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Abstract
As the body ages, there is a natural decline in physical and cognitive abilities. The
presence of chronic disease can accelerate this process. Aortic stenosis (AS) is a structural
heart disease primarily associated with aging. Untreated patients die within 2 to 5 years
following the onset of symptoms. For individuals with multiple co-morbidities, surgical
treatment is not an option because of high risk for surgical complications. An innovative and
minimally invasive procedure called transcatheter aortic valve implantation (TAVI) has
emerged as a safe and viable treatment option for higher risk patients. Because of the rapid
disease progression of severe AS and the varying wait-times prior to procedure, it is
important to understand changes in functional status while waiting for TAVI. The purpose of
this study was to examine the changes in functional status between time of eligibility
assessment and TAVI procedure date. Changes in functional status including 5-Metre Gait
Speed, Canadian Study of Health and Aging Clinical Frailty Scale and Mini Mental State
Examination were evaluated using an exploratory prospective cohort design.
Thirty two patients participated in the study with median age 81 (range 64 to 93).
Functional status declined between time of assessment and time of TAVI: Gait speed
increased by 0.53 seconds (p = 0.01) and Clinical Frailty Scale increased by 0.31 (from 4.3 to
4.6, p = 0.01). Patients who waited longer than six weeks for TAVI (n = 19) had a larger
decline in gait speed than patients who waited less than six weeks (n = 10) (0.8 sec vs 0.0
sec, p = 0.04). Patients who were living alone (n =11) had a larger increase in frailty scores
compared to patients living with another adult (n = 21) (0.6 vs 0.1, p = 0.05).
This study has shown that change in functional status may be an important
assessment to monitor while patients are waiting for TAVI. Results may be used to facilitate
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individualized care and management strategies and inform health care policy to develop
evidence based benchmarks for safe wait-times. Future research with larger samples could
validate the exploratory findings of this study.
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Chapter 1: Introduction
For an individual experiencing the progressive changes of aging (Cucinotta, 2007),
health and functional status can be significantly altered by the addition of a chronic disease
or illness (Boyd, Weiss, Halter, Han, Ershler & Fried, 2007). Aortic stenosis (AS) is a
disease which causes progressive calcification or thickening of the aortic valve. It is found
predominantly in the elderly and when symptoms become severe, the disease progresses
rapidly causing death among untreated patients (Ross & Braunwald, 1968).The gold standard
treatment for severe AS continues to be conventional open heart surgery to replace the aortic
valve (Leon et al., 2010). For individuals who are elderly and who have multiple comorbidities however, surgical treatment is not an option because they are deemed too high
risk for surgery. An innovative and minimally invasive procedure called transcatheter aortic
valve implantation (TAVI) has emerged as a safe and viable treatment option for this high
risk population.
In 2005, St. Paul’s Hospital began performing TAVI with special access permission
from Health Canada. Since that time, the Canada Food and Drug Act approved a first
generation Edwards SAPIEN transcatheter heart valve for patients with severe, AS and
deemed non-operable (Health Canada, 2012). As a specialty procedure requiring highly
trained operators and allied health staff, TAVI is currently only available at four different
sites within British Columbia (BC). Funding is provided by Cardiac Service British
Columbia (CSBC), an agency of the Provincial Health Services Authority based on patient
requirements and emerging evidence. In 2012/13, 230 TAVI procedures were performed in
BC (S. Lauck, personal communication, July 16, 2013). Although TAVI programs are
growing in volume, and dynamic changes to improve access to services continue, patients
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must wait varying amounts of time between when they are identified as candidates and when
they receive the procedure. Exploring the changes in functional status of this high risk,
elderly population waiting for TAVI is critical, as the paradigm shift in the treatment for AS
continues to evolve.
1.1

Diagnosis of Aortic Stenosis and Treatment Options
Aortic stenosis (AS) is a disease found predominately in the elderly and is considered

the most common valve disease in adults over 60 years of age (Gongidi & Hamaty, 2011). In
a population-based study by Nkomo et al. (2006), the reported prevalence of AS for people
over 75 years of age was 2.8% and is expected to rise as our population ages. AS can be
caused by an inflammatory process from previous rheumatic heart disease, congenital
malformation, or more commonly, degenerative calcification (Madden & Hill, 2009). At the
onset of stenosis, the disease may go undiagnosed because many individuals do not exhibit
any symptoms. As the stenosis progresses and valve leaflets become more restricted, blood
flow exiting the heart begins to diminish and individuals become increasingly symptomatic.
The symptoms of AS may include shortness of breath, angina, fainting and heart failure
(Gongidi & Hamaty, 2011; Maganti, Rigolin, Sarano, & Bonow, 2010).
In addition to the presentation of symptoms and clinical assessment, a diagnosis of
AS can be confirmed with cardiac imaging, including echocardiography or cardiac
catheterization. The only effective treatment which provides symptom relief and improves
long term survival is surgical aortic valve replacement (AVR) (Holmes et al., 2012).The
decision to proceed with surgical AVR is determined by valve biological functioning,
presenting symptoms and risk of mortality during cardiac surgery. For individuals deemed
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not suitable for surgery, alternative treatment options are considered such as medical therapy
or TAVI.
1.2

Transcatheter Aortic Valve Implantation
For individuals who are non-surgical candidates because of the high risk for

procedural complications and post-operative mortality, TAVI has emerged as a therapeutic
treatment option showing favorable short and longer term outcomes such as improved
clinical symptoms and hemodynamic function of the new valve (McRae & Rodger, 2012;
Toggweiler et al., 2013). The first in-human transcatheter aortic valve was implanted in
Europe in 2002 (Cribier et al., 2002). TAVI is considered minimally invasive because unlike
conventional aortic valve replacement, which requires an open sternotomy, this procedure
uses a catheter based stent valve that is deployed in the aortic position while the heart is still
beating, without the use of a cardiopulmonary bypass machine. Access to the aortic valve is
most commonly achieved with a femoral artery approach and can be performed under general
or local anesthesia. Less frequently used access sites include the axillary artery, ascending
aorta or transapically through the apex of the left ventricle, all of which are performed by
general anesthesia (Webb, 2012).
1.3

Vancouver Transcatheter Heart Valve Program
Since the first in-human TAVI implantation in 2002, there has been rapid growth in

the use of this procedure along with multiple research and technological advances to support
this practice. Reported one year outcomes of TAVI for inoperable patients have consistently
demonstrated improved survival rates and quality of life outcomes (Webb, 2012). At St.
Paul’s Hospital in Vancouver, (Webb, 2012) over 750 patients have been treated with TAVI
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since their first implant in 2005. The current uncertainty about health care funding models
and emerging TAVI evidence makes it difficult to predict the anticipated wait time.
In September of 2011, the TAVI program at St. Paul’s Hospital began performing
lower risk TAVI at Vancouver General Hospital to increase the program’s capacity to ensure
timely patient access to treatment. As one combined program, the Vancouver Transcatheter
Heart Valve (THV) clinic is able to ensure standardized processes for procedure indications
and medical practice, the provision of evidence informed care and increase the accessibility
of TAVI for British Columbians. The THV clinic receives approximately thirty referrals for
TAVI per month. When a referral is accepted by the program, a variety of diagnostic tests, a
clinical assessment visit (cardiology and nursing) and surgical consultation are scheduled
over a two-day period as part of the work-up process. The clinical visit is completed by the
program nurse coordinator and includes a global functional assessment developed by the
multidisciplinary THV clinic team. This global assessment includes physical, cognitive, and
social components of functional status. When the diagnostic findings, clinical assessment and
consultation reports are available, the THV team determines if the patient is eligible for the
procedure.
1.4

Wait Time
In 2012, the wait-time for TAVI from time of eligibility assessment until procedure

date at the Vancouver THV clinic was two to six months depending on clinical factors (S.
Lauck, personal communication, September, 2012). A total of 16 procedures are performed
monthly in the program with a usual distribution of 14 at St. Paul’s Hospital and two at
Vancouver General Hospital. Time on a wait list can be affected by vascular access, native
valve anatomy, suitability for available valves or operational challenges. In the absence of
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evidence to support specific maximum wait times for TAVI, CSBC has developed an
Urgency Rating Score with recommended wait time for all heart surgeries. The current
Urgency Rating Scores in British Columbia include emergency status, and three levels of
priority ranging from a recommended wait-time of three days for Priority I to three months
for a Priority III assignment. Priority scores are based on individual co-morbidities, coronary
anatomy and functional characteristics (CSBC, 2012). TAVI is primarily performed as a
planned and elective Priority II procedure.
1.5

TAVI Patient Population
Between 2005 and 2012, at St. Paul’s Hospital, the average age of a patient

undergoing TAVI was 82 years (S. Lauck, personal communication, June, 2012). In this
elderly population with severe AS, chronic conditions and co-morbidities are commonly
present (MacKnight & Rockwood, 2001; Stortecky et al., 2012; Vahanian et al., 2008). These
chronic conditions can lead to loss of independence, decreased functional capacity and
isolation (McPherson & Wister, 2008). It is critical to recognize the multiple, associated comorbidities and heterogeneity in this aging population as it can help identify potential risk
factors and individualize care (Boyd et al., 2007; Maddox, 1987). In addition to the
associated high-risks due to co-morbidities, patients undergoing TAVI are also more likely to
be deemed frail (Rodes-Cabau & Mok, 2012).Frailty has recently emerged in the literature as
an important component of overall health status and clinical indicator of decision-making in
TAVI patients (Green et al., 2012). Frailty (described in Section 3.3.2) is a syndrome
characterized by muscle weakness, diminished energy reserves, decreased physical and social
activity, weight loss and slow gait (McPherson & Wister, 2008). Frail, elderly individuals
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waiting for TAVI are at considerable risk for changes in functional status in the presence of
severe AS and associated co-morbidities.
1.6

Functional Status
Recently, there has been a paradigm shift in the management of cardiac care of older

adults due to the identification of a fundamental link between (a) the treatment of cardiac
disease in the elderly and (b) factors such as; co-morbidities, frailty, functional limitations
and cognitive decline (Forman et al., 2011). Functional status generally refers to one’s ability
to fulfill usual roles and activities of daily living in all domains of life including physical,
psychological, social and spiritual (Leidy, 1994; Wang, 2004). The importance one places on
quality of life and functional status varies with each individual (Wilson & Cleary, 1995);
therefore we ought to be cognizant of the value to which individual’s place on their ability to
complete activities of daily living. Utilizing measures of functional status in conjunction with
standard clinical and diagnostic criteria could improve risk stratification and help inform
TAVI patient selection. In addition, a comprehensive assessment of functional status prior to
undergoing TAVI provides valuable baseline information and has shown to be an important
predictor of morbidity and mortality outcomes (Schoenenberger et al., 2012).
1.7

Significance of the Study
For patients waiting for TAVI at the Vancouver THV clinic, there is a varying length

of wait-time between the eligibility assessment and date of procedure. Throughout this
varying wait-time, multiple factors can cause changes in functional status. In a population
more likely to live alone and have increased co-morbidities, and other health vulnerabilities it
is critical to explore changes to functional status while waiting for TAVI. Progressive
worsening of symptoms and disease pathology can also lead to significant changes in an
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individual’s global level of functioning. For an elderly individual with co-morbidities, rapid
progression of AS symptoms while waiting for TAVI can have detrimental consequences
including mortality (Madden & Hill, 2009). Exploring the changes in functional status of
individuals waiting for TAVI is critical in helping to inform care and improve patient
management during this period of potentially rapid disease progression and associated
changes to function.
1.8

Problem Statement
In the Vancouver THV program, the functional status assessment for TAVI occurs at

the time of eligibility assessment which, during this study, took place approximately two to
six months prior to the procedure being performed. For an elderly individual, the presence of
co-morbidities, worsening symptoms and other influencing factors could significantly
contribute to changes in function during that wait period. As our population ages, the
prevalence of AS is expected to rise (McRae & Rodger, 2012). With an increase in patient
referrals, and the potential for rapidly deteriorating health with severe AS, it will become
increasingly important to examine the relationship between wait-time and other influencing
factors which have a causal effect on functional status to inform clinical care and health care
policy.
1.9

Statement of Purpose
The purpose of this research is to describe the changes in functional status between

time of eligibility assessment and the TAVI procedure date.
1.10 Research Questions
1. In individuals with severe AS, does functional status change from the time of
eligibility assessment until the time of procedure?
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2. In individuals with severe AS, what predictor variables correlate with changes in
functional status while waiting for TAVI?
1.11 Hypothesis
1. During the wait-time between eligibility assessment and TAVI procedure, individuals
with severe AS will experience a decline in their functional status.
2. There is a relationship between selected predictor variables such as length of waittime, age, sex, living situation, procedure, biological function, reported symptoms and
changes in functional status while waiting for TAVI.
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Chapter 2: Literature Review
In order to provide clarity and context to the task of exploring functional status in the
TAVI population, it is important to appraise the literature and report any gaps identified. The
purpose of this chapter is to review findings of TAVI research, provide an analysis of
functional status and describe currently used measures of functional status in TAVI. To
begin, a review of clinical and functional TAVI patient outcomes is provided, followed by a
thorough analysis of functional status found in the literature. The subsequent section provides
a review of currently used measures of functional status in TAVI research which includes
clinician-reported tools, frailty and patient-reported outcomes. Finally, a summary and gaps
identified within the TAVI literature are examined.
The review for this study entailed an extensive search of the literature using the
Cumulative Index of Allied Health and Nursing Literature (CINAHL), PubMed, Embase and
Google Scholar databases. The keywords included: transcatheter aortic valve replacement,
implantation, percutaneous aortic valve replacement, implantation, elderly, frailty, functional
status and quality of life. The inclusion criteria included: study participant age over 65,
studies within the past ten years (2002-2012), and human subjects only.
2.1

