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SUMMARY  With the rapid increase in global aging, the prevalence of frailty is increasing and frailty has emerged
as an emerging public health burden. Frail elderly patients suffer from reduced homeostatic reserve
capacity, which is associated with a disproportionate decline in physical status after exposure to stress
and an increased risk of adverse events. Frailty is closely associated with changes in the volume of the
white and gray matter of the brain. Sarcopenia has been suggested to be an important component of
frailty, and reductions in muscle strength and muscle mass lead to reductions in physical function and
independence, which are critical factors contributing to poor prognosis. Approximately 10-32% of
patients undergoing neurological surgery are frail, and the risk of frailty increases with age, which is
significantly associated with the occurrence of adverse postoperative events (major complications, total
duration of hospitalization, and need for discharge to a nursing facility). The postoperative mortality
rate in severely frail patients is 9—11 times higher than that in non-frail individuals. Therefore, due
attention must be paid to neurosurgical frailty and muscle assessment in elderly patients. Specialized
interventions in the perioperative period of neurosurgery in frail elderly patients may improve their
postoperative prognosis.
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1. Introduction

Aging of the population is accelerating rapidly around
the world. According to the World Population Prospects
(2019 Revision), the number of people age 65 and over
around the world exceeded the number of children under
5 for the first time in 2018 and is expected to increase
from 9% of the total in 2019 to 16% in 2050; the number
of people age 80 and over will increase from 143 million
in 2019 to 426 million in 2050 (/). Japan, Finland, and
Italy are currently the countries with the most serious
aging problems (2). Aging has become one of the world's
most serious medical and social issues. However, the
most serious clinical symptom of an aging population is
frailty.

In 1994, Rockwood et al. summarized frailty in
the elderly as an "evolving concept" that has been
developing for almost 20 years and is still evolving
(3). The main characteristics of frailty are reduced
function of multiple physiological systems, increased
vulnerability to stress, and increased risk of falls,
hospitalization, and death (4). The global burden of
frailty is unknown, mainly because studies of frailty

have focused on high-income countries and have
used different definitions of frailty (4). A systematic
evaluation of the prevalence of frailty in community-
dwelling older people in several countries, involving a
total of 61,500 participants, reported a widely varying
prevalence ranging from 4.0% to 59.1%. The overall
weighted prevalence of frailty was 10.7%, and the use
of different frailty assessment criteria resulted in large
differences in prevalence between studies (5). Evidence
from the Canadian National Population Health Survey
shows that the prevalence of frailty increases with age
and that higher frailty indices require more health care
services (6). The Australian and New Zealand Society
for Sarcopenia and Frailty Research (ANZSSFR) Expert
Working Group recommends that all inpatients age 70
years and older be screened for frailty using a validated
tool: the Clinical Frailty Scale (CFS), Hospital Frailty
Risk Score (HFSC), a frailty scale, or a frailty index
(7). The majority of frail older people have sarcopenia,
which is considered an important component of frailty
due to loss of muscle mass and strength, leading to
imbalances and adverse outcomes (8,9). The ANZSSFR
Expert Working Group recommends that sarcopenia/
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muscle loss be assessed in all older (> 65 years)
inpatients or younger patients with conditions that
may increase the risk of sarcopenia, using established
criteria (7). As the population ages, there has been a
corresponding increase in the number of elderly patients
undergoing neurosurgery (/0). Frailty has been shown
to be an independent risk factor for neurosurgical
outcomes and is a better predictor of patient prognosis
than traditional patient age (//-/4). There is mounting
evidence that frailty is strongly associated with a
poor prognosis in patients after brain surgery. Frail
patients having significantly higher rates of major
complications, a longer total duration of hospitalization,
a longer length of stay in the intensive care unit, and
a higher risk of needing to be transferred to a nursing
facility after discharge compared to non-frail patients;
the postoperative mortality rate for severely frail
patients is 9 to 11 times higher than that for non-frail
patients (/1,14-17). The current review focuses on the
assessment and management of perioperative frailty
and sarcopenia in elderly neurosurgical patients and it
provides possible strategies to reduce the incidence of
postoperative adverse events. The flow chart is shown
in Figure 1.

