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Abstract

Objectives: Frailty is a syndrome characterized by increased vulnerability and reduced ability to
maintain homeostasis after stressful events that results in increased risk for poor outcomes. Frailty
screening could potentially be valuable in cardiac surgery risk assessment. The purpose of this
review is to evaluate the current literature linking multicomponent frailty assessment and invasive
cardiac surgery outcomes.

Methods: We searched PubMed, Embase, and CINAHL; 1887 articles met the search criteria,
and each was independently reviewed by two reviewers.

Results: The 19 eligible studies assessed 52,291 subjects using 17 different frailty
measurements. The most commonly used tools were the Fried Frailty Phenotype and the Clinical
Frailty Scale. Between 9% and 61% of participants were found to be frail in each study. All 19
studies included mortality as an outcome, 12 included surgical complications, 12 included hospital
length of stay (LOS), 3 included quality of life, and 2 included functional status. Nine found
statistically significant differences in survival between frail and non-frail patients, 6 of 12 found
that frail patients had longer LOS, 4 of 12 found that frail patients were more likely to suffer
major complications, and 2 of 2 found that frail patients were more likely to have a decrease in
functional status.

Conclusion: Though some studies lacked power, the majority confirmed that frail patients are
more likely to experience poor outcomes. Further research is needed to determine which frailty
measure provides the best predictive validity and to identify interventions to mitigate the risks that
major cardiac surgery poses to frail patients.
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INTRODUCTION

Frailty describes a syndrome characterized by increased vulnerability and a reduced ability
to maintain homeostasis after physically and mentally stressful events.1-2 Frailty increases
the risk for adverse outcomes including mortality, major morbidity, and decreased functional
status and quality of life.1:3 Although the risk for frailty increases with age, not all older
adults are frail, and frailty is not exclusive to the aged.2# Most importantly, frailty is not a
static state and can progressively worsen or improve depending on intervention.25-7

Since the concept was first described in the scientific literature, two basic operationalizations
of frailty have emerged, the frailty phenotype and the model of frailty as an accumulation

of deficits.18 The frailty phenotype, first defined by Fried and colleagues, manifests as

three or more objectively identifiable physical indicators including weakness (measured by
grip strength), slowness (measured by gait speed), unintentional weight loss (10 or more
pounds lost in the last year), exhaustion (self-report), and low physical activity (kilocalories
expended in a week compared to age and sex norms).1 Many other frailty assessment tools,
like the FRAIL Scale,® the Comprehensive Assessment of Frailty,10 and the Short Physical
Performance Battery! measure some combination of the frailty phenotype dimensions,
sometimes using alternative strategies like questionnaires or chair raises to assess weakness.
The deficit index model pioneered by Rockwood and colleagues operationalizes frailty as
the result of multiple impairments, like cognitive decline, self-care deficits, and comorbidity,
making a person less resilient to stressors.® While the operationalization is very different,
both models conceptualize frailty as a multidimensional syndrome of reduced physical and
psychological reserves that results in an increased risk for poor outcomes.

While attempts have been made to identify which of the over 70 frailty assessment tools is
the most effective and efficient, further research is needed to determine which have the most
utility in clinical practice. In 2019, the International Conference of Frailty and Sarcopenia
Research acknowledged the large number of frailty screening and assessment tools and
recommended five that have been found to be valid and reliable for a general population of
older adults.2 Though the frailty construct has the potential to be a valuable aid in health
care decision-making, this lack of consensus on which tools are the most appropriate can
limit its measurement and use in the clinical setting.1213 Despite this limitation, a growing
body of literature suggests that the identification of frailty could be an important factor in
refining strategies to improve overall health and quality of life in the aging population.2:13-16

Frailty screening has the potential to be valuable in the setting of cardiac surgery in
particular. Cardiac surgery is especially stressful on the body and is more successful in
patients who are relatively healthy at the time of surgery.1’ Therefore, more research is
needed to identify which cardiac surgery patients are at the greatest risk for poor outcomes
and complications. Integrating frailty assessment into usual pre-operative care could allow
time for cardiac prehabilitation to optimize patients for surgery18 or prepare high risk
patients for longer recovery times. Because frail patients have decreased resilience to
stressful events, they are at a higher risk to experience painful, costly, and potentially
debilitating complications following cardiac intervention.3 Optimizing patients undergoing
cardiac surgery and their post-surgery treatment plan has the potential to decrease mortality
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and post-operative complications, reduce hospital length of stay, and improve patient quality
of life for years after surgery.12

