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Abstract 

Background  In recent years, the importance of sex as a factor influencing medical care has received increasing 
attention in the field of intensive care medicine. The objective of this study was to examine the influence of sex in pro‑
longed weaning.

Methods  A retrospective analysis of patients undergoing prolonged weaning at Thoraxklinik, University Hospi‑
tal Heidelberg between 12/08 and 12/23 was conducted. Patients with neuromuscular diseases were excluded 
from the analyses. The risk factors for weaning failure in men and women were identified through stepwise cox-
regression analyses.

Results  A total of 785 patients were included, of whom 313 (39.9%) were women. 77.9% of the women and 75.4% 
of the men were successfully weaned from invasive ventilation. In group comparisons and multivariable analy‑
ses, sex was not found to be a risk factor for weaning failure. Cox regression analyses were performed sepa‑
rately for both sexes on the outcome of weaning failure, adjusting for relevant covariates. The results indicated 
that age ≥ 65 years (HR 2.38, p < 0.001) and the duration of IMV before transfer to the weaning centre (HR 1.01/day, 
p < 0.001) were independent risk factors in men. In women, however, the duration of IMV before transfer (HR 1.01, 
p < 0.001), previous non-invasive ventilation (HR 2.9, p 0.005), the presence of critical illness polyneuropathy (HR 1.82; 
p = 0.040) and delirium (HR 2.50, p = 0.017) were identified as relevant risk factors. In contrast delirium was associated 
with a favourable weaning outcome in men (HR 0.38, p = 0.020) and nosocomial pneumonia as a reason for pro‑
longed weaning in women (HR 0.43; p = 0.032).

Conclusion  The analyses indicate that there are sex-based differences in the risk factors associated with weaning 
failure. Further studies, ideally prospective, should confirm these findings to assess whether sex is a factor that should 
be taken into account to improve weaning outcomes.
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Background
The relationship between sex, gender, and outcomes in 
the intensive care unit (ICU) is complex and multifac-
eted [1]. About 40% of intubated patients in the ICU are 
women [2–4] and there is an increasing body of evidence 
indicating that sex may significantly influence ICU out-
comes [1]. Weaning from invasive mechanical ventilation 
(IMV) is an important part of intensive care medicine 
that has a significant impact on outcomes. However, 
potential prognostic differences between mechanically 
ventilated men and women have been poorly investi-
gated. The few existing studies that have looked at this 
issue have produced mixed and sometimes conflicting 
results [5–8]. The risks of weaning failure cover a wide 
range of different aspects, one of which are upper air-
way complications. Thille et  al. performed a post-hoc 
analysis of a large clinical trial to assess sex differences in 
the risk of extubation failure in high-risk ICU patients. 
They found that men had a significantly higher rate of 
reintubation within 48  h and was independently associ-
ated with an increased risk of reintubation within 7 days 
[9]. In contrast, the incidence of post-extubation laryn-
geal oedema is known to be higher in women than in 
men. This is thought to be due to the fact that the size 
of the tracheal tube is relatively larger in women com-
pared to the size of the larynx and trachea, which may 
result in more mechanical trauma and swelling [10, 11]. 
In prolonged weaning, in addition to airway complica-
tions, comorbidities in particular play a decisive role in 
the success or failure of the process. Cardiac and pulmo-
nary comorbidities are particularly important, with gen-
der-specific differences in chronic lung diseases such as 
chronic obstructive pulmonary disease (COPD) [12, 13] 
and cardiac diseases such as heart failure and coronary 
heart disease being well documented [14, 15]. However, 
there are few studies examining gender-specific aspects 
of weaning, with even less data available on prolonged 
weaning. The aim of our study was to investigate sex 
aspects in prolonged weaning. We therefore analysed the 
influence of sex on the success of weaning from IMV in 
patients undergoing prolonged weaning at the academic 
weaning centre of the Thoraxklinik, University Hospital 
Heidelberg.

