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Baseline 
Vulnerability
• Cognitive Function
• Atherosclerosis
• Age
• Frailty/Nutrition
• Psycho-social stressors

Surgical 
Stressor

• Acute Event
• Anesthesia
• Open Procedure
• Blood 

Loss/Transfusion

Post-Event 
Stressor

• Hemodynamic 
perturbations

• Mobility
• Medications
• Environment
• Sleep deprivation

Poor Postoperative 
Outcomes

DELIRIUM

The Most Important Slide

The “3-Strike Model”

Modified from:  Arora RC, Djaiani G, 
Rudolph JL. Can J Cardiol. 2017;33(1):80-
87.



The Another Most Important Slide

Ljungqvist, O. (2014). JPEN. Journal of Parenteral and Enteral Nutrition, 38(5), 559–566. 



Ok… Last Most Important Slide

• Patients are getting 
older and sicker

• The “eyeball” test is 
not enough

• We need a more 
comprehensive
management plan



Evolution of the Cardiac 
Surgeon

HOMERSURGEON



Why does a 
cardiac surgeon 

care about 
FRAILTY AND 
DELIRIUM?





Life in the CVICU
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Why does this matter?







Outline

• Who
– Brief case example

• How frequent is this?

• Why
– Why is this important  for the surgical patient?

• E.g. delirium

• What
– What can we do about this?

• Enhanced recovery protocols (ERPs)



To Tweet or Not to Tweet
• Please Tweet

– General concepts
– Referenced studies
– @TheRakeshArora
– @ERASCardiac
– @ERASSociety

– Use hashtag 
• #CVICU
• #delirium
• #frailty
• #PREHABStudy
• #ERASCardiac

• Please DON’T Tweet
– Patient pictures
– Where you see this symbol



Who?

• Case Example

–73 year old male
• critical aortic 

stenosis
• 3v Coronary 

artery disease



Who?
–<1 flight of 

exercise for 
several months

–Now has 
orthopnea and 
peripheral 
edema



QUESTION:
What is this patient’s risk?

Respond via Slido:

• < 3
• 3-8%
• > 8%



European System 
for Cardiac Operative Risk Evaluation 

(EuroSCORE II)

19

Operative Mortality = 2.78%



Shortcomings of Current Risk Models

Issue #1

Frailty

XCurrent 
risk 

prediction 
model



Who






QUESTION: 
Have you seen this before?

Respond via Slido:
• Yes
• No



QUESTION:
What is typically done?

Respond via Slido



Back to Who
• Case #1 

– Receives 2mg of lorazepam, 50mg of tramadol and 
10mg of haloperidol

– Now very sleepy…



Then hypoxic…

https://medpix.nlm.nih.gov/case?id=b739a916-6bc1-490c-9f7a-a36645055eb4



Course in 
Hospital

• Prolonged mechanically 
ventilation
• Re-intubated x 2
• Required a tracheostomy

• Acute Kidney Injury
• VAP
• 40 days in hospital





Time to go home

• Patient lives in his own home
• Get admitted to a long-term care facility

1. Arora RC et al;. J Thorac Cardiovasc Surg. 2017.
2. Lytwyn J et al. J Thorac Cardiovasc Surg. 2017. 
3. Manji R et al. JAHA 2017.
4. Manji R et al.. Ann Thorac Surg. 2015. 





EuroSCORE II

36





Fallacy of the Eyeball Test



Fallacy of the Eyeball Test



Why is this important to the cardiac 
surgical patient?

Baseline Frailty

Cardiac Disease

“Waiting in Fear”
Surgical Stress

(CPB)

Prolonged Recovery
(Delirium)



First Author, 
Year Association

Lee, 2010 After Cardiac Surgery, Frailty is associated with In-
Hospital Mortality
After Cardiac Surgery, Frailty is associated with 
Prolonged Institutional Care
After Cardiac Surgery, Frailty is associated with Mid-
Term Mortality

OR 1.8, 95% CI 1.1-3.0
OR 6.3, 95% CI 4.2-9.4
HR 1.5, 95% CI 1.1-2.2

Singh, 2011 Frailty is associated with Death following Percutaneous 
Revascularization
Frailty is associated with MI/Death following 
Percutaneous Revascularization

HR 5.36, 95% CI 2.41-11.9
HR 3.04, 95% CI 1.80-5.15

Sundermann, 2011 Frailty is associated with one-year mortality after 
cardiac surgery

OR 1.097, 95% CI 1.038-1.160

Afilalo, 2012 Frailty as measured through gait speed is associated 
with Mortality or Major Morbidity after CABG and/or 
valve surgery

OR 2.63, 95% CI 1.17-5.90

Green, 2012 Frailty is associated with increased one year mortality 
post TAVR

HR 3.16, 95% CI 1.33-7.51

Stortecky, 2012 Frailty is associated with increased all cause mortality 
one year post TAVI
Frailty is associated with increased MACCE one year 
post TAVI

OR 3.68, 95% CI 1.21-11.19
OR 4.89, 95% CI 1.64-14.60

Schoenenberger, 
2013

Post TAVI, Frailty is associated with functional decline
Post TAVI, Frailty is associated functional decline or 
death

OR 3.31, 95% CI 1.21-9.03
OR 4.46, 95%CI 1.85-10.75

ADL, Activities of Daily Living; MI, Myocardial Infarction; CAF, 
Comprehensive Assessment of Frailty; MACCE, Major Adverse 
Cardiac and Cerebrovascular Events; CABG, Coronary Artery 
Bypass Graft; CHS, Cardiovascular Health Study; MSSA, 
MacArthur Study of Successful Aging; TAVR, Trans-catheter 
Aortic Valve Repair; TAVI, Trans-catheter Aortic Valve 
Implantation; BMI, Body Mass Index; MMSE, Mini Mental State 
Exam; MNA, Mini Nutritional Assessment; TUG, Timed Get Up 
and Go test; BADL, Basic Activities of Daily Living; IADL, 
Instrumental Activities of Daily Living

a study sample size

Outcomes of 
Included Frailty and 

Cardiac Surgery 
Studies

Increased MACCE and Mortality

In Press - JTCVS



Shortcomings of Current Risk Models

Issue #2

Current 
risk 

prediction 
model

Mortality√
MorbidityX



Investigating the impact of frailty on 
postoperative delirium following cardiac surgery

UNIVERSITY
OF MANITOBA



Summary

• >50% of patients were frail.

