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Abstract

Background: Preoperative frailty may predispose patients to poorer outcomes in cardiac surgery; however, there are

limited data concerning how preoperative frailty predicts patient-centred outcomes, such as patient-reported disability.

Our objective was to evaluate the association between preoperative frailty and postoperative disability.

Methods: Patients were prospectively evaluated using the Comprehensive Assessment of Frailty score, separating pa-

tients into frail and non-frail cohorts. Disability levels were quantified using the WHO Disability Assessment Schedule

(WHODAS) 2.0 in percentage of the maximum disability score, with disability defined as a value �25%.

Results: Frail patients had increased median [inter-quartile range] disability scores of 31 [16e45]% preoperatively, 29

[9e54]% at 1 month, and 15 [3e31]% at 3 months postoperatively, compared with disability scores in non-frail patients of

10 [5e17]%, 17 [6e29]%, and 2.1 [0e12.0]%, respectively. Preoperative frailty was associated with a reduced likelihood of

patients being free of disability and alive at 3 months; adjusted odds ratio 0.51 (for age, European System for Cardiac

Operative Risk Evaluation II, and WHODAS 2.0: 12-Part Questionnaire score); P¼0.045. The trajectory of disability scores,

assessed in percentage change from the preoperative baseline, showed non-frail patients had increased disability burden

at 1 month, whereas frail patients had reduced disability burden (þ4.2% vs e2.1%; P¼0.04). Although the disability burden

decreased for both groups at 3 months, this was most marked for frail patients (e6.3% vs e10.4%; P¼0.02).

Conclusions: Disability burden in frail patients improves continuously postoperatively, whereas in non-frail patients, it

worsens at 1 month before improving at 3 months postoperatively. This positive trajectory of patient-centred outcomes

in frail patients should be considered in preoperative decision-making.
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Editor’s key points

� Frailty is an increasingly recognised risk factor for

surgery.

� The extent of frailty and how this may affect post-

operative recovery profiles are unclear.

� This study found that disability transiently increased

at 1 month after surgery in non-frail patients, but

continuously decreased in frail patients.

� Frailty seems to be associated with a relatively posi-

tive recovery trajectory of disability after cardiac

surgery.
Frailty is a clinical syndrome characterised by vulnerability for

the development of increased dependency and mortality

when exposed to a stressor.1 Often described clinically as a

lack of physiological reserve, it manifests as an impaired

ability to maintain or restore homeostasis after a destabilising

event,2,3 leading to increased mortality and morbidity.4,5 Car-

diac surgery represents a profoundly destabilising event,

particularly for the 20e50% of patients with preoperative

frailty.6e8

Clinical frailty is defined in terms of recognition by an

identifiable phenotype9 or by the accumulation of specific

deficits.10 Despite clinical discourse often using the terms

interchangeably, disability is a separate concept, defined by

the development of difficulty or dependency in completing

activities of daily living (ADL), a potential adverse outcome of

the frail patient being exposed to a stressor.11e13

In noncardiac surgery, a recent study demonstrated that

frail patients undergoing surgery had a significantly improved

disability score 1 yr after surgery compared with the preop-

erative disability baseline score, which was in contrast to non-

frail patients, whose disability scores remained unchanged at

1 yr.14 Relatively high rates of frailty before cardiac surgery are

in contrast to relatively low rates of preoperative disability,15

indicating that either the latter is used to guide surgical

candidate selection,3,13 or that frailty is an important precur-

sor of disability and should be treated as such. This relation-

ship has not been fully investigated in cardiac surgery,

particularly regarding disability, a patient-centred outcome.

