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Abstract
Objective  To understand the impact of both frailty and chronologic age on outcomes of weaning from invasive 
mechanical ventilation (MV).

Methods  The study population consisted of patients enrolled in the ‘WorldwidE. AssessmeNt of Separation of 
pAtients From ventilatory assistancE (WEAN SAFE) study. We defined 4 non-overlapping groups, namely: ‘frail’ (clinical 
frailty scale [CFS] score > 4; age < 80 years); ‘elderly’ (CFS ≤ 4; age ≥ 80y), ‘frail \elderly’ (CFS > 4; age ≥ 80 years), and a 
‘not frail or elderly’ population. The primary outcome was the impact of frailty and older age on delayed weaning and 
failed weaning from invasive MV. Secondary outcomes included the impact of frailty and age on ICU and hospital 
survival.

Results  In the study population, 760 (17%) were frail, while 360 (8%) were elderly, 197 (4%) were frail and elderly, 
while 3,176 (70%) were not frail or elderly. The frail and elderly cohorts were more likely to be female, had hypoxemic/
hypercapnic respiratory failure or sepsis, and had more comorbidities. The proportion of delayed weaning and of 
failed weaning from invasive MV was significantly higher in the frail (28 and 23%), the elderly (25 and 19%), and the 
frail and elderly groups (22% and 25%), compared to the not frail or elderly population (12% and 13%, P < 0.01). ICU 
and hospital mortality was higher in the frail (21 and 33%), the elderly (19 and 31%), and the frail and elderly groups 
(26 and 46%), compared to the not frail or elderly population (12% and 18%, P < 0.001). In multivariate analyses, there 
was an independent association between frailty and delayed weaning initiation and weaning failure. Old age was 
independently associated with risk of weaning failure.

Conclusions  Frailty status had a more consistent impact than older age on weaning outcomes. However, overall 
outcomes in these cohorts are encouraging once separation attempts have been initiated.

Keywords  Clinical frailty scale, Older age, Elderly, Frailty, Ventilator weaning, Ventilator liberation, Invasive mechanical 
ventilation
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Introduction
Delayed and failed weaning of patients from invasive 
mechanical ventilation (MV) worsens patient outcomes, 
increases the risk of dying and increases length of inten-
sive care unit (ICU) and hospital stay [1–3]. The impact 
of frailty and older age (i.e. age ≥ 80 years) on the duration 
and outcomes of weaning from invasive MV is poorly 
understood and deserves further investigation, especially 
given that critical care is increasingly required for this 
subpopulation of patients [4–6].

Older age has been demonstrated in multiple studies to 
be associated with poorer outcomes in the critically ill [7], 
including those admitted for acute respiratory distress 
syndrome (ARDS) [8, 9], acute hypoxaemic respiratory 
failure [10], sepsis [11] and all-cause critical Illness [12–
14]. Frailty is a multidimensional syndrome characterized 
by diminished physiologic reserve and an increased risk 
of adverse outcomes after a homeostatic challenge [15]. 
Frailty is increasingly being studied as a useful construct 
for identifying adults in various clinical settings who 
are at high risk of poor outcomes [15]. Frail survivors of 
critical illness experienced greater impairment in health-
related quality of life, functional dependence, and disabil-
ity compared with those not frail [15–19].

Although frailty and older age are inter-related and 
frequently co-exist in the critically ill [4, 20], the rela-
tive contribution of each to the duration of the weaning 
process from invasive MV and outcomes of the weaning 
process are potentially distinct, and remain to be fully 
understood.

Our primary aim was to determine the impact of frailty 
and of older age on delayed and failed weaning following 
invasive MV. Our secondary aims included determina-
tion of the impact of frailty and older age on survival, and 
on end-of-life care, and the risk factors for delayed and 
failed weaning these patients.

