British Journal of Anaesthesia, 123 (1): 37—50 (2019)

J doi: 10.1016/j.bja.2019.03.034

Advance Access Publication Date: 3 May 2019

Review Article

Frailty assessment: from clinical to radiological tools
Itay Bentov'*, Stephen J. Kaplan?, Tam N. Pham® and May J. Reed*

'Department of Anesthesiology and Pain Medicine, Harborview Medical Center, University of Washington,
Seattle, WA, USA, “Section of General, Thoracic, and Vascular Surgery, Department of Surgery, Virginia
Mason Medical Center, Seattle, WA, USA, 3Division of Trauma, Burn, and Critical Care Surgery, Department
of Surgery, Harborview Medical Center, University of Washington, Seattle, WA, USA and *Division of
Gerontology and Geriatric Medicine, Department of Medicine, Harborview Medical Center, University of
Washington, Seattle, WA, USA

*Corresponding author. E-mail: itayb@uw.edu

Summary

Frailty is a syndrome of cumulative decline across multiple physiological systems, which predisposes vulnerable adults to
adverse events. Assessing vulnerable patients can potentially lead to interventions that improve surgical outcomes.
Anaesthesiologists who care for older patients can identify frailty to improve preoperative risk stratification and subse-
quent perioperative planning. Numerous clinical tools to diagnose frailty exist, but none has emerged as the standard tool
to be used in clinical practice. Radiological modalities, such as computed tomography and ultrasonography, are widely
performed before surgery, and are therefore available to be used opportunistically to objectively evaluate surrogate
markers of frailty. This review presents the importance of frailty assessment by anaesthesiologists; lists common clinical
tools that have been applied; and proposes that utilising radiological imaging as an objective surrogate measure of frailty is

a novel, expanding approach for which anaesthesiologists can significantly contribute to broad implementation.
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Ageing is accompanied by a gradual loss of reserve across
multiple organ systems, which leads to an increased risk of
poor health outcomes after an illness or injury.! Older adults
experience higher rates of unplanned hospital and ICU ad-
missions that ultimately increase all-cause mortality.? The
biological syndrome resulting from cumulative decline across
multiple physiological systems and greater vulnerability to
adverse events| is defined as frailty. Although frailty intersects
with cobmorbidity and disability, they are not synonymous.*
For example, older adults with the same co-morbidities can
suffer from very different levels of disability and frailty. The
original definition of frailty phenotype, developed almost two
decades ago, tests unintentional weight loss, exhaustion,

muscle weakness, slowness whilst walking, and low levels of
activity.® In most clinical tools, the [identification| of [frailty is
based on specific domains that assess physical performance,
mobility, nutritional status, mental health, and cognition.
Interdisciplinary experts agree that frailty is a multidimen-
sional syndrome characterised by decreased reserve and
diminished resistance to stressors; however, no single defini-
tion of frailty has been agreed upon® (Fig. 1).
Anaesthesiologists are increasingly recognising the poten-
tial utility of preoperative frailty assessment,” as frailty in
older adults is associated with increased postoperative com-
plications, including death, loss of independence, and
discharge to nursing facilities after non-cardiac® and cardiac’
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Fig 1. |Conceptualimodel'of frailty] The ageing process is associated with the activation of biological processes, such as [ififlammation,

[oXidative stress, mitochondtial dysfunction, cellular

senescence, and genomic instability, which results in the development of co-
[mcrbidities;lossiof muscleimass| and function (Safcopenia), and frailty (a cumulative decline across multiple physiological systems).

Frailty is linked to greater vulnerability to adverse outcomes especially when an acute stress (surgery or injury) is present. Sarcopenia is
associated with a vicious cycle, because a reduction in strength and activity leads to loss of weight and appetite, which worsens sarco-

penia. Sarcopenia is a good marker of frailty.

surgeries. However, fiéiy/GliRical (o181 {6 easure raily
e g grp strength, and

[cognitive testing). Whilst these tasks are feasible for
community-dwelling older adults, this is not the case for pa-
tients who are ill, injured, or in pain. Accordingly, in many
scenarios encountered by anaesthesiologists, objective, sim-
ple markers of frailty that do not require patient participation
are necessary. This review presents common frailty assess-
ment instruments, and discusses radiological modalities that
are useful and feasible for identifying frail patients in clinical
situations familiar to anaesthesiologists. Opportunistic
radiological studies are an objective source of surrogate
markers for physical frailty. The broad implementation of
available tools to better identify the frail patient will increase
awareness and could improve outcomes in the perioperative
and critical care setting.