Over the last decade, there has been an increased focus on frailty in influencing health
outcomes. There is a need for an updated review of literature examining the association
between frailty and major cardiac surgery outcomes. Two past systematic reviews have
examined unvalidated or single-component frailty measurement tools, but these reviews have
failed to illustrate frailty as a multi-faceted, measurable phenomenon.19:20 Additionally,

one review focused on the minimally invasive cardiac procedure, transcatheter aortic valve
replacement (TAVR), which does not require a full sternotomy and involves risks that are
inherently different from those of more invasive surgical procedures like coronary artery
bypass grafting (CABG) or surgical aortic valve replacement (AVR).21:22 |_astly, frailty
research has increased dramatically in recent years, and there is a need to update past
literature reviews like the one Sepheri and colleagues conducted in 2014 with the expanding
body of research.23 Their review of just 6 studies no longer reflects the full body of literature
on the subject. The purpose of this review is to fill these gaps and evaluate the current

state of evidence linking multicomponent frailty assessment and invasive cardiac surgery
outcomes.

METHODS

Data Sources and Search Strategy

A clinical informaticist assisted in developing a comprehensive literature search strategy
using Embase, CINAHL, and PubMed from inception to February 2020. We searched each
database using cardiac surgery or cardiovascular surgery, and frailty syndrome, frail elderly,
frail*, or frailty assessment. We identified and reported relevant information in this paper
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. PRISMA provides guidelines for authors on how to report the
purpose, methods, and results of systematic reviews and meta-analyses.24

Inclusion and Exclusion Criteria

Studies were included in the analysis if they (1) designated a frailty assessment tool

or score as the independent variable, (2) used a frailty measurement tool that is valid

and multidimensional (rather than a single isolated measurement like 5-meter gait speed

or BMI), (3) examined clinically relevant postoperative outcomes, (4) included a patient
population undergoing an invasive cardiac surgery. We considered frailty assessment tools to
be objective, multidimensional measures that operationalized frailty as a clinical syndrome
manifested as either an observable phenotype or an accumulation of deficits. Frailty
measurement tools were considered to be valid if the validity was reported in the article

or if the authors referenced a validity study for the measure. We defined clinically relevant
outcomes as mortality, hospital and ICU length of stay, hospital readmission, major adverse
cardiac and cerebrovascular events (MACCES), disability, functional status, quality of life,
or some composite combination of these. Studies were excluded if they (1) examined a
population undergoing minimally invasive cardiac interventions (like transcatheter aortic
heart valve replacements or percutaneous coronary intervention), (2) investigated outcomes
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that were not clinically relevant (like cost), (3) were a review or meta-analysis of existing
literature, (4) manuscripts were not written in English, or (5) if a full text publication could
not be found (poster presentations, conference abstracts). Studies that surveyed both invasive
and minimally invasive cardiac surgeries were included if they provided sub-group analysis
for the invasive surgery group.

Data Extraction

The titles and abstracts identified in the literature search were independently reviewed by
two reviewers (AP and CM). Articles that obviously did not meet the study’s inclusion
criteria were eliminated, and those that remained were evaluated in full text-review by two
reviewers. Studies meeting the inclusion criteria were included in the study. Disputes for
inclusion between reviewers were settled by a third author (PD).

Risk of Bias Assessment

RESULTS

Quality assessment of the included studies was performed independently by two reviewers
using the Newcastle-Ottawa Scale (NOS) checklist. The NOS evaluates the risk of bias

in nonrandomized studies based on the selection of participants, comparability of the
experimental and control groups, and the assessment of the outcome. Conflicting results
were settled after discussion and consensus was reached.

Study Selection

Based on the search terms, a total of 1,887 titles and abstracts were screened. The
resulting 171 articles were read in full and were assessed for eligibility based on the
established criteria. We identified 19 studies, seen in Table 1, that evaluated the ability of
multicomponent frailty measurement tools to predict outcomes following invasive cardiac
surgery. The study screening process is shown in Figure 1. In total, these studies assessed
52,291 subjects using 17 different frailty measurement tools.

