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In Search of a Crystal Ball: 
Predicting Long-term Out-
comes in Critically Ill Older 
Adults
Older adults who survive critical illness are at risk of adverse long-term 
outcomes, including long-term mortality and impairment in physical function, 
cognitive function, and mental health. In this article, we discuss the evidence 
behind prediction of these outcomes in older ICU survivors, and review risk 
factors that should be considered in future prediction modelling studies. 

Older adults who survive a criti-
cal illness are at risk of a host of 
adverse long-term outcomes, 

including increased risk of death, read-
mission, and long-term impairments in 
physical, cognitive, and mental health 
domains (Hill et al. 2016; Iwashyna et al. 
2010; Marra et al. 2018; Pandharipande et 
al. 2013; Wunsch et al. 2010). As increasing 
numbers of older adults are admitted to 
and survive the intensive care unit (ICU) 
around the world (Iwashyna et al. 2012; 
Jones et al. 2020), an understanding of 
factors that predict these outcomes is 
crucial to guide decision-making and to 
identify patients at risk of poor long-term 
outcomes. 

Prediction modelling studies are investi-
gations that utilise multiple known variables 
to construct a model that allows estimation 
of the likelihood of a particular outcome 
(Riley et al. 2013; Steyerberg et al. 2013). 
While knowledge of individual prognostic 
factors is useful, prediction models allow for 
a synthesis of multiple factors from several 
domains to provide actionable information 
about outcomes. A prediction modelling 

study should 1) provide a model where 
information of independent variables is 
used to generate the probability of the 
outcome of interest, 2) be informed by 
predictors (factors) that are known before 
the outcome occurs, and 3) be generalisable 
(Leisman et al. 2020). In this article, we 
first review existing prediction modelling 
studies for long-term outcomes among older 
ICU survivors, followed by a discussion of 
factors that may inform future prediction 
modelling studies based on the current 
evidence supporting their association with 
long-term outcomes.

Long-Term Mortality
Older adults who survive a critical illness 
hospitalisation are at risk of higher long-
term mortality compared to their younger 
counterparts and older adults who are 
hospitalised for non-critical acute care 
illnesses (Baldwin et al. 2015; Fuchs et al. 
2012; Seethala et al. 2017; Wunsch et al. 
2010). This risk is highest in the first year 
after discharge, but persists for up to three 
years and possibly longer (Wunsch et al. 
2010). For those who become chronically 

critically ill (CCI), the risk is even greater; 
only one-third of CCI patients over the 
age of 65 were alive at one year in a large 
American study (Kahn et al. 2010).

Several prediction models have been 
developed for long-term mortality among 
older ICU survivors, though only a handful 
have also undergone external validation.  
Baldwin and colleagues developed and 
externally validated a prediction model 
to estimate 6-month mortality specifi-
cally for older adults who survive critical 
illness (Baldwin et al. 2013). This model 
included do-not-resuscitate order, older age, 
comorbidity burden, admission from or 
discharge to a skilled-care facility, hospital 
length of stay, principal diagnosis of sepsis 
and haematologic malignancy, and male sex 
(area under the curve [AUC] 0.80 in the 
derivation cohort, 0.71 in the  validation 
cohort). In an older study, age, diagnosis, 
and physiologic severity of illness were  
predictive of 1-year mortality in older 
adults, with an AUC 0.75 in external vali-
dation (Djaiani and Ridley 1997; Jandziol 
and Ridley 2000). A prediction model 
developed using a multi-centre registry 
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of older patients in very old adults (age 
≥80 years) in Finnish ICUs identified age, 
male sex, medical (vs surgical) admission, 
severity of illness, and poor premorbid 
functional status as independent predic-
tors of 1-year mortality (AUC 0.79 in the 
derivation cohort), though the model was 
not validated (Pietilainen et al. 2018). 
Other prediction models in older adults 
have identified age, male sex, mechanical 
ventilation, renal replacement therapy, 
frailty, diagnosis, and organ dysfunction 
as predictors of 30-d mortality; however, 
whether these risk factors can predict long-
term mortality remains to be determined 
(de Lange et al. 2019; Minne et al. 2011). 