Materials and methods
This is a pre-defined sub-study of the WEAN-SAFE 
study, an international, multicentre, prospective cohort 
study of patients undergoing invasive or non-invasive 
ventilation, conducted during 4 consecutive weeks in the 
between October 2017 and June 2018 in a convenience 
sample of 481 Intensive Care Units (ICUs) from 50 coun-
tries, across 5 continents, that recruited 5,859 patients 
that required at least 2 days of invasive MV [2]. The study, 
jointly supported by the European Society of Intensive 
Care Medicine (ESICM) and the European Respira-
tory Society (ERS), was endorsed by multiple national 
societies/networks (Appendix 1). National coordinators 
and site investigators (Appendix 1) were responsible for 
obtaining ethics committee approval and for ensuring 
data integrity and validity.

Patients, study design and data collection
All patients admitted to a participating ICU aged > 16 
years and receiving invasive MV two calendar days after 
intubation were included in the study. Exclusion criteria 
were age < 16 years or inability to obtain informed con-
sent (where required), and requirement for invasive MV 
of less than 2 calendar days. Patients transferred to other 
facilities before successful weaning were deemed lost to 
follow-up and their ICU and hospital outcomes were not 
collected. All data were recorded for each patient at the 
same time each day within participating ICUs, normally 
as close as possible to 10am each day.

Data definitions
Our data definitions have been previously reported [2]. 
Briefly, initiation of weaning from invasive MV is defined 
as the time the first attempt to separate a patient from the 
ventilator was performed [21]. This ‘separation attempt’ 
(SA) included spontaneous breathing trials (SBT), i.e. a 
short period of decreased or absent ventilator support to 
predict extubation success, or a direct extubation without 
SBT. For tracheostomized patients, a SA was defined as 
a short period of either T-tube trial, low respiratory sup-
port, a short period of trach mask oxygenation, or a SBT 
as declared by the investigator.

As previously reported [2], we used a modified ver-
sion of the WIND classification [21] to define 5 weaning 
outcomes:

 	• “no SA” group: patients who never had a separation 
attempt in the participating ICU (died or were 
transferred to another ICU before first SA).

 	• “short wean” group: patients were successfully 
weaned < 1 day after the first SA.

 	• “intermediate wean” group: patients successfully 
weaned > 1 day but < 7 days following first SA.

 	• “prolonged wean” group: patients successfully 
weaned > 7 days after the first SA.

 	• “failed wean” group: ongoing requirement for 
invasive ventilatory support at day 90 or at transfer 
out of the ICU (if sooner), or death (without 
successful weaning) in patients who underwent a SA.

Delayed weaning initiation is defined as a delay of > 1 day 
from meeting weaning eligibility criteria [2]. Delayed 
weaning is defined as requiring > 1  day to wean from 
invasive MV following the first SA. Successful weaning 
is defined as no reintubation within 7 days of extuba-
tion. Duration of invasive MV was calculated as the num-
ber of days between the date of intubation and the date 
of extubation in ICU (or death, if the patient died while 
receiving invasive MV). Survival was evaluated at ICU 
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discharge or at hospital discharge up to a 90-day follow-
up. Data about limitation of life sustaining measures was 
reported.

The degree of frailty prior to ICU admission was 
assessed at the time of study enrollment using the clini-
cal frailty scale (CFS) [16]. This is a global judgment-
based approach to frailty identification, which quantifies 
frailty on a numeric scale matched to descriptors of fit-
ness, comorbidities, vulnerabilities, disability, and life 
expectancy. The CFS has been previously validated as a 
useful frailty assessment tool in the critically ill [15–19]. 
The CFS score was determined by means of patient chart 
review and discussion with patient surrogates where 
available.

In the analysis of the weaning process and of ICU and 
hospital outcomes, 4 non-overlapping patient groups 
were defined, namely: ‘frail’ (CFS > 4; age < 80 years); 
‘elderly’ (CFS ≤ 4; age ≥ 80 years), ‘frail and elderly’ 
(CFS > 4; age ≥ 80 years), and a comparator ‘not frail 
or elderly’ group that was neither frail nor elderly (i.e. 
CFS ≤ 4; age < 80 years).

Outcomes
The primary outcome of the study was the respective 
impact of frailty (CFS score > 4), and older age (≥ 80 
years), and the combination of frailty and older age, on 
delayed and failed weaning from invasive MV. Second-
ary outcomes included determination of the relationship 
between frailty and older age on ICU and hospital sur-
vival, and end-of-life care, and the risk factors for delayed 
and failed weaning in these subgroups.

