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BACKGROUND: The growing proportion of elderly intensive care patients constitutes a public

health challenge. The benefit of critical care in these patients remains unclear. We compared

outcomes in elderly versus very elderly subjects receiving mechanical ventilation. METHODS:

In total, 5,557 mechanically ventilated subjects were included in our post hoc retrospective anal-

ysis, a subgroup of the VENTILA study. We divided the cohort into 2 subgroups on the basis of

age: very elderly subjects (age 6 80 y; n 5 1,430), and elderly subjects (age 65–79 y; n 5
4,127). A propensity score on being very elderly was calculated. Evaluation of associations with

28-d mortality was done with logistic regression analysis. RESULTS: Very elderly subjects were

clinically sicker as expressed by higher SAPS II scores (53 6 18 vs 50 6 18, P < .001), and their

rates of plateau pressure < 30 cm H2O were higher, whereas other parameters did not differ.

The 28-d mortality was higher in very elderly subjects (42% vs 34%, P < .001) and remained

unchanged after propensity score adjustment (adjusted odds ratio 1.31 [95% CI 1.16–1.49], P <
.001). CONCLUSIONS: Age was an independent and unchangeable risk factor for death in

mechanically ventilated subjects. However, survival rates of very elderly subjects were > 50%.

Denial of critical care based solely on age is not justified. (ClinicalTrials.gov registration

NCT02731898.) Key words: critically ill; elderly subjects; ICU; risk stratification; risk scores; mechan-
ical ventilation. [Respir Care 2021;66(5):814–821. © 2021 Daedalus Enterprises]

Introduction

Due to significant demographic changes in the last deca-

des, patients > 80 y old represent a growing proportion of

ICU admissions. These very elderly intensive care patients

suffer from proportionally more comorbidities, exhibit

higher mortality rates, and require increasingly invasive

therapy regimens.1-3 These changes will undoubtedly chal-

lenge future but also current health care resources, as it can

already be observed in the COVID-19 pandemic.4

Mechanical ventilation is one of the most substantial

and effective interventions in critical care medicine. In
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addition to its undeniable efficacy, it may also be asso-

ciated with impaired hemodynamics, ventilator-induced

lung injury, and ventilator-associated pneumonia.

Furthermore, it also causes high treatment costs and in

most of the cases a prolonged stay on intensive care

wards. Noninvasive ventilation, thoughtful manage-

ment of sedatives with daily wake-up trials, and new

weaning strategies contribute to improved outcomes in

mechanically ventilated subjects.5-7 Protective ventila-

tion strategies have been developed and proved benefi-

cial in randomized trials.8-10

Consequently, these measures are increasingly applied in

practice and associated with improved outcomes.11,12 It is,

however, unknown whether and to what extent these

changes in practice and outcomes apply to very elderly in-

tensive care patients, as elderly patients are known to show

delayed and less effective responses to acute pathophysio-

logical stressors, forming the basis of today’s well-known

concept of frailty.3

The VENTILA study is a prospective, international,

multicenter, single-cohort study.13 We hypothesized

that age is an independent predictor of an adverse out-

come in mechanically ventilated patients, irrespective

of applied ventilation regimens in an international

registry of mechanically ventilated subjects.12,14 This

study aimed to evaluate crude and adjusted mortality

rates in elderly subjects on mechanical ventilation.

Methods

Study Subjects

We retrospectively evaluated a subgroup from the

VENTILA study from 2004, 2010, and 2016. The VENTILA

study evaluated subjects on mechanical ventilation to assess

outcomes and trends over time. The study was approved by

the research ethics committee at each participating center,

and the need for informed consent was waived. In brief, base-

line characteristics including age, sex, and severity at admis-

sion estimated by the Simplified Acute Physiology Score

(SAPS II), which ranges from 0 (lower severity) to 163

(higher severity), was prospectively collected. In addition,

variables related to management of ventilator settings,
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Current knowledge

In critically ill but very elderly patients, the benefit of en-

dotracheal intubation and invasive mechanical ventilation

is unknown. The decision to provide mechanical ventila-

tion to elderly patients is primarily decided on a case to

case basis.

What this paper contributes to our knowledge

Age was an independent and unchangeable risk factor

for death in mechanically ventilated subjects. However,

survival rates in very elderly subjects were > 50%.

Denial of critical care based solely on age is not justified.
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sedation, daily gas exchange, neuromuscular blockers, and

complications such as ARDS, sepsis, or ventilator-associated

pneumonia were registered. Organ function (ie, cardiovascu-

lar, renal, hepatic, hematologic) was assessed according to

the Sequential Organ Failure Assessment (SOFA) score.

