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Abstract

As the population ages, older adults represent an increasing proportion of patients referred to 

the cardiac catheterization laboratory. Older adults are the highest-risk group for morbidity and 

mortality, particularly after complex, high-risk percutaneous coronary interventions. Structured 

risk assessment plays a key role in differentiating patients who are likely to derive net benefit vs 

those who have disproportionate risks for harm. Conventional risk assessment tools from national 

cardiovascular societies typically rely on 3 pillars: 1) cardiovascular risk; 2) physiologic and 

hemodynamic risk; and 3) anatomic and procedural risks. We propose adding a fourth pillar: 

geriatric syndromes, as geriatric domains can supersede all other aspects of risk.
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With the evolution in technical expertise and device technology of percutaneous 

coronary intervention (PCI), complex interventions in high-risk older populations are now 

increasingly feasible and often lifesaving and/or life restoring by improving quality of life. 

Nonetheless, older adults remain at elevated risk for morbidity and mortality both during 

and after PCI, particularly in the case of complex, high-risk procedures.1 Structured risk 

assessment provides a vital function in clinical medicine, assisting clinicians in identifying 

patients most likely to derive relatively greater benefit than harm from a test or treatment.2 

Risk stratification tools are recommended as part of routine management for patients with 

acute coronary syndromes to help guide revascularization decisions and plan for potential 

complications.3,4 Subjective risk assessment approaches are prone to bias, with potential for 

suboptimal care.5 This is even more relevant to older patients, who may face implicit biases 

from clinicians related to ageism,6 and in whom the contributors to overall risk become 

more numerous and complex. Early recognition of high-risk older adults can facilitate 

delivery of appropriate and/or necessary therapies more likely to provide benefit and 

plays an important role in complex decision-making, ultimately enhancing the care of this 

vulnerable population.7 This supports the primacy of objective risk assessment approaches 

dedicated to older adult populations.

Although a plethora of risk stratification tools for PCI have been developed with excellent 

performance characteristics in the general population,8–10 these models have either not been 

validated in older adults (>75 years old) or have failed to incorporate the contributions 

of geriatric-specific risk factors. While advanced age is an independent contributor to 

overall risk, several other contributors are also present in older adults. Geriatric syndromes, 

including frailty, multimorbidity, and polypharmacy, profoundly influence short- and long-

Nanna et al. Page 2

JACC Adv. Author manuscript; available in PMC 2023 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



term outcomes following PCI.11–13 Conventional risk approaches identify periprocedural 

and short-term risk from assessments in 3 pillars of risk: 1) cardiovascular risk assessment 

based on demographic, clinical, and presentation characteristics; 2) high-risk physiologic 

and hemodynamic subgroups; and 3) anatomic and procedural considerations.14 However, 

the conventional approach does not incorporate geriatric syndromes.

In this 2-part Expert Panel from the Geriatric Cardiology and Interventional Cardiology 

Leadership Councils, we discuss key considerations for older adults undergoing PCI. In Part 

1, we review the conventional 3 pillars of risk as they relate to older adults undergoing 

PCI and highlight the importance of a fourth pillar, the geriatric risk assessment (Central 

Illustration). In Part 2, we discuss a practical approach to using routine geriatric assessment 

as part of the comprehensive preprocedural evaluation of older adults being considered for 

PCI, pharmacotherapy considerations, and the role of the Geriatric Heart Team.

ASSESSMENT OF RISK

CARDIOVASCULAR RISK ASSESSMENT.

The first pillar of risk is the cardiovascular risk assessment, which includes data from 

the patient’s demographics and clinical comorbidities, clinical presentation, physical 

examination, diagnostic tools, and validated risk scores to estimate prognosis, thrombotic 

risk, and bleeding risk (Table 1). This begins with baseline demographic and clinical 

predictors of risk, many of which are more common with age, followed by a diagnostic 

assessment that includes physical examination, laboratory, and noninvasive testing.1,9,15 

Clinical presentation characteristics also influence risk. For example, patients presenting 

with ST-segment elevation myocardial infarction or after surgical turndown for coronary 

artery bypass graft surgery both suffer from an increased risk of adverse outcomes.9,15 

Standard cardiovascular risk scores such as the GRACE (Global Registry of Acute Coronary 

Events) score, the TIMI score, and the CRUSADE (Can Rapid Risk Stratification of 

Unstable Angina Patients Suppress Adverse Outcomes with Early Implementation of the 

American College of Cardiology/American Heart Association Guidelines score can quantify 

risk of all-cause mortality, bleeding, and readmission following an index acute coronary 

syndromes event16,23,25,26 (Table 1).

HEMODYNAMICS AS A RISK FACTOR.

The second traditional pillar of risk for patients undergoing PCI is the patient’s 

hemodynamic status as many powerful predictors of procedural risk in prior models have 

been related to the high-risk hemodynamic features. These risks are especially common 

in older adults due to age-associated declines in cardiovascular reserve and the higher 

prevalence of vascular stiffening and impaired autonomic and neurohumoral autoregulation. 

Older adults also have higher prevalence of more advanced cardiovascular disease at the 

time of presentation, including valvular heart disease and acute heart failure. In the most 

recent risk models derived from the National Cardiovascular Data Registry (NCDR), the 

strongest predictors of in-hospital mortality were markers of clinical instability including 

salvage PCI and cardiogenic shock.9,15 Particularly high risk clinical and hemodynamic 

groups are reviewed here are summarized in Table 2.
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ANATOMIC AND PROCEDURAL RISK.

The consideration of anatomic and procedural risk represents the third pillar of risk 

for patients undergoing PCI and begins with a dedicated heart team that considers a 

patient-centered approach to anatomic and technical risks and optimal revascularization 

strategies.40,41 An initial assessment involves recognition of certain high-risk anatomic 

lesions including left main disease and proximal left anterior descending artery disease, 

increased number of diseased vessels, chronic total occlusion(s), severe calcification 

requiring advanced techniques, long lesion length (>60 mm), and in-stent thrombosis, all 

of which confer increased risk of adverse outcomes.9,15,42,43 Older patients with coronary 

artery disease often have high-risk coronary anatomic features that should prompt a 

systematic approach to minimize procedural risks and optimize outcomes.44,45 Of particular 

importance in the older adult population are need for calcium modification techniques, 

mechanical support consideration, and bleeding avoidance strategies. We review these 

considerations in Table 3.

GERIATRIC SYNDROMES.

The fourth pillar of a comprehensive risk assessment in older patients is the measurement 

and consideration of geriatric syndromes. Geriatric syndromes refer to clinical conditions 

that do not fit into one disease category and have multiple shared risk factors including 

cognitive and functional impairment and reduced mobility. The presence of advanced 

geriatric syndromes in this population complicates decision-making, may result in 

significant delays in care, and increases procedural risks. A 4-domain framework has 

been proposed in other cardiovascular populations that include physical function, mind and 

emotion, medical, and social environment domains to address the multidimensional needs 

of older adults.78 We review in detail the geriatric syndromes falling under the physical 

function, mind and emotion, and medical domains below as they relate to risk in older adults 

undergoing PCI.

PHYSICAL FUNCTION DOMAIN

The physical function domain includes geriatric syndromes impacting the individual 

patient’s capacity to complete basic and more complex activities of daily life, including 

frailty, sarcopenia, disability, and falls.79 These are reviewed within the context of risk for 

cardiac catheterization and PCI below.

FRAILTY.

