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Background: Older adults face high mortality follow-
ing resuscitation efforts for in-hospital cardiac arrest.
Less is known about the role of frailty in survival to dis-
charge after in-hospital cardiopulmonary resuscitation.

Objective: To investigate whether frailty, measured by
the Clinical Frailty Scale, is associated with mortality
after cardiopulmonary resuscitation following in-hos-
pital cardiac arrest in older adults in the USA.

Design: Retrospective cohort study.

Participants: Patients>65 years who had undergone
cardiopulmonary resuscitation during an inpatient
admission at two urban academic hospitals and three
suburban community hospitals within a Boston area
healthcare system from January 2018-January 2020.
Patients with Clinical Frailty Scale scores 1-3 were
considered not frail, 4-6 were considered very mildly,
mildly, and moderately frail, respectively, and 7-9 were
considered severely frail.

Main Measures: In-hospital mortality after cardiopul-
monary resuscitation.

Key Results: Among 324 patients who underwent car-
diopulmonary resuscitation following in-hospital car-
diac arrest, 73.1% experienced in-hospital mortality.
Patients with a Clinical Frailty Scale score of 1-3 had
54% in-hospital mortality, which increased to 66%,
78%, 84%, and 84% for those with a Clinical Frailty
Scale score of 4, 5, 6, and 7-9, respectively (p=0.001).
After adjusting for age, sex, race, and Charlson Comor-
bidity Index, higher frailty scores were significantly
associated with higher odds of in-hospital mortality.
Compared to those with a Clinical Frailty Scale score
of 1-3, odds ratios (95% CI) for in-hospital mortality for
patients with a Clinical Frailty Scale score of 4, 5, 6,
and 7-9 were 1.6 (0.8-3.3), 3.0 (1.3-7.1), 4.4 (1.9-9.9),
and 4.6 (1.8-11.8), respectively (p=0.001).

Prior Presentations This study was presented at the American Geri-
atrics Society 2021 Virtual Annual Scientific Meeting on May 14, 2021.
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Conclusions: Higher levels of frailty are associated
with increased mortality after in-hospital cardiopul-
monary resuscitation in older adults. Clinicians may
consider using the Clinical Frailty Scale to help guide
goals of care conversations, including discussion of
code status, in this patient population.
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INTRODUCTION

Mortality following cardiopulmonary resuscitation (CPR) in
hospitalized adults approaches 80%.' For many older adults
and their loved ones, choosing to undergo or forgo CPR is a
complex and emotionally challenging decision, fraught with
uncertainty. Knowing the likely outcome of an intervention
is critical to productive goals of care conversations.”* Many
people make decisions based on their understanding of prog-
nosis, with a majority of individuals choosing to allow natu-
ral death (e.g., a do not resuscitate/do not intubate (DNR/
DNI) code status) after learning the reported likelihood of
survival after CPR.* However, tools currently available to
clinicians are limited in predicting survival. Although age
is independently associated with poor outcomes after CPR.,
the older adult population is heterogeneous, and age alone
is an unreliable predictor of adverse outcomes.® Clinicians,
patients, and families need high-quality tools to identify in
whom CPR is likely to preserve life and in whom it is not.
Frailty, defined as a reduction in physiologic reserve
that results in a decreased ability to tolerate stressors,” is
increasingly recognized as a framework for identifying older
adults at risk for adverse health outcomes. Although no uni-
versally accepted definition of frailty exists, a wide variety
of clinical and research tools are available to identify and
grade frailty.'>!! The Clinical Frailty Scale (CFS), a nine-
point visual and descriptive scale, was designed to be rap-
idly applied in clinical practice.'*"!* Previous investigations
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demonstrated that increased frailty is an independent risk
factor for mortality after in-hospital cardiac arrest.!>!
To our knowledge, studies have not examined the associa-
tion between frailty and mortality in older adults follow-
ing in-hospital CPR in the USA. In this study, we sought to
investigate whether frailty is associated with mortality after
CPR following in-hospital cardiac arrest in older adults. We
hypothesized that older adults with a greater level of frailty
would have a higher risk of mortality following in-hospital
CPR.