2. The definition and etiology of frailty

Frailty is a complex group of age-related clinical
conditions that typically involve a decline in the
physiological functioning of multiple systems and
organs, an increased susceptibility to stress, and a sudden
and disproportionate change in health status following
a seemingly mildly stressful event such as infection,
trauma, or minor surgery. This initial stressful event
is usually followed by a long recovery period and an
inability to return to previous levels of functioning
(18,19). The frailty phenotype has five criteria (weakness,
slow gait, low physical activity, fatigue, and unintentional
weight loss) and is further categorized sequentially as
non-frailty (0 criteria), pre-frailty (1-2 criteria), and
frailty (> 3 criteria) (20). Studies have shown that frailty
affects approximately 10% of people age 65 years and
older, increases with age, and is more common in females
than in males (5). The development and progression of
frailty are influenced by a variety of factors, including
sociodemographic, biological, psychological, physical,
and lifestyle factors. Sociodemographic factors include
age, ethnic background, neighborhood, marital status,
and level of education. Psychological factors mainly
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Figure 1. Flowchart of recommendations for elderly patients for the perioperative period of neurosurgery.Abbreviations: ACG, adjusted
clinical groups; BIA, bioelectrical impedance analysis; CFS, clinical frailty scale; DXA, dual-energy X-ray absorptiometry; EAT-10, Eating
Assessment Tool-10; HFRS, Hospital Frailty Risk Score; mIF-5, Five-factor Modified Frailty Index; RAI-A, Risk Analysis Index-Administrative;
SARC-F, Simple Five-item Questionnaire; SPPB, Short Physical Performance Battery; SwalQoL, Swallowing Quality of Life; TUG, timed-up-and-
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include depressive states. Lifestyle factors include diet
quality and fruit and vegetable intake. Physical factors
include chronic diseases (mainly diabetes, obesity, and
cardiovascular diseases) and physical inactivity or a
sedentary lifestyle (4,21-23). In addition, multimorbidity
is a risk factor for frailty, leading to imbalances in
multiple physiological regulatory systems (24,25).
According to Heart, stroke and vascular disease-
Australian facts, 1.2 million Australians age 18 years and
over had one or more conditions related to heart, stroke,
or vascular disease in 2017-2018 (26). A meta-analysis
of multimorbidity and frailty involving a total of 78,122
participants found that the prevalence of multimorbidity
among frail people was 72% and the prevalence of frailty
among those with multimorbidity was 16% (27). The
same meta-analysis noted a bidirectional association
between multimorbidity and frailty. Emerging evidence
suggests that changes in cognitive reserve, or brain
reserve, contribute to the development and progression of
frailty during the aging process. For example, established
features of brain aging — grey matter volume and total
white matter hyperintensities — are associated with a
wide range of physical and mental health measures (28-
30). Severity of frailty was correlated with increased total
white matter hyperintensities and reduced grey matter
volume, particularly in subcortical brain regions, that
partially mediated the association between frailty and
cognitive decline, poor mental health, and an unhealthy
lifestyle (30). Resting-state functional MRI data from
the Irish Longitudinal Study on Aging (TILDA) showed
that AP deposition in specific brain regions is associated
with worsening frailty in older adults (37). Frailty is a
category of age-related clinical syndromes influenced by
lifestyle, psychological, and physical factors. It is also
closely related to changes in brain reserve and structure
during aging.

3. The intrinsic link between aging and frailty

Aging is a natural evolutionary process influenced by
genetic, environmental, and epigenetic factors. The
organism experiences inflammation and endothelial
and vascular dysfunction following everyday injuries
and infections. The organism repairs the damage at a
cellular and tissue level and in the process of repair
causes an accumulation of scarring, leading to gradual
tissue degeneration and a decline in the physiological
reserve function of organs such as the brain, endocrine
system, immune system, and skeletal muscles, resulting
in frailty and aging (32-35). Physiological decline may
accelerate as frailty worsens (36), leading to deterioration
in the functioning of multiple physiological systems that
may contribute to a further decline in reserve function.
Frail physical status changes disproportionately after
exposure to stressful events, leading to an increased
risk of adverse outcomes such as falls, delirium, and
disability (35). In a study of the association between