Methods
Study design and participants
This is a single- centre retrospective analysis of prospec-
tively collected data from the German weaning regis-
try WeanNet. WeanNet is an association of specialised 
weaning centres of the German Society for Pneumology 
and Respiratory Medicine (DGP) that have undergone a 
comprehensive quality control process [16]. In addition 
to personal and structural requirements, the certification 

includes the inclusion of patients undergoing prolonged 
weaning in the WeanNet registry. In the current study, 
the WeanNet data for the weaning centre at the Tho-
raxklinik, University Hospital Heidelberg from Decem-
ber 2008 to December 2023 were analysed. Patients with 
neuromuscular diseases were excluded from the analy-
ses because of their presumed low weaning potential. 
All patients included in the registry met the criteria for 
prolonged weaning either as defined by the International 
Consensus Conference (ICC) in April 2005 [17] or the 
WIND study [18, 19] as weaning group 3 (patients who 
failed at least three SBT or who require seven days of 
weaning after the first first separation attempt or SBT), 
either bevore transfer or during their stay in the ICU 
or weaning unit at the centre. The data analysis was 
approved by the Ethics Committee of the University of 
Heidelberg (No. S-666/2023).

Weaning process
The weaning process was supported by a multidiscipli-
nary team consisting of pulmonologists/intensivists, res-
piratory therapists, physiotherapists, specialist nurses, 
speech therapists, psychologists and social workers. The 
weaning process was carried out according to a stand-
ardised protocol in accordance with the respective cur-
rent national guidelines [16, 20]. The weaning protocol 
standard operating procedure of our centre can be found 
in the supplementary files of the manuscript, see sup-
plementary figures  S1 and S2. Once the acute critical 
illness had resolved and clinical stability was sufficient, 
patients were transferred to the weaning unit. Firstly, 
the underlying cause of ventilator dependency was iden-
tified, such as respiratory muscle fatigue or weakness, 
increased respiratory muscle loads, altered respiratory 
drive or metabolic aspects. The clinical and objective cri-
teria adapted from Boles 2007 [17] were used to assess 
weaning readiness. A liberal approach was taken to the 
first SBT, which was performed as early as possible after 
admission. It was recognised that not all criteria needed 
to be met for weaning to begin. If weaning readiness 
was negative, potential causes for this were addressed, 
such as reducing sedation or treating acute infections. 
SBTs were performed with low pressure support or on 
a T-piece/speaking valve, the latter being preferred to 
the former in tracheostomised patients [21]. Through-
out the weaning period, SBTs were extended to enable 
the reconditioning of the respiratory muscles. Between 
SBTs, the respiratory muscles were unloaded using assist-
control mechanical ventilation in order to avoid a load-
capacity imbalance and to allow muscle regeneration. 
Accompanying measures were secretion management, 
dynamic hyperinflation therapy, tracheal cannula man-
agement, dysphagia management and daily mobilisation. 
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If weaning was unsuccessful, transition to an appropriate 
health care facility was ensured prior to discharge.

Weaning outcomes
The weaning outcomes were classified into successful 
prolonged weaning from IMV without the need for sub-
sequent long-term non-invasive ventilation (NIV), cat-
egory (3a), successful prolonged weaning from IMV with 
continuation of NIV (3b) and failed weaning from IMV 
(3c), differentiated into those with continued IMV in an 
outpatient setting (3cI) and those who died during the 
weaning process (3cII) according to the German national 
guidelines on prolonged weaning [18, 20].

Statistical analysis
The numerical values are presented as the median, 25th 
and 75th percentiles, while the categorical values are 
expressed as numbers and percentages. Group compari-
sons were analysed using the Mann–Whitney-U-Test for 
continuous variables and Fisher’s exact test for categori-
cal variables. Group comparisons were made between 
the sexes, but also in terms of weaning success, successful 
weaning versus weaning failure, defined as the option of 
discharge with invasive ventilation or death in the wean-
ing centre. The last analysis was performed in the total 
population, but also separately for men and women.

Values that showed signals either in the total popula-
tion or in the separate analyses were then further inves-
tigated in multivariate analyses, whereby the significance 
threshold was chosen more liberally than the usual sig-
nificance threshold (< 0.10 instead of the usual P < 0.05), 
as our aim was to identify potential predictor variables 
and not to test a hypothesis. In this context, the scien-
tific plausibility and clinical relevance of the association 
were also considered. All significant variables were ana-
lysed using stepwise cox regression analysis to identify 
independent risk factors for weaning failure. This was 
first performed for the entire study population to identify 
relevant predictive variables. These were then analysed 
in separate regression analyses for men and women to 
identify gender differences. The statistical analyses were 
performed using SPSS version 28 (SPSS Inc., Chicago, Ill., 
USA).