Importance of frailty assessment by
anaesthesiologists

Anaesthesiologists should utilise frailty assessment in a
myriad of clinical settings. Whilst this will require a change in
common practice, resources should be deployed in preopera-
tive assessment clinics or health informatics to capture frailty
assessments routinely in order to better assess and coordinate
care for high-risk surgical patients. Recent reviews show that

10" compared
with the American Society of Anesthesiologists (ASA) physical
status classification or the Charlson Comorbidity Index.” In
low-risk (ASA 1-2) aged patients, preoperative frailty assess-
ment (based on comprehensive geriatric assessment) pre-
dicted postoperative complications and increased length of
stay.!! Frailty assessment improves the consent process and
assists in the formation of an individualised clinical care

lan.'? Similarly,

3

Notably, the increased healthcare expenditures in frail pa-
tients have prompted some models of healthcare to incorpo-
rate ih for this population.'*

Advanced age is a risk factor for adverse surgical outcomes,
but

1> Preoperative in older adults is
[associated with [poor surgical [gutcomes (increased morbidity,
mortality, rate of complications, and poor discharge disposi-
tion) in multiple surgical fields, including cardiac surgery,®'’
general non-cardiac surgical population,'® oncologic surgery
(colorectal cancer),’®?° vascular surgery,”! and orthopaedic
surgery (hip fractures).?” Regardless of the type of surgery and

which assessment tool is used, the [presence of frailty is

10 The strongest association

links frailty to 30 day mortality.® Although the American Col-
lege of Surgeons and the American Geriatrics Society currently

recommend preoperative evaluation of frailty in all patients
ﬂm and the Society for Perioperative
Assessment and Quality Improvement recommends in-
terventions once frailty is identified,?* there is

guidance on which frailty assessment instrument to use. This

may contribute to the findings of a recent survey that was sent

to all the members of the JASA; more than [80% of ‘the re”

(Neuman MD, personal communication, 2018).

In-hospital risk stratification

Many healthcare encounters with older adults begin in the
emergency department or the ICU setting because of acute
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trauma or rapid deterioration. Older adults are often admitted
to the ICU during periods of acute illness; however, only one of
every four adults aged 80 yr and older will return to baseline
levels of functioning 1 yr after ICU admission.”” A recent meta-
analysis that pooled the results of 10 trials of older ICU pa-
tients found that frailty is associated with increased short-
and long-term mortality. > Surprisingly, the meta-analysis did
not find that frailty is associated with increased length of stay
in the ICU. The latter may reflect the influence of end-of-life
palliative care and discharge practices that are often not re-
ported. Of note, a study that assessed the duration of me-
chanical ventilation found no difference between frail and
non-frail patients.?® Multidimensional tools are being devel-
oped to individualise specific interventions, such as nutrition
therapy, and frailty assessment is a potential tool to facilitate
this type of decision-makingin the ICU.% It is likely that frailty
assessments of older patients on admission to the ICU will be
useful in providing information regarding expected outcomes,
but they are probably not sufficiently predictive to be of value
in clinical decision-making about the withdrawal of life-
sustaining treatment.?®

Another important effect of frailty is found in failure to
rescue, which is defined as death after a potentially treatable
complication and is an important measure for surgical quality
improvement initiatives.’” After both low- and high-risk
inpatient surgeries (e.g. in thoracoabdominal operations??),
frailty is associated with [failure to rescue.*’

Perioperative interventions

Frailty assessment before surgery can inform goals-of-care
discussions, as it predicts the risk of mortality and indepen-
dence after surgery.'” A striking example of the value provided
by frailty assessment was demonstrated in a prospective
cohort of more than 9000 adults who presented for major,
elective, non-cardiac surgery. Recognition of preoperative
frailty led to an administrative review (which included an
anaesthesiologist) of the perioperative decision-making and
surgical plan, and resulted in improved short- and long-term
survival without designated changes in patient preparation.>’
As such, the idea that [identifying frailty before an operation
can lead to interventions that improve outcomes is appealing.
However, [specific perioperative interventions aimed at
perioperative ‘optimisation’ of frail older adults have yielded
mixed results! > Protocols that use a geriatric ‘bundle’ of in-
terventions often have difficulty with implementation and
non-adherence, which lessens the impact on outcomes.>” A
trial of a comprehensive |geriatric bundle in major elective
abdominal surgery, with components, such as early mobi-
lisation after surgery, oral and nutritional assistance, and
orientating communication,*® demonstrated short-term ben-
efits that were lost after 3 months. Similarly, a multicentre
prospective trial that randomised patients undergoing |cancer
surgery to receive an individual treatment plan after a pre-
operative comprehensive consultation provided positive ef-
fects at hospital discharge that were lost after 3 months.>*
Perioperative physical training to improve postoperative
functional outcomes in frail patients has been the single most
commonly studied intervention. Although a long-term mod-
erate-intensity physical activity programme in sedentary,
community-dwelling older adults did not reduce the incidence
of frailty,”” the effect of physical training in the perioperative
period is promising. Specifically, 6 months of supervised
physical therapy and exercise training after hip fracture was

superior to a low-intensity home-based programme,* and the
addition of exercises for strength, flexibility, balance, and co-
ordination after elective cardiac surgery was superior to aer-
obic exercise alone.?” A small study that examined biweekly

training session for 3—6 weeks before hip replacement found

some benefit as well.*® A bundle of preoperative interventions
(pre-habilitation that includes education and exercise) before
coronary bypass and valvular surgery is presently under
investigation.*”