Frailty has been defined as a state of vulnerability to outside clinical and nonclinical 

stressors due to reduced physiological reserve across multiple organ systems.80–82 Multiple 

instruments are available to assess frailty, resulting in variable prevalence depending on 

the population undergoing cardiac catheterization and the particular scale utilized.83 Frailty 

is associated with increased susceptibility to stressful events and has an extremely high 

prevalence among older adults with coronary heart disease, with >50% of older adults 

meeting frailty criteria according to some estimates.11,81,84 One study showed that one-fifth 

of patients over the age of 65 are frail at the time of PCI based on Fried criteria,80 and frailty 

was associated with a higher burden of comorbidities, greater burden of coronary disease, 
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and worsened functional status.85 A separate study, also using the Fried criteria showed that 

up to two-thirds of patients undergoing PCI met frailty criteria.62

In addition to the high prevalence of frailty among older adults undergoing cardiac 

catheterization, the clinical impact of frailty is compounded by its association with a variety 

of adverse clinical outcomes, including higher rates of medication intolerance, procedural 

complications, and in-hospital mortality, as well as progression of cognitive decline, 

disability, falls, and loss of independence.86,87 Several studies in patients undergoing 

coronary artery bypass grafting reveal an association between baseline frailty and increased 

risk of prolonged length of stay, readmission, disability, and mortality.88,89 Fewer studies 

have examined the relationship between frailty in patients specifically undergoing PCI. In 

1 single-center study of patients (mean age of 62 years) undergoing PCI, just 11% of 

patients were frail, defined as Clinical Frailty Score (CFS) ≥5, but the presence of frailty 

was associated with increased 30-day and 1-year mortality.63 While frailty appears to be 

associated with higher risk among those undergoing PCI, in a claims-based study of nearly 

500,000 patients (mean age 82 years) admitted with acute myocardial infarction (AMI), 

frail patients who underwent PCI had improved mortality compared with frail patients 

who did not undergo PCI (frailty prevalence = 19%).11 Importantly, claims-based studies 

likely underestimate the prevalence of frailty due to marked under-coding of frailty among 

inpatients. Indeed, despite frailty conferring a higher risk for adverse outcomes, frail older 

patients with AMI still derive a survival benefit from revascularization.11 Nonetheless, 

the presence of frailty, measured or assumed, likely influences clinical decision-making, 

resulting in a reduced probability of referral for an invasive procedure, and adversely 

impacts patients’ quality of life.11,72,90–92

The addition of frailty to risk models can improve their performance in older adults. For 

example, the addition of frailty, comorbidity, and quality of life to the Mayo Clinic risk 

assessment mortality model significantly improved the prediction of long-term mortality 

in older adults following PCI with a net reclassification improvement of 43%.62 More 

recently, the NCDR began collecting frailty, divided into 9 categories ranging from very fit 

to terminally ill and defined based on the Canadian Study of Health and Aging Clinical 

Frailty Scale.93 With this, a risk model developed using the NCDR Cath PCI Registry was 

updated to include 5 new variables, including frailty, to the previous risk model, and the 

addition of frailty improved discrimination of risk.9 Severe frailty conferred more than 3 

times the odds of in-hospital mortality in the final risk model.9 Studies examining the impact 

of frailty and other key geriatric syndromes in this patient population are summarized in 

Table 4.

SARCOPENIA.

Sarcopenia is defined by the progressive loss of skeletal muscle mass, quality, and function 

with associated weakness.79,94 When clinical suspicion is high, sarcopenia can be diagnosed 

by a combination of instruments measuring muscle strength, muscle mass, and physical 

performance according to a recent statement from the American College of Cardiology 

Geriatric Leadership Council.79 Cardiovascular disease is a risk factor for the development 

and acceleration of sarcopenia, with prevalence rates approaching 30% in older adults with 
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cardiovascular disease79,95,96; in juxtaposition, sarcopenia predicts the future development 

of atherosclerotic cardiovascular disease and is an independent predictor of major adverse 

cardiovascular events.96,97 Lab markers of sarcopenia (sarcopenia index: serum creatinine 

to cystatin C ratio)79,98 and reduced skeletal muscle mass99 have also been correlated with 

lower quality of life after percutaneous procedures. While data on the association be- tween 

sarcopenia and mortality in patients undergoing PCI are limited, sarcopenia strongly predicts 

mortality risk among older adults undergoing transcatheter aortic valve replacement.100

DISABILITY.

Disability is the decreasing ability to care for oneself and to complete the usual activities 

of daily living, leading to loss of independence and reduced quality of life.101 Disability 

before and after cardiac procedures is an important quality of life and mortality indicator, 

and trajectories are influenced by preprocedural frailty and postprocedural delirium 

and procedural complications. Atherosclerotic cardiovascular disease is associated with 

functional impairment, and disability is conversely associated with increased risk of 

periprocedural complications, cardiovascular events, and mortality.102–104

Disability can also influence treatment goals and priorities for individual patients. 

Temporary or non-permanent disability is a significant concern for hospitalized patients 

undergoing PCI who may require bedrest and interruption in normal sleep patterns.105,106 

While disability confers a higher risk for revascularization procedures, revascularization by 

PCI has been associated with significantly less functional decline in older (age 75 years 

or older) adults hospitalized with acute MI compared with those treated with medical 

management alone.73 Thus, physical function and disability are important considerations 

not only when assessing the older patient’s overall risk but also in light of the procedure’s 

potential impact on future physical function (both positive and negative).

FALLS.

Falls are a major concern for older adults undergoing cardiac catheterization and are 

associated with high rates of morbidity and mortality.107,108 Sedating medications and 

prolonged bedrest around catheterization can predispose older patients to falls and the use 

of anticoagulation and antiplatelet agents can put these patients at higher risk of severe 

bleeding complications in the context of falls. Heightened awareness of these risks is 

necessary to avoid complications while still maintaining access to necessary treatments. 

Fall prevention efforts are of paramount importance, including multifactorial assessments 

of risk, use of mobility aids, appropriate footwear, vision and hearing aids, and minimizing 

clutter that may cause a patient to trip and fall.108

MIND AND EMOTION DOMAIN

The mind and emotion domain includes geriatric syndromes that effect cognition and 

emotions that in turn have relevant effects for procedural risk. These include cognitive 

impairment, delirium, and depression as outlined below.
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COGNITIVE IMPAIRMENT.

Cognitive function spans a spectrum from age-related cognitive decline, mild cognitive 

impairment, and major neurocognitive impairment (dementia), as well as delirium. 

Cognitive impairment increases in prevalence as patients age with rates exceeding 40% in 

nonagenarians.109,110 Cognitive issues are particularly prevalent among older patients with 

overlapping comorbidities that lead to cardiac procedures, with one study (median age 80 

years) reporting a prevalence of 39% in patients undergoing percutaneous procedures.111

Mild cognitive impairment is associated with decreases in cognitive function without 

loss of functional independence, while dementia is characterized by severe memory loss 

and loss of executive function, leading to loss of functional independence and ability to 

complete activities of daily living.112,113 This can influence adherence to therapies, impair 

decision-making, increase the risk of delirium and periprocedural morbidity and mortality, 

and contribute to excess morbidity, mortality, and health care cost.112–114 Individuals with 

moderate to severe dementia are less likely to undergo invasive cardiac procedures, such 

as in the setting of acute MI,75,77 and moderate to severe dementia confers a high risk for 

delirium and poor prognosis overall.12 Moderate to severe dementia is the most common 

reason for percutaneous revascularization to be deemed “rarely appropriate” based on 

appropriate use criteria.115 However, it is important that the cardiovascular team does not 

deny “life-saving care” to patients with less severe degrees of dementia.

