
A
s the population ages, the proportion of 
older people undergoing surgery is increasing 
rapidly, mainly as a result of the higher 
prevalence of surgical conditions as people 
age, the increase in surgical and anaesthetic 

techniques and patient expectations (Klopfenstein et al, 
1998; Etzioni et al, 2003; Partridge et al, 2012). Despite 
decreases in adverse postoperative outcomes in older 
people (Goldstein et al, 2010; Kurian et al, 2010), they 
still represent a higher proportion of adverse outcomes 
than their younger counterparts, attributed mainly to 
the higher rate of medical complications in the former 
(Leung and Dzankic, 2001; Polanczyk et al, 2001; Hamel 
et al, 2005).

While age is a significant predictor of surgical outcome 
(Daskivich et al, 2013), the distinction existing between 
chronological age and physiological age means that age 
alone does not provide a complete risk/benefit picture in 
preoperative assessment. The decline and vulnerability 
associated with ageing captures the importance; actually, 
chronological age becomes less strongly associated with 
mortality after adjusting for other demographic and 
health characteristics (Fried et al, 1998). Comorbidity 
has also been linked to poor surgical outcome (Barnett et 
al, 2012; Roche et al, 2005) and frailty has emerged as a 
risk factor to be considered (Makary et al, 2010; Hewitt 
et al, 2015). Both frailty and comorbidity increase with 
age, so older people should be properly risk assessed before 
surgery. However, a national UK report from the National 
Confidential Enquiry into Patient Outcome and Death 
has shown a deficiency of care provided to this group. 
This report noted that frailty was not factored into risk 
assessment and optimal planning of care, and went on to 
reiterate that comorbidity, frailty and disability need to be 
recognized as independent risk factors in the elderly patient 
undergoing surgery (Wilkinson et al, 2010).

Predicting risk for elderly surgical patients is not 
straightforward and the available tools, despite their 
strengths, have their weaknesses; most focus on single 
organ systems or a solitary event, or are established from 
clinical trials that excluded the elderly population (Kim 
et al, 2014). As part of the surgical risk assessment and of 
a collaborative approach between specialties, the British 
Geriatric Society advocates that older surgical patients 
be risk assessed using not only established tools as the 
American Society of Anaesthesiology (ASA) classification 
system and Physiological and Operative Score for the 
enumeration of Mortality and Morbidity (POSSUM), 
but also objective measures such as the comprehensive 
geriatric assessment and frailty assessment. The 
comprehensive geriatric assessment, being a systematic, 
multidimensional assessment that focuses on somatic, 
psychological, functional and social factors, improves 
diagnostic accuracy and provides a personalized approach 
to patient care. In this light, the first risk prediction score 
to use frailty as a predictor, and based on comprehensive 
geriatric assessment, was developed in July 2014 (Kim et 
al, 2014). This multidimensional frailty score predicted all-
cause mortality with a sensitivity of 84.0% and a specificity 
of 69.2%.

Surgical stress
Physical and psychological post-surgical stress can have 
profound effects on the patient, leading to imbalance in 
autonomic, endocrine, metabolic and immune functions. 
Such imbalance is not just age related, but also depends 
on the patient’s preoperative physiological state and the 
type of surgery.

As a surgical response, there is a hypothalamic 
activation of the sympathetic autonomic nervous system 
by afferent neural input from the injured area leading 
to secretion of adrenaline from the adrenal medulla 
and noradrenaline from the presynaptic nerve endings 
(Kehlet, 1997). These neurotransmitters, with direct 
action on the myocardium and vasculature, can cause 
tachycardia, hypertension and potentially dysrhythmias. 
In susceptible hearts, these could lead to myocardial 
ischaemia as oxygen demand by the myocardium might 
outstrip supply. There is also a direct activation of the 
cardiac sympathetic nerves leading to coronary vasospasm, 
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with a potential worsening of cardiac ischaemia. Also, 
catecholamines, which can lead to a hypercoagulable 
state, add to the potential of an increased coagulation 
burden on a susceptible heart.