• 5-8X ↑ delirium risk, independent of EuroSCORE II.

• Associated with worse FUNCTIONAL SURVIVAL

• Most predictive: weight loss, weak grip strength
– “Simple”, quick and cheap
– Potentially modifiable

Jung P, Pereira MA, Hiebert B, et al. J Thorac Cardiovasc Surg. 2015;149(3):869-875.
Arora RC et al;. J Thorac Cardiovasc Surg. 2017.
Lytwyn J et al. J Thorac Cardiovasc Surg. 2017. 



Yeah but… can you do anything about 
it?



When to think 
about outcomes in 

the older adult 
surgery patient?

Pre-operatively

After Discharge

Post-operatively



QUESTION:
How frequently have you requested 

(or been consulted) a geriatrician for a 
“frail” surgery patient preoperatively?

Respond via Slido:
• HAHAHAHAHAHA – you must be joking
• Meh, once in a while
• All the time



Making Surgery “SAFE”

(2019). Journal of the American Medical Directors Association, 1–7. 



Successful Aging and Frailty Evaluation (SAFE) clinic



QUESTION:
Should frailty exclude patients 

from surgery?

Respond via Slido:
• Yes
• No



The Journal of Thoracic and Cardiovascular Surgery DOI: (10.1016/j.jtcvs.2018.10.164) 



Why is this important to the cardiac 
surgical patient?

Baseline Frailty

Cardiac Disease

“Waiting in Fear”
Surgical Stress

(CPB)

Prolonged Recovery
(Delirium)



Should frailty exclude patients 
from surgery?

• Opportunity for “prehab”
– Physical exercises
– Nutrition

• 1 in 5 patients are malnourished

↓ sarcopenia  ↓ frailty    ↓ delirium



Physical Frailty

Low physical 
performance

Low 
muscle 
mass

Low 
energy

Low 
physical 
activity



Gait Speed Test Evidence

Afilalo J. JAMA Cardiol 2016; 1: 314



Physical Performance Tests
• 5-m gait speed
• Chair rise time 
• Tandem balance
• Handgrip strength
• Timed up-and-go

What are we measuring?
Lower-extremity strength and less so balance and upper-extremity
Affected by age, height, obesity, cognition, mood, MSK & neuro dz

Short Physical Performance Battery 
(“SPPB”)



Cognitive Screening Instruments

• Mental Status Vital Sign (10 seconds)
– RASS

• Quick Screen (2 min)
– Days and Months Backwards
– Clock Draw
– Mini-cog

• Screening (10 min)
– Mini Mental State Examination (MMSE)
– St Louis University Mental Status Exam (SLUMS)
– Montreal Cognitive Assessment (MOCA)



Mini-Cog

https://mini-cog.com/



Essential Frailty Toolset (EFT) 
Instructions

Afilalo J. JACC 2017; 70: 689



Can we 
“de-frail” 
patients



“NEW” Prehabilitation





The
PREHAB Study  

Pre-operative REhabilitation for 
reduction of Hospitalization After 

coronary Bypass and valvular surgery



A

B

(Panel A): Total walking distance achieved during a 6-minute walking test.
a different from baseline (p<0.05)
# different from Standard care (p<0.05)

Preop= one week pre-operatively; Postop= three months post-operatively.

(Panel B): Total time required to complete the 5-meter gait speed test. 
adifferent from Baseline (p<0.05)
#different from Standard care (p<0.05)..

B

Improvement in exercise capacity



PREHAB Study 
A Multicentre RCT Study



The PREHAB Protocol

 Cardiac Anatomy including medications 
 Cardiac Risk Factors including medication compliance 
 Heart Healthy Nutrition Practices 
 Action Planning, Goal Setting, Lifestyle Behaviour Change 
 Psychosocial factors related to cardiac disease including stress 

management 
 Safe Exercise Guidelines 

Stammers et al. BMJ Open. 2015





Summary

• Frailty is common
– Certain surgical populations may be at higher 

risk

• Frailty = functional survival
– ? Due to sacropenia/nutrition



https://www.nytimes.com/2017/04/01/opinion/sunday/my-icu-patient-lived-is-that-
enough.html?_r=0

• “…still wakes almost nightly 
to the sound of phantom 
alarms…”

• ”…minds cloudy or to feel 
abandoned by the teams of 
doctors who’d saved their 
lives…”

We need to ensure 
that patients don’t 

just survive but 
THRIVE after surgery



It’s not all doom and gloom

But…

We need to think 
differently



www.idelirium.org



Summary

oLook for opportunities to 
optimize
oDelay vs. Not Operate
o?Opportunity to de-frail patients
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Discussion Slides

If you can’t get enough



Intervention Control Group

Protein supplement
 HMB-enriched beverage containing 20 g protein and 1.5 g HMB 

consumed twice daily after meals

Home-based exercise program
 Weight-bearing exercise (WEBB program) guided by a therapist 

performed 2 days per week
 Moderate-intensity walking exercise guided by an accelerometer 

performed 5 days per week

Usual care
 Moderate-intensity walking exercise guided by an AHA brochure 

performed 5 days per week

PERFORM-TAVR Trial Flow

Afilalo J. 2017



NCT02219815



The PREHAB Exercise Protocol

• 2 structured exercise sessions per week for 8 week
• encouraged to walk daily 

• Structure Sessions:
• 15-min warm-up/stretching and a cool-down period 
• Aerobic exercise will be prescribed at 40-60% of heart rate 

reserve 
– (Karvonen Formula) based on baseline exercise stress test data. 

• 10-30 Aerobic exercise 
• May progress to high intensity exercise in the context of symptom-

limited, interval training 
• up to 85% of maximal aerobic capacity
• resistance training Stammers et al. BMJ Open. 2015



Is it safe?
• Baseline exercise stress test (>2.0 METS)
• Exclusion Criteria:

• Patients who have unstable or recent unstable cardiac 
syndrome as defined by: 

• Severe heart failure (NYHA IV) or angina (CCS class IV) 
symptoms. 

• Critical left main (LM) coronary disease. Hospitalization 
for arrhythmias

• CHF or acute coronary syndrome prior to 
randomization. 

