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Abstract
Background: The identification of frailty before complex and invasive procedures may have relevance for prognostic and recovery
purposes, to optimally inform patients, caregivers and clinicians about perioperative risk and postoperative care needs. The aim of
this study was to estimate the prevalence of frailty and describe the associated clinical course and outcomes of patients referred for
nonemergent cardiac surgery.
Methods: A prospective cohort of patients aged 50 years and older referred for nonemergent cardiac surgery in Alberta, Canada,
from November 2011 to March 2014 were screened preoperatively for frailty, defined as a Clinical Frailty Scale (CFS) score of 5 or
greater. Postoperatively, patients were followed by telephone to assess CFS score, health services use and vital status. The primary outcome was all-cause hospital mortality. Secondary outcomes included health services use, hospital discharge disposition,
1-year health-related quality of life and all-cause 5-year mortality.
Results: The cohort (n = 529) had a mean age of 67 (standard deviation [SD] 9) years; 25.9% were female, and the prevalence of
frailty was 9.6% (n = 51; 95% confidence interval [CI] 7.3%–12.5%). Frail patients were older (median age 75, interquartile range [IQR]
65–80 v. 67, IQR 60–73, yr; p < 0.001), were more likely to be female (51.0% v. 23.2%; p < 0.001), had a higher mean EuroSCORE II
(8, SD 3 v. 5, SD 3; p < 0.001) and received combined coronary artery bypass grafting and valve procedures more frequently (29.4%
v. 15.9%; p = 0.02) than nonfrail patients. Postoperatively, frail patients had a longer median duration of stay in the cardiovascular
intensive care unit (median difference 2.2, 95% CI 1.60–2.79) and hospital (median difference 9.3, 95% CI 8.2–10.3). Hospital mortality was 9.8% among frail patients and 1.0% among nonfrail patients (adjusted hazard ratio 3.84, 95% CI 0.90–16.34).
Interpretation: Preoperative frailty was present in 10% of patients and was associated with a higher risk of morbidity and greater
health services use. Preoperative frailty has important implications for the postoperative clinical course and resource utilization of
patients undergoing cardiac surgery.

F

railty, defined as a state of exaggerated vulnerability to
adverse health outcomes owing to the accumulation
of age-related deficits, is increasingly recognized as an
important factor associated with suboptimal outcomes for
patients undergoing cardiac surgery.1–4 Despite this association, there is no consistent screening strategy for frailty and
limited incorporation of frailty-related functional measures
into cardiac surgery risk scores or proven care pathways to
mitigate the perioperative risk for vulnerable patients living
with frailty.
As the Canadian population ages, the incidence of frailty
and concomitant cardiovascular disease prompting consideration for complex interventions are expected to grow.5–7
Advances in intensive care and anesthetic and surgical techniques have improved outcomes, translating into older, more
complex patients now routinely undergoing cardiac surgery.5
Identifying patients with frailty before cardiac surgery
may have relevance for prognostic and recovery purposes
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and support future improvement in care processes to better
inform patients, caregivers, surgeons and decision-makers
about preoperative opportunities (e.g., prehabilitation),
perioperative risks, and short and longer-term postoperative care needs. The aim of this study was to estimate the
prevalence of frailty and describe the associated clinical
course and outcomes of patients referred for nonemergent
cardiac surgery.
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Methods
Design and population

This was a prospective observational cohort study. Patients aged
50 years and older referred to the adult (≥ 18 yr) cardiac surgery
programs at the Foothills Medical Centre in Calgary and the
Mazankowski Alberta Heart Institute in Edmonton, Alberta,
Canada, for nonemergent surgery between November 2011 and
March 2014 were eligible for enrolment. The 2 cardiac surgery
centres are high-volume academic programs that provide all cardiac surgical interventions for Alberta and take complex cases
referred from neighbouring provinces and territories. Patients
were excluded from the study if they were referred for emergent
surgery, were scheduled to receive transcatheter aortic valve
implantation or were receiving cardiac transplantation.

Setting

The 2 adult cardiac surgery programs perform an average of
2800 adult surgical procedures annually, 96% of which are
nonemergent.8,9 The most common surgeries performed are
isolated coronary artery bypass grafting (CABG) in 49%, isolated valve procedures in 10%, and combined CABG and
valve procedures in 8% of patients.10,11 After surgery, patients
are admitted to dedicated, closed-model, cardiovascular surgical intensive care units (CVICUs) staffed by board-certified
intensivists available 24 hours per day. Patients are supported
in a 24-bed CVICU with 10 cardiac surgeons in Edmonton
and an 18-bed CVICU with 9 cardiac surgeons in Calgary.8,9
The estimated median stay in the CVICU and hospital are 2
and 7 days, respectively. Risk-adjusted 30-day in-hospital
mortality after isolated CABG is 1.4%.10,11

