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Abstract

Introduction: As new treatments have become established,
more frail pre-ICU patients are being admitted to intensive
care units (ICUs); this is creating new challenges to provide
adequate care and to ensure that resources are allocated in
an ethical and economical manner. This systematic review
evaluates the current standard for assessing frailty on the
ICU, including methods of assessment, time point of mea-
surements, and cut-offs. Methods: A systematic search was
conducted on MEDLINE, Clinical Trials, Cochrane Library,
and Embase. Randomized and non-randomized controlled
studies were included that evaluated diagnostic tools and
ICU outcomes for frailty. Exclusion criteria were the follow-
ing: studies without baseline assessment of frailty on ICU
admission, studies in paediatric patients or pregnant wom-
en, and studies that targeted very narrow populations of
ICU patients. Eligible articles were included until January 31,
2021. Methodological quality was assessed using the New-
castle-Ottawa Scale. No meta-analysis was performed, due

to heterogeneity. Results: N = 57 articles (253,376 patients)
were included using 19 different methods to assess frailty or
a surrogate. Frailty on ICU admission was most frequently
detected using the Clinical Frailty Scale (CFS) (n =35, 60.3%),
the Frailty Index (n =5, 8.6%), and Fried's frailty phenotype
(n=6,10.3%). N =22 (37.9%) studies assessed functional
status. Cut-offs, time points, and manner of baseline assess-
ment of frailty on ICU admission varied widely. Frailty on ICU
admission was associated with short-and long-term mortal-
ity, functional and cognitive impairment, increased health
care dependency, and impaired quality of life post-ICU dis-
charge. Conclusions: Frailty assessment on the ICU is het-
erogeneous with respect to methods, cut-offs, and time
points. The CFS may best reflect frailty in the ICU. Frailty as-
sessments should be harmonized and performed routinely

in the critically ill. ©2022 The Author(s).
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mitted to intensive care units (ICUs) [1, 2]. Frailty in the
general population has a high prevalence and affects
7-11% of persons aged 65 years and older and 25-40% of
those aged 80 years and over [3-5]. Nonetheless, it is fre-
quently overlooked since medical consultations often as-
sess specific health or organ problems rather than assess-
ing the global health and functional state of a patient [6].
Therefore, pre-ICU frailty should be assessed before or
during the early period after admitting a patient to an
ICU, in order to evaluate the extent to which burdensome
intensive care treatments might be beneficial for the indi-
vidual patient [7, 8]. Furthermore, in times with growing
developments in intensive care, careful and ethical alloca-
tion of resources is important [7, 8]. The aim of this re-
view was to systematically assess the current literature on
frailty in critical care with regards to the standard assess-
ment on the ICU and its impact on critical care outcomes
in the ICU setting.

Frailty Definition - How Is Frailty Currently Defined?

Frailty is defined as a state of increased vulnerability,
characterized by the loss of physiological and cognitive
reserves [6, 7, 9]. It may be associated with functional de-
cline across several organ systems [6, 7, 9]. Frailty is not
only linked to ageing but also to chronic and severe organ
diseases [10], limited mobility, loss of muscle mass [3, 10],
and malnutrition [11]. Thus, it is a multimodal phenom-
enon depending on several dynamic interrelated factors
in the physical, psychological, social, and environmental
domains that affect the physiological equilibrium of a
person [9]. The grade of pre-ICU frailty hence varies
greatly between patients and needs to be assessed on the
basis of individual patient characteristics [9, 12, 13].

Furthermore, frailty is a highly individual concept as it
progresses at individual rates in different people - as
shown by longitudinal analyses [14]. Frailty has been
shown to be a risk factor for a broad range of adverse
health outcomes, such as falls, hospitalization, loss of mo-
bility, disability, and increased mortality [7].

Assessing Frailty: Which Tools Are Available within

and outside the ICU?

Currently available frailty tools are presented in the
online supplementary introduction (for all online suppl.
material, see www.karger.com/doi/10.1159/000523674).

Ethical Aspects of Frailty on the ICU - What Is There

to Consider?

Ethical aspects of frailty on the ICU are discussed in
the online supplementary introduction.
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Methods

This systematic review was conducted to assess currently used
methods to diagnose and classify frailty in ICU patients. The system-
aticreview followed the Cochrane guidelines [15] for conducting sys-
tematic reviews and in adherence with the PRISMA guidelines [16].

Eligibility

Randomized and non-randomized controlled studies on frailty
were included that were within the adult ICU population and had
the primary objective of evaluating diagnostic tools or ICU out-
comes for frailty. The exclusion criteria were the following: studies
evaluating frailty after ICU discharge without assessment on ICU
admission (no baseline assessment), trials in paediatric patients
and pregnant women, trials targeting very narrow populations of
ICU patients, studies on inter-rater reliability, and studies exclu-
sively investigating prevalence of frailty without assessment of di-
agnostic tools or outcomes. No date restriction was applied, but,
we did not include any studies published after January 31, 2021.
Only reports available in English or German were included. The
PRISMA flowchart is shown in Figure 1.