Noradrenaline spills into the circulatory system which 
also causes modification of the functions of the kidneys, 
adrenal cortex, pancreas and liver. Renin is released 
from the kidneys causing the conversion of angiotensin 
I to angiotensin II. The latter stimulates production of 
aldosterone which causes sodium reabsorption from the 
distal convoluted tubules (Burton et al, 2004). In the 
pancreas, glucagon is released leading to the breakdown 
of glycogen in the liver and muscle, which causes increased 
levels of glucose and lactate and also an increase in free 
fatty acids mobilized from available fatty stores.

The hypothalamic–pituitary–adrenal axis, activated by 
the afferent nerve input, leads to the production of growth 
hormone and adrenocorticotrophic hormone. Apart from 
stimulating protein synthesis, lipolysis, glycogenolysis 
in the liver and inhibiting protein breakdown, growth 
hormone also has an anti-insulin effect by inhibiting 
glucose uptake and use by cells. Adrenocorticotrophic 
hormone, on the other hand, stimulates cortisol release 
from the adrenal cortex that promotes protein breakdown 
and lipolysis. This cortisol release starts just a few minutes 
after the onset of surgery and rises rapidly. Also the usual 
negative feedback fails so levels of adrenocorticotrophic 
hormone and cortisol become quite high (Burton et al, 
2004).

The overall picture of the stress response on glucose 
metabolism is one of hyperglycaemia resulting from an 
increase in glucose production and a reduction in glucose 
utilisation. Cortisol and catecholamines are important in 
this as they promote glycogenolysis and gluconeogenesis 
and this hyperglycaemia is poorly regulated by the initial 
failure of insulin secretion (as a result of the α₂-adrenergic 
inhibitory effects of catecholamine) followed by late 
occurrence of insulin resistance (as a result of a defect in 
the insulin receptor/intracellular signalling pathway). The 
level of hyperglycaemia reflects the severity of the surgery 
and the effect of the consequent complications. Glucose 
concentrations above 12 mmol/litre could lead to impaired 
wound healing and increased infection rate.

Protein metabolism is also affected. There is an initial 
inhibition of protein anabolism followed by increased 
protein catabolism if the stress response is extensive. 
This protein catabolism is enhanced by increased levels 
of cortisol and cytokine concentrations and can be quite 
severe in some major abdominal surgeries, leading up 
to as much as 0.5 kg loss of lean body mass per day. 
This is mainly skeletal muscle, although visceral muscle 
protein may also be catabolised to release essential 
amino acids. The amino acids released are used to form 
acute phase proteins in the liver. Albumin production 
is reduced, however, leading to hypoalbuminaemia with 
the consequent problems in maintenance of extracellular 
volume.

Frailty
Most people conceptualize a person with frailty as 
weakened, enfeebled and emaciated. While this might be 
true in some cases, it does not depict the whole picture. 
There has been a lot of debate on what it is, but it can best 
be defined as a condition, or syndrome, which results from 
multi-system reduction in reserve capacity to the extent 
that a number of physiological functions are close to or 
past the threshold of clinical organ failure (Campbell and 
Buchner, 1997). This distinguishes frailty from comorbidity 
and disability. Although the three may co-exist in the same 
person, there are about 20% of older people living with 
frailty without comorbidities or disability (e.g. inability 
to perform one or more activity of daily living). In frailty, 
an insult (infection, falls, surgery, new medication) leads 
to a disproportionate change in the patient’s health state 
(increased dependence, confusion, falls, poor mobility, 
hospitalization, institutionalization and death). Over time, 
these patients respond less well to these stresses, especially 
surgical stress.

Epidemiology
Frailty increases substantially with age and is particularly 
higher in subjects older than 80 years. Around 10% of 
people aged over 65 years in the community have frailty, 
rising to between a quarter and a half of those aged over 
85 years and is more prevalent in women (9.6%) than 
men (5.2%) (Clegg et al, 2013). Out of the approximately 
400 000 care home residents in the UK, the majority are 
deemed frail and about 27% of patients in surgical wards 
have either mild, moderate or severe frailty (McCarthy et 
al, 2014; Hewitt et al, 2015).

