Characteristics and Outcomes of Very Elderly
Patients Admitted to Intensive Care: A
Retrospective Multicenter Cohort Analysis*

OBIJECTIVES: To characterize and compare trends in ICU admission, hospital
outcomes, and resource utilization for critically ill very elderly patients (> 80 yr old)
compared with the younger cohort (16-79 yr old).

DESIGN: A retrospective multicenter cohort study.

SETTING: One-hundred ninety-four ICUs contributing data to the Australian
and New Zealand Intensive Care Society Centre for Outcome and Resource
Evaluation Adult Patient Database between January 2006 and December 2018.

PATIENTS: Adult (> 16 yr) patients admitted to Australian and New Zealand
ICUs.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Very elderly patients with a mean *
sb age of 84.813.7 years accounted for 14.8% (232,582/1,568,959) of all adult
ICU admissions. They had higher comorbid disease burden and illness severity
scores compared with the younger cohort. Hospital (15.4% vs 7.8%, p<0.001) and
ICU mortality (8.5% vs 5.2%, p < 0.001) were higher in the very elderly. They stayed
fewer days in ICU, but longer in hospital and had more ICU readmissions. Among
survivors, a lower proportion of very elderly was discharged home (65.2% vs 82.4%,
p < 0.001), and a higher proportion was discharged to chronic care/nursing home
facilities (20.1% vs 7.8%, p < 0.001). Although there was no change in the propor-
tion of very elderly ICU admissions over the study period, they showed a greater
decline in risk-adjusted mortality (6.3% [95% CI, 5.9%-6.7%] vs 4.0% [95% CI,
3.7%—4.2%] relative reduction per year, p < 0.001) compared with the younger
cohort. The mortality of very elderly unplanned ICU admissions improved faster than
the younger cohort (p < 0.001), whereas improvements in mortality among elective
surgical ICU admissions were similar in both groups (p = 0.45).

CONCLUSIONS: The proportion of ICU admissions greater than or equal to
80 years old did not change over the 13-year study period. Although their mor-
tality was higher, they showed improved survivorship over time, especially in the
unplanned ICU admission subgroup. A higher proportion of survivors were dis-
charged to chronic care facilities.
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the world’s population to increase by an additional one billion people by

2030 (1). With a global increase in life expectancy, it is estimated that
there will be a tripling in the number of people 80 years and above between
2019 and 2050 (1). Australiass elderly population (65 yr and over) increased
by 35% between 2009 and 2018, compared with a 10% increase for those 0-64
years old for this same period (2). It is projected that the number of Australians
over 85 years old will double by 2042 (3).

The United Nations in their World Population Prospects have projected
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Question: What are the trends and outcomes for
very elderly patients (> 80 yr old) that require ad-
mission to the ICU?

Findings: In this retrospective multicenter cohort
study from 194 ICUs, the very elderly cohort had
significantly higher hospital mortality (15%) than
the younger cohort (8%). However, the very elderly
cohort showed a greater decline in their mortality
rate (improved survivorship) over the study period
than the younger cohort.

Meaning: Over 80% of the very elderly patients
survived their hospital admission and the cohort
showed an improved rate of survivorship over
time.

. J

The burgeoning elderly population will likely seek
more healthcare resources over the next few decades.
Nearly one-third of Australians 85 years old and over
required admissions to hospitals in 2016-2017 (4).
Patients 80 years old and above constitute a signifi-
cant, but variable proportion of ICU admissions in
Europe (5%-12%) and North America (20%) (5-9).
In addition, the intensity of medical therapies received
by elderly patients has also been increasing over re-
cent years (8-10). ICU mortality among the elderly
is independently associated with age, the severity of
illness, and emergency, acute medical, and surgical
admissions (6, 7, 11-13). Higher ICU (12%-21%)
and hospital (24%-35%) mortality rates have been
reported in the elderly patient population secondary
to the more complex medical and surgical nature of
admissions when compared to the younger age strata
(5,7, 14, 15).

