Age and Ageing 2012; 41: 142147
doi: 10.1093/ageing/afr182

REVIEW

© The Author 2012. Published by Oxford University Press on behalf of the British Geriatrics Society.
All rights reserved. For Permissions, please email: journals.permissions@oup.com

Frailty in the older surgical patient: a review

JubimH S. L. PARTRIDGE'?, DANIELLE HARARI"?, JUGDEEP K. DHES!'

'Division of Health and Social Care Research, Kings College London, 7th Floor Capital House, 42 Weston Street,

London SEI 30D, UK

’Department of Ageing and Health, Guy’s and St Thomas” NHS Foundation Trust, 9th Floor, North Wing St Thomas™ Hospital

Westminster Bridge Road, London SEI 7EH, UK

Address correspondence to: ). Partridge. Tel: (+44) 0207 188 9916; Fax: (+44) 0207 188 2096. Email: judith.partridge@gstt.nhs.uk

Abstract

The rate of surgical procedutes in the older population is rising. Despite surgical, anaesthetic and medical advances, older
surgical patients continue to suffer from adverse postoperative outcomes. Comorbidities and reduction in physiological
reserve ate consistently identified as major predictors of poor postoperative outcome in this population. Frailty can be
defined as a lack of physiological reserve seen acrtoss multiple organ systems and is an independent predictor of mortality,
morbidity and institutionalisation after surgery. Despite this identification of frailty as a significant predictor of adverse
postoperative outcome, thetre is not yet a consensus on the definition of frailty or how best to assess and diagnose it. This
review describes our current definitions of frailty and discusses the available methods of assessing frailty, the impact on
the older surgical population and the emerging potential for modification of this important syndrome.
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Introduction

Ageing of the surgical population

Over the last 20 years, the number of older people under-
going surgical procedures has increased faster than the rate
of population ageing [1, 2]. This is likely to be related to
changes in anaesthetic and surgical techniques, patient
expectations and increasing evidence of improved morbidity
and mortality following surgery even in the oldest old
[3-6]. However, despite surgical and anaesthetic advances
and improvements in the medical care of older surgical
patients, postoperative particulatly
medical complications still remain commoner in older
people when compared with their younger counterparts [7—
11]. These complications are particularly significant as
30-day postoperative complications are mote important
than preoperative risk factors and intraoperative factors in
determining survival after major surgery [7, 11]. There has
been a focus on age and pre-existing comorbidities as the
main predictors of adverse postoperative outcome in the
older surgical population [7, 9, 12]. The role of frailty as an
independent risk factor for adverse postoperative outcomes
is now emerging [13, 14].

adverse outcomes,
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Why measure frailty in surgical patients?

Studies in various sutgical populations have identified frailty
as an independent risk factor for major morbidity, mortal-
ity, protracted length of stay (LOS) and institutional dis-
charge [13-17]. Its importance is being recognised in
influential reports such as the most trecent National
Confidential Enquiry into Patient Outcome and Death
(NCEPOD) report, ‘An Age OIld Problem’ [18]. The
authors of this report stated in the second of their principle
recommendations that ‘comorbidity, disability and frailty
need to be clearly recognised as independent markers of
risk in the eldetly’ [18]. Within the older surgical population
the process of preoperative assessment provides an oppot-
tunity for proactive recognition of the frailty syndrome. The
preoperative assessment process can be considered to serve
two broad purposes. First, to risk stratify patients in order
that health professionals, patients and their relatives or
carers are fully informed of the inherent risks in undergo-
ing a procedure. Second, in order that modifiable factors
are proactively identified and optimised preoperatively, thus
improving the patient’s likelihood of a successful outcome.
The appeal of measuring frailty in a surgical population
lies in its utility both as a tool for preoperative risk
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stratification and also as a method for identifying potential-
ly modifiable factors that can be optimised preoperatively.

Defining frailty

Frailty has been a concept in the clinical and research litera-
ture for two decades now. While most geriatricians can ac-
curately identify a frail patient, a consensus regarding the
definition has proved difficult to achieve [19-21]. This may
stem from the need to encompass a complex and pootly
understood syndrome in terms that are useful both to the
clinician and to the researcher. In addition an overlap exists
between frailty and other syndromes or issues seen com-
monly in an older person [22]. These include sarcopenia,
cachexia, disability and comorbidity [23, 24]|. The debate
continues about whether frailty is a syndrome or a series of
age-related risk factors predicting the likelihood of future
adverse events [19, 25].