• Patients who have severe left ventricular obstructive 
disease (defined by): 

• Severe aortic or mitral stenosis (aortic or mitral valve 
area <1.0cm2 or mean gradient > 40 mmHg or > 
10mmHg respectively)

• Dynamic left ventricular (LV) outflow obstruction.
• Patients who have demonstrated exercise induced 

ventricular arrhythmias or have experienced a recent 
hospitalization for arrhythmias;

• Patients who have cognitive deficits that would 
preclude rehabilitation;

• Patients who have physical limitations that would 
preclude rehabilitation;

• Patients who are unable to attend the Prehab program. 
Stammers et al. BMJ Open. 2015



SPPB Instructions

4 points 3 points 2 points 1 point 0 points

5-Meter Walk 
Time ≤6.5 s 6.6–8.3 s 8.4–11.6 s ≥11.7 s cannot 

complete

5 Chair Rise 
Time ≤11.1 s 11.2–13.6 s 13.7–16.6 s ≥16.7 s cannot 

complete

Balance Time tandem ≥10 s tandem 3–9 s tandem 1–2 s side-by-side ≥10 
s

side-by-side 0-9 
s

Total Score ___  out of 12



Cognitive Frailty

Physical 
frailty

Cognitive 
impairment 

without a clinical 
diagnosis of dementia

Cognitive 
frailty



Frailty is associated with an increased risk of major adverse cardiac and 
cerebrovascular events (MACCE) following cardiac surgery.

Clegg et al. (2013) Lancet. 381(9901): 752-762.
Sepehri et al. (2014) J Thorac Cardiovasc Surg. 148(6): 3110-3117.

Appropriate Compensation

Decompensation, adverse 
events, complications, 
mortality

5x

Sepehri et al. (2014)
• 6 studies
• 4756 patients
• 9 measures of frailty
• OR: 4.89 95% CI 1.64-14.60



Gait Speed Test Instructions



Gait Speed Test Instructions



Gait Speed Test Instructions👎👎 >6 sec
TAVR: >10 sec

👎👎👎👎 Unable



Chair Rise Test Instructions
👎👎 >15 

sec

👎👎
👎👎

Unabl
e



Balance Test Instructions

………………………
…… 10 seconds

👎👎 <10 
sec

👎👎
👎👎

Unabl
e



Grip Strength Test Instructions
👎👎
M

<26 kg

👎👎
W

<16 kg



Cardiac surgery prICULOS survivors

• Rates are 
increasing

• ↑ 57% in 
Manitoba 
with the MCS 
program

Manji, R. et al. The Annals of Thoracic Surgery (2016)
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Are we creating survivors… or 
victims in critical care?

• Wischmeyer, P. E., & San-Millan, I. (2015). 
Winning the war against ICU-acquired 
weakness: new innovations in nutrition 
and exercise physiology. Critical Care 
(London, England), 19 Suppl 3, S6

• Wischmeyer, P. E. (2016). Are we creating 
survivors…or victims in critical care? 
Delivering targeted nutrition to improve 
outcomes. Current Opinion in Critical Care, 
22(4), 279–84.



Conclusion

o Surgical and perioperative community need to 
consider a more comprehensive preoperative 
evaluation

o Need to ensure patient don’t just survive but thrive
after surgery
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Delirium after Cardiac Surgery

acute,
inattention,

disorganized thinking

⁞
NEGATIVE OUTCOMES• ↑ hospital LOS

• ↑ institutional 
discharge

• ↑ mortality
• long-term cognitive          

& functional deficits



Frailty Delirium

108

?

Quinlan, N et al., 2011



Protocol

109

Clinical
events

Research
events

Pre-op visit

Patient recruitment,
Frailty assessment

Surgery Discharge

ICU LOS

Hospital LOS

Data collection



Our Definition of Frailty (1)

• The Modified Fried criteria (≥3 of 7):
– Slow gait speed
– Weak grip strength
– Low physical activity
– Weight loss
– Exhaustion
– Depression
– Cognitive impairment

110

Frailty

Cognitive

Emotional
Physical



Our Definition of Frailty (2)

• The Short Physical Performance Battery:
– Gait speed (0-4 pts)
– Balance tests (0-4)
– Chair stand (0-4)

Not frail 10-12 pts
Frail 7-9
High risk frail 4-6

111

Physical

Frailty



Study population recruitment.

182 patients approached

140 patients included in the study

133 patients included in the analyses

42 patients refused

7 patients not included in the 
analyses:
- No surgery performed (n = 3)
- Did not complete pre-op study 

requirements (n = 3)
- Withdrew from study (n = 1)

112



The Prevalence of Frailty

• Modified Fried:
– 54.1% (72 out of 133)

• SPPB
– 51.9% (69 out of 133)

113



The Incidence of Delirium

• 18.0% (24 out of 133) with post-operative 
delirium

114

Arenson BG, Macdonald LA, Grocott HP, Hiebert BM, Arora RC. Effect of intensive care unit environment on in-
hospital delirium after cardiac surgery. The Journal of thoracic and cardiovascular surgery 2013;146;172-178.



Baseline characteristics of patients.
Not Frail
(N=61)

Frail
(N=72)

P-Value

Pre-Operative Characteristics

Age (years) 68.7 (7.4) 73.0 (8.2) 0.0023

Female sex 11 (18.0%) 24 (33.3%) 0.0459

EuroSCORE II (%) 1.42 (0.87 – 1.94) 2.02 (1.25 – 4.28) 0.0001

Self-health rating (0-4) 3 (2 – 3) 2 (1 – 2) <0.0001

MoCA score (0-30) 26 (24 – 27) 22 (20 – 25) <0.0001

Diabetes 13 (21.3%) 29 (40.3%) 0.0190

CVD 4 (6.6%) 15 (20.8%) 0.0191

COPD 1 (1.6%) 15 (20.8%) 0.0008

Arthritis 5 (8.2%) 17 (23.6%) 0.0171

Anemia 9 (14.8%) 22 (30.6%) 0.0317

PVD 4 (6.6%) 13 (18.1%) 0.0478

Prior angioplasty or stent 5 (8.2%) 18 (25.0%) 0.0107

Albumin (g/L) 39.0 (3.1) 36.4 (4.5) 0.0011

115



Not Frail
(N=61)

Frail
(N=72)

P-Value Unadjusted
OR (95% CI)

