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Abstract 

Purpose:  Acute illness severity predicts mortality in intensive care unit (ICU) patients, however, its predictive value 
decreases over time in ICU. Typically after 10 days, pre-ICU (antecedent) characteristics become more predictive of 
mortality, defining the onset of persistent critical illness (PerCI). How patient frailty affects development and death 
from PerCI is unknown.

Methods:  We conducted a secondary analysis of data from a prospective binational cohort study including 269,785 
critically ill adults from 168 ICUs in Australia and New Zealand, investigating whether frailty measured with the Clinical 
Frailty Scale (CFS) changes the timing of onset and risk of developing PerCI and of subsequent in-hospital mortality. 
We assessed associations between frailty (CFS ≥ 5) and mortality prediction using logistic regression and area under 
the receiver operating characteristics (AUROC) curves.

Results:  2190 of 50,814 (4.3%) patients with frailty (CFS ≥ 5) versus 6624 of 218,971 (3%) patients without frailty 
(CFS ≤ 4) developed PerCI (P < 0.001). Among patients with PerCI, 669 of 2190 (30.5%) with frailty and 1194 of 6624 
without frailty (18%) died in hospital (P < 0.001). The time point defining PerCI onset did not vary with frailty degree; 
however, with increasing length of ICU stay, inclusion of frailty progressively improved mortality discrimination (0.1% 
AUROC improvement on ICU day one versus 3.6% on ICU day 17).

Conclusion:  Compared to patients without frailty, those with frailty have a higher chance of developing and dying 
from PerCI. Moreover the importance of frailty as a predictor of mortality increases with ICU length of stay. Future 
work should explore incorporation of frailty in prognostic models, particularly for long-staying patients.
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Introduction

Acute illness severity at admission in intensive care unit 
(ICU) predicts mortality in critical illness. Its predictive 
strength, however, decreases the longer a patient stays in 
the ICU. Concurrently, the relative importance of pre-
admission patient characteristics in determining death in 

ICU increases. The point at which acute illness severity 
is no longer more predictive of mortality than anteced-
ent (pre-ICU) patient characteristics defines the onset of 
a condition known as persistent critical illness (PerCI). 
In a study of over a million ICU patients, this transition 
point occurred 10 days after ICU admission [1]. Moreo-
ver, the importance of this syndrome is highlighted by 
observations that patients with PerCI have a mortality 
rate of 25–30% [2], use one-quarter of all ICU bed-days, 
have high rates of discharge to permanent chronic care 
facilities, and generate extremely high healthcare costs—
more than $20 billion annually in the US alone [3, 4]. 
The magnitude of the healthcare impact and negative 
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patient outcomes associated with PerCI have now been 
confirmed and characterized in various populations 
worldwide [5–7]. However, the relationship between pre-
ICU frailty and PerCI is unknown. This is an important 
knowledge gap, because frailty is present in around 30% 
of patients admitted to ICU, and is itself associated with 
longer ICU stay and adverse outcomes [8, 9].

Accordingly, we performed a population-based study of 
patients admitted to ICUs in Australia and New Zealand 
(ANZ), to investigate the interplay between frailty and 
PerCI. Our primary aim was to test the hypothesis that 
frailty increases the risk of developing PerCI and subse-
quently dying in hospital. Our secondary aims were to 
investigate whether the degree of frailty affected the tran-
sition point between acute illness and antecedent com-
ponents in mortality prediction, resource use associated 
with PerCI, and whether including frailty in predictive 
models could improve their ability to discriminate PerCI 
survivors from non-survivors at different time points 
during an ICU admission.

Methods
We conducted a population-level, observational, retro-
spective study using prospectively gathered data from 
patients admitted to 168 ICUs in ANZ between Janu-
ary 2017 and September 2020 contained in the ANZ 
Intensive Care Society Adult Patient Database (ANZICS 
APD). Patients aged > 16 years at time of ICU admission 
were included. We excluded patients admitted solely 
for organ donation or palliative care, those transferred 
between ICUs (with uncertain duration of total ICU 
exposure), or those re-admitted to ICU during the index 
hospitalisation.