Organ failure was defined as a SOFA subscore > 2 for the

organ in question. Subject data were collected for the duration

of ventilation or until day 28. Subjects were followed until

their discharge from the hospital. In the event of discharge

from the hospital before day 28 after starting mechanical ven-

tilation, the status on this day was registered. The present sub-

study included all subjects age$ 65 y with complete data on

age, country, the main indication for ventilation, SAPS II

score, creatinine, and pH (n ¼ 5,557 subjects) from the

VENTILA study cohort (Fig. 1). Subjects $ 80 y were con-

sidered to be very elderly intensive care subjects (n ¼ 1,430)

based on previous studies, whereas the remaining subjects

were considered elderly (n¼ 4,127).1,3 The primary end point

was mortality up to day 28. The secondary end points were

the decision to withdraw treatment, duration of the mechani-

cal ventilation, and tracheostomy. Initial SAPS II score was

calculated by the treating physician within 24 h after admis-

sion as previously reported.15

Statistical Analysis

Continuous variables are expressed as median (interquar-

tile range) and compared using the U test or mean 6 SD

and compared using analysis of variance. Categorical data

are expressed as numbers (percentage). The chi-square test

was applied to calculate differences between groups. Both

univariable and multivariable logistic regression analysis

was performed to predict binary outcomes (ie, treatment

withdrawal, mortality, plateau pressure < 30 cm H2O,

driving pressure < 15 cm H2O, tidal volume 6–8 mL/kg

predicted body weight). Odds ratios and adjusted odds

ratios with respective 95% CIs were calculated. Two pro-

pensity scores for very elderly intensive care subjects were

calculated (Fig. 1). Propensity score 1 included the baseline

variables: SAPS II score (per point), location (each country

as dummy variable), admission diagnosis (each diagnosis

as dummy variable), sex, weight, predicted body weight,

height, creatinine, year of inclusion (each year as dummy

variable). For the matched cohort, 1:1 propensity-score

matching was obtained using “nearest neighbor” matching,

and the maximum allowed distance was a change in pro-

pensity score 1 of 0.001. Propensity score 2 included all of

the items in propensity score 1 plus pH, PaO2
=FIO2

, peak

pressure, plateau pressure, PEEP, tidal volume per pre-

dicted body weight, PaCO2
, and treatment withdrawal. A P

value of < .05 was considered statistically significant.

SPSS 22.0 (IBM, Armonk, New York) and MedCalc

Statistical Software 19.1 (MedCalc Software, Ostend,

Belgium) were used for statistical analysis.

Results

Study Cohort

In total, 5,557 mechanically ventilated subjects age$ 65

y were included in this post hoc retrospective analysis.

There was a trend toward a higher proportion of very el-

derly subjects from the year 2004 (21%) to 2010 (24%) and

2016 (30%) (Fig. 2). The overall 28-d mortality was 36%,

and there was a trend toward lower mortality over time in

both elderly subjects and very elderly subjects (Fig. 3).

Age as a continuous variable was associated with higher

odds of 28-d mortality (odds ratio 1.02 [95% CI 1.01–

2004: 1,105 subjects
2010: 2,172 subjects
2016: 2,280 subjects

Subjects ≥ 65 y
5,557

Propensity score 1 (on being ≥80 y)
With baseline characteristics

Comparison of management and outcome

Matching on propensity score 1
3,183 pairs

Propensity score 2 (on being ≥80 y)
With baseline characteristics and treatment

Multivariable propensity score adjustment

Comparison of outcome

Fig. 1. Flow chart.
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1.03], P < .001), even after correction for propensity score

1 (adjusted odds ratio 1.02 [95% CI 1.01–1.03], P < .001)

and propensity score 2 (adjusted odds ratio 1.02 [95% CI

1.01–1.03], P< .001).

Very elderly intensive care subjects were clinically

sicker as expressed by higher SAPS II score (53 6 18 vs

50 6 18, P < .001). Baseline characteristics of included

subjects are shown in Table 1 (see the supplementary

materials at http://www.rcjournal.com). The rates of pla-

teau pressure < 30 cm H2O were higher in very elderly in-

tensive care subjects, whereas other parameters did not

differ between very elderly and elderly intensive care sub-

jects, both in univariable analysis and after adjustment for

propensity score 1 (see Table 2). Rates of treatment with-

drawal were 16% in the overall cohort and higher in very

elderly subjects compared to elderly subjects (20% vs

15%, P < .001) and remained unchanged after adjustment

for propensity score 1 (adjusted odds ratio 1.37 [95% CI

1.15–1.64], P < .001). The rates of development of

ARDS were similar between very elderly and elderly

intensive care subjects (Table 3).