METHODS
Study Design and Population

This was a retrospective cohort study conducted within
the Mass General Brigham Integrated Health Care System
(MGB). The MGB inpatient volume captures approximately
18% of Massachusetts discharges per year. The included
hospitals within MGB comprised of two academic (Massa-
chusetts General Hospital and Brigham & Women’s Hospi-
tal) and three community hospitals (Brigham and Women’s
Faulkner Hospital, Newton Wellesley Hospital, and North
Shore Medical Center). For this study, we included all
patients aged 65 years and older who underwent CPR follow-
ing an in-hospital cardiac arrest between January 1, 2018,
and January 31, 2020. Patients were identified using a cen-
tralized clinical data registry for MGB, the Research Patient
Data Registry (RPDR).!® Patients who underwent CPR in
the field or in the emergency department were excluded. Our
study was conducted in accordance with STROBE guidelines
for observational studies. '

CFS Score Extraction

Our research team employed an iterative process to develop
a standardized protocol for calculating a CFS score based
on retrospective chart review. First, two geriatricians who
use the CFS in clinical practice (ARO and SSt) developed
an algorithm for generating a CFS score from chart review,
including a structured workflow for extracting information
from the electronic medical record regarding functional sta-
tus, comorbidity and symptom burden, and exercise toler-
ance that is necessary for calculating a CFS (Fig. 3 in the
Appendix). The algorithm was modified from the original
classification tree in accordance with the data available in
our electronic medical record. We additionally solicited
feedback on the algorithm from a third author (OT), who
participated on the research team that first developed and
validated the CFS classification tree score.’*! CFS scores
were generated by applying the algorithm, in conjunction
with clinical judgment based on chart review. Patients found
to have CFS scores 1-3 were classified as not frail. Those
with CFS scores 4-6 were classified as very mildly, mildly,

and moderately frail, respectively, and those with CFS scores
7-9 as severely frail.??

Validity and Reliability of the CFS Scoring

To assess validity of the CFS scoring using the algorithm
as an aid, we applied it to ten charts of patients seen in the
prior 3 months by a member of the Brigham and Women’s
Hospital inpatient geriatrics consult service and for whom
a Geriatrician documented both a comprehensive geriatric
assessment>® and an in-person CFS score. Two members
of the research team (ARO and SSt) calculated CFS scores
without reference to the geriatrics consult documentation
and subsequently compared the CFS scores obtained using
the algorithm as an aid to the scores obtained by the in-
person comprehensive geriatric assessment. Seven out of 10
CFS scores matched exactly, and the remaining three scores
were within one point of each other.

To assess reliability of our retrospective CFS scoring
process, we then applied it to groups of five charts from
our study cohort. Two members of the research team inde-
pendently scored a CFS for each chart and then compared
results; in two rounds of five charts, eight out of 10 scores
matched exactly, and the remaining two scores were within
one point of each other. We then divided 370 charts evenly
between three of the authors (FYH., LO, and SMS). To con-
firm that inter-rater reliability remained high, 10% of the
charts were randomly selected to be scored a second time
by a third reviewer who was blinded to the others’ scores
(SSt). Inter-rater reliability was >90%. Score discrepancies
greater than one point were discussed by the whole team
until we achieved consensus. Because frailty is dynamic and
expected to change over time,>* 46 patients with insufficient
information in the chart to calculate a CFS score in the three
months prior to cardiac arrest were excluded.

Outcome

The primary outcome was survival to hospital discharge, as
reported in the RPDR.* Secondarily, we examined 30-day
mortality, a categorical variable determined by calculating
whether number of days between CPR date and date of death
was > 30. CPR date and date of death were also extracted
from the RPDR.

Other Covariates

Patient data were extracted from the RPDR. Demographic
variables included age, sex, race, ethnicity, and primary
language. Comorbidity variables were determined using
ICD-10 diagnosis codes for hypertension, hyperlipidemia,
coronary artery disease, myocardial infarction, congestive
heart failure, atrial fibrillation, peripheral vascular disease,
cerebrovascular disease, hemiplegia, dementia, chronic
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obstructive pulmonary disease, connective tissue disease,
peptic ulcer disease, liver disease, chronic kidney disease,
history of heart/lung/kidney transplant, diabetes mellitus,
malignancy, and HIV/AIDS. Patient age and comorbidities
(myocardial infarction, congestive heart failure, atrial fibril-
lation, peripheral vascular disease, cerebrovascular disease,
hemiplegia, dementia, chronic obstructive pulmonary dis-
ease, connective tissue disease, peptic ulcer disease, liver
disease (mild or moderate/severe), moderate/severe chronic
kidney disease, diabetes mellitus (with or without complica-
tions), malignancy (presence of or metastatic carcinoma),
and AIDS) were used to calculate a Charlson Comorbidity
Index.?¢

Statistical Analysis

Prior to data collection, a sample size calculation was con-
ducted to determine the study sample size needed to deter-
mine a significant association between frailty, as determined
by the CFS, and the primary outcome, in-hospital mortal-
ity. Based on previous literature,”’ we anticipated that in-
hospital mortality in this cohort of hospitalized older adults
would be 85-90%. To detect a 25% difference in in-hospital
mortality between frail and non-frail groups, with confidence
interval of 95%, alpha of 0.05 and power of 80%, we aimed
to collect data for at least 51 subjects per group.