There is conflicting evidence about the predicted
ability of critical care services to meet the increased
demands from the anticipated rise in the elderly popu-
lation (5, 15, 16). Hence, it is imperative to understand
current trends in admission and mortality among eld-
erly patients admitted to ICUs, to allow appropriate
planning and delivery of healthcare services to this
vulnerable population.

This study aims to characterize and compare trends
in ICU admission and hospital outcomes and resource
utilization for critically ill very elderly patients (= 80
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yr old) compared with the younger cohort (16-79 yr
old) over 13 years (2006-2018). We hypothesized that
there would be increasing trends in ICU admissions,
higher mortality, and resource utilization for very eld-
erly patients during the study period.

MATERIAL AND METHODS

The Australian and New Zealand Intensive Care
Society (ANZICS) Centre for Outcome and Resource
Evaluation (CORE) management committee provided
access to the data. The Alfred Hospital Human Research
Ethics Committee in Melbourne, Australia, approved
the study titled “Characteristics and Outcomes of
elderly patients admitted to Australian New Zealand
ICUs: a retrospective cohort study” with a waiver of
consent in March 2018 (project no. 130/18). All pro-
cedures were followed in accordance with the ethical
standards on human experimentation and with the
Helsinki Declaration of 1975, as amended in 2013.

Design, Setting, and Patient Population

A retrospective binational multicenter cohort study
was performed. All ICU admissions from the ANZICS
Adult Patient Database (APD) were extracted from
January 1, 2006, to December 31, 2018. The ANZICS
APD is a clinical quality registry collecting data from
194 adult ICUs in 191 hospitals throughout Australia
and New Zealand with over 2 million patient episodes.
The study included 90% of all ICUs in the region (95%
[175/185] of all Australian ICUs and 65% [19/29] of
all New Zealand ICUs) (details of the annual number
of participating ICUs during the study period are pro-
vided in Supplementary Table 1, http://links.lww.
com/CCM/H352). All tertiary hospitals in Australia
and New Zealand were represented in the study.

We included index admissions to ICU during
a unique hospitalization episode for analysis. We
excluded patients less than 16 years old, patients
without a documented hospital outcome, patients
transferred to another ICU whose eventual outcomes
were unknown, and admissions for palliative care or
organ donation. To avoid duplication of mortality
outcomes, readmission episodes to the ICU were
excluded. Trends over time and mortality outcomes
were further examined in two subgroups: planned
admissions to ICU following elective surgery and all
other unplanned ICU admissions (i.e., medical and
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emergency surgical patients). We defined the very eld-
erly cohort as patients greater than or equal to 80 years
old at the time of admission to the ICU.

Data Extraction

The following deidentified data were extracted: dem-
ographic information, source of hospital and ICU
admission, diagnosis, presence of treatment limita-
tions at the time of ICU admission, comorbidities,
highest and lowest physiological and laboratory
variables from the first 24 hours of ICU admission,
ICU and hospital length of stay (LOS) in days, out-
comes at ICU and hospital discharge. The severity of
illness indices extracted included Acute Physiology
and Chronic Health Evaluation (APACHE) II and
IIT scores. The Australian and New Zealand Risk of
Death (ANZROD) was extracted for every patient.
ANZROD is a locally derived mortality prediction
model, which includes age, diagnosis, acute physio-
logical disturbance, chronic comorbidities, and the
presence of treatment limitations and employs sep-
arate regression equations for each major diagnostic
group. It provides accurate mortality prediction for
ICU patients and is well-calibrated and highly dis-
criminatory with an area under the receiver-operat-
ing characteristic greater than 0.9 when applied to
the overall ICU population in Australia and New
Zealand (17). Data on treatment limitations at the
time of ICU admission were only mandatory from
2010. Frailty screening data (via the Clinical Frailty
Scale) were excluded as collection commenced only
in 2017.