frailty and multi-system physiological disorders in
older women, assessment of eight physiological system
markers (e.g., anemia, inflammation, and insulin-like
growth factor-1) in 1,002 women age 70-79 years
found that multi-system physiological abnormalities
were a better predictor of frailty than single-system
abnormalities. Abnormalities in multiple physiological
systems may disrupt the body's homeostasis and adaptive
capacity, leading to greater frailty and increased risk of
adverse outcomes (37). Based on an analysis of data
on 37 biomarkers in six physiological systems (lipids,
immunity, oxygen transport, liver function, vitamins, and
electrolytes) from 33,000 individuals, Li et al. found that
dysregulation of the homeostasis of multiple systems
occurs simultaneously in aging, that no one system is
significantly better than another, and that dysregulation
of multi-system homeostasis significantly predicts
multiple health outcomes, including frailty (38). With
aging, multiple systems become dysfunctional, function
gradually declines, physiological reserves decrease, and
the likelihood of frailty increases. However, there is a
certain degree of heterogeneity in body function among
individuals of the same age (39), so one cannot rely
solely on age to evaluate the organ reserve capacity of
patients. Frailty can better reflect the organ function of
patients than age.

4. Sarcopenia and frailty

The concept of sarcopenia was first mentioned in 1988
by Irving Rosenberg, who noted that "no single feature
of age-related decline is more striking than the decline
in lean body mass, which affects ambulation, mobility,
energy intake, overall nutrient intake and status,
independence, and breathing" (40). In 2016, the World
Health Organization (WHO) recognized sarcopenia as a
separate disease, code M62.84 in the ICD-10-CM (41).
The European Working Group on Sarcopenia in the
Elderly (EWGSOP) defines sarcopenia as a syndrome
characterized by progressive and systemic loss of
skeletal muscle mass and strength, with a risk of adverse
outcomes such as physical disability, poor quality of
life (QoL), and death (8). The diagnostic criteria for
sarcopenia are low muscle mass and strength or low
physical performance (8). Sarcopenia is present in the
majority of frail older people and is due to a progressive
and systemic loss of skeletal muscle strength and mass
with age (8,9). Many factors contribute to sarcopenia,
including the body's normal aging process, the effects
of early physical development, a bedridden or sedentary
lifestyle, poor diet, chronic diseases, and medications (8).
The five criteria for the frailty phenotype are strongly
associated with sarcopenia, which has been described
as the biological substrate of frailty (42-44). There is
a growing body of evidence for endocrine dysfunction
in frail patients. Deficiencies of certain hormones in
the body are associated with loss of muscle mass (8).
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A study on the health and aging of women, in which
serum levels of total insulin-like growth factor-1 (IGF-
1), dehydroepiandrosterone sulfate, and free testosterone
were examined in relation to frailty status (non-frail,
prefrail, or frail) in 494 women age 70-79 years, found
that individuals with anabolic hormonal deficiency were
more likely to be frail, suggesting that frailty syndromes
may involve systemic endocrine disruption (45). In a
study of 214 older adults age 80-90 years, higher cortisol
levels and delayed circadian variation were observed in
frail older women (46). Cortisol promotes myogenic fiber
degradation and inhibits protein synthesis to stimulate
muscle atrophy (/8), further contributing to sarcopenia
syndrome. Insulin-like growth factors (IGFs) are a class
of small peptides that increase the anabolic activity of
many cells, with particularly important roles in neuronal
plasticity and skeletal muscle strength (47). IGFs
increase muscle strength by stimulating an increase in
myoblast production, activating muscle cell hypertrophy,
and inhibiting muscle proteolysis (/8,48), while secretion
of IGFs decreases in frail patients (45). By directly
stimulating androgen receptors in skeletal muscle and
activating the IGF-1 signaling pathway, testosterone
increases muscle contractile protein synthesis (49).
Research has shown that testosterone levels decline
with age, and data suggest that bioavailable testosterone
declines at a rate of approximately 2% per year in
middle-aged men (50). Several epidemiological studies
that have reported that low testosterone is associated with
frailty (57,52). In addition, the production of vitamin D,
the thyroid hormone, has also been shown to be involved
in frailty and sarcopenia (53,54). Frailty and sarcopenia
are closely related. On the one hand, sarcopenia is the
biological basis of frailty, and on the other hand, the
effects on endocrine hormones during the development
and progression of frailty can further exacerbate
sarcopenia.

