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Abstract

Background—Although frailty has been associated with major morbidity/mortality and
increased length of stay after cardiac surgery, few studies have examined functional outcomes. We
hypothesized that frailty would be independently associated with decreased functional status,
increased discharge to a non-home location, and longer duration of hospitalization after cardiac
surgery, and that delirium would modify these associations.

Methods—This was an observational study nested in two trials, each of which was conducted by
the same research team with identical measurement of exposures and outcomes. The Fried frailty
scale was measured at baseline. The primary outcome (defined prior to data collection) was
functional decline, defined as =2-point decline from baseline in Instrumental Activities of Daily
Living (IADL) score at 1-month after surgery. Secondary outcomes were absolute decline in IADL
score, discharge to a new non-home location and duration of hospitalization. Associations were
analyzed using linear, logistic, and Poisson regression models with adjustments for variables
considered prior to analysis (age, gender, race, and logistic EuroSCORE) and in a propensity-score
analysis.

Results—Data were available from 133 patients (83 from one trial and 50 from the second trial).
The prevalence of frailty was 33% (44/133). In adjusted models, frail patients had increased odds
of functional decline (primary outcome; OR 2.41; 95%CI 1.03-5.63; p=0.04) and greater decline
at 1-month in the secondary outcome of absolute IADL score (-1.48, 95%CI -2.77 to —0.30,
p=0.019), compared to non-frail patients. Delirium significantly modified the association of frailty
and change in absolute IADL score at 1-month. In adjusted hypothesis-generating models using
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secondary outcomes, frail patients had increased discharge to a new non-home location (OR 3.25;
95%Cl 1.37-7.69; p=0.007) and increased duration of hospitalization (1.35 days; 95%CI 1.19-
1.52; p<0.0001) compared to non-frail patients. The increased duration of hospitalization, but not
change in functional status or discharge location, was partially mediated by increased
complications in frail patients.

Conclusions—Frailty may identify patients at risk of functional decline at 1-month after cardiac
surgery. Perioperative strategies to optimize frail cardiac surgery patients are needed.

INTRODUCTION

Frailty is a geriatric syndrome characterized by lack of resilience to stressors® The
prevalence of frailty has been estimated to be 10-60% in patients with cardiovascular
disease? and in multiple studies, frailty has been associated with major morbidity/mortality
and increased length of stay after cardiac surgery.3# However, as noted by two recent
systematic reviews,>® there are few studies which have determined whether frailty identifies
patients at risk for worse functional outcomes or non-home discharge destination. There is
also little information on whether delirium interacts with frailty to increase susceptibility to
functional decline, but such an interaction would identify the most vulnerable older adults at
discharge. For older adults undergoing surgery, preservation of functional status and
avoiding institutionalization are key goals, while for health systems, minimizing length of
stay is becoming increasingly important.

Although there are many ways to measure frailty, the Fried frailty scale has been widely
used and validated in both community-dwelling and hospitalized patients.” Much of the
popularity of the Fried scale may be traced to its basis in a biologic phenotype of sarcopenia
and low energy expenditure. Patients categorized as frail are thought to be at high-risk for
functional decline after the stress of cardiac surgery, but this association has not been well-
documented. However, such information is critically important for risk-stratification,
surgical decision-making, and perioperative planning. Importantly, given the biologic basis
of frailty, such information could provide a compelling rationale for the development and
implementation of prehabilitation programs for frail older adults undergoing cardiac surgery
that are targeted at the underlying biology of sarcopenia and low energy expenditure.8

In this nested observational study, we hypothesized that baseline frailty would be associated
with functional decline at 1-month (primary outcome), decline in absolute Instrumental
Activities of Daily Living (IADL) score at 1-month, increased discharge to a non-home
location, and longer duration of hospitalization, and that delirium would modify these
associations.

METHODS

Study procedures were approved by the Institutional Review Board at Johns Hopkins School
of Medicine (jhmeirb@jhmi.edu). Written informed consent was obtained from patients.
The data in this analysis were collected during two trials, each of which was submitted for
registration on www.clinicaltrials.gov prior to enrollment (NCT00981474; Pl Hogue;
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submitted 9/21/2009 and NCT02587039; Pl Brown; submitted 7/9/2014). This manuscript
adheres to the applicable STROBE guidelines.

