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Abstract

BACKGROUND—Frailty is a geriatric syndrome thought to identify the most vulnerable older
adults, and morbidity and mortality has been reported to be higher for frail patients after cardiac
surgery compared to nonfrail patients. However, the cognitive consequences of frailty after cardiac
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surgery have not been well described. In this study, we examined the hypothesis that baseline
frailty would be associated with postoperative delirium and cognitive change at 1 and 12 months
after cardiac surgery.

METHODS—This study was nested in 2 trials, each of which was conducted by the same
research team with identical measurement of exposures and outcomes. Before surgery, patients
were assessed with the validated “Fried” frailty scale, which evaluates 5 domains (shrinking,
weakness, exhaustion, low physical activity, and slowed walking speed) and classifies patients as
nonfrail, prefrail, and frail. The primary outcome was postoperative delirium during
hospitalization, which was assessed using the Confusion Assessment Method, Confusion
Assessment Method for the Intensive Care Unit, and validated chart review. Neuropsychological
testing was a secondary outcome and was generally performed within 2 weeks of surgery and then
4-6 weeks and 1 year after surgery, and the outcome of interest was change in composite Z-score
of the test battery. Associations were analyzed using logistic and linear regression models, with
adjustment for variables considered a priori (age, gender, race, education, and logistic European
System for Cardiac Operative Risk Evaluation). Multiple imputation was used to account for
missing data at the 12-month follow-up.

RESULTS—Data were available from 133 patients with baseline frailty assessments. Compared
to nonfrail patients (13% delirium incidence), the incidence of delirium was higher in prefrail
(48% delirium incidence; risk difference, 35%; 95% ClI, 10%-51%) and frail patients (48%
delirium incidence; risk difference, 35%; 95% ClI, 7%-53%). In both univariable and multivariable
models, the odds of delirium were significantly higher for prefrail (adjusted odds ratio, 6.43; 95%
Cl, 1.31-31.64; P=.02) and frail patients (adjusted odds ratio, 6.31; 95% CI, 1.18-33.74; P=.03)
compared to nonfrail patients. The adjusted decline in composite cognitive Z-score was greater
from baseline to 1 month only in frail patients compared to nonfrail patients. By 1 year after
surgery, there were no differences in the association of baseline frailty with change in cognition.

CONCLUSIONS—Compared to nonfrail patients, both prefrail and frail patients were at higher
risk for the primary outcome of delirium after cardiac surgery. Frail patients were also at higher
risk for the secondary outcome of greater decline in cognition from baseline to 1 month, but not
baseline to 1 year, after surgery.

Frailty is a geriatric syndrome thought to identify the most vulnerable older adults, who have

reduced reserve when faced with stressors.? In community-dwelling populations of adults
>65 years old, the prevalence of frailty has been estimated to be 79%.2 However, in patients
undergoing cardiac surgery, frailty is much more common, with a reported prevalence of
20%—-46%.3
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In multiple studies, morbidity and mortality has been reported to be higher for frail patients
after cardiac surgery compared to nonfrail patients.3-> However, the cognitive consequences
of frailty after cardiac surgery have not been well described. In 2 prior studies,5-7 early
neurocognitive dysfunction manifest as delirium was more common in frail patients after
cardiac surgery. However, these studies were limited by the frailty and delirium assessments.
Delirium appears to be a strong risk factor for cognitive decline in the months to years after
surgery,8-10 so frail patients with delirium may also be at disproportionate risk for cognitive
decline after cardiac surgery. Because preserving cognition after surgery is an important
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patient-centered goal, understanding the potential contribution of frailty on postoperative
cognitive function is important both for risk stratification and optimization of perioperative
management. Further, the anesthesia specialty has embraced the goal of optimizing
perioperative brain health through the American Society of Anesthesiologists Brain Health
Initiative.

In this cohort study nested within 2 trials of patients undergoing cardiac surgery, the primary
objective was to examine the association of baseline frailty with rigorously assessed
postoperative delirium during hospitalization. The secondary objectives were to examine the
association of baseline frailty with 1- and 12-month change in cognition from baseline. The
primary hypothesis was that frailty would be associated with an increased risk of delirium
during hospitalization. The secondary hypotheses were that frailty would be associated with
a decline in a composite measure of cognition and that delirium would mediate the
association of frailty with cognitive decline after cardiac surgery.

