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ABSTRACT 
 

Introduction: We analyzed the association of age with ventilation practice and outcomes in critically ill COVID–
19 patients requiring invasive ventilation. 
Methods: Posthoc analysis of the PRoVENT–COVID study, an observational study performed in 22 ICUs in the 
first 3 months of the national outbreak in the Netherlands. The coprimary endpoint was a set of ventilator 
parameters, including tidal volume normalized for predicted bodyweight, positive end–expiratory pressure, 
driving pressure, and respiratory system compliance in the first 4 days of invasive ventilation. Secondary 
endpoints were other ventilation parameters, the use of rescue therapies, pulmonary and extrapulmonary 
complications in the first 28 days in the ICU, hospital– and ICU stay, and mortality. 
Results: 1122 patients were divided into four groups based on age quartiles. No meaningful differences  
were found in ventilation parameters and in the use of rescue therapies for refractory hypoxemia in the first 
4 days of invasive ventilation. Older patients received more often a tracheostomy, developed more 
frequently acute kidney injury and myocardial infarction, stayed longer in hospital and ICU, and had a higher 
mortality. 
Conclusions: In this cohort of invasively ventilated critically ill COVID–19 patients, age had no effect on 
ventilator management. Higher age was associated with more complications, longer length of stay in ICU and 
hospital and a higher mortality. 
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INTRODUCTION 
 

The coronavirus disease 2019 (COVID–19) pandemic 

has resulted in worldwide recurrent surges of patients in 

need for urgent and intense medical care [1], and as of 

early–November 2021 5 million patients have died from 

this new disease [2]. Many hospitalized COVID–19 

patients need admission to an intensive care unit (ICU), 

most often for escalation of respiratory support that 

includes invasive ventilation [3]. 

 

Aging is associated with various changes in lung 

physiology [4]. Due to changes in the structure of the 

thoracic cage, aging is known to reduce chest wall 

compliance. However, lung compliance increases with 

age because of a decrease in elastic recoil. Second, 

aging is associated with so–called ‘senile emphysema’ 

[5]. Due to a decrease in the supporting structures of 

lung parenchyma, the risk for early closure of small 

airways increases which could result in air trapping. 

The increased incidence of comorbidities in elderly 

may also mandate a different ventilation approach.  

For example, the combination of a reduced respiratory 

system reserve and an increased incidence of pulmonary 

disease in elderly patients may require a higher FiO2, 

while the higher incidence of cardiovascular disease in 

the elderly may actually reduce the possibility of, for 

example, ventilation with higher pressures. Indeed,  

one small prospective cohort study showed that elderly 

patients with acute respiratory failure received 

ventilation with lower pressures compared to younger 

patients [6]. However, this was not confirmed by a 

more recently published study, showing no age 

dependent variations in ventilator settings in such 

patients [7]. 

 

Several risk factors for contracting severe COVID–19 

have been identified and described. Elderly patients, but 

also patients with underlying cardiovascular or 

respiratory conditions are most vulnerable to develop a 

complicated SARS–CoV–2 infection [8–10], and are at 

a higher risk for mortality of this disease [11–13]. 

Aging itself, however, is linked to the development of 

comorbidities and functional disabilities. Indeed, 

patients aged > 65 years are three times more often 

diagnosed with multiple chronic diseases [14], 

including comorbidities like cancer, cardiovascular 

diseases, and diabetes mellitus. All these are well–

known predictors for mortality [15–17]. Older age is 

also associated with immunological alterations and 

inflammation, which may also translate into a higher 

risk of dying from an infectious disease [16]. 

 

It is unknown whether age–related differences exist in 

ventilator settings in critically ill COVID–19 patients. It 

also remains uncertain to which extent the association 

of age with mortality in COVID–19 patients requiring 

invasive ventilation is mediated by the increased 

prevalence of comorbidities in elderly patients. In the 

context of these uncertainties, we assessed the database 

of a large national observational study [18, 19]. We 

hypothesized that age has an independent effect on 

ventilator management and has an association with 

outcome in critically ill invasively ventilated COVID–

19 patients. 

 

MATERIALS AND METHODS 
 

Design, study sites, and participants 

 

This is a posthoc analysis of a national multicenter 

observational study, named ‘Practice of VENTilation in 

COVID–19 patients’ (PRoVENT–COVID) [18]. This 

study included more than 40% of all critically ill 

COVID–19 patients admitted to a Dutch ICU in the first 

3 months of the national outbreak. The study protocol 

was approved by the Institutional Review Board of the 

Amsterdam UMC, location AMC, Amsterdam, the 

Netherlands on 7 April 2020 (W20_157 # 20.171), and 

hence at the other 21 hospital that eventually 

participated in the study. The need for written informed 

consent was waived because of the observational nature. 

The study was registered at clinicaltrials.gov (study 

identifier NCT04346342). 

 

Adult patients were eligible if admitted to the ICU of a 

participating hospital, and receiving invasive ventilation 

for respiratory failure related to COVID–19, confirmed 

by RT–PCR. For the current analysis, we excluded 

patients that were transferred to an ICU in a non–

participating hospital within the first hour of invasive 

ventilation. 

 

Data collection 

 

Multiple in–person and virtual meetings were organized 

at the Amsterdam University Medical Centers, location 

‘AMC’, to train data collectors, that were all doctors in 

training or medical residents. During these meetings, 

data entry instructions were given, the database 

structure was explained, and data entry was trained. 

Each data collector was supervised by an experienced 

researcher in the domain of critical care. If inaccuracies, 

outliers and errors were found after data review, queries 

were sent and resolved by local investigators. Patient 

characteristics, anthropometric data, medical history, 

and available severity scores as recorded in the 

electronic patient records, severity of acute respiratory 

distress syndrome (ARDS) according to the current 
Berlin definition for this syndrome [20], and the extent 

of lung involvement on chest computed tomography or 

chest radiographs was collected for all patients at 



www.aging-us.com 1089 AGING 

baseline. Different disease severity scores, e.g., the 

Acute Physiology and Chronic Health Evaluation 

(APACHE) II or IV score, the Simplified Acute 

Physiology Score (SAPS) II and the Sequential Organ 

Failure Assessment (SOFA) score, were used in the 

participating hospitals. The disease severity score 

documented in each hospital was collected at baseline, 

i.e., in the first 24 hours in the ICU. Laboratory test 

results, hemodynamic parameters, kidney function, fluid 

balance, and use and dose of continuous sedation, 

muscle paralysis, and vasopressors were captured daily 

up to calendar day 4. 

 

Ventilator settings and key ventilation variables and 

parameters, and the use of adjunctive rescue therapies 

for refractory hypoxemia, including alveolar recruitment 

maneuvers, prone positioning, use of neuromuscular 

blocking agents (NMBAs), and extracorporeal 

membrane oxygenation (ECMO) was collected at 

fixed time points 3 times per day (08:00, 16:00 and 

24:00) up to calendar day 4 or until death or ICU 

discharge, if that occurred first. From these three 

measurement points, the daily mean was calculated for 

each respiratory variable. 

 

Pulmonary and extrapulmonary events were recorded 

until ICU day 28, ICU discharge or date of death, 

whichever came first. 

 

Patients’ location and life status were collected up to 

day 90. 

 

Study endpoints 

 

The coprimary endpoint of this current analysis was a set 

of 4 key ventilator settings and ventilation parameters: 

tidal volume normalized for predicted bodyweight  

(VT PBW), positive end–expiratory pressure (PEEP), 

driving pressure (ΔP), and respiratory system 

compliance (Crs) during the first 4 calendar days. 

