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Purpose of review

Sarcopenia and frailty are common conditions, associated with worse clinical outcomes during critical
iliness. Recent studies on sarcopenia and frailty in ICU patients are presented in this review, aiming to
identify accurate diagnostic tools, investigate the effects on clinical and functional outcomes, and propose

possible effective interventions.

Recent findings

The recent change of the sarcopenia definition underlines the importance of muscle strength over mass, this
is however challenging to assess in ICU patients. There is currently no unified sarcopenia definition, nor
standard frailty assessment tool; Clinical Frailty Scale is most frequently used in the ICU. Meta-analyses
show worse clinical and functional outcomes for frail as well as sarcopenic patients admitted to the ICU,
regardless of admission diagnosis. Frailty is a dynamic condition, worsening in severity by the time of
hospital discharge, but showing improvement by 6 months postICU. Therapeutic interventions for frailty and
sarcopenia remain limited. Although mobilization strategies show promise in improving functional and
cognitive outcomes, inconsistent outcomes are reported. Heterogeneity in definitions, patient populations,
and care practices challenge interpretation and comparison of study results and recognition of beneficial
interventions. This highlights the need for more research.

Summary

The importance of preexisting sarcopenia and frailty is recognized in ICU patients and associated with
worse clinical outcomes. Multidimensional interventions are most promising, including patientfailored

mobilization and nutrition.
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With the increase in the aging population there is an
increasing number in older critical care patients. Older
patients admitted to the intensive care unit (ICU),
frequently present with conditions such as sarcopenia
and frailty. These conditions, marked by reduced
physiological reserves and muscle function, are highly
prevalent among critically ill patients, with sarcope-
nia atfecting up to ~40% and frailty up to ~30% of this
population [1]. Although these conditions were tradi-
tionally linked to the geriatric population, sarcopenia
and frailty are not exclusive to the older critical care
patients but also affect the younger population. Sar-
copenia and frailty are further compounded during
prolonged ICU stay, with a significant amount of
muscle mass loss occurring within the first week of
ICU admission and persistent neuromuscular impair-
ments, referred to as ICU-acquired weakness, lasting
months to years post-ICU discharge [2].

Many patients enter critical care in a preexisting
state of sarcopenia or frailty. This review aims to
explore the definitions, clinical implications, and
potential interventions of this group of ICU patients
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with sarcopenia and/or frailty, focusing on strategies
to mitigate their impact in critical care settings and
the recovery after critical illness.

Sarcopenia and frailty are interconnected syn-
dromes associated with aging and weakness, yet
their definitions remain a subject of debate, leading
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KEY POINTS

e Sarcopenia and frailty are interconnected syndromes
that are overlapping in low muscle strength and
physical function.

e Preexisting sarcopenia and/or frailty is associated with
worse clinical outcomes in ICU patients (regardless of
the diagnostic tool used).

o Mobilization and nutrition are key interventions to
attenuate muscle loss and strength during critical
care admission.

o Randomized controlled intervention studies specifically
targeting sarcopenic or frail patients in critical care
seftings remain limited.

to heterogeneity in patient populations and study
outcomes [3-7].

Sarcopenia

Sarcopenia has traditionally been defined as the loss
of (skeletal) muscle mass and strength. The Sarco-
penia Definitions and Outcomes Consortium
(SDOC) redefined sarcopenia in 2020, emphasizing
low muscle strength and poor function, assessed by
grip strength and gait speed, as better predictors of
outcomes than muscle mass. However, assessing
sarcopenia in ICU patients is challenging due to
limitations in measuring parameters like muscle
strength and physical performance. Traditionally
considered a geriatric syndrome, sarcopenia also
occurs in younger, inactive individuals and those
with conditions such as sarcopenic obesity, which
combines obesity with impaired skeletal muscle
mass and strength [8].

Frailty

Frailty is a multidimensional and dynamic condi-
tion characterized by declines in reserve and func-
tion across multiple physiological, psychological, as
well as social systems, compromising the ability to
cope with every day or acute stressors [3]. It mani-
fests heterogeneously, influenced by factors such as
age, gender, comorbidities, and compensatory strat-
egies that mask its impact in daily life. Critical illness
often strips away these compensatory mechanisms,
making frailty more visible. Emerging concepts such
as intrinsic capacity (a holistic view of physiological
reserves proposed by the World Health Organiza-
tion) and resilience (focusing on an individual’s
ability to recover from stressors) provide additional
perspectives on frailty’s dynamic nature [7].
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Interestingly, gender differences may also play a
role in resilience regardless of frailty severity. In a
posthoc analysis of two multicenter studies on 7555
very elderly patients (>80 years) admitted to the
ICU, comparing baseline characteristics, male
patients were significantly younger and less often
frail, but had higher SOFA-scores. After propensity
score matching, correcting for baseline differences,
male sex was associated with higher 30-day-mortal-

ity [9].