Measure of frailty

Frailty was assessed using the validated 9-point ordinal Clinical Frailty Scale (CFS), a subjective global assessment of fitness (or degree of frailty).12–15 The CFS has been extensively
validated in community and acute care settings, and has commonly been used as a dichotomous descriptor of frailty status,
with frailty defined as a CFS score of 5 or greater.12,16 The
CFS can be further stratified into domains of fit (CFS score of
1–3), vulnerable (CFS score of 4) and frail (CFS score of 5–9)
to assess for greater granularity in relative fitness or frailty.16
Frailty assessment was completed independently by research coordinators trained on the use of the CFS.16 Patients
were assigned a CFS score after review of their health records
and by scripted English interview in preadmission clinic or
inpatient hospital settings before scheduled surgery. The abilities and condition of the patient 2 weeks before the index
admission were considered in the assessment of the preoperative CFS score.

Data sources

Electronic and paper hospital health records were reviewed by
research coordinators, and data were captured on standardized case report forms for later entry into an electronic study
database. Before the project start, protocol specifics were
piloted, including screening, recruitment and the case report
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forms. Results were compared after recruitment of the first 10
patients to ensure data were feasible to obtain, and complete
and consistent among research coordinators, and the process
was acceptable to patients. Comorbidities, and perioperative
and postoperative complications were considered not present
if no documentation was found to confirm their presence.
During the preoperative patient interview, research coordinators collected data on sociodemographic characteristics (i.e.,
age, sex, ethnicity, marital status, education, employment status and living arrangement), functional status (i.e., support at
home, history of falls, memory loss, weight loss, CFS score,
and Timed Up and Go test17), and health-related quality of
life (HRQL) using the EuroQol 5-dimension 3-level (EQ-5D)
health questionnaire with visual acuity scale (EQ-VAS scores
ranging from 0 to 100, with higher scores indicating higher
HRQL).18–20 Further health details potentially related to
frailty were captured, including body mass index, home medications and comorbid conditions (i.e., presence of congestive
heart failure, peripheral vascular disease, permanent pacemaker, implanted defibrillator, aortic valve stenosis, previous
cardiac surgery, pulmonary arterial hypertension, peptic ulcer
disease, malignancy, rheumatoid arthritis, neurologic dysfunction, chronic kidney disease, most recent serum creatinine
level and hospitalizations in the previous 12 months). Global
cardiac surgery mortality risk scores, EuroSCORE II21 and
Parsonnet Score,22 were also obtained from preoperative clin
ician assessment and patient-completed documentation in the
health record. Charlson Comorbidity Index score was calculated from administrative data collected from the Alberta
Health Services Discharge Abstract Database.23
Research coordinators reviewed health records to collect
information related to the cardiac surgery: perioperative
details (i.e., surgery type performed, duration of aortic crossclamp and cardiopulmonary bypass); postoperative course in
CVICU, including duration of stay and intensity of organ
support (i.e., duration of vasoactive medication and mechanical ventilation); complications (i.e., atrial fibrillation, thoracic
bleeding, atrioventricular block, delirium, acute kidney injury
and acute myocardial infarction); subsequent interventions
(i.e., blood product transfusion, left ventricular assist device,
cardiac catheterization, pulmonary arterial catheter, cardiac
tamponade, epicardial pacing, pacer wire insertion, intraaortic balloon pump, defibrillation, cardioversion, cardiopulmonary resuscitation, re-exploration in operating room,
extracorporeal membrane oxygenation, re-intubation, tracheostomy, total parenteral nutrition, tube feed, endoscopy, gastrointestinal surgery, renal replacement therapy and mortality); and post-CVICU hospital stay (i.e., CVICU readmission,
discharge disposition and mortality).
At 6 months and 12 months after surgery, survivors were
contacted via telephone by research coordinators to ascertain
CFS score, HRQL and living arrangements (i.e., independent
at home, at home with help, lodge or facility) using scripted text
in English. Vital status was obtained from 2 data sources current
to Apr. 30, 2019: the Alberta Health Services inpatient Discharge Abstract Database, which captures provincial inpatient
demographic, administrative and clinical data; and the Alberta
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Provincial Project for Outcomes Assessment in Coronary Heart
Disease, a registry of prospectively collected cardiac procedure
details, including vital status updates from Government of
Alberta Vital Statistics every 4 months.24,25 Facility health record
number or the Alberta 9-digit unique personal health number
were used to link with the additional data sources.

Main exposure and outcome measures

The primary exposure was preoperative frailty. The primary
outcome was all-cause hospital mortality. Secondary outcomes included intensity of organ support (i.e., receipt and
duration of mechanical ventilation, vasoactive therapy
and renal replacement therapy); hospital discharge disposition
(i.e., home, subacute rehabilitation and skilled nursing facility); health services use (i.e., duration of stay in CVICU and
hospital); HRQL presurgery, at 6 months and at 12 months;
and mortality in CVICU and at 6 months, 12 months and
5 years after surgery.

