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INTRODUCTION

Physicians practicing in the modern era are confronted with an

ever aging and comorbid population. A working knowledge of the

principles of frailty and its application to distinct medical

conditions can help the clinician tailor recommendations to

optimize both patient-centered goals and traditional outcomes.

In this article, we will define frailty and synthesize the recent

evidence on its role in affecting outcomes across the spectrum of

cardiovascular disease (CVD).

Frailty is defined as a state of susceptibility in which a person

has decreased physical reserve that leads to a greater likelihood

of an adverse outcome when a stressor is applied. The concept of

frailty came to prominence after a seminal publication by Fried

et al, in which frailty was described as low overall physical activity

level, unintentional weight loss, slow walking speed, fatigue, and

loss of physical strength.1,2 Later works broadened this definition

to include a variety of other factors, ie, comorbid medical

conditions, loss of independence for activities of daily living,

low albumin levels, and cognitive impairments.3,4

The pathophysiologic basis of frailty involves an interplay of

aging-associated biologic changes and long-term ‘‘wear and tear’’

leading to subclinical organ dysfunction.5,6 The application of a

stressor (in the form of an illness) makes ‘‘subclinical’’ disease

become ‘‘clinical’’ and may result serious adverse outcomes

(Figure).7

The overall prevalence of frailty in adults age 65 years and older

has been estimated at approximately 10%. However, in patients

with significant CVD, the prevalence may be as high as 60%.8,9 In

2009, Afilalo et al10 conducted a systematic review evaluating the

risk of concomitant frailty and CVD. The study pooled 54 250

elderly patients from 9 studies and demonstrated an increased risk

of death in those with concomitant frailty and CVD with an

adjusted odds ratio (OR) ranging from 1.6 to 4.0 across the

evaluated studies.

The frail phenotype is even more pervasive in valvular heart

disease patients, particularly in calcific aortic stenosis (primarily

seen in patients older than 70 years of age). In high risk transcatheter

aortic valve implantation (TAVI) patients with calcific aortic

stenosis, the prevalence of frailty was as high as 86%.11

FRAILTY PREDICTION SCORES

A wide variety of frailty scores have been evaluated in the

literature. These scores are usually based on variations of

the 5 frailty markers originally described by Fried et al.1 The

Fried frailty score encompasses a 5-point scale with a score of

� 3 being diagnostic of frailty. The components of the scale include

slowness of gait (measured by a 5-meter speed test), physical

strength (assessed by hand grip strength), physical activity levels,

fatigue, and loss of body mass.1 An alternative test is the Short

Physical Performance Battery (SPPB), which evaluates patients

based on gait speed, chair rise strength, and balance. Each

parameter of the SPPB is scored on a 0 to 4 scale, and a score of

� 5 of 12 is considered frail.12

FRAILTY IN CARDIAC SURGERY AND TRANSCATHETER VALVE

PROCEDURES

The preponderance of literature evaluating frailty in CVD has

focused on perioperative assessment prior to cardiac surgery and

TAVI. Multiple studies have demonstrated that patients who are

frail are at higher risk for morbidity and mortality after cardiac and

noncardiac surgery.13 Makary et al14 showed a significant

increased risk of postoperative complications (OR = 2.54; 95%

confidence interval [95%CI], 1.12-5.77; P < .01), increased length of

stay (incidence rate ratio 1.69; 95%CI, 1.28-2.23; P < .01), and need

for postdischarge rehabilitation (OR = 20.48; 95%CI, 5.54-75.68;

P < .01) in those patients who were deemed frail prior to general

surgery. Lee et al15 evaluated frailty in cardiac surgery patients and

found that frailty was associated with significantly increased odds

of postoperative mortality (OR = 1.8; 95%CI, 1.1-3.0) and

institutional discharge (OR = 6.3; 95%CI, 4.2-9.4).