Clinical and Functional TAVI Patient Outcomes
Since the first implantation in 2002, multiple studies have been conducted to examine

clinical and functional outcomes of TAVI. For inoperable patients with severe AS, TAVI has
demonstrated favorable outcomes. In 2010, results of a large randomized control trial
demonstrated the safety and efficacy of TAVI and a 20% absolute reduction in one-year
mortality in patients otherwise deemed inoperable (Leon et al., 2010). The two year follow
up from this same trial was subsequently reported in 2012 and showed decrease rates of
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death, hospitalization, and improved valve hemodynamics (Makkar et al., 2012). Very few
studies have reported outcomes greater than one to two years due to the limited time TAVI
has been available to treat severe AS and the advanced age of TAVI patients. However,
Toggweiler et al. (2013) recently reported favorable outcomes demonstrating a five year
survival rate of 35% which is the longest period of time outcomes have been measured
following TAVI.
Since the first transcatheter implantation, there has been a growing body of literature
in the area of TAVI as researchers attempt to explore the efficacy and safety of this
innovative procedure (Canadian Agency for Drugs and Technologies in Health, 2013). There
have been a large number of studies conducted to measure mortality, morbidity and clinical
function however; very few have examined functional status as a study end point (Gotzmann
et al., 2011; Reynolds et al., 2012; Reynolds et al., 2011; Schoenenberger et al., 2012).
As TAVI becomes increasingly accessible and indication for its use expands, it is
imperative for research to include measures of functional status as primary endpoints to
guide case selection and inform indications. In a predominantly elderly population, changes
in functional status can have detrimental effects to level of independence, ability to fulfill
daily roles and ultimately affect quality of life (Leidy, 1994). Further, the trajectory of
functional abilities in this vulnerable population is relatively unknown and may be
exacerbated by the progression of AS, comorbid conditions and severity of symptoms. It is
imperative for TAVI research to include functional status as a prognostic tool to improve risk
stratification and provide valuable baseline data in which to compare post-procedures
outcomes. The challenge also lies in determining an operational definition for functional
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status and consistent measurement tools used in TAVI research. These issues are examined in
the following sections.
2.2

Functional Status
As reported in the previous section, a significant gap in the literature is a lack of

consensus regarding an operational definition of functional status. Without a clear
understanding of functional status, the challenge lies in choosing appropriate measurement
tools, analyzing inconsistent research outcomes and the inability to provide meaningful
clinical support. Adding to the complexity of defining functional status is that terms such as
‘functional ability’, ‘functional outcomes’, ‘health status ‘and ‘quality of life’ are often used
interchangeable (Knight, 2000; Leidy, 1994). This section will provide a review of the
literature related to functional status and the various measurement tools and definitions used
to operationalize functional status within TAVI research.
The literature shows researchers recognize the importance of measuring functional
status in this vulnerable, elderly population, however there are inconsistencies related to
defining this concept. A variety of measurement tools have been used to describe functional
status in the TAVI literature. In a 2011 study reporting one-year TAVI outcomes, Thomas et
al. (2011) used the term functional status to describe the patient’s New York Heart
Association (NYHA) classification score. Bagur et al. (2011) used results of the Duke
Activity Status Index (DASI), a self-administered questionnaire which evaluates abilities to
perform daily activities, as a measure of combined functional status and quality of life.
Gotzmann et al. (2011) described significant clinical improvements in functional status one
year after TAVI by using the NYHA classification system and administration of patient-
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reported questionnaires, but used the terms ‘functional status’, ‘functional outcome’ and
‘functional capacity’ interchangeably when reporting results.
Functional status assessment was originally developed in rehabilitation medicine to
provide a means of measuring physical performance related to disabilities as reported by the
ability to perform daily living activities (Wang, 2004). Since that time, a variety of
definitions have been reported within the health disciplines literature. Katz, Ford,
Moskowitz, Jackson and Jaffe (1963) developed a measurement tool which would assess
functioning in the elderly and chronically ill. The items addressed in this index of activities
of daily living (ADL) include the independent ability to bath, dress, toilet, transfer, feed and
continence. Describing functional status in terms of the ability or inability to perform daily
activities directs focus solely on one’s performance or behavior (Knight, 2000; Wang, 2004).
Bennett, Reigel, Bittner and Nichols (2002) reported functional status as an individual’s
ability to function in regular, daily activities and can be influenced by cognitive, social and
environmental factors. In the study by Bennett et al. (2002), functional status was viewed as
an accurate measurement of one’s ability to perform daily activities, however, they
recommend use of the NYHA classification system which is a clinician-reported tool based
on clinical judgment instead of patient-reported score generated by the activities of daily
living index.
Viewing functional status with a broader, comprehensive approach which
incorporates self-management skills, cognition, and emotional components has also been
reported in the literature. Moinpour, McCorkle, and Saunders (1988) described functional
status with a holistic approach and proposed that an accurate measurement of functional
status would address one’s functioning in areas of “physical health, quality of self-
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maintenance, quality of role activity, intellectual status, social activity, attitude toward the
world and toward self and emotional status” (p. 24). Wang (2004) described functional status
as activities of daily life performed by an individual to meet the needs within all aspects of
life including “physical, psychological, social, spiritual, intellectual and roles” (p. 462). This
definition would imply a measurement tool that does not include multiple, holistic
components, would not truly capture a comprehensive assessment of functional status. The
importance of including cognitive function in the dimension of functional status has also
been reported. Knight (2000) posits caution must be taken when more specific activities of
daily living are used to assess functional status because the researcher assumes the individual
is cognizant or knows what to do. When the instrumental activities of daily living (IADL)
index tool is used, individuals are given a score if they are independent with using the
telephone, shopping, food preparation, housekeeping, laundry, transportation, medications
and finances (Lawton & Brody, 1969). By asking an individual if they can manage their
finances, we are assuming an underlying cognitive ability in that they know how to perform
or problem solve a task. The end result may still indicate an inability to perform a task;
however, recognizing the relationship between cognitively impaired or functional limitations
due to symptoms is imperative if we are going to use results to improve clinical practice.
Leidy (1994) also referred to functional status as encompassing a larger domain of
functioning which would include physical, spiritual, social and psychological domains. In an
effort to define and clarify the concept of functional status, Leidy developed an analytical
framework which includes capacity, performance, reserve and capacity utilization as
dimensions of functional status. Functional capacity refers to the maximum potential an
individual has to perform physical and psychosocial activities. An assessment of one’s

13

cognitive abilities would be an example of capacity. The activities of daily living and
instrumental activities of daily living are examples of functional performance which help
determine what an individual chooses to do. She further describes functional reserve as the
difference between capacity and performance and assumes that individuals may not perform
to their full potential on a daily basis. Finally, capacity utilization describes the extent to
which an individual may be required to use their full capacity to complete daily activities.
This can be seen with an individual who experiences symptoms of fatigue and may be
required to expend extra ‘energy’ to complete daily activities (Leidy, 1994). The notion of
functional capacity and performance were also reported in a study by (Bennett et al., 2002).
However, rather than viewing capacity and performance as dimensions within functional
status, they see them as separate concepts. Functional status is defined as an individual’s
ability to perform regular activities potentially limited by external and internal factors
including symptoms. Functional capacity assesses the maximum function in which an
individual is capable and performance relates to the level of activity chosen by the individual
(Bennett et al., 2002).
The literature has shown functional status to be a concept which has multiple
definitions and methodologies to measure outcomes. Leidy (1994) reported researchers and
practitioners were on a “functional status merry-go-round” (p. 196) in the absence of a clear
definition and continued use of interchanging terminology related to function. Without a
clear definition of functional status, challenges will remain in choosing appropriate
measurement tools, standardizing TAVI outcomes, and developing a truly patient-centered
approach to care. The European Valve Academic Research Consortium described the
importance of measuring clinical benefits such as functional status but recognized the bias
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and weakness that accompanied the variety of measurement tools and overall lack of
standardization (Leon et al., 2011). The Canadian Cardiovascular Society also encouraged
the use of an “objective evaluation of neuro-cognitive function and frailty” to evaluate TAVI
candidates (Webb et al., 2012, p. 7). Without providing an operational definition, a consensus
statement endorsed by the American Heart Association (AHA) recommended functional
status be included when assessing the elderly for TAVI eligibility (Holmes et al., 2012). The
importance of assessing functional status is currently being recognized by TAVI researchers
but if differing definitions remain, it is critical to identify the distinction between the various
components of function and select the most appropriate measurement tool.
Despite the absence of a standardized definition in the literature it is clear that
functional status is multidimensional and encompasses an individual’s ability to perform
daily tasks within all domains of functioning. To obtain this comprehensive assessment of
functional status, multiple validated tools to measure varied components of functioning may
be required. Researchers could achieve a more precise investigation of functional status by
clearly defining the components of functioning being assessed and utilizing a combination of
validated tools which would deliver a more comprehensive and multidimensional assessment
of functional status. By achieving meaningful, functional status outcomes, we are better
prepared to target specific patient management and treatment strategies.
2.3

Functional Status Measures in TAVI Research
In reviewing the literature of TAVI outcomes within the past ten years, multiple tools

and measurements for components of functional status have been used. Without a
standardized definition and measurement for functional status however, it is difficult to
accurately describe and compare TAVI outcomes. Quality of life and health-related quality of
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life outcomes have been assessed using validated, patient-reported tools. Clinician-reported
measurements such as the NYHA classification tool, timing of gait speed and cognitive
impairment assessments have also been used. Finally, the notion of frailty and its importance
in recognizing predictors of outcomes in the elderly has also become more prevalent in recent
TAVI literature (Lee, Buth, Martin, Yip, & Hirsch, 2010; Leon et al., 2011; Schoenenberger
et al., 2012). The following approaches to measuring functional status will be reviewed in the
subsequent section below; clinician-reported tools, frailty and patient-reported outcomes.
2.3.1

Clinician-reported Tools
To assess functional status outcomes in the TAVI population, clinician-reported tools

are commonly employed. The United States Federal Drug Administration (FDA) describes
clinician-reported outcomes as assessments which are made by an observer with professional
training in the field of measurement being observed (US Department of Health and Human
Services, 2013). These reported outcomes can be based on observation, diagnostics tests, and
evaluation from clinical judgment. The clinician-reported tools which will be reviewed
include the NYHA classification tool, gait speed and the Mini Mental State Examination.
2.3.1.1

The New York Heart Association Classification Tool
The NYHA classification tool is one of the most widely used clinician-reported tools

which evaluates symptoms of heart failure related to activities of daily life (Bennett et al.,
2002). In 1963, the AHA first published the classification tool with a number of revisions
occurring since that time (Apostolakis & Akinosoglou, 2007). In an Executive Summary
report of chronic heart failure guidelines, the American College of Cardiology and AHA
described the usefulness of this functional classification tool but also recognized a physician
assessment could be subjective and classes of heart failure could change quickly (Hunt et al.,
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2001). Patient symptoms are classified into four categories ranging from no symptoms of
shortness of breath and without any physical limitations (Class I), to severe physical
limitations and cardiac symptoms at rest (Class IV). Moving to a lower class of symptoms is
an indication of improved function. Although the description of classes is well documented
and standardized, operationalizing what is actually being assessed is slightly ambiguous. The
NYHA has been described as a tool used to assess the effect of heart failure symptoms on
exercise intolerance (Apostolakis & Akinosoglou, 2007), an indication of functional reserve
(Miller-Davis, Marden, & Leidy, 2006) and a system in which heart failure can be classified
according to symptom severity and limitations to physical activity (American Heart
Association, Classes of Heart Failure section, 2013). Although a clinician-reported tool such
as the NYHA classification system can be subjective based on physician assessment and
clinical judgment, its use in assessing degree of physical limitations due to symptoms is
important to consider with TAVI outcomes.
The NYHA is a commonly used diagnostic tool useful in comparing outcomes in
TAVI literature (Goncalves et al., 2011; Gotzmann et al., 2011; Leon et al., 2010; Makkar et
al., 2012; Smith et al., 2011; Thomas et al., 2011; Toggweiler et al., 2013) however, it has
been reported to correlate poorly with other measures of functional capacity (Rostagno et al.,
2000) and is limited in its reliability and usefulness as an outcome measure (Severo et al.,
2011). A tool such as the NHYA that lacks objectivity and reliability would be unsuitable to
accurately measure functional status.
2.3.1.2

Gait Speed
Measuring an individual’s gait speed is another commonly used clinician-reported

tool used in TAVI outcomes (Gotzmann et al., 2011; Leon et al., 2010; Smith et al., 2011).
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Gait speed is emerging as an important marker of frailty, measurement of functional
performance and exercise capacity. There are a variety of measurement tools for gait speed
such as the 6-Minute walk test, 12-Minute walk test and 5-Metre gait speed (van Kan et al.,
2009). The aim of each tool is to provide an objective measurement by which gait speed can
be assessed by instructing the individual to walk at usual pace. By measuring gait speed
within a pre-specified distance, the observer can assess global physical response to exercise
and help determine potential outcomes after medical interventions (Brooks, Solway, &
Gibbons, 2003). In a study of community-dwelling adults over the age of 65 years, gait
speed was referred to as a reflection of health and functional status and was shown to be
associated with survival at five and ten years with a p < 0.001 (Studenski et al., 2011). Green
et al. (2012) described gait speed as a marker of frailty and an important characteristic of
functional status which can be used as a predictor of outcomes in an elderly population with
AS. Gait speed has also been identified as a predictor of adverse outcomes in the elderly
population undergoing cardiac surgery as well as community-dwelling (Afilalo et al., 2010;
van Kan et al., 2009).
The manner in which gait speed is analyzed also varies within the literature (van Kan
et al., 2009). Whether measuring the distance covered in a specified time, or measuring the
time it takes to walk a certain distance, gait speed can be categorized into slow or normal, or
can be measured as a continuous variable. In a study by Green et al. (2012) gait speed was
reported as being strongly correlated with dependent functional status and was analyzed as a
continuous and categorical variable. Although recent literature demonstrates gait speed as a
valid tool to measure function (Afilalo et al., 2010; Green et al., 2012; van Kan et al., 2009),
for individuals with physical limitations unrelated to their AS symptoms, conducting this test
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alone may not provide an accurate assessment of functional status. Gait speed provides
valuable information regarding functional and exercise capacity but ought to be used in
conjunction with other measurements of functional status in order to provide a
comprehensive, holistic assessment.
2.3.1.3

