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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-
sive care unit (ICU) is determined by both the severity of 
the acute condition and the age-related decline of resil-
ience to stress. However, that decline is characterised by 
substantial inter-individual heterogeneity which, of note, 
is considered a hallmark of the ageing process [1]. Thus, 
it is unsurprising that disease severity scores developed 
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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.

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, 
CFS 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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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.
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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 KUB for the total number 
of clusters, (2) initial clustering of the patient population 
with K = KUB 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).

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

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

Variable VIP2 study COVIP study p value

Number of patients 1977 280

Age—median (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%) 0.22

 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)
sub‑scores:

5 (3–9) 5 (3–8) 0.7

 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 3.1 (3–3.5) 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)—
median (IQR)

4 (2–8) 7 (3–13) 0.001

Outcome—number (%)
 Died in ICU 231 (12%) 117 (42%)  < 0.001

 Died within 30 days 384 (19%) 128 (46%)  < 0.001
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Table 2 Admission characteristics, interventions and outcome for phenotypes in the VIP2 study cohort

Variable Phenotype p value

Non-geriatric Geriatric

A-very low SOFA B-respiratory 
failure

C-oldest old D-moderate 
SOFA

E-renal failure F-low SOFA G-high 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 (% 
female)

84 (53%) 41 (44%) 18 (67%) 17 (30%) 29 (29%) 25 (54%) 12 (46%)  < 0.001

Residence—num‑
ber (%)

 Own home 140 (88%) 79 (84%) 17 (63%) 48 (84%) 86 (85%) 32 (69%) 9 (34%)  < 0.001

 Home with family 
or caregivers

8 (5%) 7 (7%) 9 (33%) 5 (8%) 8 (7%) 6 (13%) 9 (34%)  < 0.001

 Nursing home or 
other hospital

9 (5%) 8 (8%) 1 (3%) 4 (7%) 7 (6%) 5 (10%) 8 (30%) 0.0017

 Other 23 (1%) 2 (1%) 0 0 0 3 (6%) 0 0.0051

Admission rea‑
son—number (%)

 Respiratory/cardio-
vascular

28 (17%) 67 (71%) 13 (48%) 22 (38%) 48 (37%) 25 (54%) 13 (50%)  < 0.001

 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 0.015

 Emergency sur-
gery Other

96 (60%) 11 (11%) 10 (37%) 14 (24%) 37 (36%) 13 (28%) 3 (11%)  < 0.001

SOFA score—
median (IQR) 
sub‑scores

1 (0–2) 4 (3–4) 4 (2–4) 6 (5–7) 6 (5–8) 3 (2–4) 10 (8–13)  < 0.001

 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 (3–3.2) 3.1 (3–3.2) 3.3 (3.1–3.6) 3 (3–3.2) 3.1 (3–3.4) 3.8 (3.3–4.1) 4.5 (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 
therapy

2 (1%) 0 0 2 (3%) 45 (45%) 3 (6%) 4 (15%)  < 0.001

Length of stay 
(days)‑median 
(IQR)

2 (1–4) 5 (2–8) 2 (1–4) 3 (2–6) 5 (3–8) 3 (2–5) 4 (2–12)  < 0.001

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, CFS). 
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 

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 
o’clock positions as respective values

(See figure on next page.)
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Fig. 1 (See legend on previous page.)
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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 

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

p values are provided for comparison with phenotype A

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 3.19 [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 [0.45, 13.4] 0.27

 D 2.2 [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 4.45 [2.51, 7.9]  < 0.001 4.47 [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 4.95 [1.07, 23] 0.0463 6.48 [2.01, 20.9] 0.0019

 G 43.1 [12.0, 155]  < 0.001 128 [16.6, 986]  < 0.001 52 [13.1, 206]  < 0.001 42 [12.9, 137]  < 0.001
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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 

Fig. 2 Mortality in ICU (A) and within 30 days (B) for the phenotypes from the VIP2 cohort (dots) and patients from the COVIP study (triangles) who 
are similar to a specific VIP2 phenotypes according to age, CFS and SOFA score. The box plots show the inter-quartile distribution of mortality for 
VIP2 patients who are similar to the respective phenotype
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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.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s00134- 022- 06868-x.