Outcomes

The primary outcome measure was hospital mor-
tality. Secondary outcome measures included 1)
ICU mortality; 2) resource utilization assessed as
ICU and hospital LOS; 3) the proportion of patients
who had one or more readmission to ICU during the
same hospitalization; and 4) discharge destination in
survivors (home/rehabilitation/chronic care/nursing
homes).

Statistical Analysis

Data on age and outcome were missing for 0.5% of el-
igible patients (7,713/1,576,672) who were excluded
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from the study. Comparisons between groups were
performed using j* tests for proportions, Student ¢
tests for normally distributed data, and Wilcoxon rank
sum tests otherwise, with results reported as n with
percentages, mean + sD, or median (interquartile range
[IQR]), respectively. LOS was reported as both mean
and median to indicate resource impact, with overall
proportional resource utilization calculated as the sum
of total days in ICU or hospital used by each cohort.
Of analyzed patients, 99.2% (1,556,939/1,568,959) had
complete data for inclusion in the primary multivari-
able analysis. All multivariable analyses were adjusted
for geographic regions, sex, hospital type, and severity
of illness estimated using the ANZROD model, with
patients clustered by site and sites treated as a random
effect. Data were analyzed using time as a contin-
uous variable and including an interaction term with
age over 80 to test the significance of the difference in
trends between age groups. To test the robustness of
the findings, further sensitivity analyses were under-
taken by repeating the above models after substituting
the overall ANZROD score with individual compo-
nent values and with the age subscore replaced as a
categorical value representing age above or below 80
years. Models assessing discharge destination in sur-
vivors were further adjusted for LOS in ICU. Results
were reported as odds ratio and 95% CI. Area under
the receiver-operating characteristic and Brier score
were used to assess performance of multivariable mod-
els. Annualized marginal risk-adjusted probabilities
were used to graphically display changes in outcomes
over time. Analyses were undertaken using Stata ver-
sion 16.1 (Stata Corp. College Station, TX) and SAS
version 9.4 (SAS Institute Inc., Cary). A two-sided p
value of less than 0.01 was used to indicate statistical
significance.

RESULTS

Demographics

The very elderly cohort (= 80 yr old) accounted for
14.8% (n = 232,582) of 1,568,959 eligible admissions
(Fig. 1) from 194 Australian and New Zealand ICUs
during the 13-year study period (characteristics of par-
ticipating ICUs in Supplementary Table 1, http://links.
lww.com/CCM/H352). Summary of patient demo-
graphics and baseline characteristics is shown in Table
1. There was an overall high proportion of surgical
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Screening

Admission Trends

Assessed for eligibility (n= 1,722,560 from 194 ICUs at 193 hospitals)
All ICU admissions submitted to ANZICS Adult Patient Database from 2006-2018

Although there was a pro-
gressive increase in the
number of patients and

ICUs reported to the reg-

Excluded from primary analysis (n= 145,888)
ICU readmission episodes (n= 80,907)

<16 years old (n= 29,065)

Transfer to another ICU (n=29,148)

Admitted for organ donation or palliation (n= 6,768)

istry over the study pe-
riod, there was no change
in the overall proportion
who were very elderly

Inclusion

(p = 0.55; Supplementary
Table 2, http://links.lww.

ICU patients eligible for primary analysis (n= 1576,672)

com/CCM/H352). Within

the very elderly cohort,
an increase in admis-

No listed age (n= 76)

Missing Data (n=7,713)

No hospital outcome listed (n=7,637)

sions was seen in those
over 90 years, from 7% to
13% (Supplementary Fig.

1, http://links.lww.com/
CCM/H352). In contrast,

Analysis there was a reduction in
ICU patients available for analysis, (n= 1,568,959 from 194 ICUs at 193 the 80-84 age group from

hospitals) 64% to 56% (p < 0.001).

Outcomes
" v .