Broadly speaking, frailty can be thought of as a
decreased physiological reserve across multiple organ
systems [26]. Campbell defines frailty as ‘a condition or syn-
drome which results from a multi-system reduction in
reserve capacity to the extent that a number of physiologic-
al systems are close to, or past, the threshold of symptom-
atic clinical failure. As a consequence the frail person is at
increased risk of disability and death from minor external
stresses’ [27]. The debate continues about the position
frailty occupies on the spectrum between normal ageing at
one end, and discreet pathophysiological entity at the other
[19].

Models of frailty

Two main models of frailty exist: the frailty phenotype [28]
and the frailty index or deficit accumulation model [29-32].
These models were derived from data taken from the
Cardiovascular Health Study and the Canadian Study of
Health and Aging, respectively [31, 33].

Frailty phenotype

The frailty phenotype proposes the relationship between a
set of criteria that define frailty (unintentional weight loss,
grip strength, self-reported exhaustion, gait speed, low
physical activity level) and the effect on certain outcome
measures (new falls, deteriorating mobility, disability, hospi-
talisation, death) [28].

Deficit accumulation model of frailty

The deficit accumulation model of frailty reflects the
number of deficits an individual has accrued across a
number of different domains [29, 30, 34]. These domains
include current illnesses, ability to manage activities of daily
living (ADL) and physical signs. This model allows for the
calculation of a ‘frailty index’ which can be thought of as ‘a
count of an individual’s accumulated deficits’ [30, 34, 35].

Frailty in the older surgical patient

The debate continues as to whether cognitive impair-
ment, socio-demographic measures and affective disorders
should be included in the definition of frailty. Furthermore,
there is no consensus on whether frailty should be a clinical
diagnosis or based on a combination of medical, functional
and laboratory measures.

Measuring frailty

The lack of consensus on which method should be used to
measure frailty is due to several issues [36]. First, the
absence of a wuniversally accepted definition hampers
precise identification or measurement. Second, there are
different intentions in measuring frailty; assessing, screen-
ing, case-finding or predicting prognosis. Third, measure-
ment tools differ according to whether the tool is intended
for the researcher, lay research assistant, geriatrician, general
practitioner, public health physician, epidemiologist or allied
health professional [25, 37]. Fourth, measurement of frailty
has mainly been undertaken in the research setting and
thus the assessment of clinically feasible tools is only just
emerging in the literature.

Which tools do we have?

The measurement tools that exist are either scoring systems
based on various aspects of physical, cognitive or functional
capability [28, 30, 38—40] or are ‘surrogate single measures’
of frailty based on assessment of functional status [41-43].
These purely functional measures include forearm grip
strength and gait speed. The majority of available tools
have not been assessed according to their clinometric prop-
erties. A systematic review of frailty measurement tools re-
cently concluded that while there are clearly advantages and
disadvantages of all measurement tools, the most suitable
tool for frailty research is the frailty index 30, 40].

Which tool to use clinically?

The question of the best clinical tool for assessment of
frailty remains unanswered. Choosing a frailty assessment
tool for the older surgical population should be undertaken
in light of the two main purposes of preoperative identifica-
tion of frailty: risk stratification and identification of factors
for potential modification. For example, single surrogate
measures such as grip strength have the benefit of simpli-
city, reproducibility and application to the busy preoperative
setting and can define an individual as being ‘at risk’ of
adverse postoperative outcomes [44]. Such measures do
not point the clinician to clear areas for modification of
trailty though. In contrast the Edmonton Frail Scale (EFS)
or Reported Edmonton Frail Scale (REFS, in which the
timed up and go assessment has been replaced by reported
physical functioning) can also effectively risk stratify but
may better highlight aspects of frailty that are amenable to
preoperative optimisation [13, 38, 45]. These may include
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preoperative medication review, treatment of depression,
cognitive screening or pre-emptive provision of social
support. The EFS has been validated for use among
non-geriatricians and assesses multiple domains in less than
5min [38]. At the opposite end of the spectrum the
Comprehensive Assessment of Prailty (CAF) score, devel-
oped according to the Fried criteria to assess frailty in the
context of cardiac surgery, is complex and cardiac specific
(including measures such as brain natriuretic peptide level
and ejection fraction) [15]. While this may be useful in the
research setting, it is difficult to see how measures such as
this could be easily applied in a clinical context.