Author details
1 School of Computer Science and Engineering, The Hebrew University 
of Jerusalem, Givat Ram, Jerusalem, Israel. 2 Department of Anaesthesia 

and Intensive Care, Haukeland University Hospital, Bergen, Norway. 
3 Assistance Publique-Hôpitaux de Paris, Hôpital Saint-Antoine, Service de 
Réanimation Médicale, Paris, France. 4 Department of Cardiology, Pulmonol-
ogy and Vascular Medicine, Faculty of Medicine, Heinrich-Heine-University, 
Dusseldorf, Germany. 5 Department of Intensive Care Medicine, University 
Medical Center, University Utrecht, Utrecht, The Netherlands. 6 General Inten-
sive Care, St George’s University Hospitals NHS Foundation Trust, London, UK. 
7 Center for Intensive Care and Perioperative Medicine, Jagiellonian University 
Medical College, Krakow, Poland. 8 Department of Anaesthesia and Intensive 
Care, Viborg Regional Hospital, Viborg, Denmark. 9 General Intensive Care 
Unit, Department of Anaesthesiology, Critical Care and Pain Medicine, Faculty 
of Medicine, Hebrew University and Hadassah University Medical Center, 
Jerusalem, Israel. 10 Department of Medical Intensive Care, Faculty of Medicine, 
Hebrew University and Hadassah University Medical Center, Jerusalem, Israel. 

Acknowledgements
VIP1 and VIP2: Support for implementing the eCRF and running the database 
was granted by the Department of Epidemiology, University of Aarhus, Den-
mark. VIP2: Financial support for creation of the eCRF and maintenance of the 
database was supported by a grant by Western Health Region in Norway. DRC 
Ile de France and URC Est helped conducting this study in France. For a list of 
collaborators in VIP2 and COVIP please see [23] and [29].

Declarations

Conflict of interets
The authors do not have any conflict of interest to declare related to this 
manuscript.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under a 
publishing agreement with the author(s) or other rightsholder(s); author self-
archiving of the accepted manuscript version of this article is solely governed 
by the terms of such publishing agreement and applicable law.

Received: 5 May 2022   Accepted: 11 August 2022
Published: 2 September 2022

References
 1. Beard JR, Jotheeswaran AT, Cesari M, Araujo de Carvalho I (2019) The 

structure and predictive value of intrinsic capacity in a longitudinal study 
of ageing. BMJ Open 9(11):e026119. https:// doi. org/ 10. 1136/ bmjop 
en- 2018- 026119

 2. Flaatten H, de Lange DW, Artigas A, Bin D, Moreno R, Christensen S, 
Joynt GM et al (2017) The status of intensive care medicine research 
and a future agenda for very old patients in the ICU. Intensive Care Med 
43(9):1319–1328. https:// doi. org/ 10. 1007/ s00134- 017- 4718-z

 3. Theou O, Brothers TD, Mitnitski A, Rockwood K (2013) Operationalization 
of frailty using eight commonly used scales and comparison of their 
ability to predict all-cause mortality. J Am Geriatr Soc 61(9):1537–1551. 
https:// doi. org/ 10. 1111/ jgs. 12420

 4. Ferrante LE, Pisani MA, Murphy TE, Gahbauer EA, Leo-Summers LS, Gill 
TM (2019) Functional trajectories among older persons before and after 
critical illness. JAMA Intern Med 175(4):523–529. https:// doi. org/ 10. 1001/ 
jamai ntern med. 2014. 7889

 5. Flaatten H, De Lange DW, Morandi A, Andersen FH, Artigas A, Bertolini G, 
Boumendil A et al (2017) The impact of frailty on ICU and 30-day mortal-
ity and the level of care in very elderly patients (≥ 80 years). Intensive 
Care Med 43(12):1820–1828. https:// doi. org/ 10. 1007/ s00134- 017- 4940-8

 6. Stein D, Sviri S, Beil M, Stav I, Marcus EL (2022) Prognosis of chronically 
ventilated patients in a long-term ventilation facility: association with 
age, consciousness and cognitive state. J Intensive Care Med 1:1. https:// 
doi. org/ 10. 1177/ 08850 66622 10888 00

https://doi.org/10.1007/s00134-022-06868-x
https://doi.org/10.1007/s00134-022-06868-x
https://doi.org/10.1136/bmjopen-2018-026119
https://doi.org/10.1136/bmjopen-2018-026119
https://doi.org/10.1007/s00134-017-4718-z
https://doi.org/10.1111/jgs.12420
https://doi.org/10.1001/jamainternmed.2014.7889
https://doi.org/10.1001/jamainternmed.2014.7889
https://doi.org/10.1007/s00134-017-4940-8
https://doi.org/10.1177/08850666221088800
https://doi.org/10.1177/08850666221088800