Results
Patient characteristics
From December 2008 to December 2023, a total of 915 
patients underwent prolonged weaning at the weaning 
centre of the Thoraxklinik of the University of Heidel-
berg. 130 patients were excluded from the analyses due 
to exclusion criteria. A total of 785 patients, 313 women 
and 472 men were included in the final analyses. The 
median age of the patients was 67 years, the mean BMI 

was 26  kg/m [2] and 14.4% of the patients had a BMI 
below 20 kg/m [2]. The most common cause of invasive 
ventilation was COPD exacerbation with 29.7% of cases, 
followed by pneumonia 20.1% and postoperative acute 
respiratory insufficiency (ARI) 17.8%. Other recorded 
causes were: COVID, trauma, restrictive lung disease, 
sepsis, obesity hypoventilation syndrome (OHS), heart 
failure and others. Among the comorbidities recorded in 
the database, cardiopulmonary diseases and obesity were 
particularly common: COPD in 55.4% of cases, arterial 
hypertension in 50.1%, heart failure in 38.3% and CHD 
29.8% obesity in 28.9%. The patient characteristics strati-
fied for men and women are shown in Table 1. 

Differences between men and women
Compared to the male patients, females were smaller 
(160 vs. 175 cm; p < 0.001), but had a significantly higher 
BMI (29.5 vs. 24.4  kg/m [2]; p < 0.001). The duration of 
IMV before transfer to the weaning centre did not differ 
between the sexes, but men had a longer hospital stay in 
the weaning centre than women (38 vs 32 days; < 0.001). 
With regard to the causes of IMV, pneumonia was more 
frequently reported as a reason for IMV in men (16.0% 
vs. 22.9%; p = 0.018) and obesity hypoventilation syn-
drome (OHS) in women (8.0% vs. 2.3%; p < 0.001). But 
there were no differences between the sexes for the other 
causes. In terms of comorbidities, there were differences 
in the diagnosis of obesity in 39.9% of women and 21.6% 
of men (p < 0.001), in line with the recorded BMI values, 
and women were more likely to have pulmonary hyper-
tension. Men were more likely to have oncological diag-
noses (14.6 vs. 8.6%; p = 0.014) and delirium (16.7 vs. 
10.2%; p = 0.012), see Table 1.

Weaning outcomes for men and women.
Overall, 244 (77.9%) women and 356 (75.4%) men were 
successfully weaned from invasive ventilation (p = 0.440). 
Those women who were successfully weaned were more 
likely than men to require non-invasive ventilation (cat-
egory 3b; 44.7% vs. 34.3%; p = 0.004) and men were more 
likely to be discharged without NIV (category 3a; 41.1% 
vs. 33.2%; p = 0.029). There were no significant sex differ-
ences in discharge with IMV (17.3% of women and 17.4% 
of men; p = 1,000) and death in the weaning centre (4.8% 
of women and 7.2% of men; p = 0.179). The weaning out-
comes for men and women are shown in Fig. 1.

Predictors of weaning failure in men and women
In the group comparisons, older age and BMI ≤ 20 kg/m 
[2] were identified as risk factors for weaning failure 
in men but not in women. The duration of prior IMV 
was a relevant factor only in women. Women and Men 
with unsuccessful weaning also had longer stays in the 
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weaning unit (42 vs. 31.5  days; p = 0.002 and 47 vs. 
36 days; p = 0.009). Women with unsuccessful weaning 
were more likely to have critical illness polyneuropathy 
(40.6 vs. 18.9%; p < 0.001) and delirium (17.4 vs. 8.2%; 
p = 0.040), whereas there were no disadvantageous 
group differences in these comorbidities in men see 
Table 2.