Study procedures were approved by the Institutional Review Board at Johns Hopkins School
of Medicine (jhmeirb@jhmi.edu). Written informed consent was obtained from all patients
in this study. This manuscript adheres to the applicable STrengthening the Reporting of
OBservational studies in Epidemiology guidelines.

Study Design and Patients

This observational study was nested in 2 trials, each of which was conducted by the same
research team with identical measurement of frailty and neuropsychological outcomes. Data
from 2 trials were combined in this study. The primary aim of the first trial was to determine
if targeted mean arterial pressure during cardiopulmonary bypass (CPB) based on cerebral
autoregulation monitoring data reduced the incidence of a composite outcome (stroke,
ischemic lesions, cognitive change) compared with standard blood pressure management.
This trial was registered as NCT00981474. Patients were enrolled from August 2014 to May
2016. Inclusion criteria were coronary artery bypass and/or valve surgery that required CPB
and who were at high risk for neurologic complications (stroke or encephalopathy) as
determined by a Johns Hopkins risk score composed of history of stroke, presence of carotid
bruit, hypertension, diabetes, and age that generally excluded patients in the lowest quartile
of risk.1! Exclusion criteria were contraindications to magnetic resonance imaging (eg,
pacemaker), hepatic dysfunction (aspartate or alanine transaminase or alkaline phosphatase
elevated to twice the upper limit of normal), chronic renal failure requiring dialysis, inability
to attend outpatient visits, non-English speaking, and emergency surgery. Data on these
patients have been published separately, in a manuscript examining the association of
delirium and cognitive change after cardiac surgery.10

The primary aim of the second trial was to determine if remote ischemic preconditioning
could reduce the incidence of delirium. This trial was registered as NCT02587039. Patients
were enrolled from July 2014 to December 2015. Inclusion criteria were age =65 years old
and undergoing coronary artery bypass graft and/or valve operation that required CPB.
Exclusion criteria were baseline delirium, Mini-Mental State Examination!? score <23,
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inability to speak/read English, severe hearing impairment, inability to tolerate upper
extremity tourniquet, hemoglobinopathy, or intraoperative ketamine use.

Frailty Assessment

Frailty assessments were performed using the validated scale from Fried et al? evaluating 5
domains: (1) “shrinking,” defined as unintentional weight loss of 210 pounds in the last
year; (2) “weakness,” determined by grip-strength, adjusted for gender and body mass index;
(3) “exhaustion,” determined by 2 questions from the modified 10-item Center for
Epidemiological Studies Depression scalel3; (4) “low physical activity,” determined by the
modified Minnesota Leisure Time Activities Questionnairel4; and (5) “slowed walking
speed,” as measured at normal pace over 15 feet. Each of the 5 domains yielded a score of 0
or 1 based on cutoffs previously described.? Patients who refused to walk were scored as “1”
for gait speed. Nonfrail, prefrail, and frail patients were defined as total scores of 0, 1-2, and
3-5, respectively, as previously described.

Delirium Assessment

Delirium was assessed using rigorous methodologies, including the Confusion Assessment
Method!® and Confusion Assessment Method for the Intensive Care Unit.16 The Confusion
Assessment Method assessment was performed in person by formally trained research
assistants and included a structured cognitive examination (minimental state examination,
digit span forward/backward, and timed months of the year backward). Research assistants
also queried the patient, nurses, families, and medical records for evidence of delirium.
Findings from this overall assessment were used to determine the diagnosis of delirium. For
intubated patients in the intensive care unit, the Confusion Assessment Method for the
Intensive Care Unit was used. Delirium was assessed in person on 3 of the first 4
postoperative days. For days on which patients were not assessed in person, a validated chart
review was used (sensitivity of 74% and specificity of 83%).17 To further classify delirium
episodes, information from each assessment was used to evaluate delirium severity with the
Delirium Rating Scale-Revised-98.18 Coma was assessed using the Richmond Agitation
Sedation Scale, with a score of —4 or -5 indicating coma. Patients who were comatose on all
assessments (regardless of sedation medication) were classified as having coma in this
analysis. The once-daily delirium assessments were limited to the first 4 postoperative days
because of evidence that >90% of delirium occurs within this time.1° For the analysis,
delirium was defined as any Confusion Assessment Method, Confusion Assessment Method
for the Intensive Care Unit, or chart-review positive assessment during hospitalization.

