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Abstract

Purpose: The biological and functional heterogeneity in very old patients constitutes a major challenge to prognos-
tication and patient management in intensive care units (ICUs). In addition to the characteristics of acute diseases,
geriatric conditions such as frailty, multimorbidity, cognitive impairment and functional disabilities were shown to
influence outcome in that population. The goal of this study was to identify new and robust phenotypes based on
the combination of these features to facilitate early outcome prediction.

Methods: Patients aged 80 years old or older with and without limitations of life-sustaining treatment and with
complete data were recruited from the VIP2 study for phenotyping and from the COVIP study for external validation.
The sequential organ failure assessment (SOFA) score and its sub-scores taken on admission to ICU as well as demo-
graphic and geriatric patient characteristics were subjected to clustering analysis. Phenotypes were identified after
repeated bootstrapping and clustering runs.

Results: In patients from the VIP2 study without limitations of life-sustaining treatment (n=1977), ICU mortality was
12% and 30-day mortality 19%. Seven phenotypes with distinct profiles of acute and geriatric characteristics were
identified in that cohort. Phenotype-specific mortality within 30 days ranged from 3 to 57%. Among the patients
assigned to a phenotype with pronounced geriatric features and high SOFA scores, 50% died in ICU and 57% within
30 days. Mortality differences between phenotypes were confirmed in the COVIP study cohort (n = 280).

Conclusions: Phenotyping of very old patients on admission to ICU revealed new phenotypes with different mortal-
ity and potential need for anticipatory intervention.
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Introduction

The outcome of very old patients admitted to the inten-
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substantial inter-individual heterogeneity which, of note,
is considered a hallmark of the ageing process [1]. Thus,
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for critical conditions in younger cohorts show poorer
prognostic discrimination in cohorts of very old indi-
viduals [2]. Geriatric conditions in very old patients,
such as frailty, multimorbidity, cognitive impairment and
functional deficits in daily life, were shown to delineate
groups with different prognoses in that population [3-6].
The clinical frailty scale (CFS) was introduced into clini-
cal practice as a prognostic aid to triaging individuals for
ICU admission during the initial surge of the coronavirus
disease 2019 (COVID-19) pandemic [7]. However, the
variability and complexity of very old patients appears to
require a more holistic approach, using a broader spec-
trum of patient characteristics for prognostic stratifica-
tion [8].

Substantial heterogeneity within a patient population
and non-linear relationships between patient charac-
teristics may interfere with the accuracy of techniques
for predictive modelling [9, 10]. Clustering analysis is
an intuitive approach to utilise these features advanta-
geously to classify individuals by their similarity [11].
This technique is gaining popularity since it is an efficient
approach to exploring high-dimensional datasets for
identifying phenotypes (clusters) of patients with distinct
characteristics, indicating specific needs and divergent
outcomes in healthcare [12—14]. The additional informa-
tion gained from clusters may, thus, enhance prognos-
tic accuracy and help to develop interventions targeting
the deficiencies shared by the members of a particular
phenotype [15-22]. For example, Seymour et al. [21]
identified four sepsis phenotypes with 28-day mortality
varying from 5 to 40%. One of these phenotypes repre-
senting 27% of patients was characterised by an enhanced
inflammatory response which might benefit from tai-
lored interventions in the future. Very few of the past
studies, however, focused on very old patients with criti-
cal conditions [5].

The VIP2 study examined the association of survival
with acute and geriatric features in ICU patients aged
80 years or older [23]. The current study investigated the
heterogeneity within that population by clustering analy-
sis of patient characteristics recorded on admission to
the ICU. We hypothesised that acute and geriatric char-
acteristics delineate distinct phenotypes which can assist
early prognostication and indicate options for anticipa-
tory interventions, such as early rehabilitation in frail
patients with reversible conditions or palliative care at
the predicted end of life. To this end, particular empha-
sis was put on the robustness and information content of
phenotypes.

Take-home message

Clustering analysis of very old patients in critical condition reveals
predictive phenotypes on admission to the intensive care unit.
Information about geriatric characteristics can be used for planning
tailored interventions.