Clinical frailty assessment tools

Comprehensive geriatric assessment is a framework for inte-
grating clinical evaluation and intervention in vulnerable
elderly patients. Comprehensive geriatric assessment can
identify patients at risk of increased short-term mortality after
hip fractures.?’ Preoperative geriatric evaluation before elec-
tive surgery, which initiates targeted interventions in an in-
tegrated patient management model, improves outcomes.*"*?
A screen for frailty should ideally include measures that are
found in a comprehensive geriatric assessment, such as
physical, emotional, and psychological domains and social
support mechanisms. However, comprehensive geriatric
assessment is not always feasible in the preoperative work-
flow, especially under acute conditions, which underscores
the value of tools to measure frailty.*> In the perioperative
setting, numerous frailty assessment methods have been
utilised, including observational tools, such as the Fried frailty
phenotype® and components of the Fried phenotype'”** %

the Edmonton Frail Scale*’; and the Clinical Frailty Scale.*® The

frailty index,*”°° which identifies frailty as an accumulation of
health deficits, has led to various shortened iterations some-
times referred to as the modified frailty index.*®>' >> Self-
reported questionnaires, such as the Fatigue, Resistance,
Ambulation, Illnesses, and Loss of Weight (FRAIL) scale,”*
Tilburg Frailty Indicator,”® Groningen Frailty Indicator,”® Pro-
gram of Research on Integration of Services for the Mainte-
nance of Autonomy (PRISMA-7),>” Vulnerable Elders Surgical
Pathways and Outcomes Assessment (VESPA),*® and the Risk
Analysis Index,”® require the patient to answer questions.
Lastly, tools that are appropriate for databases, such as the
American College of Surgeons National Surgical Quality
Improvement Program (ACS l\ISQIP) tool,°>®* or based on
diagnosis codes defined by the Johns Hopkins Adjusted Clin-
ical Groups® may be more appropriate for population research
rather than everyday clinical use. Figure 2 summarises a few
examples of observational, self-reported, and database tools
that have been used in the perioperative setting. The imple-
mentation of frailty screening tools in anaesthesia practice
suffers from a lack of consensus on a standard method that is
relevant in different patient characteristics (e.g. we found that
the elderly patients in our institution are often unable to
answer questions using an electronic device) and in different
types of surgeries.® An ideal clinical tool would also need to be
easily integrated into the local preoperative workflow.
Comprehensive reviews of more than 90 clinical frailty tools
have been published,**®? but are beyond the scope of this
review.

Objective surrogate markers of frailty

An objective biological measure of frailty would be a major
advance in monitoring the onset of frailty and preventing its

consequences.®®> Many studies have examined hormones,
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Frailty tool Type Time to Tool components Frailty definition Advantages Disadvantages
administer
Fried frailty observational 5-10 min Weight loss, exhaustion, weakness, gait, low 1-2 = pre-frail, Extensively validated, predictive of Requires special
phenotype physical activity. 3 or more = frail  outcomes, can be extracted from a equipment and patient
health questionnaire. participation.
Frailty index self-reported 20-30 min  Accumulated symptoms, signs, diseases, and A dimensionless validated, predictive. Requires a long time to
disabilities. fraction with complete.
cut-off greater
than ~0.25
Modified frailty  self-reported 10-15min List of co-morbidities and conditions. Similar to frailty  Shorter than frailty index. Not as reliable/
index Index. predictive as frailty
index.
FRAIL scale self-reported 5-10 min Fatigue, resistance, ambulation, iliness and 1-2 = pre-frail, Simple, no training needed to Needs to be further
loss of weight. 3 or more = frail administer. validated.
Risk analysis self-reported 5-10 min Age/cancer, co-morbidities, residence, ADLs, Composite score  Simple, performed by clinical staff most questions are
index cognitive decline of 0 to 81, cut-off part of standard
greater than16-21 nursing interviews
VESPA (short self-reported 10 min Gender, ADLs, functional status, charlson A dimensionless  Simple, performed by physician modest sensitivity for
form) comorbidity index, surgical complexity. fraction with assistants postoperative
cut-off greater complications.
than ~0.25
Edmonton frailty observational/ 10-15 min Cognition, hospitalisation, general health, Composite score  App available for tablet or phone. Older adults may not
scale self-reported independence, social support, medication, =8 outof 17 = be familiar or
nutrition, mood, continence, timed up and go.  frail comfortable with
tablet/phone.
Clinical frail observational < 5min Clinical descriptors and pictographs. = 5 out of 9 = frail Simple, accompanied by a visual chart. ~ Gestalt, unclear
scale reliability.
ACS NsaIP electronic 5-10 min Demographics, symptoms, diseases, conditions. Provides Based on very large database, highly Limited to 30 days
health record predicted 30 days predictive. outcomes.

