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The problem

The number of elderly patients placed on 

waiting lists has increased dramatically 

and will further grow. Interdisciplinary 

collaboration and distinct patient selection 

is recommended in all recent reviews.

Kneipiess et al., Ageing Res Rev. 2012 Jan;11(1):181-7. 
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SUMMARY
• Frailty is variable vulnerability to adverse outcomes
• The more deficits that people have accumulated, the 

frailer they are, but there is a limit to frailty. 
• Frailty can be screened by using simple clinical tools, 

based on mobility and function two weeks previously.
• Frailty can be quantified using a Frailty Index based on 

a Comprehensive Geriatric Assessment (FI-CGA).
• The FI-CGA can identify increased risk; changes in 

mobility and balance can track the severity of illness. 
• These lessons can aid older adults in whom solid organ 

transplantation is being considered or carried out.



List of Frailty:

1. Very Fit

2. Well

3. Managing Well

4. Vulnerable

5. Mildly Frail

6. Moderately Frail

7. Severely Frail

8. Very Severely Frail

9. Terminally ill

1. Canadian Study on Health and Aging

2. K Rockwood et al. A global clinical measure of fitness 

and frailty in elderly people. CMAJ 2005; 173:489-495
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Operationalizing frailty

Variables are highly specified: 

prototype is the frailty 

phenotype

– Slow mobility

– Weakness

– Weight loss

– Decreased activities

– Exhaustion

• Fried et al.,. 2001;56 J Gerontol 

A Biol Sci Med Sci (3):M146-56.

Variables are hardly specified: 

prototype is the Frailty Index

– Count health deficits (30-100)
• age associated but does not saturate; 

• associated with adverse outcome

• <5% missing data

– Divide by the number of deficits 

considered.

• Mitnitski et al., ScientificWorldJ

2001;1:323-326.

• Searle et al., BMC Geriatr 2008;8:24.



Frailty as deficit accumulation: with age, most problems 
become more common

(Canadian National Population Health Survey, n= 66,580)
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National Population Health Survey - Mean Frailty Index at each 

cycle in relation to age
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Mitnitski, et al., J Am Geriatr Soc, 2005;53:2184-9.
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5. Why the deficit count matters: transitions from n deficits 
to death during 5 years; Canadian Study of Health & Aging, N=8,547

 

0 5 10 15
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of deficits, n

T
h
e

 p
ro

b
a
b

ili
ty

 o
f 

d
e

a
th

0 5 10 15
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of deficits, n

T
h
e

 p
ro

b
a
b

ili
ty

 o
f 

d
e

a
th

Of 8,547 people at baseline, only 18 had 

>17/31 possible deficits, and only 7 (of 

5586) had >17/31 at follow-up 

Survival limit close to the frailty

Index of about 0.7

A limit to of the number of deficits suggests exhaustion of reserve capacity 

– is it operationalizable clinically? 

Mitnitski, Bao, Rockwood. Mech Ageing Dev 2006;127:490-3. 
Rockwood & Mitnitski Mech Ageing Dev 2006;127:494-6.
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A Frailty Index based on a Comprehensive 

Geriatric Assessment identifies a group at 

the highest risk of dying (some of whom live 18 months).

FI-CGA
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Rockwood, Rockwood, Mitnitski, J Am Geriatric Soc 2010;58:318-323.



Distribution of the 

Frailty Index

in 4 successive 

waves of the Chinese 

Longitudinal Health 

and Longevity Study;

Subjects aged 80-99  

years; n= 6664

S Bennett, X Song, A Mitnitski, K Rockwood*. A limit to frailty in very old, 

community-dwelling people: A secondary analysis of the Chinese Longitudinal 

Health and Longevity Study. Age and Ageing. Accepted September, 2012.



Comprehensive 
Geriatric 

Assessment Form



Comprehensive Geriatric 
Assessment Form: value-added



Comprehensive Geriatric 
Assessment Form: brain function



Comprehensive Geriatric 
Assessment Form: 

co-morbidity & medications



Learning from other complex 

systems applications



Comprehensive Geriatric Assessment 
Form: new impairment in function

Activities of Daily 

Living &  

Instrumental 

Activities of Daily 

Living

Baseline 

(two weeks ago)

Current 

(today)



Which patient is the more frail?
Which patient is the more acutely ill?



Frailty measurement in acutely ill 
older adults

Screening

– Rapid

– Easy to use

– Valid

– Reliable

– More sensitive than 
specific

Definitive evaluation

– Feasible

– Easy for routine use

– Valid

– Reliable

– Needs high specificity







2. Well –

People who have no active disease 

symptoms but are less fit than 

category 1. Often, they exercise or are 

very active occasionally, e.g.

seasonally.  

Frailty Index score is <0.10.

Well older adults share most attributes of the very fit, 

except for regular, vigorous exercise.  Like them, some 

may complain of memory symptoms, but without 

objective deficits.



6. Moderately Frail 

– People need help with all outside 

activities and with keeping house. Inside, 

they often have problems with stairs and 

need help with bathing and might need 

minimal assistance (cuing, standby) with 

dressing. Often rate health no better than 

‘fair’. Typically, walking is slow. Frailty 

index ~0.35 – 0.45.

If a memory problem causes the dependency, often recent 

memory will be very impaired, even though they seemingly 

can remember their past life events well. 



What do frail patients need that is 
different from other people?

• At low levels of frailty / high levels of fitness, 
older adults can be treated exactly as are 
younger patients with single system illness.

• The frailer the individual
– The less they will withstand toxic or invasive 

interventions.

– The less they benefit form more than 5-7 drugs

– The more they need to be treated as a complex 
system on the verge of failure. 



The problem

The number of elderly patients placed on 

waiting lists has increased dramatically 

and will further grow. Interdisciplinary 

collaboration and distinct patient selection 

is recommended in all recent reviews.

Kneipiess et al., Ageing Res Rev. 2012 Jan;11(1):181-7. 
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High order system failures



Vitality Research Workshop, 

Vancouver January 12, 2009

Measuring mobility: the HABAM

The Hierarchy of Balance & Mobility

In bed-mobility

– Cannot move off pressure points

– Moves side to side

– Can push to sit up

– Can swing legs over the side 

MacKnight & Rockwood Age Ageing 1995;24:126-30

MacKnight & Rockwood J Clin Epidemiol 2000;53:1242-7

Rockwood  et al. J Am Geriatr Soc, 2008; 56:1213-1217-24



Hierarchical Assessment 
of Balance and Mobility:

embracing complexity 
through pattern recognition 

in a state variable

Rockwood et al., J Am Geriatr Soc, 2008;56:1213-1217



Mean value of first 14-day HABAM 
scores by discharge disposition 
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Risk of death within 30 days in 

relation to HABAM scores 

• Absolute risk of death if:

– mobility & balance was no worse (same/ 

better) in the first 48 hours:           4%

– mobility only was worse in the first 48 hours:                                      

8%

– mobility & balance was worse in the first 48 

hours:                                  74%



SUMMARY
• Frailty is variable vulnerability to adverse outcomes
• The more deficits that people have accumulated, the 

frailer they are, but there is a limit to frailty. 
• Frailty can be screened by using simple clinical tools, 

based on mobility and function two weeks previously.
• Frailty can be quantified using a Frailty Index based on 

a Comprehensive Geriatric Assessment (FI-CGA).
• The FI-CGA can identify increased risk; changes in 

mobility and balance can track the severity of illness. 
• These lessons can aid older adults in whom solid organ 

transplantation is being considered or carried out.
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