Patients and methods

Patients

The Very elderly Intensive care Patient (VIP)2 study
was a prospective observational study in patients aged
80 years or older admitted as emergencies to ICUs in 22
countries [23]. The study objective was to investigate the
impact of acute and geriatric patient characteristics on
survival in ICU and after 30 days. National coordinators
were responsible for registering ICUs and obtaining eth-
ics committee approval in their countries. Participating
units recruited consecutive patients who met the above
demographic and clinical criteria during any 6-month
period between May 2018 and May 2019. This new study
included all patients from the VIP2 dataset with com-
plete data and, initially, without limitations (withhold-
ing or withdrawing) of life-sustaining treatment (LST)
(Figure S1, supplementary material). The latter criterion
was introduced to minimise the impact of subjective and
variable decision-making on outcome [24]. For sensitiv-
ity analysis, we later included patients with limitations of
LST.

To validate the findings in the VIP2 population with an
independent dataset, we extracted a subset of patients
from the COVID-19 in VIP (COVIP) study, a prospec-
tive observational study of old patients admitted to the
ICU with COVID-19 in 14 countries between March
and December 2020 [25]. This subset encompassed all
patients aged 80 years and older with complete data for
age, sequential organ failure assessment (SOFA) score,
CES and outcome and without limitations of LST (Figure
S1, supplementary material).

Measurements

The following patient characteristics were recorded in
the VIP2 study on admission to the ICU [23] and used
for phenotyping in the current study: age, gender, resi-
dence prior to admission, reason for admission to ICU,
SOFA score and its sub-scores (Table 1) as well as the
following geriatric features: CFS, informant question-
naire on cognitive decline in the elderly (IQCODE), Katz
score to assess activities of daily living, comorbidity and
polypharmacy score (CPS) (Sect. 2 in the supplementary
material). Ventilatory and vasopressor support and renal
replacement therapy were recorded as interventions.
Death in ICU and within 30 days, regardless of place, and
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Table 1 Admission characteristics, interventions and out-
come for patients aged 80 years or older without limita-
tions of life-sustaining treatment from the VIP2 and COVIP
studies

ariable VIP2 study COVIP study p value

Number of patients 1977 280
Age—nmedian (IQR) 83(81-86) 83 (81-85) <0.001
Gender—number (% female) 898 (45%) 103 (37%) 0.01

Residence—number (%)

Own home 1495 (76%) 182 (65%) <0.001
Home with family or caregivers 208 (10%) 48 (17%) 0.003
Nursing home or other hospital 251 (12%) 44 (16%) 022
Other 23 (1%) 0 0.13
Admission reason—number
(%)
Respiratory/cardiovascular 905 (46%)  (COVID-19)
Sepsis 243 (12%)
Emergency surgery 311 (16%)
Other 518 (26%)
SOFA score—median (IQR) 5(3-9) 5(3-8) 0.7
sub-scores:
Respiratory 2(1-3) 3(2-3) <0.001
Cardiovascular 1(0-3) 0(0-3) <0.001
Hepatic 0 (0-0) 0 (0-0) 0.01
Coagulation 0(0-1) 0 (0-0) 0.66
Renal 1(0-2) 0(0-1) 0.03
Neurological 0(0-2) 0(0-1) 0.06
Geriatric features—median
(IQR)
CFS 4(3-5) 4 (3-6) 0.07
Katz index 6 (5-6) [6 (3-6)*]
IQCODE 31(3-35) n/a
CPS 10 (7-14) n/a
Interventions—number (%)
Invasive ventilation 934 (47%) 175 (62%) <0.001
Vasopressors 1099 (56%) 160 (57%) 0.7
Renal replacement therapy 215(11%) 36 (13%) 0.55
ICU length of stay (days)— 4(2-8) 7 (3-13) 0.001
median (IQR)
Outcome—number (%)
Died in ICU 231 (12%) 117 (42%) <0.001
Died within 30 days 384 (19%) 128 (46%) <0.001

Note the percentage of missing values for the Katz index in the COVIP study
cohort

*23% missing values

CFS, clinical frailty scale; COVID-19, coronavirus disease 2019; CPS, comorbidity
and polypharmacy score; ICU, intensive care unit; IQCODE, informant
questionnaire on cognitive decline in the elderly; IQR, interquartile range; SOFA,
sequential organ failure assessment

length of stay in ICU were documented as outcome. The
COVIP study recorded a similar set of variables, except
IQCODE and CPS [25].

