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Objective: Current preoperative assessments for cardiac surgery, such as the European System for Cardiac
Operative Risk Evaluation II and the Society of Thoracic Surgeons risk score, are limited in their ability to pre-
dict postoperative outcomes. This is thought to be due to the reliance on chronological age as a predictor of
health. In geriatrics, frailty assessments have been developed as a tool in determining physiologic functioning
capacity. Whether or not frailty predicts postoperative outcomes independent of existing cardiac preoperative
risk scores remains unknown.

Methods:We performed a systematic review to determine the association of frailty with negative postoperative
outcomes such as major adverse cardiac and cerebrovascular events (MACCE) in patients undergoing cardiac
surgery. We searched PubMed, EMBASE, the Cochrane library, and Ageline from inception until July 2013
and screened 5913 abstracts for potential inclusion. Of these, 6 studies examined the relationship between objec-
tive frailty assessments and postoperative outcomes. Our included studies evaluated 4756 patients undergoing
cardiac surgery.

Results: Frailty, defined using multiple criteria, had a strong positive relationship with the risk ofMACCE (odds
ratio, 4.89; 95% confidence interval, 1.64-14.60). Relationships were stronger in older patients undergoing
transcatheter aortic valve replacement (TAVR) than younger patients undergoing coronary artery bypass grafting
and valvular surgery (hazard ratio for frailty in TAVR, 3.31-4.89 vs hazard ratio for non-TAVR, 1.10-3.16).

Conclusions: Patients deemed frail, determined using an objective assessment tool, have a higher likelihood of
experiencing mortality, morbidity, functional decline, andMACCE following cardiac surgery, regardless of defi-
nition. Further study is needed to determine which components of frailty are most predictive of negative post-
operative outcomes before integration in risk prediction scores. (J Thorac Cardiovasc Surg 2014;148:3110-7)
See related commentary on pages 3117-8.
In the current era of cardiac surgery, more than half of pro-
cedures are being performed in patients aged 75 years and
older.1 These elderly and often frail patients represent the
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The Journal of Thoracic and Cardiovascular Sur
fastest growing demographic in North America2 and are
at increased risk of falls, prolonged hospitalization, and
mortality after surgery.3 A comprehensive preoperative
assessment is essential to determine the relative risk and
benefit of the surgical intervention in this patient popula-
tion. The European System for Cardiac Operative Risk
Evaluation (EuroSCORE) II and Society of Thoracic
Surgeons (STS) risk scores are widely used to evaluate peri-
operative mortality and morbidity in patients undergoing
cardiac surgery.4,5 These risk assessment methods have
limitations. The EuroSCORE II typically overestimates
perioperative risk,5 whereas the STS score, which is
considered to be the global standard,3,6 has been reported
to underestimate perioperative risk in frail patients.3,7

The limitations of these risk models may be tied to their
weighting of chronological age and medical diagnoses
without a standardized and/or comprehensive evaluation of
the biological status of an elderly patient.3,8 The realization
that age is not synonymous with vulnerability to adverse
health outcomes has led to the development of the
concept of frailty. Frailty is an umbrella term that
encompasses the patient factors of malnutrition, wasting,
weakness, slowness, and inactivity. Although frailty tends
to increase with age, its assessment, measured through a
gery c December 2014
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Abbreviations and Acronyms
CABG ¼ coronary artery bypass graft
EuroSCORE ¼ European System for Cardiac

Operative Risk Evaluation
MACCE ¼ major adverse cardiac and

cerebrovascular events
STS ¼ Society of Thoracic Surgeons
TAVR ¼ transcatheter aortic valve repair
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variety of physical and cognitive tests, nutritional status,
and self-reported functional deterioration,9 is independent
of age or any specific medical condition.3 It can be thought
of as a measure of an individual’s vulnerability due to an
inability to maintain homeostasis,10 where small insults,
such as minor infections or surgeries, can have a dis-
proportionate influence on health. Frailty has been linked
to cardiovascular disease11 and increased mortality and
morbidity in the general population.12

To examine the effect of frailty on surgical outcomes, we
performed a systematic review of relevant studies examining
the association of frailty with major adverse cardiac and
cerebrovascular events (MACCE) in patients undergoing
cardiac surgery. We hypothesized that patients deemed frail
by objective criteria would have a higher risk of MACCE af-
ter undergoing cardiac surgery. We also hypothesized that
specific components (or domains) of the frailty assessment,
may be more strongly associated with MACCE than others.