Information Sources and Search Strategy
Details on search strategy and information sources can be found
in the online supplementary methods section.

Study Selection and Data Collection

All identified titles and abstracts were screened in three steps.
Firstly, titles and abstracts were reviewed for the above-mentioned
inclusion and exclusion criteria. Publications were excluded if a def-
inite exclusion criterion was found. If there was insufficient informa-
tion in the abstract, the full-text article was taken into account. Re-
view articles were screened for bibliographic references. Secondly,
the full text of the remaining publications was checked for inclusion
and exclusion criteria, and new publications were retrieved from the
citations of the screened articles. Lastly, the studies were reassessed,
and data were extracted from the eligible publications. Each step was
reviewed by two independent assessors. In case of discordance, a con-
sensus was found. The PRISMA flowchart is given in Figure 1.

Study Outcomes
Details on study outcomes can be found in the online supple-
mentary methods section.

Quality of Included Studies - Risk of Bias Assessment

Methodological quality of included studies was assessed using
the Newcastle-Ottawa Scale [17]. The Newcastle-Ottawa Scale is
used to assess methodological quality of cohort and case-control
studies in systematic reviews. Each study is judged on eight items,
categorized into three groups: the selection of the study groups, the
comparability of the groups, and the ascertainment of either the
exposure or outcome of interest for case-control or cohort studies,
respectively. Stars are awarded for quality - up to nine stars for the
highest quality. Studies were categorized as being of “high,” “fair,”
“poor,” or “unknown” quality. Studies were not excluded on the
basis of the Newcastle-Ottawa Scale score.

Statistical Analysis
No meta-analysis of identified studies was performed, due to
the large heterogeneity of the available material.

Bertschi/Waskowski/Schilling/Donatsch/
Schefold/Pfortmueller



Records excludedbased
on title and abstract
(n=3063)

Not meetinginclusion
criteria
(n =190)

Full-textarticles excluded,

with reasons [I"I = 41]
n=25. no frailty assessment at all
n=7, no frailty assessment at baseline
n=3, only assessment of prevalence of
frailty, no use of frailty assessment
method
n=2, assess inter-rater reliability
n=2, too selective population
n=1, too specific examination method
n=1 unavailability of full text after
contacting the authors

F
5
'ﬁ Records identifiedthrough
o database search and
= screening of references
= (n =3816)
o
| S—
v
Records removedafter
duplicates
(n =3351)
. 1
= Titles and abstracts
g screened
5 (n =3351)
: 1
Full text-articles screened
(n = 288)
—
)
2 .
= Full-textarticles assessed
e for eligibility
= (n = 98)
[TT}
| S
)
= Studies eligible for
o systematic review
2 (n =57)
£
|
Fig. 1. PRISMA flowchart.

Results

Included Studies

The search strategy identified 361 publications (PRIS-
MA flowchart shown in Fig. 1). After removing duplicates,
283 titles and abstracts were screened for inclusion criteria,
and 98 articles were retrieved for further analysis. Fifty-sev-
en investigations, comprising a total of 253,376 patients,
fulfilled the pre-specified inclusion criteria and were in-
cluded in this review (see Table 1). The number of studies
has increased in recent years, with 24 of the 57 included

Frailty in the Critically Ill

studies (42.11%) published in 2019 or later. Detailed evalu-
ation excluded 41 studies for several reasons (shown in on-
line suppl. Table 1). Most of the included studies (n = 40,
70.2%) were prospective cohort studies [2, 18-56], followed
by retrospective cohort studies (n = 13, 21.1%) [10, 57-68].

Quality of the Included Studies

The overall quality of the included studies was good. A
description of the quality of included studies is shown in
the online supplementary results and Tables (online sup-
pl. Table 2).
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Table 1. Included studies