Mini-Mental State Examination

As reviewed in the previous section, assessment of cognitive ability has also been
identified as an important component of functional status. Also, clinician-reported,
independent measurements of cognition have not commonly been used in TAVI research. In
a study to analyze predictors of functional decline in elderly TAVI patients, Schoenenberger
et al. (2012) used the Mini Mental State Examination (MMSE) to measure cognitive ability
at baseline and six months following TAVI. First developed in 1975, the MMSE is a thirtypoint questionnaire which screens for cognitive impairment by addressing components of
orientation, recall, attention, language, repetition and the ability to follow complex
commands. Range of scores describing degree of cognitive impairment vary depending on
the literature source, age of the individual, education level, presence of co-existing mental
disorders and language spoken. When using the MMSE to predict functional decline in
elderly TAVI patients, scores less than 27 out of 30 points were considered to indicate
cognitive impairment (Schoenenberger et al., 2012). This differs from the scoring initially
described in the MMSE validation studies which reported a score between zero and 23 to be
low reflecting cognitive impairment (Folstein, Folstein, & McHugh, 1975; Folstein,
Anthony, Parhad, Duffy & Gruenberg, 1985). In reviewing the use of clinical diagnostic aids
to address the meaning of cognitive impairment, Folstein et al. (1985) concluded a low
MMSE score was useful in detecting the need for further evaluation but should not be used to
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make a diagnosis. This is an important statement because it illustrates the significance of
utilizing the MMSE to detect changes in cognitive ability at different time points such as
baseline, and post TAVI.
Analyzing trends or changes in MMSE scores of TAVI patients provides meaningful
results which could be used to develop specific interventions or treatments directed at
cognitive abilities. The inclusion of cognitive ability is vital to obtaining a multidimensional
assessment of functional status.
2.3.2

Frailty
The relationship between frailty and cardiovascular disease in the elderly has

becoming increasingly more evident and reported in the literature (Afilalo, Karunananthan,
Eisenberg, Alexander, & Bergman, 2009; Green et al., 2012; Lee et al., 2010). Measuring
frailty has also gained importance in TAVI literature and is recognized as an important
indicator of mortality and morbidity outcomes, and component of risk assessment (Holmes et
al., 2012; Kappetein et al., 2013; Webb, 2012). Widely recognized however, is the
inconsistent definition of frailty and variety of frailty indices which are used. This contributes
to difficulties in standardizing assessment scores and decreases the potential for objectivity.
Prior to the late 1970’s, frailty was a term rarely used in the medical field. In the rare
instances it was used, it described a patient who was weak or fragile (Hogan, MacKnight, &
Bergman, 2003). In 1978, the Federal Council of Aging in the United States defined the term
frail elderly as “persons, usually but not always, over the age of 75, who because of an
accumulation of various continuing problems often require one or several supportive services
in order to cope with daily life” (Hogan et al., p. 4). It was in 1990 that the term ‘frail-old’
was first listed in the subject index of the American Geriatric Society (Hogan et al., 2003). In
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the past 20 years, there has been a growing amount of literature published with varying
descriptions and conceptualizations of frailty. These differing concepts have provided a
building block or framework for others to build upon and develop their own concept of
frailty.
There have been numerous attempts to define, analyze and describe the concept of
frailty but without a clear consensus, it has been used loosely to describe a range of cognitive
and physical disabilities in the elderly population (Lally & Crome, 2007). Afilalo et al.
(2009) described frailty as “a geriatric syndrome of increased vulnerability to stressors due to
impairments in multiple interrelated systems” (p. 1616). In addition to multiple definitions of
frailty, there is also a wide variety of measurement tools and frailty markers which combine
to create an index score. Mack (2012) reported more than twenty frailty scales in the
published literature that included a variety of multidimensional physical and cognitive
components.
In 2004, The Canadian Institutes of Health Research funded Dr. Kenneth Rockwood
to construct a valid frailty scale that could be used to predict possible outcomes and
interventions (Canadian Institutes of Health Research, 2006). The Clinical Frailty Scale is a
visual and descriptive nine point scale which ranges from a score of one being very fit to nine
which is the most frail individual (Dalhousie University Faculty of Medicine, 2012). This
frailty scale conceptualizes frailty as a “physiological condition characterized by decreased
reserve and diminished resistance to stressors, resulting from cumulative decline across
multiple physiological systems, and causing vulnerability to adverse outcomes” (Rockwood,
2005, p. 432). In 2005, the Clinical Frailty Scale was compared with other validated
measurement tools and was shown to be effective and similar in predicting mortality and the
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need for institutionalization within a five year period (Rockwood et al., 2005). The Clinical
Frailty Scale is not currently present in published TAVI outcome literature; however it is
used by the Vancouver THV clinic as a component of their global, functional assessment.
Fried et al. (2001) described frailty as a phenotype which could be identified by
unintentional weight loss, weakness, self-reported exhaustion, slow gait speed and low
physical activity. In a study examining frailty as a predictor of surgical outcomes in an
elderly population, independent association with post-operative complications, increased
length of hospital stay were found using the five criteria described in the Fried phenotype
(Makary et al., 2010). The inclusion of gait speed within Fried’s phenotype of frailty is used
more frequently in TAVI literature as a component of functional status. In a study by Green
et al. (2012), gait speed was identified as an important component of the frailty phenotype
and was reported to be an objective measurement tool to predict morbidity and mortality in
older adults with AS.
In 2012, Green et al. used a frailty index similar to the phenotype described by Fried
et al. (2001) to evaluate the impact of frailty on survival following TAVI. This frailty index
is based on the summary score generated with measurements of gait speed, grip strength,
serum albumin and the Katz activities of daily living score. Serum albumin was used as the
marker for malnutrition and weight loss. Mack (2012) reported the use of this index as a
measurement of frailty within the ongoing PARTNER trials. Sometimes referred to as the
Columbia Frailty Index, little evidence is available regarding the reliability and validity of
this measurement tool.
In a study examining predictors of functional decline in TAVI patients,
Schoenenberger et al. (2012) also recognized the importance of frailty as a predictor of
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functional decline in the elderly but utilized multiple measurement tools to develop a frailty
composite index. Based on their assumption from existing literature, they included cognition,
mobility and nutritional status as components of their frailty index. Measurement tools which
were used included; the MMSE to assess cognitive impairment, a Timed Get Up and Go test
(TUG) for gait function, Mini Nutritional Assessment (MNA) and the Basic and Instrumental
Activities of Daily Living (BADL) (Schoenenberger et al., 2012). By dichotomizing their
measurement instruments at standard cut points, a summary score or frailty index was
developed. When evaluating a multidimensional geriatric assessment tool to predict
morbidity and mortality after TAVI in a 2012 study, this same frailty index was calculated
using summary scores of the MMSE, TUG, MNA and BADL (Stortecky et al., 2012).
Measuring frailty in the elderly, TAVI population is emerging as an important component of
functional status however; the challenge lies in comparing outcomes and standardizing risk
stratification when multiple definitions and measurements of frailty are used. If frailty alone
is used to provide a measure of functional status, it is imperative that a multidimensional tool
is utilized. An example of this is the frailty index described by Schoenenberger et al. (2012)
which includes as assessment of cognition, gait function, nutritional status and activities of
daily living. Utilizing a multidimensional tool provides a comprehensive approach to
evaluating frailty.
2.3.3

Patient-reported Outcomes
To measure patient-reported health status, validated tools such as the Kansas City

Cardiomyopathy Questionnaire (KCCQ), Minnesota Living with Heart Failure Questionnaire
(MLHFQ), Short Form 36-Item Health Survey (SF-36) and the Short Form 12-Item Health
Survey (SF-12) have all been used in studying TAVI outcomes (Bekeredjian et al., 2010;
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Georgiadou et al., 2011; Gotzmann et al., 2011; Reynolds et al., 2011; Reynolds et al., 2012).
In striving to achieve a patient approach to care, use of these patient-reported questionnaires
has become more widely used in health research. Understanding the impact and outcome of
alternative treatment approaches such as TAVI, can be achieved by assessing health status
from the patient’s perspective (Reynolds et al., 2012). The SF-36 and the condensed SF-12
version of questionnaires are used to assess generic health status and address the components
of physical and mental well-being (SF-36.org, 2013).
In the absence of a patient-reported outcome tool specific to TAVI patients, the
MLHFQ and KCCQ have frequently been used to measure health status in TAVI outcomes
(Gotzmann et al., 2011; Reynolds et al., 2011; Reynolds et al., 2012). Both of these patientreported outcome tools are disease specific and designed to address the effects of heart
failure on symptoms, physical, social, and psychological limitations, self-efficacy and quality
of life domains. In 2009, a study by Supino et al. examined the validity of the MLHFQ
compared to the SF-36 when used with 50 patients undergoing valve surgery. Overall, the
MLHFQ was reported as being easy to administer with high reliability and validity in the
valve surgery population. Compared to the SF-36, a disease specific health quality of life
questionnaire such as the MLHFQ provides more valuable information related to treatment
intervention. The Supino et al. (2009) study however, measured the validity of the MLHFQ
in a general valve surgery population and was not directed to those who may experience
symptoms specific to AS. Although important to address the effects of heart failure which is
a common symptom of AS, symptoms such as angina and syncope are not measured with the
MLHFQ or KCCQ (Garin et al., 2009).
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Patient-reported outcome tools can be an integral component to patient management
and the clinical decision-making environment. Choosing the right tool however, is critical in
achieving the most accurate and appropriate results. Clinicians need to consider the
population they are assessing, decide among generic or disease-specific tools, choose
appropriate response formats, and be prepared to treat based on issues addressed in the
measurement tool (Snyder et al., 2012). As previously reported, in the absence of a patientreported outcome tool specific to AS, the validity of results found with any other tool used in
this population needs to be critically appraised to determine how results will be managed.
Patient-reported outcome questionnaires can provide valuable information related to
individual perceptions and self-reported quality of life but do not present a comprehensive
appraisal of functional status independent of other measurement tools.
2.4

Summary
In this chapter, significant studies related to TAVI clinical outcomes were reviewed

and the concept of functional status and the multiple operational definitions were examined.
Additionally, the multiple tools currently used to measure functional status were reported
including clinician-reported tools, frailty and patient-reported outcomes.
To demonstrate the safety and efficacy of this innovative procedure, numerous studies
have been conducted examining mortality and morbidity outcomes (Leon et al., 2010;
Makkar et al., 2012; Toggweiler et al., 2013). As discussed previously in Section 2.1,
functional status ought to be included in the risk assessment prior to TAVI and measured as a
procedural outcome. Identifying functional impairments prior to TAVI could provide
valuable information to improve risk assessment, manage potential peri-operative and postoperative complications and develop strategies for successful transitions from hospital.
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Obtaining baseline functional status data is also important to accurately compare and analyze
outcome measures at different time points following TAVI. For many elderly individuals,
functional status and the ability to complete activities of daily living and live independently
are of utmost importance following TAVI (Schoenenberger et al., 2012). In this elderly
population, functional status outcomes may be as important to measure as clinical and
biological function. As technology advances and patient indications for TAVI expand, it is
imperative that researchers recognize the gap that exists by not including a multidimensional
assessment of functional status in TAVI assessment criteria and outcomes.
A significant challenge for TAVI researchers is the inconsistent use of the term
functional status and the lack of a standard operational definition. Section 2.2 included an
analysis of functional status and the commonly used meanings and definitions. The use of
terms such as ‘functional status’, functional ability’ and ‘health status’ were frequently used
interchangeably in the literature which leads to challenges in evaluating and comparing data.
Without criterion in which to define functional status, researchers need to clearly articulate
the component of functioning in which they are attempting to measure rather than loosely
using the term functional status. As previously reported, functional status is considered to be
an individual’s ability to complete daily tasks and activities in all domains of life including
physical, psychological, social and spiritual. In the absence of a single, validated tool that can
measure all the components of functional status, researchers ought to employ the use of two
or more tools which would effectively achieve a multidimensional assessment. Based on this
literature review, a multidimensional assessment of functional status ought to include a
selection of instruments which could measure cognitive ability, functional or exercise
capacity and a comprehensive frailty index which includes activities of daily living.
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A review of currently used measures of functional status used in TAVI research was
reviewed in Section 2.3. This section described the variation of measurement tools which
included clinician-reported tools, frailty and patient-reported outcomes. Clinician-reported
tools include measurements of cognitive impairment using the MMSE, gait speed to measure
functional performance and exercise capacity, and the NYHA which is commonly used to
evaluate limitations in activity due to symptoms of heart failure. Frailty is also a concept
which is poorly defined in the literature and commonly used to describe functional status.
Frailty has shown to be an important predictor of outcomes following cardiac surgery and
TAVI (Green et al., 2012; Lee et al., 2010) but without a standard definition and
measurement tool, it is difficult to compare outcomes and develop specific treatment and
interventions. Although relatively absent in TAVI outcomes to date, frailty has become an
important and valid marker of functional status in cardiac patients and is especially important
in TAVI patients which are predominantly an elderly population (Green et al., 2012; RodesCabau & Mok, 2012). There are a variety of patient-reported outcome tools which have been
used to describe functioning and quality of life with self-reported questionnaires. However,
in the absence of a measurement tool specific for patients with AS, results may be useless
and misleading and a self-reported questionnaire alone does not provide sufficient
information to measure functional status.
This literature review has reported TAVI research findings, provided an analysis of
functional status and described the numerous tools used to measure functional status within
the TAVI research. A significant gap which has been identified is the absence of a
standardized definition for functional status and validated measurement tool to capture all
domains of functioning. In addition, to obtain a comprehensive functional status assessment,
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researchers ought to employ the use of multiple validated measurement tools. For the purpose
of this study, functional status is defined as an individual’s ability to fulfill their normal roles
and perform activities of daily living in all domains of life including physical, psychological,
social and spiritual (Ferrans, Zerwic, Wilbur, & Larson, 2005; Leidy, 1994; Wang, 2004;
Wilson & Cleary, 1995). The tools used to measure functional status for this study include;
the Clinical Frailty Scale, MMSE to measure cognitive ability and 5-Metre Gait Speed to
measure functional capacity. These measures were selected because collectively they capture
the multi-dimensional components of functional status and are used in routine clinical
practice at the Vancouver THV clinic. These measurement tools will be described further in
the next chapter.
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Chapter 3: Methods
The purpose of this chapter is to present the theoretical framework used to guide this
study and describe the research methods including the research design, sampling plan, data
collection, analysis and ethical considerations. Study constructs such as functional status and
the independent covariates chosen to explore variability in functional status changes are
operationalized. The instruments chosen to measure functional status include; 5-Metre Gait
Speed test, Clinical Frailty Scale and the Mini Mental State Examination (MMSE). Guided
by the theoretical framework underpinning the study, the covariates used to analyze
variability of functional status change include; sex, living situation, days waiting for TAVI,
type of procedure, left ventricular ejection fraction1 and NYHA classification score. Finally,
ethical considerations important to this study will also be discussed.
3.1