METHODS
Data Sources and Search Strategy

We aimed to systematically identify observational studies of human be-

ings that explored the link between frailty, cardiac surgery, and postopera-

tive outcomes. The primary question of interest was whether or not frailty

demonstrated predictive value when determining risk of adverse outcomes

following coronary artery bypass graft (CABG) and/or valve procedures.

In collaboration with 2 medical librarians (K.M. and C.S.D.), a search strat-

egy was designed and implemented to capture all relevant studies from the

available literature. The following electronic databases were searched from

their date of establishment to July 2013: PubMed, Cochrane library, Age-

line, and EMBASE. The search strategy was tailored to each database and

used a combination of key words, including frailty, elderly, and cardiac sur-

gery, as well as medical subject headings terms. The reference lists from any

relevant review articles were cross-matched with the search results to ensure

the search terms were broad and inclusive of all relevant studies, reducing

the possibility of missing studies. The search resulted in 5913 articles.

Article Eligibility and Selection Criteria
From the 5913 articles 2 reviewers (A.S. and T.B.) selected 40 full-text

citations for text review based on the title and abstract (Figure 1). To be

included in the systematic review studies had to meet several inclusion

criteria. First, frailty measurements needed to be based on comprehensive

assessments of frailty, rather than on individual domains of frailty such as

handgrip strength. Second, clear outcomes had to be measured. Finally,

only studies that were based on a cardiac surgery population were included.

Studieswere finalized for inclusion in the systematic review after discussion

with a third reviewer (N.T.). Disagreements were resolved by consensus.
The Journal of Thoracic and Car
Data Extraction
One reviewer (A.S.) conducted the data extraction, collecting the com-

parable and relevant information. Data extraction was then verified by a

second reviewer (T.B.).

Evaluation of Risk of Bias
We evaluated each study for risk of bias using the Newcastle-Ottawa

Scale13 to assess its quality (Table 1). The Newcastle-Ottawa Scale is a

quality evaluation method for nonrandomized studies. Newcastle-Ottawa

Scale criteria are split into 3 sections: selection, comparability, and

outcome. Each study is designated a number of stars for each section, based

on predetermined queries.

Statistical Analysis
Because of significant clinical heterogeneity in the patient population,

definitions of frailty, study methodologies, and covariate adjustment

were encountered; meta-analysis was not performed.
RESULTS
Study Characteristics
The individual study characteristics are outlined in Table

2. The 6 studies each looked at the relationship between
frailty and postoperative outcomes for patients undergoing
cardiac surgery. The cardiac surgeries included CABG,
valve replacement, and transcatheter aortic valve replace-
ment (TAVR). In total, the studies encompassed 4756
patients. Three of the studies were conducted in the
United States and/or Canada and the remaining studies
were conducted in Europe. All the studies were prospective
and published after 2010. They each provided a definition
and list of criteria for determining frailty. Each study also
defined its own primary outcomes.
Measures of Frailty and Physical Function
Each study used different definitions of frailty, as outlined

in Table 3. This resulted invaryingmethods for identification
of frailty and physical function, based on currently accepted
measurements. For example, in an American study looking
at TAVR3 investigators used amodified Fried Scale, whereas
a European study14 created an assessment using certain
domains from previous assessments shown to have predic-
tive value, which they referred to as the simplified
Comprehensive Assessment of Frailty. Two studies14,15

used a modified geriatric baseline examination, whereas
another looked at the Katz Index of Independence in
Activities of Daily Living, independence in ambulation,
and previous diagnosis of dementia.16 Afilalo and col-
leagues2 looked at 4 scales for comparison. Frailty criteria
for all the studies were determined through questionnaires,
physical function tests, and lab investigations.
Four studies3,14-16 looked at frailty on a linear scale.

Each study also dichotomized the data, creating a point
on the scale that could definitively label patients as frail
or not frail. The frailty measurements in the remaining 2
diovascular Surgery c Volume 148, Number 6 3111



FIGURE 1. Flow diagram of reviewed studies.
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studies2,17 were defined to determine either the presence or
lack of frailty and did not have a correlating scale.