DELIRIUM.

Delirium is characterized by an acutely confused state with altered attention, orientation, 

awareness, cognition, and behavior.116,117 Delirium is common among hospitalized older 

adults, with an incidence ranging from 20% in the cardiac intensive care unit to more 

than 80% of mechanically ventilated patients.118–120 Delirium can be exacerbated by many 

of the medications older PCI patients are exposed to, especially commonly used agents 

for conscious sedation, including opiates and benzodiazepines.121 Delirium has significant 

adverse consequences among older adults, with high rates of complications such as falls, 

prolonged length of stay, discharge to facilities, rehospitalization, mortality, and increased 

cost.118,119,122,123

DEPRESSION.

Depression and other mental health conditions are important contributors to overall risk 

among older adults. Despite being common with approximately 15% of community 

dwelling older adults having clinically significant depressive symptoms,124–126 depression 

remains both underdiagnosed and undertreated in this population.127 Depression is also 

linked to adverse clinical outcomes and mortality following PCI.128

MEDICAL DOMAIN.

The medical domain includes geriatric syndromes related to chronic conditions and the 

adverse consequences from those conditions including multimorbidity, polypharmacy, and 

incontinence.
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MULTIMORBIDITY.

Multimorbidity, also described as multiple chronic conditions, is defined by the Centers 

for Medicare & Medicaid Services as having 2 or more chronic conditions. The majority 

of older adults undergoing PCI meet criteria for multimorbidity.129,130 The presence 

of multiple chronic conditions also has a profound impact on clinical outcomes and 

quality of life, including increased risk of in-hospital complications and mortality with 

decreased likelihood of revascularization, and increased disability, polypharmacy, loss of 

independence and falls.87,131,132 Certain comorbid conditions may be more relevant than 

others because they have greater effect on outcomes, for example, stroke, prior MI, heart 

failure, malignancy, or chronic kidney disease. In a recently published risk model by Singh 

and colleagues, the presence of metastatic malignancy stood out as one of the strongest 

predictors of complications following PCI.43

POLYPHARMACY.

Multimorbidity is often accompanied by polypharmacy, which increases the risk of 

medication interactions, delirium, hospitalizations, and other adverse events. Polypharmacy 

is commonly defined as the chronic use of 5 or more medications; the use of 10 or more 

medications has been termed hyper-polypharmacy.133–135 The presence of polypharmacy 

in older adults poses significant risk for drug-drug and drug-disease interactions, 

adverse drug reactions, and procedural complications, in individuals undergoing PCI 

who frequently require sedating medications, anticoagulation, and platelet inhibition 

periprocedurally.13,136,137 Notably, the majority of older individuals with polypharmacy 

have at least one potential severe drug-drug interaction, and the risk exceeds 90% in those 

with hyper-polypharmacy.135

INCONTINENCE.

Under-recognized and underappreciated, incontinence is a major contributor to morbidity 

in older patients, impacting quality of life and functional independence.138,139 Incontinence 

can also have important implications periprocedurally and contribute to patient reluctance 

and apprehension about the procedure.

CONCLUSIONS

Quantification of risk is the foundation of any preprocedural assessment of older 

adults presenting to the cardiac catheterization laboratory. Given the prevalence of 

geriatric syndromes in older adults and their strong association with clinical outcomes, a 

comprehensive risk assessment in older adults should include a geriatric risk assessment 

with the incorporation of geriatric syndromes into the risk-benefit calculus. Accordingly, 

inclusion of a geriatric risk assessment into the routine care path of older adults presenting 

for invasive cardiovascular procedures must be prioritized if we are to achieve the successful 

integration of geriatric principles into interventional cardiology practice.
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NCDR National Cardiovascular Disease Registry
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HIGHLIGHTS

• Older adults are at elevated risk for morbidity and mortality both during and 

after PCI.

• The risk assessment of older adults undergoing PCI currently includes 3 

major pillars of risk, summarized as the cardiovascular, hemodynamic, and 

anatomic/procedural risks.

• We propose the addition of a fourth pillar, geriatric syndromes, given their 

profound impact on the periprocedural risk and outcomes of older adults.
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Influencing the Individual Risk of Older Adults Undergoing Percutaneous Coronary 
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Nanna et al. Page 18

JACC Adv. Author manuscript; available in PMC 2023 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nanna et al. Page 19

TA
B

L
E

 1

C
ar

di
ov

as
cu

la
r 

R
is

k 
A

ss
es

sm
en

t i
n 

O
ld

er
 A

du
lts

 W
ith

 C
or

on
ar

y 
A

rt
er

y 
D

is
ea

se

C
at

eg
or

ie
s 

of
 R

is
k

E
xa

m
pl

es
 o

f 
P

re
di

ct
or

s 
of

 R
is

k
K

ey
 C

on
si

de
ra

ti
on

s 
in

 O
ld

er
 A

du
lt

s

D
em

og
ra

ph
ic

s 
an

d 
cl

in
ic

al
 

co
m

or
bi

di
tie

s1,
9,

15
Se

x
R

ac
e

So
ci

al
 d

et
er

m
in

an
ts

 o
f 

he
al

th
C

lin
ic

al
 c

om
or

bi
d 

co
nd

iti
on

s 
(c

ar
di

ac
 a

nd
 

no
nc

ar
di

ac
)

• 
M

os
t c

om
or

bi
di

tie
s 

m
or

e 
co

m
m

on
 w

ith
 a

dv
an

ce
d 

ag
e

• 
C

om
or

bi
d 

co
nd

iti
on

s 
m

ay
 b

e 
at

 m
or

e 
ad

va
nc

ed
 s

ta
ge

s 
th

an
 in

 y
ou

ng
er

 p
at

ie
nt

s

D
ia

gn
os

tic
 to

ol
s

Ph
ys

ic
al

 e
xa

m
 a

bn
or

m
al

iti
es

H
ig

h-
se

ns
iti

vi
ty

 tr
op

on
in

N
T-

pr
oB

N
P

Se
ru

m
 c

re
at

in
in

e
C

ys
ta

tin
 C

E
C

G
E

ch
oc

ar
di

og
ra

m

• 
N

on
-A

C
S 

tr
op

on
in

 e
le

va
tio

ns
 a

re
 m

or
e 

co
m

m
on

 in
 o

ld
er

 a
du

lts
16

• 
E

C
G

 is
 m

or
e 

fr
eq

ue
nt

ly
 n

on
di

ag
no

st
ic

 in
 o

ld
er

 a
du

lts
17

• 
C

ys
ta

tin
 C

 p
ro

vi
de

s 
in

cr
em

en
ta

l i
m

pr
ov

em
en

t i
n 

pe
rf

or
m

an
ce

 o
f 

ex
is

tin
g 

es
tim

at
es

 o
f 

gl
om

er
ul

ar
 f

ilt
ra

tio
n 

ra
te

s 
in

 o
ld

er
 

ad
ul

ts
18

C
lin

ic
al

 p
re

se
nt

at
io

n9,
15

ST
E

M
I

N
ST

E
M

I
U

ns
ta

bl
e 

an
gi

na
Su

rg
ic

al
 tu

rn
do

w
n

• 
O

ld
er

 a
du

lts
 h

av
e 

m
or

e 
la

te
 p

re
se

nt
at

io
n 

an
d 

m
or

e 
fr

eq
ue

nt
 n

on
-c

he
st

 p
ai

n 
sy

m
pt

om
s19

,2
0

• 
T

he
 m

aj
or

ity
 o

f 
pa

tie
nt

s 
≥8

5 
y 

w
ith

 is
ch

em
ia

 p
re

se
nt

 w
ith

 d
ys

pn
ea

; o
nl

y 
40

%
 o

f 
ol

de
r 

pa
tie

nt
s 

pr
es

en
t w

ith
 ty

pi
ca

l a
ng

in
al

 
ch

es
t p

ai
n.

