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Abstract

Background Premorbid conditions influence the outcome of acutely ill adult patients aged 80 years and over who
are admitted to the ICU. The aim of this study was to determine the influence of such premorbid conditions
on 6 month survival.

Methods Prospective cohort study in 242 ICUs from 22 countries including patients 80 years or above, admitted

over a 6 months period to an ICU between May 2018 and May 2019. Only emergency (acute) ICU admissions in adult
patients > 80 years of age were eligible. Patients who were admitted after planned/elective surgery were excluded. We
measured the Clinical Frailty Scale (CFS), the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE),
disability with the Katz activities of daily living (ADL) score, comorbidities and a Polypharmacy Score (CPS).

Results Overall, the VIP2 study included 3920 patients. During ICU stay 1191 patients died (30.9%), and another 436
patients (11.1%) died after ICU discharge but within the first 30 days of admission, and an additional 895 patients
died hereafter but within the first 6 months after admission (22.8%). The 6 months mortality was 64%. The median
CFS was 4 (IQR 3-6). Frailty (CFS > 5) was present in 26.6%. Cognitive decline (IQCODE above 3.5) was found in 30.2%.
The median IQCODE was 3.19. A Katz ADL of 4 or less was present in 27.7%. Patients who surviving >6 months were
slightly younger (median age survivors 84 with IQR 81-86) than patients dying within the first 6 months (median
age 84, IQR 82-87, p=0.013), were less frequently frail (CFS>5 in 19% versus 34%, p <0.01) and were less depend-
ent based on their Katz activities of daily living measurement (median Katz score 6, IQR 5-6 versus 6 points, IQR 3-6,
p<0.01).

Conclusions We found that Clinical Frailty Scale, age, and SOFA at admission were independent prognostic factors
for 6 month mortality after ICU admission in patients age 80 and above. Adding other geriatric syndromes and scores
did not improve the model. This information can be used in shared-decision making.
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Background

Currently, more than 15% of patients admitted to inten-
sive care units (ICUs) are 80 years of age or older. This
proportion of “very old intensive care patients” (VIPs) is
estimated to increase to 36% by 2025 [1-3]. This has been
identified as a public health challenge, because patients
aged 80 years and older consume a large proportion of
healthcare resources and budgets, while mortality rates
are consistently reported to be higher than in younger
patients. This is particularly true for older adult patients
aged 80 years and over who are admitted acutely [4]. For
unplanned admissions, the overall 30-day survival rate
for ICU patients is approximately 60% [5, 6].

However, looking at short-term prognosis may be of
limited value, as patients usually aim for long-term sur-
vival with a good quality of life (QoL) [7]. Intensive care
may even be perceived as disproportionate if it only
causes suffering and anxiety without achieving the goal of
long-term survival. It is, therefore, of paramount impor-
tance to better identify elderly patients who are likely
to have a good long-term outcome. Previous reports
have found an association between pre-morbid condi-
tions and 30 day survival [6]. In very old adult patients,
the ability to cope with severe stressors such as critical
illness appears to be related to geriatric syndromes such
as frailty [5, 6], cognitive decline [8, 9] and reduced per-
formance on the Activities of Daily Living (ADL) scale,
in addition to comorbidity. However, the impact of these
premorbid conditions on the long-term outcome of
acutely admitted elderly ICU patients has not been estab-
lished. Does the severity of illness on admission to the
ICU or premorbid conditions predict a patient’s chance
of long-term survival?

In this European-based study, we aimed to examine the
influence of three common geriatric syndromes: frailty,
cognitive impairment and disability, and the presence of
comorbidity and polypharmacy, and to assess their influ-
ence on 6 month survival.

Methods
Design and setting
This was a prospective observational study in 242 ICUs
from 22 European countries, including Turkey. The
inclusion period was from May 2018 to May 2019. Most
patients were included in the winter of 2018-2019. The
6 month follow-up period ended on 1 December 2019.
The study was coordinated by the Health Services
Resource and Outcome (HSRO) and Nurses and Allied
Health care Professionals (NAHP) sections of the Euro-
pean Society of Intensive Care Medicine (ESICM). Each
country had a national coordinator responsible for ICU
recruitment and application for national or regional ethi-
cal and regulatory approval of the study. Institutional
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research ethics committee approval was obtained at each
study site. Individual ICUs were asked to enrol consecu-
tive patients for 6 months during the 1 year study period
and were allowed to stop when>20 patients had been
enrolled. Participation in the 6 month follow-up was
optional for the ICUs. A dedicated website was set up to
facilitate information about the study and its progress,
and to allow data entry using an electronic case record
form (eCRF). The trial is registered at www.ClinicalTr
ials.gov (ID: NCT03370692). There was no specific fund-
ing for this study or for the participating ICUs (Addi-
tional file 1).