Association of Frailty With Postoperative Outcomes
in Patients Undergoing Cardiac Surgery

All 6 published studies related frailty in patients undergo-
ing cardiac surgery to an adverse clinical outcome (Table 4).
A Canadian study17 looked at all-cause midterm mortality
after cardiac surgery and defined frailty as any impairment
in activities of daily living or ambulation, or a history of de-
mentia. The study determined that patients who were
deemed frail had a 1.5-fold higher risk of mortality
compared with patients who were not frail (hazard ratio,
1.5; 95% confidence interval [CI], 1.1-2.2). The European
study using their Comprehensive Assessment of Frailty
definition14 found similar results, showing a relation
between frailty and an increased 1-year mortality rate
following cardiac surgery (odds ratio [OR], 1.097; 95%
CI, 1.038-1.160).

Three studies examined the relationship between frailty
and outcomes after TAVR. Two studies used a modified
TABLE 1. Newcastle-Ottawa Scale quality evaluations

First author, year Selection Comparability Outcome Total

Lee, 2010 3 0 2 5

Sundermann, 2011 4 1 1 6

Afilalo, 2012 3 1 2 6

Green, 2012 3 1 3 7

Stortecky, 2012 3 1 2 6

Schoenenberger, 2013 3 1 1 5

3112 The Journal of Thoracic and Cardiovascular Sur
Multidimensional Geriatric Assessment for determining
frailty.15,16 Both studies had parallel results, with 1
study15 finding a significant association between frailty
and functional decline (OR, 4.46; 95% CI, 1.85-10.75)
and the other16 showing an association between frailty
and increased mortality rates (OR, 3.68; 95% CI, 1.21-
11.19). In line with these 2 studies, the Canadian study
looking at TAVR3 found that using a modified Fried Scale,
patients deemed frail had a more than 3-fold higher risk of
mortality when compared with patients not deemed frail
(hazard ratio, 3.16; 95% CI, 1.33-7.51).

Afilalo and colleagues2 looked at 4 different scales to
determine frailty: the 5-item Cardiovascular Health Study
Frailty Scale, 7-item expanded Cardiovascular Health
Study Frailty Scale, 4-item MacArthur Study of Successful
Aging, and gait speed. The study looked at each scale
independently when determining a patient’s frailty. When
looking for an association between the presence of frailty
and mortality/major morbidity after CABG and/or valve
surgery, it was found that only gait speed was significant
(OR, 2.63; 95% CI, 1.17-5.90).

It is interesting to note that in patients undergoing tradi-
tional procedures such as CABG and/or valve procedures,
frailty was associated with an increased OR of mortality
ranging from 1.10 to 2.63, whereas in patients being
referred for less invasive procedures such as TAVR, frailty
was shown to be associated with a 3- to 5-fold increase in
mortality, MACCE, or functional decline. One would
speculate that the less invasive transcatheter aortic valve
implantation procedure would result in better outcomes
gery c December 2014



TABLE 2. Characteristics of included studies

First author, year Population n* Frailty measurement Outcomes measured Association

Lee, 2010 Patients undergoing cardiac

surgery

3826 Katz Index of Independence

in Activities of Daily

Living, independence in

ambulation, and previous

diagnosis of dementia

In-hospital mortality,

midterm all-cause

mortality, discharge to an

institution, and secondary

in-hospital outcomes

Frailty was linked to

increased unadjusted in-

hospital outcomes,

increased in-hospital

mortality, increased

institutional discharge, and

reduced midterm survival

Sundermann, 2011 Patients � 74 y undergoing

cardiac surgery

400 Simplified CAF 1-y all-cause mortality, and

MACCE

Frailty showed a good

predictive ability

concerning 1-y mortality

Afilalo, 2012 Patients � 70 y undergoing

CABG and/or valve

surgery

152 4 scales used:

5-item CHS

7-item expanded CHS

4-item MSSA

Gait speed

Postoperative mortality or

major morbidity

Only frailty measured

through gait speed showed

a statistically significant

association with an

increased mortality or

major morbidity

Green, 2012 Patients � 60 y with

advanced aortic disease

undergoing TAVR

159 Modified Fried Frailty

Criteria

All-cause mortality, and

procedural outcomes

Frailty was independently

associated with reduced

long-term survival after

TAVR

Stortecky, 2012 Patients � 70 y undergoing

TAVI

100 Modified Multidimensional

Geriatric Assessment

All-cause mortality, and

MACCE

Strong evidence for an

association between the

frailty index with all-cause

mortality andMACCE at 1

y post-TAVI

Schoenenberger, 2013 Patients � 70 y undergoing

TAVI

119 Modified Geriatric Baseline

Examination

Functional decline, and

functional decline or death

Frailty index was strongly

associated with functional

decline as well as mortality

CAF, Comprehensive Assessment of Frailty;MACCE, major adverse cardiac and cerebrovascular events;CABG, coronary artery bypass graft;CHS, Cardiovascular Health Study