In TAVI patients, frailty also carries an increased risk of

mortality and postprocedural complications. Multiple small

studies have evaluated frailty markers in patients undergoing

TAVI (Table). In a study from our center evaluating 102 high-risk

patients, approximately 80% were considered frail. A diagnosis of

frailty was associated with increased mortality at 1 year (17% in the

frail and 7% in the nonfrail: hazard ratio [HR] = 3.5; 95%CI, 1.4-8.5;

P = .007) but was not associated with short-term events on

multivariate analysis.21

The University Medical Center of Göttingen in Germany

recently published their experience with frail patients undergoing

TAVI. Mortality was significantly increased in patients with frailty
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compared with the nonfrail (mortality immediately post-TAVI:

5.5% vs 1.3%; P = .04 and mortality 1 month post-TAVI: 17% vs 5.8%;

P = .002). During long-term follow up (median 537 days), 56% of

frail patients had died compared with 24% of nonfrail patients

(P < .001).18

A third study evaluated risk factors for lack of improvement in

‘‘extreme risk’’ patients undergoing TAVI with the Medtronic

CoreValveW system. Although the study showed an overall

improvement in postprocedural symptoms and quality of life, a

significant proportion of the patients (39%) did not experience

improvement. Frailty markers associated with a lack improvement

after TAVI were wheelchair bound status (OR = 2.6; 95%CI, 1.3-5.2;

P = .006) and serum albumin < 3.3 g/dL (OR = 1.8; 95%CI, 0.9-3.5;

P = .073).16

These studies demonstrate the potential powerful impact of

frailty on clinical event prediction in general surgery, cardiac

surgery, and transcatheter procedures. However, the most

commonly used risk scores for both cardiac and noncardiac

surgery do not currently incorporate frailty in their metrics, ie, the

Society for Thoracic Surgeons score and the Revised Cardiac Risk

Index. The EuroSCORE II does have mobility as part of its risk

calculation algorithm; however, it is arbitrarily defined as ‘‘severe

impairment of mobility,’’ rather than being based on functional

testing.25 The relative absence of frailty risk adjustment in these

scores has led to questions regarding their predictive power elderly

patients.13 The development of a TAVI specific risk score, which is

likely to include frailty metrics, has been the subject of significant

discussion but has not adopted to date.26

FRAILTY IN CORONARY ARTERY DISEASE

Studies have demonstrated that frail, elderly individuals have a

higher prevalence of coronary artery disease, a greater extent

of angiographic disease (including left main disease), and carry a

higher mortality than nonfrail patients.27,28 The EPESE (Estab-

lished Populations for Epidemiologic Studies of the Elderly) study

showed that impaired mobility was significantly associated with

increased risk of death from coronary artery disease (adjusted

relative risk: 1.9; 95%CI, 1.4-2.4).29

Frailty has also been associated with increased major adverse

cardiac events after non—ST-segment elevation myocardial

infarction. Ekerstad et al30 prospectively evaluated 307 patients

with non—ST-segment elevation myocardial infarction. On multi-

variate analysis, frailty was strongly associated with major adverse

cardiac events (adjusted OR = 2.2; 95%CI, 1.3-3.7) and adjusted

mortality at 1 month (OR = 4.7; 95%CI, 1.7-13.0).

The ‘‘After Eighty Study’’ (NCT01255540)31 was recently

presented at the 2015 American College of Cardiology conference.

The study, which has not yet been published, randomized

457 patients over the age of 80 with non—ST-segment elevation

myocardial infarction to invasive vs conservative strategy and

found a reduction in major adverse cardiac events in the invasive

arm (41% vs 61%; P < .001). This result indicates that, despite the

higher mortality of elderly patients after non—ST-segment

elevation myocardial infarction, older patients will still likely

benefit from coronary revascularization in the correct clinical

context. Subanalysis of this trial may give further guidance for the

optimal treatment of non—ST-segment elevation myocardial

infarction in frail patients over the age of 80 years.31

FRAILTY IN HEART FAILURE

As with coronary artery disease, frailty has been associated with

higher rates of heart failure (HF) in the older population. Studies

evaluating frailty and HF indicate that their coexistence results in

greater overall morbidity, mortality, and hospitalization rates.7,32–34

The basic mechanisms underlying this risk may be, at least partly,

due to a larger extent of myocardial injury occurring in response to

stressors over time (ie, greater damage when demand ischemia

occurs), which then leads to permanent myocardial injury, fibrosis,

and more frequent clinical decompensation.