1735

 7. Chong E, Chan M, Tan HN, Lim WS (2020) COVID-19: use of the clinical 
frailty scale for critical care decisions. J Am Geriatr Soc 68(6):E30–E32. 
https:// doi. org/ 10. 1111/ jgs. 16528

 8. The National Institute for Health and Care Excellence 2020 (2020) https:// 
www. nice. org. uk/ news/ artic le/ nice- updat es- rapid- covid- 19- guide line- 
on- criti cal- care. Accessed 4 May 2022

 9. Ntani G, Inskip H, Osmond C, Coggon D (2021) Consequences of ignoring 
clustering in linear regression. BMC Med Res Methodo 21(1):139. https:// 
doi. org/ 10. 1186/ s12874- 021- 01333-7

 10. Fronczek J, Polok K, de Lange DW, Jung C, Beil M, Rhodes A, Fjølner et al 
(2021) Relationship between the Clinical Frailty Scale and short-term 
mortality in patients ≥ 80 years old acutely admitted to the ICU. Crit Care 
25(1):231. https:// doi. org/ 10. 1186/ s13054- 021- 03632-3

 11. Castela Forte J, Perner A, van der Horst ICC (2019) The use of cluster-
ing algorithms in critical care research to unravel patient heterogene-
ity. Intensive Care Med 45(7):1025–1028. https:// doi. org/ 10. 1007/ 
s00134- 019- 05631-z

 12. Whitty CJM, MacEwen C, Goddard A, Alderson D, Marshall M, Calderwood 
C, Atherton F et al (2020) Rising to the challenge of multimorbidity. BMJ 
368:l6964. https:// doi. org/ 10. 1136/ bmj. l6964

 13. Marcucci M, Franchi C, Nobili A, Mannucci PM, Ardoino I, REPOSI Investi-
gators (2017) Defining aging phenotypes and related outcomes: clues to 
recognize frailty in hospitalized older patients. J Gerontol A Biol Sci Med 
Sci 72(3):395–402. https:// doi. org/ 10. 1093/ gerona/ glw188

 14. Castela Forte J, Yeshmagambetova G, van der Grinten ML, Hiemstra 
B, Kaufmann T, Eck RJ, Keus F et al (2021) Identifying and character-
izing high-risk clusters in a heterogeneous ICU population with deep 
embedded clustering. Sci Rep 11(1):12109. https:// doi. org/ 10. 1038/ 
s41598- 021- 91297-x

 15. Knaus WA, Marks RD (2019) New phenotypes for sepsis: the promise 
and problem of applying machine learning and artificial intelligence in 
clinical research. JAMA 321(20):1981–1982. https:// doi. org/ 10. 1001/ jama. 
2019. 5794

 16. Ahmad T, Lund LH, Rao P, Ghosh R, Warier P, Vaccaro B, Dahlström U et al 
(2019) Machine learning methods improve prognostication, identify 
clinically distinct phenotypes, and detect heterogeneity in response 
to therapy in a large cohort of heart failure patients. J Am Heart Assoc 
7(8):e008081. https:// doi. org/ 10. 1161/ JAHA. 117. 008081

 17. Bian J, Lyu T, Loiacono A, Viramontes TM, Lipori G, Guo Y, Wu Y et al (2020) 
Assessing the practice of data quality evaluation in a national clinical data 
research network through a systematic scoping review in the era of real-
world data. J Am Med Inform Assoc 27(12):1999–2010. https:// doi. org/ 10. 
1093/ jamia/ ocaa2 45

 18. Reddy K, Sinha P, O’Kane CM, Gordon AC, Calfee CS, McAuley DF (2020) 
Subphenotypes in critical care: translation into clinical practice. Lancet 
Respir Med 8(6):631–643. https:// doi. org/ 10. 1016/ S2213- 2600(20) 30124-7

 19. Geri G, Vignon P, Aubry A, Fedou AL, Charron C, Silva S, Repessé X, 
Vieillard-Baron A (2019) Cardiovascular clusters in septic shock combining 
clinical and echocardiographic parameters: a post hoc analysis. Intensive 
Care Med 45(5):657–667. https:// doi. org/ 10. 1007/ s00134- 019- 05596-z

 20. Azoulay E, Zafrani L, Mirouse A, Lengliné E, Darmon M, Chevret S (2020) 
Clinical phenotypes of critically ill COVID-19 patients. Intensive Care Med 
46(8):1651–1652. https:// doi. org/ 10. 1007/ s00134- 020- 06120-4