Phenotyping by clustering analysis

Clustering is a method for grouping of patients who are
assigned different labels based on the (dis)similarity of
their characteristics [11]. We implemented a variant of
the K-means algorithm which partitions patient popula-
tions into a pre-defined number K of clusters in which
distances between the patients’ data points are mini-
mised [11]. This algorithm was embedded in a three-step
procedure to obtain robust clusters (phenotypes): (1)
estimation of an upper bound Ky for the total number
of clusters, (2) initial clustering of the patient population
with K=Kz and (3) repeated re-sampling by bootstrap-
ping and re-clustering to identify those clusters which are
robust against random variations of the data. Although
the initial number K of clusters was set, the final number
of phenotypes was determined by the intrinsic properties
of the data. Moreover, we examined if the number of phe-
notypes can be reduced without substantial loss of infor-
mation by grouping clusters according to their similarity.
Additional details about these methods are provided in
the supplementary material.

For internal validation, supervised classifiers (gradient
boosting) were used to verify the discrimination of phe-
notypes. The classifiers were trained on the phenotype
labels and based on the same set of patient characteristics
used for clustering. The area under the receiver operat-
ing characteristic (AUROC) was obtained as a measure of
discrimination between patients of a specific phenotype
and all other patients. External validation of predictive
phenotyping was based on comparing the mortality of
VIP2 phenotypes with that of similar patients from the
COVIP study. Similarity was approximated by measuring
the distance between the COVIP patient’s data points to
the centroids of VIP2 phenotypes in the data space using
three simple and informative patient characteristics (age,
SOFA, CFS) having the smallest number of missing val-
ues [23].

Statistical analysis

Descriptive characteristics were reported as medians
with inter-quartile ranges (IQRs) for continuous vari-
ables and proportions for nominal variables. One-way
ANOVA test was used to examine differences of continu-
ous variables and Fisher’s exact test and its variants for
nominal variables. The resulting p values were adjusted
to control for false discovery rates by applying the Ben-
jamini—Hochberg procedure [27]. Odds ratios with 95%
confidence intervals were calculated for binary variables
(outcome, interventions) for each phenotype using the
phenotype with the lowest mortality as reference [28]. All
analyses were performed using Python 3 (Python Soft-
ware Foundation, Beaverton, OR, USA).
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Table 2 Admission characteristics, interventions and outcome for phenotypes in the VIP2 study cohort

Phenotype
Non-geriatric Geriatric
A-very low SOFA B-respiratory C-oldestold D-moderate  E-renal failure F-low SOFA G-high SOFA
failure SOFA
Number of patients 159 94 27 57 101 46 26
Age—median (IQR) 82 (81-84) 83 (81-84) 93(90-95)  83(81-86) 83 (81-84) 84 (82-87) 87 (83-90) <0.001
Gender—number (% 84 (53%) 41 (44%) 18 (67%) 17 (30%) 29 (29%) 25 (54%) 12 (46%) <0.001
female)
Residence—num-
ber (%)
Own home 140 (88%) 79 (84%) 17 (63%) 48 (84%) 86 (85%) 32 (69%) 9 (34%) <0.001
Home with family 8 (5%) 7 (7%) 9 (33%) 5 (8%) 8 (7%) 6 (13%) 9 (34%) <0.001
or caregivers
Nursing home or 9 (5%) 8 (8%) 1 (3%) 4 (7%) 7 (6%) 5(10%) 8 (30%) 0.0017
other hospital
Other 23 (1%) 2 (1%) 0 0 0 3 (6%) 0 0.0051