mortality and
complications

Fig 2. [Commonly used clinical tools tolassessifrailty. Clinical modalities that are commonly used to assess frailty in the preoperative

population. Tools are different in the type of data components that are collected and the definition of frailty, which leads to different time
burdens to administer the tool. For a more comprehensive description, please see main article. ACS NSQIP, American College of Surgeons
National Surgical Quality Improvement Program; ADL, activities of daily living; FRAIL, Fatigue, Resistance, Ambulation, Illnesses, and Loss
of Weight; VESPA, Vulnerable Elders Surgical Pathways and Outcomes Assessment.

inflammatory markers, genetic variation, and the neurolog-
ical and musculoskeletal systems in frailty. Numerous
markers have been suggested, but none have emerged as a
sufficiently robust tool to be used in routine clinical
anaesthesia.

Serum markers linked to the biological basis of frailty

Underlying frailty are biological processes, such as inflam-
mation, oxidative stress, mitochondrial dysfunction, cellular
senescence, and genomic instability. This has led to a search
of markers that influence or interact with these biological
mechanisms. As an example, dysregulated inflammation
(Inflamm-aging®*) is one of the pillars®® that link ageing to
frailty. Pro-inflammatory cytokines, such as [interleukin-6 (IL-
6) and tumour necrosis factor alpha, are elevated in older
adults,*® and are associated with frailty and worse outcomes.®’
Indicators of oxidative damage to lipids and proteins are also
increased in the frail.®® Oxidative stress results in reduced
response to hormones and anabolic factors that are important
in cellular repair, such as/insulin growth factor-1 (IGF-1), °° IGF-
1maintains muscle mass, promotes recovery from injury, and
is a sensitive marker of metabolism/nutrition.”’ Lower levels
of IGF-1 are associated with frailty.”? Frailty is also correlated
with reduced expression of sirtuins,’? a conserved family of
proteins that regulate cellular metabolism. The activation of
sirtuins mimics caloric restriction, which improves lifespan
and health in animals.”®

Serum markers of frailty in fouting clinical practice

Several common blood tests have been evaluated as potential
markers for frailty, but none are specific enough for routine
use. The relationship of frailty to nutrition and inflammation
may be supported by the concomitant low levels of serum
albumin and high levels of C-reactive protein often found in
frail patients.”* [High meutrophil and monocyte counts are
associated with frailty in disabled older women, independent
of IL-6 levels.”” Higher haemoglobin in nursing home resi-
dents is correlated with reduced mortality,”® whilst frail older
subjects have lower levels of haemoglobin that are mnot
attributable to |[myelosuppression or iron deficiency.’’
Vitamin B12 |deficiency is associated with frailty in older
women,’® but it is uncertain if vitamin supplementation can
reverse or delay frailty progression.”® Higher serum levels of
transferrin and fibrinogen (glycoproteins that are measured
in the workup of anaemia and coagulation disturbances) are
found in frail patients.®°

Vitamin D insufficiency, which causes secondary elevation
of parathyroid hormone, is associated with frailty in men, but
not in women.®! Low levels of cholesterol are a marker for
increased mortality in the elderly®” and correlate with frailty
in older hospitalised patients.®* Blood tests of liver function,
specifically lower levels of alanine transaminase, are associ-
ated with frailty and mortality in community-dwelling men,®*
but this relationship is consistent only for the older
population.®®
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Changes in body composition as surrogate markers of
frailty

The ageing process is accompanied by changes in body
composition with loss of skeletal muscle and [lean body mass,
reduced bone mineral density (osteopenia or, if more severe,
osteoporosis), and [increased fat mass. Although changes in
mass do not necessarily reflect a similar magnitude of change
in function,® mass and function generally move in the same
direction.?” There are numerous methods to evaluate changes
in body composition. Anthropometry uses measurements
obtained during clinical examination, such as BMI, skinfold
thickness, and circumference of waist and extremities.
Anthropometry is not precise, especially in females.®
Bioelectrical impedance analysis is a non-invasive applica-
tion of an electrical current through the body, whereby muscle
mass is estimated based on the conduction of current through
water (muscle is water rich); however, hydration, oedema, and
nutrition status have a significant effect on the accuracy of
bioelectrical impedance measurements.®’