5. Post-neurosurgical complications in frail patients

Frailty is strongly associated with the occurrence of
adverse clinical outcomes after surgery, and frail patients
have an increased risk of complications and mortality
after surgery (55). Frailty is associated with increased
mortality in patients after surgery. A cohort study of
432,828 patients suggested that low- and moderate-
stress procedures may be risky in both frail and very frail
patients, who had high rates of postoperative mortality
(55). In neurosurgery, there is growing evidence that
the presence of preoperative symptoms of frailty is
significantly associated with a higher incidence of
adverse events after neurosurgery (/2,56). Based on data
from the National Inpatient Sample (NIS), a retrospective
study found that patients diagnosed with subarachnoid
hemorrhage or cerebral hemorrhage who underwent
surgery for aneurysm repair between 2005 and 2014
had an overall prevalence of preoperative frailty of

11.2% and that frail patients had an increased risk of
postoperative tracheotomy, gastrostomy tube placement,
and associated complications (/2). Multivariate analysis
showed that frailty was strongly associated with an
increased risk of postoperative complications (aOR: 3.29,
95% CI: 2.55-4.25) and an increased risk of discharge
to institutional care (aOR 2.50, 95% CI: 2.10-2.97)
(12). Using the National Surgical Quality Improvement
Program (NSQIP) database (2015-2019), Cole et al.
found that 14.6% of patients who underwent resection
of intracranial meningiomas (n = 5,818) were frail
according to a five-factor modified frailty index (mFI-
5) > 2. Of these, 12.8% were generally frail and 1.8%
were severely frail ((mFI-5) > 3). In addition, severely
frail patients had an increased risk of death (OR: 11.17,
95% CI: 3.45-36.19), a higher rate of complications
(OR: 4.37, 95% CI: 2.68-7.12), and a longer duration of
hospitalization (OR: 4.28, 95% CI: 2.74—6.68) compared
to non-frail patients (/3). The same study showed that
the odds ratio (OR) and effect sizes of increasing frailty
grade are better predictors of prognosis than age. Tang
et al. retrospectively analyzed data on patients who
underwent microsurgery for cerebral arteriovenous
malformations (AVM) nationwide from 2002-2017, and
they identified a new predictor of frailty, the AVM-5.
They then compared the AVM-5 to the 5-factor modified
frailty index (mFI), the 11-factor modified frailty index
(mFI-11), and the Charlson comorbidity index (CCI).
Frail admissions were predicted at a rate of 32% by
the AVM-5, 8.3% by the mFI-5, 14.3% by the mFI-11,
and 20.8% by the CCI. In addition, the frailty predictor
AVM-5 was superior to other indicators in predicting
major complications, postoperative mortality, and the
total duration of hospitalization in microsurgery for
cerebral arteriovenous malformations (/4). Therefore,
the mFI-5, mFI-11, and CCI can be used as complements
to assess frailty in patients undergoing microsurgery
for arteriovenous malformations, although the AVM-
5 has some advantages over age and the mFI-5, mFI-
11, and CCI. Frail patients with traumatic brain injury
(TBI) had higher morbidity and mortality rates from
complications compared to non-frail patients with
traumatic intracranial hemorrhage according to an
analysis of data from 691,821 TBI patients enrolled
in the National Trauma Database (NTD) between
2007 and 2017 (56). A large multi-center data review
evaluating the independent impact of frailty on brain
tumor resection (BTR) showed that higher scores on
the Risk Analysis Index-Administrative (RAI-A) were
associated with an increased risk of adverse outcomes,
including in-hospital mortality, non-routine discharge,
and major complications (/7). The RAI-A is considered
to be a useful tool for the preoperative risk assessment
of brain tumor patients and can be used as a basis for the
risk-benefit assessment of brain tumor resection. Current
studies have demonstrated that frail patients undergoing
various types of neurosurgery have a significantly
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Table 1. The effect of frailty on patients after neurosurgery

Postoperative adverse outcomes (frail vs. non-frail group)