Younger cohort Very elderly Prlm.ary Qutcome.
(16-79 years age) (280 years age) Hospital mortality (15.4%
(n=1,336,377) (n=232,582) vs 7.8%, p < 0.001) was

higher in the very elderly

Figure 1. Consort diagram. ANZROD = Australian and New Zealand Risk of Death.

patients. There was also a male preponderance across
the entire study population, but it was comparatively
less in the very elderly cohort. The very elderly cohort
had a higher comorbid disease burden and a higher
rate of admission from nursing homes/chronic care
facilities (2.5% vs 0.8%, p < 0.001). ICU preadmission
and severity of illness characteristics and scores are
shown in Table 2. The very elderly cohort had a longer
stay in the hospital before their ICU admission. A
higher proportion of the very elderly cohort had treat-
ment limitations on ICU admission (10.9% vs 2.9%, p
<0.001), and fewer were mechanically ventilated in the
first 24 hours of their ICU admission (28.9% vs 37.9%,
p < 0.001). They also had higher illness severity scores
and a higher predicted risk of death using APACHE III
and ANZROD models.

Critical Care Medicine

cohort (Table 3). Hospital
mortality was  associ-
ated with male gender, age greater than or equal to 80
years, and a high ANZROD (multivariable model in
Supplementary Table 3, http://linksIww.com/CCM/
H352).

Trends in Mortality. There was a progressive decline
in both unadjusted and adjusted hospital mortality in
both age cohorts over the study period, with mortality in
the very elderly cohort decreasing from 20.4% in 2006 to
12.2% in 2018 (change in raw mortality rate over time is
shown in Supplementary Fig. 2, http://links.lww.com/
CCM/H352). The reduction in risk-adjusted mortality in
the very elderly cohort was equivalent to 6.3% (95% CI,
5.9%-6.7%) relative reduction per year compared with
4.0% (95% ClI, 3.7%-4.2%) relative reduction per year for
the younger cohort (p < 0.001) (Fig. 2 depicts the risk-
adjusted mortality change over time). The reduction in
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TABLE 1.

Baseline Patient Characteristics

Characteristics

Total Patient Cohort

n=1,568,959

<80 Yr

n=1,336,377

>80 Yr

n=232,582

Age, mean (sb)

Male

Any comorbid disease

> 2 chronic comorbidities

Chronic cardiovascular

Chronic respiratory

Chronic kidney disease

Chronic liver disease

Source of admission to hospital
Home
Nursing home/chronic care/rehabilitation
Other acute hospitals

ICU in another hospital

61.7 (17.9)
903,704 (57.6%)
389,612 (24.8%)
112,255 (7.2%)
141,424 (9.0%)
112,040 (7.1%)

50,300 (3.2%)
25,389 (1.6%)

1,197,407 (76.3%)
16,984 (1.1%)

256,276 (16.3%)
14,076 (0.9%)

57.6 (16.3)
779,857 (58.4%)
321,769 (24.1%)

94,495 (7.1%)
103,524 (7.7%)
91,794 (6.9%)
40,226 (3.0%)
24,609 (1.8%)

1,018,340 (76.2%)

11,187 (0.8%)

12,745 (1.0%)

84.8 (3.7)
123,847 (53.3%)
67,843 (29.2%)
17,760 (7.6%)
37,900 (16.3%)
20,246 (8.7%)
10,074 (4.3%)
780 (0.3%)

179,067 (77.0%)
5,797 (2.5%)

1,331 (0.6%)

(
(
220,529 (16.5%)
(
Other/unknown (

(

(
35,747 (15.4%)

(

(

84,216 (5.4%) 73,576 (5.5%) 10,640 (4.6%)

Source of admission to ICU
841,309 (53.6%) 711,685

Operating theatre 53.3%) 129,624 (55.7%)