Sarcopenia

Determining whether frailty is attributable to sarcopenia or
sarcopenia is a clinical manifestation of frailty resembles ‘the
chicken and the egg question. Frailty and sarcopenia are
consequences of similar pathological mechanisms that are
associated with negative health-related events, and are
potentially reversible.”° Sarcopenia was first defined as loss of
muscle tissue, which is part of the natural ageing process.”?
Later, the |definition was expanded to include both low mus-
cle mass and impaired muscle function.”” Loss of physical
function, usually measured by objective tests of gait speed and
muscle strength, parallels sarcopenia® and is a key aspect of
physical frailty. The current consensus requires the presence
of both low muscle mass and reduced muscle function to meet
the clinical definition and diagnostic criteria for age-related
sarcopenia.”®® Cut-off points are specified for common
tests, such as gait speed (<0.8 m s~! is considered slow), grip
strength by a handheld dynamometer (<26 kg for men and <16
kg for women is considered weak),”® and lean body mass
measured by whole-body dual-energy X-ray absorptiometry
(DXA, previously DEXA).”” A biochemical surrogate of sarco-
penia is serum creatinine-to-serum-cystatin-C ratio, which
provides an estimate of muscle mass and is associated with
outcomes in the ICU.%®

Osteopenia/osteoporosis

Osteopenia/osteoporosis and sarcopenia are concomitantly
associated with frailty status in jolder women,” which may
reflect common aetiologic mechanisms. Sarcopenia is associ-
ated with narrower bones and thinner cortices.'’ Lower grip
strength and gait speed are independently associated with
lower femoral neck bone mineral density in older men.'*?
Imaging studies are recognised as the preferred tool to di-
agnose and evaluate osteopenia/osteoporosis.’?

Use of radiological assessment as a surrogate
marker of frailty
The association of frailty with sarcopenia and osteopenia, and

the lack of feasibility in assessing muscle function in many
clinical situations, has prompted the development of methods

to define sarcopenia and osteopenia from existing radiological
studies.'%® Many patients undergo radiological imaging before
surgery, which offers a unique opportunity to measure muscle
mass and osteopenia opportunistically (i.e. by analysing
radiological studies that were performed for other purposes).
Radiological studies can identify a change in muscle mass, but

cannot provide information on muscle performance as

required to make a definitive clinical/diagnosis of sarcopenia.”*
We queried PubMed and Cumulative Index to Nursing and
Allied Health Literature databases to identify the condition of
interest (frailty, sarcopenia, or osteopenia) and a radiological
method of interest (CT, MRI, ultrasound [US], or plain radio-
graph), using truncated keywords and Medical Subject Head-
ing terms. Boolean expressions (e.g. AND, OR) were used to
construct search queries in order to ensure comprehensive
search for each criterion. No search filters or limits were used
(e.g. language, article type, and study subject type [animal vs
human]), as entries with incomplete filter tags could be inad-
vertently excluded from search results. During full-text re-
view, references of interest were compared with previously
identified articles.

Dual-energy X-ray absorptiometry

Dual-energy X-ray absorptiometry uses two X-ray attenua-
tions with distinct energy peaks. One peak is absorbed mainly
by lean mass (mostly muscle, which can assess sarcopenia)
and the second peak by bone (used to measure bone mineral
density). DXA uses a very small dose of ionising radiation; a
single whole-body scan is roughly equal to background radi-
ation received over 1 day (<10 pSv).'%* DXA is recommended to
screen for osteoporosis in women older than 65 yr and older
men with additional risk factors for low bone mass.'® There
are accepted reference values to detect sarcopenia by DXA
(<7.26 kg m~2 for men; <5.45 kg m~2 for women”*). However,
DXA is not routinely performed to assess muscle mass or
before surgery; therefore, it is not a useful tool for
anaesthesiologists.

Magnetic resonance imaging

MRI is based on the observation that some atomic nuclei emit
radio-frequency energy when exposed to an external mag-
netic field. Different timings of radio-frequency pulse se-
quences (T1 weighted and T2 weighted) excite the nuclear spin
energy transition in the atoms, and the magnetic field gradi-
ents localise the signal. This permits the creation of very
detailed resolution of tissue types, so that muscle, bone, water,
or fat can be quantified precisely.’®® MRI does not involve
ionising radiation, such as X-rays or CT, but it is expensive and
often contraindicated in patients with certain metal objects,
such as cochlear implants or cardiac pacemakers.