Statistical analysis

Descriptive statistics were tabulated by a CFS score of 5 or
greater (frail) compared with a CFS score of 4 or less (nonfrail). Univariate comparisons were performed to evaluate the
association of frailty and the primary and secondary outcomes.
Symmetrically distributed continuous data were reported as
means with standard deviations (SDs) and compared using the
Student t test. Skewed continuous data were reported as
medians with interquartile ranges (IQRs), compared using the
Mann–Whitney U test and adjusted differences obtained from
quantile regression. Categorical variables were compared
using the χ2 test for independence.
Multivariable logistic regression was used to describe factors associated with binary secondary outcomes. The association of frailty and continuous outcomes were explored using
linear regression. Cox proportional hazards regression was
used to estimate hazard ratios (HRs) with 95% confidence
intervals (CIs) for CVICU, hospital, 6-month, 12-month and
5-year mortality. Models included a priori selected variables
perceived to have clinical importance: age, sex, EuroSCORE II
and frailty. A p value less than 0.05 was considered significant
for all statistical tests. Missing CFS scores were imputed
using mean of scores assigned by an expert 5-person panel
including 1 geriatric medicine specialist (D.R.), 2 critical care
physicians (S.B.), 1 research coordinator and 1 nurse researcher (C.M.) who independently reviewed patient case
report forms to assess frailty. Analyses were performed using
Stata 16 (StataCorp).

Ethics approval

This study was approved by the research ethics board at the
University of Alberta, Edmonton (ID Pro00074770). Participant consent was obtained at the time of enrolment.

Results
In total, 529 patients were included, with a mean age of 67
(SD 9) years; 25.9% (n = 137) were female, 79.0% (n = 418)

lived with a spouse, 53.7% (n = 284) were unemployed or
retired, and 54.4% (n = 288) reported receiving help at home.
Isolated valve procedures (41.4%, n = 219), followed by isolated CABG surgery (38.2%, n = 202), and combined CABG
and valve surgery (17.2%, n = 91) were the most common cardiac procedures performed. The median EuroSCORE II was
5 (IQR 3–7), and 6.0% (n = 32) of patients had received prior
cardiac surgery (Table 1).
The prevalence of frailty was 9.6% (n = 51, 95% CI 7.3%–
12.5%), ranging from 2.3% in patients younger than 55 years
to 33.3% in those 85 years and older. Postoperatively, the
median duration of stay was 1 (IQR 1–3) day and 7 (IQR
6–11) days in CVICU and in hospital, respectively. Mortality
in CVICU was 0.8% (n = 4; 95% CI 0.2%–1.9%), in hospital
was 1.9% (n = 10; 95% CI 0.9%–3.4%) and at 5 years postsurgery was 12.5% (n = 66; 95% CI 9.8%–15.6%) (Table 2,
Figures 1 and 2). Vital status was unavailable for 5 patients
owing to out-of-province residence (5/529, 0.9%). Twentyone patients (4.0%, 95% CI 2.5%–6.0%) were re-admitted to
the CVICU during their index hospitalization.

Patient characteristics stratified by frailty status

Frail patients were older than nonfrail patients (median 75,
IQR 65–80 v. 67, IQR 60–73, yr; p < 0.001), were taking more
prescribed medications (6, IQR 4–10 v. 5, IQR 3–7; p <
0.001), had higher EuroSCORE II scores (mean 8, SD 3 v. 5,
SD 3; p < 0.001), had longer Timed Up and Go measures (18,
IQR 11–27 v. 9, IQR 8–12, s; p < 0.001), and were more likely
to undergo combined valve and CABG surgery (29.4% v.
15.9%; p = 0.02) and less likely to receive isolated CABG
(21.6% v. 40.0%; p = 0.01). Frail patients had more comorbid
diseases and were more likely to have reported a recent history of falls (34.7% v. 10.9%; p < 0.001) compared with nonfrail patients (Table 1).

Complications of cardiac surgery by frailty status

Postoperative complications were more common in frail
patients than in nonfrail patients. Frail patients were more
likely to experience postoperative bleeding (15.7% v. 4.8%;
p = 0.002) and acute kidney injury (13.7% v. 4.6%; p =
0.007). Frail patients received more interventions and
required greater escalation of intensity of treatment, including return to the operating room (9.8% v. 3.1%; p = 0.02),
receipt of blood products (52.9% v. 19.7%; p < 0.001), reintubation (11.8% v. 4.6%; p = 0.03), enteral nutrition by
feeding tube (19.6% v. 5.4%; p < 0.001) and renal replacement therapy (11.8% v. 0.6%; p < 0.001) than those who
were nonfrail (Table 3).