Frailty models
There are two main models of frailty, the frailty phenotype 
and the cumulative deficit models. The frailty phenotype, 
developed using data from the Cardiovascular Health 
Study of four communities in the USA (Fried et al, 2001), 
define frailty as a clinical syndrome in which three or more 
of the following five parameters are present: 
1.	 Unintentional weight loss (>5%/year)
2.	 Self-reported exhaustion (3–4 days/week or most of the 

time)
3.	 Low physical activity or low level expenditure
4.	 Slow gait speed 
5.	 Weak grip strength. 
If only one or two parameters are present, the patient is 
said to be pre-frail. The central feature of this model is the 
loss of skeletal muscle function (sarcopenia) and there is 
growing evidence for the varied causes of this.

The cumulative deficit model of frailty, on the other 
hand, assumes an accumulation of deficits which can 
increase with age and which combine to give the frailty 
index (Rockwood et al, 2002). These deficits, which 
must have increasing frequency with age, lead to a worse 
outcome and not saturate easily, range from symptoms 
like loss of hearing or low mood, through signs such as 
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tremor, through to various diseases such as dementia. Put 
simply, the frailty index is the ratio of deficits present to 
the total number looked for: so 10 deficits out of a possible 
36 looked for will give a frailty index of 10/36 (0.28). This 
model is broader than the phenotype model in defining 
frailty as it encompasses comorbidity and disability as well 
as cognitive, psychological and social factors.

Measuring frailty
Frailty measurement is more feasible preoperatively for 
elective surgeries and less so for emergency ones. However, 
this is set to change with the introduction of the electronic 
frailty index using information from the general practice 
database (Clegg et al, 2014).

There are numerous validated tools for the measurement 
of frailty. They are either scoring systems based on various 
aspects of physical, cognitive or functional capability (Fried 
et al, 2001; Rolfson et al, 2006; Rockwood and Mitnitski, 
2007; Ravaglia et al, 2008; de Vries et al, 2011) or single 
surrogate measures based on assessment of functional status. 
These surrogate measures include gait speed (abnormal if 
it takes more than 5 seconds to walk 4 metres on the flat)
(Afilalo et al, 2010), the timed-up-and-go test (abnormal if 
it takes more than 10 seconds to get up from a chair, walk 
3 metres, turn, walk back and sit on the chair) and grip 
strength. They are simple enough to use in busy clinical 
settings and can define frailty and the patient being ‘at 
risk’ of poor surgical outcome (Klidjian et al, 1980), but 
do not point the clinician to areas of frailty modification. 

However, frailty measurement in the older surgical 
patient should be undertaken in light of the two main 
reasons for the preoperative identification of frailty: risk 
stratification and identification of factors for potential 
modification. In this light, the Edmonton Frail scale is 
recommended for its brevity and clinical feasibility, and 
has aspects that are amenable to preoperative optimization 
(medication review, cognition, nutrition or pre-emptive 
provision of social support)(Rolfson et al, 2006; Dasgupta 
et al, 2009). This scale is easy to administer, and is available 
as an iPhone/iPad and Android app. 

Frailty and surgery
It has been known for many years that some older people 
lack the physiological reserves to withstand surgery. 
However, there was a lack of standardized definitions 
for this vulnerability. Frailty has advanced this science 
as many studies have demonstrated that increasing 
frailty has worsening outcomes in terms of postoperative 
complications, increased length of stay, mortality and 
inability to be discharged home (Dasgupta et al, 2009; 
Makary et al, 2010; Ganapathi et al, 2014; Sepehri et al, 
2014). A 2014 study in Alberta, Canada looked at both the 
short-term and long-term postoperative outcome of frail 
and non-frail patients (Bagshaw et al, 2014). While in the 
short term it confirmed the link between frailty and poor 
surgical outcome, it also showed that this effect lasts long 
term. For the people who survived the surgery and intensive 

care unit stay, frailty was associated with a mortality of 48% 
vs 25% for non-frail patients 12 months later and only 15% 
of the frail patients who lived independently preoperatively 
were still living independently at 12 months.