Traditional scoring models for operative risk, including the

European System for Cardiac Operative Risk Evaluation

(EuroSCORE) II, may miss vital information regarding physio-

logical status, which frailty assessment may supply.16,17

Therefore, assessment of frailty may inform surgical

decision-making and help contextualise surgical consent with

a patient-centred outcome, such as disability scores reflecting

the burden of disability and the number of patients free of

disability and alive (disability-free survival [DFS]).18

The Comprehensive Assessment of Frailty (CAF) in-

corporates both specific deficit and phenotypical evaluation

for frailty, and assignment as frail is associated with increased

30 day and 1 yr mortality.7,19 The WHO Disability Assessment

Schedule 2.0 (WHODAS) can serve as a disability score, ranging

from 0 (no disability) to 48 (maximal disability), with signifi-

cant disability defined at a disability score �12.20,21 Disability

scores and the fraction of patients free of disability and alive

have been suggested as fitting key criteria for use as patient-

centred outcome measures after cardiac surgery.20e22

We hypothesised that preoperative frailty would be asso-

ciated with being free of disability and alive at 3 months in
adult patients undergoing elective cardiac surgery, and we

sought to further explore the association of preoperative

frailty and perioperative disability scores.
Methods

This study received ethical (West London & GTAC Research

Ethics Committee; 16/LO/0215) and institutional (King’s Col-

lege Hospital Research & Innovation Department; KCH16-012)

approval. All adult patients at our tertiary referral centre, who

are undergoing elective cardiac surgery, such as coronary ar-

tery bypass graft, valvular replacement/repair, or combination

procedure surgeries, were approached for written informed

consent. The exclusion criteria were inability to provide

informed consent, emergency surgery, and severe concurrent

CNS disease.

The primary outcome was the association of preoperative

frailty with postoperative DFS at 3 months. Secondary out-

comes included patient-reported disability scores preopera-

tively, and 1 and 3 months after surgery.

At preoperative assessment, alongside routine anaes-

thetic and surgical evaluation, all consenting participants

underwent CAF evaluation by two investigators, and also

collection of baseline characteristics (Table 1). The CAF has

been described elsewhere19 and involves evaluation of bio-

logical markers, patient-reported levels of exhaustion and

activity, physical tests of strength and stability, and subjec-

tive investigator assessment using the Canadian Clinical

Frailty Scale (the mean of two scores by two independent

scorers, each blinded to the other’s evaluation). Assessment

gives a value out of 35, with patients scoring �11 being

assigned frail and <11 non-frail.19 The simplified form (frailty

predicts death one year after cardiac surgery test [FORECAST]

score) was also calculated.7 The 12-question self-reporting

version of WHODAS 2.0 (WHODAS-12) was calculated at this

point to establish preoperative linear WHODAS-12 values (in

percentage of the maximum disability score, which is 48) and

the binary outcome DFS (with disability defined as a value

�25%).21,22

Deceased patients were assigned a maximal WHODAS

disability score of 48 (i.e. 100%) at all postoperative time points,

and their disability scores were included in the results. A

minimal clinically important difference assessment was used

to evaluate patients, where a change in WHODAS-12 values

was �5% (minimum significant change).23 Clinicians involved

in patients’ perioperative care were blinded to the results of

these assessments.

Conduct of anaesthesia was according to consensus-based

locally approved institutional methods, with use of standard

cardiac monitoring. Institutional protocol was followed for

cardiac surgical care, with patients requiring cardiopulmonary

bypass receiving intermittent cold blood St Thomas’s car-

dioplegia. Patients were cared for in a cardiac ICU post-

operatively, following institutional protocols with evidence-

based best practice for the routine care of patients undergo-

ing elective cardiac surgery.

Postoperatively, operative characteristics and outcome

data (Table 1; Supplementary Table 1, respectively) were

collected by research team members, who were blinded to

preoperative CAF and WHODAS-12 values (Table 2). At 1 and 3

months postoperatively, telephone interviews were conduct-

ed to establish levels of DFS using WHODAS-12 values. Alter-

natively, mortality data were collected at this juncture as

appropriate.



Table 1 Preoperative characteristics and scoring, and operative characteristics. ACE, angiotensin-converting enzyme; ASA, American
Society of Anesthesiologists; AVR, aortic valve repair/replacement; CABG, coronary artery bypass graft; CAF, comprehensive
assessment of frailty score; CCS, Canadian Cardiovascular Society angina grade; COPD, chronic obstructive pulmonary disease;
CVD, cardiovascular disease; EuroSCORE II, European System for Cardiac Operative Risk Evaluation II; FORECAST, frailty predicts
death one year after cardiac surgery test score; IDDM, insulin-dependent diabetes mellitus; IQR, inter-quartile range; LVEF, left
ventricular ejection fraction; MSK, musculoskeletal; MVR, mitral valve repair/replacement; NIDDM, non-insulin-dependent diabetes
mellitus; NYHA, New York Heart Association functional classification; SD, standard deviation; WHODAS-12, WHO Disability Assess-
ment Schedule 2.0: 12-Part Questionnaire (% score).