Data management and statistical analyses
Descriptive statistics included proportions for categorical 
and mean (standard deviation) or median (interquartile 
range) for continuous variables. The key exposures in our 
analysis were age (age 80 + and age < 80) and frailty. To 
investigate the association of age and frailty with weaning 
duration we used an ordinal logistic regression model, 
while weaning success was modelled using a logistic 
regression model. In each model, we adjusted for admis-
sion due to cardiac arrest, trauma or non-traumatic neu-
rological event. We further adjusted for weaning factors, 
such as whether a decision was made to limit life sustain-
ing interventions, P/F ratio, dynamic driving pressure, 
respiratory rate, PEEP, sedation levels, and SOFA score 
on the day of first SA. We adjusted for comorbidities of 
Respiratory, Cardiovascular, Liver, Kidney, Neuromus-
cular, Immune Compromised, Diabetes and whether the 
patient received paralyzing medication before the first 
weaning attempt. These variables were chosen based on 
previous research on weaning duration in ICU.

We report the Odds Ratios (OR) for the ordinal mod-
els along with 95% confidence intervals and p-values. All 

analyses were carried out in R software, version 4.4. (R 
Project for Statistical Computing, ​h​t​t​p​:​/​/​w​w​w​.​R​-​p​r​o​j​e​c​t​.​
o​r​g​​​​​)​.​​

Results
Of the 5,869 patients admitted to the participating ICUs 
from 481 centres across 50 countries worldwide that were 
still receiving invasive ventilation two calendar days after 
intubation, 4523 (80%) patients entered the weaning pro-
cess (i.e. underwent a SA), and constitute the study popu-
lation (Fig.  1). Of these, 760 (17%) were frail, while 360 
(8%) were elderly, 197 (4%) were elderly and frail, while 
3,176 (70%) were neither elderly nor frail. The elderly 
and frail cohorts were more likely to be female, and to be 
admitted for hypoxemic or hypercapnic respiratory fail-
ure or sepsis, and had more comorbidities compared to 
the not frail or elderly population (Table 1).

Weaning milestones
The proportion of patients with delayed weaning from 
invasive MV was significantly higher in the frail (28%), 
the elderly (25%), and the frail and elderly groups (22%), 
compared to the not frail or elderly population (12%, 
P < 0.01) (Fig. 2A, Figure e1a). The proportion of patients 
with failed weaning from invasive MV was significantly 
higher in the frail (23%), the elderly (19%), and the frail 
and elderly groups (25%), compared to the not frail or 
elderly population (13%, P < 0.001) (Fig.  2B-C, Figure 
e1b). There was a progressive increase in the proportion 
of patients experiencing prolonged weaning and failed 
weaning with increasing CFS score (Figure e2A), and 
with each decade of increasing age over 60 years (Figure 
e2B). There was no effect of age or frailty status on the 
frequency of delayed initiation of weaning (Table 1) or on 
the likelihood of entering the weaning process (Fig. 2B).

Clinical outcomes
ICU survival rates were significantly lower in the elderly, 
the frail and the frail and elderly groups, compared to the 
not frail or elderly population (Table 1; Fig. 3A). The frail 
and elderly group had the highest ICU mortality, with the 
frail and the elderly categories intermediate, compared to 
the not frail or elderly population (Fig. 3A).

Hospital survival rates were also significantly lower 
in the elderly, the frail and the frail and elderly groups, 
compared to the not frail or elderly population (Table 1; 
Fig.  3B). The frail and elderly had the highest hospital 
mortality at 44%, with the frail and elderly categories 
intermediate (33% and 31% respectively) compared to the 
not frail or elderly population (Table 1; Fig. 3B). Limita-
tion of life supporting measures was highest in the frail 
and elderly group (35%), and intermediate in the frail 
(21%) and the elderly (19%), compared to the not frail or 
elderly population (12%) (Table 1; Fig. 3C).