Frailty Scale; MSSA, MacArthur Study of Successful Aging; TAVR, transcatheter aortic valve repair; TAVI, transcatheter aortic valve implantation. *Study sample size.
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for patients. However transcatheter aortic valve implanta-
tion is used to treat severe aortic stenosis and is reserved
for older patients who are deemed inoperable.15 In the
studies investigating TAVR and frailty, patients were older
and had increased EuroSCOREs, which may account for
the increase in the hazard ratios and ORs.15,16 Patients
who are undergoing TAVR are typically selected with the
notion that they would not fair well with a conventional
surgical aortic valve replacement.3 This could lead to a
discrepancy when trying to apply the studies findings to
those in a lower risk demographic.3

Risk of Bias
The 6 studies had a similar risk of bias. All the studies

have a relatively low risk of bias in the selection domains,
but had a higher risk of bias in comparability. The risk of
bias in outcome varied between studies.

DISCUSSION
In our systematic review, multiple studies identified a

relationship between frailty and adverse postoperative
outcomes following cardiac surgery. Although several
assessments (ie, definitions) of frailty were used (Table 3),
The Journal of Thoracic and Car
these studies universally demonstrated that patients classi-
fied as being frail had a higher likelihood of experiencing
mortality, morbidity, functional decline, and MACCE.
To our knowledge, our systematic review is the first to

evaluate a range of frailty assessments and their relationship
to adverse postoperative outcomes following cardiac sur-
gery. A relevant systematic review was published in 2009
and examined the relationship between frailty and cardio-
vascular disease.5 Although this review was different from
ours, both reviews shared similarities in that both used a
comprehensive and clear assessment of frailty criteria.
Together our results support our conclusion that frailty
has an influence on mortality in operative or nonoperative
patients with cardiovascular disease.5

Our review highlights some important similarities be-
tween the frailty assessments. Five studies incorporated a
physical function assessment as part of the determination
of frailty, including handgrip strength, Timed Up and Go
test, gait speed, and climbing up stairs. Poor results in
these physical function tests, in particular gait speed and
handgrip strength, can be indicative of sarcopenia,18 which
is defined as muscle loss independent of inflammation
or disease.19,20 Previous studies have already linked
diovascular Surgery c Volume 148, Number 6 3113



TABLE 3. Frailty criteria

First author,

year Frailty measurement Measurement method Criteria for frailty

Lee, 2010 Katz Index of Independence in

Activities of Daily Living,

independence in ambulation,

and previous diagnosis of dementia

� Dependence in feeding, bathing, dressing,

transferring, and toileting

� Urinary incontinence

� Walking aid or assist required

� Previous diagnosis of dementia

Defined as frail if any of the frailty elements

were present

Sundermann, 2011 Simplified CAF � Prolonged time for a patient to get up and

down from a chair 3 times

� Self-reported weakness

� Patient is asked to climb as many stairs as

they are able

� Two physicians (1 being the cardiac surgeon)

conduct a Clinical Frailty Scale as outlined

by the Canadian Study of Health and Aging

� High serum creatinine level

Results from the CAF scores are tabulated into

a scale from 1 to 35 points as outlined by the

supplementary CAF Test Sheet. Scores

between 1 and 10 are deemed not frail,

between 11 and 25 are deemed moderately

frail, and between 26 and 36 are deemed

severely frail

Afilalo, 2012 4 scales used:

5-item CHS

7-item expanded CHS

4-item MSSA

Gait speed

� 5-item CHS used gait speed, handgrip

strength, inactivity, exhaustion, and weight

loss

� 7-item CHS used the above as well as

cognitive impairment and depressed mood

� 4-item MSSA used gait speed, handgrip

strength, inactivity, and cognitive

impairment

� prolonged time for gait speed test (� 6 sec to

walk 5 m)