Theoretical Framework
This study was guided by the Wilson and Cleary (1995) conceptual model of health-

related quality of life modified by Ferrans et al. (2005), which posits that biological function,
symptoms and individual and environmental characteristics influence functional status.
General health perceptions are generated by the integration of these components which leads
to overall quality of life, the final element of the model. For the purpose of this study, general
health perceptions and overall quality of life were not explored.
Wilson and Cleary (1995) suggest that measures of health exist on “a continuum of
increasing biological, social and psychological complexity” (p. 60). Biological measures and
more complex general health perceptions are at opposite ends of the continuum. The model

1

Left ventricular ejection fraction is a measurement of how much blood is ejected from the left ventricle of the
heart with each contraction.
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proposes a causal and dominant relationship that exists between five conceptually distinct
domains. These domains include: (1) physiological and biological variables which include
cells, organs and organ systems, which leads to (2) symptoms, followed by (3) functional
status which include physical, social and psychological components, and subsequent (4)
general health perceptions, and culminating in (5) overall quality of life.
The conceptual model adapted by Ferrans et al. (2005) describes the same five
domains, and proposes a multi-directional, causal relationship between individual and
environmental characteristics and the outcome variables. Based on an ecological model of
health behavior from Eyler et al. (2002), the Ferrans et al. (2005) model categorizes
demographic, developmental, psychological and biological factors as characteristics of the
individual. Characteristics of the environment include social elements such as interpersonal
relationships, societal beliefs and physical factors which can include living location, housing
and neighborhood. Characteristics of the individual and environment are important elements
to conceptualize because they intersect and influence all five of the major components of
patient outcomes which are depicted by the revised model.
Ferrans et al. (2005) illustrate the complex, multi-directional relationships of
functional status with all components of the conceptual model (see Figure 3.1). The domains
of functional status and description of causal relationships provided a suitable theoretical
framework in which to guide this research. Ferrans et al. (2005) view functional status as
optimizing an individual’s existing function and includes four distinct dimensions. These
four dimensions were guided by Leidy’s framework of functional status and include (1)
functional capacity, (2) functional performance, (3) functional capacity utilization and (4)
functional reserve (Leidy, 1994). As discussed in the previous chapter, functional capacity is
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one’s ability to perform physical, social, psychological and cognitive tasks to their maximum
capacity.
Figure 3-1: Theoretical Framework

Characteristics of the
individual

Biological
function

Symptoms

Functional
status

General
health
perceptions

Overall
quality of life

Characteristics of the
environment

Note: Revised Wilson and Cleary model for health-related quality of life. Adapted from “Linking
Clinical Variables with Health-Related Quality of Life: A Conceptual Model of Patient Outcomes,”
(Wilson & Cleary, 1995)

In this study, a gait speed assessment was used to measure an individual’s physical
capacity. Elements of cognitive capacity such as memory and orientation were measured by
the MMSE. Functional performance includes activities which are performed daily as a basic
necessity of life but are often influenced by personal choice, motivation and self-imposed
limits (Ferrans et al., 2005; Leidy, 1994). Instruments such as the Katz Index of Activities of
Daily Living (Katz et al., 1963) and Lawton and Brody Scale of Instrumental Activities of
Daily Living (Lawton & Brody, 1969) are commonly used to measure one’s ability to
independently complete activities of daily living which demonstrates level of functional
performance within the functional status realm. Functional reserve is the difference between
an individual’s capacity and performance. Capacity utilization refers to the ability of an
individual to call upon functional potential to perform daily activities (Leidy, 1994).
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By delineating the four dimensions of functional status described by Leidy (1994),
the intersecting relationships between biological function, symptoms and characteristics of
the environment and individual can be identified. These components combine to generate
general health perceptions, which in turn contribute to overall quality of life.
To effectively explore changes in functional status of an elderly individual with
severe AS, multiple influencing factors must be taken into account. This conceptual model
recognizes that individual and environmental characteristics have a complex and multidirectional relationship between symptoms of severe AS, biological functioning and
functional status. Exploring these causal relationships and changes to functional status will
lead to a better understanding and measureable overall quality of life.
3.2

Research Design
In this study, a prospective, longitudinal cohort design (Polit & Beck, 2012) was used

to explore change in functional status between the time of eligibility assessment and time of
TAVI procedure. The purpose of this study was to compare functional status between two
time points and explore the relationship between selected covariates and changes in
functional status.
3.2.1

Setting
The Vancouver THV program performs approximately 16 TAVI procedures every

month at two hospitals in the Vancouver area. After having undergone the THV eligibility
assessment and decisions regarding plan of care have been determined, patients are notified
by the program nurse coordinator whether they are eligible for TAVI and asked if they are
willing and agree to be placed on the waitlist. Patients are then contacted when a surgery date
becomes available and a Pre-Admission Clinic (PAC) visit is booked. Patients were typically
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booked for their PAC visit at the hospital in which their TAVI was performed and occurred
one to seven days prior to procedure.
Data collection for this study took place in the PAC of both hospitals. The assessment
of functional status was completed by the researcher at the time of PAC visit (Time-2) and
was compared to the global functional assessment completed by the Vancouver THV nurse
coordinator at the time of eligibility assessment (Time-1).
3.2.2

Sampling Plan
This study used convenience sampling which seeks to include the most convenient or

readily available group of potential participants (Polit & Beck, 2012). The sample population
were patients with severe AS who were eligible for TAVI and were ready, willing and able to
undergo the procedure. Exclusion criteria were: patients undergoing TAVI in conjunction
with another surgical procedure, non-English speaking individuals, participants who scored
less than 25/30 on the MMSE at the time of eligibility assessment by the Vancouver THV
clinic (Time-1) and participants who scored less than 20/30 on the MMSE during the
assessment of functional status by the researcher (Time-2).
Recruitment of participants entailed several steps. When potential study participants
were notified of acceptance by the THV clinic and agreed to undergo TAVI, their name was
placed on the Vancouver THV database report. With assistance from the THV clinic staff,
the researcher mailed a study invitation brochure and consent form to potential participants.
The consent form was included in this mailing package to provide the potential participants
with adequate time to review the risks and benefits associated with the study. If there was no
response from the potential participants within two weeks of receiving the study brochure,
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the researcher conducted a phone call to answer any questions and inquire about potential
interest in participation.
In the absence of a pilot study or any prior research examining the relationship
between functional status change and severe AS, the effect size was estimated to be large.
Using a power analysis table to test for difference of means with a two-tailed test, a sample
size of 33 would be required. This calculation was based on an estimated effect size of 0.70,
Power = .80 and

. At completion of this study the total sample size was 32

participants.
3.2.3

Procedure
Study participants were assessed at two points in time (Time-1 and Time-2). Time-1

entailed a typical pre-assessment THV clinic visit. The visit involved the standard clinical
practice of undergoing a variety of diagnostic tests, surgical consultation and clinical
assessment. This assessment was completed by the program nurse coordinator using the
Triage Functional Assessment form, which includes components of physical, cognitive and
social functioning (Appendix A). The same data were collected by the researcher at Time-2,
which took place during the participant’s PAC visit between November 2, 2012 and March
27, 2013. Data were recorded on a case report form developed by the researcher and included
Time-1 and Time-2 functional assessment outcomes, demographics, social support
information, cardiac co-morbidities and symptoms and echocardiograph findings (Appendix
B).
3.2.4

Data Collection
Data collection was performed primarily by the study researcher. Prior to the

beginning of the study, the THV program nurse coordinator provided the researcher with
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education and instructions related to clinic procedures and methods of conducting the
functional assessment. The researcher also observed an eligibility assessment completed
during a routine TAVI referral. Data collection for three participants at Time-2 was
conducted by a research assistant (RA). Education for the RA was provided by the researcher
to ensure consistency and reliability of the data collected.
3.3

Operationalization of Study Constructs: Measurements of Functional Status
As previously discussed, this study was guided by the notion that measuring

functional status leads to the optimization of function and the ability to perform tasks from a
multidimensional approach which includes physical, social and cognitive components. To
achieve this global assessment, functional status was operationalized with three different
instruments. The MMSE was used to address the cognitive functional capacity of
participants. To measure functional performance, the 5-Metre Gait Speed test was utilized,
and finally, the Canadian Study of Health and Aging Clinical Frailty Scale which combines
an individual’s ability to perform daily tasks and activity level were also included.
3.3.1

Mini Mental State Examination
It was established in previous chapters that cognitive capacity is an important

component of functional status. In 1975, Folstein, Folstein & McHugh, reported the validity
and reliability of an exam they called Mini-Mental State Examination which was designed as
a clinical tool which could be used to grade levels of cognitive impairment. Relatively simple
to use, they described this tool as mini because it included only eleven questions, took five to
ten minutes to conduct and encompassed only cognitive aspects of function and excluded
questions regarding mood or affect.

35

The MMSE (Appendix C) screening tool consists of eleven questions which address
orientation to time and place, short-term memory, calculation, immediate recall, language
and construct ability. Each question is allotted a certain number of points and are added
together to produce an overall score. The maximum score which can be achieved is thirty and
for the purpose of analysis, MMSE was used as a continuous variable. Participants were
provided with simple, straight-forward instructions which were repeated if necessary at any
point during the test and rationale for using this tool was also provided to patients before it
was administered. Throughout the test, it was important to maintain a non-stressful
environment and good rapport to ensure the participant did not feel a sense of failure if they
struggled to provide an answer or were aware of an incorrect response. Assuring the
participant that their answers were not used to provide a diagnosis and only to compare to
their own score at time of eligibility assessment was also of utmost importance.
In a 2005 study examining the psychometric properties, it was found that the MMSE
demonstrated relatively low reliability with multiple cut-off points and lack of standardized
scores. The researchers did however, report that total scores could still be clinical helpful if
true score confidence intervals were used when interpreting MMSE test scores (Lopez,
Charter, Mostafavi, Nibut, & Smith, 2005). Tombaugh & McIntrye (1992) reported the
reliability and validity of the MMSE to be satisfactory and was successfully able to provide a
quantitative assessment of cognitive impairment and captured cognitive changes over time.
Reliability was also examined in a study reporting MMSE distribution scores and Crum,
Anthony, Bassett & Folstein (1993) demonstrated a positive association with age and
education level. They found the older aged participants and those with less education had
lower MMSE scores. This is an important consideration when using this instrument in the
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TAVI population because education levels vary, however, the cohort being studied is within
the same reference group of elderly individuals. Results of the study by Crum et al. (1993)
demonstrate that comparisons of MMSE scores should be within similar references groups
but most importantly, the studies of psychometric properties demonstrate MMSE results
should be used to identify cognitive dysfunction and not determine a formal diagnosis.
The MMSE is one of the most widely used screening tests for cognitive function and
can provide a useful clinical tool to assess mental status changes (Kappetein et al., 2013;
Tombaugh & McIntyre, 1992). To examine how functional status changes between two time
points, the MMSE scores were not evaluated to provide a diagnosis but rather used to
demonstrate changes in score over time.
3.3.2 Frailty
Frailty was assessed using the Canadian Study on Health and Aging (CSHA) Clinical
Frailty Scale (Rockwood, 2005). This frailty scale includes nine scores ranging from one
being very fit, to nine representing terminally ill and fully dependent or incapacitated
(Appendix D). Each point on the frailty scale includes a visualization and brief description of
level of activity related to disease process or symptoms which represents an individual within
that frailty category (Dalhousie University Faculty of Medicine, 2012). As a component of
the measurement of functional status, the CSHA Clinical Frailty Scale provides valuable
information regarding abilities and limitations of daily activities. The descriptions provided
within the scale contain examples of high level activities which may be affected by the
degree of frailty to facilitate the interpretation of the scores.
The earliest version of the CSHA scale was first developed in 1991 as a seventy item
frailty index by Rockwood and the CSHA (Rockwood et al., 2005). This index included
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various clinical deficits, cognitive and physical variables, diseases, disabilities, and activities
of daily living. Based upon this frailty index, a team lead by Rockwood further developed a
seven-point frailty scale to measure overall clinical frailty incorporating a self-reported
measure of disability, measures of cognitive impairment and presence of disease process
(Rockwood et al., 2005). In a study comparing the validity of the Clinical Frailty Scale (CFS)
with other validated measurements of frailty, Rockwood et al., (2005) reported the scale to be
highly correlated (r = 0.80) with the previously developed, seventy-point frailty index. In
2008, this CFS was further revised by the CSHA to include two additional points which
included; very severely frail and terminally ill. The CSHA CFS is a relatively new
instrument, and its psychometric properties are not fully established. There is significant
interest among clinicians in the use of the scale because of the simplicity and ease of use and
potential impact of interpretation. This nine-point CFS was used to measure frailty in this
study.
An assessment of frailty using the CFS is able to provide a measurement of functional
performance by reporting day-to-day activities the participant is capable of, as well as the
extent of disease burden or symptoms which may cause limitations. A frailty score between
one and nine was documented for each study participant and was analyzed as a continuous
variable.
3.3.3 Gait Speed
Gait speed refers to the time in seconds it takes to walk a pre-determined distance.
The use of gait speed to measure an elderly individuals’ functioning is emerging as a valid
and reliable tool to assess functional status and as a predictor of mortality and morbidity,
especially in the elderly population undergoing invasive cardiac procedures and (Afilalo et
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al., 2010; Green., 2012). The 5-Metre Gait Speed test is currently used by the Vancouver
THV clinic and was subsequently chosen for this study to assess the functional capacity
component of functional status.
In 2010, Afilalo et al. found the 5-Metre Gait Speed test to be a predictor of mortality
and morbidity in a cardiac surgery population. In a 2009 literature review, van Kan et al.
(2009) demonstrated gait speed to be a predictor of cognitive impairment disability, and
mortality. Gait speed as a predictor of survival in older adults was also reported in a large
cohort study of geriatric patients (Studenski et al., 2011). Both of these studies demonstrate
gait speed to be a valid instrument in predicting outcomes in an elderly population.
In an unobstructed hallway, a five-metre distance was measured and marked.
Participants began at the 0-Metre marking and were asked to walk at their usual, comfortable
pace past the 5-Metre marking. If participants routinely use a walking aid such as cane or
walker, they were permitted to use it during the test. A stopwatch was used to time the
distance it took from first step after the 0-Metre marking until first step after the 5-Metre line.
If capable, participants were asked to perform the test three times; all sets of times were
documented. For statistical analysis, the average of the three times was used as the outcome
variable. Gait speed was measured in seconds and analyzed as a continuous variable.
It was noted that variability in gait speed could exist between two time points
depending on additional co-existing conditions which may hinder mobility. Other factors
such as length of time already spent in PAC, anxiety related to the upcoming procedure or
current perception of symptoms may affect reliability. Participants were encouraged to recall
their awareness of ‘usual pace’ when Time-1 assessment occurred in an attempt to ensure
similar objectivity with walking pace.
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3.4 Operationalization of Study Constructs: Predictor Variables
One of the goals of this study was to explore the influencing factors contributing to
changes in functional status while waiting for TAVI. Using the conceptual framework
described by Ferrans et al. (2005), multiple factors such as biological function, symptoms,
characteristics of the individual and environment can affect functional status. To
operationalize these factors, predictor variables were assumed to have causal relationship
with changes in functional status. We hypothesized that wait times, age, sex, procedure,
living situation, left ventricular ejection fraction and NYHA classification were variables of
interest in the study of change in functional status.
3.4.1 Time Waiting for TAVI
Time waiting was reported in total days. As discussed earlier, individuals were
accepted and placed on the waitlist for TAVI when the decision to proceed with the
procedure was recommended by the THV team and the patient accepted to be placed on the
wait list. This decision is based upon the eligibility assessment which includes multiple
diagnostic tests, appointment with the surgeon, global functional assessment conducted by
the THV nurse and a consensus decision by the Heart Team (which includes cardiologists,
cardiac surgeons and nurses) about the patient’s likelihood to obtain significant benefit from
the procedure. For this study, wait-time was defined as the time from eligibility assessment
(Time-1) until the time of data collection of functional status assessment conducted by the
researcher (Time-2).
3.4.2 Age
Age was reported in years. Severe AS typically presents in older adults, therefore,
treatment with TAVI is primarily indicated in the elderly population (Holmes et al., 2012).
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The range of the participants’ age in this study was between 64 and 93 years, and was
therefore useful to explore as a covariate of functional status change. Ferrans et al. (2005)
describes age as a characteristic of the individual and although this demographic factor is
unchangeable, the information obtained regarding age as a covariate of functional status
change may provide clinically relevant interventions targeted to specific age categories. The
age of each participant was analyzed as a continuous variable.
3.4.3 Sex
Sex was documented as male or female and analyzed as a categorical variable.
3.4.4 Procedure
TAVI procedures at the Vancouver THV clinic are currently performed using a
transfemoral or transapical approach. For this study, procedure was dichotomized into
transfemoral or transapical and analyzed as a categorical variable. As described in Section
1.2, the transfemoral approach uses the femoral artery to access the aortic valve with a
catheter based stent valve. When a transapical approach is performed, the transcatheter valve
is inserted via a small incision on the left side of the chest. The decision to proceed with
transfemoral or transapical approach is made by the multi-disciplinary THV team and is
based upon results of the patient’s diagnostic films and reports completed during TAVI
assessment.
3.4.5 Living Situation
The data collection process and baseline characteristics included obtaining specific
living situations which included; living alone, living with spouse, in an assisted-living facility
or lives with another adult. For the purpose of analysis however, data were dichotomized into
‘lives alone’ or ‘lives with another adult’ and analyzed as a categorical variable. The
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conceptual model guiding this study describes characteristics of the environment as having
potential influence on functional status and health outcomes. In this aging TAVI population,
many individuals are in living situations in which they live alone, live with an adult child or
in long-term care facilities. As previously reported, living alone can have adverse health
outcomes in this elderly population. Therefore, exploration of living situation as a predictor
of change in functional status was considered important to this study.
3.4.6 Left Ventricular Ejection Fraction
The left ventricular ejection fraction (LVEF) was collected with baseline data from
the patient chart and described in the baseline characteristics as a mean percentage.
Biological function can be a critical patient measured outcome which can affect the
individual, symptom burden and ultimately functional status. The LVEF is a critical
measurement of cardiac functioning and most commonly reported in an echocardiography or
cardiac catheterization report. Below normal ejection fraction can be an indication of reduced
heart function and is a co-morbid condition associated with worse outcomes of physical and
mental health, vitality and quality of life following TAVI (Holmes et al., 2012).
To explore the correlation between LVEF and functional status changes between
Time-1 and Time-2, LVEF was dichotomized into two groups; less than 40% and more than
41%. Those with an LVEF of more than 41 % were considered to have heart function
ranging from mildly impaired to normal. An LVEF of less than 40 % may indicate damage
due to many attributable causes (American Heart Association, 2013).
3.4.7 Symptoms
For this study, the NYHA classification tool was used to measure symptoms as a
predictor variable. The symptom burden of an individual with severe AS can also be greatly
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affected by disease process, associated co-morbidities, and characteristics of the individual
and environment. As reported previously, the most common symptoms include angina,
shortness of breath, fainting and heart failure. The NHYA classification has frequently been
used as a validated measurement tool of functional class or category of heart failure. The
NHYA has four categories of heart failure ranging from I to IV. Patients are categorized
based on the ability to perform physical activity and the extent to which symptoms of heart
failure such as shortness of breath, fatigue and angina limit activity level. The NYHA
classification is reported by the physician as part of the cardiac assessment. For analysis,
NYHA was categorized into two separate groups; people with NYHA class I and II (none to
mild symptoms and mild limitations), and people with NYHA class III and IV (symptoms
ranging from marked to severe limitations due to symptoms of heart failure) (Bennett et al.,
2002).
3.5