http://www.R-project.org
http://www.R-project.org
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Relationship between Frailty and older age and weaning
In multivariate analyses, there was an independent asso-
ciation between frailty status, but not with older age, and 
risk of delayed initiation of weaning (Table  2, Fig.  4A). 
Potentially reversible factors associated with delayed 
weaning initiation included use of paralyzing medica-
tions, and the presence of moderate or deep sedation at 
the time of fulfilling weaning eligibility criteria (Table 2, 
Fig.  4A). Neither frailty status nor older age were asso-
ciated with risk of prolonged weaning from invasive MV 
(Table 3, Fig. 4B). Both frailty status and older age were 
associated with risk of failed weaning from invasive MV 
(Table  4, Fig.  4C). Potentially reversible factors associ-
ated with failed weaning included higher respiratory rate, 
higher PEEP, higher driving pressure, and the presence of 
deep sedation at the time of fulfilling weaning eligibility 
criteria.

In multivariate analyses of the elderly and frailty 
cohorts, there was an association between deep sedation 
at the time when weaning criteria were fulfilled and the 
risk of weaning failure in the frail cohort (Table e1) but 
not in the elderly cohort (Table e2).

Discussion
While older age, frailty are inter-related conditions, the 
contribution of each to the process and outcomes of the 
weaning process are potentially distinct [20]. We report 
that outcomes in patients requiring invasive MV for 2 
or more days are poorer in both the elderly and the frail 
cohorts, and generally substantially worse in the cohort 

that were both elderly and frail. The elderly and frail 
cohorts were more likely to be female, which contrasts 
with the fact that more males are admitted to ICU over-
all. The elderly and frail cohort was also more likely to be 
admitted for hypoxemic or hypercapnic respiratory fail-
ure or sepsis, and had more comorbidities compared to 
the not frail or elderly population.

In regard to the relative contributions of older age and 
frailty, frailty per se appeared to have a more consistent 
impact on overall outcomes and on weaning duration and 
success rates, with a progressively worsening outcome 
with increasing frailty category. However, it should be 
emphasised that outcomes in these cohorts were encour-
aging overall, with hospital survival rates over 50% in the 
elderly and frail patients that commenced the weaning 
process.

Impact of older age
The cohort of elderly patients presenting for critical care 
is increasing, a natural consequence arising from global 
increases in life expectancy [20]. The WHO predict that 
there will be a tripling of the number of elderly patients 
aged 80 years or older between 2019 and 2050 [22]. This 
will generate an increased demand for critical care in our 
very elderly populations [7]. Recent studies from Austra-
lia [12], Finland [13], Denmark [23], Germany [24], South 
Korea [25], France [26], the Netherlands [27], Canada 
[28] and a large scale study across 21 European countries 
[20], have shown encouraging outcomes even in the very 
elderly. Previous assumptions regarding poorer outcomes 

Fig. 1  Flow chart for effect of old age and of frailty on the weaning process and outcomes. Of note, patients ‘transferred’ were transferred from the study 
ICU to another facility while receiving invasive MV, and hence were lost to subsequent followup
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and limited survival time gain for the very elderly admit-
ted to ICU are increasingly questioned [29], and an 
increasing proportion of very elderly patients receive 
high intensity critical care, including invasive MV [30]. A 
quarter of patients aged 80 or older make a full recovery 

post critical illness, returning to baseline physical func-
tion at 1 year [31].

Most of studies of outcomes in the very elderly only 
include a minority of patients that require invasive MV. 
Consequently, outcomes in this patient cohort receiving 
invasive MV, particularly when required for a period of 

Table 1  Demographics and outcome data in the elderly and frail subgroups
General 
Population
(n = 3176; 70%)

Frail
(n = 760; 17%)

Elderly
(n = 360; 8%)

Frail and Elderly
(n = 197; 5%)