Clinical data collectors measured frailty on ICU 
admission using the Canadian Study of Health and 
Aging Clinical Frailty Scale (CFS) [10]. The CFS is a 
judgement-based categorical scale based on patients’ 
baseline fitness, which correlates well with the original 
70-item frailty index used in this original study. It is also 
valid and reliable when applied to a range of acutely ill 
populations, and is the dominant frailty scale used in 
ICUs worldwide [8, 11–13]. The CFS is modified in the 
ANZICS-APD to eight categories: CFS = 1 (very fit), 
CFS = 2 (well), CFS = 3 (managing well), CFS = 4 (vulner-
able), CFS = 5 (mildly frail), CFS = 6 (moderately frail), 
CFS = 7 (severely frail), or CFS = 8 (very severely frail). 
Terminally ill patients, usually scored 9 on the CFS, are 
instead scored in the APD on their level of frailty. The 
CFS was analysed in four categories (CFS 1–2, 3–4, 5–6, 
7–8), and also dichotomised (frail: CFS = 5–8, non-frail: 
CFS = 1–4). The study was approved by the Alfred Hos-
pital Human Research Ethics Committee, individual 
patient consent was not required (HREC-ref. 584/18). 

During the study period of interest (January 2017–Sep-
tember 2020), 196 ICUs from Australia and New Zealand 
contributed data to the APD representing more than 90% 
of all ICU admissions during this period. A total of 86% 
(168/196) of these sites contributed patient information 
pertaining to frailty.

Statistical analysis
The primary outcome was in-hospital mortality during 
index hospitalization. Exposure variables were frailty, 
calculated using the CFS, and risk of death predictions 
calculated separately using antecedent characteristics 
or acute illness components as previously described [1]. 
The antecedent characteristics included features related 
to the patient (age, smoking status, comorbidities, treat-
ment limitations), the admitting ICU (location, size, type) 
and temporal trends relating to the timing of admission 
(hour, day, month, and year).

The acute illness prediction model included fea-
tures collected in the 24 h following ICU admission and 
include Acute Physiology and Chronic Health Evaluation 
(APACHE) admission diagnosis; APACHE III acute phys-
iology scores; ICU admission source (emergency depart-
ment, operating theatre, ward); ICU care type (ICU vs 
high-dependency unit); pre-ICU length of hospital stay; 
mechanical ventilation; medical emergency team call, 
respiratory arrest, or cardiac arrest in the previous 24 h. 
Models were calculated using parameter estimates out-
lined above derived from 514,117 patients included in the 
2000–2014 cohort in which PerCI was first described [1]. 
Primary multivariable analyses for in-hospital mortal-
ity were conducted using logistic regression, individually 
analyzing patients still in ICU with separate regression 
models conducted each day between day 1 (the day of 
ICU admission) and day 21. To enable prediction mod-
els to be constructed using all available data, where data 
was missing for categorical variables, an additional cat-
egory was created and fitted to account for missingness. 
Where continuous physiological variables were missing, 
single imputation with normal value substitution was 
conducted in accordance with standard clinical risk mod-
elling [14]. No imputation was performed for the primary 
exposure variable (frailty).