The Health ABC study evaluated the relationship between HF

and frailty in a large cohort of adults aged 70 to 79 years over an

11-year period using the SPPB scale. The study found that, in

comparison with nonfrail patients, frail individuals had a significant

risk of developing HF (SPPB moderate frailty: HR = 1.36; 95%CI,

1.08-1.71; SPPB severe frailty: HR = 1.88; 95%CI, 1.02-3.47).35 Lupón

et al32 evaluated patients with HF who were older than 70 years and

found that 30% met frailty criteria at a younger than expected age,

which was hypothesized to be due to overlap in the clinical

syndromes of frailty and HF.7

A recent study by Sergi et al36 examined the concept of ‘‘pre-

frailty’’ as a risk factor for the development of CVD. ‘‘Pre-frailty’’
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Figure. Two of the pathways leading to frailty. The baseline biological changes associated with aging combined with subclinical disease from long-term ‘‘wear and

tear’’ lead to the signs and symptoms of the frailty phenotype. Adapted with permission from Afilalo et al.7.
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was defined as the presence of 1 or 2 out of 5 positive factors on the

Fried scale and was associated with a significantly higher risk of

developing CVD. This result was driven primarily by new diagnoses

of HF. Those patients meeting 2 criteria on the Fried frailty score

were seen to have an 80% higher risk of developing CVD (HR = 1.79;

95%CI, 1.27-2.52; P = .001). Frailty parameters that were the best

predictors of adverse events included low overall fitness level (HR

= 1.70; 95%CI, 1.07-3.50; P = .03), fatigue (HR = 1.53; 95%CI, 1.09-

2.14; P = .01), and slow gait speed (HR = 1.28; 95%CI, 1.03-1.71;

P = .03).36 The FRAIL-HF trial37 is an ongoing prospective observa-

tional study that will further elucidate outcomes in risk factors in

this population.

CONCLUSIONS

The impact of frailty on adverse clinical outcomes has been seen

repeatedly across the spectrum of CVD. Frailty has been correlated

with increased morbidity and mortality and decreased functional

status in patients undergoing cardiac or noncardiac procedures.

However, the quality of the available data on frailty is limited due

to small sample sizes and a lack of randomized trials. Additionally,

there is inadequate data comparing alternative frailty assessment

tools, and significant debate remains as to which metrics are most

clinically predictive.

Multiple studies are currently underway to address these

issues. The FRAILTY-AVR study (NCT01845207) will evaluate the

predictive ability of several frailty tools in aortic valve

procedures. The impact of frailty on outcomes in older patients

with acute coronary syndromes will be examined further in the

SILVER-AMI trial (NCT01755052). Additionally, the Society for

Thoracic Surgeons database is now collecting 5 meter gait speed

information to allow for incorporation of this metric into their

risk model.

Risk assessment and prognostication pose a significant

challenge when facing complex decisions regarding cardiovascular

management and potential use of invasive procedures in older

patients. Frailty has become a valuable clinical tool correlated with

a greater risk of myocardial infarction, HF, and death. Application

of the current data and soon to be published clinical trial results

will allow for further refinement of frailty assessment tools to

facilitate enhanced shared decision-making between aging

patients and their physicians.

CONFLICTS OF INTEREST

P. Green receives grant support for frailty research from the

National Institute of Health, Bethesda, Maryland, United States.

REFERENCES

1. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty
in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci.
2001;56:M146–56.

2. Finn M, Green P. Transcatheter aortic valve implantation in the elderly: who to
refer? Prog Cardiovasc Dis. 2014;57:215–25.

3. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the concepts
of disability, frailty, and comorbidity: implications for improved targeting and
care. J Gerontol A Biol Sci Med Sci. 2004;59:255–63.

4. Green P, Cohen DJ, Genereux P, McAndrew T, Arnold SV, Alu M, et al. Relation
between six-minute walk test performance and outcomes after transcatheter
aortic valve implantation (from the PARTNER trial). Am J Cardiol. 2013;112:
700–6.

5. Cesari M, Penninx BW, Pahor M, Lauretani F, Corsi AM, Rhys Williams G, et al.
Inflammatory markers and physical performance in older persons: the
InCHIANTI study. J Gerontol A Biol Sci Med Sci. 2004;59:242–8.

6. Schaap LA, Pluijm SM, Deeg DJ, Harris TB, Kritchevsky SB, Newman AB, et al.
Higher inflammatory marker levels in older persons: associations with 5-year
change in muscle mass and muscle strength. J Gerontol A Biol Sci Med Sci.
2009;64:1183–9.