Participants

Only emergency (acute) ICU admissions of adult patients
aged >80 years were eligible. Patients admitted after
planned/elective surgery were excluded, because their
mortality rates are completely different (lower) than
those of acutely admitted very old critically ill patients
[4].

Data collection

Data collection at admission

For each eligible patient, demographic data were col-
lected: age, sex, place of residence prior to hospital
admission, and reason for admission according to a
predefined list (see Additional file 3). Second, the study
collected mandatory data on the patient’s geriatric con-
ditions prior to this hospital admission, including the
Clinical Frailty Scale (CFS) [10]. For the assessment of
frailty, we defined the level of frailty present prior to hos-
pital admission and unaffected by the current acute ill-
ness. The information needed to make this assessment
was provided by the patient or proxy, or obtained from
the patient’s medical record. The profession of the asses-
sor was documented. The simple description of CFS was
used with permission [10]. Frail patients were defined
as having a CFS of >5. We also recorded Katz activities
of daily living (Katz ADL) [11], with an ADL score<4
defining disability. Pre-admission cognitive function was
assessed using the Short form of Informant Question-
naire on Cognitive Decline in the Elderly (IQCODE) [12].
The information used to calculate the IQCODE was pro-
vided by caregivers who had known the patient well for
the previous 10 years. We defined cognitive decline as
an IQCODE > 3.5 [12]. A comorbidity and polypharmacy
score (CPS) was calculated [13]. The CPS was defined
as the simple sum of the number of known comorbidi-
ties and the number of different medications taken daily
before admission (1 point for each chronic comorbidity
and 1 point for each medication). Cardiovascular dys-
function was counted per morbidity (e.g., a patient with
hypertension, atrial fibrillation and congestive heart


http://www.ClinicalTrials.gov
http://www.ClinicalTrials.gov

de Lange et al. Annals of Intensive Care (2024) 14:46

failure would receive 3 points, even if they were all car-
diovascular comorbidities). The number can vary from 0
(no comorbidity, no medication) to infinity, although in
most patients the number was <20. The severity of CPS
has traditionally been stratified as minor/mild (CPS 0-7),
moderate (8—14) and severe (>15). In the analyses, the
total CPS score was used for analyses (Additional files 4,
5,6).

Data collection of variables during ICU admission

The Sequential Organ Failure Assessment (SOFA) score
was calculated within the first 24 h of ICU admission.14
The total SOFA score on admission was calculated using
an online calculator in the eCRE. Length of stay (LOS) in
the ICU was recorded as the number of hours between
admission and discharge and later converted to days
(consecutive 24 h periods rather than calendar days) for
analysis. Any period of non-invasive or invasive (with
endotracheal intubation or tracheostomy) mechanical
ventilation, use of vasoactive drugs and renal replace-
ment therapy (RRT) was recorded with the start (which
ICU treatment day) and duration of the procedure (in
hours).

Limitation of life-sustaining therapies (LST), such as
withholding or withdrawing life-sustaining treatments,
was documented when applied and the timing of LST
limitation was recorded (in days since ICU admission)
[15].

Outcome was assessed as survival at ICU discharge,
30 days and 6 months (180 days) after ICU admission.
The source of information for vital status at 6 months was
documented.

The CRF and database were hosted on a secure server
on the campus of Aarhus University, Denmark.

Bias

The ICUs were asked to include all consecutive
patients >80 years that were acutely admitted to the ICU,
irrespective of the anticipated duration of ICU stay.

Study size

We had no formal calculation in this purely observational
study. We estimated the 6 month mortality to be approxi-
mately 50%, as seen in similar study populations [5, 6].

Data imputation

We used multiple imputation of data to compensate for
missing values in both predictors and outcomes. In short,
missing data were imputed to create 100 different data
sets, in which we used 50 iterations to achieve value sta-
bility. Non-linear models were used and variable order
and predictors were set to avoid feedback loops. Post-
processing was set to limit extreme values in continuous
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variables. Rubin’s rules were used to pool the results of
the final analysis. Further details of the methods have
been described in previously published papers [5, 16].

Statistical analysis

Baseline characteristics of patients were analyzed as fre-
quencies and percentages for categorical variables and as
medians and interquartile ranges (IQRs) for continuous
variables.

After multiple imputations we used these datasets to
calculate the area-under-the-curve (AUC) for various
geriatric variables that were available premorbid to pre-
dict 6 month outcome:

a) age of the patient at admission to the ICU

b) the CEFS as determined prior to this disease episode.