Though all included studies analyzed patients receiving invasive cardiac surgery, the
type of surgery varied. Fourteen studies involved CABG,*1425-37 fourteen involved
AVR,14:25-33,35.36.38 pine involved mitral valve replacement (MVR),26-32:34.36 three
involved left ventricular assist device (LVAD) implantation (destination only,3? bridge to
transplant only,*0 and both destination and bridge to transplant#1), one involved heart
transplants,% and three involved other open-heart surgeries like aortic root replacements,
tricuspid valve replacements, and arrhythmia surgeries.2632.36

Frailty Measurement Tools

In many cases, authors referred to measurement tools by varying names, so we standardized
the names in Table 2 alongside the authors’ names for the tool. The Fried Frailty Phenotype
(with or without added psychological tests) and Clinical Frailty Scale were the most
commonly used assessment tools in the included studies. Five studies used the Fried Frailty
Phenotype,14:2528:3241 and three additional studies added a test of cognitive function and a
depression scale, referred to as Fried+ in Table 2.143140 Six studies used the Clinical Frailty
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Scale,29:31-34.38 three studies used the Edmonton Frailty Scale,26:29:30 and two studies used
the Comprehensive Assessment of Frailty (CAF).27:38 In their 2014 study, Sunderman et
al. condensed the CAF to create the FORECAST (Frailty predicts death One yeaR after
Elective CArdiac Surgery Test) measure and validated it compared to the CAF data.36

Two studies used the FRAIL scale.32:38 Ten other validated frailty assessment tools were

used, each by just one study. Eight studies compared multiple validated frailty assessment
tools,414.28,29.3132.36,38 \yhile 11 just included one.25-27:30,33-35,37,39-41

Domains of Frailty

Among the seventeen assessment tools used by the studies in this review, many

different domains were measured in order to diagnose frailty. Physical activity and

weight loss were most commonly measured. Sixteen studies used at least one frailty
assessment tool that included a measure of physical activity,14:25-29.31-34,36-38.40.41 gnq
fourteen studies used a tool that measured recent weight loss.14:25-32,:36-38.40.41 Thjrteen
studies used at least one tool that measured cognition,414:26.29-34.37-40 tyelve included
disability,426:29-34.36-39 and thirteen included comorbidities.#26:29-39 Ten studies measured
gait speed,14:25.27,28.31.32.36,384041 ten measured strength, 14:25:27,28.31.32,36,3840.41 and nine
asked the participants questions about their levels of exhaustion,14:25.27,28,31,32,36,38,40,41
Seven took depressive symptoms into consideration,14:26:29-31.39.40 an five analyzed lab
data as part of the frailty assessment.427:35.36,39

Depending on the measurement tool used, the percentage of frail patients varied widely
between studies. In the 16 studies that used a dichotomous frailty determination, anywhere
between 9% and 61% of participants were found to be frail. Three studies analyzed frailty as
an ordinal variable,30:32.36

Study Characteristics

Sample sizes varied between studies from 57 to over 40,000. 17 of the 19 studies
prospectively collected primary observational data, while two involved secondary data
analysis.#37 With the exception of Reichart and colleagues’ study that used primary data
from dozens of European hospitals, studies that examined secondary data used larger
samples than those that collected primary data.3*

All but two studies’ participants had a mean age greater than 65 years. Jha and

Joseph’s study populations were slightly younger at 53 + 12 years and 58 + 11.9 years,
respectively.?041 Fourteen studies used age as an exclusion criterion, most often limiting
selection to participants who were 65 years or older.414.25-30,32,33,35,37.38 Additionally, all

but one study had mostly male participants.3® Six of those studies had at least 75% male
participants,25:27,34,37.39.41

Outcome Measures

Study authors chose to measure many different outcomes. The most common outcome
measured was mortality, with all nineteen studies including this variable. Twelve studies
collected data on complications following surgery,*14.25.27-35 twelve on overall hospital
length of stay,#25-30.33:34,39-41 gjght on ICU length of stay,25-27:29.30,33,34.40 gjx on
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discharge location,25-28:33.39 fjve on hospital readmission,25:27.28:30.39 and three each on
quality of life28:31.32 and ventilation time.29:3341 Two studies collected data on functional
status post-surgery.31:38