American studies have used vatiables associated with
frailty, rather than a specific validated frailty score [46, 47].
This method is not in keeping with the current emphasis
on accurately defining frailty and other complex geriatric
syndromes (such as sarcopenia) [20, 23, 25]. Furthermore,
unless an accepted definition or assessment method is used
in such studies, the applicability of the findings may be
limited.

Frailty and surgery

Prevalence of frailty in the older surgical
population

The prevalence of frailty in patients of all ages presenting
for surgical procedures is quoted at between 4.1 and 50.3%
[14-17]. This wide variation relates to the issues of defin-
ition, measurement and varying populations studied. A
recent UK study used the Fried model to define frailty in
community-dwelling people aged between 65 and 74 years
[48]. Prevalence rates of frailty in this study were 8.5% for
women and 4.1% for men. Studies examining older
patients undergoing elective cardiac and non-cardiac
surgery quote prevalence rates of frailty at between 41.8
and 50.3% [14-16]. This high prevalence of frailty in older
surgical populations, compared with the prevalence rate of
less than 10% observed in older community-dwelling indi-

viduals, highlights the vulnerability of this patient group.

Impact of frailty on surgical outcomes

Table 1 summarises the impact of frailty across different
surgical populations. The table illustrates the relative paucity
of research and the disparate approach to the measurement
of frailty.

Notably the two studies by Robinson e a/ (Table 1)
show a very high incidence of post-discharge institutional-
isation (26 and 30%, respectively) [46, 47]. While the high
rate of institutionalisation may reflect a difference in the
American social care model, the findings of these studies
raise two questions. First, was it appropriate to perform
surgery in this group with over a quarter subsequently
needing institutional care? Second, what is the role for
intervention targeted at individual components of the frailty
syndrome in improving surgical outcomes?
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Inflammatory biomarkers and postoperative
outcomes

A recent study examined inflammatory biomarkers, thought
to be important in the pathophysiology of frailty, and the
association with postoperative complications in older colo-
rectal surgical patients [49]. Patients aged 70 years or over
were defined as frail, pre-frail or robust using comprehen-
sive geriatric assessment (CGA) and an approximation to
the frailty phenotype. The inflaimmatory biomarkers
C-reactive protein (CRP), interleukin-6 (II-6), tumour ne-
crosis factor-a (INF-o) and D-dimer wete examined 2
weeks prior to elective resection for colorectal cancer.
Levels of CRP, II-6 and TNF-u increased significantly with
increasing frailty level. Having adjusted for tumour location,
which is an established risk factor for postoperative compli-
cations, both CGA defined frailty and 1-6 were predictive

of complications.

Can the syndrome of frailty be modified?

The interaction of frailty with other geriatric
syndromes

Figure 1 shows the overlap between frailty and other geriat-
ric syndromes.

The actiology of these conditions is incompletely under-
stood but involves some common processes [23, 50-53].
Certainly the dysregulation of inflammatory pathways seems
to be important in the pathophysiology of frailty [54].
Several biomarkers and combinations of biomarkers have
been suggested as measutes of frailty. These include CRD,
albumin, 1I-6 and TNF-a [52, 55, 56]. This overlap in the
pathophysiology of geriatric syndromes may be relevant in
the development of future modifications.

Progression of the frailty syndrome

Transition from one frailty state to another has a resultant
impact upon mortality [57]. The natural history of frailty
shows that it is more common to progress to a state of
greater frailty than to improve to a state of lesser frailty
[57]. However, even without intervention, some individuals
become ‘less frail’. These observed transitions between dif-
ferent ‘degrees of frailty’ suggest that potential interventions
aimed at lessening the state of frailty may well be effective.

Using exercise to modify frailty

Spontaneous increase in gait speed over a 12-month period
in community-dwelling over 65 year olds predicted an
improved 8-year survival [58]. This raises the question of
whether targeted interventions to improve gait speed would
have similar effects reducing frailty and improving mortality
and outcomes after surgery. Individual and group exercise
programmes have been shown to improve mobility and
ADL in the long-term care population many of whom are
trail [59]. Contradictory evidence exists regarding the role
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Table |I.