 21. Seymour CW, Kennedy JN, Wang S, Chang CH, Elliott CF, Xu Z, Berry S 
et al (2019) Derivation, validation, and potential treatment implications 
of novel clinical phenotypes for sepsis. JAMA 321(20):2003–2017. https:// 
doi. org/ 10. 1001/ jama. 2019. 5791

 22. Rodríguez A, Ruiz-Botella M, Martín-Loeches I, Jimenez Herrera M, Solé-
Violan J, Gómez J, Bodí M et al (2021) Deploying unsupervised clustering 
analysis to derive clinical phenotypes and risk factors associated with 
mortality risk in 2022 critically ill patients with COVID-19 in Spain. Crit 
Care 25(1):63. https:// doi. org/ 10. 1186/ s13054- 021- 03487-8

 23. Guidet B, de Lange DW, Boumendil A, Leaver S, Watson X, Boulanger C, 
Szczeklik W et al (2020) The contribution of frailty, cognition, activity of 
daily life and comorbidities on outcome in acutely admitted patients 

over 80 years in European ICUs: the VIP2 study. Intensive Care Med 
46(1):57–69. https:// doi. org/ 10. 1007/ s00134- 019- 05853-1

 24. Guidet B, Flaatten H, Boumendil A, Morandi A, Andersen FH, Artigas A, 
Bertolini G et al (2018) Withholding or withdrawing of life-sustaining 
therapy in older adults (≥ 80 years) admitted to the intensive care 
unit. Intensive Care Med 44(7):1027–1038. https:// doi. org/ 10. 1007/ 
s00134- 018- 5196-7

 25. Jung C, Flaatten H, Fjølner J, Bruno RR, Wernly B, Artigas A, Bollen et al 
(2021) The impact of frailty on survival in elderly intensive care patients 
with COVID-19: the COVIP study. Crit Care 25(1):149. https:// doi. org/ 10. 
1186/ s13054- 021- 03551-3

 26. Huang ZX (1997) Clustering large data sets with mixed numeric and 
categorical values. In: Proceedings of the First Pacific Asia knowledge 
discovery and data mining conference, Singapore. 1997, pp 21–34

 27. Benjamini Y, Hochberg Y (1995) Controlling the false discovery rate. 
Controlling the false discovery rate: a practical and powerful approach to 
multiple testing. J R Stat Soc (Ser B) 57:289–300. https:// doi. org/ 10. 1111/j. 
2517- 6161. 1995. tb020 31.x

 28. Tenny S, Hoffman MR (2022) Odds ratio. StatPearls. StatPearls Publishing, 
Treasure Island

 29. Guidet B, Jung C, Flaatten H, Fjølner J, Artigas A, Pinto BB, Schefold 
JC et al (2022) Increased 30-day mortality in very old ICU patients 
with COVID-19 compared to patients with respiratory failure without 
COVID-19. Intensive Care Med 48(4):435–447. https:// doi. org/ 10. 1007/ 
s00134- 022- 06642-z

 30. Vink EE, Azoulay E, Caplan A, Kompanje EJO, Bakker J (2018) Time-
limited trial of intensive care treatment: an overview of current 
literature. Intensive Care Med 44(9):1369–1377. https:// doi. org/ 10. 1007/ 
s00134- 018- 5339-x

 31. Beil M, Sviri S, Flaatten H, De Lange DW, Jung C, Szczeklik W, Leaver S et al 
(2021) On predictions in critical care: the individual prognostication fal-
lacy in elderly patients. J Crit Care 61:34–38. https:// doi. org/ 10. 1016/j. jcrc. 
2020. 10. 006

 32. De Biasio JC, Mittel AM, Mueller AL, Ferrante LE, Kim DH, Shaefi S (2020) 
Frailty in critical care medicine. Anesth Analg 130(6):1462–1473

 33. Mart MF, Pun BT, Pandharipande P, Jackson JC, Ely EW (2021) ICU survi-
vorship-the relationship of delirium, sedation, dementia, and acquired 
weakness. Crit Care Med 49(8):1227–1240. https:// doi. org/ 10. 1097/ CCM. 
00000 00000 005125

 34. Elbeddini A, Sawhney M, Tayefehchamani Y, Yilmaz Z, Elshahawi A, Josh 
Villegas J, Dela Cruz J (2021) Deprescribing for all: a narrative review iden-
tifying inappropriate polypharmacy for all ages in hospital settings. BMJ 
Open Qual 10(3):e001509. https:// doi. org/ 10. 1136/ bmjoq- 2021- 001509

 35. Parry SM, Nydahl P, Needham DM (2018) Implementing early physical 
rehabilitation and mobilisation in the ICU: institutional, clinician, and 
patient considerations. Intensive Care Med 44(4):470–473. https:// doi. 
org/ 10. 1007/ s00134- 017- 4908-8