¢) the cumulative CPS score as determined at admis-
sion to the ICU

d) the Katz ADL

e) the SOFA-score at admission to the ICU

All analyses were performed with R software, version
3.2.2 (R Foundation for Statistical Computing).

Results

Participants

There were 242 participating ICUs in the 22 European
countries including Turkey. The characteristics of these
ICUs are listed in the electronic Additional file and
recruitment per country is presented in Additional file 1.

A total of 3920 patients were enrolled in the VIP2 study.
The demographics of these patients are shown in Tables 1
and 2. The median age of participants was 84 years (IQR
81-86), 53% were male, the median number of chronic
comorbidities was 4 (IQR 3-4) and the median number
of different medications taken daily was 6 (IQR 4-9).
This resulted in a median CPS of 10 (IQR 7-14). 61% of
patients had a CFS > 3, meaning that they were either pre-
frail or frail at the time of ICU admission. The median
SOFA score was 6 (IQR 6-9).

During their stay in the ICU, 1191 patients (30.9%)
died, a further 436 patients (11.1%) died after discharge
from the ICU but within the first 30 days of admission,
and a further 895 patients died afterwards but within the
first 6 months of admission (22.8%). After 6 months, 64%
of patients had died. The characteristics of the surviving
patients are shown in Table 2. These figures are derived
from the complete data set.

Patients who survived up to 6 months were slightly
younger (median age of survivors 84, IQR 81-86) than
those who died within the first 6 months (median age
84, IQR 82-87, p=0.013), less likely to be frail (CFS>5
in 19% versus 34%, p<0.01) and less dependent on their
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Table 1 Patient characteristics of the total study population, the patients of whom all information was available in the database
(complete cases), the patients with missing data (incomplete cases) and the differences between these two groups

Patient characteristic [n missing] Total population

Complete cases

Incomplete cases p value for difference between

complete and incomplete cases

N 3920 2855 1065

Age [0] 84 [81-87] 84 [81-87] 84 [81-86] 0.738
Sex [0] 2051 (53%) 1532 (54%) 519 (51%) 0.072
IQCODE [922] 3[3,4] 31[3,4] 3[3,4] 0.681
Chronic comorbidities [6] 4 [3-6] 4 [3-6] 4 [3-6] 0.703
Drugs daily [7] 6 [4-9] 6 [4-9] 6 [4-9] 0.732
CPS [7] 10 [7-14] 10 [7-14] 11[7-14] 0.633
CFS1-3[17] 1544 (39%) 1170 (41%) 374 (35%) 0.011
CFS 4-5 1314 (34%) 936 (33%) 378 (35%)

CFS6-9 1045 (27%) 749 (26%) 296 (28%)

Katz [433] 6 [4-6] 6 [4-6] 6 [4-6] 0.952
SOFA[11] 6 [4-9] 6 [4-9] 6[3-9] 094
intubated [0] 1943 (50%) 1429 (50%) 514 (50%) 0.941
tracheostomy [10] 264 (7%) 201 (7%) 63 (6%) 0.37
vasoactive medication [0] 2326 (59%) 1741 (61%) 585 (57%) 0.019
RRT [0] 424 (11%) 338 (12%) 86 (8%) 0.002
NIV [0] 881 (23%) 669 (24%) 212 (21%) 0.065
withhold [0] 1140 (29%) 893 (31%) 246 (23%) <0.001
withdraw [0] 545 (14%) 404 (14%) 1471 (14%) 0.746
survived to icu discharge [14] 2729 (72%) 2033 (72%) 759 (74%) 0.06
survived up to 30 days [74] 2293 (58%) 1648 (58%) 545 (64%) <0.001
survived up to 6 months [644] 1398 (36%) 1345 (47%) 53 (6%) <0.001

IQCODE means the Short form of Informant Questionnaire on Cognitive Decline in the Elderly, chronic comorbidities means the number of chronic comorbidities at
admission to the ICU, drugs daily means the amount of drugs taken daily, CPS means the comorbidities and poly pharmacy score (which is the combination of drugs
daily and chronic comorbidities), CFS means the clinical frailty scale, Katz means the Katz activities of daily living score, SOFA means the sequential organ failure
assessment score, RRT means renal replacement therapy during ICU stay, NIV means non-invasive ventilation during ICU stay

Katz ADL (median Katz score 6, IQR 5-6 versus 6 points,
IQR 3-6, p<0.01).