The 28-d mortality was higher in very elderly intensive

care subjects (42% vs 34%, P < .001) and remained

unchanged after correction for propensity score 1 (adjusted

odds ratio 1.31 [95% CI 1.16–1.49, P < .001) and propen-

sity score 2 (adjusted odds ratio 1.28 [95% CI 1.07–1.54],

P ¼ .008). In a sensitivity analysis including only subjects

without treatment withdrawal, 28-d mortality was higher in

very elderly intensive care subjects (odds ratio 1.42 [95%

CI 1.21–1.67], P < .001). In a sensitivity analysis evaluat-

ing only subjects included in 2004 (odds ratio 1.42 [95% CI

1.07–1.90], P ¼ .02), 2010 (odds ratio 1.62 [95% CI 1.32–

1.98], P < .001), and 2016 (odds ratio 1.32 [95% CI 1.09–

1.59], P ¼ .004), mortality remained higher in very elderly

intensive care subjects.

After propensity score 1 matching (n¼ 1,378 per group),

baseline risk was evenly distributed (Table 4). Ventilation

pressures did not differ between elderly and very elderly in-

tensive care subjects. In the matched cohort, both rates of

treatment withdrawal (19% vs 13%, P < .001) and 28-d

mortality were higher in very elderly compared to elderly

intensive care subjects (42% vs 36%, P¼ .003).

There was no difference regarding the duration of the

mechanical ventilation for elderly intensive care subjects

and very elderly intensive care subjects (6 6 8 d vs 6 6 7

d, respectively, P ¼ .15). This observation persisted after

propensity score 1 matching (6 6 8 d vs 6 6 7 d, respec-

tively, P ¼ .97). Elderly intensive care subjects received

significantly more tracheostomies (16% vs 13%; odds ratio

0.79 [95% CI 0.66–0.95], P ¼ .01). Very elderly intensive

care subjects had a lower rate of tracheostomy both after

matching propensity score 1 (16% vs 13%, P¼ .02) and af-

ter adjusting for propensity score 1 (adjusted odds ratio

0.82 [95% CI 0.68–0.98], P¼ .03).

Discussion

In this study, age > 80 y was independently associated

with higher mortality in mechanically ventilated subjects in

a mixed cohort of general intensive care subjects who were

> 65 y old. This finding persisted after propensity score

adjustment and in several sensitivity analyses. Given the

increasing proportion of elderly patients and the indetermi-

nate benefit of critical care measures in these patients, our

data support the inclusion of age in triage decisions and

treatment restriction after an ICU trial, as proposed previ-

ously.16 However, survival rates in very elderly intensive

care subjects were relatively high (> 50%), and denial of

critical care based solely on chronological age does not

seem justified.
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Fig. 2. There was a trend toward a higher proportion of very elderly

intensive care subjects from the year 2004 (21%) to 2010 (24%) and
2016 (30%).
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Fig. 3. The overall 28-d mortality was 36%, and there was a trend

toward lower mortality over time (2004: 40% vs 49%; 2010: 32% vs
42%; 2016: 32% vs 38%) in both elderly intensive care subjects
and very elderly intensive care subjects.
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The mortality rate in this study assessing very elderly in-

tensive care subjects on mechanical ventilation was high

compared to other collectives assessing very elderly inten-

sive care subjects.1,17-19 However, subjects from this study

group were older or sicker, as reflected by higher SAPS II

scores. Further, in a previous study by Flaatten et al,1 23.8%

of all subjects received no ICU-specific interventions. In the

VENTILA cohort, however, all subjects were mechanically

ventilated, and the necessity for ventilation was associated

with higher mortality in all critically ill subjects. Very elderly

intensive care subjects had a similar duration of invasive me-

chanical ventilation but were less likely to receive a tracheos-

tomy. One reason for this difference could be the reluctance

in these patients to take more invasive measures. In practice,

tracheostomy is usually performed for prolonged ventilation,

which may have been ruled out from the outset in very el-

derly subjects. However, this assumption is speculative

because no data are available. This is particularly important

because patients with prolonged ventilation can develop

chronic critical illness, which can lead to shorter life

Table 1. Comparison of Baseline Characteristics

Elderly Subjects (n = 4,127) Very Elderly Subjects (n = 1,430) Total Cohort (n = 5,557) P