Authors Title Year of Patients, Aim of the study Study design Population
publication n
Andersenetal. Long-term outcomes after ICU admission 2016 355 Evaluate relation of Prospective General ICU
[2] triage in octogenarians frailty/outcome with  cohort study
existing tools
Bagshaw etal.  Association between frailty and short- and 2014 421 Evaluate relation of Prospective General ICU
[24] long-term outcomes among critically ill frailty/outcome with  cohort study
patients: a multicentre prospective cohort existing tools
study
Bagshaw etal.  Long-term association between frailty and 2015 421 Evaluate relation of Prospective General ICU
[28] health-related quality of life among survivors frailty/outcome with  observational
of critical illness: a prospective multicentre existing tools cohort study
cohort study
Bagshaw etal. A prospective multicentre cohort study of 2016 197 Evaluate relation of Prospective General ICU
[32] frailty in younger critically ill patients frailty/outcome with  multicentre
existing tools observational
cohort study
Baldwin et al. The feasibility of measuring frailty to predict 2014 22 Evaluate relation of Prospective Patients on
[25] disability and mortality in older medical-ICU frailty/outcome with  cohort study mechanical
survivors existing tools ventilation in
medical ICU
Bo et al. [21] Predictive factors of in-hospital mortality in 2003 659 Identify prognostic Prospective Medical ICU
older patients admitted to a medical ICU factors for an adverse  cohort study
outcome
Boumendil Prognosis of patients aged 80 years and over 2003 233 Evaluate relation of Prospective Medical ICU
etal. [22] admitted in medical ICU frailty/outcome with  cohort study
existing tools
Broslawski Functional abilities of elderly survivors of 1995 45 Evaluate relation of Prospective Medical ICU
etal.[19] intensive care frailty/outcome with ~ randomized
existing tools cohort study
Brummel etal.  Frailty and subsequent disability and 2016 1,040 Evaluate relation of Prospective Patients with
[36] mortality among patients with critical illness frailty/outcome with  cohort study shock (any type)
existing tools or respiratory
failure
Bruno et al. Therapy limitation in octogenarians in 2020 415 Evaluate utility of an Prospective General ICU
[69] German ICUs is associated with a longer LOS existing tool cohort study
and increased 30 days mortality: a
prospective multicentre study
Chelluri et al. Long-term outcome of critically elderly 1993 97 Evaluate relation of Prospective General ICU
[18] patients requiring intensive care frailty/outcome with  cohort study
existing tools
Darvall et al. Frailty in very old critically ill patients in 2019 15,613 Evaluate relation of Retrospective General ICU
[63] Australia and New Zealand: a population- frailty/outcome with  cohort study
based cohort study existing tools
Darvall et al. Contributors to frailty in critical illness: 2019 160 Evaluate utility of an Prospective General ICU
[44] multidimensional analysis of the CFS existing tool cohort study
Darvall et al. Development of an Fl from routine hospital 2020 336 Develop a new frailty ~ Prospective General ICU and
[48] data in perioperative and critical care score observational surgical
cohort study
Darvall et al. Frailty and outcomes from pneumonia in 2020 5,607 Evaluate utility ofan  Retrospective General ICU
[65] critical illness: a population-based cohort study existing tool cohort study
Daubin et al. Predictors of mortality and short-term 2011 100 Identify prognostic Prospective Medical ICU
[23] physical and cognitive dependence in factors for an adverse  cohort study
critically ill persons 75 years and older: a outcome
prospective cohort study
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Table 1 (continued)

Authors Title Year of Patients, Aim of the study Study design Population
publication n
De Geer et al. Frailty predicts 30-day mortality in intensive 2020 872 Evaluate relation of Prospective General ICU
[49] care patients frailty/outcome with ~ cohort study
existing tools
De Lange etal. Cumulative prognostic score predicting 2019 3,730 Develop a new frailty ~ Prospective General ICU
[45] mortality in patients older than 80 years score cohort study
admitted to the ICU
Dolera-Moreno  Construction and internal validation ofanew 2015 1,113 Develop a new frailty ~ Prospective General ICU
etal. [33] mortality risk score for patients admitted to score cohort study
the ICU
Fernando etal.  Frailty and invasive mechanical ventilation: 2019 8,110 Evaluate relation of Retrospective General ICU
[64] association with outcomes, extubation failure, frailty/outcome with cohort study
and tracheostomy existing tools (registry data)
Ferranteetal.  The association of frailty with post-ICU 2018 754 Evaluate relation of Prospective General ICU
[39] disability, nursing home admission, and frailty/outcome with  cohort study
mortality existing tools
Fisher et al. Predicting intensive care and hospital 2015 348 Develop a new frailty ~ Prospective General ICU
[29] outcome with the Dalhousie CFS: a pilot score cohort study
assessment
Flaatten et al. The impact of frailty on the ICU and 30-day 2017 5,021 Evaluate relation of Prospective General ICU
[91] mortality and the level of care in very elderly frailty/outcome with  cohort study
patients (=80 years) existing tools
Fronczek etal.  Frailty increases mortality among patients 2018 272 Identify prognostic Subgroup analysis  General ICU
[40] aged >80 years treated in Polish ICUs factors for an adverse  of a prospective
outcome cohort study
Geense et al. Changes in frailty among ICU survivors and 2020 1,300 Identify prognostic Subgroup analysis  General ICU
[50] associated factors: results of a 1-year factors for an adverse  of a prospective
prospective cohort study using the Dutch CFS outcome cohort study
Geense et al. Physical, mental, and cognitive health status 2020 2,467 Identify prognostic Longitudinal General ICU
[51] of ICU survivors before ICU admission: a factors for an adverse  prospective
cohort study outcome MONITOR-IC
cohort study
Guidet et al. The contribution of frailty, cognition, activity =~ 2020 3,920 Evaluate relation of Prospective General ICU
[52] of daily life, and comorbidities on the frailty/outcome with cohort study
outcome in acutely admitted patients over 80 existing tools
years old in European ICUs: the VIP-2 study
Hewitt et al. The FRAIL-FIT study: frailty’s relationship with 2019 400 Evaluate relation of Retrospective General ICU
[66] adverse-event incidence in the longer term, frailty/outcome with  cohort study
at 1 year following ICU treatment - a existing tools
retrospective observational cohort study
Hewitt et al. The FRAIL-FIT 30 study - factors influencing 2021 684 Evaluate relation of Retrospective General ICU
[68] 30-day mortality in frail patients admitted to frailty/outcome with  observational
ICU: a retrospective observational cohort existing tools cohort study
study
Heyland etal. ~ Recovery after critical illness in patients aged 2015 610 Identify prognostic Prospective General ICU
[30] 80 years or older: a multicentre prospective factors for an adverse  observational
observational cohort study outcome cohort study
Heyland etal.  Predicting performance status 1 year after 2016 527 Develop a new frailty ~ Prospective General ICU
[34] critical illness in patients 80 years or older: score longitudinal
development of a multivariable clinical cohort study
prediction model
Frailty in the Critically Ill Gerontology
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Table 1 (continued)