Missing data 
N (%)

p-val-
ue*

Sex: Female 1,184 (37%) 295 (39%) 165 (46%) 102 (52%) 30 (0.7) < 0.001
Age 56 ± 16 63 ± 13 84 ± 3 85 ± 5 30 (0.7) < 0.001
Body Mass Index 27 ± 7 27 ± 9 26 ± 6 26 ± 6 164 (3.6) 0.009
ICU admission category
  Medical 2023 (63) 600 (79%) 226 (63%) 158 (80%) 30 (0.7) < 0.001
  Planned Surgery 300 (9%) 49 (6%) 23 (6%) 5 (3%) 30 (0.7)
  Trauma 351 (11%) 15 (2.0%) 28 (7.8%) 6 (3%) 30 (0.7)
  Urgent Surgery 502 (16%) 96 (13%) 83 (23%) 28 (14%) 30 (0.7)
Cause(s) for ICU admission
Hypoxemic respiratory failure 980 (31%) 312 (41%) 124 (34%) 81 (41%) 30 (0.7) < 0.001
Sepsis 654 (21%) 215 (28%) 77 (21%) 55 (28%) 30 (0.7) < 0.001
Hypercapnic respiratory failure 379 (12%) 175 (23%) 58 (16%) 48 (24%) 30 (0.7) < 0.001
Non-traumatic neurologic event 470 (15%) 97 (13%) 56 (16%) 32 (16%) 30 (0.7) 0.4
Emergency surgery 468 (15%) 87 (11%) 64 (18%) 22 (11%) 30 (0.7) 0.014
Airway protection 406 (13%) 88 (12%) 36 (10%) 32 (16%) 30 (0.7) 0.14
Cardiac arrest 253 (8.0%) 65 (8.6%) 26 (7.2%) 19 (9.6%) 30 (0.7) 0.7
Comorbidities and risk factors
Respiratory 576 (18%) 262 (34%) 71 (20%) 65 (33%) 30 (0.7) < 0.001
Cardiovascular 242 (7.6%) 152 (20%) 49 (14%) 57 (29%) 30 (0.7) < 0.001
Liver 135 (4.3%) 60 (7.9%) 3 (0.8%) 1 (0.5%) 30 (0.7) < 0.001
Kidney 241 (7.6%) 131 (17%) 49 (14%) 47 (24%) 30 (0.7) < 0.001
Neuromuscular 528 (17%) 345 (45%) 65 (18%) 106 (54%) 31 (0.7) < 0.001
Immune Dysfunction 411 (13%) 167 (22%) 26 (7.2%) 33 (17%) 30 (0.7) < 0.001
Diabetes 609 (19%) 213 (28%) 94 (26%) 52 (26%) 30 (0.7) < 0.001
Weaning Milestones
Weaning Outcomes
Failed Weaned 415 (13%) 171 (23%) 68 (19%) 50 (25%) 2 (0.04) < 0.001
Successfully Weaned 2,761 (87%) 589 (78%) 292 (81%) 147 (75%) 28 (0.62)
Weaning Duration (successfully weaned)
Short Wean (≤ 1 day) 2,144 (78%) 423 (72%) 220 (75%) 115 (78%) 25 (0.5) 0.007
Intermediate Wean (2-7d) 314 (11%) 76 (13%) 44 (15%) 21 (14%) 2 (0.04)
Prolonged Wean (> 7 days) 303 (11%) 90 (15%) 28 (10%) 11 (8%) 1 (0.02)
Delayed initiation of weaning 1,506 (47%) 351 (46%) 162 (45%) 106 (54%) 30 (0.7) 0.2
Outcomes
Total duration of invasive mechanical ventilation, 
days

7 (4, 12) 7 (4, 13) 6 (4, 11) 7 (4, 11) 183 (4.0) 0.3

Length of ICU stay, days 11 (7, 18) 11 (7, 18) 10 (6, 16) 10 (7, 17) 184 (4.1)$§ 0.2
Length of hospital stay, days 23 (14, 40) 24 (14, 40) 21 (12, 36) 20 (12, 32) 243 (5.4)$§ 0.027
Limitation of life sustaining interventions 386 (12%) 203 (27%) 90 (25%) 68 (35%) 30 (0.7) < 0.001
ICU mortality, n (%) 366 (12%) 149 (21%) 66 (19%) 50 (26%) 183 (4.0)$ < 0.001
Hospital mortality, n (%) 547 (18%) 238 (33%) 109 (31%) 86 (46%) 197(4.4)$§ < 0.001
* p value comparison between the four groups. Kruskal-Wallis for continuous and F-test for categorical

$: For patients transferred to other institutions still receiving invasive mechanical ventilation (n = 390), follow-up stopped at transfer from participating ICU and 
mortality beyond this point was not collected