PRIMARY OUTCOME

Post-operative delirium 4 (6.6%) 20 (27.8%) 0.0015 5.48 (1.76 – 17.09)

SECONDARY OUTCOMES

ICU LOS (days) 2 (1 – 3) 2 (1 – 3) 0.2819

ICU LOS > 3 days 10 (16.4%) 17 (23.6%) 0.3025 1.58 (0.66 – 3.76)

Hospital LOS (days) 6 (5 – 9) 8 (6 – 12) 0.0098

Hospital LOS > 7 days 23 (37.7%) 42 (58.3%) 0.0177 2.31 (1.15 – 4.65)

Major adverse event 1 (1.6%) 4 (5.6%) 0.3742 3.52 (0.38 – 32.45)

In-hospital mortality 0 (0.0%) 2 (2.8%) 0.4997 undefined

Discharge to institution 1 (1.6%) 4 (5.7%) 0.3713 3.64 (0.40 – 33.45)

Association between pre-operative frailty and primary 
and secondary outcomes.

116



No Delirium
(N=109)

Delirium
(N=24)

P-Value
Unadjusted OR 

(95% CI)
Adjusted OR   

(95% CI)

Modified Fried (≥ 3 of 7) 52 (47.7%) 20 (83.3%) 0.0015 5.48 (1.76 – 17.09) 5.05 (1.58 – 16.13)

Weight loss 12 (11.0%) 8 (33.3%) 0.0106 4.04 (1.43 – 11.43) 3.61 (1.24 – 10.49)

Weak grip strength 23 (21.1%) 10 (41.7%) 0.0347 2.67 (1.05 – 6.79) 2.33 (0.87 – 6.21)

Low physical activity 67 (61.5%) 18 (75.0%) 0.2114 1.88 (0.69 – 5.12) 1.81 (0.66 – 4.96)

Exhaustion 48 (44.0%) 14 (58.3%) 0.2037 1.78 (0.73 – 4.36) 1.65 (0.66 – 4.08)

Depression 30 (27.5%) 9 (37.5%) 0.3311 1.58 (0.63 – 3.99) 1.50 (0.58 – 3.83)

Cognitive 
impairment

70 (64.2%) 17 (70.8%) 0.5375 1.35 (0.52 – 3.55) 1.20 (0.45 – 3.21)

Slow gait speed 28 (25.7%) 7 (29.2%) 0.7261 1.19 (0.45 – 3.17) 0.88 (0.30 – 2.63)

SPPB (score ≤ 9) 52 (47.7%) 17 (70.8%) 0.0401 2.66 (1.02 – 6.93) 2.39 (0.90 – 6.38)

SPPB score 4-6 7 (6.4%) 8 (33.3%) 0.0007 9.31 (2.58 – 33.55) 8.26 (2.23 – 30.64)

SPPB score 7-9 45 (41.3%) 9 (37.5%) 0.2006 1.63 (0.56 – 4.71) 1.49 (0.50 – 4.43)

SPPB score 10-12 57 (52.3%) 7 (29.2%)

117

Association between components of frailty and post-operative delirium.



I.D.I and N.R.I.

• Integrated Discrimination Improvement (IDI)
– In order to compare the improvement in 

discrimination of the frailty models relative to the 
EuroSCORE II model

• Net Reclassification Improvement (NRI)
– the level of success with which a new model 

reclassified a patient
• i.e. to a higher risk group if he/she experienced the 

outcome of interest or to a lower risk group if he/she 
did not experience the outcome. 

118



Area Under ROC 
Curve (95% CI)

IDI (P-Value) NRI (P-Value)

EuroSCORE II only 0.695 (0.580 – 0.810)
Modified Fried

(≥ 3 of 7)
0.745 (0.634 – 0.856) 6.5% (0.0001) 74.9% (0.0009)

Weight loss 0.709 (0.589 – 0.823) 5.0% (0.0377) 44.6% (0.0477)

Weak grip strength 0.700 (0.588 – 0.812) 2.3% (0.1505) 41.1% (0.0681)

Low physical activity 0.674 (0.550 – 0.798) 1.1% (0.2163) 27.1% (0.2300)

Exhaustion 0.668 (0.558 – 0.778) 0.9% (0.3066) 28.6% (0.2048)
Depression 0.683 (0.569 – 0.797) 0.5% (0.4931) 20.0% (0.3762)

Cognitive impairment 0.677 (0.557 – 0.798) 0.1% (0.7140) 16.9% (0.4537)

Slow gait speed 0.701 (0.593 – 0.809) 0.0% (0.9576) -8.8% (0.6966)
SPPB (score ≤ 9) 0.699 (0.581 – 0.816) 2.5% (0.0415) 49.9% (0.0268)

SPPB score 4-6 0.732 (0.614 – 0.851)
10.1% 

(0.0077)
53.8% (0.0170)

SPPB score 7-9

SPPB score 10-12

Improvements in prediction of delirium by the addition of frailty.
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Area Under ROC 
Curve (95% CI)

IDI (P-Value) NRI (P-Value)

EuroSCORE II only 0.695 (0.580 – 0.810)
Modified Fried

(≥ 3 of 7)
0.745 (0.634 – 0.856) 6.5% (0.0001) 74.9% (0.0009)

Weight loss 0.709 (0.589 – 0.823) 5.0% (0.0377) 44.6% (0.0477)

Weak grip strength 0.700 (0.588 – 0.812) 2.3% (0.1505) 41.1% (0.0681)

Low physical activity 0.674 (0.550 – 0.798) 1.1% (0.2163) 27.1% (0.2300)

Exhaustion 0.668 (0.558 – 0.778) 0.9% (0.3066) 28.6% (0.2048)

Depression 0.683 (0.569 – 0.797) 0.5% (0.4931) 20.0% (0.3762)

Cognitive impairment 0.677 (0.557 – 0.798) 0.1% (0.7140) 16.9% (0.4537)

Slow gait speed 0.701 (0.593 – 0.809) 0.0% (0.9576) -8.8% (0.6966)

SPPB (score ≤ 9) 0.699 (0.581 – 0.816) 2.5% (0.0415) 49.9% (0.0268)

SPPB score 4-6 0.732 (0.614 – 0.851) 10.1% (0.0077) 53.8% (0.0170)

SPPB score 7-9

SPPB score 10-12
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Improvements in prediction of delirium by the addition of frailty.