Reference Disease Mean age Method  Criteria Frailty
(years) (%) Frailty Score Outcome OR 95% CI
Tang et al. TBI 57.6 mFI-5 mFI-5>2 18 mFI-5>2 in-hospital mortality 1.36 1.32-1.39
(56) major complication 1.06  1.04-1.07
ICU LOS .11 1.10-1.12
total LOS .13 1.11-1.14
Guo et al. aSAH 54.8 ACG ACG =1 112 ACG =1 major complication 329 255425
12) discharged to institutional care 2.5 2.10-2.97
in-hospital mortality 0.4 0.33-0.49
Thommen et al. BT 59 RAI-A  RAI-A>25 28.7 RAI-A41-45 in-hospital mortality 43 2.1-8.9
(11) major complication 22 1.6-3.0
RAI-A>45 in-hospital mortality 9.5 3.9-22.9
major complication 2.5 1.5-4.1
Hugq et al. BT 55.5 mFI-5 mFI-5>2 19 mFI-5>2 total LOS 1.38  0.96-1.80
(60) respiratory failure 1.55  1.01-2.40
physiological/metabolic 3.66 2.13-6.28
derangement
Cole et al. Meningioma 59 mFI-5 mFI-5>2 14.6 mFI-5>3 in-hospital mortality 11.17  3.45-36.19
13) major complication 4.15 246699
eLOS 428  2.74-6.68
Jimenez et al. BT 553 HFRS HFRS>15 8.2 HFRS>15 Non-routine discharge .14 1.12-1.17
(16) major complication .14 1.11-1.17
90-day mortality 1.03  0.99-1.08

Abbreviations: ACG, adjusted clinical groups; aSAH, aneurysmal subarachnoid hemorrhage; BTR, brain tumor resection; eLOS, extended length of
stay in hospital; HFRS, Hospital Frailty Risk Score; ICU, intensive care unit; mFI-5, Five-factor Modified Frailty Index; OR, odds ratio; RAI-A, Risk

Analysis Index-Administrative; TBI, traumatic brain injury.

increased risk of a poor postoperative prognosis, as
shown in Table 1. Frailty is a dynamic process. In frail
patients undergoing neurosurgery, symptoms of frailty
may be exacerbated, leading to an increased risk of
complications and death. Conducting a preoperative
assessment of frailty in neurosurgical patients and
improving the perioperative management of frail patients
will help to reduce the incidence of adverse events and
improve prognosis for patients.

6. Management of postoperative frailty in
neurosurgery

6.1. Frailty combined with biological age

With the aging of the world's population, a number of
clinical studies have been conducted to investigate the
relationship between actual age and various clinical
outcomes, including surgery. A correlation between
biological age and poor clinical prognosis is corroborated
by a large amount of data. However, physiologic age is an
immutable risk factor with obvious limitations as a study
variable, so it should not be used as the sole determinant
in making surgical decisions (/3,56,57). In recent years,
evidence has increasingly revealed that poor prognosis
is related not only to the patient's age but also to the
patient's level of frailty. The days of age being the sole
determinant of outcome are over, and a patient's level
of frailty should be part of the clinical decision-making
process (57,58). Although there is no uniform assessment
strategy for frailty, the finding that frail patients are more

likely to experience adverse events postoperatively is
consistent among studies (/4,59-617). In a correlative
study of 980 elderly oncology patients (age > 75 years)
who underwent a preoperative comprehensive geriatric
assessment (CGA), frailty (stratified by the number of
impairments in the geriatric assessment) was associated
with 6-month mortality after surgery (OR: 1.14 for each
unit increase in the CGA score; p = 0.01) (62). Another
study of the impact of frailty on clinical outcomes
after aneurysmal subarachnoid hemorrhage found that
frailty was significantly associated with an increased
risk of postoperative tracheostomy or gastrostomy tube
placement and of postoperative complications. A risk-
stratified analysis of patients undergoing surgery found
that postoperative effects were more pronounced in frail
patients under the age of 65 years (/2). Another study
on the association between frailty status and age and
outcomes in patients undergoing surgery for intracranial
meningiomas showed that increasing frailty was a better
predictor of adverse postoperative outcomes than age,
based on the OR and effect size (/3). An assessment
of frailty should be performed in elderly patients
being considered for neurosurgery, rather than simply
considering the actual age of the patient.