Study Design and Patients

This was an observational study nested in two separate single-site trials at an academic
center. Each trial was conducted by the same team with identical measurement of frailty and
functional outcomes. The primary question (association of frailty with 1-month functional
decline) was pre-specified prior to patient enrollment for patients in this analysis. Data from
the two trials were combined for this study.

The primary aim of the first trial was to determine if targeted mean arterial pressure during
cardiopulmonary bypass based on cerebral autoregulation monitoring reduced a composite
outcome (stroke, ischemic lesions, cognitive change) compared with standard blood pressure
management (registration NCT00981474). Patients =55 years old were enrolled from
August 2014—May 2016. Inclusion criteria were coronary artery bypass (CAB) and/or
valve surgery that required cardiopulmonary bypass and who were at high risk for
neurologic complications?® as determined by a Johns Hopkins risk score that generally
excluded patients in the lowest quartile of risk. Exclusion criteria were baseline delirium,
hepatic dysfunction, contraindications to MRI, dialysis, non-English speaking, inability to
follow-up, and emergency surgery. 83 patients were included from this trial.

The primary aim of the second trial was to determine if remote ischemic preconditioning
reduced postoperative delirium (trial registration NCT02587039). Patients were enrolled
from July 2014—December 2015. Inclusion criteria were age =65 years old and undergoing
CAB and/or valve operation that required cardiopulmonary bypass. Exclusion criteria were
baseline delirium, Mini Mental State Examination score <23, inability to speak/read English,
severe hearing impairment, inability to tolerate a tourniquet, hemoglobinopathy, or
intraoperative ketamine. 50 patients were included from this trial.

Data from the two studies was merged based on common definitions of data elements. Data
on the combined group of patients has been published separately, in a parallel manuscript
examining the association of frailty and postoperative delirium/cognition.1% Data from the
first trial has been published in manuscripts examining the associations of delirium and
cognition!! and the effects of an intervention to optimize mean arterial pressure.12

Preoperative Assessment

Baseline frailty assessments were performed using the validated scale from Fried et al.”
evaluating 5 domains: (1) sArinking, defined as unintentional weight loss of =10 pounds in
the last year; (2) weakness, determined by grip-strength, adjusted for gender and BMI; (3)
exhaustion, determined by two questions from the modified 10-item Center for
Epidemiological Studies-Depression scale;13 (4) Jow physical activity, determined by the
modified Minnesota Leisure Time Activities Questionnaire; 14 and (5) slowed walking speed,
as measured at normal pace over 15 feet. Each of the five domains yielded a score of 0 or 1
based on cutoffs previously described. 12 patients who refused to walk were scored as “1”
for gait speed. Frail patients were defined as total scores 3-5.7
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Outcome Assessment

At baseline and 1-month follow-up, patients completed the Older Americans Resources and
Services Instrumental Activities of Daily Living (IADL) questionnaire.1®> Baseline and
discharge location were obtained from the medical record; discharge location was
categorized as discharge to home, including to hotel or with family, or discharge to a non-
home location, including sub-acute or acute rehabilitation. Duration of hospitalization and
incidence of postoperative complications (atrial fibrillation, new dialysis, new intra-aortic
balloon pump, inotropic drugs>24 hours, mechanical ventilation>48 hours, sepsis, stroke)
was obtained from the medical record. Delirium was assessed on 3 of the first 4 days using
the Confusion Assessment Method6 and Confusion Assessment Method for the ICU7
(intubated patients). For days on which patients were not assessed in person, a validated
chart review was used (sensitivity 74%, specificity 83%).18

Perioperative Management

In the operating room, general anesthesia was induced with fentanyl, midazolam, and/or
propofol and was maintained with isoflurane and a non-depolarizing muscle relaxant. In the
Intensive Care Unit (ICU), patients were generally sedated with propofol until readiness for
tracheal extubation, with a protocolized goal of extubation within 6 hours.. For patients in
whom extubation was anticipated to be delayed (>48-72 hours), fentanyl and/or midazolam
infusions were considered. Mean arterial pressure targets in the ICU were 65-90 mm Hg
depending on the procedure and surgeon. Inotropes were weaned based on estimates of
adequate perfusion, including physical exam, hemodynamic variables, and laboratory values.
Early mobilization was emphasized, with a goal of ambulating by postoperative day 2.