Independent predictors of weaning failure in men 
and women
The cox regression analyses performed with the out-
come parameter weaning failure, revealed that sex had no 
effect on the outcome variable in the population. In the 
overall study population, age ≥ 65 years (HR 1.73, 95% CI 
1.20–2.50; p < 0.005), IMV before transfer to the weaning 

Table 1  Patient characteristics by sex

* (never/former/current)

BMI body mass index, IMV invasive mechanical ventilation, NIV non-invasive ventilation, AECOPD acute exacerbated chronic obstructive pulmonary disease, ARDS 
acute respiratory distress syndrome, ARI acute respiratory insufficiency, OHS obesity hypoventilation syndrome, ILD interstitial lung disease, COPD chronic obstructive 
pulmonary disease, CIP critical illness associated polyneuropathy, CAD coronary artery disease, PH pulmonary hypertension. The group comparisons were carried out 
using the Fisher’s exact test or Mann–Whitney U-tests, p values < 0.05 were considered statistically significant

Variables All
N = 785

Females
N = 313

Males
N = 472

p

Age (years) 67.0 (60.0; 74.0) 67.0 (59.0; 74.0) 68.0 (60.0; 75.0 0.154

Height (cm) 170.0 (160.0; 180.0) 160.0 (160.0; 165.0) 175.0 (170.0; 180.0)  < 0.001

Weight (kg) 80.0 (65.0; 90.0) 80.0 (60.0; 97.3) 75.0 (65.0; 90.0) 0.741

BMI (kg/m2) 26.0 (21.5; 32.3) 29.5 (22.9; 37.7) 24.4 (20.8; 29.0)  < 0.001

Smoking status* (%) 12.1/78.3/9.6 13.4/75.1/11.5 11.2/0.5/8.3 0.172

IMV before transfer (days) 18.0 (3.3; 35.0) 17.0 (4.0; 32.8) 19.0 (3.0; 36.0) 0.460

Pre-existing NIV (%) 101 (12.9) 46 (14.7) 55 (11.7) 0.232

Cause of IMV

 COVID (%) 54 (6.9) 22 (7.0) 32 (6.8) 0.887

 Pneumonia (%) 158 (20.1) 50 (16.0) 108 (22.9) 0.018

 AECOPD (%) 233 (29.7) 100 (31.9) 133 (28.2) 0.265

 ARDS (%) 74 (9.4) 28 (8.9) 46 (9.7) 0.803

 Trauma (%) 7 (0.9) 2 (0.6) 5 (1.1) 0.709

 Postoperative ARI (%) 140 (17.8) 50 (16.0) 90 (19.1) 0.295

 Restrictive lung disease (%) 27 (3.4) 8 (2.6) 19 (4.0) 0.321

 Sepsis (%) 34 (4.3) 14(4.5) 20 (4.2) 0.860

 OHS (%) 36 (4.6) 25 (8.0) 11 (2.3)  < 0.001

 Heart failure (%) 33 (4.2) 16 (5.1) 17 (3.6) 0.364

 Others (%) 43 (5.5) 20 (6.4) 23 (4.9) 0.424

Comorbidities

 None (%) 19 (2.4) 12 (13.8) 7 (1.5) 0.055

 Heart failure (%) 301 (38.3) 117 (37.4) 184 (39.0) 0.708

 ILD (%) 30 (3.8) 8 (2.6) 22 (4.7) 0.182

 COPD (%) 435 (55.4) 172 (55.0) 263 (55.7) 0.883

 Restrictive lung disease (%) 115 (14.6) 36 (11.5) 79 (16.7) 0.050

 Arterial hypertension (%) 393 (50.1) 154 (49.2) 239 (50.6) 0.716

 CIP (%) 187 (23.8) 74 (23.6) 113 (23.9) 0.932

 Obesity (%) 227 (28.9) 125 (39.9) 102 (21.6)  < 0.001

 CAD (%) 234 (29.8) 75 (24.0) 159 (33.7) 0.004

 Renal failure (%) 173 (22.0) 61 (19.5) 112 (23.7) 0.187

 Diabetes mellitus (%) 217 (27.6) 95 (30.4) 122 (25.8) 0.192

 Immunosuppression (%) 25 (3.2) 9 (2.9) 16 (3.4) 0.836

 Oncological diseases (%) 96 (12.2) 21 (8.6) 69 (14.6) 0.014

 PH (%) 53 (6.8) 29 (9.3) 24 (5.1) 0.029

 Delirium (%) 111 (14.1) 32 (10.2) 79 (16.7) 0.012

 Nosocomial pneumonia (%) 189 (24.1) 67 (21.4) 122 (25.8) 0.173
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centre (HR 0.001, 95% CI 1.00–1.00; < 0.001), pre-existing 
NIV (HR 1.81, 95% CI 1.15–2.84; p = 0.010), were rel-
evant independent risk factors for weaning failure. Please 
refer to Fig. 2 and the supplementary Tables S1 for fur-
ther details.

