, 24]. We failed to find any study that would be
designed to evaluate FFS sensitivity for patients with VHD or
in which FFS would be used in cardiac rehabilitation settings.
According to our analysis, although FFS is a traditional
method for frailty syndrome diagnosis and screening, it may
be not reasonable for frailty dynamics after comprehensive
CR program.
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3.1.2. Multidimensional Geriatric Assessment (MGA) or Mod-
ified Geriatric Baseline Examination (MGBE). Stortecky et
al. and Schoenenberger et al. showed MGA/MGBE to be a
good predictor of mortality and major adverse cardiovascular
and cerebral events (MACCE) [14] as well as functional
decline or death [17] after TAVI. This tool describes frailty
by results of MMSE, Mini Nutritional Assessment (MNA),
Katz index, independence in instrumental activities in daily
living (IADL), Time Up and Go (TUG), and a subjective
mobility disability (defined as a decreased frequency of
walking 200 m and/or of climbing stairs). This tool was used
in several studies and resulted in good predictive value [14,
17, 19]. It has all necessary elements for frailty assessment:
mobility (TUG and subjective mobility evaluation), nutrition
(MNA), cognitive functions (MMSE), and independence
(ADL, IADL).

In addition, Eichler et al. showed that this instrument
could be used in CR settings, although there were no changes
in Katz index and IADL results after 3-4 weeks of inpatient CR
for patients after TAVI [40]. As a result of the comprehensive
rehabilitation program, the proportion of frail patients was
significantly reduced by 9% (from 36.9% to 27.9%). The
overall frailty index decreased by 0.4 points, driven by
the significant changes of the single parameters cognition
(MMSE), nutrition (MNA), and subjective mobility disability
and mobility (TUG). On the other hand, it was small (N=136),
short (observation for 3-4 weeks), observational type study
without control group or randomization.

However, other authors have not confirmed the predictive
value of this instrument and found that it only partly
predicted unfavorable outcome after TAVI (nutrition and
mobility) [41]. More studies with VHD patients and MGA
should be done in order to receive higher level evidence, but
its possibility of evaluating most of complex frailty syndrome
components looks promising not only in screening but also
in frailty dynamics after CR.

3.1.3. Canadian Study of Health and Aging (CSHA) Scale or
Clinical Frailty Scale or Rockwood Scale. CSHA scale is a
multidomain approach that defines frailty as a proportion of
accumulated health deficits [9, 26]. In the Canadian Study
of Health and Aging, authors worked with 3 approaches:
(1) developing a rules-based definition of frailty, (2) creating
a method of counting a patient’s clinical deficits, and (3)
proposing the clinical frailty scale, a measure of frailty
based on clinical judgment [42]. The seven-point scale is
displayed in an easily visualized form including objective
clinical judgment and subjective patient assessment [26]. It
is a validated instrument for diagnosing physical frailty and
easy to use [9, 42, 43]. Seiffert et al. used the Rockwood
scale in the Bonn group (N=347/847 patients) undergoing
TAVI and found frailty to be significantly related to 1-year
mortality [26, 44]. Other authors also used this scale and
reported significant results related to quality of life, poor
physical and mental function, physical well-being [45], and
poor outcomes even in pre-frail patients [46]. Shimura et
al. compared it with other well-known frailty markers and
concluded that CSHA predicted late mortality in an elderly
TAVR patient cohort better than 5SMW'T, body mass index
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(BMI), and handgrip strength [47]. We did not find any
study that would use CSHA scale to evaluate frailty dynamics
after CR for patients with VHD. What is more, CSHA did
not show superiority compare to other frailty tools (such as
5MWT or handgrip test) in other reviewed studies [24, 30].
On the other hand, CHSA scale is based upon patients level of
disability, level of independence, that could be a link to other
tools used in rehabilitation settings such as Barthel index
(BI) or functional independence measure (FIM). Systematic
review and meta-analysis performed by Ribeiro et al. [48]
showed that frail patients after TAVI or surgical aortic valve
replacement improved significantly according to BI or FIM
results, compared before and after CR. What is more, recently
published call of action regarding frailty in CR offered to use
CSHA scale as possible frailty measure [9].

3.1.4. 5-Meter Walking Test. One of the requirements for
frailty assessment (especially for screening) is simplicity and
ability to assess frailty in a very short period of time. One
of the most evaluated frailty assessments is the 5-meter (15
feet ~ 4,5 meters) walking test which can be used as part
of other scales (FFS) or as stand-alone evaluation [13, 20,
24, 27, 30, 47, 49-51]. This test results could be evaluated
in different manner: (1) measuring time taken for 5-meter
walk in seconds and (2) measuring gait speed in meters
per second. Different authors offer different cutoff values
to describe frail patients that vary from 5 to 7 seconds
according to gender and body composition [6, 8]. Gait
speed is an independent predictor of adverse outcomes after
cardiac surgery, with each 0.1-m/s decrease conferring an
11% relative increase in mortality [52]. The slowest walkers
(6-10 or more seconds) had 35% higher 30-day mortality
than normal walkers (adjusted OR, 1.35; 95% CI, 1.01-1.80)
[51]. Kano et al. described stepwise incremental increased
risk of mortality after TAVI in patients with the slowest gait
speed (<0.5m/sec) or who were unable to walk compared to
patients with a normal gait speed [50]. Studies that compared
several frailty assessment tools also demonstrated SMWT
superiority among other more complex ways to evaluate
frailty in VHD population [27, 53]. This test is validated in
large trials, has good predictive value for patients undergoing
cardiac surgery, and is superior to other instruments [12,
52]. Although it seems logical to use this SMWT in cardiac
rehabilitation, as it is recommended by AHA guidelines [54],
none of the reviewed studies in CR setting chose this test.
All of the mentioned studies regarding exercise training for
patients with VHD evaluated six-minute walking test to show
improvement in physical capacity, but this test failed to show
predictive value in frailty screening before the procedure [55].
Future studies will be needed to evaluate SMW'T sensitivity in
a setting of CR.

3.1.5. Serum Albumin Levels. Pre-procedural albumin levels
(as single measurement or as part of other indexes) have been
demonstrated to have significant predictive value [47, 56—
58]. Hypoalbuminemia (<3.5 g/dL) was associated with poor
prognosis, highlighted by the increase in noncardiovascular
mortality in elderly TAVI patients [58]. Grossman et al.
showed that even higher pre-procedural albumin (< 4 g/dL)
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can significantly improve the ability of the Society of Thoracic
Surgeons (STS) and EuroSCORE II scores to predict TAVR-
related mortality [57]. In addition Bogdan et al. showed
that low post-procedural (4 days after procedure) serum
albumin remained a strong parameter correlated with all-
cause mortality (HR=2.47; 95% CI: 1.284.78; p<0.01) [59].
Forcillo et al. analyzed whether MFFC predicted 30-day
mortality after TAVL. The results demonstrated that although
all MFFC components were associated with increased risk of
adverse outcomes, only albumin (<3.5g/dL) was predictive
of 30-day all-cause mortality [28]. Eichler et al. focused on
nutrition assessment but used another instrument, validated
MNA scale [41]. Moreover, one of the components of the
successful frailty risk score for the elderly undergoing aortic
valve replacement (EFT) is low pre-procedural albumin level
[24].