Non-frail (n¼99; 67.8%) Frail (n¼47; 32.2%) P-value

ASA physical status, n (%)
Class 3 72 (72.7) 29 (61.7) 0.25
Class 4 27 (27.3) 18 (38.3)

Age (yr), median [IQR] 66.0 [58.0e72.5] 71.0 [59.5e77.0] 0.10
Male sex, n (%) 77 (77.8) 30 (63.8) 0.11
BMI (kg m�2) mean (SD) 28.4 (4.4) 28.8 (5.5) 0.67
Race, n (%)
White 84 (84.8) 32 (68.1) 0.03
Asian 9 (9.1) 8 (17.0) 0.26
Black 6 (6.1) 7 (14.9) 0.15

Hypertension, n (%) 72 (73) 36 (77) 0.77
Hypercholesterolaemia, n (%) 64 (65) 31 (66) 1.0
Diabetes mellitus, n (%)
NIDDM 19 (19) 10 (21) 0.94
IDDM 6 (6) 7 (15) 0.15

Previous stroke, n (%) 4 (4) 7 (15) 0.05
Significant MSK/neurological disease, n (%) 3 (3) 8 (17) 0.01
Previous myocardial infarction, n (%) 23 (23) 8 (17) 0.52
Smoking, n (%)
Current 9 (9) 6 (13) 0.70
Previous 51 (52) 18 (38) 0.19

COPD, n (%) 11 (11) 5 (11) 1.0
Previous cardiac surgery, n (%) 4 (4) 6 (13) 0.11
LVEF, n (%)
>55% 64 (65) 28 (60) 0.93
35e54% 30 (30) 14 (30) 1.0
<35% 5 (5) 5 (11) 0.37

Family history of ischaemic heart disease, n (%) 59 (60) 18 (38) 0.03
NYHA, modal class 2 3 0.01
Albumin (g L�1), mean (SD) 41 (6) 38 (6) 0.04
Aspirin use, n (%) 62 (63) 21 (45) 0.06
Beta-blocker use, n (%) 60 (61) 27 (57) 0.86
Statin use, n (%) 68 (69) 34 (72) 0.80
ACE inhibitor use, n (%) 57 (58) 36 (77) 0.04
Nitrate use, n (%) 10 (10) 7 (15) 0.57
Insulin use, n (%) 6 (6) 7 (15) 0.15
Metformin use, n (%) 15 (15) 9 (19) 0.71
CAF, median [IQR] 7.5 [5.2e9.0] 14.5 [12.5e20.8] <0.001
FORECAST, mean (SD) 5.6 (2.0) 9.8 (2.7) <0.001
WHODAS-12 (%), median [IQR] 10.4 [5.2e16.7] 31.3 [15.6e44.8] <0.001
Preoperative disability (WHODAS-12 �25%), n (%) 11 (11) 31 (66) <0.001
EuroSCORE II (%), median [IQR] 1.2 [0.9e1.9] 2.1 [1.2e3.0] <0.001
Surgery, n (%)
CABG 62 (63) 22 (47) 0.10
CABGþvalve surgery 10 (10) 5 (11) 0.10
MVR 7 (7) 7 (15) 0.23
AVR 15 (15) 10 (21) 0.49
Other 5 (5) 3 (6) 1.0

Bypass time (min), median [IQR] 92 [67.5e114.5] 95 [67.5e119.5] 0.91
Cross-clamp time (min), median [IQR] 60 [42.5e78] 57 [46.6e76.5] 0.75
Off-pump surgery, n (%) 16 (16) 8 (17) 1.0
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Statistical analysis

Descriptive statistics for patient, operative, and postoperative

characteristics, were produced using mean (with standard

deviation), median (with inter-quartile range [IQR]), or per-

centages (%). A comparison was made between the frail and

non-frail cohorts with Student’s t-test, ManneWhitney U-test,
Pearson’s c2 test, or Fisher’s exact test as appropriate.