Many of the articles mentioned trends and non-statistically significant results. For the
purpose of this review, we will only discuss the results that are statistically significant
(based on p-values of <0.05). Of the nineteen articles that measured all-cause mortality as
an outcome, nine found statistically significant differences in survival between frail and
non-frail patients.#26:33-36.39.40 gjx of twelve found that frail patients had longer lengths
of stay,427:28.30.33.34 four of twelve found that frail patients were more likely to suffer

a major complication as a result of cardiac surgery,*27:32:33 four of six found that frail
patients were more likely to be discharged to a rehabilitation facility than those who were
not frail,2>-28 and three of five found that frail patients were more likely to be readmitted
to the hospital 28:30:39 All three studies that measured time-to-extubation found that frail
patients had longer mechanical ventilation times than non-frail patients.293341 |_astly, both
studies that measured functional status pre and post-surgery found that frail patients were
statistically more likely to have a decrease in functional status.31:38

Risk of Bias Assessment

The results of the risk of bias assessment are shown in Table 3. Using the NOS

checklist, the studies as a whole presented low to medium risk of bias. Five studies had
medium risk of bias based on their sample selection,29:30:33.38.39 foyr on the comparability
of the experimental and control groups,2%:2%:3541 and two in the measurement of the
outcomes.2%:33 Overall, all but two studies had low risk of bias. Two had medium risk.29:33

DISCUSSION

The goal of this review was to systematically summarize the evidence describing the

link between invasive cardiac surgery, frailty, and postoperative outcomes. Despite the
heterogeneity of the frailty measurement tools, we found strong evidence that frailty is
associated with a higher risk for mortality, major morbidity, increased hospital and ICU
length of stay, and decreases in quality of life and functional status after invasive cardiac
surgery. Though some studies lacked the power to prove statistical significance and could
only demonstrate trends, the majority of these studies confirmed that frail and pre-frail
patients are more likely to experience poor outcomes. Furthermore, of the ten studies that
did not find a statistically significant difference in mortality between frail and non-frail
patients, six cited a small sample size as a major limitation.14:25.29.30.3841 Thjs sypports
the adoption of frailty screening as part of the routine risk assessment before major cardiac
surgery.

One noteworthy observation gathered from this review is the heterogeneity of the frailty
assessment tools employed. Even in this relatively specific patient population, 17 different
assessment tools were used. The studies that used assessment tools that operationalize frailty
as an accumulation of deficits, like the Clinical Frailty Scale, tended to show a higher
prevalence of frailty than studies who used tools that relied more heavily on physical
indicators, like the Fried Frailty Phenotype. No single scale stood out as being the most valid
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in predicting outcomes. Based on the study and the tool used, the prevalence of frailty varied
from 9 to 61%. This speaks to the need for a consensus on which frailty measurement tool is
the most accurate and efficient in predicting outcomes in this population.

Another interesting observation from this review was the preponderance of male patients
in the included studies. All but one of the studies38 had a majority of male participants,
and 6 studies had 75% or more male participants.25:27:34:37.39.41 The prevalence of frailty
in the general population is higher in women than in men.2 While a higher percentage

of men undergo cardiac surgery, women undergoing cardiac surgery are more likely to
be older, frailer and have more comorbidities than their male counterparts.*2 While many
of the studies controlled for sex in their statistical analysis, none discussed the potential
implications of sex-based differences. Further research would be useful to examine the
potential moderating effect of sex on the relationship between frailty and cardiac surgery
outcomes.

FUTURE RESEARCH NEEDS

Foremost, a standard frailty assessment that is feasible to administer in the preoperative
setting and establishes a definite correlation with important postoperative outcomes would
not only advance the science, but also shift the discussion of frailty from a scientific
construct to implementation. While it might be impossible to gain consensus on a single
frailty measurement tool for all patient populations, it would be beneficial to standardize
within the cardiac surgery risk assessment sphere to make comparisons and meta-analyses
more feasible. It is clear that further research is needed to identify which measure provides
the best predictive validity and which components of frailty assessment correlate best with
postoperative outcomes.

Additionally, with the amount of data supporting the integration of frailty assessment into
surgical risk calculation, large national datasets like the Society for Thoracic Surgeons
database or the UK Adult Cardiac Surgical Database should include additional frailty and
geriatric-focused data. While nearly one third of patients undergoing cardiac surgery are 75
years old or older,19 the Society for Thoracic Surgeons database includes only one frailty
assessment measure: five-meter gait speed.1® National data sets are created to track trends
in health and ultimately enable surgeons to improve the quality of their practice, and they
should evolve to mirror the aging population.