 

Secondary endpoints were other ventilation parameters 

and use of rescue therapies for hypoxemia, pulmonary 

and extrapulmonary complications, ICU and hospital 

discharge, the number of days alive and free from 

invasive ventilation at day 28, and mortality at ICU and 

hospital discharge and at day 28 and 90. 

 

Definitions 

 

Pulmonary and extrapulmonary events were defined as 

pneumothorax, tracheostomy, reintubation, acute kidney 

injury and need for renal replacement therapy, and 
thromboembolic events, including pulmonary embolism, 

deep venous thrombosis, ischemic stroke, myocardial 

infarction, and systemic arterial thrombosis. 

VT per predicted bodyweight (PBW) was calculated as 

follows: 
 

(females)PBW(kg) 45.5 0.91 (height[cm] 152.4)= +  −  

 [eq. 1a]; 
 

(males)PWB(kg) 50.0 0.91 (height[cm] 152.4)= +  −  

     [eq. 1b]; and 
 

T, PBW TV (ml/kg) V (ml)/PBW(kg)=  [eq. 2]. 

 

ΔP and mechanical power (MP) were calculated using 

the following equations: 

 

2

2 2

ΔP(cmH O) peakpressure(Ppeak)

(cmH O) PEEP(cmH O)

=

−
 [eq. 3]; and 

 

TMP(J/min) 0.098 V (liters) respiratoryrate(RR)

(Ppeak 0.5 )P

=  

 − 
 

 [eq. 4] 
 

Crs was calculated as follows: 

 

( )2 T 2Crs(ml/cmH O) V ml / (cmH O)P=   [eq. 5] 

 

Power calculation 

 

We did not perform a formal power calculation––

instead, the number of patients available in the database 

was used as the sample size. 

 

Statistical analysis plan 

 

Patients were categorized into 4 age groups using the 

age quartiles. The day of the start of ventilation was 

merged with the first full calendar and named ‘day 1’. 

The following days were named ‘day 2’ and ‘day 3’. No 

assumptions for missing data were made. 

 

Categorical variables are presented as numbers and 

proportions, continuous variables are reported with 

median and interquartile ranges. Age groups were 

compared using the Kruskal–Wallis test for continuous 

variables and Fisher exact tests for categorical variables. 

If differences were found, a posthoc Dunn test was used 

for pairwise comparison. 

 

Distribution plots were constructed to show the key 

ventilator parameters for the four age groups. Time-to-

event outcomes are presented in Kaplan–Meier curves, 

and age groups are compared with the Log–rank test. 

 

To adjust for the unequal distribution of effect modifiers 

between the 4 age groups, multivariable models were 
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made for ICU and hospital mortality, and 28– and 90-

day mortality. The following variables were considered 

for adjustment in these models: (i.) gender; (ii.) body 

mass index (BMI); (iii.) history of hypertension, heart 

failure, diabetes mellitus, chronic kidney disease, 

chronic obstructive pulmonary disease, active 

hematological or solid cancer; (iv.) use of angiotensin-

converting enzyme inhibitors, use of angiotensin II 

receptor blockers, and use of vasopressor or inotropic 

medication; (v.) PaO2 to FiO2 ratio; and (vi.) mean 

arterial blood pressure, heart rate, plasma creatinine, 

fluid balance, and arterial pH. These baseline covariates 

were selected according to clinical relevance and as 

used in previous studies [18, 21]. 

 

All analyses were conducted in R, version 4.0.5.  

A P < 0.05 was considered statistically significant. 

 

RESULTS 
 

Participants 

 

Patient flow is shown in Supplementary Figure 1. A 

total of 1340 patients in 22 ICUs were screened for 

eligibility; major reasons for exclusions were that 

patients had an alternate diagnosis or did not receive 

invasive ventilation. Of the remaining 1122 patients, the 

median age was 65 [57 to 72] years. Baseline 

demographics of the 4 age groups are presented in 

Table 1. Older patients were shorter, weighed less, had 

a lower BMI and were more often diagnosed with a 

medical history of arterial hypertension, heart failure, 

diabetes mellitus, or COPD. Home medication like 

angiotensin–converting enzyme inhibitors and blockers, 

beta–blockers, statins, and calcium channel blockers 

were more often used at home in the higher age groups. 

At the first day of invasive ventilation, older patients 

were more often in need of vasopressors and inotropic 

drugs, and older patients had a higher cumulative fluid 

balance and a lower urine output. 

 

Ventilation characteristics 

 

Key ventilator settings are shown in Table 2, Figure 1, 

and Supplementary Figures 2–5. On the first day of 

ventilation, median VT PBW, PEEP, ΔP and Crs were 

largely similar between the 4 age groups. Some 

differences reached statistical significance, but 

differences were too small to have a clinical meaning. 

 

Mechanical power and peak pressure decreased from 

the younger to the older age groups at the first day of 

ventilation (Table 2). The difference in mechanical 

power and peak pressure disappeared in subsequent 

days (Supplementary Table 1). EtCO2 was lower but 

PaCO2 was higher in older age groups, and PaO2 was 

lower in the second age quartile (Table 2); only the 

difference in EtCO2 persisted in subsequent days 

(Supplementary Table 1) 

 

Use of adjunctive therapies for refractory hypoxemia 

was not affected by age, except for the use of NMBAs, 

which was less used with higher age (Table 3). 

 

Pulmonary and extrapulmonary events 

 

Pulmonary and extrapulmonary complications are 

presented in Table 3 and Supplementary Table 2. 

Tracheostomy was more often used in the older 

compared to the youngest patients. No differences in 

other pulmonary events were found. There was no 

effect of age on thrombotic complications, only the 

incidence of myocardial infarction was higher in the 

older age groups compared to the younger age groups. 

Acute kidney injury (AKI) occurred less often in the 

youngest age group compared to the older age groups, 

as was the need for renal replacement therapy. 

 

Outcomes 

 

Patient outcomes are shown in Table 3, Supplementary 

Table 2 and Figure 2. In survivors, length of hospital 

and ICU stay increased while number of ventilator–free 

days decreased from the younger to the older age 

groups. Mortality rates increased from the lowest to the 

higher age group. After adjustment from effect 

modifiers, ICU– and hospital mortality, and 28– and 

90–day were all higher in older patients (Supplementary 

Tables 3, 4). 

 

DISCUSSION 
 

The results of this posthoc analysis of the PRoVENT–

COVID study can be summarized as follows: (i.) there 

were no clinically meaningful differences in the key 

ventilator parameters between the 4 age groups; (ii.) on 

the first calendar day, mechanical power and peak 

pressure were lower in older patients but this effect 

disappeared in the succeeding days; (iii.) on the first 

four calendar days, EtCO2 was lower while PaCO2 was 

slightly higher in older patients; (iv) use of NMBAs was 

lower in older patients; (v) tracheostomy was more 

often used in older patients; (vi.) the incidence of AKI 

and the need for renal replacement therapy, and 

myocardial infarction was higher in older patients; (vii.) 

older patients stayed longer in the ICU and hospital; and 

(viii.) had higher mortality rates. 

 

Our study has several strengths. The study included a 

large number of centers, both academic and non–

academic, increasing the generalizability of the 

findings. Data were collected in a short time interval of 
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Table 1. Patient characteristics according to age category at baseline. 