Take‑home message 

This population-based study of 269,785 critically ill patients in 
Australia and New Zealand demonstrates that frailty significantly 
increases the risk of developing persistent critical illness. Incorpo-
ration of frailty status into mortality prediction models also better 
discriminates survivors from non-survivors, with frailty better able to 
predict death the longer patients stay in the ICU.
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The contribution of acute and antecedent charac-
teristics to in-hospital mortality risk prediction were 
examined via differences in the area under the receiver 
operating characteristics (AUROC) curve for each 
regression, with statistical comparison performed using 
chi-square tests. To establish the increased risk of death 
associated with frailty, patients from the highest frailty 
category (CFS 7–8) were compared against patients 
from the lowest frailty category (CFS 1–2), adjusting for 
both acute and antecedent characteristics, with results 
presented as odds ratios (95% CI). Two additional sets 
of models were further constructed to determine the 
independent discriminatory capacity of frailty to predict 
in-hospital mortality. These models include the follow-
ing: (a) incorporating the antecedent risk of death pre-
diction, the acute illness risk of death prediction, and 
an interaction term between the two, and (b) the same 
model with the addition of frailty status, and interaction 
terms between frailty and the existing model variables as 
defined in (a). To further model the effect of frailty-data 
missingness, a sensitivity analysis was conducted on a 
subset of ICUs that had high completion (> 80%) of frailty 
data for the entire study period.

Multivariable analysis for the prediction of PerCI (a pri-
ori defined as an intensive care stay in excess of 10 days) 
was performed using logistic regression adjusting for 
characteristics that have been previously identified as 
being associated with PerCI [1]. Variables included in 
the model pertain to the ICU (location, type and size), 
time (hour, day and year), patient (frailty, age, gender and 
comorbidities), ICU admission (care type, source, treat-
ment limitations and Pre-ICU length of stay) and patient 
severity (admission diagnosis and physiological derange-
ment). Results are presented as odds ratios (95% CI). Raw 
comparison of proportions were compared using chi-
square tests for equal proportion.

All analysis was performed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA) and to increase the robust-
ness of our analysis a two sided P value of 0.001 was used 
to indicate statistical significance.

Results
Patient characteristics
Of 522,788 eligible patients, 269,785 patients with com-
plete frailty scores were available for analysis (Fig.  1). 

Fig. 1  Cohort inclusion diagram
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Patients diagnosed with frailty (CFS ≥ 5) were older than 
patients without frailty (CFS ≤ 4), (mean [SD] age 72.5 
[14.2] vs. 60.4 [17.6] years), with higher illness sever-
ity scores (mean [SD] APACHE III-j score 61 [23] vs. 45 
[21]), more likely to be female, and to be admitted with 
medical (e.g. sepsis) vs surgical (e.g. trauma/cardiac 
surgical) diagnoses. These associations were more pro-
nounced with increasing frailty degree (Table 1).

Frailty and persistent critical illness
A total of 4.3% (2190 of 50,814) patients with frailty 
and 3% (6624 of 218,971) patients without frailty devel-
oped PerCI (P < 0.001). The risk of developing PerCI was 
greater with increasing frailty degree; 4.8% of patients 
with CFS 7–8 vs. 2.8% of patients with CFS 1–2 devel-
oping PerCI (Table  1). Each one unit increase in CFS 
was associated with an adjusted odds ratio (95% CI) for 
development of PerCI of 1.08 (1.06–1.1), P < 0.001 (Sup-
plementary Table 6).

Frailty and mortality in patients with persistent critical 
illness
Among patients with PerCI, 30.5% (669 of 2190) patients 
with frailty vs. 18% (1194 of 6624) patients without 
frailty died in hospital (P < 0.001). When stratified by 
frailty degree and at all time-points over the ICU course, 
patients with persistent critical illness who were in the 
highest frailty categories had significantly greater in-
hospital mortality than those in lower frailty catego-
ries (Fig.  2). The greater mortality rate associated with 
advanced frailty (CFS 7–8) increased disproportionately 
over time compared to lower degrees of frailty. Thus, 
the case fatality rate was 33% (304 of 905) for CFS 7–8 
patients compared with 11% (433 of 3786) for CFS 1–2 
patients who were still in ICU on day seven and 39% (36 
of 92) CFS 7–8 patients vs 14% (88 of 624) of CFS 1–2 
patients who were still in ICU on day 21 (Fig. 2). When 
compared with CFS 1–2 patients, those with CFS 7–8 
had between a two and four-fold greater odds of death 
on any given day in ICU, a risk which increased from day 
five onwards (Supplementary Fig. 1).