We performed descriptive analyses for patient demograph-
ics, comorbidities, and outcomes and determined mortality
rates for each CFS score. We performed bivariate analyses
using chi-square tests to measure the association between
patient demographics (age > 75 years, sex), comorbidities
(Charlson Comorbidity Index > 9.8, history of heart/lung/

kidney transplant, and history of coronary artery disease/
congestive heart failure/arrhythmia), CFS score, and the
outcome of in-hospital mortality. Logistic regression was
performed to measure the association between frailty status
and in-hospital mortality. Multivariable analysis was also
used to measure the association between frailty status and in-
hospital mortality, controlling for patient age alone as well
as patient age, sex, race, and Charlson Comorbidity Index.
Statistical analysis was performed using SAS software, ver-
sion 9.4 (Cary, NC).

The Massachusetts General Brigham Institutional Review
Board (IRB) approved this study.

RESULTS

In total, there were 324 patients > 65 years of age who
underwent CPR following in-hospital cardiac arrest in our
hospital system (Fig. 1). Mean patient age was 76.7 years
(SD 7.4 years). Of these, 63.9% were male, and 79.9% were
White. The most common comorbidity was hypertension,
present in 78.1% of patients. With respect to cardiovascu-
lar disease, 47.5% of patients had coronary artery disease,
and 68.2% had experienced a myocardial infarction. Patient
demographics and co-morbidities are shown in Table 1. The
average Charlson Comorbidity Index was 9.8 (SD 3.9).

In this cohort, 17.6% (n=57) had a CFS score of 1-3
(not frail), 26.5% (n=_86) had a CFS score of 4 (very mildly
frail), 15.7% (n=51) had a CFS score of 5 (mildly frail),
24.7% (n=2380) had a CFS score of 6 (moderately frail),
and 15.4% (n=>50) had a CFS score of 7-9 (severely frail).
Overall, in-hospital mortality following in-hospital CPR was
73.1% (n=237), and 30-day mortality was 74.4% (n=241).

Fig. 1 Patient selection.
CPR, cardiopulmonary
resuscitation; CFS, Clinical
Frailty Scale.

538 patients identified as >65 years who
underwent CPR following cardiac arrest

168 patients excluded for out-of-

v

hospital or emergency department CPR

370 patients included for
retrospective calculation of CFS score

46 patients excluded for insufficient

v

v

information for calculation of CFS score

324 patients included
in final analysis
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Table 1 Patient Characteristics for 324 Older Adults Undergoing
In-hospital Cardiopulmonary Resuscitation

Demographics N (%)
Age (mean, SD) 76.7 (7.4)
Male sex 207 (63.9)
Race/ethnicity

White 259 (79.9)
Black 23 (7.1)
Hispanic 2 (0.6)
Asian 9(2.8)
Other/unknown 31 (9.6)
Primary language

English 291 (89.8)
Spanish 8 (2.5)
Other 25 (7.7)
Comorbidities

Hypertension 253 (78.1)
Hyperlipidemia 218 (67.3)
Coronary artery disease 154 (47.5)
Myocardial infarction 221 (68.2)
Congestive heart failure 159 (49.1)
Cerebrovascular disease 142 (43.8)
Chronic obstructive pulmonary disease 133 (41.1)
Dementia 18 (5.6)
Diabetes mellitus 199 (61.5)
Moderate/severe renal disease 160 (49.4)
Cancer 118 (36.4)

A higher CFS score was associated with a greater risk of
in-hospital mortality following CPR (Fig. 2). Of patients
with a CFS of 1-3, 54.0% (n=31) experienced in-hospital
mortality, compared to 66.3% (n=57) of those with a CFS

Fig. 2 Association between

Clinical Frailty Scale Score

and in-hospital mortality

in older adults undergoing 100%

in-hospital cardiopulmonary 90%

resuscitation.CFS, Clinical o

Frailty Scale. 80%
70%

50%
40%
30%
20%
10%

0%

In-Hospital Mortality

60% 54.4%..---

of 4, 78.4% (n=40) with a CFS of 5, 83.7% (n=67) with a
CFS of 6, and 84.0% (n=42) with a CFS of 7-9 (»p=0.001).
Additional bivariate analyses did not show significant asso-
ciations between patient demographics or comorbidities and
in-hospital mortality.