From frailty studies, it is now believed that the 
phenomenon where some older people have worse 
postoperative outcome is the result of a phenotype that 
identifies those with decreased physiological reserves in 
multiple organ systems. As seen above, this phenotype has 
been associated with dysregulation in many physiological 
systems including a generalized inflammatory state, 
dysregulated cortisol, altered heart rate variability, and 
changes in immune status and hormonal status way above 
the normal stress response. This all relates to a vicious 
cycle of dysregulated energetics that has the potential 
to spiral down with poor control mechanisms (Fried et 
al, 2001).

This ability to adapt to surgical stress is not only 
dependent on the degree of frailty but also the type of 
surgery, which is a stronger influence on outcomes after 
major surgery than minor surgery (Makary et al, 2010).

The decision to operate on an older person, therefore, 
is one that should be taken with careful considerations. 
For despite the worsening outcome demonstrated in older 
people living with frailty, there have equally been dramatic 
postoperative functional gains demonstrated in the most 
disabled of them (Brander et al, 1997; O’Toole et al, 
2002). An understanding of frailty is therefore necessary 
for the better selection of patients, an understanding of 
the preoperative risk and an appropriate discussion of risk/
benefit to patients and their families.

Can frailty be modified?
Although frailty is dynamic, the natural tendency among 
community dwelling older people is for it to get worse 
rather than better (Gill et al, 2006). However, individuals 
have been known to become less frail spontaneously. 
There is evidence showing that exercise (progressive 
resistance training and strength) and nutrition can 
impact positively on frailty; they form the basis of 
prehabilitation and this strategy has been shown to 
reduce postoperative complications (Valkenet et al, 2011; 
Pouwels et al, 2014).

The role of nutrition is becoming clearer, particularly 
protein, calories and micronutrients. Preoperative 
replacement of vitamin B12, folate, iron and vitamin D 
(in vitamin D-depleted patients) improves outcome. 

Overall, a preoperative comprehensive geriatric 
assessment is the best strategy for optimizing older people 
for surgery and also reducing adverse postoperative 
outcome (Partridge et al, 2014). The use of preoperative 
comprehensive geriatric assessment, incorporating 
predictions of adverse outcomes combined with target 
interventions, is the basis of the Pro-Active Care of Older 
People Undergoing Surgery (POPS) model in Guy’s and 
St. Thomas Hospital in London, and this model has 
shown great improvement in postoperative outcome 
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KEY POINTS
■■ Frailty is an independent risk factor for poor surgical outcome.

■■ Preoperative surgical assessment of older patients should include frailty 
assessment.

■■ Frailty is dynamic and can be modified positively.

■■ A multidisciplinary team approach in the management of older surgical 
patients ensures the best outcome.

(Harari et al, 2007). The success of the POPS model, 
with involvement of physicians specialized in medicine 
for the elderly, adds to the evidence of improved patient 
outcome when these physicians work in collaboration with 
surgeons in managing older hip fracture patients (British 
Orthopaedic Association, 2007). This strengthens the 
argument that management of older patients is better 
using a multidisciplinary approach including surgeons, 
intensivists, anaesthetists and physicians specialised in 
medicine for elderly and others.

Preoperative optimization, however, should be 
balanced against the risk of delaying surgery to achieve 
this. In emergency situations, for instance hip fracture 
or emergency laparotomy, a delay could lead to worse 
postoperative outcome suggesting that such optimization 
and surgery should go on simultaneously (Stoneham et 
al, 2014).

Conclusions
Frailty has emerged to explain the vulnerability that 
has been witnessed in some older surgical patients. Its 
recognition is therefore important pre-surgery for proper 
risk categorization and institution of appropriate measures 
to optimize older people before surgery and continuous 
management post-surgery. Although there are already 
validated tools for this recognition, this would be made 
easier still by the introduction of the electronic frailty index 
based on the general practice database.

As older patients present with complex needs, the 
provision of continuous, coherent quality care requires a 
close working with a multidisciplinary team comprising 
of GPs, emergency medicine doctors, surgeons, elderly 
medicine physicians, anaesthetists and intensivists.

While much is now known about frailty, there is need 
for more research in this field, particularly on measures 
that could change outcome.  BJHM
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