Table 1  Baseline demographics and outcomes stratified by Clinical Frailty Scale score

ICU intensive care unit, APACHE Acute Physiology and Chronic Health Evaluation, ANZROD Australian and New Zealand Risk of Death, CFS Clinical Frailty Scale

Clinical values CFS 1–2 CFS 3–4 CFS 5–6 CFS 7–8

Number of patients 79,270 139,701 41,514 9300

Number (%) of patients with persisting critical illness 2205 (2.8) 4419 (3.2) 1739 (4.2) 451 (4.8)

Age (years), median (Q1–Q3) 53.1 (36.4–66.5) 68.1 (56.7–76.2) 75.0 (65.5–82.6) 74.1 (62.7–83.4)

Male, n (%) 44,304 (55.9) 77,977 (55.8) 20,835 (50.2) 4607 (49.5)

APACHE III admission score, mean (SD) 38.9 (20) 49.1 (21.3) 59.9 (22.5) 65.2 (24.8)

ANZROD on admission, median (Q1–Q3) 0.7 (0.3–1.9) 1.3 (0.5–4.5) 5.4 (1.7–17.4) 12.7 (4.1–30.9)

ICU length of stay (days), median (Q1–Q3) 1.2 (0.8–2.4) 1.6 (0.9–2.9) 1.9 (1–3.8) 2.1 (1–4)

Hospital length of stay (days), median (Q1–Q3) 5.7 (3–9.8) 7.6 (4.3–13.2) 9.8 (5.5–17.9) 10.0 (5.3–18.9)

Limitation of medical treatment on ICU admission, n (%) 573 (0.7) 6663 (4.8) 9232 (22.3) 4034 (43.5)

Major diagnostic category

 Cardiac surgery,  n (%) 6594 (8.3) 15,423 (11) 1411 (3.4) 74 (0.8)

 Other cardiovascular, n (%) 8185 (10.3) 17,815 (12.8) 6545 (15.8) 1270 (13.7)

 Respiratory, n (%) 10,937 (13.8) 19,053 (13.6) 8219 (19.8) 2438 (26.2)

 Gastrointestinal, n (%) 13,216 (16.7) 27,047 (19.4) 7062 (17) 1258 (13.5)

 Neurological , n (%) 11,235 (14.2) 16,404 (11.7) 3589 (8.6) 771 (8.3)

 Trauma,  n (%) 5060 (6.4) 3319 (2.4) 1280 (3.1) 299 (3.2)

 Sepsis, n (%) 2990 (3.8) 9359 (6.7) 5241 (12.6) 1498 (16.1)

 Other,  n (%) 21,053 (26.6) 31,281 (22.4) 8167 (19.7) 1692 (18.2)

Elective surgical admission, n (%) 38,534 (48.6) 73,973 (53) 12,554 (30.3) 1622 (17.4)

Hospital outcome

 Death,  n (%) 1834 (2.3) 6767 (4.8) 5390 (13) 2381 (25.6)

 Home,  n (%) 69,154 (87.2) 109,906 (78.7) 25,551 (61.5) 4498 (48.4)

 Nursing home/palliative care, n (%) 358 (0.5) 1762 (1.3) 1753 (4.2) 939 (10.1)

 Rehabilitation,  n (%) 2952 (3.7) 10,777 (7.7) 4506 (10.9) 684 (7.4)
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The impact of frailty on resource utilisation with persistent 
critical illness
A total of 3.3% (8814 of 269,785) of patients admitted to 
ICU developed PerCI; these patients used 23.3% (165,496 
of 709,544) of all ICU bed-days and 9.9% (341,173 of 
3,449,273) of all hospital bed-days. A total of 0.8% of 
patients admitted to ICU were patients with frailty who 
developed PerCI. This cohort accounted for 5.6% of all 
ICU bed-days and 2.4% of all hospital bed-days.