( (
Emergency department 411,973 (26.3%) 360,814 (27.0%) 51,159 (22.0%)
General ward 206,156 (13.1%) 166,319 (12.4%) 39,837 (17.1%)
Other hospitals 104,378 (6.7%) 93,071 (7.0%) 11,307 (4.9%)
Other sources of admission 5,143 (0.3%) 4,488 (0.3%) 655 (0.3%)
Planned admission to ICU after elective surgery 687,123 (44.1%) 585,899 (44.1%) 101,224 (43.7%)
Admission following medical emergency call 128,200 (9.7%) 102,492 (9.1%) 25,708 (12.9%)
Medical cause of ICU admission 711,349 (45.3%) 611,646 (45.8%) 99,703 (42.9%)

ICU admission diagnosis category

Cardiovascular 196,562 (12.5%) 155,342 (11.6%) 41,220 (17.7%)
Cardiac (coronary artery and/or valve) surgery 205,892 (13.1%) 181,141 (13.6%) 24,751 (10.6%)
Gastrointestinal 260,115 (16.6%) 207,381 (15.5%) 52,734 (22.7%)
Neurological 186,337 (11.9%) 168,446 (12.6%) 17,891 (7.7%)
Respiratory 234,649 (15.0%) 203,890 (15.3%) 30,759 (13.2%)
Sepsis 100,510 (6.4%) 83,814 (6.3%) 16,696 (7.2%)
Trauma 76,315 (4.9%) 68,546 (5.1%) 7769 (3.3%)
Other 308,579 (19.7%) 267,817 (20.0%) 40,762 (17.5%)

All values are reported as n (%) unless otherwise stated.

mortality in planned admissions to ICU after elective  equivalent to 6.5% (95% CI, 6.0%-6.9%) relative reduc-
surgery (all ages) was equivalent to 5.4% (95% CI, 4.8%—  tion per year compared with 4.0% (95% CI, 3.7%-4.2%)
6.1%) relative reduction per year and was not differentbe-  relative reduction per year for the under 80 years group
tween under and over the 80s (p = 0.45). However,among  (p < 0.001). Summary of multivariable models examin-
those admitted to ICU as an unplanned admission, there  ing adjusted mortality trends is shown in Supplementary
was a greater reduction in mortality in the very elderly,  Table 4 (http://links.lww.com/CCM/H352).
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TABLE 2.
Severity of lliness

Total Patient Cohort

<80 Yr >80 Yr

Variables

Hours in hospital pre-ICU admission?, median (IQR)
Cardiac arrest in 24 hr before ICU admission®, n (%)
Treatment limitations, n (%)

Mechanical ventilation day 1 ICU, n (%)

n=1,568,959

10.2 (4.5-29.5)
41,647 (2.9%)
64,223 (4.1%)

573,290 (36.5%)

n=1,336,377 n=232,582

9.6 (4.3-28.2)
35,438 (2.8%)
38,789 (2.9%)

506,109 (37.9%)

18.2 (5.9-49.0)

6,209 (2.9%)
25,434 (10.9%)
67,181 (28.9%)

APACHE Il score, mean (sb) 15.3 (7.8) 14.8 (7.8) 18.1 (7.2)
APACHE Il score, mean (sb) 52.6 (25.9) 50.5 (25.7) 64.9 (23.5)
APACHE Il score (without age), mean (sb) 42.1 (24.3) 41.6 (24.5) 45.0 (23.2)
APACHE Il risk of death, mean, median (IQR) % 13.6, 4.9 (1.7-15.3) 12.4,4 (1.4-12.9) 20.5,11.8 (5.2-27)
ANZROD, mean, median (IQR) % 8.3, 1.7 (0.5-7) 7.4,1.4 (0.5-5.7) 13.4,5 (1.7-15.7)
ANZROD (without age), mean, median (IQR) % 8.9, 2 (0.7-8.1) 8.5, 1.8 (0.6-7.3) 11.2, 3.9 (1.3-12.3)

APACHE = Acute Physiology and Chronic Health Evaluation, ANZROD = Australian and New Zealand Risk of Death, IOR = interquartile

range.