Pathophysiology of Delirium

121

121



Evil Humours Are Afoot

• Inouye SK et al. N Engl J Med. 2006;354: 1157-1165.
• Pandharipande P & Ely EW. Crit Care Clin. 2006;22:313-327.
• Demeure MJ & Fain MJ.  J Am Coll Surg. 2006;203:752-757.
• American Psychiatric Association. Am J Psychiatry. 1999;156(suppl 5): 1-20.
• van der Cammen TJ et al.Int J Geriatr Psychiatry. 2006;21:838-84
• http://www.uspharmacist.com/continuing_education/ceviewtest/lessonid/105762/

 Global brain disorder:
endothelial dysfunction, increased blood–
brain barrier permeability, and reduce 
blood flow.

 Neuroinflammation: 
blood–brain barrier disruption, neuronal 
apoptosis, and altered synaptic plasticity

 Acetylcholine deficiency

http://www.uspharmacist.com/continuing_education/ceviewtest/lessonid/105762/


First Author, 
Year Population na Frailty 

Measurement
Outcomes 
Measured Association

Lee, 2010 Patients 
undergoing cardiac 

surgery

3826 Katz index of Activities 
of Daily Living (ADL), 

Independence in 
ambulation, and 

previous diagnosis of 
dementia

In-hospital mortality, 
midterm all-cause 

mortality, discharge to 
an institution, and 

secondary in-hospital 
outcomes

Frailty was linked to 
increased unadjusted In-

Hospital Outcomes, 
increased In-hospital 
Mortality, increased 

institutional discharge, and 
reduced midterm survival 

Singh, 2011 Patients ≥ 65 years 
undergoing 

Percutaneous 
Intervention

629 Fried Frailty Criteria All cause mortality and 
MI during follow up

Frailty was an independent 
predictor of long-term 

mortality and MI

Sundermann, 2011 Patients ≥ 74 years 
undergoing cardiac 

surgery

400 Simplified 
Comprehensive 

Assessment of Frailty 
(CAF)

One year all cause 
mortality, and MACCE

Frailty showed a good 
predictive ability concerning 

one year mortality

Afilalo, 2012 Patients ≥ 70 years 
undergoing CABG 

and/or valve 
surgery

152 4 scales used:

5 item Cardiovascular 
Health Study (CHS)

7 item expanded CHS

4 item MacArthur 
Study of Successful 

Aging (MSSA)

Gait Speed

Postoperative 
mortality or major 

morbidity

Only frailty measured 
through gait speed showed a 

statistically significant 
association with an 

increased mortality or major 
morbidity

Green, 2012 Patients ≥ 60 years 
with advanced 
aortic disease 
undergoing 

Transcathetar 
Aortic Valve Repair 

(TAVR)

159 Modified Fried Frailty 
Criteria

All cause mortality, 
and procedural 

outcomes

Frailty was independently 
associated with reduced long 

term survival after TAVR

Stortecky, 2012 Patients ≥ 70 years 
undergoing 

Transcathetar 
Aortic Valve 

Implantation (TAVI)

100 Modified 
Multidimensional 

Geriatric Assessment

All cause mortality, 
and major adverse 

cardiac and 
cerebrovascular 
events (MACCE)

Strong evidence for an 
association between the 

frailty index with all cause 
mortality and MACCE at one 

year post-TAVI

Schoenenberger, 
2013

Patients ≥ 70 years 
undergoing 

Transcathetar 
Aortic Valve 

Implantation (TAVI)

119 Modified Geriatric 
Baseline Examination

Functional decline, and 
functional decline or 

death

Frailty index was strongly 
associated with functional 
decline as well as mortality

First Author, 
Year

Association

Lee, 2010 After Cardiac Surgery, Frailty is associated 
with In-Hospital Mortality
After Cardiac Surgery, Frailty is associated 
with Prolonged Institutional Care
After Cardiac Surgery, Frailty is associated 
with Mid-Term Mortality

OR 1.8, 95% CI 1.1-3.0
OR 6.3, 95% CI 4.2-9.4
HR 1.5, 95% CI 1.1-2.2

Singh, 2011 Frailty is associated with Death following 
Percutaneous Revascularization
Frailty is associated with MI/Death following 
Percutaneous Revascularization

HR 5.36, 95% CI 2.41-11.9
HR 3.04, 95% CI 1.80-5.15

Sundermann, 
2011

Frailty is associated with one-year mortality 
after cardiac surgery

OR 1.097, 95% CI 1.038-
1.160

Afilalo, 2012 Frailty as measured through gait speed is 
associated with Mortality or Major Morbidity 
after CABG and/or valve surgery

OR 2.63, 95% CI 1.17-5.90

Green, 2012 Frailty is associated with increased one year 
mortality post TAVR

HR 3.16, 95% CI 1.33-7.51

Stortecky, 2012 Frailty is associated with increased all cause 
mortality one year post TAVI
Frailty is associated with increased MACCE 
one year post TAVI

OR 3.68, 95% CI 1.21-11.19
OR 4.89, 95% CI 1.64-14.60

Schoenenberge
r, 2013

Post TAVI, Frailty is associated with functional 
decline
Post TAVI, Frailty is associated functional 
decline or death

OR 3.31, 95% CI 1.21-9.03
OR 4.46, 95%CI 1.85-10.75

Table 2 – Characteristics of Included Studies In Frailty and Cardiac Surgery Systematic 
Review

Table 3 – Outcomes of Included Frailty and Cardiac Surgery Studies

ADL, Activities of Daily Living; MI, Myocardial Infarction; CAF, Comprehensive Assessment of 
Frailty; MACCE, Major Adverse Cardiac and Cerebrovascular Events; CABG, Coronary Artery 
Bypass Graft; CHS, Cardiovascular Health Study; MSSA, MacArthur Study of Successful Aging; 
TAVR, Trans-catheter Aortic Valve Repair; TAVI, Trans-catheter Aortic Valve Implantation; BMI, 
Body Mass Index; MMSE, Mini Mental State Exam; MNA, Mini Nutritional Assessment; TUG, 
Timed Get Up and Go test; BADL, Basic Activities of Daily Living; IADL, Instrumental Activities 
of Daily Living

a study sample size



Baseline characteristics of patients
Not Frail
(N=61)

Frail
(N=72)