Defined as frail if any of the 4 scales deemed

patient as frail

Green, 2012 Modified Fried Frailty Criteria � Slow 15-m gait speed

� Weak dominant handgrip strength

� Assistance required in any of Katz Index of

Independence in Activities of Daily Living

criteria

� Serum albumin as a measurement of

malnutrition

Defined frailty as a score>5 on a scale from 0-

12 where a higher score equated to more frail

For gait speed, grip strength, and serum

albumin, based on which quartile a patient

was in, a value of 0-3 was given for each

quartile in descending order. For activities of

daily living, 0 points were given for

independent and 3 for dependent

Stortecky, 2012 Modified Multidimensional

Geriatric Assessment

� MMSE showing cognitive impairment

� MNA shows malnutrition

� TUG showing limitation of mobility

� BADL and instrumental activities of daily

living showed an activity with limitation

� Preclinical mobility disability defined as

decreased frequency of walking 200 m and/

or climbing stairs in preceding 6 mo

Defined frailty as � 3 points,

2 points if MMSE<21,

1 point if MMSE �21 and<27, MNA<12,

TUG �20 sec, BADL with at least 1 limited

activity, instrumental activities of daily

living with at least 1 limited activity,

preclinical mobility disability

Schoenenberger,

2013

Modified Geriatric Baseline

Examination

� MMSE showing cognitive impairment

� MNA shows malnutrition

� TUG showing limitation of mobility

� BADL and instrumental activities of daily

living showed an activity with limitation

� Preclinical mobility disability defined as

decreased frequency of walking 200 m and/

or climbing stairs in preceding 6 mo

Defined frailty as � 3 points,

2 points if MMSE<21,

1 point if MMSE � 21, and<27, MNA<12,

TUG� 20 sec, BADL with at least 1 limited

activity, instrumental activities of daily

living with at least 1 limited activity,

preclinical mobility disability

CAF, Comprehensive Assessment of Frailty; CHS, Cardiovascular Health Study; MSSA, MacArthur Study of Successful Aging; MMSE, Mini Mental State Exam; MNA, Mini

Nutritional Assessment; TUG, Timed Up and Go test; BADL, basic activities of daily living.
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sarcopenia to the frailty syndrome.18,19,21 We speculate that
physical function tests and sarcopenia measurements,
which seem to be significant in frailty assessments,
may have a potential role in risk assessments for
3114 The Journal of Thoracic and Cardiovascular Sur
cardiac surgery and should be an area of further
research. Significant measurements could potentially be
incorporated into existing operative risk assessments, such
as the EuroSCORE and STS risk score, allowing better
gery c December 2014



TABLE 4. Associations reported within included studies

First author, year Association

Odds ratio (OR) or hazard ratio (HR)

and 95% confidence interval (CI)

Lee, 2010 After cardiac surgery, frailty is associated with in-hospital mortality

After cardiac surgery, frailty is associated with prolonged institutional care

After cardiac surgery, frailty is associated with midterm mortality

OR, 1.8; 95% CI, 1.1-3.0

OR, 6.3; 95% CI, 4.2-9.4

HR, 1.5; 95% CI, 1.1-2.2

Sundermann, 2011 Frailty is associated with 1-y mortality after cardiac surgery OR, 1.097; 95% CI, 1.038-1.160

Afilalo, 2012 Frailty as measured through gait speed is associated with mortality or major morbidity

after coronary artery bypass graft and/or valve surgery

OR, 2.63; 95% CI, 1.17-5.90

Green, 2012 Frailty is associated with increased 1-y mortality after transcatheter aortic valve repair HR, 3.16; 95% CI, 1.33-7.51

Stortecky, 2012 Frailty is associated with increased all-cause mortality 1-y after transcatheter aortic

valve implantation

Frailty is associated with increased major adverse cardiac and cerebrovascular events

1 y after transcatheter aortic valve implantation

OR, 3.68; 95% CI, 1.21-11.19

OR, 4.89; 95% CI, 1.64-14.60

Schoenenberger, 2013 After transcatheter aortic valve implantation, frailty is associated with functional

decline

After transcatheter aortic valve implantation, frailty is associated functional decline or

death

OR, 3.31; 95% CI, 1.21-9.03

OR, 4.46; 95% CI, 1.85-10.75
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preoperative risk stratification of patients. In addition,
protocols need to adopt scoring systems for evaluating
frailty that do not exclude patients who cannot
complete the performance measures. In other settings,
nonperformance of performance measures, as well as
inability or unwillingness to undertake the test, is
associated with worse outcomes.22