21

V
al

id
at

ed
 r

is
k 

sc
or

es
G

R
A

C
E

G
R

A
C

E
-2

T
IM

I
C

R
U

SA
D

E
23

• 
T

ra
di

tio
na

l r
is

k 
fa

ct
or

s 
m

ay
 lo

se
 p

re
di

ct
iv

e 
po

w
er

22

• 
M

ay
 la

be
l m

os
t o

ld
er

 a
du

lts
 a

t h
ig

h 
ri

sk
 w

ith
 li

m
ite

d 
di

sc
ri

m
in

at
io

n
• 

M
ay

 u
nd

er
es

tim
at

e 
ri

sk
 a

t t
he

 e
xt

re
m

es
 o

f 
ch

ro
no

lo
gi

ca
l a

ge
• 

D
o 

no
t d

is
tin

gu
is

h 
ty

pe
 I

 f
ro

m
 ty

pe
 I

I 
M

I,
 w

hi
ch

 is
 m

or
e 

co
m

m
on

 a
m

on
g 

ol
de

r 
pa

tie
nt

s16

• 
M

ay
 n

ot
 p

re
di

ct
 th

e 
m

os
t i

m
po

rt
an

t o
ut

co
m

es
 f

or
 s

el
ec

t p
op

ul
at

io
ns

 o
f 

ol
de

r 
ad

ul
ts

 w
ho

 m
ay

 p
ri

or
iti

ze
 f

un
ct

io
na

l o
ut

co
m

es
 

an
d 

qu
al

ity
 o

f 
lif

e 
ov

er
 p

ro
lo

ng
in

g 
su

rv
iv

al
24

A
C

S 
=

 a
cu

te
 c

or
on

ar
y 

sy
nd

ro
m

e;
 C

R
U

SA
D

E
 =

 C
an

 R
ap

id
 R

is
k 

St
ra

tif
ic

at
io

n 
of

 U
ns

ta
bl

e 
A

ng
in

a 
Pa

tie
nt

s 
Su

pp
re

ss
 A

dv
er

se
 O

ut
co

m
es

 w
ith

 E
ar

ly
 I

m
pl

em
en

ta
tio

n 
of

 th
e 

A
m

er
ic

an
 C

ol
le

ge
 o

f 
C

ar
di

ol
og

y/
A

m
er

ic
an

 H
ea

rt
 A

ss
oc

ia
tio

n 
G

ui
de

lin
es

; E
C

G
 =

 e
le

ct
ro

ca
rd

io
gr

am
; G

R
A

C
E

 =
 G

lo
ba

l R
eg

is
tr

y 
of

 A
cu

te
 C

or
on

ar
y 

E
ve

nt
s;

 M
I 

=
 m

yo
ca

rd
ia

l i
nf

ar
ct

io
n;

 N
ST

E
M

I 
=

 n
on

-S
T-

se
gm

en
t e

le
va

tio
n 

m
yo

ca
rd

ia
l 

in
fa

rc
tio

n;
 N

T-
pr

oB
N

P 
=

 N
-t

er
m

in
al

 p
ro

ho
rm

on
e 

of
 b

ra
in

 n
at

ri
ur

et
ic

 p
ep

tid
e;

 S
T

E
M

I 
=

 S
T-

se
gm

en
t e

le
va

tio
n 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 T

IM
I 

=
 T

hr
om

bo
ly

si
s 

In
 M

yo
ca

rd
ia

l I
nf

ar
ct

io
n.

JACC Adv. Author manuscript; available in PMC 2023 August 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nanna et al. Page 20

TA
B

L
E

 2

H
em

od
yn

am
ic

s 
R

is
k 

Fa
ct

or
s 

in
 O

ld
er

 A
du

lts
 B

ei
ng

 C
on

si
de

re
d 

fo
r 

Pe
rc

ut
an

eo
us

 C
or

on
ar

y 
In

te
rv

en
tio

n

C
at

eg
or

ie
s 

of
 R

is
k

K
ey

 C
on

si
de

ra
ti

on
s 

in
 O

ld
er

 A
du

lt
s

C
ar

di
og

en
ic

 s
ho

ck
• 

E
xc

ee
di

ng
ly

 h
ig

h 
m

or
ta

lit
y 

in
 o

ld
er

 a
du

lts
, a

pp
ro

ac
hi

ng
 4

3%
 in

 th
os

e 
un

de
rg

oi
ng

 r
ev

as
cu

la
ri

za
tio

n 
an

d 
ex

ce
ed

in
g 

50
%

 w
he

n 
re

va
sc

ul
ar

iz
at

io
n 

is
 n

ot
 p

er
fo

rm
ed

.27

• 
B

en
ef

its
 o

f 
ea

rl
y 

re
va

sc
ul

ar
iz

at
io

n 
m

ay
 n

ot
 b

e 
se

en
 in

 o
ld

er
 a

du
lts

 >
75

 y
ea

rs
 o

ld
.28

• 
Po

te
nt

ia
l b

en
ef

its
 o

f 
im

pr
ov

em
en

ts
 in

 h
ea

lth
 c

ar
e 

ac
ce

ss
, s

ho
ck

 n
et

w
or

ks
, a

nd
 a

dv
an

ce
m

en
t o

f 
pe

rc
ut

an
eo

us
 m

ec
ha

ni
ca

l c
ir

cu
la

to
ry

 s
up

po
rt

 d
ev

ic
es

 f
or

 o
ld

er
 a

du
lts

 r
em

ai
n 

to
 

be
 s

ee
n.

7

C
ar

di
ac

 a
rr

es
t

• 
In

ci
de

nc
e 

is
 in

cr
ea

si
ng

 a
m

on
g 

ol
de

r 
ad

ul
ts

 a
nd

 o
ld

er
 a

ge
 is

 a
ss

oc
ia

te
d 

w
ith

 w
or

se
 o

ut
co

m
es

.29
–3

1

A
cu

te
 h

ea
rt

 f
ai

lu
re

• 
C

om
m

on
 a

m
on

g 
pa

tie
nt

s 
pr

es
en

tin
g 

w
ith

 A
C

S 
an

d 
ol

de
r 

ad
ul

ts
 a

re
 d

is
pr

op
or

tio
na

te
ly

 a
ff

ec
te

d 
w

ith
 in

cr
ea

se
d 

ri
sk

 f
or

 lo
ng

-t
er

m
 a

dv
er

se
 e

ve
nt

s 
in

cl
ud

in
g 

m
or

ta
lit

y.
32

,3
3

• 
O

ld
er

 a
ge

 a
nd

 m
ul

tip
le

 c
hr

on
ic

 c
on

di
tio

ns
 in

cr
ea

se
 th

e 
ri

sk
 o

f 
su

bs
eq

ue
nt

 H
F 

re
ho

sp
ita

liz
at

io
n.