Authors Title Year of Patients, Aim of the study Study design Population
publication n
Hope et al.[60] Frailty prior to critical iliness and mortality for 2015 47,427 Evaluate relation of Retrospective General ICU
elderly medicare beneficiaries frailty/outcome with  cohort study
existing tools
Hope etal.[37] Assessing the usefulness and validity of frailty 2017 95 Develop a new frailty ~ Prospective General ICU
markers in critically ill adults score observational
cohort study
Hope et al. [46] Frailty, acute organ dysfunction, and 2019 302 Evaluate relation of Prospective General ICU
increased disability after hospitalization in frailty/outcome with  cohort study
older adults who survive critical illness: a existing tools
prospective cohort study
Ibarz et al. [53]  Sepsis at ICU admission does not decrease 2020 3,869 Identify prognostic Prospective General ICU
30-day survival in very old patients: a post hoc factors for the cohort study
analysis of the VIP1 multinational cohort adverse outcome
study
Jankowski Using a CriSTAL scoring system to identify 2019 1,000 Develop a new frailty ~ Retrospective General ICU
etal.[10] premorbid conditions associated with a poor score cohort study
outcome after admission to intensive care in
people aged 70 years or older
Kizilarslanoglu s frailty a prognostic factor for critically ill 2016 122 Evaluate relation of Prospective Medical ICU
etal. [38] elderly patients? frailty/outcome with ~ cohort study
existing tools
Kokoszka- ICU admissions during the first 3 months of 2020 67 Evaluate relation of Retrospective COVID-19-
Bargiet et al. the COVID-19 pandemic in Poland: a single- frailty/outcome with  observational dedicated unit
[67] centre, cross-sectional study existing tools in the cohort study
specific setting of
COVID-19
Komori et al. Characteristics and outcomes of frail patients 2020 1,302 Identify prognostic Secondary Patients with
[54] with suspected infection in ICUs: a descriptive factors for an adverse  analysis of a suspected
analysis from a multicentre cohort study outcome prospective infectionin a
multicentre cohort  general ICU
study
Le Maguet Prevalence and impact of frailty on mortality 2014 196 Evaluate relation of Prospective General ICU
etal. [26] in elderly ICU patients: a prospective, frailty/outcome with  cohort study
multicentre, observational study existing tools
Lopez Cuenca  Frailty in patients over 65 years of age 2019 132 Evaluate relation of Prospective General ICU
etal. [47] admitted to ICUs (FRAIL-ICU) frailty/outcome with  cohort study
existing tools
Mattison etal. ~ Nursing home patients in the ICU: risk factors 2006 123 Identify prognostic Retrospective General ICU
[58] for mortality factors for an adverse  cohort study
outcome
Mayer-Oakes Predictors of mortality in older patients 1991 398 Identify prognostic Retrospective Medical ICU
etal.[57] following medical intensive care: the factors for an adverse  cohort study
importance of functional status outcome
Montuclard Outcome, functional autonomy, and quality 2000 75 Evaluate relation of Prospective Patients on
etal. [20] of life of elderly patients with a long-term ICU frailty/outcome with ~ cohort study mechanical
stay existing tools ventilation
Muessig etal.  CFS reliably stratifies octogenarians in 2018 308 Evaluate relation of Prospective General ICU
[41] German ICUs: a multicentre prospective frailty/outcome with  cohort study
cohort study existing tools
Orsini et al. Assessing the utility of ICU admission for 2015 52 Identify prognostic Prospective General ICU
[35] octogenarians factors for an adverse  cohort study
outcome
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Table 1 (continued)