Albumin level seems to have higher prediction value and
could be a good screening instrument for frailty. What is
more, serum albumin levels can be linked to lower muscle
mass in elderly [60]. Albumin as nutrition measure could be
connected with low body mass index (BMI) and sarcopenia.
Mok et al. showed that higher BMI in TAVI patients was
associated with higher skeletal muscle mass [61]. However,
46% of these cases were sarcopenic obesity that was signifi-
cantly higher than the 4% to 12% in the general population
[61]. These results could give an impression that muscle
mass is more important than whole body mass. Shimura
et al. showed significant relation between lower BMI and
higher level of frailty [47]. The results from Koifman et al.
confirmed that BMI <20 kg/m2 should be considered as a
frailty marker during the screening process of severe aortic
stenosis TAVI patients as it is associated with higher mortality
[62]. Albumin levels should be taken in to account during
comprehensive CR program, which is the role of dietician
counseling, helping to reach healthy body mass not only
through healthy diet but also through increasing muscle
mass.

3.1.6. Katz Index of Activities of Daily Living. The Katz
index is used for functional assessment of dependency in
elderly individuals in the six functions: feeding, bathing,
dressing, transferring, toileting, and urinary continence [95].
It provides objective data on a patient’s independency in
daily activities [26]. Frailty usually overlaps with disability;
hence some authors use the same instruments for disability
measurement while others use it for frailty assessment [32,
69]. Earlier studies incorporated Katz index in the frailty
assessment and demonstrated that it is an independent risk
factor for in-hospital mortality and institutional discharge in
patients after cardiac surgery [15, 26, 96]. Therefore, a more
pragmatic approach in defining frailty, commonly called the
social domain, often includes an ADL assessment [26]. Puls
et al. identified a Katz index <6 as a powerful independent
predictor of immediate-, short-, and long-term all-cause
mortality in TAVI patients [26, 77]. Most of the review
studies included Katz index as part of frailty assessment and
demonstrated it to produce good prediction values [17, 49,
68, 69, 72]. Recently published American College of Cardiol-
ogy/American Heart Association (ACC/AHA) and European
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Society of Cardiology (ESC) guidelines recommend the Katz
index as one of the frailty assessment instruments for risk
prediction before cardiac surgery [97, 98]. On the other hand,
other authors did not detect Katz index as good predictor
for long- and short-term outcomes; in those studies it was
inferior to mobility and nutrition measures [30, 41, 64].
Although usage of Katz index looks promising, we failed to
find any study in CR with VHD patients that would test
individuals with KI before and after CR program. Eichler et
al. used IADL and basic DAL [40]; other authors successfully
used BI or FIM to evaluate frailty, disability, or patient
independence [85, 99].

3.2. What Exercise Interventions Would Be the Most Beneficial
for Frail Patients? In order to answer the second research
question, we analyzed 12 studies published in English since
1980 on topic of VHD and exercise training with elderly
(Table 2). All analyzed studies demonstrated benefit of
exercise training in patients after surgical/interventional
VHD treatment. Although the evaluated exercise-based CR
programs were differently structured, the patient population
included and the primary endpoints examined were similar
and focused on the results of 6-minute walking test and
cardiopulmonary stress test (peak VO,). 6 studies were con-
ducted in inpatient facilities and 6 studies analyzed the results
of outpatient programs only. In 8 studies the program started
early (< 1 month) after surgery or intervention. Other studies
included patients after >1 month of surgery or intervention.
In all reviewed publications specified documented adverse
events were not related to exercise [91, 93, 100].

Although recently published studies concentrate on
disabled, comorbid high-risk elderly patients, all authors
demonstrated that exercise training is safe and effective in
improving functional and physical capacity [40, 84, 85, 87,
89, 93], quality of life [40, 84], and independence in daily life
activities [48, 84, 85, 87, 93]. Exercise training type, method,
length, and intensity differed among the studies and did not
allow clear recommendations concerning how exactly this
patient group should be treated.

Only two randomized controlled trials (RCT) were per-
formed with patients aged 60 years or older [91, 92]. Low
sample size pilot study on exercise training after TAVI, with
combined endurance and resistance training, showed signifi-
cant improvements in exercise capacity, muscular strength in
different muscles groups, and quality of life compared with
usual care [91]. In this study, 13 TAVI patients participated
in an eight-week outpatient CR, starting 2-3 months after
intervention. Resistance training was added in the second
week of the program and performed in 2 of the 3 weekly
workouts. It included 5 different exercises starting with 1
set with 10 repetitions at 30% 1 repetition maximum (I-RM)
and was gradually increased to 3 sets with 15 repetitions
at 50% to 60% 1-RM. Sbilitiz et al. showed that CR group
compared with control had a beneficial effect on VO2 peak at
4 months (24.8 mL/kg/min versus 22.5 mL/kg/min, p=0.045)
but mental health and other measures of exercise capacity
and self-reported outcomes was not affected [92]. Exercise
training in this study was initiated 1 month after surgery,
comprising 3 weekly exercise sessions for 12 weeks. The
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program consisted of graduated cardiovascular training and
strength exercises.

None of these studies assessed level of patients frailty
before and after exercise training program; on the other
hand, it did show that structured training program could
improve older patient physical capacity [91, 92]. What is
more, Sbilitiz et al. did not find improvement in patients’
mental health which could be seen as a one component of
complex frailty syndrome. It is interesting that latter study
had special structured psychosocial education that cover
relevant topics: changed body-image and self-image, recovery
from major surgery, and dependency on relatives and medical
issues, but did not receive positive results [92].

Only one study, conducted by Eichler et al., evaluated the
effect of a multicomponent inpatient CR on frailty in patients
after TAVI [40]. It is important to mention that the CR
included patient education, diet counseling, psychological
support, and risk factor management as well as individual-
ized training components. Exercise training performed was
mainly aerobic such as cycle-ergometer training and Nordic
walking. Patients with a higher exercise capacity (> 1.0 W/kg)
conducted additional strength training at 30-50% 1-RM. For
frailty assessment, frailty index by Schoenberg et al. was used.
As aresult of the rehabilitation the proportion of frail patients
was significantly reduced by 9% (from 36.9% to 27.9%).
The overall frailty index decreased by 0.4 points, driven by
the significant changes of the single parameters cognition
(MMSE), nutrition (MNA), and subjective mobility disability
and mobility (TUG). Although frailty index could be reversed
during cardiac rehabilitation, it did not show a prognostic
impact itself [40]. On the other hand, it was observational
type study, did not have control group, and was not designed
as randomized control trial.

Russo et al. showed that early cardiac rehabilitation
enhances independence evaluated with Barthel index, mobil-
ity, and functional capacity for patients after surgical or
interventional aortic stenosis treatment. The exercise training
consisted of aerobic training and calisthenics [85]. Systematic
review and meta-analysis performed by Ribeiro et al. [48]
showed that patients after TAVI or surgical aortic valve
replacement achieve similar benefits from cardiac rehabil-
itation. Frailty components analyzed in this review were
independently measured by Barthel index or functional
independence measure (FIM), which improved significantly
in both groups. The cardiac rehabilitation programs included
exercise endurance training (cycle or treadmill), resistance
training, and/or inspiratory muscle training.

Summarizing of existing evidence on exercise training
for patients with VHD would show that exercise program
should be individualized and intensity should be measured
by RPE with beginning of 40-60% of maximal VO2. All
analyzed training protocols included aerobic training compo-
nent implemented through various activities (Nordic walk-
ing, bicycle ergometer, gymnastics, etc.) and in 9 of them
additional strength training was performed starting form the
second or third week of exercise training, measuring intensity
with 1 repetition maximum method. Inpatient CR program
length varied from 2 to 4 weeks, while the duration of the
outpatient programs was 12-24 weeks.