Patient outcomes

Hospital mortality was 9.8% among frail patients and was
1.0% among nonfrail patients (adjusted hazard ratio [HR]
3.84, 95% CI 0.90–16.34). CVICU mortality for frail
patients was 3.9%, compared with 0.4% in nonfrail patients
(adjusted HR 1.43, 95% CI 0.12–16.72). The adjusted HRs
at 6 months (9.8% v. 1.5%; adjusted HR 6.02, 95% CI 1.79–
20.23), at 12 months (11.8% v. 2.5%; adjusted HR 4.34, 95%
CMAJ OPEN, 9(3)
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Table 1 (part 1 of 2): Baseline characteristics of patients aged 50 years and older referred for
nonemergent cardiac surgery, stratified by CFS score*
No. (%) of patients†
Characteristic
CFS score presurgery, median (IQR)

Overall
n = 529

CFS ≥ 5
n = 51

CFS ≤ 4
n = 478

p value

3 (3–4)

5 (5–6)

3 (5–6)

< 0.001

137 (25.9)

26 (51.0)

111 (23.2)

< 0.001

Median (IQR)

67 (60–74)

75 (65–80)

67 (60–73)

< 0.001

< 60

124 (23.4)

7 (13.7)

117 (24.5)

0.08

60–69

198 (37.4)

10 (19.6)

188 (39.3)

0.01

70–79

154 (29.1)

19 (37.3)

135 (28.2)

0.2

Sex, female
Age, yr

53 (10.0)

15 (29.4)

38 (7.9)

< 0.001

Employed or volunteer‡

80–89

242 (45.7)

9 (17.6)

233 (48.7)

< 0.001

Living at home independently (no help)

240 (45.4)

17 (33.3)

223 (46.7)

0.07

Postsecondary education

290 (55.8)

35 (71.4)

255 (54.1)

0.02

Married or common-law

418 (79.0)

38 (74.5)

380 (79.5)

0.4

EuroSCORE II, mean ± SD

5±3

8±3

5±3

< 0.001

Parsonnet Score, mean ± SD

14 ± 8

22 ± 10

13 ± 8

< 0.001

Charlson Comorbidity Index score, median
(IQR)

1 (0–3)

2 (0–4)

1 (0–3)

0.04

Timed Up and Go Test, s, median (IQR)

10 (8–12)

18 (11–27)

9 (8–12)

< 0.001

Timed Up and Go Test, ≤ 19 s

469 (91.4)

24 (55.8)

445 (94.7)

< 0.001

Surgery type
Isolated CABG

202 (38.2)

11 (21.6)

191 (40.0)

0.01

Isolated valve (any valve)

219 (41.4)

24 (47.1)

195 (40.8)

0.4

Combined CABG and valve

91 (17.2)

15 (29.4)

76 (15.9)

0.02

Myomectomy, ASD or myxoma

9 (1.7)

0 (0)

9 (1.9)

–

Isolated proximal aorta

8 (1.5)

1 (2.0)

7 (1.5)

0.8

Congestive heart failure

80 (15.1)

17 (33.3)

63 (13.2)

< 0.001

Peripheral vascular disease

58 (11.0)

10 (19.6)

48 (10.0)

0.04

Pacemaker or AICD

18 (3.4)

6 (11.8)

12 (2.5)

0.001

Aortic valve stenosis

Presurgical conditions — cardiac

227 (42.9)

31 (60.8)

196 (41.0)

0.01

Previous cardiac surgery

32 (6.0)

3 (5.9)

29 (6.1)

> 0.9

Pulmonary arterial hypertension

47 (8.9)

11 (21.6)

36 (7.5)

0.001

CI 1.54–12.19) and 5 years postsurgery (25.5% v. 11.1%;
adjusted HR 2.21, 95% CI 1.16–4.21) represent greater rate
of death for frail than nonfrail patients (Table 2, Figure 3).
Cox proportional hazards analysis using 3-level and 4-level
CFS score strata showed gradient increases in mortality at
12 months with increasing CFS scores (Table 4).