 
Age 22 to 57 years  

(n = 287) 

Age 58 to 65 years  

(n = 286) 

Age 66 to 72 years  

(n = 283) 

Age 73 to 85 years  

(n = 266) 
P value 

Age, years 52.0 [47.0 to 55.0] 62.0 [60.0 to 64.0] 69.0 [67.0 to 71.0] 75.0 [74.0 to 77.0] <0.001 

Male 200 (69.7) 217 (75.9) 203 (71.7) 197 (74.1) 0.370 

Height, cm 178.0 [170.0 to 185.0] 178 [170.0 to 184.0] 175.0 [170.0 to 180.0] 174.0 [168.5 to 180.0] <0.001 

Weight, kg 90.0 [80.8 to 105.0] 89.0 [78.2 to 98.0] 85.0 [75.6 to 92.2] 82.0 [75.0 to 90.0] <0.001 

Body Mass Index, kg/m2 28.9 [26.2 to 32.7] 27.7 [25.4 to 30.6] 27.2 [24.8 to 29.7] 27.0 [24.9 to 29.4] <0.001 

Severity of illness*      

SAPS II, % (no) 35.7 (99/277) 34.3 (92/268) 33.6 (91/271) 30.8 (77/250)  

*Modified SAPS II 24.0 [19.0 to 29.0] 24.0 [19.0 to 31.0] 24.5 [19.0 to 32.0] 26.0 [20.0 to 34.0] 0.361 

APACHE II, no (%) 26.0 (72/277) 25.4 (68/268) 17.7 (48/271) 22.4 (56/250)  

*Modified APACHE II 12.0 [10.0 to 15.0] 12.0 [9.0 to 15.0] 15.0 [9.0 to 19.0] 15.0 [10.0 to 20.0] 0.026 

APACHE IV, no (%) 45.5 (126/277) 40.7 (109/268) 41.7 (113/271) 36.8 (92/250)  

*Modified APACHE IV 44.0 [37.2 to 55.0] 44.0 [35.0 to 56.5] 49.0 [36.8 to 59.2] 49.0 [34.8 to 62.0] 0.469 

SOFA, no (%) 53.4 (148/227) 54.1 (145/268) 46.5 (126/271) 44.4 (111/250)  

SOFA 7.0 [5.0 to 8.0] 7.0 [6.0 to 10.0] 7.0 [6.0 to 10.0] 8.0 [7.0 to 12.5] <0.001 

Comorbidities      

Arterial hypertension 53 (18.5) 105 (36.7) 108 (38.2) 114 (42.9) <0.001 

Heart failure 3 (1.0) 10 (3.5) 16 (5.7) 20 (7.5) <0.001 

Diabetes mellitus 44 (15.3) 62 (21.7) 80 (28.3) 64 (24.1) 0.002 

Chronic kidney disease 8 (2.8) 14 (4.9) 9 (3.2) 16 (6.0) 0.204 

Baseline creatinine 71.0 [60.0 to 87.0] 77.0 [64.0 to 98.0] 78.0 [63.0 to 98.0] 84.0 [66.8 to 111.2] <0.001 

Liver cirrhosis 2 (0.7) 0 (0.0) 0 (0.0) 1 (0.4) 0.329 

Chronic obstructive pulmonary 

disease 
8 (2.8) 25 (8.7) 34 (12.0) 21 (7.9) <0.001 

Active hematological neoplasia 3 (1.0) 5 (1.7) 4 (1.4) 4 (1.5) 0.911 

Active solid neoplasia 3 (1.0) 7 (2.4) 8 (2.8) 10 (3.8) 0.193 

Neuromuscular disease 4 (1.4) 0 (0.0) 2 (0.7) 2 (0.8) 0.258 

Immunosuppression 7 (2.4) 8 (2.8) 5 (1.8) 4 (1.5) 0.710 

Previous medication      

Systemic steroids 6 (2.1) 8 (2.8) 10 (3.5) 14 (5.3) 0.216 

Inhalation steroids 34 (11.8) 37 (12.9) 33 (11.7) 21 (7.9) 0.244 

Angiotensin-converting enzyme 

inhibitor 
25 (8.7) 45 (15.7) 62 (21.9) 57 (21.4) <0.001 

Angiotensin II receptor blocker 18 (6.3) 35 (12.2) 30 (10.6) 44 (16.5) 0.002 

Beta-blockers 28 (9.8) 52 (18.2) 63 (22.3) 68 (25.6) <0.001 

Insulin 16 (5.6) 22 (7.7) 21 (7.4) 19 (7.1) 0.744 

Metformin 29 (10.1) 47 (16.4) 52 (18.4) 47 (17.7) 0.020 

Statins 35 (12.2) 76 (26.6) 110 (38.9) 109 (41.0) <0.001 

Calcium channel blockers 29 (10.1) 45 (15.7) 59 (20.8) 64 (24.1) <0.001 

Transferred under invasive 

ventilation from another hospital 
59 (20.6) 53 (18.5) 48 (17.0) 41 (15.4) 0.436 

Days between admission and start 

of invasive ventilation 
0.0 [0.0 to 0.0] 0.0 [0.0 to 0.0] 0.0 [0.0 to 0.0] 0.0 [0.0 to 0.0] 0.508 

Use of non-invasive mechanical 

ventilation before intubation 
28/259 (10.8) 14/256 (5.5) 24/258 (9.3) 19/236 (8.1) 0.152 

Duration of non-invasive 

ventilation, hours 
7.0 [2.0 to 23.0] 7.0 [3.5 to 19.0] 8.0 [2.8 to 9.5] 8.0 [1.0 to 17.0] 1.000 

Chest CT-scan performed at 

baseline 
111/276 (40.2) 93/270 (34.4) 78/269 (29.0) 81/257 (31.5) 0.023 

Percentage lung parenchyma 

affected 
    0.561 

0% 7/111 (6.3) 3/93 (3.2) 3/78 (3.8) 1/81 (1.2)  

25% 29/111 (26.1) 27/93 (29.0) 29/78 (37.2) 31/81 (38.3)  

50% 38/111 (34.2) 26/93 (28.0) 21/78 (26.9) 22/81 (27.2)  

75% 30/111 (27.0) 33/93 (35.5) 19/78 (24.4) 22/81 (27.2)  
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100% 7/111 (6.3) 4/93 (4.3) 6/78 (7.7) 5/81 (6.2)  

Chest x-ray performed at baseline 136/162 (84.0) 152/176 (86.4) 157/185 (84.9) 157/176 (89.2) 0.506 

Quadrants affected     0.810 

1 13 (9.8) 12 (7.8) 8 (5.0) 9 (5.8)  

2 32 (24.1) 37 (24.0) 38 (23.8) 32 (20.8)  

3 34 (25.6) 39 (25.3) 45 (28.1) 50 (32.5)  

4 54 (40.6) 66 (42.9) 69 (43.1) 63 (40.9)  

Laboratory tests      

pH 7.4 [7.3 to 7.4] 7.4 [7.3 to 7.4] 7.4 [7.3 to 7.4] 7.3 [7.3 to 7.4] <0.001 

PaO2 10.7 [9.2 to 14.2] 10.3 [8.8 to 12.6] 10.9 [9.5 to 13.3] 11.2 [9.7 to 13.3] 0.008 

SaO2 95.0 [93.0 to 97.4] 94.2 [92.0 to 96.8] 95.0 [93.0 to 97.0] 95.0 [93.0 to 97.0] 0.030 