Authors Title Year of Patients, Aim of the study Study design Population
publication n
Pasin etal. [70]  The impact of frailty on mortality in older 2020 302 Evaluate relation of Unmatched case-  Medical ICU
patients admitted to an ICU frailty/outcome with  control study
existing tools
Pietildinen Premorbid functional status as a predictor of 2018 1,827 Evaluate relation of Retrospective General ICU
etal.[61] 1-year mortality and functional status in frailty/outcome with ~ cohort study
intensive care patients aged 80 years or older existing tools (registry data)
Rochetal.[59] Long-term outcome in medical patientsaged 2011 299 Identify prognostic Retrospective Medical ICU
80 or over following admission to an ICU factors for an adverse  case-control study
outcome
Sanchez et al. Frailty, delirium, and hospital mortality of 2020 997 Evaluate relation of Randomized General ICU
[71] older adults admitted to intensive care: the frailty/outcome with  stepped-wedge
delirium (Deli) in the ICU study existing tools intervention trial
Silva-Obregon  Frailty as a predictor of short- and long-term 2020 285 Evaluate relation of Retrospective General ICU
etal. [72] mortality in critically ill older medical patients frailty/outcome with  cohort study
existing tools
So et al. [42] The association of clinical frailty with 2018 1,133 Evaluate relation of Prospective General ICU
outcomes of patients reviewed by rapid frailty/outcome with  cohort study
response teams: an international prospective existing tools
observational cohort study
Tipping et al. The impact of frailty in critically ill patients 2020 138 Evaluate relation of Prospective Trauma ICU
[55] after trauma: a prospective observational frailty/outcome with observational
study existing tools in study
trauma patients
Tripathy et al. Critically ill elderly patients in a developing 2014 109 Evaluate relation of Prospective General ICU
[27] world - mortality and functional outcome at 1 frailty/outcome with  cohort study
year: a prospective single-centre study existing tools
Wernly et al. Sex-specific outcome disparities in very old 2020 7,555 Identify prognostic Secondary General ICU
[56] patients admitted to intensive care medicine: factors for an adverse  analysis of 2
a propensity matched analysis outcome prospective,
multicentre cohort
studies
Zampierietal.  Association of frailty with short-term 2018 129,680 Evaluate relation of Retrospective General ICU
[62] outcomes, organ support, and resource use in frailty/outcome with  observational
critically ill patients existing tools cohort study
Zengetal.[31] Mortality in relation to frailty in patients 2015 155 Evaluate relation of Prospective General ICU
admitted to a specialized geriatric ICU frailty/outcome with  cohort study
existing tools
LOS, length of stay.
Frailty in the Critically Ill Gerontology
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Patient Characteristics and Study Focus of Included

Studies

A description of the patient characteristics of included
studies and their study focus can be found in the online
supplementary results and tables.

Methods of Frailty Assessment in the Critically Ill and

Cut-Offs Used

Table 2 depicts the tools used for frailty assessment in
the critically ill. In the identified studies, 19 different
methods were used to assess frailty or a surrogate for frail-
ty. Most of the studies use established scores and scales
from the primary care setting (Clinical Frailty Scale [CFS],
Frailty Index [FI], and Fried’s frailty phenotype [FFP]) to
define and grade frailty (n = 46, 79.3%). Thirty-five stud-
ies (n = 35, 60.3%) used the CFS to detect frailty (shown
in Table 3) [2, 10, 23, 24, 26, 28, 32-37, 40-42, 44-46, 48,
50-54, 56, 63-72], usually defining frailty by a CFS >5. Six
of these studies included the definition of “vulnerable”
witha CFS of 4 [2, 10, 32, 37, 52-54]. Four studies did not
define a “cut-off”-level for frailty but worked with graded
scales [33, 34, 41, 45]. The study by Orsini et al. [35] used
a simplified version of the CFS, and Darvall [65] used a
modified eight category CFS.

Five studies (n = 5, 8.6%) used the FI [30, 31, 33, 38,
48, 62], usually by classifying patients as robust with an
FI <0.2 or 0.25, pre-frail with an FI between 0.2 or 0.25
and 0.4, and frail with an FI >0.4. The method of obtain-
ing the necessary information to construct the index was
however not consistent: Zeng et al. [31] used informa-
tion extracted from patients’ existing charts and docu-
ments, Heyland et al. [34] conducted the comprehensive
geriatric assessment questionnaire in-person with a
family member, Kizilarslanoglu et al. [38] conducted a
geriatric assessment, evaluating the presence or absence
of 40 predefined deficits. Zampieri et al. [62] used a
modified and shortened version of the original index.
Darvall et al. [48] aimed to modify the existing FI to
acute care.

Another six studies (n = 6, 10.3%) evaluated frailty ac-
cording to the FFP [25, 26,29, 33, 39, 55], grading patients
as robust (score of 0), intermediate-frail (score 1-2), and
frail (score >3). Some studies used less frequently de-
scribed instruments to measure frailty: Fisher et al. [29]
used the Dalhousie Frailty Scale (DCFS) and Darvall the
Edmonton Frailty Scale (EFS) in two studies [44, 48] and
Lopez Cuenca et al. [47], the Morley Frailty Scale [73].