Delirium assessors underwent formal training by a psychiatrist (K.J.N.), who is an expert in
delirium diagnosis. Training included readings, videos, and delirium assessments of 10
patients with subsequent discussion. During the study, delirium assessors and the
psychiatrist team member conducted coratings of patients every 2 weeks. Finally, research
assistants met with delirium experts 1-2 times/mo to discuss delirium assessments of
nonstudy patients, to ensure consistent methods and judgment. During the study, we
measured agreement among researchers and « statistics were between 0.7 and 0.8, which is
consistent with substantial agreement.
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Neuropsychological Testing

Neuropsychological testing was generally performed within 2 weeks of surgery and then 4-6
weeks and 1 year after surgery. The tests assessed a number of cognitive domains known to
be affected by cardiac surgery.20-21 The test battery consisted of the Rey Auditory Verbal
Learning Test,22 Rey Complex Figure Test,23 Controlled Oral Word Association Test,24
Symbol Digits Modalities Test,25 Trail Making Tests A and B,26 and Grooved Pegboard
Test.2’

Perioperative Management

Patients received standard institutional monitoring, including radial arterial blood pressure
monitoring. General anesthesia was induced with fentanyl, midazolam, and/or propofol and
was maintained with isoflurane and a hondepolarizing muscle relaxant. CPB was performed
with a nonocclusive roller pump and a membrane oxygenator, and the circuit included a 40
um or smaller arterial line filter. Nonpulsatile flow was maintained between 2.1 and 2.4
L/min/m?2. Patients were managed using alpha-stat pH management. Rewarming was based
on institutional standards with a goal of maintaining nasal pharyngeal temperature <37°C.
After surgery, patients were sedated with a propofol infusion until they qualified for tracheal
extubation or for 24 hours after surgery. Patients requiring >24 hours of mechanical
ventilation could receive an infusion of fentanyl and/or midazolam.

Statistical Analysis

The primary exposure was baseline category of frailty, defined before this study. The
primary outcome was defined before the initiation of the study design and was any delirium
assessment that was positive (Confusion Assessment Method, Confusion Assessment
Method for the Intensive Care Unit, or chart review). The secondary outcomes were also
defined before study design and were change in a composite cognitive Z-score from baseline
to 1 month and 1 year after surgery, as described and used previously by our group.28:2° The
composite cognitive Z-score was obtained by first calculating Z-scores for individual tests at
each testing time point, using the mean and SD of baseline tests of all patients in the parent
study. Timed tests were multiplied by “~1" so that higher scores represented better
performance. Next, individual test Z-scores were averaged at each time point and
renormalized to generate a composite cognitive Z-score. Finally, the difference in composite
Z-scores was calculated for each interval of interest.

Baseline patient characteristics were compared using Student ¢tests, Wilcoxon rank sum
tests, and Fisher exact tests. The association of frailty and delirium was examined using a
logistic regression model, with frailty status included as a categorical variable (honfrail,
prefrail, frail) and the delirium outcome defined as any positive delirium assessment during
hospitalization. Delirium severity was categorized into quintiles because it was highly
skewed with the outcome of interest being quintile of severity. Cognitive change was
examined using linear regression. As advocated by others,3 we did not account for learning
effect or surgery because we were interested in the difference between 2 groups of patients,
both of whom underwent surgery and had the opportunity for learning effect. Variables for
which to adjust were considered a priori and included age, gender, race, education, and
logistic European System for Cardiac Operative Risk Evaluation. Of note, the logistic
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European System for Cardiac Operative Risk Evaluation includes several variables which
were thought to differ by frailty status, such as age, comorbidities (ie, left ventricle
dysfunction), and type and urgency of surgery. We accounted for missing 1-year follow-up
cognitive data with multiple imputation using PROC MI in Statistical Analysis Software
(SAS Institute, Cary, NC). Missing data (10 datasets) were imputed using age, gender, race,
education, log European System for Cardiac Operative Risk Evaluation, and baseline and 1-
month cognitive data. The regression model was fit using PROC MIANALY ZE. Mediation
was examined using the product method by Baron & Kenny, and the Sobel test was used to
test the significance of the mediation effect (indirect effect). The exposure was frailty status
(nonfrail, prefrail, and frail), the putative mediator was any delirium, and the outcome was
change in cognition from baseline to 1 month. Interaction was tested by examining
significance of an interaction term in the adjusted regression model. In exploratory analysis,
we examined the association of each individual component of the frailty scale with
postoperative delirium. This analytic plan was based on prior methodology used by our
research group28 and was agreed on before accessing the data. A Pvalue of <0.05 was
considered significant for the primary outcome of delirium and the secondary outcomes of
change in cognition at 1 month and 1 year from baseline. We did not adjust for multiple
comparisons.