The impact of frailty on mortality prediction
After 10  days in the ICU, illness severity was no longer 
more predictive of mortality than antecedent patient 
characteristics (Supplementary Fig.  2). This transi-
tion point, which defines the onset of PerCI, varied lit-
tle by the degree of frailty (Fig. 3). When comparing the 
AUROC, the addition of frailty as a continuous variable 
to predictive models had minimal impact on discrimina-
tory power for mortality over the first five days in ICU, 
but progressively improved discrimination over the sub-
sequent two weeks for all patients (0.1% improvement on 
ICU day one vs. 3.6% improvement on day 17, P < 0.001) 
(Fig. 4, Supplementary Table 5).

Sensitivity analysis
When considering patients with complete vs. missing 
frailty scores, those with complete vs. missing frailty 
data were older (mean [SD] age 62.7 [17.7] vs. 61.9 
[17.6] years), with higher illness severity scores (mean 
[SD] APACHE III-j score 50 [24] vs. 48 [23]) and lower 
in-hospital mortality (6.1% vs. 7.1%), although the mag-
nitude of these differences was small (Supplementary 
Table 1). Sensitivity analyses including only the 76 ICUs 
that had > 80% complete frailty data were consistent in 
demonstrating that the magnitude of importance of ante-
cedent factors in mortality determination was higher for 
patients in the CFS 7–8 category (Supplementary Fig. 3).

Discussion
Key findings
In this retrospective study of over quarter of a mil-
lion patients in 168 ICUs, frailty was associated with 
increased risk of developing and dying from persis-
tent critical illness. Patients in the highest frailty cat-
egories had almost twice the risk of PerCI compared to 
patients with lower degrees of frailty, exceeding a three-
fold increased risk of death after ICU day 10. Incorpora-
tion of frailty with pre- and post-ICU patient factors also 
improved mortality discrimination over time in the ICU; 
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however, frailty degree did not materially affect the time 
of transition to PerCI, which still occurred at the 10th 
post-ICU admission day.

Relationship to prior literature
In the study by Iwashyna and colleagues, the hospital case 
fatality rate was initially very high on admission, then 
reduced over time in the ICU for patients with a high 
(> 66%) and moderate (33–66%) risk of death on admis-
sion [1]. In contrast, we observed that in patients with 
higher frailty categories (associated with higher predicted 
risk of death on admission) the risk of dying progressively 
increased the longer the patient stayed in the ICU. This 
suggests that frailty is an important negative prognostic 
modifier of outcome over time in the ICU. The impor-
tance of including frailty in dynamic risk prediction over 
time has been observed in other hospitalised populations 
[15], however, it has not previously been studied in the 
ICU context.

We found that the time of transition to PerCI (day 10) 
in our study was similar to a study of 17,000 patients 
from Alberta, Canada (day nine) [7], and the same as 
the previous study by Iwashyna and colleagues examin-
ing a historical cohort of more than a million patients 
[1]. The finding that this transition point has not changed 

in a more contemporary ICU population from the same 
region lends further construct validity to this concept, 
and its use to define PerCI.

Small single-centre studies have previously demon-
strated nosocomial factors associated with progression to 
PerCI such as new sepsis, delirium and pneumonia dur-
ing early ICU admission [16–18]. However, no previous 
studies have been able to identify patient factors present 
prior to ICU admission that are consistently associated 
with its development- neither age, comorbidities, nor 
illness severity on admission [6, 19]. This study, then, is 
the first to identify that frailty not only increases the risk 
of progression to PerCI, but also of death, in those who 
develop PerCI.

We have previously shown that the addition of frailty 
degree improves the discrimination for mortality of 
the APACHE III score at ICU admission [8]; however, 
this is the first study to demonstrate the improve-
ment in mortality discrimination over time in PerCI 
patients. This improvement increased with time in ICU, 
from a 1% increase in the AUROC at day seven to 3% 
at admission day 20, although predictive ability overall 
remained modest. This reinforces the notion that frailty 
measurement on admission to the ICU is especially 
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relevant at the population level for that cohort who go 
on to develop PerCI.