6.2. Outpatient screening of elderly patients for frailty
and sarcopenia

Frailty and sarcopenia screening tools can help surgeons
assess their patients' frailty and muscle status in a
timely manner in an outpatient setting. Currently, the
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CFS (63), Hospital Frailty Risk Score (HFRS) (64),
CGA (65), frailty indices such as the 11-factor and
5-factor modified frailty indices (mFI-11 and mFI-
5) (66), and the Risk Analysis Index (RAI) (/7) are
commonly used as screening indices to assess frailty
in neurosurgery. Because of its simplicity and ease of
use, the CFS is generally used in community settings.
However, the HFRS is the most widely used screening
index in the acute phase of the disease. The CGA-
derived frailty index is commonly used to screen frail
patients in population screening. The RAI has been
shown to be a useful predictor of postoperative prognosis
in neurosurgical patients and has been shown to be a
particularly effective predictor of mortality. Jimenez et
al. used the HFRS to predict postoperative outcomes
in 2,518 patients with intracranial tumors and found
that the HFRS was significantly and independently
associated with postoperative complications (OR: 1.14, p
< 0.0001), duration of hospitalization (coefficient = 0.50,
p < 0.0001), increased hospital expenses (coefficient =
1,917.49, p < 0.0001), nonroutine discharge (OR: 1.14, p
<0.0001), and 90-day readmission (OR: 1.06, p <0.0001)
(16). Therefore, the HFRS is considered to be a valid
predictor of postoperative outcomes in patients with
intracranial tumors. Different frailty screening indicators
have different effects on the assessment of frailty. Recent
clinical studies have confirmed that the American Society
of Anesthesiologists (ASA) score and the modified
CCI have better predictive ability in preoperative risk
stratification for spinal tumor surgery. In addition,
the HFRS effectively predicts major postoperative
complications and total duration of hospitalization in
patients with intracranial tumors. However, the CFS
is highly applicable in predicting overall survival in
patients after resection of high-grade gliomas. The

mFI-5 has been shown to be a valid indicator of frailty
in patients with TBI and internal hemorrhage. The
AVM-5 is significantly superior to other screening
criteria in the microsurgical evaluation of arteriovenous
malformations. The RAI-A has a higher predictive power
for postoperative mortality in frail patients compared to
other assessment measures (//,14-16,56,67).

Sarcopenia and frailty are related and there is a partial
overlap between the two. This is especially true in terms
of the parameter of impaired physical functioning, which
is present in close to half of frail patients (41,68). Muscle
tissue loss is inevitable in neurosurgical patients on
postoperative bed rest, and it is most rapid initially due to
inactivity (69-71). Trappe et al. reported a 29% reduction
in the volume of the quadriceps muscle in young women
after 21 days of bed rest (72). Preoperative evaluation
of sarcopenia (loss of muscle mass and strength) is
necessary in neurosurgical patients. This is in line with
the recommendations of the ANZSSFR Expert Working
Group to assess sarcopenia in inpatients age 65 years and
older in a hospital setting. The EWGSOP2 recommends
a pathway of "detection-assessment-confirmation-
condition" (73) for assessing the presence of sarcopenia
in clinical settings, where patients with sarcopenia are
first identified with the SARC-F questionnaire, then
assessed with the chair stand test, muscle quantity or
quality is subsequently confirmed with dual energy
X-ray absorptiometry (DXA) or bioelectric impedance
analysis (BIA), and patients are finally further assessed
for physical function status (4/,73). Assessment of
sarcopenia and related scales are shown in Table 2 (73).
Patients with cranial tumors also need to be assessed
for respiratory and swallowing function. Respiratory
complications such as aspiration pneumonia and
pulmonary infection are most common in debilitated

Table 2. Tools for the diagnosis and general assessment of sarcopenia

Criteria Evaluation instruments

Cut-off points for sarcopenia

Cut-off points for men Cut-off points for women

/) Low muscle strength SARC-F questionnaire screening,
Chair stand test,

Grip strength

ii) Low muscle quantity
or quality
(DXA),

Appendicular skeletal muscle mass (ASMM)
measured with dual energy X-ray absorptiometry