 36. Pollack LR, Goldstein NE, Gonzalez WC, Blinderman CD, Maurer MS, 
Lederer DJ, Baldwin MR (2017) The frailty phenotype and palliative care 
needs of older survivors of critical illness. J Am Geriatr Soc 65(6):1168–
1175. https:// doi. org/ 10. 1111/ jgs. 14799

 37. Shankar-Hari M, Rubenfeld GD (2019) Population enrichment for critical 
care trials: phenotypes and differential outcomes. Curr Opin Crit Care 
25(5):489–497. https:// doi. org/ 10. 1097/ MCC. 00000 00000 000641

 38. Vallet H, Schwarz GL, Flaatten H, de Lange DW, Guidet B, Dechartres A 
(2021) Mortality of older patients admitted to an ICU: a systematic review. 
Crit Care Med 49(2):324–334. https:// doi. org/ 10. 1097/ CCM. 00000 00000 
004772

 39. Joebges S, Biller-Andorno N (2020) Ethics guidelines on COVID-19 triage-
an emerging international consensus. Crit Care 24(1):201

 40. Wunsch H, Hill AD, Bosch N, Adhikari NKJ, Rubenfeld G, Walkey A, Ferreyro 
BL et al (2020) Comparison of 2 triage scoring guidelines for allocation 
of mechanical ventilators. JAMA Netw Open 3(12):e2029250. https:// doi. 
org/ 10. 1001/ jaman etwor kopen. 2020. 29250

https://doi.org/10.1111/jgs.16528
https://www.nice.org.uk/news/article/nice-updates-rapid-covid-19-guideline-on-critical-care
https://www.nice.org.uk/news/article/nice-updates-rapid-covid-19-guideline-on-critical-care
https://www.nice.org.uk/news/article/nice-updates-rapid-covid-19-guideline-on-critical-care
https://doi.org/10.1186/s12874-021-01333-7
https://doi.org/10.1186/s12874-021-01333-7
https://doi.org/10.1186/s13054-021-03632-3
https://doi.org/10.1007/s00134-019-05631-z
https://doi.org/10.1007/s00134-019-05631-z
https://doi.org/10.1136/bmj.l6964
https://doi.org/10.1093/gerona/glw188
https://doi.org/10.1038/s41598-021-91297-x
https://doi.org/10.1038/s41598-021-91297-x
https://doi.org/10.1001/jama.2019.5794
https://doi.org/10.1001/jama.2019.5794
https://doi.org/10.1161/JAHA.117.008081
https://doi.org/10.1093/jamia/ocaa245
https://doi.org/10.1093/jamia/ocaa245
https://doi.org/10.1016/S2213-2600(20)30124-7
https://doi.org/10.1007/s00134-019-05596-z
https://doi.org/10.1007/s00134-020-06120-4
https://doi.org/10.1001/jama.2019.5791
https://doi.org/10.1001/jama.2019.5791
https://doi.org/10.1186/s13054-021-03487-8
https://doi.org/10.1007/s00134-019-05853-1
https://doi.org/10.1007/s00134-018-5196-7
https://doi.org/10.1007/s00134-018-5196-7
https://doi.org/10.1186/s13054-021-03551-3
https://doi.org/10.1186/s13054-021-03551-3
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1007/s00134-022-06642-z
https://doi.org/10.1007/s00134-022-06642-z
https://doi.org/10.1007/s00134-018-5339-x
https://doi.org/10.1007/s00134-018-5339-x
https://doi.org/10.1016/j.jcrc.2020.10.006
https://doi.org/10.1016/j.jcrc.2020.10.006
https://doi.org/10.1097/CCM.0000000000005125
https://doi.org/10.1097/CCM.0000000000005125
https://doi.org/10.1136/bmjoq-2021-001509
https://doi.org/10.1007/s00134-017-4908-8
https://doi.org/10.1007/s00134-017-4908-8
https://doi.org/10.1111/jgs.14799
https://doi.org/10.1097/MCC.0000000000000641
https://doi.org/10.1097/CCM.0000000000004772
https://doi.org/10.1097/CCM.0000000000004772
https://doi.org/10.1001/jamanetworkopen.2020.29250
https://doi.org/10.1001/jamanetworkopen.2020.29250

	Clustering analysis of geriatric and acute characteristics in a cohort of very old patients on admission to ICU
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Patients and methods
	Patients
	Measurements
	Phenotyping by clustering analysis
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References