Admission rea-
son—number (%)

Respiratory/cardio- 28 (17%) 67 (71%) 13 (48%) 22 (38%) 48 (37%) 25 (54%) 13 (50%) <0.001
vascular
Sepsis 4 (2%) 6 (6%) 1 (3%) 9 (15%) 18 (17%) 3(6%) 10 (38%) <0.001
31 (19%) 10 (10%) 3(11%) 12 (21%) 8 (7%) 5 (10%) 0 0015
Emergency sur- 96 (60%) 11 (11%) 10 (37%) 14 (24%) 37 (36%) 13 (28%) 3(11%) <0.001
gery Other
SOFA score— 1(0-2) 4 (3-4) 4 (2-4) 6 (5-7) 6 (5-8) 3(2-4) 10 (8-13) <0.001
median (IQR)
sub-scores
Respiratory 0(0-1) 2(2-3) 1(0-2) 1(1-2) 1(0-2) 1(0-2) 3(2-3) <0.001
Cardiovascular 0 (0-0) 0 (0-0) 1(0-1) 1(0-3) 1(0-3) 0(0-1) 4 (3-4) <0.001
Hepatic 0(0-0) 0(0-0) 0(0-1) 0(0-0) 0 (0-0) 0(0-0) 0(0-1) <0.001
Coagulation 0 (0-0) 0 (0-0) 0 (0-0) 2(2-2) 0 (0-0) 0 (0-0) 0(0-1) <0.001
Renal 0(0-0) 0(0-1) 0(0-1) 1(0-1) 4 (3-4) 0(0-1) 1(1-2) <0.001
Neurological 0 (0-0) 0(0-1) 0(0-1) 0 (0-0) 0(0-1) 0(0-1) 3(3-4) <0.001
Geriatric fea-
tures—median
(IQR)
CFS 3(2-3) 4 (3-4) 4 (3-5) 3(2-4) 4 (3-4) 6 (6-7) 7 (7-7) <0.001
Katz index 6 (6-6) 6 (6-6) 6 (5-6) 6 (6-6) 6 (5-6) 2(1-3) 1(0-1) <0.001
IQCODE 3(3-32) 3.1(3-32) 33(3.1-36) 3(3-32) 3.1 (3-34) 38((33-4.1) 45(4.1-5) <0.001
CPS 7 (5-9) 12 (11-14) 9 (6-10) 9(7-12) 11 (8-15) 15 (13-19) 11 (7-15) <0.001
Interventions—
number (%)
Invasive ventilation 24 (15%) 34 (36%) 7 (25%) 16 (28%) 23 (22%) 8 (17%) 23 (88%) <0.001
Vasopressors 26 (16%) 24 (25%) 9 (33%) 24 (42%) 47 (46%) 13 (28%) 25 (96%) <0.001
Renal replacement 2 (1%) 0 0 2 (3%) 45 (45%) 3 (6%) 4 (15%) <0.001
therapy
Length of stay 2(1-4) 5(2-8) 2(1-4) 3(2-6) 5(3-8) 3(2-5) 4(2-12) <0.001
(days)-median
(IQR)
Outcome—number
(%)
Died in ICU 3 (2%) 3 (3%) 1 (3%) 4 (7%) 8 (7%) 4 (8%) 13 (50%) <0.001

Died within 30 days 5 (3%) 11 (11%) 2 (7%) 8 (14%) 13 (12%) 8(17%) 15 (57%) <0.001
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Results

Table 1 depicts the characteristics of the patient cohorts
from the VIP2 (n=1977) and COVIP (n=280) studies
without limitations of LST. Based on the complete set of
acute and geriatric characteristics recorded on admission
to ICU, clustering analysis of the VIP2 cohort identified
seven phenotypes encompassing 26% of this patient pop-
ulation (Table 2). Internal validation of phenotyping by
supervised classification yielded AUROCs greater than
0.95 for distinguishing each of these phenotypes from all
other patients in that cohort. Figure S7 (supplementary
material) shows the distribution of countries with respect
to these phenotypes.