Health services use

Measures of health services use were frequently greater in frail
patients than in nonfrail patients in adjusted analyses. Median
duration of vasoactive medication administration was 1 (IQR
0.3–3) day in frail patients and 0.5 (IQR 0.2–1) day in nonfrail
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patients (adjusted median difference 1, 95% CI 0.6–1.2).
Median duration of stay in the CVICU (3, IQR 1–5 v. 1, IQR
1–3, d; adjusted median difference 2.2, 95% CI 1.6–2.8) and
subsequent hospital stay after CVICU (9, IQR 6–17 v. 5, IQR
4–7, d; adjusted median difference 8.3, 95% CI 7.4–9.2) were
longer for frail patients than for nonfrail patients. Prolonged
mechanical ventilation (≥ 48 h) was more frequent in frail
patients than in nonfrail patients (17.6% v. 3.3%; adjusted
OR 4.79, 95% CI 1.82–12.65). Unplanned re-admissions to
the CVICU during the index hospital stay occurred in 9.8%
of frail patients and 3.3% of nonfrail patients (adjusted OR
2.74, 95% CI 0.89–8.45) (Table 2).
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Table 1 (part 2 of 2): Baseline characteristics of patients aged 50 years and older referred for
nonemergent cardiac surgery, stratified by CFS score*
No. (%) of patients†
Characteristic

Overall
n = 529

CFS ≥ 5
n = 51

CFS ≤ 4
n = 478

p value

Presurgical conditions — noncardiac
Peptic ulcer disease

30 (5.7)

5 (9.8)

25 (5.2)

0.2

Malignant disease

68 (12.9)

13 (25.5)

55 (11.5)

0.01

Rheumatoid arthritis

81 (15.3)

19 (37.3)

62 (13.0)

< 0.001

Neurologic dysfunction§

85 (16.1)

16 (31.4)

69 (14.4)

0.002

Creatinine level, presurgery, µmol/L,
mean ± SD

91 ± 47

97 ± 39

91 ± 48

0.2

6 (1.1)

2 (3.9)

4 (0.8)

0.1
0.4

Chronic kidney disease¶
BMI, mean ± SD

30 ± 6

31 ± 6

30 ± 6

BMI < 19 or > 29

232 (43.9)

25 (49.0)

207 (43.3)

0.4

History of falls

69 (13.1)

17 (34.7)

52 (10.9)

< 0.001

Memory loss

146 (27.6)

20 (39.2)

126 (26.4)

0.05

Previous 12-month hospitalizations

128 (24.6)

22 (44.9)

106 (22.5)

0.001

Prescribed medications, median (IQR)

5 (3–7)

6 (4–10)

5 (3–7)

< 0.001

292 (55.2)

36 (70.6)

256 (53.6)

0.02

Aorta cross-clamp, min, median (IQR)

86
(62–114)

89 (71–118)

86 (60–113)

0.4

Cardiopulmonary bypass, min, median
(IQR)

109
(83–144)

111 (90–162)

109 (82–143)

0.4

Taking ≥ 5 prescribed medications
Perioperative course

Note: AICD = automatic implantable cardioverter-defibrillator, ASD = atrial septal defect, BMI = body mass index, CABG =
coronary artery bypass grafting, CFS = Clinical Frailty Scale, IQR = interquartile range, SD = standard deviation.
*Missing data: CFS scores (n = 2; imputed); postsecondary education (n = 9); Timed Up & Go Test (n = 16); history of falls
(n = 3); previous 12-month hospitalization (n = 8).
†Unless stated otherwise.
‡Patients reported their full-time employment and/or volunteer status.
§Neurologic dysfunction: disease severely affecting ambulation or day-to-day functioning.
¶Chronic kidney disease: history of diabetic nephropathy, mild renal failure, uremic syndrome, receiving dialysis, episodes of
acute renal failure, kidney transplant or serum creatinine > 265 µmol/L.

Discharge disposition

At the time of discharge from hospital, frail patients were
more likely to go to a subacute care or rehabilitation centre
(19.6% v. 3.8%, p = 0.01) and were less likely to go home
(64.7% v. 93.9%, p < 0.001); 6% of frail patients had a new
admission to a lodge or facility compared with 1% of nonfrail patients (p = 0.1), but this comparison was not significant (Table 2).

Health-related quality of life

Frail patients had a lower mean EQ-VAS at baseline (46.2,
SD 18.9 v. 60.2, SD 20.2; adjusted mean difference 14.8,
95% CI 8.7–20.9), at 6 months (61.6, SD 15.2 v. 73.3, SD
16.4; adjusted mean difference 11.7, 95% CI 6.4–17.0) and at
12 months (60.3, SD 21.6 v. 76.6, SD 15.4; adjusted mean
difference 14.9, 95% CI 9.5–20.2) than their nonfrail counterparts (Table 2). Frailty was associated with a 9-point
decrease in EQ-VAS score at 12 months when baseline EQ-

VAS, age, sex and EuroSCORE II were held constant in a
linear regression model.