®Hours in hospital pre-ICU admission was calculated as the difference between hospital and ICU admission times for all patients.

All p values for comparisons < 0.001 except for cardiac arrest
bp = 0.8b.

Secondary Outcome (ICU Mortality, Length of
Stay, and Readmission). ICU mortality (8.5% vs 5.2%,
p < 0.001) was higher in the very elderly cohort (sec-
ondary outcomes are shown in Table 3). ICU LOS was
lower with increased ICU readmission rates and a
higher hospital LOS. The very elderly cohort (who rep-
resented 14.8% of admissions) occupied 13.9% of the
sum total of ICU days and 16.1% of the sum total of hos-
pital days over the entire study period. Over the study
period, there was no overall change in the proportion
of sum total ICU days, p = 0.045 (Supplementary Fig.
3, http://links.Iww.com/CCM/H352), or hospital days
occupied by the very elderly, p = 0.59 (Supplementary
Fig. 4, http://links.lww.com/CCM/H352) when com-
pared with the younger cohort. Very elderly patients
were more commonly readmitted to the ICU (4.7% vs
4.4%, p < 0.001).

Secondary Outcome (Discharge Destination). The
proportion of survivors discharged home was lower in
the very elderly (65.2% vs 82.4%, p < 0.001) (Table 3).
There was a progressive decline in rates of home dis-
charges from the hospital in both cohorts. The very eld-
erly survivors were half as likely to be discharged home
than the younger cohort (Supplementary Fig. 5, http://
links.lww.com/CCM/H352). Among the very elderly
cohort, the adjusted odds of being discharged home

Critical Care Medicine

were associated with male gender, lower ANZROD,
shorter ICU LOS, and absence of mechanical ventila-
tion on day 1 (multivariable models in Supplementary
Tables 5 and 6, http://links.Iww.com/CCM/H352).

Comparatively, the very elderly survivors had higher
rates of new discharges to subacute or chronic care/nurs-
ing home facilities (20.1% vs 7.8%, p < 0.001) (Table 3).
On multivariable analyses, the very elderly survivors were
more likely to be discharged to a subacute or a chronic
care facility. Among the very elderly survivors, the
adjusted odds of discharge to chronic care/rehabilitation
facilities was less likely among males, but more likely in
those with a higher risk of death (ANZROD) and longer
ICU LOS (multivariable models in Supplementary
Tables 7 and 8, http://links.lww.com/CCM/H352). The
rate of new subacute or chronic care discharge increased
from 15% in 2006 to 22% in 2018 for the very elderly
survivors. Although increasing discharges to a chronic
care facility were seen in both cohorts, the trend was
greater for the very elderly, p < 0.001 (trends in discharge
to chronic care facilities are shown in Fig. 3).

DISCUSSION

In this retrospective multicentre database study, the
very elderly cohort accounted for a sizeable but stable
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TABLE 3.
Outcomes

Total Patient Cohort

Outcomes

n=1,568,959

<80 Yr >80 Yr

n=1,336,377 n =232,582

Primary outcome—hospital mortality
Hospital mortality, n (%)
Secondary outcomes
ICU mortality, n (%)

Resource utilization

Sum total hospital days (% of total)

140,032 (8.9%)

89,487 (5.7%)

23,313,261 (100%)

104,295 (7.8%) 35,737 (15.4%)

69,824 (5.2%) 19,663 (8.5%)

19,552,478 (83.9%) 3,760,775 (16.1%)

ICU LOS, mean (sp), d 3.1 (5.6) 3.2 (5.8) 2.9 (4.6)
ICU LOS, median (IQR), d 1.8 (0.9-3.3) 1.7 (0.9-3.2) 1.8 (0.9-3.5)
Sum total ICU days (% of total) 4,921,773 (100%) 4,239,733 (86.1%) 682,040 (13.9%)
Hospital LOS, mean (sp), d 15.1 (70.5) 14.8 (71.9) 16.4 (61.8)
Hospital LOS, median (IQR) 8.4 (4.7-15.4) 8.0 (4.4-14.8) 10.5 (6.2-18.3)
(
(