MRI is not performed before operation as frequently as CT
and is often focused on a specific area. For example, in the
evaluation for lumbar spinal stenosis (the most common
indication for lumbar spinal surgery in people aged more than
65 yr), the dural sac and central canal are imaged, but the
paraspinal muscles are not.’”” Despite its limitations, MRI
assessment of sarcopenia is being evaluated as a prognostic
marker in select groups, for example, fat-free muscle area (as a
measure of muscle quality) in decompensated cirrhotic
patients.'%®
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Computed tomography

CT uses X-rays taken around a single axis of rotation, from
different angles, to generate a computer-processed three-
dimensional image. X-rays are attenuated as they pass
through tissues; the attenuation is relative to air and water,
and is expressed as Hounsfield units (HU) with @ir defined
as —1000 HU and water as zero. Sarcopenia can be quanti-
fied from CT images using available (but not required)
commercial software packages, such as sliceOmatic®
(TomoVision, Magog, QC, Canada), MATLAB (MathWorks,
Inc., Natick, MA, USA), or Image] (National Institutes of
Health, Bethesda, MD, USA). The simplest method of
quantification is to use any standard free Digital Imaging
and Communications in Medicine (DICOM) compatible
software to trace visually the |cross-sectional area (CSA) of
structures that have been correlated with frailty, such as
muscle and fat. (The specifics of these cross-sectional
measures will be discussed next.) A more complex method
to quantify sarcopenia assigns an HU threshold from —29 to
150 HU within the traced area, which then provides the
muscle mass within the area. If the traced area consists of
two or more components (e.g. in fatty infiltration of the
muscle myosteatosis), this method indirectly provides a
measure of muscle quality.’® A similar technique can be
used to assess osteopenia/osteoporosis’'®!! by assigning
HU thresholds for bone that determine specificity and
sensitivity.!’? Fully automated systems that calculate body
composition (e.g. muscle, bone, and fat) from abdominal or
thoracic CT scans are being developed.''® Phase contrast is
a new technology that provides better soft tissue resolu-
tion.'** Other types of CT use gamma rays (positron emis-
sion tomography and single-photon emission CT) to study
muscle metabolism,'** but these are not in routine use to
assess sarcopenia.

Sarcopenia measured by CT is associated with adverse
outcomes after surgery'” and in the ICU.'"® Given their
prognostic value, the opportunistic use (when the studies were
performed for another purpose) of CT scans in the preopera-
tive evaluation is relevant to anaesthesiologists.

Abdomino-pelvic CT

Abdomino-pelvic CT is routinely used in the evaluation of
possible visceral injury, acute abdominal pain, or complex
abdominal pathologies to determine the subsequent need for
surgery. Data from CT scans are generally readily available to
the anaesthesiologist. There are several anatomical structures
that can assist in the identification of sarcopenia or osteope-
nia, which can then identify patients at risk for adverse
outcomes.

Skeletal muscle index sarcopenia

Skeletal muscle index is determined by measuring the total
muscle CSA at the level of the third lumber vertebra (L3) (in
cm?) and (dividing it by the patient’s height (in m?), which
normalises CSA to stature. Measuring skeletal muscle index
can be facilitated by image processing software packages. At
the L3 level, several muscles are identified: [psoas, lerector spi-
nae, quadratus lumborum, transversus abdominis, external and
internal obliques, and [rectus labdominis. To determine the
skeletal muscle index, all muscles within a single slice are
identified using HU-based tissue-specific thresholds for

muscle (the most common HU range is —29 to +150) that
exclude fatty infiltration.’'” Whilst diagnostic thresholds us-
ing CT-based measurements are not described in the sarco-
penia consensus guidelines, a linear correlation exists
between muscle area measured in a single lumbar CT image
and DXA-measured whole-body fat-free mass and appendic-
ular skeletal muscle.''® In patients who had both DXA and CT
imaging, the corresponding thresholds for skeletal muscle
index for sarcopenia (extrapolated from DXA) are <55.4 cm?
m~2 in men and <38.9 cm? m~2 in women.'” A study that
defined sarcopenia by stratifying for optimal prediction of
mortality in patients with solid tumours of the respiratory or
gastrointestinal tract found very similar values (<52.4 cm?
m~2 in men and <38.5 cm? m~2 in women).’"” Low skeletal
muscle index in patients undergoing colorectal cancer
resection is associated with an increased rate of post-
operative infection and delayed recovery.'? In patients un-
dergoing transcatheter aortic valve replacement, every 14 cm?
m~2increase in skeletal muscle index was associated with a 1
day reduction in length of stay.’’! Low skeletal muscle index

in mechanically ventilated ICU patients is associated with

increased mortality at hospital discharge,'”” 30 days,'”* and 6
months,’% and with 1 yr mortality in older trauma patients in
the ICU.M®