Statistical Analysis

The primary exposure was frailty (defined as a binary variable [frail vs. not-frail]), as
assessed by the Fried criteria.” The primary outcome was functional decline (defined as
IADL decline of =2 points). A cutoff of 2 points for functional decline was chosen based on
surveys of geriatricians indicating clinically significancel® and based on similar definitions
in other studies of functional decline after cardiac surgery.2% Secondary outcomes were
absolute decline in IADL score, discharge location (home vs. non-home), and duration of
hospitalization. For all analyses, a p-value<0.05 was considered significant. However, all
analyses using secondary outcomes should be considered exploratory and hypothesis-
generating. No patients with baseline frailty assessments died in the hospital. Baseline
patient characteristics were compared using Student t-tests, Wilcoxon rank sum tests, and
Fisher’s exact tests in order to assess potentially confounding variables.

For analyses examining the association of frailty and postoperative outcomes, the primary
outcome was functional decline (IADL decline =2 points). The associations of frailty and
both functional decline and discharge location were examined using logistic regression. The
association of frailty and absolute decline in IADL score was examined using linear
regression with nonparametric bias-corrected bootstrapped confidence intervals, a method
chosen because the distribution of the outcome was not normal, with a relatively small
sample size. Generalized linear models with a Poisson distribution were used to examine the
association of frailty and duration of hospitalization. The fit of the Poisson distribution was
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assessed using a comparison of residual deviance with degrees of freedom. Variables for
which to adjust were considered a priori before analysis (based on review of the literature
and potential associations with frailty and functional status) and included age, gender, race,
and logistic EuroSCORE. Of note, the logistic EuroSCORE includes several variables,
which were thought to differ by frailty status, such as age, comorbidities, and surgical
characteristics. The association of individual components of the frailty score with each
outcome were examined in unadjusted and adjusted regression models, with each individual
component incorporated into separate models.

As a post-hoc analysis, to minimize selection bias in our observational study, we used an
inverse probabilities of treatment weight (IPTW) propensity score method.2! Propensity
scores (PS) were calculated by generating a logistic regression model to predict the
probability of each patient with observed frailty status at baseline based on the following
variables, which were chosen based on review of the literature for potential association with
frailty and/or functional decline: age, gender, race, education, prior stroke, hypertension,
heart failure, vascular disease, chronic obstructive pulmonary disease, tobacco use, diabetes,
logEuroSCORE, surgery, cardiopulmonary bypass, delirium, and baseline IADL score.
IPTW were created by using 1/PS. A range of propensity score distributions was considered.
To address the extreme values of the IPTW, truncation was performed using percentile
cutpoints—with weights >95t" percentile and <5 percentile set equal to the 95! and 5™
percentiles respectively. Finally, weighted models to estimate the effect of frailty on
outcomes were performed with truncated IPTW as the weights. As a sensitivity analysis to
examine potential overfitting of the logistic regression model, we generated separate PS
using only variables associated with frailty in univariate analysis (p-value<0.20). Nine
variables were identified: age, gender, race, education, hypertension, heart failure, Diabetics,
logEuroSCORE, and baseline IADL. These PS were used for separate weighted IPTW
models, with similar methodology as described above.

We also examined the modifying effect of delirium by testing the significance of an
interaction term in adjusted regression models that examined the association of frailty with
functional decline, change in absolute IADL score, discharge location, and duration of
hospitalization.

A potential mediating effect of postoperative complications was examined using path
analysis in MPlus. Here, the “total” association (“effect”) of frailty with outcomes is
decomposed into a direct effect on outcomes, independent of complications, and an
“indirect” effect in which frailty is associated with complications which in turn are
associated with outcomes. In order to evaluate the indirect effect more fully, the components
of the indirect effect were examined individually, i.e. the association of the exposure (frailty)
with the mediator (complications) and the associations of the mediator (complications) with
each outcome. A probit link was specified in the models with binary mediators or outcomes.
This link conceptualizes binary data as a dichotomized version of an underlying standard
normal random variable. Path coefficients in this framework are interpreted in the same way
as linear regression coefficients, either literally (for continuous outcomes) or with respect to
the normal variable underlying the binary dichotomization of it. Mediation was adjudicated
based on the size and significance of the indirect effect and the significance of the exposure/
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complication and complication/outcome relationships. In interpreting the indirect effect, we
also examined whether there were exposure-mediator interactions, by examining the
interaction of frailty and complications in separate models with each outcome.