BioMed Research International

3.3. Would the Change of Frailty Status Improve Outcomes
on Levels of Disability, Functional Capacity, and Quality of
Life after Surgical/Interventional VHD Treatment beyond the
Effects of the Surgery/Intervention Itself? According to recent
studies, in 23-32,8% of cases functional capacity of TAVI
patients did not improve or even deteriorate in a period of
6-12 months after intervention [101-104]. If we put aside cer-
tain procedure technique, surgeon experience, risk-benefit
ratio evaluation, and careful patient selection, individualized
care or CR in inpatient/outpatient setting could outweigh
unwelcome complications. Older VHD patients constitute a
sensitive group that requires more specific comprehensive
cardiac rehabilitation programs and they return to casual life
could be more difficult [4, 105].

After analyzing the reviewed studies, we could not
directly answer to the third research question. Two studies
that were designed as RCT did not evaluated frailty or its
components [91, 92], and study that was designed to evaluate
exercise training impact on frailty did not have control group
[40]. On the other hand, all reviewed studies show positive
impact of CR and did not register any adverse event or clinical
deterioration linked to exercise training program.

Participation in CR improves outcomes of patients with
cardiovascular disease [106] and may be specifically beneficial
for patients with frailty syndrome; however, cardiac rehabili-
tation facility remains unused.

4. Discussion

The results of this review highlight the importance of frailty
syndrome in patients with VHD. Screening for frailty as a
high-risk factor is well implemented in Heart team decision
making for high-risk patients with aortic stenosis. However,
there is gap of evidence considering frailty in CR settings.
This literature review was designed to seek for answers of
several research questions: Are assessment tools used for
frailty screening sensitive enough to show improvement in
frailty status after exercise-based CR? What exercise inter-
ventions would be the most beneficial for frail patients?
Would the change of frailty status improve outcomes on
levels of disability, functional capacity, and quality of life after
surgical/interventional VHD treatment beyond the effects of
the surgery/intervention itself?

First of all, our analysis revealed several different methods
used for frailty assessment and evaluation. The analysis of
these frailty tools was difficult because (1) a huge variety
of instruments were used, (2) the same instruments were
chosen to evaluate disability or cognitive functions in some
studies and frailty in others, (3) the same instruments were
named differently in separate studies, (4) authors were using
validated scales but chose to analyze components separately,
(5) authors created and offered new risk scores for frailty
assessment that has not been implemented in other studies,
and (6) some studies described subjective frailty evaluation
manner “eye-ball test” [78, 79], while others used objective,
quantitative or semiquantitative tests to evaluate all possible
deficits.

It is clear that the prevalence of frailty plays an important
role for patients with VHD: recently updated AHA VHD and
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ESC guidelines emphasize the frailty issue as an important
factor for Heart team decision making in patients with aortic
stenosis [97,107]. In 2014, the AHA guidelines recommended
the use of Katz Index of independence of daily living and
the 5-meter gait speed test, and this recommendation was
left in 2017 [54, 107]. Frailty as worse outcome predictor is
already mentioned in ESC guidelines in 2012, but still without
clarification of how exactly frailty should be measured and
evaluated [108]. ESC 2016 guidelines indicate that frailty
assessment should not be subjective and criticize the “eyeball
test” [97]. According to cited studies frailty could be mea-
sured with complex evaluation of the patient that includes
Katz index of independence of daily living, cognitive func-
tion evaluation, nutrition assessment, and patient functional
capacity (TUG) [97].

Existing literature confirms frailty predictive value for
higher complications rate, longer length of hospital stay, and
mortality and morbidity after cardiac surgery or interven-
tional treatment [9, 97]. On the other hand, most of the
studies describe frailty assessment before procedure. Frailty
status is dynamic and can transit over time. In most cases
people become more frail while aging, but in up to 20% of the
population frailty criteria also can disappear over time [109,
110]. Study that analyzed community living elderly persons
showed that, of the 754 participants, 434 (57.6%) had at least
1 transition between any 2 of the 3 frailty states during 54
months. Transitions to states of greater frailty were more
common (rates up to 43.3%) than transitions to states of lesser
frailty (rates up to 23.0%) [109, 110]. A small study that was
performed by Forman et al. showed significant worsening of
frailty level (measured by CSHA, 5SMWT, and MMMSE) and
functional capacity in 10 weeks for patients that are waiting
for TAVT [111]. This dynamics shows that even short-term (3-
4 weeks) CR could be effective for these patients.

Vigorito et al. recently published a call for action on frailty
in CR and offer mainly two instruments for frailty assessment
in this specific field: Edmonton frailty scale (EFS) and clinical
frailty scale from the CSHA study. The EFS could be used as a
comprehensive instrument that has been validated in elderly
patients after acute coronary syndromes [9]. It also includes
two clinical performance items interrogating cognition (clock
test) and functional performance (TUG) [9]. However, some
EFS questions are developed for screening more than for
effect evaluation (e.g., hospitalizations per year, functional
independence, social support, and medication usage) and
would not be sensitive to show results of comprehensive CR.
Also we did not find any study with VHD patients where
frailty would be measured with EFS. Clinical frailty scale from
the CSHA is popular and looks effective for screening in this
patient population [20, 35, 44]. It is easy-to-use standardized
tool based on subjective evaluation of frailty; however, it lacks
psychosocial factors [9, 26]. Moreover, studies that compare
different frailty tools (including CSHA frailty scale) did not
show its superiority to other instruments for frailty screening
and outcomes prediction [24, 27, 30].

Our analysis revealed the six most used tools for frailty
in VHD population: 3 scales (fried frailty scale and its
modifications, multidimensional geriatric assessment, and
clinical frailty scale from the CSHA study) and 3 single
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measures (5-meter walking test, Katz index, and serum
albumin levels). Together with existing guidelines and expert
opinions we believe that simple and fast-performed single test
would not show comprehensive CR effect on a frail patient.
An instrument of frailty assessment in CR should have the
various components included in different risk assessment
scores (mobility, independence in daily living, cognitive
functions, nutrition, muscle mass and strength, and anxiety
and depression evaluation). We did not find enough studies
performed in CR with frail patients to find out which of all
the mentioned tools is the best and most sensitive for frailty
syndrome and its dynamics after CR program. Future studies
are needed to build new evidence in this field of research.

Second research question aim was to find an ideal exercise
training-based CR program for frail patient with VHD. It
is known that exercise-based comprehensive CR is based
on strong evidence and is a well-recognized treatment for
patients with different cardiovascular diseases [112, 113]. Phys-
ical rehabilitation for frail older people can positively affect
functional and physical capacity and this effect may be related
to the level of frailty [23]. Physical activity recommendations
and supervised exercise programs can be useful for frailty
prevention, to improve physical and functional capacity (gait
speed, TUG, and SPPB), survival, and quality of life as well
as to decrease prevalence of anxiety and depression and
risk of falls in community-dwelling frail older people [114-
117]. According to recent published systematic review, inter-
ventions for pre-frail and frail older adults should include
multicomponent exercises, including in particular resistance
training, as well as aerobic, balance, and flexibility tasks
[117]. A study that included older patients soon after CABG
demonstrated that additional resistance training and special
balance training improved functional capacity (6-MWD,
TUG time) significantly more than aerobic training alone
[118]. Exercise training-based cardiac rehabilitation could be
a treatment option for frail VHD patients. EAPC Cardiac
Rehabilitation Section raised awareness and importance of
frailty topic in the field of CR [9].