Another takeaway from this review that most studies focused on outcomes that are more
relevant to clinicians than to patients. While all at least included mortality as an outcome,
there was an obvious lack of consideration for patient-centered and patient-reported
outcomes. Only four studies measured patients’ post-surgical functional status or quality

of life. The passing of the Affordable Care Act and the establishment of the Patient Centered
Outcomes Research Institute (PCORI) have encouraged health care providers to consider
patient preferences more highly and to include their voice in clinical decision making.*3
This focus should translate into the research that is being conducted as well. While
postoperative acute kidney injury and prolonged ventilation time are important clinical
outcomes, they may not be as meaningful to patients as health-related quality of life or
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functional status. Designing studies that employ community-based participatory research
strategies will not only aid researchers in defining outcomes that have significance to this
patient population but also increase awareness of frailty and strategies to prevent and reverse
it.

While there is an ever-growing body of literature supporting the integration of frailty
assessment into surgical risk calculation, there has been less consideration for testing and
implementing new strategies to prevent and reverse frailty. Preliminary research suggests
that cardiac prehabilitation is one possible solution to optimizing frail patients before their
surgery.18 Additionally, nutritional support before and after cardiac surgery shows promise.
One recent study by Goldfarb and colleagues found that 96% of frail cardiac surgery patients
were not meeting their nutritional needs in the weeks following their surgery.** They also
found that higher weight loss following the surgery was associated with a higher risk

of being re-hospitalized and falling.*# Further research into interventions to mitigate the
risks that major cardiac surgery poses to frail patients is needed to improve clinical and
institutional outcomes.

There are several limitations that must be recognized in this literature review. Firstly,
because it is neither feasible nor reasonable to assess frailty in someone who needs
emergency surgery, every one of the studies in this review excluded patients undergoing
emergent cardiac surgery. Excluding this population means that this review only represents
non-emergent cardiac surgery. Secondly, we chose to exclude studies that utilized a single
component frailty measurement. While five-meter gait speed is commonly used as a proxy
measurement for frailty because it is simple, quick, and requires no special equipment, it
fails to represent frailty as a multifaceted, dynamic construct. For this reason, we chose to
exclude studies that used only five-meter gait speed as a measurement for frailty. Lastly, our
results have some bias because we limited our search to studies that were published and
written in English. Despite these limitations, this review highlights important areas for future
research and identifies several multicomponent frailty assessment tools that show promise in
predicting cardiac surgery outcomes.

Conclusions

Measuring frailty as an indicator of postoperative outcomes is a recent but critically
important effort. The variety of measurement tools to assess frailty in the invasive cardiac
surgical population demonstrates a lack of consensus on an appropriate tool. There is

great opportunity to improve outcomes for this patient population by converging on a
common set of appropriate measurements. The evidence in this review suggest the Fried
Frailty phenotype and Clinical Frailty Scale are most commonly used in the setting of
cardiac surgery, and that many different frailty tools show promising utility and should be
considered as part of an overall strategy to reduce frailty-associated complications. Findings
also make apparent the importance of future studies that incorporate patient-centered
outcomes like quality-of-life and functional status.
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What’s New:

1. This review provides an updated, more complete picture of the body of
literature linking multicomponent frailty assessment and invasive cardiac
surgery outcomes.

2. Unlike previous systematic reviews, this review utilizes the now accepted
definition of frailty as a multi-faceted, measurable phenomenon. It highlights
the heterogeneity of the current frailty measurement tools being used,
describes and compares them in detail, and defines the domains most
commonly being measured.

3. This review highlights the need for frailty research driven by patient-centered
outcomes.
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2581 Studies imported for screening

Page 13

1887 Titles and abstracts screened

> 694 Duplicates

P»| 1716 Studies Excluded

171 Full-texts screened

152 Studies Excluded

- 45 Had the wrong study design

- 36 Used an unvalidated frailty measure

- 28 Examined the wrong outcomes

- 22 Sampled from the wrong patient population
- 12 Were conference proceedings or abstracts

- 12 Examined the wrong surgical intervention

19 Studies were included in the
final analysis

Figure 1:
PRIMSA Diagram
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