34

V
H

D
• 

Pr
ev

al
en

ce
 o

f 
V

H
D

 in
cr

ea
se

s 
w

ith
 a

ge
: 0

.7
%

 in
 th

os
e 

18
–4

4 
ye

ar
s 

ol
d 

to
 1

3.
3%

 in
 th

os
e 

>
75

 y
ea

rs
 o

ld
.35

• 
Se

ve
re

 V
H

D
 h

as
 p

ro
fo

un
d 

he
m

od
yn

am
ic

 im
pl

ic
at

io
ns

 in
fl

ue
nc

in
g 

pr
oc

ed
ur

al
 r

is
k 

an
d 

bo
th

 s
ho

rt
- 

an
d 

lo
ng

-t
er

m
 o

ut
co

m
es

, i
nc

lu
di

ng
 in

cr
ea

se
d 

m
or

ta
lit

y 
in

 th
os

e 
w

ith
 

m
od

er
at

e 
or

 s
ev

er
e 

va
lv

ul
ar

 d
is

ea
se

.35
–3

7

• 
A

dv
an

ce
d 

ag
e 

is
 a

 p
re

di
ct

or
 o

f 
in

cr
ea

se
d 

m
or

ta
lit

y 
in

 p
at

ie
nt

s 
w

ith
 s

ev
er

e 
ao

rt
ic

 s
te

no
si

s 
un

de
rg

oi
ng

 P
C

I.
36

• 
T

he
 p

re
se

nc
e 

of
 m

od
er

at
e 

or
 s

ev
er

e 
m

itr
al

 r
eg

ur
gi

ta
tio

n 
in

 p
at

ie
nt

s 
un

de
rg

oi
ng

 P
C

I 
is

 a
ls

o 
as

so
ci

at
ed

 w
ith

 w
or

se
 in

te
rm

ed
ia

te
-t

er
m

 (
1-

y)
 a

nd
 lo

ng
-t

er
m

 m
or

ta
lit

y.
38

R
ec

ur
re

nt
/P

er
si

st
in

g 
an

gi
na

 w
ith

 o
r 

w
ith

ou
t 

el
ec

tr
ic

al
 in

st
ab

ili
ty

• 
A

dv
an

ci
ng

 a
ge

 is
 a

ss
oc

ia
te

d 
w

ith
 v

ar
ia

tio
n 

in
 s

ym
pt

om
 p

re
se

nt
at

io
n,

 in
cl

ud
in

g 
hi

gh
er

 p
re

va
le

nc
e 

of
 n

on
ch

es
t p

ai
n 

sy
m

pt
om

s 
w

hi
ch

 m
ay

 b
e 

th
e 

re
cu

rr
en

t o
r 

pe
rs

is
tin

g 
an

gi
na

l e
qu

iv
al

en
t.19

• 
C

on
fu

si
on

, s
yn

co
pe

, a
nd

 s
tr

ok
e 

ar
e 

al
so

 c
om

m
on

 a
nd

 s
om

et
im

es
 a

re
 th

e 
so

le
 p

re
se

nt
in

g 
sy

m
pt

om
.21

• 
O

ng
oi

ng
 s

ym
pt

om
s 

se
co

nd
ar

y 
to

 u
nd

er
ly

in
g 

m
yo

ca
rd

ia
l i

sc
he

m
ia

 w
ith

 r
ec

ur
re

nt
 a

ng
in

a 
or

 a
ng

in
al

 e
qu

iv
al

en
t, 

dy
na

m
ic

 c
ha

ng
es

 o
n 

12
-l

ea
d 

el
ec

tr
oc

ar
di

og
ra

m
, a

nd
 

he
m

od
yn

am
ic

 o
r 

el
ec

tr
ic

al
 in

st
ab

ili
ty

 d
en

ot
e 

a 
hi

gh
er

 r
is

k 
pr

of
ile

 in
 o

ld
er

 p
at

ie
nt

s 
at

tr
ib

ut
ed

 to
 a

 la
rg

er
 a

m
ou

nt
 o

f 
m

yo
ca

rd
iu

m
 a

t r
is

k.
17

M
ec

ha
ni

ca
l 

co
m

pl
ic

at
io

ns
• 

H
ig

h 
m

or
ta

lit
y 

ra
te

s 
pe

rs
is

t i
n 

pa
tie

nt
s 

w
ith

 m
ec

ha
ni

ca
l c

om
pl

ic
at

io
ns

, s
uc

h 
as

 p
ap

ill
ar

y 
m

us
cl

e 
ru

pt
ur

e,
 v

en
tr

ic
ul

ar
 s

ep
ta

l r
up

tu
re

, o
r 

ve
nt

ri
cu

la
r 

fr
ee

-w
al

l r
up

tu
re

.39

• 
O

ld
er

 a
ge

 is
 o

ne
 o

f 
th

e 
st

ro
ng

es
t r

is
k 

fa
ct

or
s 

fo
r 

m
ec

ha
ni

ca
l c

om
pl

ic
at

io
ns

 p
ar

tic
ul

ar
ly

 a
m

on
g 

fe
m

al
e 

pa
tie

nt
s 

an
d 

th
os

e 
w

ith
 h

yp
er

te
ns

io
n,

 h
ea

rt
 f

ai
lu

re
, c

hr
on

ic
 k

id
ne

y 
di

se
as

e,
 o

r 
du

ri
ng

 a
 f

ir
st

 c
or

on
ar

y 
ev

en
t.39

A
C

S 
=

 a
cu

te
 c

or
on

ar
y 

sy
nd

ro
m

e;
 P

C
I 

=
 p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 in
te

rv
en

tio
n;

 V
H

D
 =

 v
al

vu
la

r 
he

ar
t d

is
ea

se
.

JACC Adv. Author manuscript; available in PMC 2023 August 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nanna et al. Page 21

TA
B

L
E

 3

A
na

to
m

ic
 a

nd
 P

ro
ce

du
ra

l R
is

k 
Fa

ct
or

s 
in

 O
ld

er
 A

du
lts

 U
nd

er
go

in
g 

Pe
rc

ut
an

eo
us

 C
or

on
ar

y 
In

te
rv

en
tio

n

C
at

eg
or

ie
s 

of
 

R
is

k
K

ey
 C

on
si

de
ra

ti
on

s 
in

 O
ld

er
 A

du
lt

s

C
or

on
ar

y 
an

at
om

ic
 

co
m

pl
ex

ity

• 
O

ld
er

 a
du

lts
 o

ft
en

 h
av

e 
hi

gh
-r

is
k 

co
ro

na
ry

 a
na

to
m

ic
 f

ea
tu

re
s:

 le
ft

 m
ai

n 
di

se
as

e,
 p

ro
xi

m
al

 d
is

ea
se

 in
 th

e 
le

ft
 a

nt
er

io
r 

de
sc

en
di

ng
 a

rt
er

y,
 b

if
ur

ca
tio

n 
di

se
as

e,
 in

cr
ea

se
d 

nu
m

be
r 

of
 

di
se

as
ed

 v
es

se
ls

, c
hr

on
ic

 to
ta

l o
cc

lu
si

on
(s

),
 s

ev
er

e 
ca

lc
if

ic
at

io
n,

 lo
ng

 le
si

on
 le

ng
th

 (
>

60
 m

m
).