Table

Transcatheter Aortic Valve Implantation Trials Assessing Frailty

Trial No. Design Frailty model Outcome

Osnabrugge et al16 471 Multicenter prospective

CoreValveW registry

Quality of life and functional scores

KCCQ, SF-12, EuroQol-5D

KCCQ increased at 12 months by 27.4 (95%CI,

24.1-30.8)

Yamamoto et al17 777 Multicenter retrospective

France-2 registry

BMI < 20 vs > 20 No difference in 30-day or 1-year mortality or

MACE

Puls et al18 300 Single center prospective cohort

study

Frailty assessment by Katz score Frail patients had increased risk of mortality

Immediately post-TAVI: 5.5% vs 1.3%; P = .04

1-month post-TAVI: 17% vs 5.8%; P = .002

Green et al4 484 Multicenter prospective cohort

(PARTNER trial)

6-min walk speed No difference in 30-day outcomes

Slow walkers had improved walking distance

after TAVI

Stortecky et al19 100 Prospective cohort study Frailty index score Increased 1-year mortality

OR = 3.68; 95%CI, 1.21-11.19

Schoenenberger

et al20
119 Prospective cohort study (same

cohort as Stortecky et al19)

Frailty index score Increased 1-year mortality

Adjusted OR = 1.56; 95%CI, 1.20-2.04; P = .001

Green et al21 159 Single center prospective cohort

study

Gait speed

Grip strength

Albumin

ADLs

No difference at 1 month;

Increased 1-year mortality, HR = 3.5; 95%CI,

1.4-9.5; P = .007

Green et al22 102 Single center prospective cohort

study

Gait speed No correlation between gait speed alone and

adverse outcomes

Ewe et al23 147 Multicenter prospective cohort

study

Fried score > 3 Increased 9-month mortality, HR = 4.2; 95%CI,

2.0-8.8

Rodés-Cabau

et al24
345 Multicenter retrospective cohort

study

Physician opinion No difference in outcome at 30 days and

8 months

95%CI, 95% confidence interval; ADLs, activities of daily living; BMI, body mass index; HR, hazard ratio; OR, odds ratio; KCCP, Kansas City Cardiomyopathy Questionnaire;

MACE, major adverse cardiac events; SF-12, Short form 12; TAVI, transcatheter aortic valve implantation.

M. Finn, P. Green / Rev Esp Cardiol. 2015;68(8):653–656 655

http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0190
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0190
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0190
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0195
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0195
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0200
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0200
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0200
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0205
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0205
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0205
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0205
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0210
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0210
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0210
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0215
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0215
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0215
http://refhub.elsevier.com/S1885-5857(15)00209-1/sbref0215


7. Afilalo J, Alexander KP, Mack MJ, Maurer MS, Green P, Allen LA, et al. Frailty
assessment in the cardiovascular care of older adults. J Am Coll Cardiol.
2014;63:747–62.

8. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in
community-dwelling older persons: a systematic review. J Am Geriatr Soc.
2012;60:1487–92.

9. Bibas L, Levi M, Bendayan M, Mullie L, Forman DE, Afilalo J. Therapeutic
interventions for frail elderly patients: part I. Published randomized trials.
Prog Cardiovasc Dis. 2014;57:134–43.

10. Afilalo J, Karunananthan S, Eisenberg MJ, Alexander KP, Bergman H. Role
of frailty in patients with cardiovascular disease. Am J Cardiol. 2009;103:
1616–21.

11. Webb J, Gerosa G, Lefevre T, Leipsic J, Spence M, Thomas M, et al. Multicenter
evaluation of a next-generation balloon-expandable transcatheter aortic valve.
J Am Coll Cardiol. 2014;64:2235–43.

12. Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-extremity
function in persons over the age of 70 years as a predictor of subsequent
disability. N Engl J Med. 1995;332:556–61.

13. Kurlansky P. Do octogenarians benefit from coronary artery bypass surgery:
a question with a rapidly changing answer? Curr Opin Cardiol. 2012;27:
611–9.

14. Makary MA, Segev DL, Pronovost PJ, Syin D, Bandeen-Roche K, Patel P, et al.
Frailty as a predictor of surgical outcomes in older patients. J Am Coll Surg.
2010;210:901–8.

15. Lee DH, Buth KJ, Martin BJ, Yip AM, Hirsch GM. Frail patients are at increased
risk for mortality and prolonged institutional care after cardiac surgery. Circu-
lation. 2010;121:973–8.

16. Osnabrugge RL, Arnold SV, Reynolds MR, Magnuson EA, Wang K, Gaudiani VA,
et al. Health status after transcatheter aortic valve replacement in patients at
extreme surgical risk: results from the CoreValve U.S. trial. JACC Cardiovasc
Interv. 2015;8:315–23.