A few studies (n = 4, 6.9%) worked with more than
one scale. Dolera-Moreno et al. [33] compared three dif-
ferent frailty scales (FI, FP, and CFS) in order to con-
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struct and validate a new mortality risk score; Hope et
al. [37] used two scales (FP and FI) to examine the valid-
ity of frailty markers in critically ill adults. Le Maguet et
al. [26] and Tipping [55] used the CFS and the FFP, and
Darvall et al. [44, 48] worked with a combination of the
CFS and EFS in two studies. The latter [48] examined the
correlation between this newly constructed and existing
frailty tools.

Twenty-two (n =22, 37.9%) studies assessed function-
al status as a surrogate for frailty — using scales assessing
the patient’s ability to perform activities of daily living
(ADL) and/or instrumental ADL. Twelve (n = 12, 20.6)
studies exclusively used this approach [2, 18-23, 27, 58—
61], without using any additional frailty score. Ten stud-
ies [10, 30, 33, 34, 37, 39, 46, 47, 52, 56] only assessed
functional status for follow-up, after assessing frailty at
the time of hospitalization.

In 7 studies, the Katz et al. [74] index was used for this
purpose [10, 19, 20, 23, 27, 46, 52] but two of these studies
employed a modified version [10, 46]. Five studies [19,
21-23, 47] used the Lawton-Brody instrumental activity
of dailyliving (IADL) scale [75], and 4 of these [19, 22, 23,
47] also used the Katz index. Two studies use the Karnof-
sky [76] status [2, 59]. Ten (n = 10, 17.2%) studies created
their own functional status [18, 27, 33, 37, 39, 56-58, 60,
61]. Three studies (n = 3, 5.3%) used the Short Form (SF)-
36 [77] in addition to frailty assessment instruments [30,
34, 59]. Two studies (n = 2, 3.5%) used the “Palliative Per-
formance Scale (PPS),” but mainly for follow-up [34, 60]

The Karnofsky Performance Status was also used by
Andersen et al. [2] as a criterion for enrolment as well as
for the outcome assessment. For this purpose, Boumendil
et al. [22] used the Knauss classification [78] as based on
physiological parameters.

Some studies included cognition in their functional as-
sessment, by using the Short Portable Mental Status
Questionnaire (SPMSQ) [21] or Folstein’s MMS [19], the
cognitive score as component of Lawton-Brody IADL
scale [23], the Informant Questionnaire on Cognitive De-
cline in the Elderly (IQCODE) [10, 34, 46], the Clinical
dementia rating scale (CDR) [47], or the Cognitive Per-
formance Scale (CPS) [58]. Two studies added the nutri-
tional status [27, 47].

Eight studies (17%) established a frailty diagnosis
based on their own criteria [10, 21, 33, 45, 59-61, 79] - 4
of them exclusively [21, 60, 61, 79] - but the others in
combination with established scores. The most common
criterion was a combination of decreased cognitive func-
tion and functional status and disability in daily life, with
the exception of Ball et al. [79] who only referred to phys-
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iological parameters. Another approach to establish a
frailty diagnosis on the ICU was to define “frailty” by the
presence of pre-existing diseases: the Charlson comor-
bidity index [80] was used in 3 studies [23, 81, 82] as a
diagnostic criterion and the Elixhauser Comorbidity
Score [83] by another study [84]. In addition, the Mac-
Cabe classification for life expectancy [85] served to de-
fine frailty in 3 studies [20, 22, 59].

Timing of Frailty Assessment

Table 2 indicates the timing of pre-ICU frailty assess-
ment. The exact time point and the method of obtaining
baseline information for pre-ICU frailty varied widely. In
the majority of studies, this baseline level was obtained
by questioning the patient and/or his relatives [2, 18, 19,
21, 23-26, 28-32, 34-39, 41, 42, 44, 46-48, 50, 51, 55, 59,
62, 63, 66, 68, 69, 71, 86]. Some of these studies state pre-
cisely that this baseline refers to a time period of 2 months
[48, 49, 63, 65], 1 month [18, 19, 26, 31, 55], 2 weeks [21,
25], or 1 day [50] before hospital admission. Others de-
fine a time period of “a few days before hospitalization”
[51], “directly” [24, 28, 32] or “just before hospitaliza-
tion” [59]. The remaining studies do not give the exact
timing.

In some studies, the pre-ICU frailty assessment was
retrospectively assessed as based on data which were rou-
tinely documented for other purposes and not specifical-
ly collected for frailty measurement [56-58, 60, 61, 64, 67,
70, 72]. In these studies, the pre-ICU frailty assessment
had either been reconstructed from the staff notes from
the clinic where the patients were hospitalized [57, 64, 70]
or was based on external datasets containing medical re-
cords of inpatients and outpatients, skilled nursing facili-
ties, home health agencies, nursing homes, and perma-
nent medical equipment [58, 60, 67, 72], In one study
[61], pre-ICU frailty status was adopted from a national
registry, and in two cases [54, 56], it was extracted from
another study. In the remaining studies, a pre-ICU frailty
or functional performance assessment was carried out at
the unit where the patient was hospitalized previous to
ICU admission, but without specifying exactly the meth-
od at the time of triage [2], time of inclusion [22, 42], or
at time of ICU admission [33, 39, 45].