Frailty in the older surgical patient

Method of measuring frailty

Grip strength
Increased LOS
Gait speed

Impact of frailty on surgical outcome

Increased postoperative complications

Composite endpoint of in-hospital postoperative

Sutgical population studied Authors and reference

All ages Klidjian ez al.[44]
Elective major abdominal surgery

270 years old Afilalo e al.[16]

mortality or major morbidity (as defined by

Society of Thoracic Surgeons critetia)

Cardiac surgery
Edmonton Frail Scale Postoperative complications
Prolonged LOS

Increased institutionalisation rate

Frailty score based on frailty
phenotype

Postoperative complications
Prolonged LOS
New institutionalisation at discharge
Comprehensive Assessment of Frailty — Increase in 30-day mortality
Score
8 ‘markers’ of frailty (age, cognition,
recent weight loss, BMI, serum underpowered for this)
albumin, falls, depression, Post-discharge institutionalisation

haematocrit)

14 frailty ‘characteristics’ in 6 domains  Institutionalisation at hospital discharge

(comorbidity, function, cognition,
geriatric syndromes, extrinsic frailty)

NB: most closely associated were
TUAG = 15 seconds and
functional dependence

Frailty defined as any impairment in In-hospital mortality
activities of daily living (Katz index)  Institutional discharge
or impairment of ambulation or Mid-term survival
diagnosis of dementia

Groningen frailty indicator Post-operative delirium

Increase in 6-month mortality (although

270 years old
Lower limb orthopaedic sutgety

Dasgupta e al.[13]

Spinal surgery

Abdominal surgery

Vascular surgery

2065 years old

Elective surgery (major and minor)

Makary e al.[14]

Cardiac surgery Sundermann ef al.[15]

2065 years old Robinson e al.[46]
General, thoracic, urology and vascular

Surgery
(patients undergoing major elective

surgery necessitating postoperative

surgical ICU admission)

= 65 years old Robinson ez al.[47]

Elective general, cardiac, thoracic,

urology and vascular surgery

(patients undergoing major elective

surgery necessitating postoperative

surgical ICU admission)
All ages Lee et al[17]
Cardiac surgery

All ages Pol e al.[86]
Elective vascular surgery

of different forms of exercise training [60—62]. The effect
of such training on survival or other postoperative out-
comes within the older frail surgical population has not
been evaluated.

Studies of exercise training in heart failure have shown
improvement in symptoms and exercise capacity in addition
to favourable changes in skeletal myopathy, endothelial
function and cytokine expression [63]. Although not direct-
ly comparable with the frail population, the underlying cyto-
kine mechanisms behind these syndromes may ovetlap,
given the role of TNF in the ‘cardiac cachexia’ of chronic
heart failure. The benefit and tolerability of exercise pro-
grammes tailored specifically for older frail patients with
heart failure should pave the way for research into the po-
tential therapeutic role of exercise training within the frail
surgical population [64, 65]. A Cochrane review has found
a positive link between progressive resistance training and
strength and function, but the role of power versus strength
training and the longitudinal view of exercise in modifying
sarcopenia and frailty is still unclear [66].

Using nutrition to modify frailty

Although the anaemia associated with frailty is likely to be
related, at least in part, to inflammatory changes associated
with the syndrome, within the older population anaemia
can also be considered a surrogate marker of nutrition. The
role of treating anaemia preoperatively in elective ortho-
paedic patients is now accepted as a method of reducing
morbidity and mortality in this older surgical group [67].
Current recommendations suggest replacing iron, vitamin
B12 and folate at least 28 days before scheduled elective
surgery [67]. The impact of improving other nutritional de-
ficiencies on the severity of frailty is less well understood.
Despite the association observed between
25-hydroxyvitamin D and frailty [56], nutritional supple-
mentation (multi-nutrient supplementation and vitamin D)
in combination with physical activity intervention does not
seem to independently improve the function of frail older
people [61, 68]. Considering the ovetlapping geriatric syn-
drome of sarcopenia, evidence from a recent systematic
review suggests that vitamin D supplementation may be
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“most cachectic individuals are sarcopenic”

“most
sarcopenic
individuals are
not cachectic”