§: Among patients discharged alive from the participating ICU, 1 has missing data for ICU length of stay, 62 for hospital length of stay and 14 for hospital mortality
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2 or more days, indicating these patients are at high risk 
for poorer outcomes, have yet to be clearly defined. Our 
study demonstrates that the impact of age on outcomes 
from weaning from invasive MV, while present, was rela-
tively limited. In patients aged over 80 that were not frail, 
and who entered the weaning process, weaning durations 
were longer, but 81% successfully weaned, while 67% sur-
vived to hospital discharge. In multivariate analyses, old 
age was independently associated with risk of weaning 
failure but not with delayed initiation of weaning or with 

increased weaning duration category. Taken together, 
these data suggest that older age per se is not a useful cri-
terion for making decisions regarding provision of criti-
cal care.

Impact of Frailty
The adverse impact of frailty, a condition of dimin-
ished physiologic reserve, is increasingly appreciated in 
patients with critical illnesses. Frail survivors of critical 
illness experienced greater impairment in health-related 

Fig. 2  Weaning outcomes in elderly/frail patients weaning from invasive ventilation. Stacked bar chart of impact of older age and of frailty status on 
weaning outcomes in the study population (Panel A). Kaplan-Meier analysis of impact of age/frailty group on likelihood of entering the weaning process 
to Day 28 (Panel B). Kaplan-Meier analysis of weaning success probability over time to Day 28 (Panel C)
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Table 2  Univariate (left, n = 4523) and multivariable (right, n = 3594) logistic regression models of delayed initiation of weaning
Unadjusted Odds Ratio 95% CI p Adjusted Odds Ratio 95% CI p

Age 80+ 1.03 0.86, 1.22 0.78 1.08 0.87, 1.35 0.46
Frail 1.02 0.89, 1.18 0.75 1.29 1.07, 1.56 0.01
Comorbidities
Respiratory 0.87 0.76, 1.01 0.07 1.03 0.86, 1.23 0.73
Cardiovascular 0.60 0.5, 0.73 < 0.01 0.62 0.48, 0.78 < 0.01
Liver 0.98 0.74, 1.3 0.89 1.02 0.71, 1.46 0.91
Kidney 0.94 0.78, 1.14 0.53 0.95 0.75, 1.22 0.70
Neuromuscular 1.15 1, 1.32 0.05 1.10 0.92, 1.31 0.31
Immune Compromised 0.92 0.78, 1.09 0.35 1.11 0.91, 1.37 0.30
Diabetes 1.04 0.9, 1.2 0.59 1.13 0.95, 1.35 0.16
Reason for ICU Admission
Cardiac Arrest 0.86 0.69, 1.06 0.16 0.74 0.57, 0.96 0.02
Trauma 1.81 1.44, 2.27 < 0.01 1.81 1.37, 2.4 < 0.01
Neurologic (non-trauma) 1.39 1.18, 1.64 < 0.01 1.27 1.03, 1.57 0.03
Lung Injury Indices
P/F ratio 1.00 1, 1 < 0.01 1.00 1, 1 < 0.01
Respiratory Rate 1.03 1.02, 1.04 < 0.01 1.05 1.04, 1.06 < 0.01
PEEP 0.88 0.85, 0.91 < 0.01 0.86 0.83, 0.9 < 0.01
Driving Pressure 0.97 0.96, 0.98 < 0.01 0.96 0.95, 0.97 < 0.01
SOFA score (non-neuro) 0.98 0.96, 0.99 < 0.01 1.00 0.98, 1.02 0.97
Use of paralyzing medications 1.51 1.21, 1.89 < 0.01 1.80 1.37, 2.36 < 0.01
Sedation on the first day fulfilling WEC (Reference: awake)
Moderately sedated 1.87 1.6, 2.19 < 0.01 1.95 1.62, 2.34 < 0.01
Deeply sedated 4.15 3.51, 4.92 < 0.01 4.16 3.41, 5.08 < 0.01

Fig. 4  Multivariate analyses of factors associated with weaning process. Multivariate analysis risk factors for delayed initiation of weaning (Panel A), 
longer duration of weaning (Panel B), and failed weaning (Panel C), in patients that entered the weaning process