Data Analysis
Analysis began with screening and cleaning of data to check for errors and perform

corrections as needed. After the data were cleaned, descriptive statistics were performed to
ensure the variables had not violated any assumptions underlying the statistical analyses
which were planned. Paired sample t-tests were used to explore changes to the 5-Metre Gait
Speed test, CFS and MMSE scores from the time of eligibility assessment to time of
procedure. To examine the correlation between the selected categorical covariates with the
mean differences in gait speed from Time-1 to Time-2, independent sample t-tests were used.
A Pearson’s r was used to examine the association between age and the mean differences in
gait speed. Age was used as a continuous variable. Mann-Whitney U tests were used to
examine associations between selected categorical covariates with the mean differences in
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CFS and MMSE scores because data were found to be non-parametric. Spearman’s rho was
used to analyze the relationship between the mean differences in CFS and MMSE scores and
age.
3.6

Ethical Considerations
Approval for this study was granted from The University of British Columbia

Providence Heath Care Research Ethics Boards (REB) and Vancouver Coastal Health
Research Institute. Potential participants received the consent form in the mail in order to
provide sufficient time to review before considering whether or not to participate in the
study. The consent process occurred in-person between the researcher and participant. The
study was described in further detail, and all risk and benefits fully explained. Participants
were also informed that participation was voluntary and they could withdraw at any time.
Consent was fully informed and ensured the dignity and autonomy of the participants was
upheld. In this study, there were no personal risks to the participant but there were also no
personal benefit.
To ensure privacy and confidentiality, all personal information was removed after
data collection and each participant received a non-identifying code for study analysis. The
data were kept in a password protected computer and locked office at the study site. Data will
be kept for up to five years and will then be destroyed in a manner consistent with the
Research Ethics Board policy.
This chapter has provided a review of the Wilson and Cleary (1995) theoretical
framework which was used to guide this study. A thorough description of the study methods,
instrumentation used to measure functional status, predictor covariates and ethical
considerations were described.
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Chapter 4: Results
This chapter begins with a description of the study recruitment and enrolment of
participants. Characteristics of participants were analyzed including demographic data,
reported symptoms and cardiac comorbidities. Study findings including functional status
changes from time of eligibility to time of procedure and correlations between selected
covariates and mean difference of 5-Metre Gait Speed test, CFS and MMSE are reported.
4.1

Study Recruitment and Enrolment
Seventy-six patients were waiting for TAVI between November 5, 2012 and March

27, 2013 (L. Achtem, personal communication, March, 2013) (see Figure 4-1). A total of 22
patients waiting for TAVI were deemed ineligible because they were non-English speaking
(n = 3), had an MMSE score less than 25 at their time of eligibility assessment (n = 10) or did
not have Time-1 data (n = 9). Although there were 62 eligible patients for this study, a total
of 32 were enrolled and completed the study. Six patients were still waiting for TAVI at the
time of study completion, six patients refused to participate, two patients died while on the
wait list, and eight patients were not contacted. These latter patients were not contacted
because three had already attended their PAC visit prior to the researcher being notified,
three were in-patients at other facilities and two patients were not enrolled due to the
researcher being unaware of their PAC appointment. The final sample size was 32.
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Figure 4-1: Flow Diagram of Patient Enrolment

Patients Waiting
for TAVI = 76

Ineligible (n= 22)
Reasons not Eligible:
• Non-English = 3
• MMSE <25 = 10
• No Time 1 data = 9

Eligible = 54

Not Enrolled (n=22)
Reasons not Enrolled:
• Refused = 6
• Missed = 8
• Died = 2
• Incomplete = 6

4.2

Enrolled = 32

Baseline Characteristics
The average age of the participants was 81 years (SD = 8, range 64 to 93) with

slightly less than half represented by women (n = 14, 44%). Participants waited an average of
69 days (SD = 62, range 13 to 307, median 55) from the time of their eligibility assessment
until time of TAVI. More than three quarters of the participants underwent TAVI with the
transfemoral approach (n = 25, 78%) with the remaining participants having undergone the
transapical approach (n = 7, 22%) (see Table 4-1).
Fifty-six percent of the participants reported being married (n = 18) and these
participants were all living with their spouses. Sixteen percent of participants were single and
28% were widowed. Two participants (6%) were residing in long-term care facilities, 34%
reported they lived alone (n = 11), and one participant lived with an adult child and their
family. The geographic location of residence was divided equally between participants who
lived within Vancouver and those who lived further than 100 km away.
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Table 4-1: Baseline Characteristics (N = 32)
Variable

Total participants

Female, n (%)

14 (44)

Age (years), mean ± SD

81 ± 8

Days waiting for TAVI, mean ± SD

69 ± 62

Procedure, n (%)
Transapical

7 (22)

Transfemoral

25 (78)

Marital status, n (%)
Married

18 (56)

Single

5 (16)

Widowed

9 (28)

Living situation, n (%)
Alone

11 (34)

Facility

2 (6)

Other adult
Spouse

1 (3)
18 (56)

Residence, n (%)
>100km from Vancouver

16 (50)

Vancouver

16 (50)

New York Heart Association, n (%)
II

14 (44)

III

16 (50)

IV

2 (6)

Syncope, n (%)

3 (9)

Angina, n (%)

9 (28)

Mitral regurgitation, n (%)
Mild

15 (47)

Moderate

5 (16)

Coronary artery disease, n (%)

21 (66)

Previous revascularization, n (%)

8 (25)

Atrial fibrillation, n (%)

7 (22)

COPD, n (%)

10 (31)

LVEF (%),mean ± SD

54 ± 14

NYHA= New York Heart Association; COPD= Chronic obstructive pulmonary disease; Previous
revascularization includes Coronary artery bypass graft and/or Percutaneous coronary intervention;
LVEF=Left ventricular ejection fraction
Note: % rounded to the whole number

47

Half of the participants (n = 16) were reported as having NYHA class II symptoms of
heart failure while two (6%) had class IV symptoms and the remaining had class III
symptoms. Only three (9%) of the participants reported any syncope episodes and nine (28%)
reported symptoms of angina. Additional valve functioning obtained from echocardiogram
results showed almost half of the participants (n = 15, 47%) had documented mild mitral
regurgitation and 16% had moderate regurgitation (n = 5). Two thirds of participants had
coronary artery disease (n = 21, 66%) and 25% had previously undergone revascularization
including coronary artery bypass grafting or percutaneous coronary intervention (Coronary
bypass surgery: n = 5; Percutaneous coronary intervention: n = 4). Atrial fibrillation was
reported in 22% (n = 7) of the participants and 31% (n = 10) had a documented history of
chronic obstructive pulmonary disease. Finally, the average measurement of left ventricular
ejection fraction as reported from echocardiogram was 54% (SD =14).
Overall, this population was elderly, represented nearly equally by men and women,
and those living with another adult was nearly twice (n = 21) that of participants who lived
alone (n = 11). Sixteen (50%) of the participants were NYHA class III indicating that their
symptoms of heart failure markedly limited their daily activities and felt short of breath with
minimal exertion. In addition, coronary artery disease was reported in nearly three quarters of
the participants (n = 21).
4.3

Primary Research Question
In individuals with severe AS, does functional status change from the time of

eligibility assessment for TAVI until the time of procedure?
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To address this question, results of the 5-Metre Gait Speed test, CFS and MMSE
scores of Time-1 and Time-2 were compared using a paired t-test for statistical analysis and
are reported in Table 4-2.
4.3.1

Functional Status Changes
The final sample size for the 5-Metre Gait Speed test was 29. Three patients were

removed from this analysis for the following reasons: two participants had a difference of
more than 4.5 seconds between Time-1 and Time-2 which was considered likely erroneous
and was attributed to the possibility of inter-rater unreliability or inaccurate documentation,
and one participant required a wheelchair for mobility and was unable to complete the gait
speed assessment.
Participants had an average walk time at Time-1 of 7.0 seconds (SD = 2.8). At Time-2,
the average walk time increased to 7.5 seconds (SD = 2.9) with a mean difference of – 0.53.
The time it took to walk 5 metres at Time-2 increased demonstrating statistically significant
results (t = - 2.75, df 28, p = 0.01, 95% CI - 0.93 to - 0.14).
Analysis of the CFS was performed yielding an average score at Time-1 of 4.3 (SD =
0.8) on a scale of one to nine (N = 32). As discussed previously, the CFS ranges from ‘one’
being a very fit individual, to ‘nine’ representing an individual who is terminally ill. The
average score of the participants at Time-2 was 4.6 (SD = 0.76) with a mean difference of 0.31. The participant’s average CFS at Time-2 rose significantly indicating a worsened level
of frailty compared to Time-1. The results of this analysis were statistically significant (t = 2.74, df 31, p = 0.01, 95%CI, - 0.54 to - 0.08).
Thirty one participants were included in the analysis of comparing MMSE scores at
the two time points. Based on a 30 point score, the average MMSE at Time-1 was reported as
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28.4 (SD = 1.5) and at Time-2 was 28.2 (SD = 1.5). Statistical significance with this analysis
was not met (t = 0.86, df 30, p = 0.39, 95% CI - 0.31, to 0.76).
Table 4-2: Functional Status Changes from Eligibility Assessment to Time of Procedure
Variable

Time 1

Time 2

Mean
difference

95% CI

p Value

5-Metre walk (sec) mean, SD

7.0 (2.8)