The sample size for this nested cohort study was determined by the number of patients with
available frailty and outcome assessments. We did determine that a sample size of 133
patients would provide a power of 0.76 to detect a difference in an IADL decline of =2 ata
significance level of 0.05, assuming a frailty prevalence of 33%, and a decline in IADL of
25% in non-frail patients and 50% in frail patients.20

Patient characteristics

Data were available on 133 patients with baseline frailty measurement. A flow diagram is
shown in Appendix A. Compared to patients in the trial examining remote ischemic
preconditioning, patients in the trial examining cerebral autoregulation were younger
(70.74£8.0 y/o vs. 74.2+ 6.1 y/0), were more likely to be male (81% vs. 60%), and had
similar median logEuroSCORE (4.51 [IQR 2.27, 9.26] vs. 4.22 [IQR 2.71, 7.68]). The
overall prevalence of frailty at baseline was 33% (44/133). Characteristics of patients by
frailty status are presented in Table 1. Frail patients had significantly higher logEuroSCORE,
compared with non-frail patients. Frail patients had a higher incidence of a composite score
of postoperative complications compared to non-frail patients (52% [23/44] vs. 30% [27/89]
p=0.01), as shown in Table 2, and this difference was significant in a model adjusted for age,
logistic EuroSCORE, and bypass time (OR 2.38; 95%CI 1.11, 5.11; p=0.027).

Functional Decline in IADL at 1-Month (Primary Outcome)

Of the 133 patients in the study sample, IADL data was missing in 6 patients at baseline and
in an additional 3 patients at 1-month after discharge. Thus, 1-month IADL data was
available in 98% (124/127) of patients with baseline IADL data. At baseline, the median
IADL score (out of 14 points total) was 14 (IQR 13, 14) in frail patients and 14 (IQR 14, 14)
in non-frail patients. 91% of patients had a baseline IADL score of 13 or 14. At the 1-month
follow-up, functional decline in IADL score (=2-point decline; primary outcome) occurred
in 29% (36/124) of patients overall. Among frail patients, functional decline occurred in
44% (17/39), while in non-frail patients, functional decline occurred in 22% (19/85). (Figure
1A) The odds of functional decline in IADL score from baseline to 1 month were higher for
frail patients compared to non-frail patients in a model adjusted for age, gender, race, and
logEuroSCORE (OR 2.41; 95%CI 1.03, 5.63; p=0.04) and in a propensity-score adjusted
model (OR 2.32; 95%CIl 1.27, 4.32; p=0.006). In a sensitivity analysis that included the
baseline IADL score as a covariate in addition to age, gender, race, and logEuroSCORE, the
inferences were similar (OR 2.45, 95%CI 1.03-5.81, p=0.04)

The change in IADL score from baseline to 1-month (n=124) in frail patients was a median
change (i.e. decline) of -1 (IQR -3,0) while in non-frail patients was a median change of 0
(IQR -1, 0 p=0.018). The decline in absolute IADL score (secondary outcome) in 124
patients with baseline and 1-month data was greater in frail compared to non-frail patients in
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a model adjusted for age, gender, race, and logEuroSCORE (-1.48; 95%Cl -2.77, —0.30;
p=0.019) and in a propensity-score adjusted model (-1.04; 95%CI -2.0, —0.07; p=0.035),
(Table 3). In a sensitivity analysis using 1-month IADL as the outcome with adjustment for
baseline IADL score, age, gender, race, and logEuroSCORE, frail patients had lower 1-
month IADL scores compared with non-frail patients (-1.53, 95%CI -2.57, -0.49, p=0.004)

Discharge Location (Secondary Exploratory Outcome)

Discharge location was a secondary exploratory outcome. The overall incidence of discharge
to a new non-home location was 28% (37/133). The incidence of non-home discharge in
frail patients was 48% (21/44) and in non-frail patients was 18% (16/89) (Figure 1B). As
shown in Table 3, the odds of being discharged to a non-home location were 3.25-fold
higher (95%Cl 1.37, 7.69; p=0.007) for frail patients compared to non-frail patients,
adjusted for age, gender, race, and logEuroSCORE, with similar inferences in a propensity-
score adjusted model.