ICU readmissions, n (%)

Discharge destination (survivors only)?
Home
Nursing home/chronic care/rehabilitation
Discharge to another acute hospital

Other/unknown

69,330 (4.4%)

1,143,708 (80.0%)
135,482 (9.5%)
148,054 (10.4%)

1,683 (0.1%)

58,494 (4.4%) 10,836 (4.7%)
1,015,323 (82.4%)

( 128,385 (65.2%)
95,907 (7.8%)

(

(

39,575 (20.1%)
28,733 (14.6%)
152 (0.1%)

119,321 (9.7%)
1,531 (0.1%)

IOR = interquartile range, LOS = length of stay.

Discharge destination is reported as a proportion of 1,428,927 patients who survived to leave hospital alive (1,232,082 < 80 yr old and

196,845 > 80 yr old).
All p values for comparisons less than 0.001.

proportion of ICU admissions. The very elderly ICU
patients had a higher comorbid burden, higher treat-
ment limitations on admission to ICU, and used more
healthcare resources. The very elderly cohort demon-
strated improved survivorship over the 13 years, espe-
cially in the unplanned ICU admission subgroup. Very
elderly survivors often required ongoing care and re-
habilitation after discharge from the hospital.

The proportion of the very elderly patients admit-
ted to the ICU in our study is higher than previously
published local and international data over the last
decade (7, 15, 16, 18), with some similarities to recent
Australian data (19). This variation may be due to the
large multicentre dataset in our study and the time
of the studies. Despite population projections show-
ing a higher rate of increase in the elderly population,
our study shows a proportionate rise in the overall
very elderly ICU admissions, when compared to the
younger cohort. Our results could signify that the
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previously projected increase in demand for intensive
care services (15) for very elderly patients may be pla-
teauing (18, 20, 21). Our study also showed increasing
trends in the admission of nonagenarians to the study
ICUs. The nonagenarian ICU population is of keen in-
terest to researchers; with recent publications refuting
the age-old belief that chronological age was an inde-
pendent factor for ICU and hospital mortality in this
population (22-24). However, the long-term mortality
for nonagenarian ICU survivors remains high (24, 25).

The hospital and ICU mortality among the very eld-
erly cohort in our study is similar to other published
data (7). However, there is significant variation in the
literature, with our data showing lower hospital mor-
tality when compared with recently published data
for the elderly ICU population (26, 27). A recent sys-
tematic review was unable to explain the variation in
mortality for the elderly ICU population across conti-
nents (America and Europe) based on study design or
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Figure 2. Mortality risk change over time. The figure represents predicted (marginal) mortality
risk from a regression model (date of ICU admission as a continuous variable, reported as a
change in odds of death per year, with an interaction term to test difference between those
above or below 80 yr old); with fitted 95% Cl, alongside aggregated annual mortality risk for
each year. p value for difference in slopes between groups < 0.001.

geographical location (27). This may be due to differ-
ences in age cutoffs for the very elderly or the “older”
population in literature (75/80/85/90 yr) (24, 26-28)
or variations in the threshold for admission to ICU for
elderly patients (28) or case-mix (for example, there
were fewer medical patients in our study compared to
recent registry data from the UK) (27). It is also pos-
sible that there may be a higher use of intensive care
at the end of life in other studies (29, 30). Pre-existing
frailty likely plays a significant additional role in the
higher mortality in the very elderly cohort (31, 32). A
smaller proportion of the very elderly cohort in our
study had treatment limitations established at the time
of ICU admission (11%) when compared to other stud-
ies (33, 34). This may imply a better triage and referral
system or simply that several discussions on treatment
limitations happen after a trial of admission to the ICU
in Australia and New Zealand.