PaCO2 5.6 [4.9 to 6.5] 5.9 [5.0 to 6.9] 6.1 [5.3 to 7.1] 5.9 [5.0 to 6.9] 0.003 

Lactate 1.1 [0.9 to 1.4] 1.1 [0.9 to 1.4] 1.2 [0.9 to 1.5] 1.2 [1.0 to 1.6] 0.002 

Worst PaO2/FiO2 ratio, mm Hg 126.6 [94.7 to 164.5] 117.9 [91.8 to 160.3] 120.2 [96.1 to 157.3] 126.2 [97.4 to 161.6] 0.401 

Need for advanced support      

Continuous sedation 277/287 (96.5) 276/286 (96.5) 267/277 (95.0) 253/263 (95.1) 0.691 

Need for vasopressor use 198/287 (69.0) 223/286 (78.0) 225/281 (80.1) 217/266 (81.6) 0.002 

Need for inotropic use 6/287 (2.1) 6/286 (2.1) 16/281 (5.7) 17/266 (6.4) 0.009 

Fluid balance, mL 418.0 [-126.0 to 1206.0] 513.0 [-26.3 to 1209.0] 456.1 [-25.5 to 1252.8] 780.0 [144.0 to 1557.0] 0.001 

Urine output, mL 875.0 [511.2 to 1377.5] 657.0 [350.0 to 1120.0] 720.0 [370.0 to 1165.0] 505.0 [255.0 to 877.5] <0.001 

Data presented as median with interquartile range [25th to 75th quartile] or n (%). *Age component is removed from the 
APACHE and SAPS Score. *Total numbers are different because different scores were used in the participating hospitals. 
SAPS, Simplified Acute Physiology Score; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ 
Failure Assessment; CT, Computed Tomography. 

 

Table 2. Characteristics of mechanical ventilation and laboratory results in the first day of ventilation. 

 
Age 22 to 57 years  

(n = 287) 

Age 58 to 65 years  

(n = 286) 

Age 66 to 72 years  

(n = 283) 

Age 73 to 85 years  

(n = 266) 
P value 

Mode of mechanical ventilation      

Volume control 32/271 (11.8) 35/267 (13.1) 33/267 (12.4) 41/248 (16.5) 0.398 

Pressure control 163/271 (60.1) 153/267 (57.3) 149/267 (55.8) 123/248 (49.6) 0.103 

Pressure support 12/271 (4.4) 20/267 (7.5) 13/267 (4.9) 12/248 (4.8) 0.380 

Synchronized Intermitted Mandatory 

Ventilation 
19/271 (7.0) 12/267 (4.5) 25/267 (9.4) 22/248 (8.9) 0.131 

Airway Pressure Release Ventilation 9/271 (3.3) 10/267 (3.7) 10/267 (3.7) 5/248 (2.0) 0.652 

INTELLIVENT-Adaptive Support 

Ventilation 
11/271 (4.1) 10/267 (3.7) 12/267 (4.5) 11/248 (4.4) 0.971 

Other 25/271 (9.2) 27/267 (10.1) 25/267 (9.4) 34/248 (13.7) 0.310 

Use of assisted ventilation  76/287 (26.5) 78/282 (27.7) 88/283 (31.1) 88/265 (33.2) 0.285 

Tidal volume (n/N), mL/kg PBW* 
(274/287) 6.4 

[5.8 to 7.0] 

(274/286) 6.4 

[5.9 to 7.1] 

(263/283) 6.5 

[5.9 to 7.1] 

(243/266) 6.5 

[6.0 to 7.1] 
0.445 

PEEP, (n/N) cmH2O* 
(287/287) 13.0 

[11.0 to 15.0] 

(286/286) 12.7 

[11.0 to 14.6] 

(279/283) 13.0 

[10.7 to 14.8] 

(262/266) 12.2 

[10.8 to 14.2] 
0.314 

Driving pressure (n/N), cmH2O* 
(264/287) 14.7 

[12.5 to 17.0] 

(265/286) 13.8 

[11.7 to 16.3] 

(252/283) 13.2 

[11.3 to 15.7] 

(227/266) 13.5 

[11.6 to 15.7] 
<0.001 

Compliance (n/N), mL/cmH2O* 
(256/287) 32.4 

[25.9 to 38.3] 

(258/286) 33.8 

[27.1 to 41.7] 

(241/283) 34.7 

[27.7 to 43.3] 

(215/266) 32.6 

[27.3 to 40.7] 
0.073 

Mechanical power (n/N), J/min* 
(256/287) 19.2 

[16.0 to 23.7] 

(257/286) 19.3 

[15.9 to 23.1] 

(241/283) 17.9 

[14.7 to 22.3] 

(214/266) 17.2 

[14.6 to 20.9] 
<0.001 

Peak pressure (n/N), cmH2O* 
(264/287) 27.7 

[25.0 to 30.8] 

(267/286) 26.7 

[23.3 to 30.0] 

(257/283) 26.0 

[23.3 to 29.2] 

(227/266) 26.2 

[23.6 to 29.0] 
<0.001 

Total respiratory rate (n/N), breaths per 

minute* 

(287/287) 22.0 

[20.0 to 24.3] 

(286/286) 22.0 

[19.5 to 24.5] 

(282/283) 21.3 

[19.3 to 24.0] 

(258/266) 21.3 

[19.1 to 23.7] 
0.053 

Minute ventilation (n/N), L/min* 
(275/287) 9.8 

[8.6 to 11.4] 

(277/286) 10.0 

[8.5 to 11.6] 

(269/283) 9.6 

[8.2 to 11.3] 

(245/266) 9.3 

[8.2 to 10.6] 
0.005 
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Minute volume corrected (n/N), mL/kg/min 

PBW* 

(274/287) 139.1 

[121.9 to 158.3] 

(274/286) 139.9 

[124.8 to 162.9] 

(263/283) 137.7 

[123.7 to 159.6] 

(243/266) 137.2 

[122.8 to 155.0] 
0.782 

FiO2 (n/N)* 
(286/287) 0.6 

[0.5 to 0.7] 

(286/286) 0.6 

[0.5 to 0.7] 

(281/283) 0.6 

[0.5 to 0.7] 

(258/266) 0.6 

[0.5 to 0.7] 
0.283 

PaO2 (n/N), mmHg* 
(284/287) 81.0 

[71.5 to 99.3] 

(286/286) 78.7 

[71.3 to 93.4] 

(280/283) 82.4 

[72.7 to 95.4] 

(264/266) 83.3 

[75.0 to 96.0] 
0.018 

PaCO2 (n/N), mmHg* 
(284/287) 42.9 

[38.3 to 48.4] 

(286/286) 44.6 

[39.8 to 49.5] 

(280/283) 46.1 

[39.9 to 52.0] 

(264/266) 45.0 

[39.1 to 50.9] 
0.002 

EtCO2 (n/N), mmHg* 
(264/287) 38.0 

[33.8 to 43.8] 

(257/286) 37.7 

[33.3 to 42.8] 

(261/283) 36.3 

[31.9 to 42.0] 

(231/266) 35.3 

[31.6 to 39.9] 
<0.001 

Data presented as median with interquartile range [25th to 75th quartile] or n (%). *Mean of all values available at the first day 
of ventilation. Total numbers are different because of missing or unmeasured values. EtCO2, End-Tidal Carbon Dioxide; FiO2, 
inspired fraction of oxygen; ICU, Intensive Care. 