Duration of Hospitalization (Secondary Exploratory Outcome)

Duration of hospitalization was a secondary exploratory outcome. The median number of
days in the hospital after surgery for frail patients was 9 (IQR 7, 11.5), while for non-frail
patients was 7 (IQR 6, 8; p<0.001) (Figure 1C). As shown in Table 3, the duration of
hospitalization in frail patients was estimated to be 1.35 days longer (95%CI 1.19, 1.52;
p<0.0001) for frail patients compared to non-frail patients, adjusted for age, gender, race,
and logEuroSCORE, and 1.29 days longer (95%Cl 1.12, 1.50; p<0.001) in a propensity-
score adjusted model.

Individual Components of the Frailty Score (Secondary Exploratory Analyses)

Functional decline and discharge to a non-home location based on each individual
component of the frailty phenotype are shown in Figure 2, with slow gait speed being
significantly associated with both of these outcomes. In adjusted models in which each item
on the frailty score was assessed in separate models, slow gait speed was associated with
functional decline (OR 2.72, 95%CI 1.14, 6.49, p=0.03), absolute IADL decline (-
coefficient —2.12, 95%CI -3.14, —-1.09, p<0.001), discharge to a non-home location (OR
4.23,95%Cl 1.72, 10.38, p=0.002), and number of days in the hospital (B-coefficient 1.42,
95%CIl 1.25, 1.61, p<0.001). Additionally, weight loss (B-coefficient 1.19, 95%ClI 1.04,
1.36, p=0.01), weakness (p-coefficient 1.28, 95%Cl 1.12, 1.46, p<0.001), and exhaustion (p-
coefficient 1.15, 95%CI 1.02, 1.30, p=0.02) were all individually associated with increasing
number of days in the hospital in separate models. All other associations between individual
components of the frailty phenotype and functional outcomes were not significant.

Delirium as a Potentially Modifying Factor of the Association between Frailty and

Outcomes

Delirium assessments were available on 128 patients (4 missing due to staff availability and
1 missing due to excessive sedation). The association of frailty and 1-month absolute decline
in IADL score was significantly different by delirium status (p-interaction 0.03). For patients
with delirium, frail patients had a greater decline in 1-month IADL score compared to non-
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frail patients (2.2, 95%Cl -4.0, -0.4, p=0.02), while for patients without delirium the
difference in functional decline for frail compared to non-frail patients was less (-0.12,
95%Cl -1.0, 0.78, p=0.79). Delirium did not modify the association of frailty with 1-month
functional decline, duration of hospitalization, or discharge location.

Postoperative Complications as Mediating Factors

A potential mediating effect of postoperative complications was examined, with the
hypothesis that complications would mediate the association of frailty with functional status
and hospital outcomes. In these models, the total effect is interpreted as the effect of frailty
on the propensity of each individual functional outcome, without considering mediation. The
size and significance of the indirect effect reflects the amount of mediation. Complications
did not mediate the association between frailty and functional IADL decline (total effect
0.53, standard error [SE] 0.26, p=0.02, indirect effect —0.05, SE 0.09, p=0.60) or between
frailty and discharge location (total effect 0.69, SE 0.27, p=0.01, indirect effect 0.14, SE
0.10, p=0.16). However, complications did partially mediate the association of frailty and
hospital duration =10 days (total effect 0.77, SE 0.25, p=0.002, indirect effect 0.30, SE 0.15,
p=0.043). In this model, the association of frailty and complications was 0.54 (SE 0.24,
p=0.026), and the association of complications and hospital duration =10 days was 0.56, (SE
0.12, p<0.001). There was no interaction (p=0.45) between frailty and complications in a
model with hospital duration =10 days as the outcome.

DISCUSSION

In this study, we found that frail patients were at increased risk of functional decline at 1-
month after surgery. In exploratory analyses, we found that frail patients were at increased
risk for discharge to a new non-home location and increased duration of hospitalization
compared to non-frail patients. Delirium modified the association of frailty and change in
IADL score at 1-month. Postoperative complications partially mediated the association of
frailty and duration of hospitalization =10 days.