Frailty and Outcome in the Critically Ill

The impact of frailty on short- and long-term mortal-
ity, post-ICU physical status, ICU, cognition and health-
related quality of life, post-ICU health service use, and
health care dependency is shown in Table 3 and summa-
rized in the online supplementary results and Tables.

Frailty in the Critically Ill

Discussion

Frailty assessment on the ICU is still heterogeneous
with respect to assessment methods, cut-offs, and exact
time point of baseline assessment. The current mostly
used and validated tool for critically ill patients is the CFS.
The current literature indicates that frailty assessment is
of prognostic value [5].

As there are increasing possibilities for the treatment
of elderly and multi-morbid patients, it would be desir-
able to make sensible decisions about the health care sta-
tus of the individual patient, bearing in mind his/her per-
sonal beliefs and ethics. Frailty assessment may serve as
one amongst several basic tools for individual discussion
and informed decision-making in such situations.

Unfortunately, there is currently no unified standard
for assessing frailty in the ICU or any defined frailty cut-
off, time point, or manner of baseline frailty assessment
pre-ICU. Some authors argue that the frailty assessment
tools designed for the general patient population may
have limited feasibility and reliability for frailty assess-
ment in the ICU setting [87, 88]. It is argued that the crit-
ical condition of an acutely ill patient evaluated for ICU
admission excludes measurements such as gait speed or
grip strength as mandatory, for example, in the FFP [3]
and the EFS [89] or simply the lack of ability to retrieve
any information from the patient or his relatives in the
critical care setting. Therefore, the usefulness of many
frailty assessment tools as a diagnostic and decision-mak-
ing tool in the acute care setting may be hampered [90].
However, a recent prospective large multicentre study
[90] conducted on more than 120 ICUs around the world
indicated that the CFS is a reliable tool for frailty assess-
ment on the ICU in the acute care setting. The CSF not
only had a high inter-assessor reliability in the acute care
setting (weighted kappa 0.86) but also showed a higher
compliance by health care professionals than other scores
(ADL and IQCODE) [90]. In the VIP-2 study by the same
group conducted in 1,924 patients, inter-rater reliability
for the CFS was also excellent (weighed kappa 0.85) [52].
A further study on 202 frailty assessments in 101 patients
also found a good inter-rater variability (weighted kappa
0.74) when the CFS was used, but this study also identi-
fied differences in at least one category in almost 50% of
the patients [91]. Of available tools, the CFS seems to be
the best validated tool for frailty assessment in the criti-
cally ill and should be considered as standard.

A further problem of many current assessment prac-
tises in the critically ill relates to the fact that they are
based on information which needs to be actively collect-
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ed, most frequently by interviews with patients, families,
or caregivers [29, 31, 60]. However, the time pressure un-
der which a decision needs to be taken in the acute setting
often does not permit extensive family questioning, as re-
quested, for example, by the FI [92]. Furthermore, fre-
quent after-hours consultations preclude a scoring sys-
tem which is based on primary care health records and
would necessitate contacting the patient’s general practi-
tioner. In consequence, the information necessary for
frailty evaluation is often not available when a decision on
ICU admission must be made. The very recent study by
Flaatten et al. [90] impressively showed that CSFs ob-
tained by interviews of the patient’s relatives and by hos-
pital chart reviews as the primary source of information
were nearly identical, while the CFS obtained by patient
interview were worse. A further study aiming to assess
inter-rater reliability for the CFS when a retrospective re-
cord review was performed instead of patient/relative in-
terviews and showed good reliability when medical charts
were used for frailty assessment [63]. Thus, the CES has
been shown to be a promising frailty assessment tool in
this regard as well.

A further issue is that many currently available scores
are too time consuming to obtain in the acute setting. At-
tempts — though scarce — have been undertaken to estab-
lish so called “acute care frailty factors” [63]. A retrospec-
tive cohort study [63] tested a CFS score based on clinical
in-hospital records. The investigators assessed the inter-
rater reliability of frailty, which was found to be good.
Patients were classified as “frail” according to the scoring
system based on multivariate analysis considering age,
Charlson Comorbidity Score, dependence with ADL, and
limitation of medical treatment. However, the results of
this scoring system were not validated against any estab-
lished scale for frailty measurement. The same group pro-
posed a study that helps to develop an ICU-adapted FI
and to compare its performance against existing frailty
measurement and risk stratification tools [93]. Results of
this study are currently pending.

“Acute Care Frailty Factors” Adaptation of Existing

Tools — a Potential Way to Move Forward?