P-Value

Pre-Operative Characteristics

Age (years) 68.7 (7.4) 73.0 (8.2) 0.0023

Female sex 11 (18.0%) 24 (33.3%) 0.0459

EuroSCORE II (%) 1.42 (0.87 – 1.94) 2.02 (1.25 – 4.28) 0.0001

Self-health rating (0-4) 3 (2 – 3) 2 (1 – 2) <0.0001

MoCA score (0-30) 26 (24 – 27) 22 (20 – 25) <0.0001

Diabetes 13 (21.3%) 29 (40.3%) 0.0190

CVD 4 (6.6%) 15 (20.8%) 0.0191

COPD 1 (1.6%) 15 (20.8%) 0.0008

Arthritis 5 (8.2%) 17 (23.6%) 0.0171

Anemia 9 (14.8%) 22 (30.6%) 0.0317

PVD 4 (6.6%) 13 (18.1%) 0.0478

Prior PCI 5 (8.2%) 18 (25.0%) 0.0107

Albumin (g/L) 39.0 (3.1) 36.4 (4.5) 0.0011
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Not Frail
(N=61)

Frail
(N=72)

P-Value Unadjusted
OR (95% CI)

PRIMARY OUTCOME

Post-operative delirium 4 (6.6%) 20 (27.8%) 0.0015 5.48 (1.76 – 17.09)

Association between pre-operative frailty and 
primary and secondary outcomes.
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No
Delirium
(N=109)

Delirium
(N=24)

P-Value
Unadjusted OR 

(95% CI)
Adjusted OR   

(95% CI)

Modified Fried

(≥ 3 of 7)
52 (47.7%) 20 (83.3%) 0.0015

5.48 (1.76 –
17.09)

5.05 (1.58 –
16.13)

Weight loss 12 (11.0%) 8 (33.3%) 0.0106
4.04 (1.43 –

11.43)
3.61 (1.24 –

10.49)

Weak grip strength 23 (21.1%) 10 (41.7%) 0.0347 2.67 (1.05 – 6.79) 2.33 (0.87 – 6.21)

Low physical activity 67 (61.5%) 18 (75.0%) 0.2114 1.88 (0.69 – 5.12) 1.81 (0.66 – 4.96)

Exhaustion 48 (44.0%) 14 (58.3%) 0.2037 1.78 (0.73 – 4.36) 1.65 (0.66 – 4.08)

Depression 30 (27.5%) 9 (37.5%) 0.3311 1.58 (0.63 – 3.99) 1.50 (0.58 – 3.83)

Cognitive impairment 70 (64.2%) 17 (70.8%) 0.5375 1.35 (0.52 – 3.55) 1.20 (0.45 – 3.21)

Slow gait speed 28 (25.7%) 7 (29.2%) 0.7261 1.19 (0.45 – 3.17) 0.88 (0.30 – 2.63)

Association between components of frailty and post-
operative delirium.
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No
Delirium
(N=109)

Delirium
(N=24)

P-Value
Unadjusted OR 

(95% CI)
Adjusted OR   

(95% CI)

Modified Fried 

(≥ 3 of 7)
52 (47.7%) 20 (83.3%) 0.0015

5.48 (1.76 –
17.09)

5.05 (1.58 –
16.13)

Weight loss 12 (11.0%) 8 (33.3%) 0.0106
4.04 (1.43 –

11.43)
3.61 (1.24 –

10.49)

Weak grip strength 23 (21.1%) 10 (41.7%) 0.0347
2.67 (1.05 –

6.79)
2.33 (0.87 – 6.21)

Low physical activity 67 (61.5%) 18 (75.0%) 0.2114
1.88 (0.69 –

5.12)
1.81 (0.66 – 4.96)

Exhaustion 48 (44.0%) 14 (58.3%) 0.2037
1.78 (0.73 –

4.36)
1.65 (0.66 – 4.08)

Depression 30 (27.5%) 9 (37.5%) 0.3311
1.58 (0.63 –

3.99)
1.50 (0.58 – 3.83)

Cognitive impairment 70 (64.2%) 17 (70.8%) 0.5375
1.35 (0.52 –

3.55)
1.20 (0.45 – 3.21)

Slow gait speed 28 (25.7%) 7 (29.2%) 0.7261
1.19 (0.45 –

3.17)
0.88 (0.30 – 2.63)
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No Delirium
(N=109)

Delirium
(N=24)

P-Value
Unadjusted OR 

(95% CI)
Adjusted OR   

(95% CI)

Modified Fried (≥ 3 of 7) 52 (47.7%) 20 (83.3%) 0.0015 5.48 (1.76 – 17.09) 5.05 (1.58 – 16.13)

Weight loss 12 (11.0%) 8 (33.3%) 0.0106 4.04 (1.43 – 11.43) 3.61 (1.24 – 10.49)

Weak grip strength 23 (21.1%) 10 (41.7%) 0.0347 2.67 (1.05 – 6.79) 2.33 (0.87 – 6.21)

Low physical activity 67 (61.5%) 18 (75.0%) 0.2114 1.88 (0.69 – 5.12) 1.81 (0.66 – 4.96)

Exhaustion 48 (44.0%) 14 (58.3%) 0.2037 1.78 (0.73 – 4.36) 1.65 (0.66 – 4.08)

Depression 30 (27.5%) 9 (37.5%) 0.3311 1.58 (0.63 – 3.99) 1.50 (0.58 – 3.83)

Cognitive 
impairment

70 (64.2%) 17 (70.8%) 0.5375 1.35 (0.52 – 3.55) 1.20 (0.45 – 3.21)

Slow gait speed 28 (25.7%) 7 (29.2%) 0.7261 1.19 (0.45 – 3.17) 0.88 (0.30 – 2.63)

SPPB (score ≤ 9) 52 (47.7%) 17 (70.8%) 0.0401 2.66 (1.02 – 6.93) 2.39 (0.90 – 6.38)

SPPB score 4-6 7 (6.4%) 8 (33.3%) 0.0007 9.31 (2.58 – 33.55) 8.26 (2.23 – 30.64)

SPPB score 7-9 45 (41.3%) 9 (37.5%) 0.2006 1.63 (0.56 – 4.71) 1.49 (0.50 – 4.43)

SPPB score 10-12 57 (52.3%) 7 (29.2%)
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Baseline characteristics of patients.
Not Frail
(N=61)