Phenotypes F and G (Table 2, Fig. 1A) are considered
‘geriatric’ since most of these patients are frail (CFS>5),
have limitations in their activities of daily living (Katz <5)
or cognitive impairments (IQCODE>3.5). However,
these two phenotypes significantly differ in their SOFA
scores (p<0.001). In contrast, phenotype A is charac-
terised by the absence of geriatric features and very low
SOFA scores. The other ‘non-geriatric’ phenotypes B—E
are distinguishable by age (phenotype C), respiratory and
cardiovascular (phenotypes B and D) or renal SOFA sub-
scores (phenotype E). Forty-five percent of patients in the
latter phenotype received renal replacement therapy in
the ICU.

Sensitivity analyses were performed with respect to
the inclusion of patients with limitations of LST and
the number of phenotypical categories. Phenotyping of
all VIP2 patients with complete data, i.e. after adding
patients with limitations of LST (n#=895) to the main
study cohort (n=1977), resulted in the same number of
phenotypes with similar profiles (Fig. 1B). Major differ-
ences were only found for phenotype D where the inclu-
sion of patients with limitations of LST led to an increase
of the fraction of patients with severe respiratory or
cardiovascular failure. An attempt to reduce the total
number of phenotypical categories by relaxing the repro-
ducibility criterion for clusters and grouping overlapping
clusters caused a loss of information about geriatric char-
acteristics (Sect. 3, supplementary material).

Phenotyping was based on information available on
admission to ICU and did not consider later events.
The phenotypes, however, were found to be associ-
ated with variable rates of organ support in ICU as well
as a different ICU and 30-day mortality (Tables 2 and

3, Fig. 2). Phenotype A was characterised by very low
mortality (2% in ICU, 3% after 30 days) and the lowest
rates of organ support. The highest mortality was found
for phenotype G (50% in ICU, 57% within 30 days) that
also showed the highest rate of respiratory and cardio-
vascular support. Odds ratios for mortality and organ
support were calculated with phenotype A as reference
(Table 3). Note that large odds ratios and wide confi-
dence intervals for phenotype G are related to relatively
high event rates in a small sample.

We also investigated whether the mortality estimates
for phenotypes can be used for patients who are similar
but not identical to these phenotypes. Figure 2 depicts
the distributions of ICU and 30-day mortality for all
clusters obtained during repeated bootstrapping runs
and associated with specific phenotypes. These clus-
ters can be considered random samples of the imme-
diate neighbourhood of phenotypes within the data
space. The small width of these distributions indicates
that there is only a small variation of mortality in this
neighbourhood suggesting that patients who are for-
mally outside but still similar to these phenotypes have
a comparable outcome.

Finally, we examined whether outcome predictions for
phenotypes in the VIP2 dataset are generalisable. In the
absence of another study with an identical design and
set of patient characteristics, we chose the dataset of the
recent COVIP study [25] for that purpose. Patients from
the COVIP study, who were 80 years or older and admit-
ted to the ICU with COVID-19, were associated with the
closest VIP2 phenotype based on similarity with regard
to three admission characteristics (age, SOFA, CES).
ICU and 30-day mortality in these COVIP sub-groups is
depicted in Fig. 2. Although the absolute mortality dif-
fered between the phenotypes from VIP2 and the associ-
ated sub-groups from COVIP, the trend, especially with
phenotype A representing the lowest and phenotype G
the highest mortality, was reproducible.

Discussion

This study investigated the heterogeneity of very old
patients on admission to the ICU. Using clustering analy-
sis with rigorous criteria for reproducibility, we identi-
fied seven phenotypes in patients from the VIP2 study.
These phenotypes represent distinct profiles of acute and
geriatric characteristics and are associated with different

(See figure on next page.)