 

Fig. 3  Clincial outcomes in elderly/frail patients weaning from invasive ventilation. Kaplan-Meier analysis of ICU survival probability over time to Day 28 
(Panel A). Kaplan-Meier analysis of hospital survival probability over time to Day 90 (Panel B). Kaplan-Meier plot of impact of age/frailty on probability of 
limitation of life supporting measures (Panel C)
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Table 3  Univariate (left, n = 3817) and multivariable (right, n = 3022) ordinal logistic regression models of likelihood of intermediate or 
prolonged weaning duration

Unadjusted Odds Ratio 95% CI p Adjusted Odds Ratio 95% CI p
Age 80+ 0.97 0.77, 1.22 0.79 0.97 0.74, 1.26 0.81
Frail 1.27 1.06, 1.52 0.01 1.25 0.99, 1.57 0.06
Comorbidities
Respiratory 1.13 0.95, 1.35 0.17 1.10 0.89, 1.36 0.38
Cardiovascular 0.81 0.63, 1.03 0.09 0.80 0.59, 1.06 0.13
Liver 1.04 0.71, 1.48 0.85 0.97 0.61, 1.49 0.88
Kidney 1.07 0.83, 1.36 0.61 1.15 0.85, 1.55 0.36
Neuromuscular 1.23 1.04, 1.46 0.02 1.19 0.96, 1.47 0.10
Immune Compromised 0.93 0.74, 1.16 0.53 0.98 0.75, 1.27 0.87
Diabetes 0.83 0.69, 1.00 0.05 0.83 0.66, 1.03 0.09
Reason for ICU Admission
Cardiac Arrest 1.06 0.78, 1.42 0.69 1.17 0.83, 1.62 0.37
Trauma 1.31 1, 1.69 0.04 1.47 1.08, 1.99 0.01
Neurologic (non-trauma) 1.38 1.13, 1.69 < 0.01 1.61 1.26, 2.05 < 0.01
Lung Injury Indices on the day of first SA
P/F ratio 1.00 1, 1 0.01 1.00 1, 1 0.36
Respiratory Rate 1.06 1.05, 1.07 < 0.01 1.06 1.05, 1.08 < 0.01
PEEP 1.09 1.05, 1.13 < 0.01 1.10 1.05, 1.15 < 0.01
Driving Pressure 0.99 0.98, 1.01 0.36 0.99 0.98, 1.01 0.26
SOFA score (non-neuro) 1.02 1, 1.04 0.02 1.00 0.98, 1.03 0.74
Use of paralyzing medications 1.25 0.95, 1.64 0.10 1.12 0.82, 1.53 0.46
Sedation on the first day fulfilling WEC (Reference: awake)
Moderately sedated 1.25 1.03, 1.51 0.02 1.39 1.11, 1.74 < 0.01
Deeply sedated 1.43 1.16, 1.76 < 0.01 1.64 1.29, 2.09 < 0.01

Table 4  Univariable (left, n = 4523) and multivariable (right, n = 3594) and logistic regression models of wean failure
Unadjusted Odds Ratio 95% CI p Adjusted Odds Ratio 95% CI p