 

 
 

Figure 1. Cumulative frequency distribution of median PEEP, tidal volume, compliance and driving pressure at start day of 
invasive ventilation. Mean values were calculated from three or four measurements available on the first day of ventilation. The Kruskal-

Wallis test was used to calculate p-values. 
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Table 3. Clinical outcome according to age group. 

 
Age 22 to 57 years 

(n = 287) 

Age 58 to 65 years 

(n = 286) 

Age 66 to 72 years 

(n = 283) 

Age 73 to 85 years 

(n = 266) 
P value 

28-day mortality 36/281 (12.8) 59/279 (21.1) 100/279 (35.8) 123/263 (46.8) <0.001 

90-day mortality 46/255 (18.0) 72/251 (28.7) 120/267 (44.9) 145/242 (59.9) <0.001 

In hospital mortality 43/259 (16.6) 71/256 (27.7) 113/255 (44.3) 140/252 (55.6) <0.001 

ICU mortality 42/277 (15.2) 71/278 (25.5) 110/274 (40.1) 133/262 (50.8) <0.001 

Length of hospital stay, days 24.0 [17.0 to 33.0] 26.0 [16.0 to 41.0] 22.0 [14.0 to 39.0] 21.5 [10.0 to 36.0] 0.008 

Length of hospital stay in 

survivors, days 
25.0 [18.5 to 35.5] 30.0 [20.0 to 46.5] 32.5 [20.3 to 49.8] 33.0 [25.8 to 52.0] <0.001 

Length of ICU stay, days 15.0 [10.0 to 23.0] 17.0 [10.0 to 30.0] 16.0 [8.3 to 26.0] 14.0 [7.0 to 25.0] 0.037 

Length of ICU stay in 

survivors, days 
15.0 [10.0 to 22.8] 20.0 [12.0 to 31.0] 18.0 [10.0 to 34.0] 20.0 [13.0 to 38.0] <0.001 

Ventilator-free days at day 28 13.0 [0.0 to 19.0] 4.0 [0.0 to 17.0] 0.0 [0.0 to 14.2] 0.0 [0.0 to 9.7] <0.001 

Duration of ventilation, days 13.0 [9.0 to 21.0] 15.0 [9.0 to 26.0] 15.0 [8.0 to 24.0] 13.0 [6.0 to 22.0] 0.023 

Duration of ventilation in 

survivors, days* 
13.0 [8.0 to 21.2] 17.0 [10.0 to 28.3] 17.0 [10.0 to 31.0] 19.0 [12.0 to 34.0] <0.001 

Tracheostomy* 35/283 (12.4) 62/284 (21.8) 48/280 (17.1) 45/265 (17.0) 0.029 

Reintubation* 32/282 (11.3) 42/284 (14.8) 33/278 (11.9) 33/264 (12.5) 0.631 

Pneumothorax* 2/283 (0.7) 3/275 (1.1) 2/267 (0.7) 2/259 (0.8) 0.970 

Thrombotic complications*& 72/287 (25.1) 95/286 (33.2) 74/283 (26.1) 78/266 (29.3) 0.135 

Pulmonary embolism 55/287 (19.2) 75/286 (26.2) 61/283 (21.6) 58/266 (21.8) 0.236 

Deep vein thrombosis 17/287 (5.9) 20/286 (7.0) 9/283 (3.2) 11/266 (4.1) 0.156 

Ischemic stroke 3/287 (1.0) 10/286 (3.5) 8/283 (2.8) 10/266 (3.8) 0.148 

Myocardial infarction 2/287 (0.7) 0/286 (0.0) 7/283 (2.5) 7/266 (2.6) 0.007 

Systemic arterial thrombosis 1/287 (0.3) 1/286 (0.3) 2/283 (0.7) 0/266 (0.0) 0.805 

Acute kidney injury* 89/287 (31.0) 140/285 (49.1) 126/281 (44.8) 141/265 (53.2) <0.001 

Need for renal replacement* 35/287 (12.2) 62/286 (21.7) 57/283 (20.1) 51/266 (19.2) 0.013 

Adjunctive therapies 

refractory hypoxemia** 
162/284 (57.0) 174/282 (61.7) 159/282 (56.4) 152/265 (57.4) 0.563 

Prone positioning 156/284 (54.9) 169/282 (59.9) 155/282 (55.0) 145/265 (54.7) 0.533 

Alveolar recruitment 

maneuver 
15/242 (6.2) 16/239 (6.7) 18/239 (7.5) 15/214 (7.0) 0.946 

Other adjunctive therapies** 156/287 (54.4) 134/286 (46.9) 143/283 (50.5) 104/266 (39.1) 0.003 

Neuromuscular blocking 

agents 
156/287 (54.4) 133/286 (46.5) 141/283 (49.8) 104/266 (39.1) 0.003 

Extracorporeal membrane 

oxygenation 
7/285 (2.5) 2/282 (0.7) 2/278 (0.7) 1/262 (0.4) 0.142 

Data presented as median with interquartile range [25th to 75th quartile] or n (%). Totals are different due to missing data. 
*Assessed at day 28. **Assessed in the first four days of ventilation. &One could have more than one thrombotic 
complication. Total numbers are different because of missing or unmeasured values.  
ICU, Intensive Care Unit. 

 

3 months, which minimizes the risk of changes in care 

over time. Data were collected by trained data 

collectors, which improved the quality of the data. 

Patients were followed until day 90, enabling for 

reporting on outcomes after stay in ICU. Of note, 
median age and other baseline characteristics are 

comparable to that in other studies [22, 23]. Also, in 

line with previous studies, the second and third age 

group had an evidently smaller range than the first and 

last age group, suggesting that middle–aged patients 

were the most prominent group admitted to the ICU. 

 

Our findings suggest that ventilator management is not 
affected by age. Indeed, we found only minor, clinical 

meaningless, differences in key ventilator variables. The 

younger age groups had a higher BMI that could, at least 
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in part, explain the higher median ΔP and Ppeak, and the 

higher mechanical power. Indeed, with a higher BMI 

higher thoracic pressures may be needed due to an 

increased stiffness of the chest wall [24]. Previous 

studies have shown higher EtCO2 values in older 

patients [25–27], but this was not seen in our cohort. 

Actually, the opposite relation between EtCO2 and age 

could be explained by the higher BMI in the younger age 

group, as an higher BMI may be associated with an 

increased production of carbon dioxide [28]. Of note, on 

the first day of mechanical ventilation, we did find a 

slightly higher PaCO2 but lower EtCO2 in older patients 

than in younger patients, but this difference disappeared 

in the following days. The age dependent reduction in 

body mass could also explain the lower use of NMBAs 

in older patients [29]. An association of higher age with 

lower use of NMBAs has been described before [30]. 

Other explanations for these differences include age–

related differences in clearance of NMBAs, and maybe 

also the higher incidence of acute kidney injury (AKI) in 

older patients [29]. As AKI also affects clearance of 

opioids [31], the higher effective dose of opioids may 

have prevented use of NMBAs as well. Furthermore, 

physicians might be reluctance to use NMBAs in elderly 

patients because of the increased risk of prolonged 

immobility and thus ICU–acquired weakness [32]. 

Age is known to be a risk factor for complications like 

AKI, need for renal replacement therapy, and 

myocardial infarction [33–36]. Therefore, the increased 

incidence of these complications in older age groups 

was expected. 

 

We found a strong association of age with mortality. 