The sample size for this nested cohort study was determined by the number of patients with
available frailty, delirium, and cognitive assessments. However, we had also determined that
a sample size of 108 patients would be necessary to detect a difference in delirium incidence
between both nonfrail and prefrail patients and between nonfrail and frail patients, using a
2 test with a type | error of 0.05 and a power of >80%, assuming a nonfrailty prevalence of
approximately 18%, a prefrailty prevalence of 40%, a frailty prevalence of 40%, and a
delirium incidence of 12% in the nonfrail patients, 50% in the prefrail patients, and 50% in
the frail patients.

Patient Characteristics

Data were available on 133 patients with baseline frailty measurement, and a flow diagram
is shown in Supplemental Digital Content, Appendix A, http://links.lww.com/AA/C673.
Characteristics of patients by frailty status are presented in Table 1. Compared to nonfrail
patients, frail patients had higher log European System for Cardiac Operative Risk
Evaluation, were more likely to undergo surgery involving valves, and had more congestive
heart failure (the latter 2 variables being considered in the log European System for Cardiac
Operative Risk Evaluation).

Delirium (Primary Outcome)

The overall incidence of delirium was 43.8%, 95% CI, 35%-52% (56/128), with delirium
assessments not available in 5 patients (staff unavailable [n = 4] and coma at all assessments
[n = 1]). As shown in Figure 1A, the incidence of delirium was higher in prefrail (35/73
[48%], P=.02) and frail (19/40 [48%], P = .03) patients, compared to nonfrail patients (2/15
[13%]). In both univariable models and multivariable models adjusted for age, gender,
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education, and log European System for Cardiac Operative Risk Evaluation (Table 2), the
odds of delirium were significantly higher for prefrail (adjusted odds ratio, 6.43; 95% ClI,
1.31-31.64; P=.02) and frail patients (adjusted odds ratio, 6.31; 95% ClI, 1.18-33.74; P
=.03) compared to nonfrail patients. Because the patients in this analysis were combined
from 2 different trials, we also separately adjusted for study and intervention and found no
difference in inferences, with greater statistical significance. In exploratory analysis, we
examined individual components of the frailty phenotype and found that the association
between individual components of the frailty scale and delirium was strongest for exhaustion
(36% delirium in no-exhaustion group versus 55% delirium in exhaustion group, 2= .04).

The median (interquartile range) number of days of delirium for nonfrail patients was 0
(interquartile range, 0-0), for prefrail patients was 0 (interquartile range, 0-1), and for frail
patients was O (interquartile range, 0-2; £=.05). As shown in Table 2, odds of having 1
more day of delirium were higher for frail patients (but not prefrail patients) compared to
nonfrail patients in both unadjusted and adjusted models. Delirium severity scores by frailty
status are shown in Figure 1B. Median delirium severity scores were 5 (interquartile range,
3-9) in nonfrail patients, 6 (interquartile range, 4-9) in prefrail patients, and 7.5
(interquartile range, 4-11.5) in frail patients. There was no difference in the odds of being in
a higher quintile of delirium severity score by frailty status (Table 2).

Cognitive Change (Secondary Outcomes)

Cognitive data were available from 76 patients at baseline, 80 patients at 1 month, and 54
patients at 1 year after surgery. The composite cognitive Z-score for the entire study cohort
at baseline was 0.12 + 0.58, at 1 month was 0.0008 + 0.65, and at 1 year was —0.043 + 0.46.
The change in composite cognitive Z-score from baseline to 1 month was —0.082 + 0.39 (eg,
a decline in cognition), and from baseline to 1 year was —0.23 + 0.37 (secondary outcomes).
Follow-up composite cognitive Z-score was higher than baseline in 39% of participants at 1
month and in 21% of participants at 1 year.