Frailty has been conceptualized as an inability to withstand stress, and multiple studies have
found that frailty is a predictor of morbidity and mortality following cardiac surgery.3 The
results of our study were concordant, with more complications after surgery occurring in the
frail. In particular, frailty has been an important focus in the aortic valve replacement
population, with the goal of stratifying patients into appropriate candidates for surgical or
transcatheter aortic valve replacement, or even non-operative medical therapy. Yet there is a
paucity of data describing the relationship between frailty and function after conventional
cardiac surgery, even though preservation of functional status is a key patient-centered goal.®

In open surgery, the association between frailty and functional decline has not been
consistent,22:23 with two systematic reviews finding few well-done studies and advocating
for more research focusing on functional outcomes.>® One recent study found that frailty
was associated with worse functional trajectories after cardiac surgery, but the frailty
measure was based on an index of comorbidities.24 A second well-done multi-center study
reported that frailty, as assessed by a number of measures, was associated with a composite
of 1-year mortality and disability.?® In this study, the Essential Frailty Toolset (a composite
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measure of chair stands, cognition, anemia, and albumin) performed the best for prediction
of death and disability at 1-year in comparison to six other frailty scales. However,
intermediate functional status that may be important for recovery was not reported, nor was
the contribution of complications or delirium. It is noteworthy that delirium modified the
association of frailty and 1-month functional change in our study and highlights the negative
synergy between these two geriatric syndromes. With regards to discharge location, Lee et
al.26 did find in >3800 cardiac surgical patients that frailty was associated with new
institutional discharge, but the frailty prevalence was only 4%, and the frailty definition was
unique to this study. In the transcather aortic procedure, frailty does appear to be associated
with functional decline at 6-months or later.27:28

A recent systematic review® highlighted an important role for single-component frailty
instruments, and iln our study, it is noteworthy that individual domains of the Fried frailty
assessment differed with respect to outcomes. Specifically, slowed walking speed was the
only domain that was consistently associated with both decline in IADLs and discharge to a
non-home location. These results support the measurement of at least gait speed for risk-
stratification in busy preoperative clinics, and potentially support change in gait speed as a
surrogate outcome for prehabilitation programs. These results may be particularly
informative given the myriad of frailty scales that can be used.2®

Identification of madifiable risk factors for functional decline may allow for targeted
strategies based on the underlying biology of frailty. For instance, frail patients (especially
those with delirium or at high risk for delirium) might benefit from enhanced physical
therapy, early consideration of discharge planning, or even from prehabilitation programs
prior to surgery.3% In contrast, frailty assessments that are based on an index of various
comorbidities may not be as amenable to targeted interventions. In this study, delirium did
modify the association of frailty with change in IADL score and thus appears to interact with
frailty. However, frailty was not associated with delirium as in other studies, in large part
since pre-frailty was not considered as a separate exposure.31 Although frail patients were at
increased risk for postoperative complications, complications did not mediate the
relationship between frailty and either decline in IADL or discharge location, although
complications did the mediate the relationship with prolonged hospitalization.

There are several strengths of this study. Frailty was assessed using the well-validated Fried
scale by an experienced team. Functional outcomes were measured prospectively and reflect
important patient-related outcomes. Analyses were adjusted for important confounding
variables and included a propensity score analysis. There are several limitations. Although
the frailty and outcome assessments were similar, these results reflect a combination of two
studies, with different enrollment criteria and goals. The Fried frailty scale is thought to
reflect a biologic phenotype of frailty, but can be time-consuming to implement. Other
measures of frailty, such as the frailty index or many single-item measures, were not
examined. Thus, it is unclear whether these results would be similar using other
conceptualizations of frailty, especially since different frailty scales measure different
underlying biology. The primary functional outcomes were assessed at 1-month, but
functional status at later time-points (i.e. 3-12 months) may better reflect recovery. These
longer-term outcomes would be particularly important to parse out what aspects of frailty
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are driven by cardiac comorbidities in comparison to traits such as sarcopenia. There is a
possibility of residual confounding given baseline differences in comorbidity by frailty
status, even though we adjusted for several variables that were determined a priori. Finally,
these results reflect patients only at one academic medical center with important exclusion
criteria that may limit generalizability.

In conclusion, frail patients undergoing cardiac surgery were at higher risk of functional
decline at 1-month after surgery. Further research is needed to determine how to incorporate
frailty assessment into perioperative management to optimize functional status early after
cardiac surgery.
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Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS AND DISCLOSURES

The authors are grateful for the support of the Johns Hopkins Department of Anesthesiology & Critical Care
Medicine Clinical Research Core (Michelle Parish RN, Elizabeth White RN, Mirinda Anderson RN), and Laura
Max PA for study conduct and regulatory support.