• 
SY

N
TA

X
 s

co
re

 (
≥3

3)
 h

av
e 

fa
vo

ra
bl

e 
cl

in
ic

al
 o

ut
co

m
es

 w
he

n 
m

an
ag

ed
 w

ith
 c

or
on

ar
y 

ar
te

ry
 b

yp
as

s 
gr

af
tin

g 
su

rg
er

y 
as

 c
om

pa
re

d 
w

ith
 P

C
I,

46
 in

cl
ud

in
g 

sp
ec

if
ic

al
ly

 in
 o

ld
er

 
ad

ul
ts

.47

C
al

ci
fi

ca
tio

n
• 

In
 p

at
ie

nt
s 

ag
ed

 ≥
70

 y
, t

he
 p

re
va

le
nc

e 
of

 c
or

on
ar

y 
ca

lc
if

ic
at

io
n 

is
 6

7%
 o

f 
w

om
en

 a
nd

 9
0%

 o
f 

m
en

.48

• 
C

an
 le

ad
 to

 in
ad

eq
ua

te
 s

te
nt

 e
xp

an
si

on
, c

ha
lle

ng
in

g 
de

vi
ce

 d
el

iv
er

y,
 a

nd
 a

re
 p

ro
ne

 to
 p

er
ip

ro
ce

du
ra

l c
om

pl
ic

at
io

ns
 s

uc
h 

as
 n

o-
re

fl
ow

, d
is

se
ct

io
n,

 a
nd

 p
er

fo
ra

tio
n.

49

• 
O

pt
io

ns
 f

or
 p

la
qu

e 
m

od
if

ic
at

io
n 

in
cl

ud
e 

ro
ta

tio
na

l a
th

er
ec

to
m

y,
 o

rb
ita

l a
th

er
ec

to
m

y,
 e

xc
im

er
 la

se
r, 

an
d 

in
tr

av
as

cu
la

r 
lit

ho
tr

ip
sy

, t
ho

ug
h 

th
es

e 
al

so
 in

cr
ea

se
 th

e 
ri

sk
 f

or
 

co
m

pl
ic

at
io

ns
.

V
as

cu
la

r 
to

rt
uo

si
ty

• 
O

ld
er

 p
at

ie
nt

s 
ha

ve
 a

 h
ig

he
r 

ra
te

 o
f 

hi
gh

ly
 to

rt
uo

us
 c

or
on

ar
y 

ve
ss

el
s;

 to
rt

uo
si

ty
 in

cr
ea

se
s 

th
e 

ri
sk

 f
or

 d
is

se
ct

io
n 

an
d 

pe
rf

or
at

io
n 

us
in

g 
R

A
, O

A
, o

r 
la

se
r 

at
he

re
ct

om
y.

50

• 
O

ld
er

 f
em

al
es

 h
av

e 
hi

gh
er

 p
re

va
le

nc
e 

of
 s

ev
er

e 
to

rt
uo

si
ty

 o
f 

th
e 

ri
gh

t s
ub

cl
av

ia
n 

ar
te

ry
, w

hi
ch

 m
ay

 le
ad

 to
 a

 h
ig

he
r 

ri
sk

 o
f 

un
pl

an
ne

d 
ra

di
al

 to
 f

em
or

al
 a

cc
es

s 
si

te
 c

ro
ss

ov
er

 a
nd

 
w

or
se

 o
ut

co
m

es
.51

M
C

S
• 

In
 p

at
ie

nt
s 

w
ith

 v
er

y 
hi

gh
-r

is
k 

an
at

om
y,

 r
ed

uc
ed

 e
je

ct
io

n 
fr

ac
tio

n,
 o

r 
ca

rd
io

ge
ni

c 
sh

oc
k,

 th
e 

us
e 

of
 M

C
S 

m
ay

 b
e 

re
as

on
ab

le
 to

 s
up

po
rt

 p
at

ie
nt

s 
th

ro
ug

h 
PC

I.
52

• 
E

vi
de

nc
e 

fo
r 

M
C

S 
in

 o
ld

er
 a

du
lts

 r
em

ai
ns

 s
ca

rc
e 

an
d 

M
C

S 
de

vi
ce

s 
ar

e 
as

so
ci

at
ed

 w
ith

 a
 h

ig
he

r 
ra

te
 o

f 
pe

ri
pr

oc
ed

ur
al

 c
om

pl
ic

at
io

ns
 s

uc
h 

as
 b

le
ed

in
g 

an
d 

va
sc

ul
ar

 e
ve

nt
s 

w
hi

ch
 

m
ay

 b
e 

m
ag

ni
fi

ed
 in

 o
ld

er
 a

du
lts

.53

• 
A

dd
iti

on
al

 M
C

S 
co

m
pl

ic
at

io
ns

 in
cl

ud
e:

 in
fe

ct
io

us
, n

eu
ro

lo
gi

ca
l (

st
ro

ke
),

 h
em

at
ol

og
ic

al
 (

th
ro

m
bo

cy
to

pe
ni

a,
 th

ro
m

bo
em

bo
lis

m
),

 a
nd

 m
ec

ha
ni

ca
l (

de
vi

ce
 m

al
fu

nc
tio

n)
.53

,5
4

• 
H

ig
he

r 
pr

ev
al

en
ce

 o
f 

ili
of

em
or

al
 P

A
D

 a
m

on
g 

ol
de

r 
ad

ul
ts

 w
hi

ch
 m

ay
 li

m
it 

la
rg

e 
bo

re
 M

C
S 

op
tio

ns
.55

B
le

ed
in

g
• 

O
ld

er
 a

du
lts

 h
av

e 
th

e 
hi

gh
es

t r
at

es
 o

f 
pe

ri
pr

oc
ed

ur
al

 b
le

ed
in

g 
ev

en
ts

 a
nd

, t
hu

s,
 d

er
iv

e 
th

e 
la

rg
es

t a
bs

ol
ut

e 
be

ne
fi

t f
ro

m
 b

le
ed

in
g 

av
oi

da
nc

e 
st

ra
te

gi
es

.8,
56

• 
R

ad
ia

l a
cc

es
s 

vs
 f

em
or

al
 a

cc
es

s 
re

du
ce

s 
m

aj
or

 b
le

ed
in

g 
an

d 
im

pr
ov

es
 m

or
ta

lit
y.

8,
57

–5
9

• 
O

ld
er

 a
du

lts
 a

re
 le

ss
 li

ke
ly

 to
 u

nd
er

go
 P

C
I 

vi
a 

ra
di

al
 a

cc
es

s,
 c

re
at

in
g 

a 
ri

sk
-t

re
at

m
en

t p
ar

ad
ox

.60

• 
O

th
er

 b
le

ed
in

g 
av

oi
da

nc
e 

st
ra

te
gi

es
 in

cl
ud

e 
ri

sk
 s

tr
at

if
ic

at
io

n 
(C

R
U

SA
D

E
, A

B
C

-H
B

R
, D

A
PT

),
 u

se
 o

f 
w

ei
gh

t-
 a

nd
 r

en
al

-a
dj

us
tm

en
t o

f 
an

tit
hr

om
bo

tic
 a

ge
nt

s,
 s

el
ec

tin
g 

dr
ug

-
el

ut
in

g 
st

en
ts

 th
at

 a
re

 k
no

w
n 

to
 b

e 
sa

fe
 f

or
 s

ho
rt

er
 d

ua
l a

nt
ip

la
te

le
t t

he
ra

py
 d

ur
at

io
n 

po
st

-P
C

I 
(R

es
ol

ut
e 

O
ny

x,
 S

yn
er

gy
, a

nd
 X

ie
nc

e)
,61

 a
nd

 a
n 

in
iti

al
 n

on
in

va
si

ve
 s

tr
at

eg
y 

in
 s

el
ec

t 
pa

tie
nt

s.
61

D
A

PT
 =

 d
ua

l a
nt

ip
la

te
le

t t
he

ra
py

; M
C

S 
=

 m
ec

ha
ni

ca
l c

ir
cu

la
to

ry
 s

up
po

rt
; O

A
 =

 o
rb

ita
l a

th
er

ec
to

m
y;

 P
A

D
 =

 p
er

ip
he

ra
l v

as
cu

la
r 

di
se

as
e;

 P
C

I 
=

 p
er

cu
ta

ne
ou

s 
co

ro
na

ry
 in

te
rv

en
tio

n;
 R

A
 =

 r
ot

at
io

na
l 

at
he

re
ct

om
y.