Outcome data

The relationship between the geriatric variables available
before the current period of illness (premorbid) and the
scores for the predictability of death in the first 6 months
after ICU admission is shown in Fig. 1. The C-statistic
(area under the curve of the sensitivity and specificity cal-
culations) varies over time. The full model consisting of
all variables (age, SOFA score, frailty, CPS and Katz) had
the highest AUC for the outcome of death at 6 months.
Note that the AUC for frailty associated with death at
6 months had an upward slope. After 12 days in the ICU,
CFS on admission has a higher C-statistic for 6 month
mortality than SOFA score on admission.

Discussion

We have shown that the 6 month survival rate for
patients aged 80 years and older after acute admission
to the ICU is 36%. Survival up to 6 months depends on

several factors, which can be divided into factors associ-
ated with severity of illness (SOFA score) or factors that
are patient-dependent (such as age, frailty, cognitive
function and independence in activities of daily living).
Severity can be modified by treatments administered in
the ICU, but premorbid patient characteristics are fixed
and cannot be modified by interventions in such acute
settings.

In this study, we showed that when patients
aged >80 years who were acutely admitted to the ICU
were alive for more than 12 days, the Clinical Frailty
Scale (CFS) model outperformed the SOFA score model
and the age-based model in predicting 6 month mortal-
ity. Therefore, for patients who have survived their acute
critical illness (the severity of illness associated with the
reason for admission, e.g. trauma or infection), long-term
survival is now more dependent on their ability to fully
recover. Obviously, this is inversely related to the level of
comorbidity and frailty of the patient.

The impact of frailty on 6 month mortality increases
over time (represented by the increasing C-statistic
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Table 2 Differences in patients surviving up to 30 days versus 6 months (complete case data)

All patients (n=3920)

Survivors at 30 days

Survivors at 6 months Deceased at 6 months p value

(n=2293) (n=1398) (n=1825)
N [N missing] 3867 2293 1398 1825
Age (0] 84 [81-87] 84 [81-87] 84 [81-86] 84 [82-87] 0013
Gender [0] 2051 (53%) 1185 (52%) 731 (52%) 1007 (55%) 011
IQCODE [922] 3[3,4] 3[3,4] 3[3] 3[3,4] 0
Chronic comorbidities [6] 4 [3-6] 4 [3-5] 4[3-5] 4 [3-6] 0.002
Drugs daily [7] 6 [4-9] 6[4-9] 6 [4-8] 6 [4-9] 0.04
CPS[7] 10 [7-14] 10 [7-14] 10 [7-14] 11[7-14] 0.006
CFS1-3[17] 1532 (40%) 999 (44%) 658 (47%) 620 (34%) <0.01
CFS4-5[17] 1284 (33%) 795 (35%) 476 (34%) 574 (31%)
CFS6-9[17] 1034 (27%) 496 (22%) 263 (19%) 616 (34%)
Katz [433] 6 [4-6] 61[5,6] 6[5,6] 6 [3-6] <0.01
SOFA[11] 6 [4-9] 5[3-8] 5[3-7] 8[5-10] <0.01
Intubated [0] 1943 (50%) 932 (41%) 512 (37%) 1153 (63%) <0.01
Tracheostomy [10] 264 (7%) 168 (7%) 65 (5%) 157 (9%) <0.01
vasoactive medication [0] 2326 (60%) 1169 (51%) 699 (50%) 1324 (73%) <0.01
RRT [0] 424 (11%) 163 (7%) 92 (7%) 295 (16%) <0.01
NIV [0] 881 (23%) 538 (23%) 330 (24%) 400 (22%) 0.275
withhold [0] 1139 (29%) 389 (17%) 222 (16%) 830 (45%) <0.01
withdraw [0] 545 (14%) 27 (1%) 13 (1%) 526 (29%) <0.01

IQCODE means the Short form of Informant Questionnaire on Cognitive Decline in the Elderly, chronic comorbidities means the number of chronic comorbidities at
admission to the ICU, drugs daily means the amount of drugs taken daily, CPS means the comorbidities and poly pharmacy score (which is the combination of drugs
daily and chronic comorbidities), CFS means the clinical frailty scale, Katz means the Katz activities of daily living score, SOFA means the sequential organ failure
assessment score, RRT means renal replacement therapy during ICU stay, NIV means non-invasive ventilation during ICU stay

during the 30 days in the ICU). Frailty, defined as CFS
6-9, was associated with 6 month survival of 31.9%, com-
pared with 53.9% for fit patients (CFS 1-3) and 47.4% for
frail patients (CFS 4-5) (p<0.01). Frailty is associated
with an inability to cope with the physical stress associ-
ated with acute critical illness. Once the acute effects of
the illness have subsided, the patient is left with further
organ damage that they are unable to cope with. This
results in very high mortality rates during and after ICU
treatment.