Fig. 1 Profiles of patient characteristics (median values) for all patients and phenotypes A-G, displayed as clock hours in each plot, in the VIP2
cohort without limitations of LST (A) and in the cohort encompassing all VIP2 patients including those with limitations of LST (B). The grey plots on
the right side depict the number of patients in each phenotype. The magnitude of the measurement is displayed between circle centres and the 3

oclock positions as respective values
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Table 3 Odds ratios with 95% confidence intervals for invasive ventilation, vasopressor support, mortality in ICU
and within 30 days analysed as binary variables with phenotype A as reference

Invasive ventilation p value Vasopressors p value ICU mortality p value 30-day mortality p value
Phenotype

A 1 (reference) 1 (reference) 1 (reference) 1 (reference)
B 3.191[1.74,5.83] <0.001 1.75[0.94,3.28] 0.1 1.71[0.34,8.67] 0.6734 4.08[1.37,12.1] 0.013
C 1.97 [0.75, 5.16] 0.17 2.56[1.04,6.32] 0.058 2.0[0.2, 20] 0.469 2.46[045,134] 0.27
D 221[1.07,4.52] 0.045 3.72[1.9,7.29] <0.001 3.92[0.85,18.1] 0.0807 5.03[1.57,16.1] 0.0064
E 1.66 [0.88, 3.13] 0.14 4451[2.51,79] <0.001 447[1.16,17.3] 0.0258 4.55[1.57,13.2] 0.0045
F 1.18[0.49, 2.85] 0.82 2.02[0.94, 4.34] 0.088 4.9511.07,23] 0.0463 6.48[2.01,209] 0.0019
G 43.1[12.0, 155] <0.001 128 [16.6, 986] <0.001 52[13.1,206] <0.001 42[129,137] <0.001

p values are provided for comparison with phenotype A

mortality. Considering that up to five distinct phenotypes
are required to describe populations of younger patients
with sepsis [19, 21], seven phenotypes appear to be an
appropriate number to reflect the heterogeneity in very
old patients admitted to the ICU with a broad spectrum
of conditions. Sensitivity analyses further validated that
number. Although the fraction of patients formally repre-
sented by these phenotypes was rather small, we demon-
strated that their prognostic information can also be used
for additional patients who have similar characteristics
on admission.

There are considerable differences in outcome across
the spectrum of phenotypes with phenotype A having
the lowest ICU and 30-day mortality. The two pheno-
types with a prominent geriatric profile (phenotypes F
and G) exhibit the highest mortality. The combination
of a geriatric profile with a high SOFA score (phenotype
G) resulted in an ICU mortality of 50% emphasising the
major impact of reduced resilience in geriatric patients.
Phenotype C includes the oldest old patients with low
SOFA scores and only very mild geriatric characteristics.
A 30-day mortality of <10% in this group underlines that
advanced age alone should not be considered a negative
prognosticator. Younger patients with substantial organ
failure but without frailty or other major chronic impair-
ments were found in phenotypes B, D and E with a 30-day
mortality between 12 and 14%. These findings underline
that mortality in very old ICU patients is determined by
geriatric vulnerabilities and the acute illness. Both types
of conditions need to be considered when prognosticat-
ing in that heterogeneous population.

Previous studies on old patients in ICU did not record
the ensemble of geriatric and acute characteristics to a
similar extent as the VIP2 study did. In one of the few
other investigations, Ferrante et al. [4] showed an asso-
ciation of outcome with markers of organ failure, cog-
nitive impairment and functional disabilities. However,
that study did not distinguish between patients with

limitations of LST and those without. Survival data were
thus impacted by subjective decisions about LST. In con-
trast, the design of the VIP2 study allowed us to identify
and exclude patients with limitations of LST from out-
come analysis [23]. Our findings, therefore, mainly reflect
the natural course of critical conditions in very old indi-
viduals without major interference by the variable assess-
ment of decision-makers [24]. In comparison to VIP2,
the COVIP study [25] had a similar design but recorded
a smaller set of geriatric features. Using three simple
admission characteristics (age, CFS, SOFA), the trend of
mortality differences between phenotypes found in VIP2
could be replicated in the COVIP dataset. This indicates
generalisability of our findings despite marked differences
in absolute mortality between VIP2 and COVIP, which
can be attributed to the substantial severity of COVID-
19 within the population of very old individuals [29]. The
reductionist approach to approximate similarity between
patients with only three easy to obtain characteristics
may facilitate comparisons in future studies but requires
further validation. Of note, phenotyping based on this
limited set of variables would not result in identical clus-
ters, since several phenotypes, e.g. renal phenotype E, are
mostly defined by variables not included in that set.