Interpretation
In this prospective cohort study involving patients aged
50 years and older referred for cardiac surgery, frailty was
present in 10% and was associated with longer recovery and
less favourable outcomes. A higher preoperative CFS score
was associated with gradient increases in long-term mortality,
higher risk of postoperative complications, greater resource
use and lower likelihood of return home.
Frailty screening before surgery presents an opportunity
to understand and potentially modify the contributing elements of frailty on risk of adverse events, along with better
approximation of expected recovery time, including duration
of CVICU stay and hospitalization to assist discharge planning.26 Frailty-specific care pathways could identify vulnerable
CMAJ OPEN, 9(3)
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Table 2: Outcomes and health services use after cardiac surgery, stratified by CFS score
No. (%) of patients*

Variable

Overall
n = 529

CFS ≥ 5
n = 51, 9.6%

CFS ≤ 4
n = 478,
90.4%

Adjusted HR
(95% CI)†

Mortality
CVICU mortality

4 (0.8)

2 (3.9)

2 (0.4)

1.43 (0.12 to 16.72)

Hospital mortality

10 (1.9)

5 (9.8)

5 (1.0)

3.84 (0.90 to
16.34)

6-month mortality

12 (2.3)

5 (9.8)

7 (1.5)

6.02 (1.79 to
20.23)

12-month mortality

18 (3.4)

6 (11.8)

12 (2.5)

4.34 (1.54 to 12.19)

5-year mortality

66 (12.5)

13 (25.5)

53 (11.1)

2.21 (1.16 to 4.21)

Health services use

Median difference
(95% CI)†

CVICU stay, d, median (IQR)

1 (1–3)

3 (1–5)

1 (1–3)

2 (2 to 3)

Post-CVICU hospital stay, d,
median (IQR)

5 (4–8)

9 (6–17)

5 (4–7)

8 (7 to 9)

Preoperative hospital stay, d,
mean ± SD

1±6

2±5

1±6

1 (–1 to 3)

Postoperative hospital stay, d,
median (IQR)

7 (6–11)

12 (8–25)

7 (6–10)

9 (8 to 10)

Vasoactive medication duration,
d, median (IQR)

1 (0.2–1)

1 (0.3–3)

0.5 (0.2–1)

1 (0.6 to 1.2)
OR
(95% CI)†

Vasoactive medication, frequency

455 (86.0)

45 (88.2)

410 (85.8)

1.35
(0.53 to 3.47)

Re-admission to any ICU

21 (4.0)

5 (9.8)

16 (3.3)

2.74
(0.89 to 8.45)

Mechanical ventilation ≥ 48 h

25 (4.7)

9 (17.6)

16 (3.3)

4.79
(1.82 to 12.65)

Hospital discharge disposition
Home (independent or with help)

p value†
482 (91.1)

33 (64.7)

449 (93.9)

< 0.001

Subacute care

28 (5.3)

10 (19.6)

18 (3.8)

0.01

Lodge or facility

9 (1.7)

3 (5.9)

6 (1.3)

Health-related quality of life

0.1
Mean difference
(95% CI)†

Baseline EQ-VAS, mean ± SD

58 ± 21

46 ± 19

60 ± 20

15 (9 to 21)

6-month EQ-VAS, mean ± SD

72 ± 17

62 ± 15

73 ± 16

12 (6 to 17)

12-month EQ-VAS, mean ± SD

75 ± 17

60 ± 22

76 ± 15

15 (10 to 20)

Note: CFS = Clinical Frailty Scale, CI = confidence interval, CVICU = cardiovascular surgical intensive care unit, EQ-VAS = EuroQol
health questionnaire with visual acuity scale, HR = hazard ratio, ICU = intensive care unit, IQR = interquartile range, OR = odds
ratio, SD = standard deviation.
*Unless stated otherwise.
†All reported comparisons were adjusted for age, sex and EuroSCORE II.

patients and ensure they have the best opportunity for
recovery.27,28 Although frailty-specific pathways already exist
for many noncardiac surgical interventions (e.g., colorectal
procedures,29 and hip and knee arthroplasty30) cardiac surgical services have largely focused on postoperative targets
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(e.g., early extubation and mobilization31) to reduce duration
of CVICU and subsequent acute hospital stay. A recent
study described a comprehensive perioperative pathway for
enhanced recovery after cardiac surgery targeting all non
emergency adult patients; however, this study did not
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Enrolled in study presurgery
n = 548
Excluded n = 19
• Emergency surgery, TAVI,
transplant, death before surgery

Patients eligible
n = 529
• Deceased in hospital n = 10

Patients discharged from hospital
n = 519
• Deceased at 6 mo n = 12

Assessed at 6 mo postdischarge
by phone to obtain CFS, EQ-5D
n = 517
• Deceased at 1 yr postsurgery
n = 18

Assessed at 12 mo postdischarge
by phone to obtain CFS, EQ-5D
n = 511
• Deceased at 5 yr postsurgery
n = 66

5 yr postsurgery
n = 463

Figure 1: Patient selection for cardiovascular surgery study cohort.
Note: CFS = Clinical Frailty Scale score, EQ-5D = EuroQol 5-dimension 3-level health questionnaire score and visual analogue scale,
TAVI = transcatheter aortic valve implantation.