7.5 (2.9)

-.53

-.93 to -.14

0.01

Frailty, mean, SD

4.3 (.8)

4.6 (.7)

-.31

-.54 to -.08

0.01

MMSE, mean, SD

28.4 (1.5)

28.2 (1.5)

.23

-.31 to .76

0.39

Note: 5-Metre Gait Speed N=29, Frailty N=32, MMSE N=31

Results of this analysis showed that the time it took for participants to complete the 5Metre Gait Speed test was significantly longer at Time-2 compared to Time-1. Frailty scores
were higher at the second time point indicating a worsened or higher level of frailty. The
MMSE scores were the only measure of functional status which showed no change between
the two time points (see Figure 4-2)
Figure 4-2: Functional Status Changes
30

p = 0.39

25

20

15

Time 1
Time 2

10

p = 0.01

p = 0.01

5

0
5-Metre Gait Speed (sec)

Frailty Scale

MMSE

Note: 5 Metre Gait Speed N=29, Frailty Scale N=32, MMSE N=31
Clinical Frailty Scale ranges from very fit (1) to most frail (9), MMSE maximum score 30 points
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4.4

Secondary Research Question
What factors are related to changes in functional status in individuals with severe AS

who are waiting for TAVI?
To address this question, analyses were conducted to assess the differences between
the mean difference of the 5-Metre Gait Speed test, CFS and MMSE by selected predictor
variables. The variables explored included: sex, living situation, days spent waiting for
TAVI, procedure, left ventricular ejection fraction (LVEF), NYHA classification, and age.
4.4.1

Mean Differences in 5-Metre Gait Speed Test by Predictor Variables
As described in Section 3.3.3, the 5-Metre Gait Speed test measured the time in

seconds it took for participants to walk a five metre distance. The findings of the mean
differences of the 5-Metre Gait Speed by all the predictor variables except age are reported in
Table 4-3. Age was analyzed as a continuous variable using a Pearson’s r analysis which is
reported in Figure 4.2. An alpha level of < 0.05 was used for all statistical tests. The mean
difference in walk time between Time-1 and Time-2 showed both male and females to have
slower times at the second time point. The mean difference in time for females (0.8 seconds,
t = -1.29, df 27), however, was more than twice that of the men (0.3 seconds) but the
difference between male and females did not show statistical significance (p = 0.21).
To explore the correlation between the participants living situation as an independent
variable and mean differences in 5-Metre Gait Speed, living situation was dichotomized into
two groups: 1) participants who lived with a spouse, another adult or an assisted-care facility,
or 2) patients who were living alone. No statistical significance was found with gait speed
between Time-1 and Time-2 for those living alone and for participants who lived with
another adult, t = 0.17, df 27, p = 0.87. (see Table 4.3)
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The number of days the participants waited to have their aortic valve implantation
was dichotomized into two groups. In the absence of wait-time benchmarks for TAVI, CSBC
currently follows the recommended wait-time of six weeks (42 days) utilized for elective
patients with severe AS waiting to undergo surgical AVR. For this reason, the first group
included participants who had waited between zero and 42 days (n = 10), while19
participants waited more than 42 days to have TAVI. Participants who waited 42 days or less
had a mean difference of 0 seconds between the two time points and participants who waited
more than 42 days showed a mean difference of 0.8 seconds. These absolute values
demonstrate that people who waited longer for TAVI had a statistically significant larger
change in their gait speed (t = -2.13, df 27, p = 0.04, 95% CI, -1.61 to -.03).
As discussed in previous chapters, participants in this study underwent TAVI using
the femoral or transapical approach. Data collection showed TAVI was performed using the
femoral approach over three times more often than the transapical approach. The mean
difference of change in walk times for participants who underwent TAVI using the
transapical approach was over twice as large (1.1 seconds) as those who had the femoral
approach (0.4 seconds). Although the difference in mean wait times for these two groups
demonstrated a difference of 0.7 seconds, statistical significance was not found (t = -1.66, df
27, p = 0.11, 95% CI, -1.63 to 0.17).
Six participants had an LVEF of less than 40%. These individuals were shown to take
longer to walk at Time-2 than at Time-1 with a mean difference of 0.9 seconds. Participants
with an LVEF of greater than 41% (n = 23) also had slower walk speeds at Time-2 but with a
mean difference of only 0.4 seconds. Although statistical significance was not met, these
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results show that participants with poorer cardiac functioning had a bigger change in their
walk times (t = 0.99, df 27, p = 0.33, 95% CI, -0.51 to 1.46).
The participants’ NYHA classification score reporting severity of heart failure
symptoms was explored as an independent variable. Thirteen participants were categorized as
NYHA I or II and 16 participants were classified with NHYA class III or IV. The mean
difference in walk times of participants with NYHA class III or IV was slighter higher (0.6
seconds) than those with class I or II symptoms (0.4 seconds). This shows that participants
who were reported by their clinician as having more severe symptoms had a slightly larger
change in their gait speed with an absolute mean difference of 0.2 seconds (t = -0.63, df 27,
p = 0.54, 95% CI, -1.06 to 0.56.
Table 4-3: Mean Differences in 5-Metre Gait Speed by Predictor Variable
5-Metre walk test (sec), mean, SD
Time 1

Time 2

Female (n=12)

8.5 (3.8)

9.3 (3.6)

Mean
difference
0.8

Male (n=17)

5.9 (1.1)

6.2 (1.2)

0.3

Variable
Sex

0.5

95% CI

p
Value

-1.3 to .30

0.21

Living
situation

Lives alone (n=11)
Lives with other
adult (n=18)

6.3 (1.5)

6.9 (1.9)

0.6

7.4 (3.4)

7.9 (3.3)

0.5
0.87

Days waiting
for TAVI

7.9 (2.9)
6.5 (2.7)

7.9 (3.2)
7.4 (2.8)

0.1
0
0.8

-.77 to .90

≤ 42 days (n=10)
> 42 days (n=19)

0.8

-1.61 to -.03

0.04

-1.63 to .17

0.11

-.51 to 1.46

0.33

0.2
-1.10 to .56
Note: N = 29, LVEF= Left ventricular ejection fraction; NYHA= New York Heart Association

0.54

Procedure

TA (n=7)

7.2 (1.3)

8.3 (1.4)

1.1

TF (n=22)

6.9 (3.2)

7.3 (3.2)

0.4
0.7

LVEF

<40% (n=6)

7.9 (4.5)

8.8 (4.4)

0.9

>41% (n=23)

6.8 (2.3)

7.2 (2.4)

0.4
0.5

NYHA

I-II (n=13)

5.7 (.9)

6.1 (1.2)

0.4

III-IV (n=16)

8.1 (3.4)

8.7 (3.3)

0.6
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Figure 4-3: Mean Differences in 5-Metre Gait Speed Test and Age

N= 29
r= -0.002
p= 0.99

4.4.2

Mean Differences in Clinical Frailty Scale by Predictor Variables
Participants’ level of frailty was measured using the CFS. This analysis included all

32 participants and was performed using the Mann-Whitney U test because the data did not
have a normal distribution. Analysis can be found in Table 4-4. Age was analyzed as a
continuous variable using a Spearman rho analysis and is reported in Figure 4.3. An alpha
level of < 0.05 was used for all statistical tests. Both male and female participants had higher
frailty scores at Time-2 however; the mean difference between time points for men (0.4) was
twice that of women (0.2). The absolute value of the mean difference between men and
women was 0.2 with no significant differences noted (U =105, z = - 0.89, p = 0.37).
There were nearly twice the number of participants who lived with another adult
(66%) compared to those who lived alone (34%). Both groups had higher frailty scores at
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Time-2 with participants who lived alone having a higher mean difference (0.6) than
participants who lived with another adult (0.1). This mean difference was statistically
significant, U = 72.5, z = - 1.96, p = 0.05 indicating participants who lived alone became
more frail and scored higher on the frailty scale while waiting for TAVI.
Participants who waited more than 42 days for TAVI had slightly higher frailty scores
at Time-2 with a mean difference of 0.2. Those who waited less than 42 days also had
slightly higher frailty scores at Time-2 with a mean difference of 0.4. The mean difference
between the two groups did not show any significance however, reporting a mean difference
of 0.2 (U = 95.0, z = - 1.12, p = 0.27).
The surgical approach used for TAVI did not show any statistical significance (p =
0.71) between transfemoral or transapical implantation and mean differences in frailty scores.
Both groups had slightly higher frailty scores at Time-2 with a mean difference between
groups of 0.1, U = 80.5, z = - 0.37, p = 0.71).
The majority of participants had a reported LVEF of more than 41% (n = 25)
compared to those with an LVEF of less than 40% (n = 6). Both groups were found to have
higher frailty scores at Time-2 with those having lower LVEF’s having a mean difference of
0.5 and participants with an LVEF above 40% the mean difference was 0.3. The mean
difference between both groups was not statistically significant (U = 61.5, z = - 0.91, p =
0.36).
The frailty scores at Time-1 were considerably different between participants who
were NYHA class I or II (3.7) and those who were NYHA class III or IV (4.7). Participants
who were considered to have less limiting symptoms of heart failure with a lower NYHA
class were found to have a greater mean difference in their frailty scores between Time-1 and
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Time-2 (0.6). Participants with NYHA class III or IV had very little change in their frailty
scores with a mean difference of 0.1. Although participants with lower NYHA classes had a
considerably higher mean difference than those with higher NYHA classification, statistical
significance was not reached (U = 82.0, z = - 1.92, p = 0.06).
Table 4-4: Mean Differences in Clinical Frailty Scale by Predictor Variable
Frailty
Mean
Variable
Time 1
Time 2
difference
Sex

Female (n=14)

4.6 (0.8)

4.9 (0.7)

0.2

Male (n=18)

3.9 (0.7)

4.3 (0.7)

0.4
0.2

Living
situation

Lives alone (n=11)

3.7 (0.6)

4.4 (0.5)

0.6

Lives with other adult
(n=21)

4.5 (0.8)

4.7 (0.8)

0.1
0.5

Days waiting
for TAVI

≤ 42 days (n=12)

4.4 (0.9)

4.6 (0.8)

0.2

> 42 days (n=20)

4.2 (0.8)

4.6 (0.7)

0.4
0.2

Procedure

Transapical (n=7)

4.3 (0.8)

4.7 (0.5)

0.4

Transfemoral (n=25)

4.2 (0.9)

4.5 (0.8)

0.3
0.1

LVEF

<40% (n=6)

4.2 (1.0)

4.7 (1.0)

0.5

>41% (n=26)

4.3 (0.8)

4.5 (0.6)

0.3
0.2

NYHA

I-II (n=14)

3.7 (0.6)

4.3 (0.5)

0.6

III-IV (n=18)

4.7 (0.8)

4.8 (0.8)

0.1
0.5

p Value

0.37

0.05

0.27

0.71

0.36

0.06

Note: N = 32, LVEF= Left ventricular ejection fraction; NYHA= New York Heart Association

The relationship between age and participants frailty scores was analyzed. Although a
small positive correlation was found between the two variables, r = 0.175, p = 0.34 (see
Figure 4-4), Table 4-5 reports the change in CFS scores by median age which does not show
any relationship.

56

Figure 4-4: Mean Differences in Clinical Frailty Scale and Age

N= 32
r= 0.175
p= 0.34

Table 4-5: Changes in Clinical Frailty Scale by Age
Clinical Frailty Scale
(Change in scores)
1 point lower

Age
(median, range)
82 (81-82)

Total participants
(N)
2

No change in score

80 (67-93)

19

1 point higher

85 (64-93)

10

2 points higher

86 (n/a)

1

Note: Clinical Frailty Scale ranges from very fit (1) to most frail (9), increase in points indicates
worsening condition

4.4.3

Mean Differences in MMSE Scores by Predictor Variables
Analysis was conducted to explore the mean differences in MMSE scores between

groups of patient factors (see Table 4-6). For this analysis, data were available for 31
patients. An alpha level of < 0.05 was used for all statistical tests. Females had no difference
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in scores between Time-1 and Time-2 with a mean difference of zero and males showed a
decrease in score with the mean difference being 0.4. The mean difference between males
and females was an absolute value of 0.4 (U = 98.0, z = - 0.85, p = 0.39).
Participants’ living situation was not a significant variable with the mean difference
between those who lived alone and those who lived with another adult being 0.7, U = 68.5, z
= - 1.58, (p = 0.11). Participants who lived with another adult showed no change in their
MMSE scores between the two time points.
There was no relationship between days spent waiting for TAVI and the mean
difference in MMSE scores. Those who waited less than 42 days showed a slight increase in
score with a mean difference of 0.2 and participant’s who waited more than 42 days had a
slight decrease in their mean difference between Time-1 and Time-2 of 0.5, U = 86.5, z = 1.14, p = 0.25.
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Table 4-6: Mean Differences in MMSE Scores by Predictor Variable
MMSE
Time 1

Time 2

Female (n=14)

27.7 (1.5)

27.7 (1.7)

Mean
difference
0

Male (n=17)

28.7 (1.4)

28.5 (1.3)

0.4

Variable
Sex

0.4
Living
situation

Lives alone (n=10)
Lives with other adult
(n=21)

28.6 (1.9)

28.3 (1.2)

0.7

28.1 (1.4)

28.1 (1.7)

0
0.7

Days waiting
for TAVI

≤ 42 days (n=12)

28.1 (1.1)

28.3 (1.5)

0.2

> 42 days (n=19)

28.4 (1.8)

28.1 (1.5)

0.5
0.3

Procedure

Transapical (n=6)

27.9 (2.0)

27.5 (1.6)

0.8

Transfemoral (n=25)

28.4 (1.4)

28.3 (1.5)

0.1
0.7

LVEF

<40% (n=6)

28.7 (1.2)

28.2 (1.5)

0.5

>41% (25)

28.2 (1.6)

28.2 (1.5)

0.2
0.3

NYHA

I-II (n=13)

28.8 (1.5)

28.7 (0.9)

0.4

III-IV (n=18)

27.9 (1.5)

27.8 (1.8)

0.1
0.3

p Value

0.39

0.11

0.25

0.2

0.46

0.84

p Values obtained with Mann-Whitney U Test
LVEF= Left ventricular ejection fraction; NYHA= New York Heart Association