ShapiroeWilk test was used to assess for a normal distribu-

tion. Correlation between CAF, DFS, and EuroSCORE II was

assessed using Spearman’s rank test. Correlation coefficients

(r) for these tests are described as weak (0.01e0.39), moderate

(0.40e0.69), and strong (0.70e1.0), with the same descriptors

for both positive and negative values. Differences in median



Table 2 Postoperative disability scores and disability-free survival in frail and non-frail patients. *n¼134: non-frail¼91; frail¼43. yn¼125:
non-frail¼86; frail¼39. DFS, disability-free survival, indicated by WHODAS-12 score <25.0%; IQR, inter-quartile range; WHODAS-12,
WHO Disability Assessment Schedule 2.0: 12-Part Questionnaire. Incidence compared with c2 test or McNemar’s test, and medians
with ManneWhitney U-test.

Preoperative frailty assessment P-value

Non-frail Frail Total

Number of patients free of
disability and alive (DFS), n (%)
1 Month* 59 (64.8) 17 (39.5) 76 (56.7) 0.01
3 Monthsy 78 (90.7) 27 (69.2) 105 (84.0) 0.01

Median disability scores (%)
[IQR], (WHODAS-12)
Preoperative (n¼146) 10.4 [5.2e16.7] 31.3 [15.6e44.8] 12.5 [6.3e26.6] <0.001
1 Month* 16.7 [6.3e29.2] 29.2 [9.4e54.2] 19.8 [6.3e37.0] 0.01
3 Monthsy 2.1 [0.0e12.0] 14.6 [3.1e31.3] 4.2 [0.0e16.7] <0.001

Change in median disability
scores from baseline (%) [IQR]
1 Month* þ4.2 [e4.2e{þ18.8}] e2.1 [e9.4e{þ13.6}] þ2.1 [e4.2e{þ18.8}] 0.04
3 Monthsy e6.3 [e12.5e0.0] e10.4 [e20.8e{e2.1}] e8.3 [e14.6e0.0] 0.02
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disability scores over time points were assessed using

KruskaleWallis test, with differences between individual time

points assessed using multiple pairwise comparisons with

significant differences defined as P<0.05.
The association of preoperative frailty (CAF) score with DFS

at 3 months was investigated in exploratory univariate logistic

models as a binary predictor. Age, WHODAS-12, and Euro-

SCORE II values were adjusted for in the models, and odds

ratios (ORs) were calculated.

To explore the predictive ability of CAF-based frailty

assessment, preoperative disability scoring, and EuroSCORE II

to predict DFS, empirical receiver operating characteristic

(ROC) curves were constructed. The HosmereLemeshow

goodness-of-fit test was performed to exclude markedly

poorly fitting models (P-value �0.05).

Secondary outcomeswere investigated in a similar fashion.

Imputation of missing values was not considered appropriate,

and there were no significant differences between complete

and missing cases for key characteristics.

Shulman and colleagues22 demonstrated that DFS occurs in

72% of all ASA 3 patients at 6 months after surgery. An a priori

power calculation todetect anassociation of preoperative frailty

with half the incidence of DFS, when compared with non-frail

patients (i.e. an OR of 0.5 for DFS) demonstrated a sample size

of 120 patients, with a power of 85% and an alpha error of 0.05.

Age has been taken into account using squared multiple corre-

lation of 0.1 (G*Power 3.1).24

Statistical analysis was performed with R version 4.0.3 (R

Foundation for Statistical Computing, Vienna, Austria, 2020),

and RStudio v1.3.1093 (2020) (RStudio, Inc. Boston, MA, USA).
Results

From January to May 2016, 146 patients gave informed consent

and underwent preoperative frailty and disability assessments.