Subsequently, regression analyses were conducted on 
the same set of covariates, with the results stratified by 
sex. In females, the duration of IMV prior to transfer 
(HR 1.01, 95% CI 1.00–1.01; p < 0.001), CIP (HR 1.82, 
95% CI 1.03–3.23; p = 0.040) and delirium (HR 2.50, 95% 
CI 1.18–5.27; p = 0.017) were identified as relevant risk 
factors, while pneumonia was identified as a favourable 
factor (HR 0.40, 95% CI 0.18–0.93; p = 0.032). For men, 
only age ≥ 65 years (HR 2.38, 95% CI 1.42–3.99; p < 0.001) 
and IMV prior to transfer (HR 1.01, 95% CI 1.01–1.01/; 
p < 0.001 were identified as relevant risk factors. How-
ever, it is noteworthy that delirium had the opposite 
effect for men and proved to be a favourable factor for 
weaning success in the subgroup of men (HR 0.21, 95% 
CI 0.21–0.88; p = 0.020). Please refer to Fig.  3 and the 
supplementary Table S2 and 3 for further details.

Discussion
The objective of this study was to examine the influence 
of sex on the weaning outcome in prolonged weaning. 
The main results are that sex did not influence the out-
come of weaning; but factors associated with prolonged 
weaning failure were not the same among males and 
females. The fact that around 40% of the patients in our 
group were also female fits in surprisingly well with the 

general prevalence of women in the intensive care unit 
[2–4].

Another important finding of the study is that the risk 
factors for prolonged weaning differ significantly between 
men and women. In some cases, there were even oppos-
ing effects, with delirium being associated with unfavour-
able outcomes in women and favourable outcomes in 
men.

In the general population over the age of 65, the dura-
tion of prior invasive mechanical ventilation (IMV) and 
the presence of pre-existing non-invasive ventilation 
(NIV) were identified as independent predictors of wean-
ing failure. Separate Cox regression analyses for men and 
women revealed differing influential factors between 
the sexes. In women, the duration of invasive ventila-
tion before transfer to the weaning center, pre-existing 
NIV, and the co-occurrence of critical illness polyneu-
ropathy or delirium emerged as independent risk fac-
tors for weaning failure. In men, however, only age and 
the duration of invasive ventilation prior to transfer 
were significant. Interestingly, the effect of delirium dif-
fered between sexes; in men, a diagnosis of delirium was 
linked to a more favorable prognosis regarding weaning 
failure. Additionally, in women, the presence of noso-
comial pneumonia as the cause of prolonged IMV was 
associated with a better weaning outcome. The reasons 
behind these sex-based differences remain speculative. 
Delirium is an important predictor of unfavourable clini-
cal outcomes in the ICU, including prolonged IMV. Jeon 
et al. studied delirium in 393 patients receiving MV who 
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Fig. 1  Weaning outcomes for men and women N = 785. According to German guidelines, patients were categorised as follows: category 3a: 
successful prolonged weaning from mechanical ventilation without the need for subsequent long-term non-invasive ventilation (NIV); category 
3b: successful prolonged weaning from mechanical ventilation with the continuation of NIV and from mechanical ventilation; category 3cI: 
failed weaning, patients who continued to receive mechanical ventilation as an outpatient; and category 3cII: failed weaning, patients who died 
during weaning. The figure shows the number of patients in the individual categories as a percentage. *p < 0.005
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underwent a spontaneous breathing trial. They found 
that 40.7% of the patients were diagnosed with delirium 
on the day of the first SBT. After adjustment for potential 
confounders, delirium was significantly associated with 
difficult weaning but not with prolonged weaning [22]. 
Similarly, in prolonged weaning, delirium may lead to a 

greater need for sedation and therefore a longer duration 
of mechanical ventilation, not necessarily associated with 
weaning failure. In our population of patients undergoing 
prolonged weaning, delirium was diagnosed more fre-
quently in men than in women, with the diagnosis hav-
ing a favourable effect on weaning success in men and an 

Table 2  Successful weaning versus weaning failure by sex

* (never/former/current)