Participants who underwent the transapical approach to TAVI demonstrated the
greatest decrease in MMSE scores at Time-2 with a mean difference of nearly one point
(0.8). Those who underwent the femoral approach had almost no change in scores with a
mean difference of 0.1 (U = 50.0, z = - 1.28, p = 0.2).
There was no difference found in MMSE scores between the two time points for
those who had a LVEF greater than 41%. Participants with a LVEF of less than 40% had a
small increase in their MMSE score with a mean difference of 0.5. There was no statistical
significance found between these two groups (U = 60.5, z = - 0.74, p = 0.46).
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Figure 4-5: Mean Differences in MMSE Score and Age

N= 31
r= -0.106
p= 0.58

Those who had NYHA class I or II showed a slight decrease in mean MMSE scores
with a mean difference of 0.4. No difference was found in those with NYHA class III or IV
with a mean difference of 0.1 (U = 112.0, z = - 0.21, p= 0.84).
To illustrate the relationship between age and the mean difference in MMSE scores, a
scatter-plot is shown in Figure 4-5. There was a small, negative relationship found between
these two variables with Spearman’s rho = - 0.106, p = 0.58.
4.5

Summary
This chapter has presented descriptive statistics for baseline characteristics which

included demographic data, symptom burden and cardiac co-morbidities. It also reported
results of the analysis used to answer the primary and secondary research questions.
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Results of the changes in CFS and 5-Metre Gait Speed support the primary
hypothesis that during the wait time between eligibility assessment and TAVI procedure,
individuals with severe AS experience a decline in their functional status.
Results also supported the secondary hypothesis that there is a relationship between
select covariates and changes in functional status while waiting for TAVI. Gait speed was
slower at Time-2 for all groups of patient factors which were examined. Statistical
significance was found with participants who waited for TAVI more than 42 days
demonstrated by a slower gait speed at Time-2.. The relationship between the remaining
variables and the mean difference in 5-Metre Gait Speed were found to be non-significant
however females and participants who underwent femoral TAVI had almost three times
larger of a mean difference showing slower walk times at Time-2. In addition, participants
who had poorer cardiac functioning as shown by their LVEF and those with NYHA class III
or IV also had larger mean differences with slower walk times at Time-2. Participants who
lived alone and lived with another adult showed very little difference in their gait speed
between Time-1 and Time-2 and there was no relationship found between age and mean
difference in gait speed.
A significant relationship was found between the mean difference in frailty scores of
Time-1 and Time-2 with participants who lived alone. These individuals demonstrated the
greatest increase in frailty scores between the two time points compared to participants who
lived with another adult. Participants who had lower cardiac functioning with an LVEF of
less than 40 % and those who were NYHA classification I or II were also considered to be
more frail at Time-2 assessment but results did not show statistical significance. Males had a
larger increase in frailty scores than females with the average frailty score rising by 0.4
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points at Time-2. Participants who waited more than 42 days had a slightly higher increase in
frailty scores at Time-2 and very little difference was found between changes in frailty scores
between those who had transapical or transfemoral approaches to TAVI.
Analysis of the mean differences of MMSE scores by predictor variables did not
demonstrate significant results. The greatest differences between time points with a decrease
in MMSE score was found in participants who underwent the transapical approach to TAVI
and those who lived alone.
Functional status measured with the 5-Metre Gait Speed test and CFS declined from
the time of eligibility assessment until time of procedure, however no significant changes
were found using the MMSE. Participants who waited for TAVI more than 42 days were
more likely to have the greatest change in gait speed with significantly slower walk times
reported at Time-2. Frailty scores were also found to be significantly higher at Time-2 with
those who lived alone indicating a decrease in functional status.
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Chapter 5: Discussion
The purpose of this study was to describe changes in functional status between the
time of eligibility assessment and TAVI procedure date. Using a prospective cohort design,
this study provides a description of how functional status changes while waiting for TAVI
using the 5-Gait Speed test, CFS and MMSE as measurement tools. In addition, this study
examined the correlation between functional status change and specific predictor variables
which included; sex, living situation, days waiting for TAVI, procedure, LVEF, and NYHA
classification. This chapter provides a summary and discussion of the key findings of this
study and an appraisal of study limitations will also be presented. Implications important to
nursing practice, leadership, education and recommendations for future research will also be
reviewed.
5.1

Functional Status Changes Waiting for TAVI
This study demonstrated that elderly patients with severe AS had a decline in their

functional status while waiting for TAVI. Functional status measured with the 5-Metre Gait
Speed test and CFS showed statistically significant decline from time of eligibility
assessment until time of procedure (p = 0 .01). Cognitive functioning measured by the
MMSE did not demonstrate any significant changes. Participants’ took longer to walk the
five metre distance at Time-2 which indicates a slower gait speed. Frailty scores were higher
indicating participants became more frail. The results of two separate measurement tools
demonstrating a decline in functional status while waiting for TAVI validate the importance
of this study to provide evidence-based best practice.
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5.1.1

Findings Compared with the Literature
Scientific evidence has established that severe AS progresses quickly causing

symptoms to worsen (Ross & Braunwald, 1968), however studies examining the effects of
the disease trajectory on functional status are limited, and makes this study novel. A study
was conducted in 2013 examining the quality of life of patients with severe AS (van Geldorp
et al., 2013). Using a patient-reported questionnaire, this study showed patients with severe
AS, who had not yet been referred for surgical intervention, had significantly lower physical
and social functioning than the general population. The study by van Geldorp et al. (2013)
supports the results of this study which showed functional status deteriorates while waiting
for TAVI. Providing evidence that gait speed and frailty deteriorate while waiting for TAVI
demonstrates the association between the disease progression of AS, worsening symptoms
and functional status.
Recognizing a decline in functional status accompanies the downward disease
progression of AS, TAVI centres who routinely manage varying wait-times ought to ensure
comprehensive functional assessments of their patients to inform thresholds for waiting and
pre-procedure interventions. Utilizing the MMSE for cognitive function, 5-Gait Speed to
assess exercise capacity and CFS to measure frailty has provided a comprehensive
assessment which demonstrated a decline in functional status. Even in the absence of studies
specifically examining functional status while waiting for TAVI, this study validates the
importance of measuring functional status prior to undergoing TAVI. Afilalo et al. (2010)
reported gait speed to be a predictor of mortality and morbidity in cardiac surgery patients
and Green et al. (2012) found gait speed and frailty were associated with long-term mortality
in an elderly population with severe AS. Although significant results were not found using
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the MMSE, the inclusion of a tool to measure cognitive functioning was in alignment with
the study by Schoenenberger et al. (2012) which included the MMSE as a component of their
composite frailty index. Contrary to this study which simply compared MMSE scores
between two time points, the study by Schoenenberger at al. (2012) dichotomized MMSE
into (1) normal cognitive function and (2) cognitive impairment and results showed
functional decline after TAVI was associated with pre-operative cognitive impairment. In the
near absence of evidence related to functional status changes while waiting for TAVI, this
research study provides exploratory and novel results.
5.2

Correlation between Predictor Variables and Changes in Functional Status
Predictor variables including; sex, living situation, days waiting for TAVI, procedure,

LVEF and NYHA were explored for a relationship with changes in functional status between
Time-1 and Time-2. Results of this study have shown individuals who waited longer than 42
days for TAVI had statistically significantly slower gait speed at the time of procedure
compared to those who waited less than 42 days. The gait speed for females compared to
males and individuals with transapical approach instead of transfemoral TAVI had slower
walk times at Time-2 but no statistical significance was found. In addition, we found that
individuals who lived alone are likely to become more frail while waiting for TAVI than
those who lived with another adult, spouse or in an assisted-living facility. Frailty scores also
increased at Time-2 for individuals with NYHA class I and II compared to those with class
III and IV but statistical significance was not reached. These results suggest that individuals
with poorer symptoms of heart failure actually had a smaller decline in their frailty scores.
During the wait time between eligibility assessment and time of procedure, participants who
lived alone and waited longer than 42 days experienced the greatest decline in their
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functional status when measured with the 5-Metre Gait Speed and CFS. Comparing the
difference between MMSE scores and the selected predictor variables did not yield any
statistically significant changes. Individuals who underwent the transapical approach and
those who lived alone had slightly lower MMSE scores at Time-2 but were not statistically
significant.
5.2.1

Findings Compared with the Literature
This study demonstrated functional decline was greater in participants who lived

alone compared to those who lived with another adult. Similar results have been shown in
the literature such as those described by Mor et al. (1989) who found elderly adults who lived
alone were more likely to demonstrate functional decline. Worobey (1990) also reported an
increased risk for health problems and institutionalized in older adults who lived alone.
Recognizing that older adults living alone are at higher risk to have decline in their functional
status is important as our population ages. The 2011 census data provided by Statistics
Canada showed that only 21.9% of people over eighty five years lived with a spouse or
common-law partner compared to 70% of individuals aged 65 to 69 (Government of Canada,
2013). The addition of a chronic disease, such as AS provides increased risks and
complications for older adults living alone. In a systematic integrative review, it was reported
that older people with chronic illnesses and lived alone were more vulnerable because of
limited resources, lack of social support, or challenges faced with making independent
decisions regarding management of their disease (Haslbeck, McCorkle, & Schaeffer, 2012).
There are a number of studies examining mortality and morbidity of patients waiting
to undergo aortic valve surgery (Lund et al., 1996; Munt, Humphries, Gao, Moss, &
Thompson, 2006), however exploring functional status while on the wait-list has not been
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found in the literature. In this study, the 5-Metre Gait Speed demonstrated individuals who
wait longer than six weeks to undergo TAVI have significantly more decline in their
functional status than those who wait less than six weeks. In the absence of specific wait-time
benchmarks for TAVI, the CSBC currently uses an Urgency Rating Scale which
encompasses all heart surgeries performed in British Columbia. As described in Chapter 1,
the Urgency Rating Scale has four categories ranging from (1) Emergency, (2) Priority I, (3)
Priority II and (4) Priority III. Individuals with aortic stenosis and the associated symptoms
of angina, syncope and heart failure are classified as Priority II with a recommended waittime of six weeks for heart surgery. Priority III includes those deemed to have critical valve
disease but stable symptoms and have a recommended wait-time of three months. In 2005,
the Canadian Wait Time Alliance also published a report which recommended a six week
wait-time for non-urgent patients undergoing valvular heart surgery (Wait-time Alliance for
Timely Access to Health Care, 2005). Although the CSBC Urgency Rating Scale and
recommendations by the Canadian Wait Time Alliance may be appropriate for other cardiac
surgeries including conventional aortic valve replacement, the predictive factors of TAVI
such as frailty and gait speed should also be considered when benchmarks are determined.
This study has shown elderly individuals undergo functional decline while waiting for TAVI
and specific benchmarks for wait-times ought to be developed for this vulnerable population.
5.3

Findings as they Relate to the Theoretical Framework
The theoretical framework used to guide this study was the Wilson and Cleary (1995)

conceptual model of health-related quality of life modified by Ferrans et al. (2005). This
model identifies the complex and multi-directional relationship between five distinct domains
and characteristics of the individual and environment. The five domains include; biological
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function, symptoms, functional status, general health perceptions and overall quality of life.
Applying the conceptual model to this study, it is apparent the disease pathology of AS,
symptom burden and characteristics of the individual and environment have a causal, multidirectional relationship with functional status. This study showed functional status declined
while waiting for TAVI which may be attributed to the relationship between disease
progression, worsening of symptoms and characteristics of the individual and environment.
The intersecting relationship between functional status and characteristics of the
environment were also validated by the results of this study. According to Ferrans et al.
(2005), characteristics of the environment includes social components such interpersonal
relationships, family and friends. This study found individuals who lived alone had a larger
decline in their functional status than those who lived with another adult while waiting for
TAVI. As described in Chapter 1, there was a varying wait-time for TAVI at the Vancouver
THV clinic and results of this study showed that individuals who waited more than 42 days
had significantly slower gait speed with the 5-Metre Gait Speed test than those who waited
less than 42 days.
This study suggests functional status can be affected by multiple factors which have
been described by the Wilson and Cleary (1995) and Ferrans et al. (2005) conceptual models.
Individual’s waiting for TAVI have severe AS, additional co-morbidities and significant
symptom burden. The addition of multiple individual and environmental considerations
create complex, intersecting relationships which ultimately affect functional status as
reported in this study.

68

5.4

Limitations
This study encountered three important limitations which included sample size,

reliability and validity of measuring gait speed and exclusion criteria. In Chapter 3, a sample
size of 33 was reported as required based on a large effect size. In a study of this size, a small
to moderate effect size would have provided stronger correlation among the variables and a
larger sample size would help avoid Type II errors. At the onset of the study, it was estimated
that approximately 16 TAVI procedures were performed each month by the Vancouver THV
program. Unfortunately, data collection extended beyond four months due the number of
individuals deemed ineligible. Obtaining a larger sample from all the transcatheter valve
clinics across British Columbia would have provided a more representative sample of the
population.
Literature has shown gait speed to be a valid measure of functional status and
predictor of poor surgical outcomes; however inter-rater reliability and construct validity are
possible study limitations. The 5-Metre Gait Speed for two participants reported greater than
4.5 second mean differences between the two time periods with the slower time occurring at
the time of eligibility assessment. Based on this finding, these results were considered
erroneous and could imply threats to inter-rater reliability or construct validity. Inter-rater
reliability refers to the degree in which observations or calculations correlate between two
independent observers (Polit, 2010). Even though the researcher was provided thorough
instructions from the THV nurse coordinator and observed a routine functional assessment,
the procedure for performing the 5-Metre Gait Speed may have been susceptible to
inconsistent instructions or calculations. Similarly, construct validity, which Polit (2010)
describes as involving “evidence that an instrument is really measuring the underlying
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construct of interest” (pp. 218-219) may also be problematic. The 5-Metre Gait Speed test
aims to measure an individual’s normal, walking pace to assess functional capacity.
However, if an individual misunderstands the instructions, is distracted in any way, or hastily
trying to complete the assessment, the measurement of gait speed is not truly measuring ones
functional status.
The final limitation of this study was the exclusion criteria determined prior to patient
enrollment. As reviewed in Section 3.3.1, the MMSE was used in this study to assess
changes in cognitive function between two time points and exclusion criteria included any
potential participants’ who obtained a score of less than 25 on the MMSE at Time-1.Ten
individuals were deemed ineligible to participate because of these criteria. This is considered
a limitation because valuable information regarding functional status could have been
obtained from these individuals even if the MMSE score truly represented cognitive
impairment or was due to their language spoken or their education level. There is varied
information in the literature regarding cut-off points for MMSE scores and in some instances,
scores are assessed differently depending on age and level of education (Crum et al., 1993;
Lopez et al., 2005). Consideration should be given to the notion that individuals are unable to
consent to research because of pre-determined MMSE cut-off scores. Taylor, DeMers, Vig &
Borson (2012) reported research conducted by researchers with expertise in gerontology
frequently excluded individuals with cognitive impairment even though they are often
capable of consenting to research and clinical treatments. In a study exploring functional
status changes, a true representation of the population would include those with mild
cognitive impairment and an assessment of gait speed and frailty could provide valuable