In multivariable analysis, frailty status was associated
with increasing odds of in-hospital mortality (Table 2). Con-
trolling for patient age, sex, race, and Charlson Comorbidity
index, the adjusted odds ratios were 1.6 (95% CI 0.8-3.3) for
aCFS of 4,3.0 (95% CI 1.3-7.1) fora CFS of 5, 4.4 (95% CI
1.9-9.9) for a CFS of 6, and 4.6 (95% CI 1.8-11.8) for a CFS
of 7-9 (p=0.001), compared to patients with a CFS of 1-3.

DISCUSSION

In this study, we found that increasing levels of frailty, meas-
ured according to the Clinical Frailty Scale, were associated
with an increased risk of in-hospital mortality following in-
hospital CPR in adults aged 65 and older. Results remained
the same after accounting for demographics and comorbid
conditions. This work highlights the variability in prognosis
following CPR among older adults and should prompt clini-
cians to consider frailty when engaging in shared decision-
making conversations. The CFS is a simple yet highly prog-
nostic tool that can be used by clinicians in various settings
to quickly assess frailty.

In prior studies describing outcomes following in-hospi-
tal CPR in older adults, survival to hospital discharge has
ranged from 9 to 32%.'>2%-3! The strongest predictors of
increased mortality were increasing age.”* and unshock-
able rhythm at the time of the arrest.”®° These factors*>3?
have also been shown to predict 1-year mortality in survi-
vors of in-hospital cardiac arrest. While overall survival to
hospital discharge in our study was 26%, survival varied sig-
nificantly according to frailty status. In fact, for those who

In-hospital Mortality by CFS Score

CFS Score
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Table 2 Associations Between
Clinical Frailty Scale Score and

QOdds ratio [95% confidence interval]

Crude model Age-adjusted model Multivariate model*

In-hospital Mortality Among CFS score? N events/N at risk
324 Older Adults Undergoing
In-hospital Cardiopulmonary 1-3 31/57
Resuscitation 4 57/86
5 40/51
67/80
7-9 42/50

1.0 [ref] 1.0 [ref] 1.0 [ref]

1.6 [0.8-3.3] 1.6 [0.8-3.3] 1.6 [0.8-3.3]
3.1[1.3-7.1] 3.0[1.3-7.0] 3.0[1.3-7.1]
4.3 [2.0-9.5] 4.3[1.9-9.4] 4.411.9-9.9]
4.411.8-11.0] 4.411.8-11.1] 4.6 [1.8-11.8]

4CFS Clinical Frailty Scale

*Adjusted for age, sex, race, and Charlson Comorbidity Index

were not frail, survival approached 50%. Our findings of
an increased risk of mortality with higher frailty score are
similar to those reported in studies conducted in the UK,
Canada, and China.'>"'73* However, we observed higher sur-
vival rates in patients with frailty compared to other stud-
ies. In a retrospective study from Ibitoye et al. that included
90 patients > 60 years, in-hospital mortality following in-
hospital CPR was 100% for patients categorized as frail,
defined as CFS >5,'%17:34 while Wharton et al. examined
in-hospital cardiac arrest in 179 adults at a single institu-
tion and observed 98% in-hospital mortality for patients with
frailty, defined as a CFS score of > 6.1 Similarly, Fernando
et al. examined in-hospital cardiac arrest in 477 adults and
observed 95% in-hospital mortality for frail patients, defined
as a CFS score > 5, while patients who were not frail had an
in-hospital mortality of 67%. Meanwhile, we found that 84%
of patients with a CFS > 6 experienced in-hospital mortality
following in-hospital CPR.

It is possible that the higher survival rates in our cohort are
due in part to the robust palliative care presence within our
institution which has resulted in increased attention to goals
of care conversations across Mass General Brigham.*>
Accordingly, patients that clinicians deemed unlikely to
survive CPR often chose a do not resuscitate/do not intu-
bate (DNR/DNI) code status and therefore would have been
excluded from our study. Conversely, the comparatively
high rates of survival in our cohort should caution clinicians
against undertreatment of older adults with minimal frailty
burden, who may be more likely to survive CPR than age
alone would suggest. These findings emphasize the value of
a readily available metric for risk stratification for in-hospital
CPR in older adults. Determining a patient’s degree of frailty
may help clinicians avoid both overtreatment and undertreat-
ment, as the CFS helps distinguish between patients who are
not frail and more likely to survive CPR and patients with
increasing degrees of frailty who are less likely to survive

CPR as their frailty burden increases.