Funding

NIH K76 AG057020 (CB)

OAIC Research Career Development Core Award (P30 AG021334)

Magic That Matters Grant (CB)

NIH RO1 HL092259 (CH)

GLOSSARY OF TERMS
IADL Instrumental Activities of Daily Living
EuroSCORE European Score for Cardiac Operative Risk Evaluation
CAB Coronary Artery Bypass
ICU Intensive Care Unit
SD Standard Deviation
IQR Inter-quartile Range
IPTW Inverse Probability of Treatment
PS Propensity Score
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KEY POINTS
Question:

Avre functional outcomes worse among frail patients undergoing cardiac surgery
compared with non-frail patients?

Findings:

In adjusted models, frail patients had greater functional decline at 1-month after cardiac
surgery.

M eaning:

Frailty may identify patients at risk of functional decline at 1-month after cardiac surgery,
and therefore perioperative strategies to optimize frail cardiac surgery patients are
needed.
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Figure 1:

(A) Functional decline (defined as decrease in Instrumental Activities of Daily Living score
>2), (B) discharge to non-home location, and (C) number of days in hospital (C) by frailty

status. P-values are unadjusted comparisons.
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Figure 2:

(A) Functional decline (defined as decrease in Instrumental Activities of Daily Living score
>2), and (B) discharge to non-home location according to individual components of the
frailty phenotype. “Positive” refers to exceeding the cutoff threshold to be considered frail
for that particular criterion. P-values are unadjusted comparisons.
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Table 1:
Patient and Surgical Characteristics
Non-Frail N=89 Frail N=44 P-value

Age (years), mean (SD) 71.3(7.1) 73.5(8.1) 0.117
Male, n (%) 69 (78) 28 (64) 0.090
Race, n (%)

Caucasian 75 (84) 35 (80) 0.195

African-American 8(9) 8 (18)

Other 6 (7) 1(2)
Education, n (%) 0.181

High school or below 31 (36) 21 (48)

Above high school 56 (64) 23(52)
Comorbidities, n (%)

Prior stroke 12 (14) 7 (16) 0.707

Hypertension 84 (94) 38 (86) 0.114

Congestive Heart Failure 13 (15) 12 (27) 0.079

Peripheral Vascular Disease 11 (12) 9 (20) 0.219

COPD 5(6) 2(5) 0.739

Tobacco (prior) 45 (63) 24 (63) 0.946

Diabetes 30 (34) 22 (50) 0.070
Logistic EuroSCORE, median (IQR) 3.35(2.17,6.66) 6.29(3.29,9.47)  0.003
Surgery, n (%) 0.873

CAB 26 (48) 18 (41)

CAB +Valve 7(13) 8 (18)

Valve 19 (35) 17 (39)

Other 2 (4) 1(2)
Cardiopulmonary bypass duration (min), median (IQR) 117 (84, 154) 128 (80, 154) 0.669
Incident Delirium 37 (42%) 19 (48%) 0.56

Page 17

Abbreviations: SD= standard deviation; IQR=Inter-Quartile Range; COPD= chronic obstructive pulmonary disease; CAB=coronary artery bypass
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Postoperative Complications

Table 2:

Non-Frail N=89 Frail N=44 P-value

Atrial fibrillation, n (%)

Incident dialysis, n (%)

New intra-aortic balloon pump, n (%)
Mechanical ventilation>48 hours, n (%)
Multiple inotropic drugs>24 hours, n (%)
Single inotropic drug>24 hours, n (%)
Sepsis, n (%)

Stroke, n (%)

Compositec, n (%)

17 (19.1) 13(29.6)
0 0
4(4.5) 5(11.4)
1(LY) 3(6.8)
1(L) 2 (4.6)
7(7.9) 6 (13.6)

0 1(23)
2(2.3) 4(9.1)
27 (30.3) 23 (52.3)

0.18%
N/A

0.16b

Abbreviations: SD= standard deviation; IQR=Inter-Quartile Range

aChi-squared test,

bFisher Exact test,

c . ] T .
Composite was defined as any complication listed in Table 2.
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