This is, at least in part, in line with previous studies 

showing that age is a risk factor for mortality in 

invasively ventilated ICU patients in general [37–40], 

and in COVID–19 in particular [13, 41–43]. After 

adjusting for comorbidities and other effect modifiers, 

mortality rates remained significantly higher in the 

older patients. The 28–day mortality rate in our oldest 

age group was higher than that reported in a prospective 

study performed in elderly COVID–19 patients [44]. 

Interestingly, in that study it was shown that when 

patients were classified according to their frailty scale, 

mortality increased in vulnerable and frail patients. The 

level of frailty defines how vulnerable patients are for 

both physical and psychosocial factors. Frailty can be 

considered as a marker of biological age and, in 

addition to calendar age, can provide important 

prognostic information about clinical outcomes of ICU 

patients [44, 45]. Unfortunately, frailty was not, or 

incomplete reported in the medical records in the 

 

 
 

Figure 2. Kaplan-Meier curves for 28-day and 90-day mortality per age group. The Log-Rank test was used to calculate P values. 
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hospitals that participated in our study, but taken 

together the differences in mortality between our study 

and the previous study [44] suggest that patients in our 

cohort could have been frail more often. 

 

In survivors, older patients stayed longer in the ICU and 

in the hospital, had a higher incidence of tracheostomy, 

and received ventilation for more days than younger 

patients. This may suggest that treatment dis-

continuation was not more common in elderly patients, 

but this could also be explained by the fact that older 

patients may have had already further disease 

progression or were in a higher need for supportive 

care. As data on treatment discontinuation were not 

collected in this analysis, this remains uncertain. 

 

The findings of our study expand the current knowledge 

about the effects of age on ventilator management and 

outcomes in critically ill invasively ventilated COVID–

19 patients. Lung–protective ventilation was well 

applied during the first COVID–19 outbreak, also in 

older patients. The higher mortality rates in older 

patients could help in decision–making about preventive 

measures. For example, these findings support 

guidelines to prioritize the elderly in vaccination 

programs. These insights may also further support a 

patient in deciding whether, and to what extent, ICU 

admission is still desirable. 

 

Our analysis has several limitations. First, the question 

arises whether ‘door selection’ for ICU admission may 

has occurred. Particularly in the elderly, there is a 

possibility that ICU admission may no longer be 

considered beneficial if there is a relatively severe 

disease or premorbid functioning. Unfortunately, we 

could not collect data on ‘Do Not Resuscitate’ (DNR) 

codes or treatment discontinuation, e.g., withholding or 

withdrawal medical care in a reliable way. This cohort 

represents the first months of the pandemic in the 

Netherlands, during which an understandable emphasis 

was put on patient care rather than on reporting DNR 

codes in the patient records. However, since mortality is 

strongly influenced by the decision to discontinue 

treatment, this may have interfered with our findings 

[46]. Second, there is an intercountry difference in the 

willingness of patients to consider ICU admission. 

Compared to other countries, doctors as well as patients 

seem to be more reluctant to proceed with ICU 

admission when the situation worsens [47]. This could 

result in a selection bias and should be considered when 

extrapolating these results to other countries with a more 

liberal ICU admission policy. In fact, we expect the 

association of age with mortality to be even stronger in 
those countries. As mentioned above, we could also not 

collect data on the frailty, which is another important 

limitation. In addition, the PRoVENT–COVID trial was 

conducted in the first three months of the national 

outbreak in the Netherlands. Due to the introduction of 

e.g., dexamethasone and improved prophylaxis against 

venous thromboembolic events, and also the vaccination 

program, current ICU cohorts might be different. 

 

CONCLUSIONS 
 

In this cohort of critically ill invasively ventilated 

COVID–19 patients, there were no meaningful 

differences in ventilator management between groups 

based on age quartiles. The use of adjunctive therapies 

for refractory hypoxemia was not affected by age, except 

for use of NMBAs that decreased with higher age. Older 

patients developed complications more often, had a 

longer duration of ventilation and higher mortality rates. 
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Supplementary Figures 

 

 

 

 

 
 

Supplementary Figure 1. CONSORT flow chart of study population. 
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Supplementary Figure 2. Ventilatory variables in the first four days of ventilation. Boxes represent median and interquartile range. 

Median was calculated from the mean value of three or four measurements available on each day of ventilation. The Kruskal-Wallis test is 
used to calculate p-values. 
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Supplementary Figure 3. Cumulative frequency distribution of median PEEP to tidal volume to compliance and driving 
pressure on the second day of ventilation. Mean values were calculated from three measurements available on the second day of 

ventilation. The Kruskal-Wallis test is used to calculate p-values. 
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Supplementary Figure 4. Cumulative frequency distribution of median PEEP to tidal volume to compliance and driving 
pressure on the third day of ventilation. Mean values were calculated from three measurements available on the third day of 

ventilation. The Kruskal-Wallis test is used to calculate p-values. 
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Supplementary Figure 5. Cumulative frequency distribution of median PEEP to tidal volume to compliance and driving 
pressure on the fourth day of ventilation. Mean values were calculated from three measurements available on the fourth day of 
ventilation. The Kruskal-Wallis test was is to calculate p-values. 
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Supplementary Tables 
 

Supplementary Table 1. Characteristics of mechanical ventilation in the first four days of ventilation. 

 
Age 22 to 57 years 

(n = 287) 
Age 58 to 65 years 

(n = 286) 
Age 66 to 72 years 

(n = 283) 
Age 73 to 85 years 

(n = 266) 
P value 

Tidal volume, mL/kg PBW      

Day 1 6.4 [5.8 to 7.0] 6.4 [5.9 to 7.1] 6.5 [5.9 to 7.1] 6.5 [6.0 to 7.1] 0.445 

Day 2 6.4 [5.8 to 7.1] 6.5 [5.8 to 7.4] 6.5 [5.9 to 7.3] 6.7 [6.0 to 7.4] 0.010 

Day 3 6.5 [5.9 to 7.2] 6.6 [5.9 to 7.3] 6.5 [6.0 to 7.4] 6.5 [6.0 to 7.2] 0.437 

Day 4 6.3 [5.8 to 7.0] 6.6 [5.9 to 7.2] 6.7 [6.0 to 7.5] 6.6 [6.1 to 7.5] <0.001 

PEEP, cmH2O      

Day 1 13.0 [11.0 to 15.0] 12.7 [11.0 to 14.6] 13.0 [10.7 to 14.8] 12.2 [10.8 to 14.2] 0.314 

Day 2 12.7 [10.7 to 15.0] 12.7 [10.0 to 14.7] 12.7 [10.7 to 14.7] 12.6 [10.7 to 14.7] 0.940 

Day 3 12.0 [10.3 to 14.7] 12.0 [10.0 to 14.0] 12.0 [10.0 to 14.7] 12.7 [10.3 to 14.3] 0.618 

Day 4 12.0 [10.0 to 15.0] 12.0 [10.0 to 14.0] 12.0 [10.0 to 14.7] 12.5 [10.0 to 14.7] 0.114 

Driving pressure, cmH2O      

Day 1 14.7 [12.5 to 17.0] 13.8 [11.7 to 16.3] 13.2 [11.3 to 15.7] 13.5 [11.6 to 15.7] <0.001 

Day 2 13.3 [11.4 to 15.7] 12.3 [10.7 to 15.3] 12.7 [10.7 to 15.0] 12.4 [10.3 to 15.0] 0.007 