Age, y 72 (4) 84 (4) 75 (7) < .001

Body mass index, kg/m2 27 (6) 25 (5) 26 (6) < .001

SAPS II 50 (18) 53 (18) 51 (18) < .001

Creatinine, mg/dL 1.67 (1.74) 1.69 (1.37) 1.68 (1.65) .68

ICU length of stay, d 13 (14) 12 (15) 13 (14) .18

Duration of mechanical ventilation, d 9 (9) 8 (10) 9 (9) .21

pH .52

Normal (7.35–7.45) 1,551 (38) 560 (39) 2,111 (38)

Alkalosis (> 7.45) 563 (14) 196 (14) 759 (14)

Acidosis (< 7.35) 2,013 (49) 674 (47) 2,687 (48)

Plateau pressure, cm H2O .03

28–30 164 (7) 42 (5) 206 (7)

< 28 1,985 (88) 732 (92) 2,717 (89)

> 30 101 (5) 25 (3) 126 (4)

Tidal volume by PBW, mL/kg

6–8 1,591 (41) 578 (43) 2,169 (41)

< 6 280 (7) 97 (7) 377 (7)

> 8 2,031 (52) 680 (50) 2,711 (52)

PEEP, cm H2O .002

6–8 1,153 (28) 419 (30) 1,572 (29)

< 6 2,187 (54) 793 (57) 2,980 (55)

> 8 713 (18) 189 (14) 902 (17)

PaO2
=FIO2

.24

> 200 2,110 (55) 719 (54) 2,829 (55)

199–100 1,268 (33) 469 (35) 1,737 (34)

< 100 475 (12) 148 (11) 623 (12)

Driving pressure < 15 cm H2O 1,377 (62) 491 (62) 1,868 (62) .93

Data are presented as n (%).

SAPS ¼ Simplified Acute Physiology Score

PBW ¼ predicted body weight

Table 2. Logistic Regression Analysis of Parameters in Very Elderly Intensive Care Subjects

Univariable Analysis Multivariable Analysis

Odds Ratio (95% CI) P Adjusted Odds Ratio (95% CI) P

Plateau pressure < 30 cm H2O 1.62 (1.12–2.35) .01 1.55 (1.06–2.27) .02

Driving pressure <15 cm H2O 1.01 (0.85–1.19) .93 0.94 (0.79–1.11) .45

Tidal volume 6–8 mL/kg PBW 1.08 (0.95–1.23) .22 1.11 (0.98–1.26) .11

PBW ¼ predicted body weight
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expectancy and lower quality of life despite the primary sur-

vival of intensive care therapy.20

Very elderly mechanically ventilated intensive care sub-

jects suffered higher mortality compared to elderly inten-

sive care subjects. This association of age and very elderly

intensive care subjects’ status with mortality remained inde-

pendent even after correction for parameters assessing the se-

verity of disease and ventilation pressures. Also, in a sensitivity

analysis after excluding all subjects with treatment restrictions,

mortality in very elderly subjects was higher compared to el-

derly intensive care subjects. Therefore, age per se constitutes

an important (and inevitable) risk factor for mortality in

mechanically ventilated patients. Several factors, including

decreased cardiac capacity and pulmonary compliance, as well

as reduced overall physiological reserve in the elderly, could

contribute to the worse outcomes in older mechanically venti-

lated individuals.21 Unfortunately, no pulmonary compliance

measurements were documented in the VENTILA study.

Frailty is prevalent in geriatric patients and has been shown to

predict outcomes reliably, especially in very elderly intensive

care subjects.1,19,22 However, in this study, no data about frailty

were available, which is a significant limitation of our analysis.

Regardless of overall high mortality rates in very elderly

intensive care subjects, and despite comparable disease se-

verity (according to SAPS II score) in very elderly intensive

Table 3. Rates of Development of ARDS

ARDS
Elderly Subjects

(n = 4,127)

Very Elderly Subjects

(n = 1,430)
P

Day 1 320 (8) 101 (7) .42

Day 2 275 (7) 84 (7) .32

Day 3 231 (8) 64 (6) .11

Day 4 184 (8) 58 (7) .59

Day 5 161 (8) 43 (7) .18

Day 6 137 (8) 38 (7) .41

Day 7 119 (8) 28 (6) .13

Data are presented as n (%).