However, literature data in exercise training and CR
in VHD patients is scare [100]. According to a published
Cochrane meta-analysis, exercise training is beneficial and
provides short-term improvement; however, it was assessed
by only two studies included in this meta-analysis, and
both of them were performed in a young-middle aged
sample [100]. Our literature review showed that different
exercise training programs with VHD elderly patients after
surgery/intervention were safe and effective in improving
functional and physical capacity [40, 84, 85, 87, 89, 93],
quality oflife [40, 84], and independence in daily life activities
(48, 84, 85, 87, 93]. Studies with frail patients demon-
strated that exercise-based programs increased gait speed
and improved balance and performance in activities of daily
life or SPPB [9]. A systematic review on exercise-based CR
for patients after aortic stenosis surgical/interventional treat-
ment demonstrated that a short-term (2-6 weeks) program
could improve Barthel index, FIM, 6MW'T, and anxiety and
depression [48]. Eichler et al. demonstrated that participating
in comprehensive CR results in frailty index decrease by 0.4
points, driven by the significant changes of single parameters
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such as cognition (MMSE), nutrition (MNA), and subjective
mobility disability and mobility (TUG). In addition, several
studies showed improvement in frailty and physical and func-
tional capacity in frail patients, although baseline evaluation
before surgery/intervention demonstrated lower results in
the frail patient group [18].

All reviewed studies had an aerobic component of exer-
cise training that was fulfilled in different ways, and 9 of 12
reviewed studies had an additional strength-training com-
ponent. All described exercise programs were individualized
according to the patient capability and described careful
exercise intensity dosage according to rate of perceived
exertion. We believe that ideal CR for VHD patients should
be supervised by a cardiologist, and its content should include
(1) exercise training (endurance and strength training to
improve muscle mass, strength, balance, and coordination
and to avoid falls), (2) nutrition counseling (to improve
healthy body mass), (3) occupational therapy (to improve
independency and cognitive function), (4) psychological
counseling to ensure psychosocial health, and (5) social
worker counseling (to improve independency). To improve
outcomes of these patients CR services need to be optimally
utilized and the protocols modified to cater for frail patients
and to monitor their progress over the course of the treatment
[106].

5. Limitations

Our literature review has several limitations and weaknesses.
First of all, it was not designed as a meta-analysis or
systematic review, so results of our study have lower evidence
level. We searched only one database and used informal and
subjective methods for studies inclusion and quality check.
A quality assessment of the included studies would have
strengthened our study.

What is more, we failed to find concrete and practical
answers for research questions that were raised in the begin-
ning of the study. We could only provide existing situation
and try to find possible goals for future studies.

6. Conclusions

Frailty assessment in CR settings should be based on func-
tional, objective tests and should have similar components as
tools for risk assessment (mobility, muscle mass and strength,
independence in daily living, cognitive functions, nutrition,
and anxiety and depression evaluation). Participating in
comprehensive exercise-based CR could improve short- and
long-term outcomes in frail VHD patient. Comprehensive
CR not only should include exercise training, psychological
interventions, and improvement in nutrition but also could
prevent, restore, and reduce the severity of frailty as well as
improving outcomes for frail VHD patients.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

BioMed Research International

References

[1] V. T. Nkomo, J. M. Gardin, T. N. Skelton, J. S. Gottdiener, C.
G. Scott, and M. Enriquez-Sarano, “Burden of valvular heart
diseases: a population-based study,” The Lancet, vol. 368, no.
9540, pp. 1005-1011, 2006.

[2] B.Iung, G. Baron, E. G. Butchart et al., “A prospective survey of
patients with valvular heart disease in Europe: The Euro Heart
Survey on valvular heart disease,” European Heart Journal, vol.
24, no. 13, pp. 1231-1243, 2003.

[3] K. J. Buth, R. A. Gainer, J.-E Legare, and G. M. Hirsch,
“The changing face of cardiac surgery: Practice patterns and
outcomes 2001-2010,” Canadian Journal of Cardiology, vol. 30,
no. 2, pp. 224-230, 2014.

[4] M. D. Pierri, E Capestro, C. Zingaro, and L. Torracca, “The
changing face of cardiac surgery patients: An insight into a
Mediterranean region,” European Journal of Cardio-Thoracic
Surgery, vol. 38, no. 4, pp. 407-413, 2010.

[5] D. Gilmanov, P. A. Farneti, M. Ferrarini et al., “Full sternotomy
versus right anterior minithoracotomy for isolated aortic valve
replacement in octogenarians: A propensity-matched study,”
Interactive CardioVascular and Thoracic Surgery, vol. 20, no. 6,
pp. 732-741, 2015.

J. Afilalo, M. J. Eisenberg, J.-F. Morin et al., “Gait speed as
an incremental predictor of mortality and major morbidity
in elderly patients undergoing cardiac surgery,” Journal of the
American College of Cardiology, vol. 56, no. 20, pp. 1668-1676,
2010.

[7] L. Shan, A. Saxena, R. McMahon, A. Wilson, and A. Newcomb,
“A systematic review on the quality of life benefits after aortic
valve replacement in the elderly;” The Journal of Thoracic and
Cardiovascular Surgery, vol. 145, no. 5, pp. 1173-1189, 2013.

[8] L. P. Fried, C. M. Tangen, J. Walston et al., “Frailty in older
adults: evidence for a phenotype,” The Journals of Gerontology.
Series A, Biological Sciences and Medical Sciences, vol. 56, no. 3,
pp. M146-MI156, 2001.

C. Vigorito, A. Abreu, M. Ambrosetti et al., “Frailty and cardiac
rehabilitation: A call to action from the EAPC Cardiac Rehabil-
itation Section,” European Journal of Preventive Cardiology, vol.
24, no. 6, pp. 577-590, 2017.

[10] A. Sepehri, T. Beggs, A. Hassan et al., “The impact of frailty
on outcomes after cardiac surgery: A systematic review; The
Journal of Thoracic and Cardiovascular Surgery, vol. 148, no. 6,
pp. 3110-3117, 2014.

[11] S. Stindermann, A. Dademasch, A. Rastan et al., “One-year
follow-up of patients undergoing elective cardiac surgery
assessed with the comprehensive assessment of frailty test and
its simplified form,” Interactive CardioVascular and Thoracic
Surgery, vol. 13, no. 2, pp. 119-123, 2011.

[12] J. Afilalo, S. Mottillo, M. J. Eisenberg et al., “Addition of
frailty and disability to cardiac surgery risk scores identifies
elderly patients at high risk of mortality or major morbidity;’
Circulation: Cardiovascular Quality and Outcomes, vol. 5, no. 2,
pp. 222-228, 2012.

[13] P. Green, A. E. Woglom, P. Genereux et al., “Gait speed and
dependence in activities of daily living in older adults with
severe aortic stenosis,” Clinical Cardiology, vol. 35, no. 5, pp.
307-314, 2012.

[14] S. Stortecky, A. W. Schoenenberger, A. Moser et al., “Evaluation
of multidimensional geriatric assessment as a predictor of
mortality and cardiovascular events after transcatheter aortic

N

=



BioMed Research International

(15

(16

(17]

[21

(22

(23]

[24]

(25]

(26]

(27]

(28]

valve implantation,” JACC: Cardiovascular Interventions, vol. 5,
no. 5, pp. 489-496, 2012.