There is clinical and research relevance to the findings of
our systematic review. Health care systems will have to plan
for the large increase in aging among the world’s popula-
tion. Evidence to support this includes an estimate that by
the year 2050 the population of those aged 65 years will
grow to 2 billion.10 It is important to note that heart failure
is the leading cause of hospitalization in those aged � 65
years.23 In addition, frailty has been found to be quite prev-
alent among community-dwelling adults with heart failure
and could play a role in heart failure development and man-
agement.23 Interestingly, obese patients with heart failure
fair better then leaner patients with heart failure, including
those who are frail and cachectic, despite obesity being a
major risk factor for coronary heart disease and hyperten-
sion, 2 of the most compelling risk factors for heart fail-
ure.24 This obesity paradox, as it is described, likely has
many potential mechanisms. Relating to frailty, 1 explana-
tion for this paradox is that patients who experience weight
loss are at a very high risk for developing frailty, whereas
obese patients have a lesser but still significant risk.25 Obese
patients have more metabolic reserve, and combined with
the lower rate of frailty, can likely cope better with the cata-
bolic effects of heart failure.24

The syndrome of frailty is important from a cardiac
rehabilitation perspective because cardiac rehabilitation
programs can help to increase normal functional abilities,
as well as improve psychosocial well-being and exercise
capacity.26 These rehabilitation programs seem to address
The Journal of Thoracic and Car
some components of frailty. In addition, a study looking
at cardiac patients undergoing cardiac rehabilitation and
exercise training found that participants of this program
had a decrease in mortality and that increased attendance
led to increased positive outcomes.26,27 Elderly patients
participating in cardiac rehabilitation programs can
improve their level of independence as well as decrease
their mortality,26 which leads to speculation that frailty is
a reversible process.
Although our study establishes the importance of frailty

in operative risk assessment, it also reveals the need for
further studies to establish which criteria are best in
deeming patients frail and are most predictive of clinical
outcomes. We found significant heterogeneity in the criteria
for frailty and in the ascertainment of postoperative out-
comes. As such, it was not possible to meta-analyze our
findings, nor compare and determine which frailty assess-
ment is superior in evaluating elderly surgical patients.
Two of the studies used the same frailty criteria15,16 but
examined different postoperative outcomes (mortality vs
functional decline). Nonetheless, both still showed that
frailty was predictive of adverse outcomes. The Canadian
study2 compared different frailty assessments within its
own study and determined gait speed to be most significant.
We believe that further large, prospective studies must be
done to directly compare and validate the performance of
different frailty measures in the prediction of relevant clin-
ical outcomes after cardiac surgery.28 Once an optimum
frailty tool is validated, frailty and its components may
help guide patient selection for surgery, as well as informing
studies of pre- and postoperative interventions aimed at
improving outcomes in patients at highest risk of adverse
sequelae. In the absence of a widely accepted tool, the Clin-
ical Frailty Scale (CFS) is a potentially practical instrument
that could be used at bedsides. A potential practical solution
diovascular Surgery c Volume 148, Number 6 3115
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could be the implementation of the CFS. The CFS, a tool
born from a mathematical accumulation of deficit model
of frailty, can function as a standardized eyeball test for
determining frailty status based on a categorized, subjective
clinical judgment of the evaluator and may be a reasonable
first choice in making assessments.28 Frailty status accord-
ing to the CFS (score � 4) could be an indication to a clini-
cian that treatment should be applied.

Our study has several strengths. First, we developed a
structured protocol incorporating detailed background
knowledge, as well as study-specific inclusion criteria and
quality assessment based on our research question. This al-
lowed us to be stringent in reviewing and evaluating the re-
sults of our search. Second, our search strategy incorporated
very broad medical subject heading terms applied to multi-
ple electronic databases to ensure themost complete capture
possible of the published literature on frailty, postoperative
outcomes, and cardiac surgery. Third, we strategically
cross-referenced the bibliographies of included articles in
an effort to further maximize our search strategy.