Table 4. Comparison of Baseline Characteristics After 1:1 Propensity Score Matching

Elderly Subjects

(n = 4,127)

Very Elderly Subjects

(n = 1,430)
P

Age, y 72 (4) 84 (4) < .001

Body mass index, kg/m2 26 (5) 26 (5) .93

SAPS II 52 (18) 52 (18) .94

Creatinine, mg/dL 1.72 (1.92) 1.69 (1.37) .58

ICU length of stay, d 13 (15) 12 (15) .31

Duration of mechanical ventilation, d 9 (9) 8 (10) .62

pH .46

Normal (7.35–7.45) 509 (37) 540 (39)

Alkalosis (> 7.45) 200 (15) 188 (14)

Acidosis (< 7.35) 669 (49) 650 (47)

Plateau pressure, cm H2O .21

28–30 51 (7) 39 (5)

< 28 664 (89) 711 (92)

> 30 29 (4) 24 (3)

Tidal volume by PBW, mL/kg .16

6–8 516 (40) 564 (43)

< 6 100 (8) 92 (7)

> 8 691 (53) 650 (50)

PEEP, cm H2O .16

6–8 391 (29) 403 (30)

< 6 745 (55) 765 (57)

> 8 219 (16) 183 (14)

PaO2
=FIO2

, mm Hg .27

> 200 704 (55) 697 (54)

199–100 419 (33) 452 (35)

< 100 157 (12) 137 (11)

Driving pressure < 15 cm H2O 471 (63) 476 (62) .52

Data are presented as n (%).

SAPS ¼ Simplified Acute Physiology Score

PBW ¼ predicted body weight
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care subjects in 2006 and 2016, mortality evidenced a 20%

relative decrease from 2006 to 2016. Several factors likely

contributed to these improved outcomes. First, general

advances in intensive care medicine, improved aseptic pro-

cedures, and anti-infective treatment options, as well as

new interventional techniques, were developed and imple-

mented. Second, innovative treatment strategies such as

early goal-directed therapy and lactate-guided treatment

could have improved awareness for potential treatment tar-

gets and hence survival rates in some subjects.23

Interestingly, considering the decreasing mortality rates

in very elderly intensive care subjects, the rates of treatment

withdrawal also decreased from 2010 to 2016 (no data for

2006 are available). This trend could reflect a more restric-

tive admission policy on intensive care wards for very el-

derly intensive care patients. Clinical judgment and the

understanding of the limited prognosis of very elderly in-

tensive care patients in recent years might have contributed

to this trend. Specifically, the structured assessment of

frailty using clinical frailty scores and other measures has

advanced the understanding of elderly patients considered

for intensive care treatment.1,19,22 However, the specific

trends over time are beyond the scope of this manuscript.

Risk prediction in critically ill patients is essential to

guide treatment and allocate critical care to those who can

benefit. Several parameters to stratify patients, including

the SAPS II score, are available to aid this process.15,24

However, established risk scores and parameters were not

explicitly evaluated for very elderly intensive care sub-

jects.25,26 Therefore, risk prediction and stratification in

these patients represent a particular challenge.27,28 An inten-

sive care trial consisting of intensive care treatment for 24–

72 h could help guide treatment and potential treatment

restrictions.29-32 After this initial timeframe, the very elderly

intensive care patient could be “re-triaged” and new treat-

ment goals identified based on risk parameters, a thorough

assessment including frailty by geriatric specialists, and af-

ter open communication with relatives. Clear communica-

tion regarding informed consent with elderly critically ill

patients and families of very elderly intensive care patients

who have a limited chance of recovery and higher mortality

after undergoing ventilation is essential when discussing

pending intubation and before decisions on treatment esca-

lation are made. For further treatment, specific geriatric

rehabilitation could and should be planned from an early

time point to help increase survival further and reduce

long-term morbidity.33 This study confirms the association

between age and mortality in mechanically ventilated sub-

jects.34 However, not all hope is lost because mortality was

< 50%. Future research on how to detect very elderly inten-

sive care patients in whom palliative care is more appropri-

ate seems necessary because age alone might not be

sufficient to risk-stratify critically ill subjects with respira-

tory failure.

Limitations

This subgroup analysis is retrospective. The registry

involved many ICUs from around the world with different

demographics and intensive care structures. Furthermore,

survival in very elderly intensive care subjects was high at

> 50%. We have no information about frailty, which might

play a greater role in outcomes for intensive care patients

than chronologic age. Thus, we speculate that frailty may

be the missing link between age and mortality.

Conclusions

Age was an independent and unchangeable risk factor

for death in mechanically ventilated subjects. Ventilation

duration did not differ, but very elderly intensive care sub-

jects had significantly fewer tracheostomies. Denial of criti-

cal care should be not justified by age alone.
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