In addition to true prediction modelling 
studies, a breadth of studies have attempted 
to elucidate individual risk factors that 
may inform prognostication of long-term 
mortality in older adults. One of the most 
important factors is pre-ICU functional 
status, which has been associated with 
long term mortality in several studies  
(Chelluri et al. 2004; Haas and Wunsch 
2016; Iwashyna et al. 2010; Pietilainen et 
al. 2018). In a longitudinal cohort study 
with monthly assessments of functional 
status, mild-to-moderate and severe pre-
ICU functional trajectories were found to 
be associated with double and triple the risk 
of death within 1 year of ICU admission, 
respectively, relative to those with minimal 
pre-ICU disability (Ferrante et al. 2015). 

The evidence base behind frailty and 
long-term mortality is equally strong. In 
the same cohort, frailty was found to be 
independently associated with 6-month 
mortality with double the risk of death 
for each one-point increase in frailty count 
on a scale of 0-5 (Ferrante et al. 2018). 
This association between frailty and long-
term mortality has been observed across 
multiple studies with 6-month mortality 
(Le Maguet et al. 2014), 1-year mortality 
(Bagshaw et al. 2014), and 3-year mortality 
(Hope et al. 2015). 

Characteristics associated with the ICU 
stay have also been shown to influence 

long-term mortality. In a study of Medicare 
beneficiaries, mechanical ventilation was 
associated with substantially higher risk 
of long-term (up to 3-year) mortality 
after ICU discharge, though the risk was 
concentrated in the first 6 months after 
discharge (Wunsch et al. 2010). ICU length 
of stay and severity of illness have also been 
associated with increased mortality at 6 
months and 1 year in an older critically ill 
population (Chelluri et al. 1993; de Rooij 
et al. 2005; Le Maguet et al. 2014; Pintado 
et al. 2016). Notably, the addition of ICU 
clinician estimates of outcomes may be 
helpful in improving the performance of 
prediction models, particularly for long-
term mortality. In a prospective cohort 
study of adults aged 53-71 years in the 
ICU who were requiring either mechanical 
ventilation or vasopressors or both, Detsky 
and colleagues found that when added to 
an existing model of age, sex, functional 
comorbidity index, hospitalisations in the 
prior year, medical (vs surgical) ICU, and 
severity of illness score, physician and 
nurse predictions improved the model 
performance for outcomes of mortality and 
toileting at 6 months (AUC 0.88 vs 0.80, 
and 0.85 vs 0.77 respectively), though 
prediction estimates for ambulation and 
cognition were not significantly improved 
(Detsky et al. 2017a).

Long-Term Physical Impairment 
and Disability
Up to 70% of patients who survive an 
ICU stay experience new or worsening 
disabilities (Hopkins et al. 2017; Pfoh et 
al. 2016). Disability is an important clini-
cal outcome for patients and their families 
as it is associated with diminished quality 
of life, increased risk of rehospitalisation, 
and death (Covinsky et al. 2011; Gill et al. 
2010). One study developed and internally 
validated a prediction model to predict 
the performance status of very old adults 
(≥ 80 years of age) at one year after an 
ICU stay (Heyland et al. 2016). The model 
included being married, having a primary 

diagnosis of emergency cardiac surgery 
or valve replacement, and higher baseline 
performance status as measured by the 
Palliative Performance Scale (PPS) to be 
predictive of a higher performance status 
(PPS  ≥ 60). Being male, a primary diag-
nosis of stroke, higher severity of illness, 
Charlson comorbidity index, and higher 
score on the Clinical Frailty Scale were 
predictive of a low performance status 
(<60) at 12-months assessed using the 
same scale (AUC 0.81 derivation, 0.79 
internal validation; good calibration). Only 
two other studies have described models to 
predict the risk of physical disability after 
discharge from the ICU, but these were 
not specific to older adults. A multi-centre 
prospective cohort study of middle-aged 
male adults admitted to medical/surgical 
ICUs in the United States identified age, 
medical (vs. surgical) patient, non-white 
race, higher APACHE III score, hospitalisation 
in prior year, and past history of cancer, 
liver disease, neurologic condition, or any 
type of transplantation in the model as 
predictive of returning to baseline physical 
function at 6 months after discharge (AUC 
0.78 derivation, 0.73 internal validation; 
good calibration) (Detsky et al. 2017b). 
Another single centre study in Europe 
followed 148 middle-aged adults for 2 
months after ICU discharge and identified 
low educational level, impaired core stability, 
fractures, and an ICU length of stay of more 
than two days at discharge as predictive of 
new-onset physical disability (AUC 0.82 
derivation, 0.80 internal validation, good 
calibration) (Schandl et al. 2014). A recent 
study developing and externally validating 
a risk prediction model (the PREDICT 
model) for persistent functional decline 
among older ICU survivors is currently 
under review (Ferrante et al. 2019).