D. H. Lee, K. J. Buth, B.-J. Martin, A. M. Yip, and G. M. Hirsch,
“Frail patients are at increased risk for mortality and prolonged
institutional care after cardiac surgery,” Circulation, vol. 121, no.
8, pp. 973-978, 2010.

C. Metze, A.-S. Matzik, M. Scherner et al., “Impact of frailty
on outcomes in patients undergoing percutaneous mitral valve
repair; JACC: Cardiovascular Interventions, vol. 10, no. 19, pp.
1920-1929, 2017.

A. W. Schoenenberger, S. Stortecky, S. Neumann et al., “Predic-
tors of functional decline in elderly patients undergoing tran-
scatheter aortic valve implantation (TAVI),” European Heart
Journal, vol. 34, no. 9, pp. 684-692, 2013.

J. Biermann, M. Horack, P. Kahlert et al, “The impact of
transcatheter aortic valve implantation on quality of life: results
from the German transcatheter aortic valve interventions reg-
istry;” Clinical Research in Cardiology, vol. 104, no. 10, pp. 877-
886, 2015.

P. Assmann, P. Kievit, K. Van Der Wulp et al., “Frailty is
associated with delirium and mortality after transcatheter aortic
valve implantation,” Open Heart, vol. 3, no. 2, pp. 1-8, 2016.

M. Bagienski, P. Kleczynski, A. Dziewierz et al., “Incidence
of postoperative delirium and its impact on outcomes after
transcatheter aortic valve implantation,” American Journal of
Cardiology, vol. 120, no. 7, pp. 1187-1192, 2017.

1. Waite, R. Deshpande, M. Baghai, T. Massey, O. Wendler, and S.
Greenwood, “Home-based preoperative rehabilitation (prehab)
to improve physical function and reduce hospital length of stay
for frail patients undergoing coronary artery bypass graft and
valve surgery, Journal of Cardiothoracic Surgery, vol. 12, no. 1,
2017.

G. Pulignano, M. M. Gulizia, S. Baldasseroni et al., ‘ANMCO/
SIC/SICI-GISE/SICCH executive summary of consensus docu-
ment on risk stratification in elderly patients with aortic stenosis
before surgery or transcatheter aortic valve replacement,” Euro-
pean Heart Journal Supplements, vol. 19, pp. D354-D369, 2017.
T. Crocker, A. Forster, J. Young et al., “Physical rehabilitation
for older people in long-term care.,” Cochrane Database of
Systematic Reviews (Online), vol. 2, p. CD004294, 2013.

J. Afilalo, S. Lauck, D. H. Kim et al.,, “Frailty in older adults
undergoing aortic valve replacement: the FRAILTY-AVR study;’
Journal of the American College of Cardiology, vol. 70, no. 6, pp.
689-700, 2017.

A. Anand, C. Harley, A. Visvanathan et al., “The relationship
between preoperative frailty and outcomes following tran-
scatheter aortic valve implantation: a systematic review and
meta-analysis,” European Heart Journal - Quality of Care and
Clinical Outcomes, p. qcw030, 2016.

L. Hinterbuchner, B. Strohmer, M. Hammerer, E. Prinz, U. C.
Hoppe, and C. Schernthaner, “Frailty scoring in transcatheter
aortic valve replacement patients,” European Journal of Cardio-
vascular Nursing, vol. 15, no. 6, pp. 384-397, 2016.

M. Saji, R. Higuchi, T. Tobaru et al., “Impact of frailty markers
for unplanned hospital readmission following transcatheter
aortic valve implantation,” Circulation Journal, vol. 82, no. 8, pp.
2191-2198, 2018.

J. Forcillo, J. F. Condado, Y.-A. Ko et al., “Assessment of
commonly used frailty markers for high- and extreme-risk
patients undergoing transcatheter aortic valve replacement,”
The Annals of Thoracic Surgery, vol. 104, no. 6, pp. 1939-1946,
2017.

(29]

(33]

[34]

(37]

(38]

(39]

(40

[41]

(42]

[43]

33

Y. Abramowitz, T. Chakravarty, H. Jilaihawi et al., “Impact
of body mass index on the outcomes following transcatheter
aortic valve implantation,” Catheterization and Cardiovascular
Interventions, vol. 88, no. 1, pp. 127-134, 2016.

P. Kleczynski, A. Dziewierz, M. Bagienski et al., “Impact of
frailty on mortality after transcatheter aortic valve implanta-
tion,” American Heart Journal, vol. 185, pp. 52-58, 2017.

M. Goldfarb, M. Bendayan, L. G. Rudski et al., “Cost of cardiac
surgery in frail compared with nonfrail older adults,” Canadian
Journal of Cardiology, vol. 33, no. 8, pp. 1020-1026, 2017.

S. V. Arnold, J. Afilalo, J. A. Spertus et al., “Prediction of poor
outcome after transcatheter aortic valve replacement,” Journal
of the American College of Cardiology, vol. 68, no. 17, pp. 1868-
1877, 2016.

N. Ad, S. D. Holmes, L. Halpin, D. J. Shuman, C. E. Miller, and
D. Lamont, “The effects of frailty in patients undergoing elective
cardiac surgery;” Journal of Cardiac Surgery, vol. 31, no. 4, pp.
187-194, 2016.

A. K. Okoh, D. Chauhan, N. Kang et al., “The impact of frailty
status on clinical and functional outcomes after transcatheter
aortic valve replacement in nonagenarians with severe aortic
stenosis,” Catheterization and Cardiovascular Interventions, vol.
90, no. 6, pp. 1000-1006, 2017.

C. Rodriguez-Pascual, E. Paredes-Galan, A. I. Ferrero-Martinez
et al, “The frailty syndrome and mortality among very old
patients with symptomatic severe aortic stenosis under different
treatments,” International Journal of Cardiology, vol. 224, pp.
125-131, 2016.

C. P. Huded, J. M. Huded, J. L. Friedman et al., “Frailty status
and outcomes after transcatheter aortic valve implantation,”
American Journal of Cardiology, vol. 117, no. 12, pp. 1966-1971,
2016.

P. Debonnaire, L. Fusini, R. Wolterbeek et al., “Value of the
“tAVI2-SCORe” versus surgical risk scores for prediction of
one year mortality in 511 patients who underwent transcatheter
aortic valve implantation,” American Journal of Cardiology, vol.
115, no. 2, pp. 234-242, 2015.

D. Chauhan, N. Haik, A. Merlo et al., “Quantitative increase in
frailty is associated with diminished survival after transcatheter
aortic valve replacement,” American Heart Journal, vol. 182, pp.
146-154, 2016.

P. Green, S. V. Arnold, D. J. Cohen et al., “Relation of frailty to
outcomes after transcatheter aortic valve replacement (from the
PARTNER Trial),” American Journal of Cardiology, vol. 116, no.
2, Article ID 21116, pp. 264-269, 2015.

S. Eichler, A. Salzwedel, R. Reibis et al., “Multicomponent
cardiac rehabilitation in patients after transcatheter aortic valve
implantation: Predictors of functional and psychocognitive
recovery, European Journal of Preventive Cardiology, vol. 24, no.
3, pp. 257-264, 2017,

S. Eichler, A. Salzwedel, A. Harnath et al, “Nutrition and
mobility predict all-cause mortality in patients 12 months after
transcatheter aortic valve implantation,” Clinical Research in
Cardiology, vol. 107, no. 4, pp. 304-311, 2018.