A dynamic process

Both sarcopenia and frailty are dynamic conditions
that may predate or develop during ICU stays,
emphasizing the need for early recognition and
consistent monitoring in critical care patients

(Fig. 1).

The urgence for sarcopenia and frailty assessment in
the acute stages of critical illness is underlined by
the impact on clinical outcomes and overall sur-
vival, which necessitates the evaluation of burden-
some intensive care treatments for an individual
patient based upon preadmission physical status.
Moreover, frailty assessment may serve as one
amongst several tools for informed decision-making
in sensible decisions and situations.

For sarcopenia the assessment of skeletal muscle
mass, muscle strength, and physical performance
are key parameters. Accurate assessment of skeletal
muscle mass is challenging in the ICU; the use of
‘gold standard’ imaging methods such as magnetic
resonance imaging (MRI), computed tomography
(CT; arms, legs or the 3" lumbar region), and dual
X-ray absorptiometry (DXA) are not always feasible
in critically ill patients. Ultrasonography and bio-
electrical impedance (BIA) have gained momentum
as bedside alternatives to determine skeletal muscle
thickness, cross-sectional area (CSA), or fat free
mass, but these techniques rely on estimations
and assumptions and are influenced by differences
in methodology and patient variations that are dif-
ficult to control in a clinical setting (e.g. physical
activity level, nutritional intake, and fluid status).
While these techniques are more commonly used
and feasible in the ICU, there is no consensus how-
ever on the validity of these techniques for sarco-
penia diagnosis in critically ill patients. For skeletal
muscle strength, dynamometer handgrip strength
or isometric torque methods are frequently used in
clinical practice. While physical performance and
muscle function can also be evaluated through gait
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speed tests (e.g., 6-meter walking test), sit-to-stand
tests, or the short physical performance battery,
these assessments are often not feasible in critically
ill patients.

Two prominent frailty assessment conceptuali-
zations include the (Fried’s) frailty phenotype (FP)
[10] and the (Canadian Study of Health and Aging’s,
CHSA) frailty index (FI, e.g. deficit accumulation)
[11]. The FP hypothesizes that frailty has an under-
lying biological basis that leads to five physical
symptoms such as low hand grip strength, self-
reported exhaustion, slowed walking speed, low
physical activity, and/or unintentional weight loss;
any three of which mark a person as recognizably
frail. The FP is rather unidimensional, focusing on
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the physical domain of functioning, including a
triad of frailty, malnutrition, and sarcopenia. A
more multidimensional approach, the FI, hypothe-
sizes that frailty is driven by a number of physical
and psychosocial and medical deficits accumulated
over time including disability, diseases, physical and
cognitive impairment, psychosocial risk factors, and
geriatric syndromes. The more deficits someone has,
the less likely he or she is to be able to tolerate
additional deficits and is therefore more likely to
be frail. The FI is calculated as a ratio of the number
of health deficits present in a patient divided by the
total number of possible clinical deficits, derived
from a representative S-year prospective cohort
study (CHSA). The FI was further developed in a
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more efficient and clinical applicable assessment
tool based upon clinical judgement, the Clinical
Frailty Scale (CFS) [12], which is based on a model
of fitness, function, and independence in daily life
comprising seven categories of frailty ranging from
very fit (robust health) to severely frail (complete
functional independence). Additionally, there are
several less common instruments such as Groningen
Frailty Indicator [13], Morley FRAIL scale [14], and
shorter and simplified versions of the FI, such as the
modified frailty index (mFI-5 and 11) [15], and CES,
simplified CFS and modified eight-category CFS
[12]. In addition to frailty assessment tools, other
widely used instruments to assess a person’s inde-
pendence in common activities of daily living, phys-
ical, and cognitive performance, and quality of life
assessment are available.