17. Yamamoto M, Hayashida K, Watanabe Y, Mouillet G, Hovasse T, Chevalier B,
et al. Effect of body mass index <20 kg/m2 on events in patients who underwent
transcatheter aortic valve replacement. Am J Cardiol. 2015;115:227–33.

18. Puls M, Sobisiak B, Bleckmann A, Jacobshagen C, Danner BC, Hunlich M, et al.
Impact of frailty on short- and long-term morbidity and mortality after trans-
catheter aortic valve implantation: risk assessment by Katz Index of activities of
daily living. EuroIntervention. 2014;10:609–19.

19. Stortecky S, Schoenenberger AW, Moser A, Kalesan B, Juni P, Carrel T, et al.
Evaluation of multidimensional geriatric assessment as a predictor of mortality
and cardiovascular events after transcatheter aortic valve implantation. JACC
Cardiovasc Interv. 2012;5:489–96.

20. Schoenenberger AW, Stortecky S, Neumann S, Moser A, Juni P, Carrel T, et al.
Predictors of functional decline in elderly patients undergoing transcatheter
aortic valve implantation (TAVI). Eur Heart J. 2013;34:684–92.

21. Green P, Woglom AE, Genereux P, Daneault B, Paradis JM, Schnell S, et al. The
impact of frailty status on survival after transcatheter aortic valve replacement
in older adults with severe aortic stenosis: a single-center experience. JACC
Cardiovasc Interv. 2012;5:974–81.

22. Green P, Woglom AE, Genereux P, Maurer MS, Kirtane AJ, Hawkey M, et al. Gait
speed and dependence in activities of daily living in older adults with severe
aortic stenosis. Clin Cardiol. 2012;35:307–14.

23. Ewe SH, Ajmone Marsan N, Pepi M, Delgado V, Tamborini G, Muratori M, et al.
Impact of left ventricular systolic function on clinical and echocardiographic
outcomes following transcatheter aortic valve implantation for severe aortic
stenosis. Am Heart J. 2010;160:1113–20.

24. Rodes-Cabau J, Webb JG, Cheung A, Ye J, Dumont E, Feindel CM, et al. Trans-
catheter aortic valve implantation for the treatment of severe symptomatic
aortic stenosis in patients at very high or prohibitive surgical risk: acute and
late outcomes of the multicenter Canadian experience. J Am Coll Cardiol.
2010;55:1080–90.

25. Poullis M, Pullan M, Chalmers J, Mediratta N. The validity of the original
EuroSCORE and EuroSCORE II in patients over the age of seventy. Interact
Cardiovasc Thorac Surg. 2015;20:172–7.

26. Magalhaes MA, Minha S, Pichard AD. Transcatheter aortic valve implantation
mortality risk score: are we ready to gaze into our next ‘‘crystal ball’’? Euro-
Intervention. 2014;10:897–9.

27. Gharacholou SM, Roger VL, Lennon RJ, Rihal CS, Sloan JA, Spertus JA, et al.
Comparison of frail patients versus nonfrail patients �65 years of age under-
going percutaneous coronary intervention. Am J Cardiol. 2012;109:1569–75.

28. Sanchis J, Bonanad C, Ruiz V, Fernández J, Garcı́a-Blas S, Mainar L, et al. Frailty
and other geriatric conditions for risk stratification of older patients with acute
coronary syndrome. Am Heart J. 2014;168:784–91.

29. Corti MC, Salive ME, Guralnik JM. Serum albumin and physical function as
predictors of coronary heart disease mortality and incidence in older persons. J
Clin Epidemiol. 1996;49:519–26.

30. Ekerstad N, Swahn E, Janzon M, Alfredsson J, Lofmark R, Lindenberger M, et al.
Frailty is independently associated with short-term outcomes for elderly
patients with non—ST-segment elevation myocardial infarction. Circulation.
2011;124:2397–404.

31. Tegn N. ACC 2015 late breaking clinical trial: After Eighty Study. Invasive vs.
conservative strategy in patients over 80 years with non-ST-elevation myocar-
dial infarction or unstable angina pectoris [accessed 2015 Abr 22]. Available at:
http://my.americanheart.org/idc/groups/ahamah-public/@wcm/@sop/@scon/
documents/downloadable/ucm_472813.pdf
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