In shared decision making with patients or their fami-
lies, one of the key questions is: "What are the long-
term chances of being alive? This question is particularly
important for adult patients aged 80 and over. Their
chances of long-term survival are already limited because
of their advanced age. In addition, their chances of sur-
vival decrease significantly if they require acute hospi-
talisation for a serious illness [4]. Here we have shown an
overall survival of 36% after 6 months. This low survival
in the first 6 months after ICU admission is in line with
previous publications [17-21] and remains higher than in
an age- and sex-matched population in the first year after
ICU discharge [22].

We have also shown that long-term survival is inversely
associated with pre-morbid conditions (age and frailty)

and the severity of illness at admission. Unfortunately,
many of these variables are not amenable to interven-
tion. As frustrating as this may be, it also shows that we
can inform our patients (or, more likely, surrogate deci-
sion makers) about possible outcomes early in the course
of the disease. While it is impossible to predict complete
futility of treatment, we can explain to surrogate deci-
sion makers what a patient’s chances are based on their
premorbid conditions [23]. Such information is of para-
mount importance in shared decision making. Interest-
ingly, cognitive impairment and age alone were only
weakly associated with 6 month survival.

Limitation of this study

Older patients discharged from the ICU often have
lower functional capacity and independence than
before admission to the ICU. In a cohort of 610 Cana-
dian patients aged >80 years admitted to an ICU, only
26% were alive at 12 months and had recovered their
baseline physical function [24]. This is particularly
important as many older patients prioritise quality of
life over longevity [7]. Indeed, the majority of patients
(74%) reported that they would not choose treat-
ment if the burden of that treatment was high and the
expected outcome was survival with severe functional
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Fig. 1 Predictive value of various patients characteristics on 6 month mortality expressed by the area-under-the-curve over time. The SOFA score
has the highest association with mortality in the first 6 days after admission to the ICU for an acute reason (pink line and confidence interval).
However, after approximately 12 days the AUC of the CFS (brown line) was higher than the AUC of the SOFA-score, which means that CFS,

from that point onwards, is more associated with 6 month outcome. The blue line with the highest AUC is all variables combined (age, CFS, CPS,

Katz and SOFA)

impairment [25, 26]. When community-dwelling older
people (average age 85 years) were well informed about
potential ICU treatments by watching videos of what
this treatment would actually look like, many chose not
to undergo such treatments [26]. This clearly shows that
survival alone is not enough to fully inform patients or
surrogate decision makers. Estimated quality of life,

functional independence and autonomy may be more
important in this age group. These outcomes are miss-
ing from our study and are a major limitation.

Another limitation could be ‘admission bias’; we did
not record the reasons or outcomes of patients who
were refused ICU admission. Therefore, we may be
looking at a selected population that may have a better
outcome than all patients aged 80 and over.
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Another limitation of our study is that “advanced direc-
tives” and/or “restrictions on life-sustaining treatment”
can have a huge impact on outcome. Here we see a self-
fulfilling prophecy. We see reduced survival in patients
for whom physicians expect limited survival and have
discussed limitations on life-sustaining treatments. We
have previously reported that frail patients have more
restrictions on life-sustaining treatments [15].

Another limitation is that 6 month survival data were
not available for all patients. We cannot exclude that
patients with missing 6 month survival data were differ-
ent from those included in the study.

Finally, we did not collect information on other explan-
atory variables, such as individual socio-economic status,
education, nutritional status, lack of delirium assessment
on admission and severity of illness later during the ICU
stay. These variables are important for future research.

Strong feature of this study

A strong feature of this study is that we prospectively
examined outcomes in a well-defined group of consecu-
tive, acutely admitted, elderly patients over 80 years of
age in 20 European countries. The results are, therefore,
valid for a large proportion of these older patients (exter-
nal validity).

Conclusions

We found that geriatric conditions that were present
before a patient’s acute illness (so-called premorbid con-
ditions) were associated with the likelihood of survival.
Apart from the SOFA score, which reflects acute illness,
the Clinical Frailty Scale and age were independent prog-
nostic factors for 6 month mortality after ICU admission
in patients aged 80 years and older. The addition of other
geriatric syndromes and scores did not improve this
association with mortality. Knowledge of these premor-
bid conditions is important information that can be used
to guide decisions about both the benefits of ICU admis-
sion and the benefits of continued ICU treatment as part
of the shared decision-making process with the patient,
family, or surrogate decision-makers.
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