Psoas muscle sarcopenia

The psoas muscle is the main [flexor of the fhip, and provides
postural support of the lumbar spine, sacroiliac, and hip joints.
The use of a single muscle has been criticised for not being
representative of whole-body sarcopenia,'?* but is well suited
for clinical use in anaesthesia. Typically, psoas CSA (after
tracing the circumference of the muscles in the axial plane)
reflects the sum of both psoas muscle areas rather than that of
a single unilateral muscle. The association of low psoas
muscle density or low psoas muscle volume with adverse
surgical outcomes has been described.’®® Psoas muscle sar-
copenia is associated with an increased risk of complications
after resection of hepatic liver metastasis,'?® but not in older
patients undergoing simple lumbar spine surgery, in which
the psoas muscle may be an inappropriate surrogate because
of its anatomical connection to spine function.'?” Psoas mus-
cle sarcopenia in older trauma patients is associated with
mortality at 6 months'?® and 2 yr'?° after discharge from the
hospital.

Vertebral body osteopenia/osteoporosis

Image analysis procedures typically entail vertebral body
identification via sagittal cross reference and use of the axial
slice in the middle of the vertebral body. A small region of
interest of the lumbar vertebral body trabecular bone is
encircled, and the average HU within that bone is calculated.
The use of the first lumbar vertebra is common, but other
lumbar vertebrae have been used with excellent intra-class
correlation of average density.'*® Useful thresholds for osteo-
porosis using L1 average density are dependent on the goal of
the threshold. For example, a threshold of <160 HU was 90%
sensitive, and a threshold of <110 HU was >90% specific.''?> We
and others have demonstrated that older injured patients with
sarcopenia and osteoporosis suffer from higher morbidity*!
and mortality''® than those with sarcopenia, osteoporosis, or
neither (Fig. 3).
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Fig 3.Psoas sarcopenia and [vertebral osteopenia in a single CT image at[L3|level. A single image from abdomino-pelvic CT can be used to
assess sarcopenia and osteopenia at the L3 level by assessing for psoas muscle cross-sectional area (CSA) as a marker of sarcopenia and
vertebral bone density as a marker of osteopenia. (a) Normal psoas CSA and bone |density, (b) sarcopenia with normal bone density, (c)
normal psoas| CSA with [osteopenia, and (d) sarcopenia and osteopenia. The psoas muscle is coloured in red.

Thoracic CT many ICU and surgical patients will have thoracic imaging
data that can be easily assessed by the anaesthesiologist.
Similar tools to assess sarcopenia and osteopenia are used in
thoracic CT as in abdomino-pelvic CT. CT scans are quantified

Thoracic CTs are commonly obtained before chest surgery
during preoperative cancer staging and workup of major
trauma, or to diagnose pulmonary embolus. Consequently,

188nm

Fig 4. CT assessment of imasseter muscle sarcopenia. The masseter muscle is the main muscle of mastication and can be identified
(coloured in red) in cranial Computed tomography (CT), using horizontal images 1 cm caudad to the zygomatic bones. (a) Normal masseter
cross-sectional area and (b) masseter muscle sarcopenia.
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Fig 5. Cranial CT assessment of/brain atrophy index. The brain atrophy index is measured by the/ratio of the width of two lateral ventricles
at the head of the caudate nucleus (also described at the intercaudate distance, denoted by two vertical lines between inward pointing
arrows) [to the width of the skull (denoted by outward pointing arrows). Measurements are taken at the cranial-caudal level of the
fornix. (a) Normal brain atrophy index and (b) increased brain atrophy index.

in a similar method used for abdominal skeletal mass index.
Specifically, thoracic muscle CSA calculated from a single axial
CT slice at the level of the carina is well correlated with
thoracic muscle volume.'*? An average of three slices (one at
the carina level, and second and third slices [1—1.25 mm)]
above and below [which contain the pectoralis major and minor,

intercostals, serratus anterior, paraspinal, and latissimus dorsi])
provides an even stronger correlation.’®® Single-muscle sar-
copenia of the pectoralis muscle’®* and the erector spinae mus-
cles,’® as measured by thoracic CT, can provide prognostic
information in patients with chronic obstructive pulmonary
disease.