Cognitive scores at each time point, as well as the trajectory of cognitive change after
surgery by frailty status, are shown in Figure 2 and Table 3. The decline in composite
cognitive Z-score was marginally greater from baseline to 1 month in prefrail and frail
patients compared to nonfrail patient in unadjusted models. In adjusted models, the change
for prefrail compared to nonfrail patients was attenuated slightly and no longer significant,
while the change for frail compared to nonfrail patients remained significant. The likelihood
of being in the worst tertile of cognitive decline from baseline to 1 month also differed by
frailty status (nonfrail 0/9 [0%], prefrail 15/42 [36%], frail 10/23 [43%]; P=.045). By 1
year after surgery, there were no differences in the association of baseline frailty with mean
change in cognition. The likelihood of being in the worst tertile of cognitive decline from
baseline to 1 year was also not different by frailty status (nonfrail 3/7 [43%], prefrail 11/31
[35%], frail 4/14 [29%]; P = .84). The results of a sensitivity analysis to account for
potential effects of study intervention were similar to the main adjusted model.
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Interaction of Frailty, Delirium, and Cognitive Change

We examined whether delirium might mediate the association between baseline frailty and
cognitive decline at 1 month. There did not appear to be such an effect, with the main model
of frailty and cognitive change minimally changed with the addition of delirium (<10%
change in B-coefficient for both prefrailty and frailty with the addition of delirium to the
model). Similarly, there was no interaction of delirium and frailty (P interaction for prefrail
= .67 and for frail = .92), suggesting that the association between frailty and cognitive
change was not different according to delirium status.

DISCUSSION

The results of this study demonstrate that, compared to nonfrail patients, both prefrail and
frail patients were at higher risk for the primary outcome of delirium after cardiac surgery. In
terms of secondary outcomes, frail patients were also at higher risk for greater decline in
cognition from baseline to 30 days postoperatively. By 1 year after surgery, there were no
differences in cognitive decline by frailty status.

These results add further clarity to the role of frailty in preoperative risk stratification. Both
prefrail and frail patients are at higher risk for delirium and short-term cognitive decline, but
reassuringly, the changes in cognition are attenuated at 1 year. Patients who are nonfrail can
expect a low incidence of delirium and preservation of cognition even at 30 days after
surgery. Nonfrail patients who are particularly worried about postoperative cognitive
function should be reassured by these findings.

After cardiac surgery, frailty has been consistently identified as an important predictor of
morbidity and mortality.® Frailty also appears to add predictive value to established risk
scores, such as the Society of Thoracic Surgeons Predicted Risk of Mortality or Major
Morbidity.3 However, there are few studies that have examined cognitive sequelae among
frail patients. Two prior studies found an association between baseline frailty and delirium
after cardiac surgery.57 The first study from our group was limited by the delirium
assessment (chart review only) and found a low incidence of delirium in the nonfrail and
prefrail patients (2.6% in total). Our findings of a 48% incidence of delirium in the prefrail
patients suggest that a more sensitive in-person delirium assessment likely diagnosed less
obvious cases of delirium in prefrail patients. A second study incorporated baseline
cognitive status into the definition of frailty, thus potentially confounding the association
between frailty and delirium, because cognitive impairment is such a strong risk factor for
delirium. Indeed, prediction models of delirium heavily weigh brain-based variables,
including stroke, cognitive status, and depression.31 Our results suggest that non-brain-
based factors are also associated with vulnerability to postoperative delirium.

Importantly, the association of frailty and posthospitalization cognitive outcomes has not
been well described. Our results show a decline in cognition in the month after surgery in
prefrail and frail patients, but not nonfrail patients, with no difference in cognitive outcomes
at 1 year. Although frailty is commonly seen as a marker of vulnerability and the results at 1
month may be expected, our results demonstrate that prefrail patients may also be an
important group to target for brain health preservation. Interestingly, delirium did not
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mediate the association of frailty and cognitive decline, and thus, mechanisms of cognitive
change by frailty status and delirium status may be different.