Day 3 13.3 [11.0 to 16.0] 13.0 [10.8 to 15.5] 12.7 [10.3 to 15.3] 12.7 [10.1 to 15.3] 0.184 

Day 4 13.7 [11.0 to 16.3] 13.3 [10.3 to 15.7] 13.0 [10.3 to 15.3] 13.0 [10.3 to 15.5] 0.205 

Compliance, mL/cmH2O      

Day 1 32.4 [25.9 to 38.3] 33.8 [27.1 to 41.7] 34.7 [27.7 to 43.3] 32.6 [27.3 to 40.7] 0.073 

Day 2 34.9 [28.4 to 42.2] 37.5 [29.8 to 45.4] 35.7 [28.3 to 43.5] 36.6 [29.6 to 46.7] 0.140 

Day 3 35.5 [28.9 to 45.4] 36.5 [29.6 to 47.0] 36.0 [28.2 to 47.1] 35.4 [27.9 to 47.5] 0.743 

Day 4 33.9 [26.9 to 45.6] 36.8 [28.6 to 49.1] 37.0 [27.9 to 47.0] 35.3 [28.7 to 49.4] 0.182 

Peak pressure, cmH2O      

Day 1 27.7 [25.0 to 30.8] 26.7 [23.3 to 30.0] 26.0 [23.3 to 29.2] 26.2 [23.6 to 29.0] <0.001 

Day 2 26.3 [23.0 to 29.7] 25.3 [22.3 to 29.0] 25.7 [22.0 to 28.3] 25.3 [22.0 to 28.3] 0.102 

Day 3 26.0 [22.0 to 29.7] 25.7 [21.3 to 28.5] 25.3 [20.7 to 28.8] 25.3 [21.3 to 29.0] 0.362 

Day 4 26.3 [22.0 to 29.7] 25.3 [20.4 to 28.9] 25.3 [20.7 to 28.7] 25.3 [22.0 to 29.3] 0.145 

Mechanical power, J/min      

Day 1 19.2 [16.0 to 23.7] 19.3 [15.9 to 23.1] 17.9 [14.7 to 22.3] 17.2 [14.6 to 20.9] <0.001 

Day 2 18.8 [15.7 to 23.5] 19.1 [15.8 to 23.2] 18.6 [14.6 to 22.9] 18.1 [14.4 to 22.3] 0.237 

Day 3 19.2 [15.1 to 24.1] 19.7 [15.4 to 23.8] 18.8 [14.9 to 22.6] 18.7 [15.2 to 23.1] 0.619 

Day 4 19.2 [15.9 to 24.0] 19.5 [15.2 to 23.9] 19.3 [15.1 to 23.3] 19.3 [16.3 to 23.5] 0.882 

PaCO2, mmHg      

Day 1 42.9 [38.3 to 48.4] 44.6 [39.8 to 49.5] 46.1 [39.9 to 52.0] 45.0 [39.1 to 50.9] 0.002 

Day 2 44.5 [40.0 to 49.5] 46.6 [41.8 to 52.5] 45.4 [42.0 to 53.3] 45.5 [40.6 to 51.8] 0.060 

Day 3 46.8 [42.5 to 54.8] 48.3 [43.4 to 53.8] 47.3 [42.8 to 55.3] 47.3 [41.8 to 54.0] 0.483 

Day 4 48.5 [43.3 to 55.3] 49.3 [44.5 to 54.3] 48.8 [43.8 to 56.0] 48.6 [42.5 to 54.3] 0.724 

EtCO2, mmHg      

Day 1 38.0 [33.8 to 43.8] 37.7 [33.3 to 42.8] 36.3 [31.9 to 42.0] 35.3 [31.6 to 39.9] <0.001 

Day 2 39.8 [35.5 to 44.3] 38.6 [34.8 to 44.3] 36.8 [32.2 to 41.3] 36.8 [31.8 to 41.4] <0.001 

Day 3 41.0 [36.3 to 46.5] 38.8 [34.5 to 43.0] 37.5 [33.3 to 42.5] 36.5 [32.8 to 42.7] <0.001 

Day 4 42.3 [37.0 to 49.0] 38.5 [35.0 to 44.3] 37.5 [32.2 to 42.8] 37.5 [33.0 to 42.5] <0.001 

FiO2      

Day 1 0.6 [0.5 to 0.7] 0.6 [0.5 to 0.7] 0.6 [0.5 to 0.7] 0.6 [0.5 to 0.7] 0.286 

Day 2 0.4 [0.4 to 0.5] 0.4 [0.4 to 0.5] 0.4 [0.4 to 0.5] 0.5 [0.4 to 0.5] 0.269 

Day 3 0.4 [0.4 to 0.5] 0.4 [0.4 to 0.5] 0.4 [0.4 to 0.5] 0.4 [0.4 to 0.5] 0.750 

Day 4 0.4 [0.4 to 0.5] 0.4 [0.4 to 0.5] 0.5 [0.4 to 0.6] 0.5 [0.4 to 0.6] 0.294 

PaO2, mmHg      

Day 1 81.0 [71.5 to 99.3] 78.7 [71.3 to 93.4] 82.4 [72.7 to 95.4] 83.3 [75.0 to 96.0] 0.018 

Day 2 75.0 [69.3 to 86.3] 75.3 [69.1 to 84.7] 75.5 [69.8 to 84.5] 76.5 [69.7 to 84.5] 0.782 

Day 3 72.5 [67.1 to 82.1] 72.3 [66.0 to 80.8] 74.5 [67.4 to 81.3] 73.8 [67.5 to 81.0] 0.443 

Day 4 72.0 [66.0 to 80.3] 70.8 [64.9 to 78.3] 72.3 [66.1 to 79.3] 73.1 [68.0 to 80.3] 0.120 
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Supplementary Table 2. Posthoc dunn test for paired comparison for patient outcomes. 

Tracheostomy  Age 22 to 57 years Age 58 to 65 years Age 66 to 72 years 

Age 58 to 65 years 
Z test statistic -2.992   

P value 0.008   

Age 66 to 72 years 
Z test statistic -1.504 1.478  

P value 0.397 0.148  

Age 73 to 85 years 
Z test statistic -1.433 1.508 0.050 

P value 0.455 0.395 1.000 

Myocardial infarction  Age 22 to 57 years Age 58 to 65 years Age 66 to 72 years 

Age 58 to 65 years 
Z test statistic 0.703   

P value 1.000   

Age 66 to 72 years 
Z test statistic -1.788 -2.487  

P value 0.221 0.039  

Age 73 to 85 years 
Z test statistic -1.916 -2.605 -0.156 

P value 0.166 0.028 1.000 

Acute Kidney injury  Age 22 to 57 years Age 58 to 65 years Age 66 to 72 years 

Age 58 to 65 years 
Z test statistic -4.358   

P value <0.001   

Age 66 to 72 years 
Z test statistic -3.315 1.025  

P value 0.003 0.916  

Age 73 to 85 years 
Z test statistic -5.242 -0.963 -1.966 

P value <0.001 1.000 0.148 

Need for renal replacement therapy  Age 22 to 57 years Age 58 to 65 years Age 66 to 72 years 

Age 58 to 65 years 
Z test statistic -2.936   

P value 0.010   

Age 66 to 72 years 
Z test statistic -2.454 0.474  

P value 0.042 1.000  

Age 73 to 85 years 
Z test statistic -2.121 0.761 0.293 

P value 0.102 1.000 1.000 

Use of neuromuscular blocking 

agents 
 Age 22 to 57 years Age 58 to 65 years Age 66 to 72 years 

Age 58 to 65 years 
Z test statistic 1.881   

P value 0.180   

Age 66 to 72 years 
Z test statistic 1.083 -0.792  

P value 0.837 1.000  

Age 73 to 85 years 
Z test statistic 3.588 1.740 2.514 

P value 0.001 0.246 0.036 

Ventilator-free days at day 28  Age 22 to 57 years Age 58 to 65 years Age 66 to 72 years 

Age 58 to 65 years 
Z test statistic 4.488   

P value <0.001   

Age 66 to 72 years 
Z test statistic 6.9400 2.446  

P value <0.001 0.043  

Age 73 to 85 years 
Z test statistic 9.309 4.855 2.435 

P value <0.001 <0.001 0.045 
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Supplementary Table 3. Multivariable assessment of factors associated with 28-day and 90-day mortality. 