70

information regarding functional capacity and functional performance. The exclusion criteria
pre-determined at the onset of this study became its own limitation.
5.5

Implications
Exploring functional status of individuals while waiting for TAVI has not previously

been studied. The findings of this study have provided important implications to nursing
practice, education, policy and recommendations for future research.
5.5.1

Nursing Practice
This study demonstrated that functional status declines while waiting for TAVI and a

positive relationship exists between functional decline and individuals who live alone and
those who wait longer than 42 days. These findings lead to important practice implications
for nursing and the multidisciplinary team.
Results of this study have shown that the use of multiple instruments to measure
functional status ensures a comprehensive, holistic assessment. Without a standard,
operational definition of functional status, health care providers ought to ensure that the
nursing care and management of an individual’s functioning is multi-dimensional. As
described in Section 2.2, the term ‘functional status’ is often used indiscriminately and in the
absence of a standard definition, specific interventions are difficult to achieve. Used
independently, the CFS only provides a measure of frailty related to the ability to perform
activities of daily living due to symptom burden. The 5-Metre Gait Speed provides an
assessment of functional capacity and the MMSE was used to measure cognitive impairment.
Separately, these instruments measure distinct components of functional status, but combined
are able to provide a comprehensive assessment which can improve patient management and
help guide treatment options. Clinicians may be challenged with the decision of choosing
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multiple measures to assess functional status rather than depending on one single
measurement tool.
The reliability and validity of instruments used to measure functional status are also
important to consider. The MMSE has previously been used to measure cognitive function in
TAVI patients (Schoenenberger et al., 2012; Stortecky et al., 2012) however; the small
sample size and low sensitivity of the MMSE did not produce statistically or clinically
important findings. The purpose of using the MMSE for this study was a pragmatic decision
reflecting clinical practice, and aimed to provide a measurement of change over time. The
scoring system did not accurately reflect clinically meaningful changes. Orientation to
specific locations can be irrelevant to individuals who were assisted to attend their clinic visit
by a support person and calculation and language may reflect education level. Another
validated tool frequently used to assess cognitive impairment is the Montreal Cognitive
Assessment (MoCA). This 30-point measurement tool takes slightly longer to administer
than the MMSE because it includes a broader range of cognitive domains which include:
attention and concentration, executive functioning, memory, language, visuoconstructional
skills, conceptual thinking, calculation and orientation (The Montreal Cognitive Assessment,
2013). Studies have shown the MoCA to have higher sensitivity to mild cognitive
impairment, assess higher levels of executive functioning, encompass a larger range of
cognitive fields and demonstrate high levels of test-retest reliability (Aggarwal & Kean,
2010; Cameron et al., 2010). Clinically relevant assessments and research generating
information could be obtained with an instrument such as the MoCA used to assess
functional capacity.
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Results of this study have shown it is important to provide individuals who live alone
with the support and assistance to develop strategies aimed at managing their symptom
burden and slowing the trajectory of functional decline. For those who live alone, the desire
to remain independent and live at home aligns with health-care policy of providing increased
home supports but requires improved self-management skills and social support aimed at
meeting specific needs of this patient population (Haslbeck et al., 2012). Individuals who are
waiting for TAVI are an elderly, vulnerable population. An improved understanding of this
population and the variables that are associated with functional decline help guide specific
interventions such as providing social support and self-management skills related to
symptom burden and activities of daily living while waiting for TAVI. The risk of functional
decline while waiting for TAVI can also be decreased by developing nursing care processes
which allow for patients to be re-assessed with a clinic visit or telephone check-in when
patient wait-time exceeds 42 days.
5.5.2

Education
The need to emphasize multi-dimensional functional assessments and develop

strategies to support older adults during times of vulnerability is critical to implement in
nursing education. Developing educational initiatives to increase the focus of geriatric care to
include functional status is especially important in the presence of severe, AS and comorbidities. Care provided to older adults can be individualized based on specific results
obtained with a comprehensive functional assessment.
Education is also required at the multi-disciplinary level to ensure all care-providers
of TAVI patients are aware of the potential for functional decline for those who live alone
and when wait-times exceed six weeks. Results of this study showing functional decline
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while waiting for TAVI validate the importance of ensuring individual’s have a primary
cardiologist or general practitioner to provide symptom management and facilitate ways to
maintain levels of functional status while waiting for TAVI.
Finally, results of this study will contribute to the education which can be provided to
patients and support systems while waiting for TAVI. Education related to the signs and
symptoms of worsening AS and decreased functional status could prevent additional
deconditioning prior to TAVI which will ultimately improve patient outcomes. Development
of patient education material ought to include strategies for self-management of their disease
and ways to maintain optimal levels of functional status while waiting for TAVI.
5.5.3

Policy
An important implication learned from this study supports the need to establish

evidence-based benchmarks regarding urgency ratings and wait-times for TAVI patients,
including the time required to complete the multiple diagnostic assessments, and the time
waiting for the procedure. Similar benchmarks have been established for conventional heart
surgery and percutaneous revascularization (Canadian Cardiovascular Society, 2006). As
discussed previously, current BC wait-time benchmarks for elective patients with severe AS
waiting for surgical AVR is six weeks. Although no mortality was recorded in the study
cohort, evidence demonstrating that functional decline is a predictor of mortality and
morbidity may indicate that waiting for TAVI may be unsafe for some patients. .
Policy-makers and clinical leaders ought to develop evidence-based benchmarks
specific to individuals waiting for TAVI. Wait-time benchmarks help monitor access and
outcomes, support the provision of equitable access to care, improve resource management
and inform risk stratification methods. The indications for TAVI in lower risk patients
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continues to be explored in research (Webb, 2012) which further supports the development of
evidence-based wait-time benchmarks in a rapidly evolving innovative therapy. Our findings
may suggest that the TAVI population requires individualized risk stratification to consider
the urgency of the procedure, and the inclusion of a comprehensive functional status
assessment to inform individual decision and the development of wait-time benchmarks
based on the limited epidemiological data currently available. It may be reasonable to adopt
the six week BC elective surgical AVR benchmark as a starting point in the evaluation of
wait time and urgency rating.
5.5.4

Recommendations for Future Research
It is important for TAVI research to focus on functional status as a component of pre-

procedure assessment, risk stratification and outcome variable. A review of the literature has
shown the inclusion of measures of functional status within TAVI research has increased in
recent years (Green et al., 2012; Stortecky et al., 2012) however, there is an absence of a
standardized definition of functional status and functional components are often not clearly
defined. Future research could inform the appropriate measure of functioning which would
facilitate outcome evaluation and provide specific strategies for treatment interventions.
Research incorporating changes in functional status could provide evidence based
data used to develop TAVI wait-time benchmarks. Duplicating this study in a larger sample
could validate the exploratory findings in this study. The addition of a qualitative approach to
explore patients’ perception of their functional status while waiting for TAVI would provide
valuable information and inform future research in this new era of the management of
structural heart disease.

75

5.6

Conclusion
The purpose of this study was to explore changes in functional status between the

eligibility assessment until time of TAVI. Guided by the Wilson and Cleary (1995)
conceptual model of Health-Related Quality of Life, this study found that functional status
decline occurs while waiting for TAVI and suggested that people who live alone and those
who waited longer than six weeks experienced significantly worse decline. Although a small
sample size was used, these results can generate important changes and nursing implications
for those undergoing TAVI. Ensuring that all patients undergo the procedure within six
weeks of acceptance for TAVI ought to be adopted as a provincial wait-time benchmark.
Nursing care processes and educational initiatives for care-providers, patients and families
which are aimed at optimizing functional status while waiting for TAVI is imperative.
Providing strategies to prevent functional deconditioning while waiting for TAVI will
improve over-all well being and lead to improved patient outcomes. In addition, future
research in the field of TAVI ought to ensure a comprehensive evaluation of functional status
is included in pre-operative assessments, risk stratification and outcome measures.
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Appendix A

TRANSCATHETER HEART VALVE REFERRAL
TRIAGE FUNCTIONAL ASSESSMENT
Date:

Indication for physician referral
What do you hope to gain from having a special valve procedure?
Clinical Frailty:

/9 as per CSHA Frailty Scale

Instrumental Activities of Daily Living
 Ability to use telephone:
YES
 Shopping:
YES
 Food Preparation:
YES
 Housekeeping:
YES
 Laundry:
YES
 Transportation:
YES
 Medications:
YES
 Finances:
YES
Total score:
/8 as per Lawton-Brody Scale
Home Environment
Independent:
Apartment
Stairs #
Facility:
Assisted Living

Activities of Daily Living
Independent:
 Bathing:
YES
 Dressing:
YES
 Toileting:
YES
 Transferring:
YES
 Continence:
YES
 Feeding:
YES

NO
NO
NO
NO
NO
NO
NO
NO

Total score:

Fall within the last 6 months:

Living Situation
Lives alone
Lives with spouse
Lives with adult child or other
relative

House
Residential Care

No

/6 as per

Katz Index

Home Supports
No caregiver/home supports required
Part time caregiver/home supports (Either at home or care facility)
Full time caregiver/home supports (Either at home or care facility)
Patient is a caregiver to family member
Falls:

NO
NO
NO
NO
NO
NO

Mobility Aids:
None
Cane or Walker
Wheelchair
Yes:
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5-Metre Gait Speed Test
 Position the patient with his/her feet behind and just touching the 0-meter start line
 Instruct to “Walk at your comfortable pace” until a few steps past the 5-meter mark

(should not start to slow down before)

 Begin each trial on the word “Go”
 Start the timer with the first footfall after the 0-metre line
 Stop the timer with the first footfall after the 5-metre line

Cognition – MMSE

/30

assessment diagram below

Trial 1: _____. _____ sec
Trial 2: _____. _____ sec
Trial 3: _____. _____ sec
Repeat 3 times, allowing sufficient
time for recuperation between trials
(1 decimal point)
Cognition – Clock test
Complete: Shape, numbers,
hands, time
Unable to complete: Any of the
above missing

Clock drawing:

Assessment conducted by: Printed name:

RN

Signature:
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Appendix B
TAVI-FXN Case Report Form
PARTICIPANT INFORMATION
Site:
SPH
VGH
Procedure:
TF TAVI
TA TAVI
CHARACTERISTICS OF THE INDIVIDUAL
Gender:
M
F

Participant number:
Planned procedure date:

Age:

Other:

Marital status:

Married
Common law
Widowed
Single
CHARACTERISTICS OF THE ENVIRONMENT
Home Supports
Living Situation
No caregiver/home supports
Lives alone
required
Lives with spouse
Part time caregiver/home
Lives with adult child or other relative
supports (Either at home or care
facility)
Home Environment
Full time caregiver/home
Independent:
Apartment
House
supports (Either at home or care
Stairs #
facility)
Facility:
Assisted Living
Patient is a caregiver to
Residential Care
family member
Mobility Aids
None
Cane or Walker
Wheelchair
Number of people in household:
Lives alone
2
3 and more
Place of primary residence
Vancouver (lower mainland)
More than 100 km distance from Vancouver
BIOLOGICAL FUNCTION
Coronary artery disease
Creatinine > 2mg/dl
Previous myocardial infarction
Atrial fibrillation
Previous intervention
Permanent pacemaker
Pulmonary hypertension
 CABG
Echocardiograph findings
 PCI
 Aortic-valve area (cm²)
 Balloon aortic valvuloplasty
 Mean aortic-valve gradient (mm Hg)
Cerebral vascular disease
Peripheral vascular disease
COPD
 Mean LVEF (%)
 Any
 Moderate or severe mitral
regurgitation
 Oxygen-dependent
SYMPTOMS
NYHA class
II
III or IV
Episodes of syncope in past year
Angina
Shortness of breath
at rest
with exertion
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FUNCTIONAL STATUS
TIME 1

TIME 2

Date

Date
FRAILTY
3
4
5
6
3
4
5
6
7
Other:
(as per CSHA
7
Other:
(as per CSHA
Frailty Scale)
Frailty Scale)
INSTRUMENTAL ACTIVITIES OF DAILY LIVING
Independent:
Independent:
Ability to use telephone:
Ability to use telephone:
YES
NO
YES
NO
Shopping:
Shopping:
YES
NO
YES
NO
Food Preparation:
Food Preparation:
YES
NO
YES
NO
Housekeeping:
Housekeeping:
YES
NO
YES
NO
Laundry:
Laundry:
YES
NO
YES
NO
Transportation:
Transportation:
YES
NO
YES
NO
Medications:
Medications:
YES
NO
YES
NO
Finances:
Finances:
YES
NO
YES
NO
Total score:
/8 as per Lawton-Brody
Total score:
/8 as per Lawton-Brody
Scale
Scale
ACTIVITIES OF DAILY LIVING
Independent:
Independent:
 Bathing:
YES
NO
 Bathing:
YES
 Dressing:
YES
NO
 Dressing:
YES
 Toileting:
YES
NO
 Toileting:
YES
 Transferring:
YES
NO
 Transferring:
YES
 Continence:
YES
NO
 Continence:
YES
 Feeding:
YES
NO
 Feeding:
YES
Total score: _ /6 as per Katz Index
Total score: /6 as per Katz Index
5-METRE GAIT SPEED
Trial 1: _____. _____ sec
Trial 1: _____. _____ sec
Trial 2: _____. _____ sec

NO
NO
NO
NO
NO
NO

Trial 2: _____. _____ sec

Trial 3: _____. _____ sec

Trial 3: _____. _____ sec
COGNITION
MMSE
/30 assessment diagrams below MMSE
/30 assessment diagrams below
Clock test
Clock test

Complete: Shape, numbers, hands,
time

Complete: Shape, numbers, hands, time

Unable to complete: Any of the above
Unable to complete: Any of the above missing
missing
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Question 10 from MMSE – Write a sentence:
Question 11 from MMSE – copy the design shown

Clock Test:

“Draw a clock put all the numbers in and set the time to 10 past 11”
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