A recent systematic review by Bertschi et al. [16]
evaluated the standards for frailty assessment in the
ICU, showing 19 different methods with CFS being
most frequently used (~60%). Cut-offs, time points,
and manner of baseline assessment of frailty assess-
ment upon ICU admission varied widely and only
~40% of the studies assessed functional status. In a
recent review, including 26 studies, CFS was found
to be an independent predictor after an acute illness
both of 30 day and 6 month-mortality [17]. Muscle
function seems to be an important determinant of
clinical outcome during critical illness. Nonetheless,
skeletal muscle mass upon ICU admission and the
loss during ICU stay has been associated with poor
clinical outcomes post-ICU. Frailty at ICU admis-
sion is independently associated with leg muscle
CSA loss during critical illness [18] and associated
with increased mortality [19]. In a prospective study
in 120 patients, Quadriceps Muscle Layer Thickness
(QMLT) decreased progressively with higher CFS
scores [19]. While there is currently no unified
standard for assessing muscle function as part of
sarcopenia or frailty in the ICU, the assessment of
muscle mass is likely most feasible and of clinical
relevance, especially since muscle strength and
function measurements are challenging to conduct
in critically ill patients. During convalescence, more
detailed assessment of muscle strength, weakness,
and physical function will provide better under-
standing in the trajectory of recovery.

As the impact of preexisting sarcopenia or frailty and
clinical outcomes has been the focus of numerous
studies in the past two years, we will only discuss
meta-analysis and large cohort studies.

Preexisting sarcopenia was found in 43% of 3582
mechanically ventilated patients in a meta-analysis
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using the authors’ definitions from the original
studies, which were heterogeneous and mostly
based on low muscle mass observed on a CT-scan
[1]. Only two studies included muscle strength into
the definition. Sarcopenia was associated with
increased mortality rates, and longer duration of
mechanical ventilation, ICU- and hospital length
of stay. In addition, preexisting frailty (CFS > 4) or
malnutrition were also shown to be independently
associated with increased acute skeletal muscle loss
in ICU patients [18].

Furthermore, preexisting frailty (CFS > 4) was
associated with increased short- and long-term mot-
tality in both in-hospital and out-of-hospital cardiac
arrest (IHCA and OHCA) [20,21]. Frail IHCA patients
had a median survival of 19 days (vs. 302 days) and
30-days-survival in frail OHCA patients was 19.1%
(vs. 39.2%). Each unit of increment in CFS was
associated with 22% worse survival outcome in
IHCA patients [20]. Favorable neurologic outcomes
(CPC 1 or 2) were seen less in frail OHCA patients
(6.1% vs. 24.4%) [21].

The effects of preoperative sarcopenia and frailty
in critically ill patients on clinical outcomes was
investigated in two recent large meta-analyses
[22,23]. Nine different tools were used by the
included studies to determine frailty, including uni-
dimensional (focusing on physical performance)
and multidimensional tools [22]. A significantly
increased risk of short- and long-term mortality
was found in frail (relative risk (RR): 2.66 and RR:
2.75) and sarcopenic patients, as well as an increase
in ventilation duration, ICU- and hospital length of
stay [17,18]. Frail patients were also more likely to be
discharged to a healthcare facility [22]. An increase
in postoperative complications was reported in sar-
copenic patients [23]. A third meta-analysis on sar-
copenic cardiac surgery patients reported similar
effects on clinical outcomes, including an increased
discharge to healthcare facilities [24].

Additionally, in an observational cohort of 293
elderly trauma patients (>635 years) frail and nonfrail
patients were compared [25]. Ground-level fall was
the predominant mechanism of injury in frail
patients. However, traumatic brain injury was also
more frequent in frail patients. At 6 months after the
accident, 64.7% of frail patients had died (vs.
23.7%), 11.7% (vs. 20.5%) were hospitalized,
11.7% (vs. 1%) were discharged to a nursing home
and only 11.7% (vs. 39.2%) of frail patients had
returned home. Withholding or withdrawal of life
support therapies were observed more frequently in
frail patients.

Previous studies have focused on the effects of
preexisting frailty on clinical outcomes; however,
frailty severity may be dynamic as shown by the
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recent FORECAST study [26™]. In a prospective
multicenter observational study, 687 ICU patients
>50years old were included. Frailty was assessed by
CFS and FI at ICU admission, hospital discharge, and
6 months. In survivors, frailty scores increased from
ICU admission to hospital discharge but improved
by 6 months.

Therapeutic trials specifically targeting sarcopenic
or frail populations remain scarce. Given the shared
focus of frailty and sarcopenia on diminished
muscle strength and function, studies that aim to
improve these parameters have been prioritized.
Among these, nutrition and mobilization have been
the most extensively studied interventions, with
combination therapy trials gaining increasing atten-
tion in recent years.