K. Rockwood, X. Song, C. MacKnight et al., “A global clinical
measure of fitness and frailty in elderly people,” Canadian
Medical Association Journal, vol. 173, no. 5, pp. 489-495, 2005.
G. Esses, E. Andreopoulos, H.-M. Lin, S. Arya, and S. Deiner, “A
comparison of three frailty indices in predicting morbidity and
mortality after on-pump aortic valve replacement,” Anesthesia
& Analgesia, vol. 126, no. 1, pp. 39-45, 2018.



34

[44]

(50]

(54]

[56

(57]

M. Seiffert, J.-M. Sinning, A. Meyer et al., “Development
of a risk score for outcome after transcatheter aortic valve
implantation,” Clinical Research in Cardiology, vol. 103, no. 8,
pp. 631-640, 2014,

B. R. Kotajarvi, M. J. Schafer, E. J. Atkinson et al., “The impact
of frailty on patient-centered outcomes following aortic valve
replacement,” The Journals of Gerontology. Series A, Biological
Sciences and Medical Sciences, vol. 72, no. 7, pp. 917-921, 2017.

M. K. Rodrigues, A. Marques, D. M. L. Lobo, I. I. K. Umeda, and
M. E Oliveira, “Pre-frailty increases the risk of adverse events
in older patients undergoing cardiovascular surgery;,” Arquivos
Brasileiros de Cardiologia, vol. 109, no. 4, pp. 299-306, 2017.

T. Shimura, M. Yamamoto, S. Kano et al, “Impact of the
clinical frailty scale on outcomes after transcatheter aortic valve
replacement,” Circulation, vol. 135, no. 21, pp. 2013-2024, 2017.

G. S. Ribeiro, R. D. Melo, L. E Deresz, P. Dal Lago, M. R.
N. Pontes, and M. Karsten, “Cardiac rehabilitation programme
after transcatheter aortic valve implantation versus surgical
aortic valve replacement: Systematic review and meta-analysis,”
European Journal of Preventive Cardiology, vol. 24, no. 7, pp.
688-697, 2017.

P. Codner, K. Orvin, A. Assali et al., “Long-term outcomes for
patients with severe symptomatic aortic stenosis treated with
transcatheter aortic valve implantation,” American Journal of
Cardiology, vol. 116, no. 9, pp. 1391-1398, 2015.

S. Kano, M. Yamamoto, T. Shimura et al., “Gait speed can
predict advanced clinical outcomes in patients who undergo
transcatheter aortic valve replacement insights from a Japanese
multicenter registry,” Circulation: Cardiovascular Interventions,
vol. 10, no. 9, 2017.

J. Alfredsson, A. Stebbins, J. M. Brennan et al., “Gait speed pre-
dicts 30-day mortality after transcatheter aortic valve replace-
ment: Results from the Society of Thoracic Surgeons/American
College of Cardiology Transcatheter Valve Therapy Registry;’
Circulation, vol. 133, no. 14, pp. 1351-1359, 2016.

J. Afilalo, S. Kim, S. O’Brien et al., “Gait speed and operative
mortality in older adults following cardiac surgery, JAMA
Cardiology, vol. 1, no. 3, pp. 314-321, 2016.

P. Green, A. E. Woglom, P. Genereux et al., “The impact of frailty
status on survival after transcatheter aortic valve replacement
in older adults with severe aortic stenosis: A single-center
experience;,” JACC: Cardiovascular Interventions, vol. 5, no. 9,
pp. 974-981, 2012.

R. A. Nishimura, C. M. Otto, R. O. Bonow et al, “2017
AHA/ACC focused update of the 2014 AHA/ACC guideline
for the management of patients with valvular heart disease: a
report of the american college of cardiology/american heart
association task force on clinical practice guidelines,” Journal of
the American College of Cardiology, vol. 70, no. 2, pp. 252-289,
2017.

P. Green, D. J. Cohen, P. Généreux et al., “Relation between six-
minute walk test performance and outcomes after transcatheter
aortic valve implantation (from the PARTNER Trial),” Ameri-
can Journal of Cardiology, vol. 112, no. 5, pp. 700-706, 2013.

B. Jegier, I. Pietka, K. Wojtczak-Soska, R. Jaszewski, and M.
Lelonek, “Cardiac rehabilitation after cardiac surgery is limited
by gender and length of hospitalisation,” Kardiologia Polska, vol.
69, no. 1, pp. 42-46, 2011.

Y. Grossman, I. M. Barbash, P. Fefer et al., “Addition of albumin
to traditional risk score improved prediction of mortality in
individuals undergoing transcatheter aortic valve replacement,;’

(58]

(59]

(60]

(63]

(65]

[69

[70]

(71]

BioMed Research International

Journal of the American Geriatrics Society, vol. 65, no. 11, pp.
2413-2417, 2017.

M. Yamamoto, T. Shimura, S. Kano et al., “Prognostic value
of hypoalbuminemia after transcatheter aortic valve implanta-
tion (from the Japanese multicenter OCEAN-TAVT Registry),”
American Journal of Cardiology, vol. 119, no. 5, pp. 770-777, 2017.
A. Bogdan, I. M. Barbash, A. Segev et al., “Albumin correlates
with all-cause mortality in elderly patients undergoing tran-
scatheter aortic valve implantation,” Eurolntervention, vol. 12,
no. 8, pp. e1057-e1064, 2016.

M. Visser, S. B. Kritchevsky, A. B. Newman et al., “Lower
serum albumin concentration and change in muscle mass: the
Health, Aging and Body Composition Study,” American Journal
of Clinical Nutrition, vol. 82, no. 3, pp. 531-537, 2005.

M. Mok, R. Allende, J. Leipsic et al., “Prognostic value of
fat mass and skeletal muscle mass determined by computed
tomography in patients who underwent transcatheter aortic
valve implantation,” American Journal of Cardiology, vol. 117, no.
5, pp. 828-833, 2016.

E. Koifman, S. Kiramijyan, S. I. Negi et al., “Body mass index
association with survival in severe aortic stenosis patients
undergoing transcatheter aortic valve replacement,” Catheteri-
zation and Cardiovascular Interventions, vol. 88, no. 1, pp. 118—
124, 2016.

D. Capodanno, M. Barbanti, C. Tamburino et al., “A simple risk
tool (the OBSERVANT score) for prediction of 30-day mortality
after transcatheter aortic valve replacement,” American Journal
of Cardiology, vol. 113, no. 11, pp. 1851-1858, 2014.

J. Cockburn, M. S. Singh, N. H. M. Rafi et al., “Poor mobility
predicts adverse outcome better than other frailty indices in
patients undergoing transcatheter aortic valve implantation,”
Catheterization and Cardiovascular Interventions, vol. 86, no. 7,
pp. 1271-1277, 2015.

V. Dahya, C. Prado, A. C. Silva et al., “TCT-707 CT-derived
skeletal muscle index: a novel predictor of frailty and hospital
length of stay after transcatheter aortic valve replacement,”
Journal of the American College of Cardiology, vol. 68, no. 18,
pp. B286-B287, 2016.

A. de Thezy, A. Lafargue, L. dArailh et al., “Relevance of
G8 scale in referring elderly patients with aortic stenosis
requiring a TAVT for a geriatric consultation,” Geriatr Psychol
Neuropsychiatr Vieil, vol. 15, no. 4, pp. 357-363, 2017.