specifically address what may be unique domains related to
frailty (e.g., cognitive [delirium], physical strength [sarcopenia], mobilization [slow gait speed], polypharmacy and susceptibility to adverse effects). 27 An ideal comprehensive
frailty-specific care pathway would include identification of
frailty (i.e., presence, severity and driving domains) as a key
factor in the preoperative phase, triggering involvement of
specialist services with a frailty-focused lens to mitigate risk
and enhance recovery for patients identified as frail and by
targeting frailty-specific domains.27,32–38
Consent for surgery should acknowledge how frailty can
modify the perioperative course and disrupt the expected
recovery process by increasing the risk of adverse events,
prolonging what was anticipated as “routine” cardiac surgery. Such information can better inform and empower
patients and caregivers in the decision-making process and
ensure that realistic expectations are clear.2,39,40 In light of
the elevated risks associated with frailty, preoperative discussions should include frailty-related risk of adverse events
following surgery, mortality, and potential loss of functional

autonomy and independence. These details should be reconciled with individual symptoms and with what risk or
trade-offs are acceptable to the patient.41,42
In addition to routine cardiac rehabilitation, post-CVICU
hospital stays should aim to screen for the physical and cognitive disabilities common among frail patients after major
physiologic stress.43,44 Patients who underwent cardiac surgery
who accumulate further deficits or whose existing deficits
worsen during their hospitalization are likely to benefit from
continuity with experts in frailty to mitigate the long-term
effects of such deficits (e.g., geriatric medicine), preserve
autonomy and successfully transition back to the community.
One reassuring finding in our study aligns with results of
recent studies in which patients with frailty before cardiac surgery have seen improvements in their HRQL.45,46
The findings of this study support prior work describing
the substantial effect of frailty on cardiac surgery outcomes,
and the potential for value in adding a validated frailty measure to clinical risk prediction scoring systems.26,47,48 Although
mobility (EuroSCORE II) and gait speed (Society of Thoracic
Surgeons) have been acknowledged in recent revisions to cardiac surgery risk scoring instruments, there is an urgent need
for a validated frailty measure to be added to existing cardiac
surgery risk scoring instruments or development of a novel
risk score focused on baseline functional status and integrated
validated measures that predict postoperative outcomes
beyond mortality.26,34,47
For health system planners, we submit that frailty may be a
meaningful and measurable confounder to be integrated into
adjusted outcome estimates and used to plan for every phase
of cardiac surgery care adequately. The addition of a validated
frailty measure, such as the CFS score or frailty index,49,50 to
electronic health records, administrative databases and registries, as a routinely calculated or clinically assessed risk factor
is encouraged, though this needs further investigation.

Limitations

Our study is noteworthy for its comprehensive collection of
prospective preoperative validated frailty measures, risk factors, perioperative clinical course, postoperative complications and long-term objective outcomes for patients living
with frailty on a provincial scale. However, our study does
have several limitations. The CFS instrument was derived
and validated in an older ambulatory population and has yet
to be specifically evaluated against a gold standard (i.e.,
comprehensive geriatric assessment) in the cardiac surgery
setting. Although previous studies have tested the reliability
of trained research staff determining CFS scores,16,17 we did
not measure interrater reliability and are unable to comment on variation among research coordinators and possible subsequent bias.
Our approach to coding comorbidities as absent if not
documented may present risk of bias, although in a homogenous group of patients undergoing cardiac surgery presenting to the 2 provincial cardiac surgery centres in Alberta, we
believe the risk of substantial omission or inappropriate documentation of comorbidities was minimal. This study may
CMAJ OPEN, 9(3)
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Figure 2: Prevalence of frailty and hospital mortality across age groups.
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Figure 3: Mortality in cardiac surgery cohort during 5-year follow-up, stratified by Clinical Frailty Scale (CFS) score, nonfrail (CFS 1–4) versus
frail (CFS 5–9). Note: CVICU = cardiovascular surgical intensive care unit.
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Table 3: Postoperative complications, stratified by CFS score*
No. (%) of patients
Variable

Overall
n = 529

CFS ≥ 5
n = 51

CFS ≤ 4
n = 478

p value

Postoperative complications
Atrial fibrillation

133 (25.1)

15 (29.4)

118 (24.7)

0.5

Bleeding

31 (6.0)

8 (15.7)

23 (4.8)

0.002

Atrioventricular block

11 (2.1)

0

11 (2.3)

–

Delirium

41 (7.8)

7 (13.7)

34 (7.1)

0.09

Acute kidney injury†

29 (5.5)

7 (13.7)

22 (4.6)

0.007

Acute myocardial infarction

1 (0.2)