Frail
(N=72)

P-Value

Pre-Operative Characteristics

Age (years) 68.7 (7.4) 73.0 (8.2) 0.0023

Female sex 11 (18.0%) 24 (33.3%) 0.0459

EuroSCORE II (%) 1.42 (0.87 – 1.94) 2.02 (1.25 – 4.28) 0.0001

Self-health rating (0-4) 3 (2 – 3) 2 (1 – 2) <0.0001

MoCA score (0-30) 26 (24 – 27) 22 (20 – 25) <0.0001

Diabetes 13 (21.3%) 29 (40.3%) 0.0190

CVD 4 (6.6%) 15 (20.8%) 0.0191

COPD 1 (1.6%) 15 (20.8%) 0.0008

Arthritis 5 (8.2%) 17 (23.6%) 0.0171

Anemia 9 (14.8%) 22 (30.6%) 0.0317

PVD 4 (6.6%) 13 (18.1%) 0.0478

Prior angioplasty or stent 5 (8.2%) 18 (25.0%) 0.0107

Albumin (g/L) 39.0 (3.1) 36.4 (4.5) 0.0011
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Baseline characteristics of patients.
Not Frail
(N=61)

Frail
(N=72)

P-Value

Pre-Operative Characteristics

Age (years) 68.7 (7.4) 73.0 (8.2) 0.0023

Female sex 11 (18.0%) 24 (33.3%) 0.0459

EuroSCORE II (%) 1.42 (0.87 – 1.94) 2.02 (1.25 – 4.28) 0.0001

Self-health rating (0-4) 3 (2 – 3) 2 (1 – 2) <0.0001

MoCA score (0-30) 26 (24 – 27) 22 (20 – 25) <0.0001

Diabetes 13 (21.3%) 29 (40.3%) 0.0190

CVD 4 (6.6%) 15 (20.8%) 0.0191

COPD 1 (1.6%) 15 (20.8%) 0.0008

Arthritis 5 (8.2%) 17 (23.6%) 0.0171

Anemia 9 (14.8%) 22 (30.6%) 0.0317

PVD 4 (6.6%) 13 (18.1%) 0.0478

Prior angioplasty or stent 5 (8.2%) 18 (25.0%) 0.0107

Albumin (g/L) 39.0 (3.1) 36.4 (4.5) 0.0011
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Baseline characteristics of patients.
Not Frail
(N=61)

Frail
(N=72)

P-Value

Pre-Operative Characteristics

Age (years) 68.7 (7.4) 73.0 (8.2) 0.0023

Female sex 11 (18.0%) 24 (33.3%) 0.0459

EuroSCORE II (%) 1.42 (0.87 – 1.94) 2.02 (1.25 – 4.28) 0.0001

Self-health rating (0-4) 3 (2 – 3) 2 (1 – 2) <0.0001

MoCA score (0-30) 26 (24 – 27) 22 (20 – 25) <0.0001

Diabetes 13 (21.3%) 29 (40.3%) 0.0190

CVD 4 (6.6%) 15 (20.8%) 0.0191

COPD 1 (1.6%) 15 (20.8%) 0.0008

Arthritis 5 (8.2%) 17 (23.6%) 0.0171

Anemia 9 (14.8%) 22 (30.6%) 0.0317

PVD 4 (6.6%) 13 (18.1%) 0.0478

Prior angioplasty or stent 5 (8.2%) 18 (25.0%) 0.0107

Albumin (g/L) 39.0 (3.1) 36.4 (4.5) 0.0011
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Area Under ROC 
Curve (95% CI)

IDI (P-Value) NRI (P-Value)

EuroSCORE II only 0.695 (0.580 – 0.810)
Modified Fried

(≥ 3 of 7)
0.745 (0.634 – 0.856) 6.5% (0.0001) 74.9% (0.0009)

Weight loss 0.709 (0.589 – 0.823) 5.0% (0.0377) 44.6% (0.0477)

Weak grip strength 0.700 (0.588 – 0.812) 2.3% (0.1505) 41.1% (0.0681)

Low physical activity 0.674 (0.550 – 0.798) 1.1% (0.2163) 27.1% (0.2300)

Exhaustion 0.668 (0.558 – 0.778) 0.9% (0.3066) 28.6% (0.2048)

Depression 0.683 (0.569 – 0.797) 0.5% (0.4931) 20.0% (0.3762)

Cognitive impairment 0.677 (0.557 – 0.798) 0.1% (0.7140) 16.9% (0.4537)

Slow gait speed 0.701 (0.593 – 0.809) 0.0% (0.9576) -8.8% (0.6966)

SPPB (score ≤ 9) 0.699 (0.581 – 0.816) 2.5% (0.0415) 49.9% (0.0268)

SPPB score 4-6 0.732 (0.614 – 0.851) 10.1% (0.0077) 53.8% (0.0170)

SPPB score 7-9

SPPB score 10-12

Improvements in prediction of delirium by the addition of frailty.
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Area Under ROC 
Curve (95% CI)

IDI (P-Value) NRI (P-Value)

EuroSCORE II only 0.695 (0.580 – 0.810)
Modified Fried

(≥ 3 of 7)
0.745 (0.634 – 0.856) 6.5% (0.0001) 74.9% (0.0009)

Weight loss 0.709 (0.589 – 0.823) 5.0% (0.0377) 44.6% (0.0477)

Weak grip strength 0.700 (0.588 – 0.812) 2.3% (0.1505) 41.1% (0.0681)

Low physical activity 0.674 (0.550 – 0.798) 1.1% (0.2163) 27.1% (0.2300)

Exhaustion 0.668 (0.558 – 0.778) 0.9% (0.3066) 28.6% (0.2048)

Depression 0.683 (0.569 – 0.797) 0.5% (0.4931) 20.0% (0.3762)

Cognitive impairment 0.677 (0.557 – 0.798) 0.1% (0.7140) 16.9% (0.4537)

Slow gait speed 0.701 (0.593 – 0.809) 0.0% (0.9576) -8.8% (0.6966)

SPPB (score ≤ 9) 0.699 (0.581 – 0.816) 2.5% (0.0415) 49.9% (0.0268)

SPPB score 4-6 0.732 (0.614 – 0.851) 10.1% (0.0077) 53.8% (0.0170)