Age 80+ 1.54 1.23, 1.91 < 0.01 1.60 1.22, 2.09 < 0.01
Frail 1.90 1.59, 2.27 < 0.01 1.74 1.37, 2.2 < 0.01
Comorbidities
Respiratory 1.40 1.16, 1.68 < 0.01 1.28 1.02, 1.6 0.03
Cardiovascular 0.88 0.67, 1.14 0.35 0.65 0.47, 0.9 0.01
Liver 1.38 0.96, 1.95 0.08 1.59 1.01, 2.44 0.04
Kidney 1.54 1.21, 1.95 < 0.01 1.44 1.06, 1.93 0.02
Neuromuscular 1.16 0.96, 1.4 0.11 0.97 0.77, 1.23 0.81
Immune Compromised 1.69 1.37, 2.07 < 0.01 1.91 1.48, 2.45 < 0.01
Diabetes 1.16 0.96, 1.4 0.12 1.08 0.86, 1.36 0.49
Reason for ICU Admission
Cardiac Arrest 2.81 2.21, 3.55 < 0.01 3.14 2.36, 4.17 < 0.01
Trauma 0.71 0.5, 0.98 0.05 1.26 0.84, 1.85 0.24
Neurologic (non-trauma) 1.22 0.98, 1.52 0.07 1.43 1.07, 1.88 0.01
Lung Injury Indices
P/F ratio 1.00 1, 1 < 0.01 1.00 1, 1 0.47
Respiratory Rate 1.06 1.04, 1.07 < 0.01 1.05 1.04, 1.07 < 0.01
PEEP 1.10 1.06, 1.15 < 0.01 1.08 1.03, 1.14 < 0.01
Driving Pressure 1.04 1.03, 1.05 < 0.01 1.03 1.02, 1.05 < 0.01
SOFA score (non-neuro) 1.05 1.03, 1.07 < 0.01 1.03 1.01, 1.06 0.01
Use of paralyzing medications 1.40 1.05, 1.83 0.02 1.15 0.82, 1.59 0.42
Sedation on the first day fulfilling WEC
Moderately sedated 1.00 0.81, 1.25 0.97 1.04 0.8, 1.35 0.77
Deeply sedated 1.91 1.54, 2.37 < 0.01 1.88 1.45, 2.44 < 0.01
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quality of life, functional dependence, and disability 
compared with those not frail [15–20]. Longer term out-
comes in survivors of critical illness are worse in patients 
with pre-existing frailty, with higher rates of hospital 
readmission and death than patients without frailty [32]. 
The impact of frailty on outcomes in critically ill patients 
receiving invasive MV, particularly when required for sig-
nificant time periods has yet to be clearly defined.

The proportion of frail patients in our study population 
was high, comprising over one fifth of the whole cohort. 
The impact of frailty on outcomes from weaning from 
invasive ventilation was substantial and consistent, with a 
progressive worsening of outcomes with greater degrees 
of frailty. Outcomes in the most severely frail category 
were particularly poor, with only one third weaning from 
ventilation. In multivariate analyses, frailty was indepen-
dently associated with both delayed weaning initiation 
and failed weaning. Of interest, there was an independent 
association between deep sedation at time when weaning 
criteria are fulfilled and the risk of weaning failure in the 
frail cohort, a finding not seen in the elderly cohort.

Taken together, these data suggest that it is important 
to consider the presence and degree of frailty when mak-
ing decisions in patients weaning from invasive MV. Par-
ticular attention to depth of sedation at the timepoint 
where frail patients are ready to wean may be important 
[2]. Our study also supports prior studies demonstrating 
that routine large scale population screening for frailty 
degree in patients with critical illness is possible and is 
prognostically useful, facilitating critical care planning 
for this important and growing patient cohort [33].

Strengths and limitations
Our study examines the impact of chronological age and 
frailty status, in patients weaning from invasive MV, per-
formed in a large, and globally diverse, patient cohort. 
Nevertheless, there are important limitations to consider. 
While all raw data was entered directly into the elec-
tronic case report form, the interpretation of source data 
was performed by on-site clinicians, which potentially 
increased variability. To ensure data quality, we insti-
tuted a robust data quality control program as previously 
described [2]. Participating hospitals were representa-
tive of different levels of care and geography but despite 
enrolling a large number of ICUs from around the world, 
our convenience sample may be prone to selection biases. 
Our assumption that patients discharged from the hos-
pital before day 90 were alive at that time point is a fur-
ther limitation. Lastly, a small proportion of patients (4%) 
were lost to follow-up because they were transferred 
prior to the first separation attempt.

Conclusions
Our study examines the impact of chronological age ver-
sus physiologic reserve, as assessed by frailty status, in 
patients weaning from invasive MV. Patient frailty status 
appeared to have a more consistent impact than older age 
on overall outcomes and on weaning duration and suc-
cess rates. However, it should be emphasised that over-
all outcomes in these cohorts were encouraging, with 
survival rates over 50% in the elderly and frail patients 
that commenced the weaning process. Sedation status at 
time of weaning commencement may be an important, 
and potentially modifiable factor in frail patients, that if 
addressed could reduce weaning delays and weaning fail-
ure rates.
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