JACC Adv. Author manuscript; available in PMC 2023 August 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nanna et al. Page 22

TA
B

L
E

 4

Im
pa

ct
 o

f 
G

er
ia

tr
ic

 S
yn

dr
om

es
 o

n 
Pe

rc
ut

an
eo

us
 C

or
on

ar
y 

Pr
oc

ed
ur

e 
O

ut
co

m
es

F
ir

st
 A

ut
ho

r 
(Y

ea
r)

St
ud

y 
P

op
ul

at
io

n
R

is
k 

A
ss

es
sm

en
t

P
re

va
le

nc
e 

of
 

G
er

ia
tr

ic
 

Sy
nd

ro
m

e
K

ey
 F

in
di

ng
s

Fr
ai

lty
/

sa
rc

op
en

ia
Si

ng
h,

 2
01

162
M

ea
n 

ag
e 

74
.7

 y
, P

C
I

Fr
ie

d
22

%
Fr

ai
lty

 w
as

 a
ss

oc
ia

te
d 

w
ith

 a
dv

er
se

 lo
ng

-t
er

m
 o

ut
co

m
es

 
fo

llo
w

in
g 

PC
I

M
ur

al
i-

K
ri

sh
na

n,
 

20
15

63
M

ea
n 

ag
e 

62
 ±

 1
2 

y,
 P

C
I

C
an

ad
ia

n 
St

ud
y 

of
 H

ea
lth

 a
nd

 A
gi

ng
 

C
lin

ic
al

 F
ra

ilt
y 

Sc
al

e
11

%
Fr

ai
lty

 a
ss

es
sm

en
t h

ad
 p

re
di

ct
iv

e 
va

lu
e 

fo
r 

bo
th

 m
or

ta
lit

y 
an

d 
le

ng
th

 o
f 

ho
sp

ita
l s

ta
y

Su
jin

o,
 2

01
564

M
ea

n 
ag

e 
88

.1
 ±

 2
.5

 y
, P

C
I

C
an

ad
ia

n 
St

ud
y 

of
 H

ea
lth

 a
nd

 A
gi

ng
 

C
lin

ic
al

 F
ra

ilt
y 

Sc
al

e
36

%
PC

I 
w

as
 p

er
fo

rm
ed

 le
ss

 f
re

qu
en

tly
 in

 p
at

ie
nt

s 
de

em
ed

 f
ra

il,
 

ev
en

 th
ou

gh
 p

er
fo

rm
in

g 
PC

I 
m

ay
 r

ed
uc

e 
in

-h
os

pi
ta

l m
or

ta
lit

y

D
od

so
n,

 2
01

865
M

ea
n 

ag
e 

75
.3

 ±
 7

.7
 y

, P
C

I
C

om
bi

ne
d 

fr
ai

lty
 s

co
re

 b
as

ed
 o

n 
R

oc
kw

oo
d 

C
lin

ic
al

 F
ra

ilt
y 

Sc
al

e 
us

in
g 

m
ea

su
re

s 
of

 a
ss

is
te

d/
un

as
si

st
ed

 w
al

ki
ng

, c
og

ni
tio

n,
 

A
D

L
s

16
%

M
or

e 
fr

ai
l p

at
ie

nt
s 

ha
d 

hi
gh

er
 r

is
k 

of
 m

aj
or

 b
le

ed
in

g 
w

he
n 

ca
rd

ia
c 

ca
th

et
er

iz
at

io
n 

w
as

 p
er

fo
rm

ed

C
al

vo
, 2

01
966

M
ea

n 
ag

e 
82

.6
 y

, P
C

I
FR

A
IL

 s
ca

le
20

%
T

he
 F

R
A

IL
 s

ca
le

 w
as

 a
 s

tr
on

g 
pr

ed
ic

to
r 

of
 m

or
ta

lit
y 

af
te

r 
PC

I

H
er

m
an

s,
 2

01
967

M
ea

n 
ag

e 
79

 ±
 6

.4
 y

, P
C

I
Sa

fe
ty

 M
an

ag
em

en
t P

ro
gr

am
m

e 
(V

M
S)

57
%

Fr
ai

l p
at

ie
nt

s 
ov

er
 7

0 
y 

tr
ea

te
d 

w
ith

 P
C

I 
ha

d 
hi

gh
er

 r
at

es
 o

f 
sh

or
t-

te
rm

 m
or

ta
lit

y 
an

d 
m

aj
or

 b
le

ed
in

g

D
am

lu
ji,

 2
01

911
M

ea
n 

ag
e 

82
.3

 y
, P

C
I

C
la

im
s-

ba
se

d 
Fr

ai
lty

 I
nd

ex
19

%
W

hi
le

 f
ra

ilt
y 

sh
ou

ld
 b

e 
co

ns
id

er
ed

, f
ra

il 
pa

tie
nt

s 
al

so
 b

en
ef

it 
fr

om
 P

C
I

Y
os

hi
ok

a,
 2

01
968

M
ea

n 
ag

e 
84

.6
 ±

 3
.8

 y
, P

C
I

C
FS

49
%

Fr
ai

lty
 in

fl
ue

nc
ed

 s
ho

rt
- 

an
d 

m
id

-t
er

m
 p

ro
gn

os
es

 a
ft

er
 P

C
I

A
na

nd
, 2

02
069

M
ea

n 
ag

e 
79

 y
, P

C
I

C
FS

20
%

U
si

ng
 C

FS
 e

nh
an

ce
s 

th
e 

pr
ed

ic
tiv

e 
va

lu
e 

of
 th

e 
G

R
A

C
E

 s
co

re
 

fo
r 

m
or

ta
lit

y 
ri

sk
 a

ft
er

 m
yo

ca
rd

ia
l i

nf
ar

ct
io

n 
in

 o
ld

er
 p

at
ie

nt
s

Sh
in

g 
K

w
ok

, 
20

20
70

M
ea

n 
ag

e 
64

.5
 y

, P
C

I
H

os
pi

ta
l F

ra
ilt

y 
R

is
k 

Sc
or

e
5%

H
ig

h 
an

d 
in

te
rm

ed
ia

te
 f

ra
ilt

y 
pu

ts
 p

at
ie

nt
s 

at
 a

n 
in

cr
ea

se
d 

pr
ob

ab
ili

ty
 o

f 
in

-h
os

pi
ta

l m
or

ta
lit

y,
 b

le
ed

in
g,

 p
ro

lo
ng

ed
 le

ng
th

 
of

 h
os

pi
ta

l s
ta

y,
 a

nd
 in

cr
ea

se
d 

co
st

 f
ol

lo
w

in
g 

PC
I

N
is

hi
hi

ra
, 2

02
171

M
ed

ia
n 

ag
e 

84
.5

 y
, P

C
I

Fr
ai

lty
 s

ca
le

 m
od

el
ed

 a
ft

er
 D

od
so

n 
et

 a
l65

 