SPPB score 7-9

SPPB score 10-12
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Area Under ROC 
Curve (95% CI)

IDI (P-Value) NRI (P-Value)

EuroSCORE II only 0.695 (0.580 – 0.810)
Modified Fried

(≥ 3 of 7)
0.745 (0.634 – 0.856) 6.5% (0.0001) 74.9% (0.0009)

Weight loss 0.709 (0.589 – 0.823) 5.0% (0.0377) 44.6% (0.0477)

Weak grip strength 0.700 (0.588 – 0.812) 2.3% (0.1505) 41.1% (0.0681)

Low physical activity 0.674 (0.550 – 0.798) 1.1% (0.2163) 27.1% (0.2300)

Exhaustion 0.668 (0.558 – 0.778) 0.9% (0.3066) 28.6% (0.2048)

Depression 0.683 (0.569 – 0.797) 0.5% (0.4931) 20.0% (0.3762)

Cognitive impairment 0.677 (0.557 – 0.798) 0.1% (0.7140) 16.9% (0.4537)

Slow gait speed 0.701 (0.593 – 0.809) 0.0% (0.9576) -8.8% (0.6966)

SPPB (score ≤ 9) 0.699 (0.581 – 0.816) 2.5% (0.0415) 49.9% (0.0268)

SPPB score 4-6 0.732 (0.614 – 0.851) 10.1% (0.0077) 53.8% (0.0170)

SPPB score 7-9

SPPB score 10-12

134

Improvements in prediction of delirium by the addition of frailty.



135

AUC 0.74-0.75 for post-operative 
delirium



The Addition of frailty to the 
Rudolph model

136

Area Under ROC 
Curve (AUC)

IDI (P-Value) NRI (P-Value)

Rudolph Model 0.730 (0.591 – 0.868)

Rudolph + Frailty 

(Fried ≥ 3)

0.772 (0.661 – 0.883) 0.013 (0.4496) 0.553 (0.0261)



Adoption Recruitment Site level [primary care practice & specialist(s)]: Procedures used to approach and 
attract sites
Patient level: Procedures used to approach patients for participation in pre-
operative rehabilitation

Observation

Questionnaire, interview

Implementation Reach Site level: proportion of different sites approached and then accepting 
contribution to the study
Patient level: proportion of patients approached and then participating in the 
intervention

Monitoring

Effectiveness Site & Project levels: Proportion of primary care sites and specialists who 
delivered (project level) and received (site level) the 7-step strategy

Monitoring, questionnaires, interviews

Fidelity Project group: extent to which the 7-step strategy was adhered to and adherence 
to the project’s implementation plan

Monitoring, questionnaires, interviews

Satisfaction Site level: opinion/satisfaction about the study and intervention
Project level: opinion/satisfaction about the 7-step strategy
Patient level: opinion/satisfaction about the pre-operative rehabilitation strategy

Questionnaires, interviews

Continuation Maintenance Site level: the extent to which pre-operative rehabilitation becomes routine and a 
part of everyday culture and norms practices.

Monitoring, questionnaires, interviews

Implementation 
Determinants

Context Determinants of implementation which have either hindered or facilitated the 
use of the 7-step strategy and pre-operative rehabilitation intervention.  
Specifically, we will examine the characteristics of the (a) socio-political context 
(e.g., willingness to be involved), (b) organization (e.g., decision making 
processes, capacity, financial resources), (c) adopting practices/patients (e.g., self-
efficacy, support from colleagues/family, benefits), and (d) intervention (e.g., 
clarity of process)

Monitoring, questionnaires, interviews

Table 10 –Seven step Formative Evaluation 
Plan



Preoperative Hearing Assessments

138



Future Directions

• External validation
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Outline

o What is frailty?
o Why may this be important in post-operative 

delirium.
o Our study

o Next-steps
o Can we “de-frail” patients?
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What is Frailty? 
A Tale of Two Philosophies?

• Fried (Modifed)

– 1 or more of the 7 core domains: 
• Slowness
• Weakness
• Weight loss
• Low physical activity
• Exhaustion
• Cognitive impairment
• Mood disturbance

141

Frailty in older adults: evidence for a phenotype. The journal of gerontology. 2001 56(3), M146–56. 



What is Frailty? 
A Tale of Two Philosophies?

• Rockwood 

– Frailty is an accumulation of 
deficits, which are measured by 
diverse signs, symptoms, co-
morbidities, and disabilities

142

Frailty: an emerging research and clinical paradigm--issues and controversies. The journal of 
gerontology., 2007 62(7), 731–7.

A global clinical measure of fitness and frailty in elderly people. CMAJ, 2005 173(5), 489–495.



A unifying definition of frailty… 

– A syndrome of loss of reserves (i.e. energy, physical 
ability, cognition) that gives rise to the accumulation 
of deficits and increased risk of vulnerability

143

Frailty ≠ Aging



Recommendations

• Increase our preoperative assessment of patients
– Cognition
– Mood
– Physical capacity
– Nutrition assessment
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Recommendations
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Future Directions

• The DELIRIUM-CS Canada Study

NCT02206880



Catabolic State

147



Hypothesis

• Frailty in cardiac surgery patients is a risk factor for 
post-operative delirium.

– Frailty will be additive to existing risk prediction scores
• (I.e. Euroscore II)
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Study Protocol

• Prospective observational cohort study at St. 
Boniface Hospital

– Inclusion criteria:
– Age > 18 years
– Elective CABG and/or valve procedures

– Exclusion criteria:
– Inability to assess post-operative delirium
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Delirium in Cardiac Surgery

150

Martin, B.-J., Buth, K. J., Arora, R. C., & Baskett, R. J. F. (2012). Delirium: a cause for concern beyond the immediate 
postoperative period. The Annals of Thoracic Surgery, 93(4), 1114–20. 



• Postoperative delirium 
developed in 46% of 
patients 

• Delirium lasted
– 1 to 2 days in 65% 
– 3 or more days in 35%.

» Saczynski, J. S., et al 
(2012). NEJM, 367(1), 
30–39.
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Assessment of Delirium

Confusion Assessment Method for the ICU (CAM-ICU)

152

Feature 1: Acute change or fluctuating course of mental status

+
Feature 2: Inattention

Feature 3:
Altered level of consciousness

Feature 4:
Disorganized thinking

+

OR
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