Although both cohorts showed a declining mor-
tality trend, this was greater in the very elderly cohort
in our study. Improving mortality trends after critical
illness have also been noted in numerous other studies
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(35-37). Our study popula-
tion included a reasonable
proportion of elective surgical
patients. Overall mortality
for surgical patients has been
improving (38) and has previ-
ously been shown to be lower
than that of medical patients
(39, 40). We analyzed data to
assess the effect of the elective
surgical subgroup on mor-
tality rates. The risk-adjusted
rate of mortality decline in
the elective surgical subgroup
in our study was not differ-
ent between those above and
below 80 years old. Moreover,
the decline in mortality rate
was higher in patients who
had unplanned admissions
to ICU. It is plausible that the
reasons for greater trends in
improved survival in the un-
planned ICU admission sub-
group could be attributed to
improved quality of primary,

and emergency specialty care over the years. Again,
this could also indicate active screening and triage to
admit older patients who are most likely to benefit from
a stay in intensive care. Interestingly, systematic tri-
age and improved access to ICU admission for elderly
patients did not appear to confer a mortality advantage
in a randomized controlled trial setting in France (41).
However, the French study had a low recruitment rate
in the control group and a third of the recommended
ICU admissions in the intervention group were refused
by physicians. This implies that a decision to admit an
elderly patient to intensive care may be complex and se-
lection and survivor bias may play a role.

Temporal changes in decreasing rates of home dis-
charge and increasing new admissions to chronic care
or nursing homes would suggest that while survival in
the very elderly has improved, it may be at a cost. Our
results indicate that one in five of the very elderly sur-
vivors was discharged to a subacute rehabilitation or a
chronic care/nursing home facility after a critical care
admission. Unsurprisingly, survivors at higher risk of
death, increased ICU LOS, and those mechanically
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value for difference in slopes between groups < 0.001.

ventilated within 24 hours of ICU admission were
more likely to be discharged to ongoing health serv-
ices for rehabilitation or long-term residential care.
Although we did not have specific prehospital or post-
hospital frailty data available for the study, an associ-
ation of pre-existing frailty with new admissions to
chronic care or nursing home has been published for
the 2017-2018 cohort from this database (42). More
recently, although analysis of this dataset has demon-
strated that even younger patients (< 50 yr old) with
frailty experience increased new admissions to chronic
care/nursing homes, this effect is greatly magnified
with age (32).

Strengths and Limitations. A major limitation of
our study was the absence of information on long-
term trajectories (mortality, functional and cognitive
outcomes, quality of life, and healthcare resource uti-
lization) of the very elderly population, due to the na-
ture of the database. Long-term outcomes for the very
elderly admitted to the ICU may be significantly worse
than what our study reveals (43-45). In addition, the
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ticentre, binational database
with a timeline of data spread
over 13 years, offers a unique
perspective for observation
of trends for healthcare re-
source planning. In addition,
there is value in documenting
and understanding the prepandemic trends, so we can
truly understand the effect of the COVID-19 pandemic
on the very elderly, an area of upcoming research.

Implications

Our key finding of increasing survivorship in the very
elderly patient cohort has significant implications for
all healthcare systems. With a projected increase in
the population, optimal healthcare resource planning
should account for the burden of survivorship and the
increased need for postacute care rehabilitation in the
older population. More importantly, there is an ur-
gent need to research prehospital factors that influence
outcomes and understand long-term trajectories to
ensure a good quality of life for the vulnerable elderly
population.

CONCLUSIONS

The proportion of ICU admissions who were very
elderly did not change over the 13-year study period.
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The very elderly cohort had more comorbidities, had
higher acute illness severity, and stayed longer in hos-
pital. Although their mortality was higher, over 80%
of the very elderly patients survived their hospital ad-
mission, but a higher proportion was discharged to
chronic care facilities. The very elderly cohort showed
an improved rate of survivorship over time, especially
in the unplanned ICU admission subgroup.
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