SARCOPENIA

A syndrome characterised by
progressive loss of skeletal
muscle mass and strength
associated with adverse

anteomes [23, 82,83

1 grip strength &
5 gait speed
“some sarcopenic
individuals are also frail

Breakdown of
muscle protein &
insulin resistance

FRAILTY

Decreased physiologic reserve
across multiple organ systems with
impaired homeostaric reserve,
reduced capacity to withstand stress
and resultant adverse health
aufcomes [28, 85]

“cachectic
individuals are
commonly frail”

CACHEXIA

A complex metabolic syndrome
associated with underlving
illness and characterised by

loss of muscle /- fat [84]

Imbalance
between pro &
anti-
mflammatory
cytokines
(TNF-c, IL-1,
1L-6)

“not all frail individuals
are cachectic”

“most frail individuals are sarcopenic”

Figure 1. Overlapping geriatric syndromes.

indicated to combat sarcopenia in those with low vitamin
D levels [69]. The role of nutritional intake may play a part
in the development of sarcopenia and evidence supports
the potential role of increased protein intake as a therapeut-
ic intervention in targeting sarcopenia. Controversy exists
regarding the amount of protein supplementation and the
manner in which this should be taken [70, 71]. With a
move towards promoting nutrition as part of enhanced re-
covery programmes in colorectal surgery [72—74|, the po-
tential effect that nutritional supplementation may have on
surgical outcomes in frail individuals should be explored.

Using drug therapies to modify frailty

At present there is no consensus regarding the potential
pharmacological modification of frailty or related geriatric
syndromes [75]. Potential modulators of frailty include ana-
bolic steroids, growth hormone and anticytokine agents
[53]. Other strategies have been employed in sarcopenic
patients with varying degrees of benefit. Testosterone and
growth hormone are not currently recommended in sarco-
penia due to lack of efficacy and unacceptable side-effect
profiles and more work is needed on antioxidants and cre-
atine [70]. However, a randomised controlled trial has
shown that improved exercise capacity and fewer falls were
seen in older patients with impairment in ADL, given
angiotensin-converting enzyme (ACE) inhibitors, and this
has attracted intetest in the potential role of ACE inhibitors
in preventing or reducing the progression of sarcopenia
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[76]. The mechanisms by which ACE inhibitors may have
an effect on sarcopenia or body composition are not
understood [70].

The impact of other factors on modifying frailty

A positive affect has been shown to significantly lower the
risk of becoming frail [77]. Deptession is an independent
correlate of frailty in community-dwelling older people [78].
The role of treating depression, on reducing the implica-
tions of frailty within the older surgical population, remains
less clear. Frailty has been shown to be independently asso-
ciated with individual and neighbourhood socioeconomic
factors [79]. This implies that policies targeting frailty in
older adults may need to incorporate the wider social
context of frailty.

Unanswered questions and future research

In summary, frailty is predictive of mortality, postoperative
complications and institutional discharge in older patients
undergoing cardiac and non-cardiac surgery. The evidence
suggests that aspects of frailty may be amenable to inter-
vention that could potentially reduce adverse outcomes. In
the surgical population this raises numerous questions that
are currently unanswered by the literature:

 Should we routinely measure frailty in the preoperative
older patient?
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e Which tool, biomarker or functional assessment would be
most clinically applicable?

* Who should be measuring this?

* Is the measurement of frailty most useful in predicting
surgical risk or in identifying issues for modification and
optimisation?

* What should our ‘frailty intervention” be?

* When should the intervention be employed with respect
to the timing of surgery?

* What about emergency surgery?

* How about cancer surgery?

* Do interventions positively impact adverse postoperative
outcomes?

Research into frailty is needed to answer these questions.
Future work should be directed at refining diagnostic and
screening tools, better understanding the epidemiology and
natural history of frailty and understanding the potential for
intervention both in terms of inflaimmatory modulation
[53] and clinical intervention [25, 37, 80, 81]. This potential
for proactive intervention and modification of the features
of frailty may positively impact surgical outcomes in older
patients in the future [82-80].

Key points

* An increasing number of frail older patients are under-
going surgical procedures.

* Frailty is an independent risk factor for adverse post-
operative outcomes.

* The evidence that aspects of frailty can be modified is
emerging.

* Optimisation of frail older patients prior to surgical
procedures could improve postoperative outcomes.

Supplementary data

Supplementary data mentioned in the text is available to
subscribers in Age and Ageing online.
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