Our study also has some limitations. First, our search
strategy included only English language studies and it is
possible that relevant non-English publications were
missed. Second, we included only published full-text jour-
nal articles. This could introduce an element of publication
bias to our review, because some studies may only have
been published in abstract form. Third, when choosing arti-
cles for our review, we did not include articles evaluating in-
dividual elements of frailty, but only those that included a
comprehensive assessment of frailty. With significant het-
erogeneity in the data collection methods of the primary
studies used, it is difficult to ascertain which frailty mea-
surements are superior.
CONCLUSIONS
Our systematic review demonstrated that a negative rela-

tionship exists between frailty and major adverse postoper-
ative outcome following cardiac surgery, such that patients
who are deemed frail, regardless of definition used, have a
higher likelihood of experiencing mortality, morbidity,
functional decline, and MACCE. Further study is needed
in forming a standardized assessment of frailty and in deter-
mining which components of frailty correlate best with
negative postoperative outcomes.

The authors thank Kerry Macdonald, BA,MLIS, for assisting in
the literature search. The authors also thank Paul Komenda, MD,
FRCPC, Nicholas Giacomantonio, MD, FRCPC, Kenneth Rock-
wood, MD, FRCPC, and the PREHAB study investigators for
providing support.
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MMENTARY
Frailty: It’s hard to define, but you know it when you see it
Keith B. Allen, MD
P
M

In their article in this issue of the Journal entitled, ‘‘The
impact of frailty on outcomes after cardiac surgery: A
systematic review,’’ Sepehri and colleagues1 analyze the
influence that ‘‘frailty’’ has on predicting poor outcomes
after cardiac surgery. In their review of 6 contemporary,
prospective studies published during the last 4 years and
encompassing more than 4500 patients, Sepehri and col-
leagues1 conclude, not surprisingly, that patients deemed
frail by an objective assessment tool have a higher likeli-
hood of mortality, morbidity, functional decline, and major
adverse cardiac and cerebrovascular events after cardiac
surgery, regardless of how frailty is defined. Sepehri and
colleagues1 are to be complimented for highlighting the
adverse impact that frailty has on cardiac surgical out-
comes; however, a key question is whether the concept of
frailty is based on a matrix of several standardized tests or
there is one test alone that would be most predictive. To
paraphrase former Supreme Court Justice Potter Stewart,
frailty is hard to define but I know it when I see it.

Current risk models either overestimate (euroSCORE)
or underestimate (Society of Thoracic Surgeons) perioper-
ative risk; discrepancies between predicted and observed
outcomes may be confounded by a disproportionate weight
placed on chronologic age alone without taking into ac-
count the biology of the aged. Advanced age is not neces-
sarily synonymous with vulnerability to adverse health
outcomes; furthermore, the potential to use age alone inap-
propriately to ration increasingly expensive and technolog-
ically advanced health care, such as transcatheter aortic
valve replacement, has made the concept of frailty very
timely. In surgical parlance, frailty is an ambiguous but
well understood phrase that encompasses a patient’s
inability to withstand and successfully recovery from sur-
gery. Surgeons, whether consciously or unconsciously,
have always evaluated frailty. Watching the patient get
out of bed and walk across the room and testing the firm-
ness of the handshake are all part of a seasoned surgeon’s
‘‘eyeball’’ test for frailty. Of the 6 studies in this systematic
review, 5 incorporated a physical function assessment as
part of the determination of frailty, including hand grip
strength, timed get up and go test, and gait speed.
Although Sepehri and colleagues1 were unable to deter-
mine which frailty test is best, it’s clear from their review
that a more ‘‘standardized eyeball’’ test, such as the Clin-
ical Frailty Scale, may better predict postoperative
outcomes.
Although standardized frailty scores may be predictive

of poor surgical outcomes, the use of them to justify less-
invasive procedures with the hope of achieving better out-
comes may be misguided. It is clear that frailty predicts
worse outcomes with either surgical or nonsurgical proce-
dures (frail patients have worse outcomes than nonfrail
patients even without subjecting them to a procedure).
The critical question that needs to be asked is this: Does
frailty identify a group of patients who would derive pref-
erential benefit from one or another form of treatment?
Within the review of Sepehri and colleagues,1 patients
labeled as frail had a higher hazard ratio for death when
undergoing less-invasive procedures, such as transcatheter
aortic valve replacement, than when undergoing more-
invasive open procedures. Given the same frailty definition
within each study, one would expect to be able to perform
less-invasive procedures on more frail patients and have
better outcomes—not worse. This paradox might be
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