In addition, 134 patients completed follow-up at 1 month and

125 patients completed follow-up at 3 months (Fig 1).
Patients and perioperative variables

Forty-seven patients (32.2%) were considered frail by CAF

evaluation (CAF score �11) and 99 (67.8%) as non-frail (CAF
score <11). Preoperative patient characteristics and risk scores

(including CAF, WHODAS-12, EuroSCORE II, and FORECAST) in

frail and non-frail patients are shown in Table 1. Frail patients

in this cohort were not significantly older when compared

with non-frail patients. Operative details and postoperative

outcomes of frail and non-frail patients are shown in Table 1

and Supplementary Table 1, respectively. There were no sig-

nificant differences in operative characteristics between the

two groups. Mortality was significantly higher in frail patients

than in non-frail patients, in-hospital and at 3 months (8.5%

[n¼4] vs 0%; P¼0.016).
Perioperative disability burden and postoperative
number of patients free of disability and alive (DFS)

Table 2 shows perioperative disability scores and fractions of

patients free of disability and alive in frail and non-frail pa-

tient groups. Frail patients had significantly higher perioper-

ative median [IQR] disability scores of 31.3 [15.6e44.8]%

preoperatively, 29.2 [9.4e54.2]% at 1 month, and 14.6

[3.1e31.3]% at 3 months postoperatively, when compared with

non-frail patients, who had median [IQR] disability scores of

10.4 [5.2e16.7]% preoperatively, 16.7 [6.3e29.2]% at 1 month,

and 2.1 [0e12.0]% at 3 months postoperatively. The fraction of

patients who were free of disability and who were alive (i.e.

who presented with DFS) was higher in the non-frail patient

group, with 64.8% (n¼59) and 90.7% (n¼78) at 1 and 3 months,

respectively, when compared with frail patients, with only

39.5% (n¼17) and 69.2% (n¼27) at 1 and 3 months, respectively.

The ORs for associations of preoperative frailty and being

free of disability and alive (DFS) at 1 and 3 months post-

operatively are shown in Table 3. Assignment as frail was

associatedwithanORof 0.23 forbeing freeofdisability andalive

at 3months (P¼0.004), andan adjustedOR (for age, preoperative

disability level, and EuroSCORE II value) of 0.51 (P¼0.045).
Postoperative trajectory of disability scores in frail and
non-frail patients

Median disability scores in frail patients were non-

significantly reduced from baseline to 1 month (P¼0.72), but

significantly from baseline to 3months (P¼0.02), whereas non-



Assessed for eligibility (n=197)

Excluded (n=51)
• Not meeting inclusion criteria (n=33)
• Declined to participate (n=14)
• Other reasons (n=4)

Followed-up (n=35)
Lost to follow-up (n=3)
Withdrew (n=1)
Deceased (n=2)

Followed-up (n=86)
Lost to follow-up (n=4)
Withdrew (n=1)
Deceased (n=0)

Follow-up
3 months
(n=121)

Followed-up (n=41)
Lost to follow-up (n=3)
Withdrew (n=1)
Deceased (n=2)

Followed-up (n=91)
Lost to follow-up (n=8)
Withdrew (n=0)
Deceased (n=0)

Follow-up
1 month
(n=132)

Enrolled (n=146)

Enrollment

Analysed: 1 month (n=91); 3 months (n=86)
• Excluded from analysis (incomplete cases):
  1 month (n=8); 3 months (n=5)

Analysed: 1 month (n=43); 3 months (n=39)
• Excluded from analysis (incomplete cases):
  1 month (n=4); 3 months (n=8)

Analysis

Non-frail (n=99)
Comprehensive assessment of
frailty score <11 points

Frailty
assessment

(n=146)
Frail (n=47)
Comprehensive assessment of
frailty score ≥11 points

Fig 1. Consolidated Standards of Reporting Trials diagram.

Table 3 Odds ratios for the association between preoperative CAF-based frailty and disability-free survival at 1 and 3 months.
*Estimates adjusted for age and EuroSCORE II values for each patient in logistic model. CAF, comprehensive assessment of frailty; DFS,
disability-free survival; EuroSCORE II, European System for Cardiac Operative Risk Evaluation II. Odds ratios (ORs) and 95% confidence
intervals (CIs) based on univariate logistic regression models.

Preoperative
frailty

Postoperative free of
disability and alive (DFS)

Unadjusted estimates Adjusted estimates*

OR 95% CI P-value OR 95% CI P-value

CAF score �11 1 Month 0.33 0.15e0.72 0.006 0.64 0.29e1.09 0.177
3 Months 0.23 0.08e0.62 0.004 0.51 0.24e0.89 0.045

Frailty and perioperative patient - 953
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frail patients had a significant increase in disability scores at 1

month (P<0.001), before a significant decline in disability

scores at 3 months (P<0.001) (Fig 2) when compared with

preoperative disability scores.