How can the knowledge about phenotypes be used in
clinical practice? Predicted 30-day mortality smaller than
10% permit early prognostication of a favourable out-
come for phenotypes A and C. These phenotypes repre-
sent patients of all age groups with low SOFA scores and
without marked geriatric characteristics. Phenotypes
B, D and E are close to that prognostic category. Frail
patients with advanced cognitive and functional impair-
ments (phenotypes F and G) have a guarded prognosis,
especially those with a substantial degree of organ failure
(phenotype G). Importantly, phenotype G has an ICU
mortality of approximately 50%, i.e. prognostication on
admission equals random guessing. This uncertainty is
reflected by the substantial variability of ICU length of
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stay in these patients. In this situation, more information,
such as about the individual’s response to treatment dur-
ing a time-limited trial (TLT), will be necessary for more
informative outcome predictions [30, 31]. However, the
specific management of these patients, including deci-
sions about ICU admission and TLT, may depend on the
preferences within a particular healthcare system.

The geriatric components of the phenotypes provide
actionable information for anticipatory management in

ICU. The higher mortality of phenotypes with marked
geriatric features reflect the enhanced vulnerability and
reduced resilience to stress [32]. This situation should
trigger targeted interventions [13] which may become
part of standard care in ICU. This could especially be
pertinent to the prevention and management of delir-
ium in patients with pre-existing cognitive impairments
in phenotypes F and G [33], dealing with problems of
polypharmacy by thoroughly reviewing prescriptions
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in individuals with multimorbidity, e.g. in phenotype F,
[34] and planning early rehabilitation for patients with
frailty and functional impairments [35]. For example,
the 82-year-old patient with frailty (CFS 6) who requires
only limited ventilatory but no other organ support (phe-
notype F) may substantially benefit from these inter-
ventions to return to the previous level of functioning.
Importantly, the 95-year-old patient with a low SOFA
score, who is only borderline frail (phenotype C) and
has an excellent prognosis, might be the one who ben-
efits most from early rehabilitation. Specific interven-
tions though, will differ from those for phenotype F as
suggested by different functional baselines (Katz score).
Preparing discussions about palliative care might be indi-
cated for individuals matching phenotype G, such as an
85-year-old ventilated patient with cardiovascular as well
as renal failure and CFS 7, who already required substan-
tial assistance at home [36]. Importantly, these interven-
tions should be coordinated at an interdisciplinary level
and require organisational adjustments, e.g. by facilitat-
ing ICU discharge to suitable step-down units. Whether
these measures can eventually offer a benefit for survival
and functional outcome remains to be elucidated in pro-
spective trials. Recruitment to such trials can now focus
on specific phenotypes [37]. This situation is analogous
to the current research into new sepsis phenotypes [21].

The most important limitation of our study is the focus
on mortality in the short term. Despite the consensus that
quality of life is the most important outcome for very old
ICU patients, short-term mortality still plays an impor-
tant role. First, one can argue that evaluating quality of
life necessitates physical survival and it is still important
for benchmarking [38]. Second, in various countries,
triage criteria for admission to ICU during periods of
resource constraints, in particular during the COVID-19
pandemic, included the probability of short-term survival
[39]. More precise predictions based on both acute and
geriatric characteristics are necessary to support a more
accurate decision-making in that situation [40].

In conclusion, we detected reproducible phenotypes
in very old ICU patients based on both acute and geriat-
ric characteristics available on admission to ICU. These
phenotypes are associated with substantial differences in
short-term mortality. Future studies can focus on specific
interventions tailored for specific phenotypes and their
impact on long-term outcome measures.
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