Fig 6. Ultrasound (US) assessment of rectus femoris (RF) muscle sarcopenia. A two-dimensional US image using a probe placed in transverse
orientation at the level of the mid-anterior thigh. The RF muscle is coloured in red. The caliper measures the width of the muscle at the
anterior/posterior plane of the middle of the femur (F). (a) Normal muscle mass and (b) sarcopenia.
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Cranial CT

Cranial imaging is obtained in the aged even after a minor head
injury,'* and can provide an assessment of sarcopenia and a
potential indirect marker of cognitive decline secondary to brain

atrophy.'”’ Sarcopenia can be assessed by CSA of the tempo-
ralis'*® and the masseter'”’ muscle (Fig. 4). Lower masseter

muscle CSA measured by cranial CT is associated with
increased mortality in injured older adults.’®'* The |brain
atrophy index, the ratio of the width of two lateral ventricles
at the head of the caudate nucleus (or the intercaudate
distance) to the [width of the |skull at the cranial-caudal level of
the fornix, is increased as a result of secondary frontal horn
ventricular enlargement that reflects atrophy of deep frontal
subcortical white matter'*® (Fig. 5). Our group investigated the
use of cranial CT to determine the outcomes in injured older
adults, and found that long-term mortality is higher in those
with masseter muscle sarcopenia and a high brain atrophy
index (Tanabe and colleagues, JAMA Surgery, May 8, 2019).

Ultrasoography

Ultrasoography has become a core competency for anaesthesi-
ologists and is included in the Accreditation Council for Grad-
uate Medical Education (ACGME) Anesthesiology Program
Requirements. USis a safe, inexpensive, portable, and radiation-
free imaging modality; the low intensity used for diagnostic
imaging does not usually cause heat or pressure.'*! Numerous
studies have evaluated the use of US to detect sarcopenia with
promising results.'*> Muscle thickness measures are obtained
using onscreen calipers, measuring the distance between the
upper margin of the underlying bone and the lower boundary of
the ventral fascia of the muscle group of interest. A compre-
hensive assessment, performed whilst the patient stands, uti-
lises anterior and posterior muscle groups, and is well correlated
to total body muscle mass.'*> Comprehensive protocols often
assess muscle mass in numerous sites (e.g. a nine-site protocol
[forearm, biceps, triceps, abdomen, subscapularis, quadriceps,
hamstrings, gastrocnemius, and tibialis anterior]). This protocol
is probably impractical in the acute care setting and has led to
the development of a bedside, four-site protocol, with the pa-
tient supine. In this method, a transverse approach is used to
examine the bilateral anterior muscle thickness of rectus femoris
and vastus intermedius muscles at the midpoint of the femur, and
two-thirds the distance between the anterior superior iliac spine
and the upper pole of the patella.** A single point of measure-
ment has been described that focuses on the mid-anterior thigh,
half the distance between the lateral condyle of the femur and
the greater trochanter'* (Fig. 6).

Numerous studies have evaluated the use of US to detect
sarcopenia with promising results.’*? Although no standard
clinical assessment exists, using US to identify fat,’*
bone,*® and muscle'” has been described. Sarcopenia as
assessed by US is well correlated to clinical frailty in the
older outpatient population.’*® In surgical ICU patients, sar-
copenia diagnosed by US measurement of rectus femoris CSA
is associated with discharge to nursing facility or in-hospital
mortality.*°

Conclusions, applications, and future
direction

Frailty is a major problem in the perioperative period. Frailty
assessment by anaesthetists identifies those who are most

vulnerable to adverse outcomes, and provides an opportunity
to improve perioperative and hospital outcomes. Whilst there
is no consensus on the best way to evaluate patients,
numerous tools have been validated. The scores generated
from many of these tools are reliable for predicting frailty and
are highly associated with patient outcomes. Although a ‘sil-
ver bullet’ to treat frailty has not been identified, once frailty is
recognised, numerous management decisions and in-
terventions can be launched to raise awareness of the vul-
nerabilities of the frail patient and to optimise the allocation of
resources. Despite the value of frailty assessment, it has not
gained wide implementation by anaesthesiologists.

Radiological imaging modalities, both opportunistic and as
part of a screening test, provide objective and quantitative
tools to detect surrogate markers of frailty. Imaging is
currently an area of intense investigation to bridge the gap
between clinical assessments and objective markers of frailty,
and anaesthesiologists are uniquely trained to become leaders
in this endeavour. Anaesthesiologists routinely use health
technology in an innovative fashion, and their role as periop-
erative and critical care physicians can be leveraged to make
significant advances in the field of frailty detection. For
example, expertise in US can be used longitudinally to objec-
tively assess a patient over time. Anaesthesiologists who
evaluate patients before surgery should participate in devel-
oping pattern recognition software that will automatically
identify preoperative radiological markers of frailty in CT and
MRI studies. Anaesthesiologists have a long history of spear-
heading efforts to advance patient safety. Implementation of
frailty assessments in the older patient represents a timely
opportunity for anaesthesia leadership in the perioperative
and critical care setting.
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