The median disability score, assessed in percentage

change, showed a different trajectory for non-frail and frail

patients postoperatively. At 1month, non-frail patients had an

increased burden of disability, whereas frail patients had a

reduced disability burden (þ4.2% vs e2.1%; P¼0.04). At 3

months, disability burden had reduced for both groups, and

this reduction was significantly greater in the frail patients

(e6.3% vs e10.4%; P¼0.02) (Table 2).

Considering disability scores only in patients with a mini-

mumsignificant change indisability (i.e. a change�5%),median

change from baseline demonstrated similar trajectories as for

the change across all patients (Supplementary Table S2). Frail

patients showed an improving trajectory, with reduced mini-

mum significant change in disability scores at 1 and 3 months

(e6.3% [e10.4%e{þ20.3%}] and e13.5% [e29.7%e{e10.4%}], me-

dian [IQR], respectively), whereas the minimum significant

change indisabilityscores innon-frailpatients showedan initial

increase towards higher disability at 1 month and an improve-

ment at 3 months (þ14.3% [e6.3%e{þ22.4%}] and e9.4%

[e14.6%e{þ6.3%}], median [IQR], respectively).
Predictability of postoperative DFS by preoperative
EuroSCORE, frailty, and disability scores

Empirical ROC analyses demonstrated that frailty and

disability scores predict being free of disability and alive (DFS)

at 3 months postoperatively more reliably, with areas under

the curves (AUCs) of 0.76 and 0.77 (adjusted) (0.72 and 0.79

unadjusted), respectively, when compared with the Euro-

SCORE, which had an AUC of 0.61 (unadjusted 0.62) (Fig 3;

Supplementary Fig 3).
Association of frailty scores and perioperative
disability scores

When treated as a continuous variable, the frailty (CAF) score

shows a moderate correlation with preoperative disability

(WHODAS-12) scores, a weak correlation with 1 month

disability scores, and a moderate correlation with 3 month

postoperative disability scores (Supplementary Fig. 1aec).

Correlations between CAF score and 3 month postoperative

disability scores were moderate for frail patients and weak

for non-frail patients (Supplementary Fig. 1e and 1f). The

preoperative disability scores were moderately correlated

with both 1 and 3 month postoperative disability scores, and

moderately negative correlated with the difference in

disability scores from baseline to 3 months (Supplementary

Fig. 1gei).
Preoperative frailty, postoperative DFS, and
EuroSCORE II

The EuroSCORE II demonstrated only a weak correlation with

preoperative CAF scores (r¼0.31; P<0.001), preoperative

WHODAS-12 scores (r¼0.25; P¼0.002), and 3 month WHODAS-

12 scores (r¼0.23; P¼0.01) (Supplementary Fig 2).
Discussion

This study demonstrates that preoperative frailty (as deter-

mined by the CAF score) is associated with a reduced likeli-

hood of being free of disability and alive compared with non-

frail patients, with the odds for this outcome reduced by

half. Furthermore, frailty was associated with a significantly

lower fraction of patients who were free of disability and alive

at 1 and 3 months, when compared with patients deemed not

frail, and the average degree of disability faced by individual

patients was also greater in this group. However, whereas the
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disability burden in non-frail patients was increased at 1

month compared with preoperative disability, it continuously

decreased in frail patients postoperatively, demonstrating a

positive trajectory of this patient-centred outcome.

The most important addition to our knowledge is the

observation that non-frail patients experienced a degree of

bidirectionality with regard to the incidence of significant

disability, with levels highest at 1 month postoperatively,

before reaching their lowest levels at 3 months. Whereas frail

patients have a greater degree of disability at baseline, they

display a very different trajectory, with reduced disability

scores (i.e. a decreased disability burden), from baseline

through each time point. Long-term improvement in

disability, and thus a recovery trajectory, in patients initially

deemed frail has been described in older patients undergoing

noncardiac surgery.14 However, the trajectory of a decreased

burden of disability in frail patients after cardiac surgery is a

novel and important observation, as several other studies

have failed to assess post-surgical change in disability. Thus,

whereas frailty is associated with increased mortality,7,19

surviving frail patients are more likely to see continuous
improvements of their disability burden after cardiac surgery

when compared with non-frail patients.