These results demonstrate the importance of further research to determine how to optimize
perioperative strategies for frail older adults undergoing cardiac surgery, especially in the
weeks to months after surgery. Unfortunately, the evidence base to support targeted
strategies for frail patients is lacking. Isolated studies have supported a role for structured
exercise before cardiac surgery.32 However, safety concerns, logistical considerations, and
lack of a strong evidence base have limited uptake. At least 1 current study is enrolling frail
patients with a goal of optimization before cardiac surgery.33 Although it is clear that frailty
identifies patients at high risk before surgery, further research is needed for clinicians to
know how to act on this information.

Strengths of this study include rigorous assessment of exposures and outcomes. Frailty was
assessed using the well-validated Fried scale. Delirium was assessed using state-of-the-art
methods by a research group experienced in delirium assessment after cardiac surgery, and
cognitive outcomes were obtained up to 1 year after surgery. Nevertheless, there are several
weaknesses to consider. Although the frailty and outcome assessments were similar, these
results do reflect a combination of 2 studies, with different enrollment criteria and goals.
There were missing cognitive assessments at 1 year in a substantial number of patients,
which might contribute to bias and lead to a Type Il error, although multiple imputation was
used to account for this missingness. 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. These results also reflect patients only at 1 academic
medical center. Finally, the cognitive changes observed may not be clinically significant,
with some suggesting that a difference of 0.5 SD is clinically significant.

In conclusion, the primary outcome of delirium is more common both in prefrail and frail
patients compared to nonfrail patients after cardiac surgery. In terms of secondary outcomes,
frail patients also have greater cognitive decline at 1 month; however, at 1 year, cognitive
change is similar by frailty status. Further research is needed to determine how to
incorporate frailty assessment into perioperative management to optimize brain health early
after cardiac surgery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

. Question: What is the association of baseline frailty with delirium and
cognitive change at 1 month and 1 year after cardiac surgery?

. Findings: Both frail and prefrail patients had a higher risk of delirium
(primary outcome) compared to nonfrail patients, while frail patients had
greater cognitive decline at 1 month but not 1 year after surgery (secondary
outcomes) compared to nonfrail patients.

. Meaning: Frailty identifies patients at risk for delirium and cognitive decline
in the month after cardiac surgery, but there were no differences in cognitive
change by frailty status at 1 year.
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Figure 1.
The incidence of delirium is higher in prefrail and frail patients compared with nonfrail

patients. There is no difference in median delirium severity scores (Delirium Rating Scale-
Revised-98) by frailty status for prefrail and frail patients.
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Figure 2.
Composite cognitive Z-scores are shown at baseline, 1 month, and 1 year after surgery.

Missing values at 1 month and 1 year are imputed.
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Odds of Incident Delirium, Increasing Number of Days of Delirium, and Increasing Delirium Severity for

Prefrail and Frail Patients Compared With Nonfrail Patients

Unadjusted

Odds Ratio (95% CI)

L b
Delirium incidence

Nonfrail Ref
Prefrail ~ 5.99 (1.26-28.43)
Frail 5.88 (1.17-29.51)

Number of days of delirium®

Nonfrail Ref
Prefrail ~ 2.09 (0.88-5.00)
Frail 2.58 (1.06-6.25)

Delirium severity (by quintile)d

Nonfrail Ref
Prefrail 1.09 (0.74-1.97)
Frail 1.29 (0.85-1.97)

P Value

.024
.031

.096
.036

.676
.233

Adj usted®

Odds Ratio (95% CI)

Ref
6.43 (1.31-31.64)
6.31 (1.18-33.74)

Ref
2.16 (0.90-5.18)
2.76 (1.11-6.82)

Ref
1.04 (0.69-1.55)
1.25 (0.80-1.96)

P Value

.022
.031

.086
.028

.853
.322

aAdjusted for age, gender, education, and logistic European System for Cardiac Operative Risk Evaluation.
bOdds ratio refers to the odds of delirium for prefrail or frail patients compared with nonfrail patients.
cOdds ratio refers to the odds of 1 more day of delirium for prefrail or frail patients compared with nonfrail patients.

dOdds ratio refers to the odds of being in a higher quintile of delirium severity for prefrail or frail patients compared with nonfrail patients.
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