Chair stand > 15 s for five rises,  Grip strength < 16 kg

Total body skeletal muscle mass (SMM) or
ASMM predicted with bioelectric impedance

analysis (BIA),

Cross-sectional area of the lumbar spine muscle

according to CT or MRI

iii) Low physical

performance Speed Test),

Short Physical Performance Battery (SPPB),

Timed-up-and-go test (TUG),

400-meter walk or long-distance corridor walk

(400-m walk)

Gait speed (NIH Toolbox 4-meter Walk Gait

Grip strength <27 kg

ASMM < 20 kg, ASMM < 15 kg,

ASMM/ height” < 7.0 kg/m’ ASMMY/ height” < 5.5 kg/m’
Gait speed < 0.8 m/s, SPPB < 8 points,

400-m walk TUG>20s,
non-completion, 400-m walk

400-m walk > 6 min
for completion

non-completion,
400-m walk > 6 min
for completion

Criterion 7) identifies probable sarcopenia. Additional documentation of criterion i) confirms the diagnosis. Sarcopenia is considered severe when

criteria 7), if), and iii) are all met.
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postoperative patients; dysphagia is a major cause
of serious postoperative complications. Preoperative
respiratory and swallowing dysfunction are significantly
associated with early postoperative complications and
mortality in neurosurgical patients (74,75). Respiratory
function can be assessed by pulmonary function and
swallowing function is screened for with the Eating
Assessment Tool-10 (EAT-10) or the Swallowing Quality
of Life (SwalQoL) questionnaire (76-78). Screening
and assessment of frailty, sarcopenia, swallowing, and
respiratory function prior to neurosurgery in elderly
patients can help medical staff, patients, and their
caregivers to formulate a rational and individualized
treatment plan.

6.3. Perioperative management of frail patients

Frail patients who have undergone neurosurgery have a

Identification of Frailty

Optimisation of Physiological
Status

Preoperative Management

Age > 65 years

Optimization
OE———

Shared Decision-Making
————

higher risk of short- and long-term complications as well
as a higher mortality rate. Common complications in these
patients include somatic complications and functional
and cognitive decline (78). Surgical management
facilitates the improvement of patients' surgical success
and reduces the incidence of complications and
mortality. The management process mainly includes
frailty screening, optimization of physiological status,
preoperative assessment, intraoperative management,
and postoperative management in a community nursing
program (CNP) as shown in Figure 2. New guidelines
for the perioperative care of frail patients undergoing
elective and emergency surgery from the Centre for
Perioperative Care and the British Geriatrics Society
(2021) recommend that all patients with a CFS > 5
should undergo CGA and optimization prior to surgery
(79). Optimization of physiologic status generally
includes smoking cessation, inspiratory muscle training,

Frailty scale:
CFs eFl
AFN SCFN

Medication management Family modification

Lifestyle modification Psychological intervention

Treatment oriented exercise programme

Patient and clinician collaboration
Natural history of the condition
Risks and benefits of surgery