L. Garg, S. Agrawal, T. Pew et al., “Psoas muscle area as a pre-
dictor of outcomes in transcatheter aortic valve implantation,”
American Journal of Cardiology, vol. 119, no. 3, pp. 457-460, 2017.
C.R.Herman, K. J. Buth, J.-F. Légaré, A. R. Levy, and R. Baskett,
“Development of a predictive model for major adverse cardiac
events in a coronary artery bypass and valve population,”
Journal of Cardiothoracic Surgery, vol. 8, no. 1, pp. 1-6, 2013.

J. B. Hermiller, S. J. Yakubov, M. J. Reardon et al., “Predicting
early and late mortality after transcatheter aortic valve replace-
ment,” Journal of the American College of Cardiology, vol. 68, no.
4, pp. 343-352, 2016.

M. Kamga, B. Boland, P. Cornette et al., “Impact of frailty scores
on outcome of octogenarian patients undergoing transcatheter
aortic valve implantation,” Acta Cardiologica, vol. 68, no. 6, pp.
599-606, 2013.

A. R. Kobe, A. Meyer, H. Elmubarak et al., “Frailty assessed by
the FORECAST is a valid tool to predict short-term outcome
after transcatheter aortic valve replacement,” Innovations :
technology and techniques in cardiothoracic and vascular surgery,
vol. 11, no. 6, pp. 407-413, 2016.



BioMed Research International

[72]

(73]

(74]

[75]

[76]

(82]

(83]

M.-L. Bureau, E. Liuu, L. Christiaens et al., “Using a multi-
dimensional prognostic index (MPI) based on comprehensive
geriatric assessment (CGA) to predict mortality in elderly
undergoing transcatheter aortic valve implantation,” Interna-
tional Journal of Cardiology, vol. 236, pp. 381-386, 2017.

S. Mamane, L. Mullie, N. Piazza et al., “Psoas muscle area and
all-cause mortality after transcatheter aortic valve replacement:
the montreal-munich study;” Canadian Journal of Cardiology,
vol. 32, no. 2, pp. 177-182, 2016.

G. P. Martin, M. Sperrin, P. F. Ludman et al., “Novel United
Kingdom prognostic model for 30-day mortality following
transcatheter aortic valve implantation,” Heart, vol. 104, no. 13,
pp. 1109-1116, 2018.

U. Nemec, B. Heidinger, C. Sokas, L. Chu, and R. L. Eisenberg,
“Diagnosing sarcopenia on thoracic computed tomography;’
Academic Radiology, vol. 24, no. 9, pp. 1154-1161, 2017.

R. Paknikar, J. Friedman, D. Cron et al., “Psoas muscle size as a
frailty measure for open and transcatheter aortic valve replace-
ment,” The Journal of Thoracic and Cardiovascular Surgery, vol.
151, no. 3, pp. 745-750, 2016.

M. Puls, B. Sobisiak, A. Bleckmann et al., “Impact of frailty
on short- and long-term morbidity and mortality after tran-
scatheter aortic valve implantation: Risk assessment by Katz
Index of activities of daily living,” Eurolntervention, vol. 10, no.
5, pp. 609-613, 2014.

J. Rodés-Cabau, J. G. Webb, A. Cheung et al., “Transcatheter
aortic valve implantation for the treatment of severe symp-
tomatic aortic stenosis in patients at very high or prohibitive
surgical risk. Acute and late outcomes of the multicenter cana-
dian experience,” Journal of the American College of Cardiology,
vol. 55, no. 11, pp. 1080-1090, 2010.

J. Rodés-Cabau, J. G. Webb, A. Cheung et al., “Long-term
outcomes after transcatheter aortic valve implantation: Insights
on prognostic factors and valve durability from the Canadian
Multicenter Experience,” Journal of the American College of
Cardiology, vol. 60, no. 19, pp. 18641875, 2012.

M. Ryomoto, M. Mitsuno, M. Yamamura et al., “Functional
independence measure for elderly patients undergoing aor-
tic valve replacement,” General Thoracic and Cardiovascular
Surgery, vol. 65, no. 1, pp. 10-16, 2017.

M. Saji, D. S. Lim, M. Ragosta et al., “Usefulness of psoas muscle
area to predict mortality in patients undergoing transcatheter
aortic valve replacement,” American Journal of Cardiology, vol.
118, no. 2, pp. 251-257, 2016.

S. Stindermann, A. Dademasch, J. Praetorius et al., “Com-
prehensive assessment of frailty for elderly high-risk patients
undergoing cardiac surgery, European Journal of Cardio-
Thoracic Surgery, vol. 39, no. 1, pp. 33-37, 2011

]. Zuckerman, M. Ades, L. Mullie et al., “Psoas muscle area and
length of stay in older adults undergoing cardiac operations,’
The Annals of Thoracic Surgery, vol. 103, no. 5, pp. 1498-1504,
2017.

R. Zanettini, G. Gatto, I. Mori et al., “Cardiac rehabilitation and
mid-term follow-up after transcatheter aortic valve implanta-
tion,” Journal of Geriatric Cardiology, vol. 11, no. 4, pp. 279-285,
2014.

N. Russo, L. Compostella, G. Tarantini et al., “Cardiac reha-
bilitation after transcatheter versus surgical prosthetic valve
implantation for aortic stenosis in the elderly;” European Journal
of Preventive Cardiology, vol. 21, no. 11, pp. 1341-1348, 2014.

S. Pardaens, V. Moerman, A.-M. Willems et al.,, “Impact of
the preoperative risk and the type of surgery on exercise

(87]

(88]

(89

[90]

[92]

[94]

(95]

(96]

(100]

[101]

35

capacity and training after valvular surgery,” American Journal
of Cardiology, vol. 113, no. 8, pp. 1383-1389, 2014.

1. Fauchere, D. Weber, W. Maier et al., “Rehabilitation after TAVI
compared to surgical aortic valve replacement,” International
Journal of Cardiology, vol. 173, no. 3, pp. 564-566, 2014.

S. Baldasseroni, A. Pratesi, S. Francini et al., “Cardiac rehabil-
itation in very old adults: effect of baseline functional capacity
on treatment effectiveness,” Journal of the American Geriatrics
Society, vol. 64, no. 8, pp. 1640-1645, 2016.

H. Véller, A. Salzwedel, A. Nitardy, H. Buhlert, A. Treszl, and
K. Wegscheider, “Effect of cardiac rehabilitation on functional
and emotional status in patients after transcatheter aortic-valve
implantation,” European Journal of Preventive Cardiology, vol.
22, no. 5, pp. 568-574, 2015.

P. D. Savage, J. L. Rengo, K. E. Menzies, and P. A. Ades,
“Cardiac rehabilitation after heart valve surgery: comparison
with coronary artery bypass grafting patients,” Journal of Car-
diopulmonary Rehabilitation and Prevention, vol. 35, no. 4, pp.
231-237, 2015.

A. Pressler, J. W. Christle, B. Lechner et al., “Exercise training
improves exercise capacity and quality of life after transcatheter
aortic valve implantation: A randomized pilot trial,” American
Heart Journal, vol. 182, pp. 44-53, 2016.

K. L. Sibilitz, S. K. Berg, T. B. Rasmussen et al.,, “Cardiac
rehabilitation increases physical capacity but not mental health
after heart valve surgery: A randomised clinical trial,” Heart, vol.
102, no. 24, pp. 1995-2003, 2016.

E T. Genta, M. Tidu, Z. Bouslenko et al., “Cardiac rehabili-
tation after transcatheter aortic valve implantation compared
to patients after valve replacement;” Journal of Cardiovascular
Medicine, vol. 18, no. 2, pp. 114-120, 2017.