Among older adults, several pre-ICU 
factors have been found to be strongly asso-
ciated with post-ICU functional outcomes 
and should be candidates for inclusion in 
future prediction modelling studies. Func-
tional disability prior to ICU admission has 
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been consistently associated with new or 
worsening disability in ICU survivors of all 
ages (Hopkins et al. 2017). Among older 
adults, a quarter of those with minimal 
pre-ICU disability and 40% of those with 
mild to moderate pre-ICU disability became 
severely disabled in the year following ICU 
stay (Ferrante et al. 2015). A prospective 
cohort study examining functional recov-
ery 12 months after discharge from the 
ICU found functional status at discharge 
as measured by the Barthel Index to be 
associated with recovery measured by the 
same index (Sacanella et al. 2011). 

Frailty has been consistently associated 
with post-ICU disability across multiple 
studies and should be a candidate for 
inclusion in future prediction modelling 
studies (Bagshaw et al. 2014; Ferrante et 
al. 2018; Muscedere et al. 2017). Notably, 
this strong association exists regardless of 
which frailty assessment tool is used; most 
ICU studies have used either the Clinical 
Frailty Scale (Rockwood et al. 2005) or the 
Fried frailty phenotype (Fried et al. 2001). 
Although the Fried frailty phenotype requires 
patient participation, Baldwin and colleagues 
successfully demonstrated the feasibility 
and usefulness of measuring frailty in older 
ICU survivors prior to hospital discharge 
(Baldwin et al., 2014). Pre-existing frailty 
and cognitive impairment have also been 
shown to interact to amplify the magnitude 
of post-ICU disability over the 6 months 
after discharge among older adults (Ferrante 
et al. 2019). Other pre-admission factors 
that have been associated with increased 
disability or functional decline following 
critical illness include older age (Chelluri 
et al. 2004; Jackson et al. 2014), coexisting 
medical conditions (Needham et al. 2014; 
Pfoh et al. 2016), and sensory impairment 
including hearing and vision impairment 
(Ferrante et al. 2016). 

Many hospital- and ICU-specific factors 
are also associated with long-term disability 
in older ICU survivors. Older adults who 
received mechanical ventilation were found 
to have 30% greater disability in activities 

of daily living and 14% greater mobility 
difficulty at one year compared to those 
who were hospitalised but never received 
mechanical ventilation (Barnato et al. 
2011). In a prospective cohort of patients 
age ≥80 in Canadian ICUs, younger age, 
lower severity of illness, lower Charlson 
comorbidity index, less frailty, and an admis-
sion diagnosis of CABG/valve replacement 
were associated with a greater likelihood 
of physical function recovery using the 
Short-Form 36 (SF-36) physical function 
score (Heyland et al. 2015). A diagnosis 
of severe sepsis was associated with worse 
functional limitations compared to non-
sepsis hospitalisations in a US based cohort 
of older adults (Iwashyna et al. 2010).  The 
7-day post-ICU Functional Independence 
Measure (FIM), a patient-centred measure 
of disability that captures both motor and 
cognitive function, was associated with 
functional disability over the year after 
discharge in a cohort of adult ICU survi-
vors that had been mechanically ventilated 
(Herridge et al. 2016).   

Long-Term Cognitive Impairment
Survivors of critical illness are at risk of 
developing cognitive impairment compa-
rable to that conferred by moderate trau-
matic brain injury or mild Alzheimer’s 
disease (Pandharipande et al. 2013). Older 
adults are no exception to this and in fact, 
because of an increased prevalence of prior 
cognitive impairment compared to the 
general population, may be at increased risk 
for cognitive decline after critical illness 
hospitalisation and consequences thereof 
(Gale et al. 2008). There are currently 
no prediction modelling studies to fore-
cast cognitive impairment in older adults 
after critical illness (Haines et al. 2020). 
Most studies on cognitive impairment in 
critically ill patients have included diverse 
middle-aged populations with few studies 
specifically in older adults (Honarmand 
et al. 2020). 