In general, factors that are used in construction of
frailty scores should be associated with frailty but should
not or only in part be associated with the underlying acute
disease of the patient [10, 94]. Furthermore, in order to
be useful in the acute care setting, information on these
factors should be usually available on admission to the
emergency department (ED) and be frequently assessed.
If they are to be useful in the acute care setting and to be
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good “acute care frailty factors,” parameters included in
construction of an acute care frailty score must both in-
dicate frailty and/or underlying (chronic) disease and/or
disease severity and usually be readily available at the ED
or at ICU admission.

Laboratory markers are frequently disturbed due to
the acute disease. There are some biomarkers that indi-
cate frailty and have been evaluated for this purpose [95].
Most of those laboratory markers such as proADM, co-
peptin [96], and various cytokines [97], have the disad-
vantage that they are not routinely measured — which pre-
cludes utilization for construction of an acute care frailty
score. A subset of these markers might also be useful in
the acute care setting [13, 97, 98], if they achieve sufficient
specificity, although this still warrants investigation.

Previous investigations have evaluated and validated
the use of the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision
coding system for frailty risk assessment in hospitalized
elderly patients [99, 100]. Evaluation shows that several
types of disease which are often known in the ED at ICU
admission are associated with frailty and functional im-
pairment. Examples are malignant solid neoplasm [101],
haematological malignancies [102], chronic anaemia
[103] chronic infections [104-107], immunodeficiency
[104], malnutrition and nutritional deficiency [11, 108,
109] [110], cognitive impairment of any type [109], ad-
vanced chronic heart disease [13, 111-114], advanced
chronic pulmonary disease [115, 116], chronic liver dis-
ease [117], chronic pancreatitis [118], chronic renal in-
sufficiency [119], and the need for renal replacement
therapy [120]. Furthermore, pressure ulcers grade 3 and
4 [121], musculoskeletal diseases such as osteoarthritis
[122], rheumatoid arthritis [123, 124], fibromyalgia [125],
sarcopenia [126], osteoporosis [127], impairment of sen-
sory organs (blindness/deafness) [128], and being organ-
transplanted (solid/stem cells) [128, 129] are also associ-
ated with frailty.

Taken together, current evidence on frailty factors
identifies a considerable body of available potential frail-
ty factors that could be included in an acute care frailty
score. In addition, further acute care specific factors such
as the type of admission (surgical or medical), location of
residence before acute disease (private home or retire-
ment home and extended care facility), and the type cat-
egory of acute disease (sepsis, cardiovascular, neurologi-
cal, etc.) might imply prolonged recovery, worse long-
term functional outcome, or death and hence could be of
value in construction of an acute care frailty score. How-
ever, their value must first be evaluated. For this purpose,
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big databases and health care registries could be a major
source of help for identifying factors relevant to acute,
care via modern data scientific evaluation techniques and
for construction of a preliminary acute care frailty score.
Evaluation of these factors in regards to frailty is highly
warranted, and the development of a “frail phenotype”
for triage/extended care decisions on the ICU would be
of major importance.

Limitations

This systematic review of the current literature on
frailty has several important limitations. Firstly, we did
not meta-analyze data due to the high heterogeneity of
available studies. Secondly, all of the trials included in this
review are of observational nature, thus confounding fac-
tors such as disease severity may have influenced report-
ed outcomes. Furthermore, the time point of assessments
varies widely between studies, as well as the retrievable
information. Moreover, there has been a surge of studies
on frailty in the past 3 years, with various aims and assess-
ment methods. A further limitation to this review is that
due to the global COVID-19 pandemic many ICUs expe-
rienced considerable limitations in available resources
and the utility of frailty as a triage tool may have been
hampered due to the “new disease COVID-19.” However,
arecently published large multicentre study revealed that
frailty assessment by the CFS is also reliable for patients
with COVID-19 [5]. For many studies, no stratification
has been performed on how frailty was assessed or the
cut-off value used for the CFS across studies. This ham-
pers all the qualitative conclusions that these authors have
drawn. For instance, combination of studies using func-
tional status and those with the Fried’s phenotypes con-
tradicts the basic assumption of these studies. Further-
more, the association between “frailty” and mortality or
functional impairment (or dependency) in each study
must be viewed critically as some of these studies are self-
fulfilling prophecies - as frailty was sometimes a reason
for withdrawal of life-sustaining therapies.

Conclusion

In recent years, an increasing number of publications
have assessed frailty in the ICU. Frailty assessment in the
ICU is still heterogeneous with respect to assessment
methods, cut-offs, and exact time points of baseline as-
sessment. Although a variety of approaches have been
suggested, the CFS may currently be considered the most
reliable approach in ICU patients. As frailty prior to crit-

Frailty in the Critically Ill

ical illness has a negative impact on several short- and
long-term clinical outcomes, it is important that assess-
ments are harmonized and performed routinely in the
critically ill. Frailty levels should be integrated into the
individual treatment plans. Further research should focus
on standardizing frailty assessment and its adaptation to
the acute care setting.
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