Implications of study findings
Our findings suggest that patients with frailty are at 
greater risk of developing persistent critical illness, 
with substantial resource utilisation. Moreover, they 
imply if the proportion of patients with frailty admitted 
to ICU rises, demand for ICU beds to care for patients 
with PerCI will also rise disproportionately. In addi-
tion, these findings imply that although patients in the 
highest frailty categories have a much greater risk of 
developing PerCI, that frailty does not alter the transi-
tion point of its occurrence. Finally, they demonstrate 
that frailty is associated with an increasing mortal-
ity from the fifth ICU admission day onward, and that 
incorporation of frailty with pre- and post-ICU patient 
factors progressively improves mortality discrimina-
tion after ICU day five. Future research should seek to 
develop risk-prediction models for the development 
of PerCI, incorporating baseline frailty status, and 
also aim to operationalise tools that can be re-applied 

during prolonged ICU admissions for more dynamic 
risk prediction.

Strengths and limitations
Our study has several strengths. We used a validated 
approach to the diagnosis of persistent critical illness 
now confirmed in many populations and settings world-
wide. We included over a quarter of a million patients in 
168 ICUs from two countries, thus comprising one of the 
largest studies examining PerCI and frailty worldwide. 
Our study population, admitted within the last 5  years, 
was also reflective of modern ICU practice in our region.

We acknowledge several limitations. Missing frailty 
data affected almost half of the eligible patient cohort 
over the study period, however, baseline demographic 
and outcome data between missing and included cohorts 
were similar, and our findings remained consistent in 
sensitivity analyses including only the 76 ICUs with low 
levels of frailty missingness. We only incorporated sever-
ity of illness on ICU admission, and did not recalculate 
it on subsequent ICU admission days. This approach, 
however, is consistent with previous studies of the con-
cept of persistent critical illness, and is perhaps more 
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clinically relevant to the question of ICU triage for high-
risk patients, particularly those with advanced frailty. It 
is uncertain to what degree our results apply to jurisdic-
tions with greater access to long-term acute care hospi-
tals (not a major component of post-ICU discharge in 
our region). We were unable to measure to what degree 
subsequent withdrawal of active organ supports or 
treatment limitation contributed to the higher mortal-
ity observed with increased frailty over time in the ICU. 
We note, however, that overall ICU and hospital length 
of stay was almost twice as long for patients in the high-
est vs. lowest frailty categories, thus curtailing of active 
ICU management is unlikely to have preferentially 
affected those patients with advanced frailty. We were 
also unable to assess to what degree frailty status on tri-
age to ICU may have affected our modelling (as our data-
base includes only ICU-admitted patients), nor were we 
able to follow patients after hospital discharge. Thus, it 
is unclear whether frailty affects longer term outcomes 
after PerCI. It is noteworthy, however, that prior studies 
have demonstrated particularly poor long-term survival 
after PerCI (25–50% of initial survivors dead at 1-year), 
with mortality increasing with age [20, 21]. As the preva-
lence of frailty is considerably greater in older critically ill 
patients, it is also likely to be an important factor contrib-
uting to the disproportionately poor long-term outcomes 
for older survivors of PerCI. Further research is thus 
required to examine the interplay between age, frailty 
and other factors in determining the long-term outcomes 
of older survivors of PerCI [22].

Conclusion
Frailty affects the development and outcomes of PerCI. 
Higher degrees of frailty amplify the importance of 
pre-ICU antecedent characteristics in mortality deter-
mination, and incorporation of frailty into risk strati-
fication progressively improves mortality prediction 
over the ICU stay. Given these findings, implementa-
tion of frailty measurement on ICU admission is desir-
able, and consideration of frailty status becomes of 
greater importance as ICU length of stay increases. As 
older patients are admitted to ICU, research targeted 
at reducing the incidence of PerCI and attenuating the 
impact of frailty on its development and outcome with 
concomitant vast resource consumption, is becoming a 
major public health priority.
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