or alternative treatments

Risks of non-treatment

Physiological homeostasis

Intra-operative Management

Multimodal analgesia

Anesthesia medications with
few side effects

Depth of anaesthesia monitoring

Avoid soft tissue injury
when moving patients

Determine appropriate postoperative care conditions

Postoperative Management

Screening, assessment and management of frailty-related complication

Promote recovery and timely discharge

Contact and referral to relevant community

Community Nursing
Programme

Primary health care for follow up rehabilitation programmes

Figure 2. Guidelines for perioperative treatment of frail patients. Abbreviations: AFN, acute frailty network; eFI, electronic frailty index; CFS,
clinical frailty scale; CNP, community nursing program; SDM, shared decision-making; SCFN, specialized clinical frailty network.
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exercise, and physical therapy. Studies have shown
that smoking cessation and inspiratory muscle training
in patients with shortness of breath can reduce the
duration of hospitalization after routine surgery. In
addition, nutritional rehabilitation under the guidance
of a dietician is beneficial to optimize the physiological
state of patients with malnutrition and loss of appetite.
Cognitive-behavioral therapy may be appropriate for
patients with excessive anxiety or diminished cognitive
function. Moreover, reducing sedentary behavior, regular
sitting and standing exercises, and short walks can
help improve exercise tolerance (79-81). The decision
to proceed with surgery in a frail patient requires the
involvement of the patient, family, and clinician in
the decision-making process, including discussion of
the natural progression of the disease, the advantages
and disadvantages of surgery or alternative therapies,
and the consequences of not undergoing treatment
(82). In order to make the best medical decision for
each individual at any given time, the best medical
evidence available needs to be consulted (83). During
surgery and anesthesia, particular attention needs to be
paid to maintaining the balance of indicators in frail
patients, such as the use of the lowest effective dose of
anesthetics, the use of multimodal analgesia to reduce
postoperative pain and minimize adverse reactions
(84,85). Impaired skeletal muscle and skin function is
partially associated with frailty during surgery, so soft
tissue injury should be avoided during the procedure,
and especially when moving the patient. In addition,
manual handling and gel decompression support should
be used to facilitate postural immobilization and avoid
movement beyond the patient's normal range of motion
(79,86). Furthermore, opioid analgesics should be used
as appropriate during the perioperative period, and
anticholinergic exposure should be minimized to reduce
the risk of delirium (84). Reassessment after surgery
is necessary to determine whether a frail patient needs
intensive care or transfer to a specialized intensive care
unit after surgery, and quality postoperative care and
postoperative rehabilitation should be provided to the
frail patient on a case-by-case basis (87-89). Patient-
related postoperative complications, including delirium,
deterioration of somatic function, falls, and pulmonary
infections, need to be predicted, prevented, recognized,
and managed in frail patients postoperatively (90,91).
Early postoperative removal of unnecessary tubes and
catheters, support for patients to sit up and move around,
and assistance with regular orientation including the
provision of hearing aids, eyeglasses, and nutritional
support are needed (79,92-94). Obstacles to discharge
for frail patients need to be recognized and resolved
as early as possible in discharge plans, and discussing
and recording the patient's anticipated rehabilitation
and follow-up needs is important. More importantly,
special attention needs to be paid to the post-discharge
rehabilitation and care of older frail patients (79).

7. Management strategies for sarcopenia

Sarcopenia in elderly patients is primarily prevented
during hospitalization with high-protein, multi-
nutrient nutritional support and multi-component
exercise strategies to prevent loss of muscle mass and
maintain physical function and health-related QoL.
As recommended by the ANZSSFR Expert Working
Group, older patients identified as having sarcopenia
or frailty should be assessed and tested by a dietician to
determine appropriate nutritional support (7). According
to the European Society for Clinical Nutrition and
Metabolism (ESPEN) recommendations, the basic
energy requirement for inpatients should be 30 kcal/kg/
day, and the basic requirement for protein should be 1.2
g/kg/day, adjusted according to the actual condition of
the patient (e.g., obesity or in critical condition) (95).
A study has shown that high-protein supplementation
was associated with reduced muscle loss and a lower
incidence of malnutrition during hospital discharge (96).
The ESPEN recommends that older adults, including
those with sarcopenia and/or frailty, should undergo
a multicomponent exercise program prescribed and
supervised by a qualified health care professional as early
as possible, including resistance, challenging balance,
and functional training that can safely and effectively
prevent functional decline during hospitalization (96).
There is insufficient evidence to recommend any drug
therapy for sarcopenia or frailty.

8. Conclusion

Inadequate awareness of frailty and sarcopenia in
older patients by health care personnel can affect their
ability to make appropriate surgical decisions for their
patients. Overestimation of surgical risk may result
in patients missing the best opportunity for surgery,
while underestimation of surgical risk may expose
patients to unnecessary risk. Screening for frailty
may help predict postoperative complications and
prognosis in elderly patients undergoing neurosurgery.
In addition, screening patients for frailty and sarcopenia
in a clinical setting can help formulate individualized
care strategies to meet the complex needs of different
patients. Unfortunately, there is a lack of standardized
frailty assessment criteria, and the predictive efficacy
of frailty prediction tools varies widely under the same
conditions. Further research needs to be conducted on
frailty assessment strategies in patients undergoing
neurosurgery, and a multidisciplinary assessment
involving surgeons, anesthesiologists, intensivists,
and geriatricians should be conducted to formulate the
most appropriate management strategies. Based on the
findings of the current review, proactive interventions
for elderly frail patients are likely to improve
postoperative recovery and patient QoL, with promising
real-world applications.
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