 

28-day mortality 90-day mortality 

Hazard ratio  

(95% CI) 
P value 

Hazard ratio  

(95% CI) 
P value 

Age category     

Age 22 to 57 years 1 (reference)  1 (reference)  

Age 58 to 65 years 1.37 (0.89 to 2.11) 0.150 1.49 (1.00 to 2.23) 0.050 

Age 66 to 72 years 2.16 (1.43 to 3.25) <0.001 2.32 (1.59 to 3.40) <0.001 

Age 73 to 85 years 3.35 (2.24 to 5.01) <0.001 4.05 (2.77 to 5.93) <0.001 

Demographic characteristics     

Male gender 1.16 (0.88 to 1.52) 0.290 1.25 (0.96 to 1.62) 0.093 

Body-mass index to kg/m2 0.97 (0.85 to 1.10) 0.630 1.00 (0.90 to 1.11) 0.980 

Hypertension 1.32 (1.02 to 1.72) 0.038 1.15 (0.89 to 1.47) 0.280 

Heart failure 1.15 (0.70 to 1.88) 0.570 1.10 (0.69 to 1.78) 0.680 

Diabetes mellitus 1.38 (1.05 to 1.82) 0.019 1.42 (1.09 to 1.84) 0.008 

Chronic kidney disease 0.98 (0.58 to 1.66) 0.940 1.17 (0.72 to 1.89) 0.520 

Chronic obstructive pulmonary disease 1.53 (1.05 to 2.22) 0.028 1.51 (1.06 to 2.16) 0.023 

Active hematological neoplasia 1.85 (0.80 to 4.27) 0.150 1.65 (0.76 to 3.59) 0.210 

Active solid tumor 1.59 (0.84 to 2.99) 0.150 1.20 (0.64 to 2.24) 0.570 

Use of angiotensin-converting enzyme inhibitor 1.00 (0.73 to 1.36) 1.000 0.83 (0.61 to 1.12) 0.220 

Use of angiotensin II receptor blocker 0.91 (0.64 to 1.31) 0.620 0.89 (0.63 to 1.25) 0.490 

Organ support on day 0*     

Use of vasopressor or inotropes 1.11 (0.81 to 1.51) 0.510 1.09 (0.81 to 1.46) 0.570 

Fluid balance to mL 1.07 (0.96 to 1.21) 0.230 1.04 (0.93 to 1.16) 0.460 

Oxygenation variables on day 0*     

PaO2/FiO2 0.88 (0.76 to 1.01) 0.065 0.88 (0.77 to 1.00) 0.044 

Laboratory tests on day 0*     

Creatinine to µmol/L 1.00 (0.91 to 1.09) 0.980 1.02 (0.94 to 1.10) 0.620 

pH 0.71 (0.62 to 0.82) <0.001 0.73 (0.64 to 0.83) <0.001 

Vital signs on day 0*     

Mean arterial pressure to mm Hg 0.89 (0.79 to 1.01) 0.066 0.89 (0.79 to 1.00) 0.051 

Heart rate to beats per minute 1.07 (0.94 to 1.22) 0.300 1.08 (0.96 to 1.22) 0.210 

The models are mixed-effects models with centers as a random effect. *Median value on the first day of invasive ventilation.  
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Supplementary Table 4. Multivariable assessment of factors associated with hospital and ICU mortality. 

 

Hospital mortality ICU mortality 

Odds ratio 

(95% CI) 
P value 

Odds ratio 

(95% CI) 
P value 

Age category     

Age 22 to 57 years 1 (reference)  1 (reference)  

Age 58 to 65 years 1.67 (1.05 to 2.65) 0.030 1.63 (1.03 to 2.58) 0.037 

Age 66 to 72 years 3.30 (2.08 to 5.24) <0.001 3.04 (1.92 to 4.79) <0.001 

Age 73 to 85 years 5.35 (3.33 to 8.61) <0.001 4.64 (2.90 to 7.42) <0.001 

Demographic characteristics     

Male gender 1.48 (1.04 to 2.09) 0.028 1.40 (1.00 to 1.96) 0.051 

Body-mass index to kg/m2 0.99 (0.85 to 1.14) 0.872 0.99 (0.85 to 1.14) 0.845 

Hypertension 1.08 (0.75 to 1.54) 0.688 1.00 (0.70 to 1.41) 0.992 

Heart failure 0.97 (0.48 to 1.94) 0.923 0.99 (0.50 to 1.95) 0.971 

Diabetes mellitus 1.43 (1.00 to 2.05) 0.053 1.44 (1.01 to 2.06) 0.043 

Chronic kidney disease 1.42 (0.67 to 3.00) 0.357 1.45 (0.70 to 2.99) 0.321 

Chronic obstructive pulmonary disease 1.56 (0.91 to 2.67) 0.108 1.50 (0.89 to 2.51) 0.218 

Active hematological neoplasia 2.29 (0.74 to 7.14) 0.152 2.55 (0.85 to 7.66) 0.095 

Active solid tumor 1.05 (0.44 to 2.52) 0.916 1.18 (0.50 to 2.81) 0.701 

Use of angiotensin-converting enzyme inhibitor 0.78 (0.51 to 1.19) 0.253 0.88 (0.58 to 1.34) 0.556 

Use of angiotensin II receptor blocker 0.88 (0.53 to 1.45) 0.600 0.95 (0.58 to 1.55) 0.823 

Organ support on day 0*     

Use of vasopressor or inotropes 1.15 (0.79 to 1.69) 0.465 1.16 (0.80 to 1.69) 0.435 

Fluid balance to mL 1.00 (0.86 to 1.17) 0.954 1.05 (0.90 to 1.22) 0.525 

Oxygenation variables on day 0*     

PaO2/FiO2 0.86 (0.73 to 1.03) 0.098 0.83 (0.70 to 0.98) 0.031 

Laboratory tests on day 0*     

Creatinine to µmol/L 1.09 (0.92 to 1.29) 0.321 1.07 (0.92 to 1.24) 0.405 

pH 0.68 (0.57 to 0.81) <0.001 0.69 (0.59 to 0.82) <0.001 

Vital signs on day 0*     

Mean arterial pressure to mm Hg 0.86 (0.73 to 1.01) 0.062 0.87 (0.74 to 1.01) 0.069 

Heart rate to beats per minute 1.10 (0.94 to 1.30) 0.245 1.07 (0.91 to 1.26) 0.392 

The models are mixed-effects models with centers as a random effect. *Median value on the first day of invasive ventilation.  