Several studies have evaluated deter-
minants of cognitive decline after ICU 

admission in the broader ICU population. 
The presence and duration of delirium 
have consistently been identified as risk 
factors for post-ICU cognitive impair-
ment in systematic reviews (Sakusic et al. 
2018; Salluh et al. 2015). Moreover, in a 
retrospective study of patients age 50-91 
who had undergone cognitive testing 
over time, ICU admission was associated 
with greater long-term cognitive decline 
compared to patients without ICU admis-
sion; these findings were most pronounced 
for patients who had delirium while in 
the ICU (Schulte et al. 2019). Pre-ICU 
cognitive status, ICU length of stay, and 
hypoxia are also important factors that 
have been identified in a prior systematic 
review in all adult ICU patients (Sakusic 
et al. 2018) and should be considered as 
potential predictors of long-term cognitive 
impairment in future work. Additionally, 
sepsis should be evaluated as a potential 
predictor in future prediction modelling 
studies; in a cohort of older Medicare 
beneficiaries, of which slightly less than 
half were in the ICU, severe sepsis was 
significantly associated with greater odds 
of cognitive impairment among survivors 
(Iwashyna et al. 2010).  

Long-Term Mental Health Impair-
ment
The consequences of depression and mental 
health disorders for older adults cannot 
be understated; in the general older adult 
population, depression and other mental 
health disorders have been associated 
with poor quality of life, worse cognition, 
reduced physical function, and increased 
mortality (Callahan et al. 2005; Han 2001; 
Mehta et al. 2003). Unfortunately, psychi-
atric morbidity is common after critical 
illness with increased rates of depression, 
anxiety, and post-traumatic stress disorders 
(Davydow et al. 2008), and no prediction 
models exist to predict onset of psycho-
logical impairment after critical illness 
in older ICU survivors. In middle-aged 
adults, age, lack of social support, traumatic 



ICU Management & Practice 3 - 2020

184
COVER STORY: AGEING POPULATION

memories and depressive symptoms at ICU 
discharge predicted depression, anxiety, 
and post-traumatic stress disorder at 3 
months of follow-up (AUC 0.76 deriva-
tion, 0.73 internal validation) (Milton 
et al. 2018). Multiple systematic reviews 
have synthesised evidence on psychiatric 
morbidity, depression, and post-traumatic 
stress disorder in survivors of critical illness; 
however, none have characterised the older 
adult population (Davydow et al. 2009; 
Davydow et al. 2008). 

Conclusions
With the ageing of our population, the 
number of older ICU survivors will only 
increase. Many of these older ICU survivors 
are at increased risk of poor long-term 
outcomes, including long-term mortality 
and impairments in physical function, cogni-
tive function, and mental health.  However, 
more than half of older ICU survivors 
will achieve functional recovery within 6 
months of a critical illness (Ferrante et al. 
2016), and few prediction models exist 
to distinguish between older adults those 

who are at risk of persistent impairments 
and those who are likely to recover. 

To appropriately guide decision-making 
for geriatric patients and their families, it 
is helpful for the clinician to be aware of 
factors associated with long-term outcomes 
in each of the aforementioned domains. 
Knowledge of these factors may inform 
treatment planning discussions using 
shared decision-making with patients 
and families. Prediction models that have 
been developed and externally validated 
specifically among older adults should be 
employed by clinicians when faced with 
the question of long-term mortality and 
physical performance. However, these 
studies are limited and do not exist for 
all domains of impairments, warranting 
future prediction modelling research for 
the breadth of adverse outcomes faced by 
older adults who survive a critical illness. 

Conflict of Interest
Dr. Ferrante is supported by a Paul B. Beeson 
Emerging Leaders in Aging Research Career 
Development Award from the National 

Institute on Aging (K76AG057023) and 
the Yale Claude D. Pepper Older Americans 
Independence Center (P30AG021342).  
Dr. Jain is supported by the Yale Program 
in Geriatric Clinical Epidemiology and 
Aging-Related Research, which is funded 
by the National Institute on Aging (T32 
AG019134). 

Key Points
•	 Older adults who survive a critical illness hospitalisa-

tion are at risk of higher long-term mortality compared 

to their younger counterparts and older adults who are 

hospitalised for non-critical acute care illnesses.. 

•	 For those who become chronically critically ill (CCI), 

the risk is even greater.

•	 Few prediction models exist to distinguish between 

older adults those who are at risk of persistent impair-

ments and those who are likely to recover.

•	 These prediction models should be employed by 

clinicians when faced with the question of long-term 

mortality and physical performance. 

•	 There is a need for more future prediction modelling 

research for the breadth of adverse outcomes faced by 

older adults who survive a critical illness.
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