A. G. E. Pollmann, M. Frederiksen, and E. Prescott, “Cardiac
rehabilitation after heart valve surgery: IMPROVEMENT in
EXERCISE CAPACITY and MORBIDITY; Journal of Car-
diopulmonary Rehabilitation and Prevention, vol. 37, no. 3, pp.
191-198, 2017.

S. Katz, A. B. Ford, R. W. Moskowitz, B. A. Jackson, and M.
W. Jaffe, “Studies of illness in the aged. the index of adl: a
standardized measure of biological and psychosocial function,”
Journal of the American Medical Association, vol. 185, pp. 914
919, 1963.

J.-M. Maillet, D. Somme, E. Hennel, A. Lessana, O. Saint-Jean,
and D. Brodaty, “Frailty after aortic valve replacement (AVR) in
octogenarians,” Archives of Gerontology and Geriatrics, vol. 48,
no. 3, pp. 391-396, 2009.

H. Baumgartner, V. Falk, J. J. Bax et al., “2017 ESC/EACTS
Guidelines for the management of valvular heart disease;
European Heart Journal, vol. 38, no. 36, pp. 2739-2786, 2017.

J. Perk, G. De Backer, H. Gohlke et al., “European Guidelines on
cardiovascular disease prevention in clinical practice (version
2012);, European Heart Journal, vol. 33, no. 13, pp. 1635-1701,
2012.

R. Reibis, A. Salzwedel, H. Buhlert, K. Wegscheider, S. Eich-
ler, and H. Voller, “Impact of training methods and patient
characteristics on exercise capacity in patients in cardiovascular
rehabilitation,” European Journal of Preventive Cardiology, vol.
23, no. 5, pp. 452-459, 2016.

K.L.Sibilitz, S. K. Berg, L. H. Tang et al., “Exercise-based cardiac
rehabilitation for adults after heart valve surgery;” Cochrane
Database of Systematic Reviews, vol. 2016, no. 3, pp. 1-36, 2016.
O. A.-]. Altisent, R. Puri, A. Regueiro et al., “Predictors and
association with clinical outcomes of the changes in exercise



36

[102]

(103]

[104]

(105]

[106]

(107]

[108]

(109]

[110]

[111]

[112]

[113]

(114

[115]

(116]

capacity after transcatheter aortic valve replacement,” Circula-
tion, vol. 136, no. 7, pp. 632-643, 2017.

R. Bagur, J. Rodés-Cabau, E. Dumont et al,, “Performance-
based functional assessment of patients undergoing tran-
scatheter aortic valve implantation,” American Heart Journal,
vol. 161, no. 4, pp. 726-734, 2011.

R. Bagur, J. Rodés-Cabau, E. Dumont et al., “Exercise capacity in
patients with severe symptomatic aortic stenosis before and six
months after transcatheter aortic valve implantation,” American
Journal of Cardiology, vol. 108, no. 2, pp. 258-264, 2011.

P. Choddr, K. Wilczek, T. Zielinska et al., “Assessment of
cardiovascular function following transcatheter aortic valve
implantation based on six-minute walk test;” Cardiology Jour-
nal, vol. 24, no. 2, pp. 167-175, 2017.

S. K. Berg, A.-D. Zwisler, B. D. Pedersen, K. Haase, and K.
L. Sibilitz, “Patient experiences of recovery after heart valve
replacement: Suffering weakness, struggling to resume normal-
ity BMC Nursing, vol. 12, no. 1, 2013.

M. Singh, R. Stewart, and H. White, “Importance of frailty in
patients with cardiovascular disease,” European Heart Journal,
vol. 35, no. 26, pp. 1726-1731, 2014.

R. A. Nishimura, C. M. Otto, R. O. Bonow et al., “2014
AHA/ACC guideline for the management of patients with
valvular heart disease: executive summary: a report of the
American college of cardiology/American heart association
task force on practice guidelines, Journal of the American
College of Cardiology, vol. 63, no. 22, pp. 2438-2488, 2014.

A. Vahanian, O. Alfieri, and F. Andreotti, “Guidelines on the

management of valvular heart disease (version 2012),” European
Heart Journal, vol. 33, no. 19, pp. 2451-2496, 2012.

M. Mack, “Frailty and aortic valve disease,” The Journal of
Thoracic and Cardiovascular Surgery, vol. 145, no. 3, pp. S7-S10,
2013.

T. M. Gill, E. A. Gahbauer, H. G. Allore, and L. Han, “Transitions
between frailty states among community-living older persons,”
JAMA Internal Medicine, vol. 166, no. 4, pp. 418-423, 2006.

J. M. Forman, L. M. Currie, S. B. Lauck, and J. Baumbusch,
“Exploring changes in functional status while waiting for
transcatheter aortic valve implantation,” European Journal of
Cardiovascular Nursing, vol. 14, no. 6, pp. 560-569, 2015.

U. Corr, E Carré, P. Heuschmann et al., “Secondary prevention
through cardiac rehabilitation: Physical activity counselling and
exercise training,” European Heart Journal, vol. 31, no. 16, pp.
1967-1974, 2010.

L. Vanhees, B. Rauch, M. Piepoli et al., “Importance of char-
acteristics and modalities of physical activity and exercise in
the management of cardiovascular health in individuals with

cardiovascular disease (Part III),” European Journal of Preventive
Cardiology, vol. 19, no. 6, pp. 1333-1356, 2012.

S.L. Wolf, H. X. Barnhart, N. G. Kutner, E. McNeely, C. Coogler,
and T. Xu, “Selected As the Best Paper in the 1990s: Reducing
Frailty and Falls in Older Persons: An Investigation of Tai Chi
and Computerized Balance Training,” Journal of the American
Geriatrics Society, vol. 51, no. 12, pp. 1794-1803, 2003.

E. E Binder, K. B. Schechtman, A. A. Ehsani et al., “Effects
of exercise training on frailty in community-dwelling older
adults: Results of a randomized, controlled trial,” Journal of the
American Geriatrics Society, vol. 50, no. 12, pp. 1921-1928, 2002.
W. Muhlberg and C. Sieber, “Sarcopenia and frailty in geriatric
patients: Implications for training and prevention,” Zeitschrift
fur Gerontologie und Geriatrie, vol. 37, no. 1, pp. 2-8, 2004.

BioMed Research International

[117] A. D. Jadczak, N. Makwana, N. D. Luscombe-Marsh, R. Vis-

vanathan, and T. J. Schultz, “Effectiveness of exercise interven-
tions on physical function in community-dwelling frail older
people: an umbrella review protocol,” JBI database of systematic
reviews and implementation reports, vol. 14, no. 9, pp. 93-102,
2016.

[118] J. C. Busch, D. Lillou, G. Wittig et al., “Resistance and balance

training improves functional capacity in very old participants
attending cardiac rehabilitation after coronary bypass surgery,”
Journal of the American Geriatrics Society, vol. 60, no. 12, pp.
2270-2276, 2012.



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology bl B Journal of .
World Journal Research and Practice Diabetes Researc Disease Markers

International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
www.hindawi.com

BioMed
Research International

PPAR Research

Journal o.f
Obesity

Evidence-Based P
Stem Cells Complementary and N Journal of
International Alternative Medicine : Oncology

Journal of

Qphthalmology

Parkinson’s
Disease

Behavioural Al DS Oxidative Medicine and
NGUVO|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine



https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