Nutrition

International guidelines provide no specific nutri-
tion recommendations for patients with preexisting
frailty or sarcopenia admitted to the ICU [27,28"].
The recent PRECISe trial shows harm of high protein
(2.0g/kg/day) vs. standard protein (1.3 g/kg/day)
isocaloric enteral nutrition (mean caloric intake of
19 kcal/kg/day in both groups) in mechanically ven-
tilated ICU patients [29™"]. This effect is even stron-
ger in women, which may be explained by a lower
muscle mass in relation to body weight (i.e. lower fat
free mass). Tailoring protein administration to
muscle mass might prevent harm in patients with
sarcopenia. Further studies are necessary to inves-
tigate the optimal protein dose, and its relation to
muscle mass and function. In addition, an RCT of 60
patients revealed that tailoring energy targets by
indirect calorimetry compared to predictive equa-
tions was associated with lesser calories fed, but also
with lesser reduction in quadriceps muscle thickness
in critically ill patients [30%]. This once more under-
lines the harmful effects of overfeeding, of which
patients with lower fat free mass may be at higher
risk.

Mobilization

Recent guidelines recommend protocol-based, step-
wise mobilization for critical care patients within
72h but are unable to give recommendations on
duration of mobilization or contra-indications [31"].
Early mobilization may be able to mitigate skeletal
muscle loss, shorten ICU length of stay, and
improve long-term functional outcomes, including
cognitive function and quality of life [32-34,35"].
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Moreover, early mobilization has not been associ-
ated with an increase of (intervention-related)
adverse events. However, no beneficial effects on
mortality have been observed and high heterogene-
ity of studies limits conclusions on the effects of
early mobilization on delirium [32,36].

The latest studies on mobilization interven-
tions have explored a variety of approaches with
mixed results. The ‘start-to-move’ mobilization
protocol demonstrated promising results on func-
tional outcomes but showed no effects on mortal-
ity, duration of mechanical ventilation, or ICU
length of stay [37,38]. Neuromuscular electrosti-
mulation has also garnered renewed attention,
with reported positive effects on muscle mass,
strength, and ICU-acquired weakness, though no
impact on mortality [39]. Additionally, an RCT
comparing early (<96 h) physical and occupational
therapy with standard physiotherapy in 200
mechanically ventilated patients showed less cog-
nitive impairment at hospital discharge (53.5 vs.
68.7%) and after one year (24.2% vs. 43.4%) in the
intervention group. Higher physical component
scores on quality-of-life testing, but no difference
in functional independence were also found [357].
Further studies are required to gain more knowl-
edge about the best type, intensity and duration of
mobilization interventions.

Rehabilitation and nutrition

Several pilot studies have explored the combination
of various mobilization and nutrition strategies
[40,41] (see more details in Table 1). However, the
outcomes have been inconsistent, largely due to
heterogeneous patient cohorts and significant var-
iability in (standard) care practices. These findings
highlight the need for further research to establish
more consistent and evidence-based approaches.

The interplay between sarcopenia, frailty, and crit-
ical illness outcomes underscores the need for a
comprehensive, multidisciplinary approach to care.
Both conditions significantly influence patient’s
mortality, functional decline, and quality of life,
persisting well beyond the ICU stay. Preexisting
frailty negatively impacts clinical and functional
outcomes in ICU patients, regardless of the reason
for admission or the diagnostic tools used, which are
notably heterogeneous. Importantly, assessing
frailty prior to ICU admission provides valuable
insights into survival chances and functional
decline, supporting treatment decisions, advanced
care planning, and end-of-life discussions.
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Table 1. Pilot studies hat have explored the combination of various mobilization and nutrition strategies

Trials’ first author,
year

Design

Outcome

Relevance/interpretation

Verceles, 2022 [40]

Kagan, 2022 [41]

de Azevedo, 2021

[42]

Wu, 2023 [43]

Zhou, 2022 [34]

Elizabeth, 2024 [44]

Randomized controlled trial of
neuromuscular electrical stimulation
30min twice daily for 14 days +
high protein (1.75 g/kg/day) for
10 days + physiotherapy vs.
standard care

Three-arm, randomized controlled trial
in ventilated ICU patients:

-g1: conventional physiotherapy +
standard EN (control)

-g2: cycle ergometry 1d 20 min +
standard EN

-g3: cycle ergometry 1 day 20 min+
high protein EN until day 28, ICU
discharge or death

Randomized controlled trial in
ventilated patients of high protein
(2.0-2.2 g/kg/d) + early exercise
(cycle ergometry 2 days 15 min) vs.
control (protein: 1.4-1.5 g/kg/day)
until day 21, discharge or death

Four-arm, single-blind randomized
controlled trial of nonsurgical ICU
patients: -g1: resistance training
20-30min 5 days/week

-92: HMB 2 days 1.5 g

-g3: resistance training 20-30 min 5
days/week + HMB 2 days 1.5 g

-g4: control Until hospital discharge

Three-group randomized controlled
trial of conscious ICU patients:

-g1: early (<24 h), individualized,
progressive mobilization 2 days
20-30min

-g2: early individualized progressive
mobilization (<24 h) 2 days 20—
30min + early nutrition (<48 h)

-g3: standard care Interventions until
ICU discharge

Single-blind randomized, controlled
pilot trial in ICU patients comparing
indirected calorimetry directed
feeding and 60 min cycle ergometry
daily for 14 days with standard
care (weightbased empiric feeding
and physiotherapy)

39 patients included (I:16/C:23). Higher
protein (1.3 vs. 0.8 g/kg/d), more PT
sessions (+5.6) in intervention group.

Primary outcome:

Less muscle loss in intervention group at
day 14, assessed by muscle volume and
cross-sectional area

Secondary outcomes:

No difference in ICU LOS, duration of
ventilation, nor proportion of patients
who went home or to a nursing facility

62 patients included (22/21/19). Higher
protein in g3 (83.7 vs. 63.6 and 67.2
g/day)

Primary outcome

No significant differences between groups
in duration of mechanical ventilation.

Secondary outcomes:

No significant differences between groups
for any of the secondary outcomes: ICU
mortality, ICU LOS, hospital LOS, re-
intubation rate

181 patients included (I: 87/C: 94). No
differences between calories received,
higher protein in infervention group
(1.48 vs 1.19 g/kg/day).

Primary outcome: higher physical
component summary score at 3 and
6 months in intervention group

Secondary outcomes: lower ICU,
hospital and é-month mortality in
intervention group. No difference in ICU

or hospital LOS

112 patients included (25/28/24/24)

Primary outcome:

Increase in short physical performance
battery and 6-min walking distance in
g1 and g3 compared to control. No
significant changes in g2 vs. control

Secondary outcomes:

Increased grip strength and MRC scores in
g1 and g3 compared fo control. No
differences in mortality, length of stay

150 patients included (50/50/50).

Primary outcome:

Significantly lower incidence of ICU-AW at
ICU-discharge (MRC-sum < 48) in
intervention groups (g1: 2%, g2: 2%,
g3 16%).

Secondary outcomes:

Signifcantly better Barthel index,
decreased length of ICU stay in the
intervention groups. No differences in
delta SOFA score, duration of
ventilation, ICU mortality

21 patients included (11/10)

Primary outcome:

no significant differences in quadriceps
muscle mass decrease (1.8 cm? and
0.1 cm? vs. 4.7 cm? and 1.9 cm? in

controls)

Combination of neuromuscular electrical
stimulation, protein supplementation and
mobilization mitigated lower extremity
muscle loss

No beneficial effects of cycle ergometry
with or without increased protein
provision on clinical outcomes

Beneficial effect of protein & early
mobilization on functional outcomes &
mortality

Resistance training and resistance fraining
combined with HMB, but not HMB
alone improved functional outcomes.
No effects on mortality or length of stay

Early mobilization, with or without early
nutrition was associated with a lower
incidence of ICU-AW at ICU-discharge

Although not statistically significant, a
trend towards decreased muscle loss in
the combined intervention group was
found
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Although functional outcomes are often
reported indirectly, such as through rates of nursing
home admission or increased daily care needs, they
play a crucial role in the quality of life of ICU
survivors. Mitigating functional decline should
therefore be a key treatment goal. Frailty’s dynamic
nature - marked by transitions in severity during and
after critical illness - highlights the opportunity for
targeted interventions to attenuate adverse out-
comes.

The substantial body of research conducted in
the last years is encouraging, highlighting the grow-
ing awareness and attention that sarcopenia and
frailty rightly deserve. However, significant hetero-
geneity stems not only from the diverse character-
istics of these patient populations but also from the
variability in diagnostic tools and criteria used to
define these conditions. The limited number of
studies specifically targeting interventions for sar-
copenia and frailty in critical care populations high-
light the need for further focused research in
this area.

Tailored treatment strategies, rather than one-
size-fits-all approaches, are likely to improve out-
comes by addressing patient heterogeneity and
aligning interventions with specific recovery goals.
However, the current evidence is insufficient to
recommend precise treatments for subgroups,
emphasizing the need for further studies. Address-
ing sarcopenia and frailty within the intensive care
unit requires a shift from generalized approaches to
multidisciplinary, individualized strategies that
align care with specific patient needs and goals.
By doing so, healthcare providers can better support
recovery, optimize functional outcomes, and
improve overall quality of life for this vulnerable
patient group after critical illness.
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