The CAF incorporates both specific deficit and phenotypical

evaluation for frailty, and assignment as frail is associated

with increased 30 day and 1 yr mortality.7,19 The incidence of

frailty (32.2%) was in keeping with the established incidence of

20e50% in patients undergoing cardiac surgery.6,7 Incidence of

CAF-defined frailty was previously found to be higher (53.5%),

but notably in a cohort of older patients, with higher median

CAF scores and higher mortality amongst frail patients.7,19

Previous studies have used frailty assessments to detect, and

thus risk stratify according to, physiological differences not

well accounted for by more traditional risk scoring systems.

The results presented here add weight to this argument, as

both the frail and non-frail cohorts were largely similar with

regard to patient characteristics, age, comorbidities, and

medication use. In contrast, there were significant differences

in incidence and average degree of preoperative disability, and

also, for example, functional classification of cardiac perfor-

mance, such as New York Heart Association class. Similarly, a

statistically significant difference exists between groups with
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respect to EuroSCORE II value. Other studies have also sug-

gested that the EuroSCORE II may overestimate perioperative

risk,25 with an overdependency on chronological age and co-

morbidity,7,26,27 lacking the dynamic nature of some frailty

assessments, which aim to capture biological age.28

Being free of disability and alive is a patient-centred

outcome, which has been used as an endpoint in a study of

patients undergoing surgery, with disability measured with

WHODAS-12.22 This study demonstrated a similar level of

preoperative disability as we have, and in addition, we have

shown moderate correlation between preoperative frailty and

preoperative WHODAS-12 scores. Mortality is a more

commonly used primary endpoint, alongside composite car-

diac or procedural outcomes,4,6,19,26,29 with patient-centred

outcomes being more commonplace in studies involving

minimally invasive cardiac procedures.30e32 Disability has also

been investigated as part of a composite secondary outcome33

and as part of the concept of ‘functional decline’ or the

inability to complete ADL,34e37 and these outcomes have been

investigated in the context of preoperative frailty.38,39 How-

ever, being free of disability and alive provides an outcome

that incorporates functional performance alongside survival

and, similar to the concept of ‘days alive at home’,40 it is likely

to have greater relevance to the preoperative patient. Under-

lying this complex relationship is the likelihood that the un-

derlying cardiac pathology impinges upon performance

during frailty assessment preoperatively. Our results make

clear the requirement to isolate the manifestations of frailty,

as opposed to those of the primary cardiac disease.30 The CAF

is a multi-domain assessment, and as such should reduce, but

not remove entirely, the confounding effect of the underlying

primary pathology and may improve the predictive ability of

the component assessments.30 Furthermore, whilst preoper-

ative frailty may make the deleterious early manifestations

and complications of major surgery more severe, the

improved postoperative cardiac performance will be of great-

est benefit to thosemost seriously affected (i.e. the frail cohort)

and potentially explains why disability is markedly reduced

over the longer term.41

We present OR adjusted for EuroSCORE II values, and also

age, despite lack of clear association between the former and

the frailty score for individual patients. Although the findings

here cannot quantify the additional discriminatory ability of

the frailty score, we find further support for the notion that the

EuroSCORE II is poorly predictive of patient-centred outcomes,

such as disability burden. The ROC analysis clearly shows that

frailty and preoperative disability scores predict postoperative

disability burden more reliably than the EuroSCORE. As such,

the addition of frailtymeasures, specifically the CAF,42 tomore

traditional perioperative risk scoring systems may improve

predictive ability for relevant patient-related clinical

outcomes.17,38
Future studies

In the future, it will be important to address the perioperative

trajectory of disability in patients undergoing cardiac surgery

in relation to preoperative frailty in a larger multicentre cohort

of patients. If the observations from this single-centre study

can be confirmed, then the improved trajectory of post-

operative disability burden, a patient-centred outcome, will

need to be considered strongly in the decision-making

regarding frail patients undergoing cardiac surgery. Frailty as

a predictor for postoperative disability, assessed by disability
for basic ADL, has been observed in older patients undergoing

aortic transcutaneous and surgical valve replacements.33

These results demonstrating that preoperative frailty is asso-

ciated with postoperative worsening disability are in strong

contrast to our findings, and future studies will need to reas-

sess these diverging findings in this specific surgical cohort.