an
d 

R
oc

kw
oo

d 
C

lin
ic

al
 F

ra
ilt

y 
Sc

al
e

28
%

Fr
ai

lty
 w

as
 a

ss
oc

ia
te

d 
w

ith
 m

aj
or

 b
le

ed
in

g,
 in

-h
os

pi
ta

l 
m

or
ta

lit
y,

 a
nd

 m
id

-t
er

m
 m

or
ta

lit
y 

af
te

r 
un

de
rg

oi
ng

 P
C

I

K
an

w
ar

, 2
02

272
M

ea
n 

ag
e 

74
.8

 ±
 6

.4
 y

, P
C

I
Fr

ie
d 

or
 R

oc
kw

oo
d 

C
lin

ic
al

 F
ra

ilt
y 

Sc
al

e,
 

de
pe

nd
in

g 
on

 c
oh

or
t, 

Se
at

tle
 A

ng
in

a 
Q

ue
st

io
nn

ai
re

, S
ho

rt
 F

or
m

 3
6,

 a
nd

 a
 s

in
gl

e-
ite

m
 q

ue
st

io
n 

on
 s

el
f-

re
po

rt
ed

 h
ea

lth

19
%

−
20

%
 

de
pe

nd
in

g 
on

 
co

ho
rt

In
cr

ea
se

d 
fr

ai
lty

 a
nd

 w
or

se
 Q

O
L

 h
ad

 s
ig

ni
fi

ca
nt

 a
ss

oc
ia

tio
n 

w
ith

 lo
ng

-t
er

m
 s

ur
vi

va
l

Fu
nc

tio
na

l 
st

at
us

M
or

i, 
20

21
73

75
 y

 o
f 

ag
e 

an
d 

ol
de

r, 
PC

I
Fu

nc
tio

na
l s

ta
tu

s 
sc

al
e 

de
fi

ne
d 

by
 d

ec
lin

e 
of

 a
t l

ea
st

 1
 o

f 
A

D
L

s 
m

ea
su

re
d 

(b
at

hi
ng

, 
dr

es
si

ng
, c

ha
ir

 r
is

e,
 w

al
ki

ng
)

43
%

 p
at

ie
nt

s 
de

cl
in

ed
 b

y 
1 

A
D

L

T
he

re
 w

as
 a

 lo
w

er
 r

is
k 

of
 d

ec
lin

e 
in

 f
un

ct
io

na
l s

ta
tu

s 
fo

r 
pa

tie
nt

s 
w

ho
 u

nd
er

w
en

t P
C

I 
co

m
pa

re
d 

to
 A

M
I.

C
og

ni
tiv

e 
im

pa
ir

m
en

t/
de

m
en

tia

M
ut

ch
, 2

01
174

M
ea

n 
ag

e 
67

.3
 y

, P
C

I
H

os
pi

ta
l a

bs
tr

ac
t d

at
a 

or
 I

C
D

-9
-C

M
 

di
ag

no
se

s
5%

Pa
tie

nt
s 

w
ho

 u
nd

er
w

en
t P

C
I 

ha
d 

lo
w

er
 r

at
es

 o
f 

de
m

en
tia

 
co

m
pa

re
d 

to
 C

A
B

G

C
ha

nt
i-

K
at

te
rl

, 
20

14
75

M
ea

n 
ag

e 
76

.3
 y

, P
C

I
IC

D
-9

 c
od

es
3%

Pa
tie

nt
s 

w
ith

 d
em

en
tia

 w
er

e 
le

ss
 li

ke
ly

 to
 r

ec
ei

ve
 d

ia
gn

os
tic

 
ca

rd
ia

c 
ca

th
et

er
iz

at
io

n,
 a

nd
 th

us
 w

er
e 

le
ss

 li
ke

ly
 to

 u
nd

er
go

 
PC

I

JACC Adv. Author manuscript; available in PMC 2023 August 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nanna et al. Page 23

F
ir

st
 A

ut
ho

r 
(Y

ea
r)

St
ud

y 
P

op
ul

at
io

n
R

is
k 

A
ss

es
sm

en
t

P
re

va
le

nc
e 

of
 

G
er

ia
tr

ic
 

Sy
nd

ro
m

e
K

ey
 F

in
di

ng
s

Sc
ot

t, 
20

18
76

M
ea

n 
ag

e 
65

.5
 ±

 8
.7

 y
, P

C
I

C
on

so
rt

iu
m

 to
 E

st
ab

lis
h 

a 
R

eg
is

tr
y 

fo
r 

A
lz

he
im

er
’s

 D
is

ea
se

 A
ud

ito
ry

 V
er

ba
l 

L
ea

rn
in

g 
Te

st
, T

ra
il 

M
ak

in
g 

Te
st

s 
(p

ar
ts

 
A

 a
nd

 B
),

 D
ig

it 
Sy

m
bo

l S
ub

st
itu

tio
n 

Te
st

, 
C

on
tr

ol
le

d 
O

ra
l W

or
d 

A
ss

oc
ia

tio
n 

Te
st

, 
C

E
R

A
D

 S
em

an
tic

 F
lu

en
cy

 te
st

, G
ro

ov
ed

 
Pe

gb
oa

rd
 te

st

52
%

8%
–1

3%
 o

f 
pa

tie
nt

s 
3 

m
o 

af
te

r 
th

ey
 u

nd
er

w
en

t P
C

I 
ex

pe
ri

en
ce

d 
co

gn
iti

ve
 d

ec
lin

e

L
ev

in
e,

 2
02

077
M

ea
n 

ag
e 

82
.3

 y
, P

C
I

M
od

if
ie

d 
Te

le
ph

on
e 

In
te

rv
ie

w
 f

or
 C

og
ni

tiv
e 

St
at

us
19

%
Pa

tie
nt

s 
w

ith
 c

og
ni

tiv
e 

im
pa

ir
m

en
t a

re
 le

ss
 li

ke
ly

 to
 u

nd
er

go
 

PC
I 

af
te

r 
A

M
I

A
D

L
 =

 a
ct

iv
iti

es
 o

f 
da

ily
 li

vi
ng

; G
R

A
C

E
 =

 G
lo

ba
l R

eg
is

tr
y 

of
 A

cu
te

 C
or

on
ar

y 
E

ve
nt

s;
 P

C
I 

=
 p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 in
te

rv
en

tio
n;

 Q
O

L
 =

 q
ua

lit
y 

of
 li

fe
.

JACC Adv. Author manuscript; available in PMC 2023 August 15.


	Abstract
	ASSESSMENT OF RISK
	CARDIOVASCULAR RISK ASSESSMENT.
	HEMODYNAMICS AS A RISK FACTOR.
	ANATOMIC AND PROCEDURAL RISK.
	GERIATRIC SYNDROMES.

	PHYSICAL FUNCTION DOMAIN
	FRAILTY.
	SARCOPENIA.
	DISABILITY.
	FALLS.

	MIND AND EMOTION DOMAIN
	COGNITIVE IMPAIRMENT.
	DELIRIUM.
	DEPRESSION.
	MEDICAL DOMAIN.
	MULTIMORBIDITY.
	POLYPHARMACY.
	INCONTINENCE.

	CONCLUSIONS
	References
	CENTRAL ILLUSTRATION
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4