We selected the CFS for frailty assessment as this scor-
ing system is easy to use in busy clinical settings, including
an intensive care unit or emergency department, and may
be calculated from retrospective chart review with a high
degree of validity and inter-rater reliability.'**” Addition-
ally, studies have shown that higher CFS scores correlate
with a variety of adverse outcomes, including prolonged
hospitalization, long-term care need, hospital readmission,
and hospital and ICU mortality.”-'%1%3842 Although other
frailty indices have been developed for ease of use in clini-
cal practice, the CFS has the advantage of conceptualizing
frailty as a spectrum on which patients range from very fit
to terminally frail. In contrast to prior studies which showed
an association between in-hospital mortality with a binary
designation of frailty,">~'” we report outcomes for a range of
CFS scores. Using the CFS, we found that majority of the
patients in our study scored 4-6 on the CFS, classified as
very mildly, mildly, or moderately frail. This is consistent
with other studies which have looked at the distribution of
frailty in inpatient populations.>***

By representing levels of frailty, we were able to provide
a more nuanced depiction of the heterogeneous older adult
population and better characterize the association between
frailty and in-hospital mortality after CPR. Our results
reflected the clinical reality that patients with frailty rep-
resent a heterogeneous population with different likely out-
comes depending on their level of frailty. This has important
implications for clinicians counseling patients about their
likelihood of survival following CPR. Although we advocate
strongly against an algorithmic application of our findings,
such as recommending against CPR above a particular CFS
threshold, we do advocate considering frailty to frame con-
versations when discussing goals of care. Most patients want
to discuss prognosis with clinicians, and these discussions
are critical to informed decision making. However, clinicians
often hesitate to share prognosis because of uncertainty of
estimates and potential harm to the patient.** Using the CFS

as prognostic information, shared in an individualized and
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compassionate manner, can help patients and families make
difficult decisions about CPR. Moreover, because the CFS
was designed to be simple and easy to apply at the bedside,

it is an effective tool for use in busy clinical environments

and crisis situations such as the recent COVID pandemic.*

Our results contribute to a growing body of evidence to
inform likely outcomes to minimize patient harm and enable

patient-centered care in frail older adults.

Our study has several strengths. Compared to prior studies
examining the association between frailty status and in-hos-
pital mortality following CPR, we had a relatively large sam-
ple size of older adults who experienced in-hospital cardiac
arrest. Our cohort also included patients at both academic
and community hospitals in the Boston metropolitan area
to capture a more diverse population. In addition, we inten-
tionally selected the CFS as a frailty assessment that would
be easy to implement in clinical settings. For this study, we
employed robust methods for retrospective CFS extraction
with strong inter-rater reliability.

We acknowledge the limitations of this study. First, data
for CFS extraction were abstracted through retrospective
chart review and thus subject to error and omissions in
documentation, potentially leading to inaccuracies in the

APPENDIX

Fully
dependent
Partially
dependent

Fully Dependent in
independent iADLs?

No | Dependent
in bADLs?

Terminally ill -
life limiting
iliness,

anticipated
lifespan < 6

Fully
dependent
Partially
dependent

calculation of CFS scores. Regarding our secondary out-
come of 30-day mortality, we relied on the RPDR variable,
date of death, which only captures patient deaths occurring
within MGB and recorded in our electronic medical record,
and may have been imprecise. Next, our cohort examined
patients cared for within a single medical system in a single
geographic region and may not be generalizable to a broader
population. Additionally, our cohort excluded patients with a
DNR/DNI code status and did not capture outcomes in older
adults who had already opted out of CPR. Lastly, our analy-
sis focused on the outcome of in-hospital mortality after in-
hospital CPR. Further study is needed to evaluate whether
frailty affects other outcomes after CPR, including cognitive
or functional status, which are often critical to determining
whether quality of life after CPR is goal-concordant.

CONCLUSIONS

Increasing level of frailty is associated with increased mor-
tality after in-hospital CPR in older adults. Clinicians may
consider using the CFS to help guide goals of care conver-
sations, including discussion of code status, in this patient
population.

daily life?
Can do moderate-

months
i

Fully Chronic medical
ndependent conditions?

strenuous
physical activity?

Dependent in
>2bADLs?

Can do moderate-
strenuous physical
activity?

No

Fig. 3 Algorithm for retrospective calculation of Clinical Frailty Scale score using electronic medical record. bADL, basic activity of daily
living; iADL, independent activity of daily living.
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