0

1 (0.2)

–

Postoperative interventions
Transfusion

121 (22.9)

27 (52.9)

94 (19.7)

< 0.001

Left ventricular assist device

1 (0.2)

1 (2.0)

0

–

Cardiac catheterization

3 (0.6)

2 (3.9)

1 (0.2)

0.03

Pulmonary arterial catheter

1 (0.2)

1 (2.0)

0

–

Cardiac tamponade

4 (0.8)

1 (2.0)

3 (0.6)

0.3

117 (22)

9 (17.6)

108 (22.6)

0.5

114 (22.1)

12 (23.5)

102 (21.3)

0.7

3 (0.6)

1 (2.0)

2 (0.4)

0.2

Defibrillation

16 (3.0)

2 (3.9)

14 (2.9)

0.7

Cardioversion

27 (5.1)

5 (9.8)

22 (5)

0.2

Cardiopulmonary
resuscitation

2 (0.4)

1 (2.0)

1 (0.2)

0.2

Re-exploration in operating
room

20 (3.8)

5 (9.8)

15 (3.1)

0.02

Extracorporeal membrane
oxygenation

0

0

0

–

Re-intubation

28 (5.3)

6 (11.8)

22 (4.6)

0.03

Tracheostomy

7 (1.3)

1 (2.0)

6 (1.3)

0.5

Epicardial pacing
Pacer wire insertion
Intra-aortic balloon pump

Total parenteral nutrition

6 (1.1)

2 (3.9)

4 (0.8)

0.1

Tube feeds

36 (6.8)

10 (19.6)

26 (5.4)

< 0.001

Endoscopy

3 (0.6)

2 (3.9)

1 (0.2)

0.03

0

0

0

–

9 (1.7)

6 (11.8)

3 (0.6)

< 0.001

Gastrointestinal surgery
Renal replacement therapy

Note: CFS = Clinical Frailty Scale.
*All comparisons χ2 tests of independence.
†Acute kidney injury: threefold increase in serum creatinine, serum creatinine exceeding 353.6 µmol/L with
minimum rise of 44.2 µmol/L, or new initiation of renal replacement therapy.

be susceptible to recall bias from patients or surrogates when
describing self-reported activities, quality of life and functional autonomy before surgery. If and where applicable,
recall bias would likely underestimate the prevalence of
frailty in our view, as patients may minimize many of their
symptoms and be less likely to recognize these as consistent
with frailty.
Our study was also relatively small and is predisposed to
selection bias owing to inability to compare patients not
enrolled, patients who were referred for cardiac surgery but

declined, or patients counselled not to undergo surgery.
There were few deaths in the CVICU or hospital, so
adjusted estimates of the increase in risk of short-term mortality associated with frailty are accompanied by a great deal
of uncertainty. No information was gathered related to
changes to goals of care throughout the hospital stay,
although all patients were designated for full resuscitation
care during the perioperative period. Finally, we recognize
that the generalizability of our study may be limited in other
health jurisdictions.
CMAJ OPEN, 9(3)
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Table 4: Death within 1 year after cardiac surgery, stratified by CFS score
Presurgery
CFS score
1–4

No. (%) of
patients in cohort

Adjusted HR (95% CI),
model 1*

Adjusted HR (95% CI),
model 2†

478 (90.4)

1.00 (Ref.)

1.00 (Ref.)

5–9

51 (9.6)

4.59 (1.58–13.28)

4.34 (1.54–12.19)

1–3

304 (57.5)

1.00 (Ref.)

1.00 (Ref.)

4

174 (32.9)

2.25 (0.70–7.21)

1.86 (0.56–6.21)

51 (9.6)

7.11 (1.97–25.71)

6.06 (1.71–21.51)

5–9
1–3

304 (57.5)

1.00 (Ref.)

1.00 (Ref.)

4

174 (32.9)

2.24 (0.70–7.18)

1.81 (0.54–6.09)

5

38 (7.1)

5.94 (1.46–24.13)

4.80 (1.20–19.16)

6–9

13 (2.5)

11.85 (2.11–66.69)

12.86 (2.30–72.05)

Note: CFS = Clinical Frailty Scale, CI = confidence interval, HR = hazard ratio, Ref. = reference category.
*Cox proportional hazards model adjusted for age and sex.
†Cox proportional hazards model adjusted for age, sex and EuroSCORE II log.

Conclusion

Frailty was observed in 10% of adults aged 50 years and older
referred for cardiac surgery. The presence of preoperative
frailty was associated with a higher risk of morbidity, mortality and health services use. These findings suggest that routine
frailty screening could provide an opportunity to better
inform patients, families, caregivers, health professionals and
health system administrators about outcomes after cardiac
surgery and re-engineer care pathways to better plan for complex care after surgery.
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