Particularly, more thorough investigations using a compre-

hensive frailty assessment tool and perioperative disability

scores, such as the WHODAS score, may assist in identifying

patients likely to benefit from an invasive or noninvasive type

of cardiac surgical intervention for aortic valve disease.32

Acknowledging that the frailty state is the result of

numerous, potentially interacting, physiological insults, and

the relationship between preoperative frailty and post-

operative disability does not appear to be either simple or

linear, this area has been confirmed as one requiring further

study. The crucial next step will be to investigate individual

elements of the frailty assessment, and their relationship with

frailty and vulnerability to disability, and their association

with cardiac disease, to enable bedside prediction of the utility

of surgery. Our results confirm the feasibility of assessing

frailty before operation and disability throughout the periop-

erative period for patients undergoing cardiac surgery.

Furthermore, our exploratory ROC analysis of the predictive

ability of frailty and disability scores to predict disability has

yielded potentially clinically useful threshold values, which

should be investigated in a larger study.

The results of this investigation should prompt periopera-

tive teams to consider that frail preoperative patients may

experience an improvement in their disability level after car-

diac surgery.
Strengths and limitations

The strengths of this study are the use of a well-described

frailty assessment and a relevant patient-centred outcome,

and what we believe to be the first use of WHODAS-12 in pa-

tients undergoing cardiac surgery. This validated measure can

be easily completed over the phone for further follow-up,

increasing its applicability to further research and clinical

practice. Finally, the collection of preoperative and post-

operative disability levels allowed frailty and disability, and

transitions of both, to be considered throughout the study

period, providing insight into the shortcomings of current

assessment models.

This single-centre study used the CAF score, which in-

corporates a subjective investigator’s score, introducing a risk

of observer bias, although this should be minimised by the

multimodal nature of the assessment. Use of the WHODAS-12

questionnaire invites potential for recall bias; however, it re-

mains of considerable value as a pragmatic, reproducible, and

genuinely patient-oriented measure of outcome. Initial

assessment of CAF could be prohibitively time-consuming in a

busy pre-assessment clinic, thus limiting general uptake,

although this was not our finding.

WHODAS-12 was used as the primary follow-up tool, and

the CAFwas only performed at baseline. Although evaluation of

ongoing postoperative frailty could be of considerable value, our

intentionwas to focus upon a patient-centred outcome (such as

DFS), rather than assessing ongoing vulnerability to physiolog-

ical deterioration, which will be less easily modifiable, and of

less consequence to the perioperative physician. Furthermore,

postoperative CAF follow-up would have mandated in-person

follow-up. A limited number of patients were lost to follow-
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up, and given sample size and the nature of the study, data

imputationwas felt to be inappropriate. Deceased patientswere

assigned a maximum disability score to enable them to be

included in the final analysis. This results in a conservative

assessment of patients’ improving disability trajectory in the

frail group, which would be even more pronounced if deceased

patients were not included as maximal disabled.

We believe that the chosen cut-off value below 25% for

disability-free patients serves as a reasonable threshold in

cardiac patients, which of course may be refined with future

investigations, as indeed Shulman and colleagues23 have done

over the past 5 or so years. We acknowledge that the term

‘disability-free’ at this cut-off value may include patients with

mild disability; however, based on the best available evidence, it

is unlikely to include more patients with moderate disabilities.
Conclusions

Patients deemed to be frail by a comprehensive preoperative

assessment had higher disability scores postoperatively than

patients deemed to be non-frail before cardiac surgery. How-

ever, within the group of frail patients, disability scores were

continuously improving postoperatively, whereas a more

complex relationship existed for non-frail patients. This sug-

gests an important interplay between either frailty or frailty

assessment measures underlying pathology and existing

disability, which should be included in preoperative decision-

making of frail patients. This study adds yet further weight to

the concept that traditional cardiac perioperative risk scores are

poor predictors of patient-centred outcomes.
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