BMI body mass index, IMV invasive mechanical ventilation, NIV non-invasive ventilation, AECOPD acute exacerbated chronic obstructive pulmonary disease, ARDS 
acute respiratory distress syndrome, ARI acute respiratory insufficiency, OHS obesity hypoventilation syndrome, ILD interstitial lung disease, COPD chronic obstructive 
pulmonary disease, CIP critical illness associated polyneuropathy, CAD coronary artery disease, PH pulmonary hypertension. The group comparisons were carried out 
using the Fisher’s exact test or Mann–Whitney U-tests, p values < 0.05 were considered statistically significant

Variables Females Males

Successful weaning
N = 244

Weaning failure
N = 69

p Successful weaning
N = 356

Weaning failure
N = 116

p

Age (years) 66.5 (59.0; 74.0) 68.5 (59.3; 77.0) 0.314 66.0 (59.0; 73.0) 72.0 (65.0; 77.0)  < 0.001

Height (cm) 160 (160; 165) 160 (160; 165) 0.387 175 (170; 180) 175 (170; 180) 0.362

Weight (kg) 80.0 (60.0; 98.5) 80.0 (58.8; 96.3) 0.219 80.0 (65.0; 90.0) 75.0 (60.0; 90.0) 0.054
BMI (kg/m2) 29.7 (23.0; 37.6) 29.5 (21.9; 39.1) 0.342 24.7 (21.2; 29.3) 24.2 (19.6; 27.8)  < 0.001

Smoking status* (%) 14.3/73.4/12.3 10.1/81.2/8.7 0.417 10.7/80.3/9.0 12.9/81.0/86.0 0.515

IMV before transfer (days) 14.0 (1.8; 27.3) 31.0 (15.3; 81.5) 0.022 19.0 (4.0; 35.0) 18.0 (0.0; 44.0) 0.786

Pre-existing NIV (%) 29 (11.9) 17 (24.6) 0.012 36 (10.1) 19 (16.4) 0.094

Cause of IMV

 COVID (%) 19 (7.8) 3 (4.3) 0.430 28 (7.9) 4 (3.4) 0.135

 Pneumonia (%) 41 (16.8) 9 (13.0) 0.577 85 (23.9) 23 (19.8) 0.445

 AECOPD (%) 78 (32.0) 22 (31.9) 1.000 98 (27.5) 35 (30.2) 0.635

 ARDS (%) 26 (10.7) 2 (2.9) 0.055 36 (10.1) 10 (8.6) 0.721

 Trauma (%) 2 (0.8) 0 (0.0) 1.000 4 (1.1) 1 (0.9) 1.000

 Postoperative ARI (%) 40 (16.4) 10 (14.5) 0.853 65 (18.3) 25 (21.6) 0.418

 Restrictive lung disease (%) 8 (2.0) 5 (4.3) 0.381 13 (3.7) 6 (5.2) 0.428

 Sepsis (%) 10 (4.1) 4 (5.8) 0.518 16 (4.5) 4 (3.4) 0.793

 OHS (%) 21 (8.6) 4 (5.8) 0.616 10 (2.8) 1 (0.9) 0.308

 Heart failure (%) 10 (4.1) 6 (8.7) 0.131 13 (3.7) 4 (3.4) 1.000

 Others (%) 11 (4.5) 9 (13.0) 0.021 16 (4.5) 7 (6.0) 0.467

Comorbidities

 None (%) 9 (3.7) 3 (4.3) 0.731 5 (1.4) 2 (1.7) 0.683

 Heart failure (%) 89 (36.5) 28 (40.6) 0.574 130 (36.5) 54 (46.6) 0.062

 ILD (%) 6 (2.5) 2 (2.9) 1.000 18 (5.1) 4 (3.4) 0.616

 COPD (%) 137 (56.1) 35 (50.7) 0.494 192 (53.9) 71 (61.2) 0.197

 Restrictive lung disease (%) 24 (9.8) 12 (17.4) 0.090 53 (14.9) 26 (22.4) 0.064

 Arterial hypertension (%) 125 (51.2) 29 (42.0) 0.220 181 (50.8) 58 (50.0) 0.915

 CIP (%) 46 (18.9) 28 (40.6)  < 0.001 85 (23.9) 28 (24.1) 1.000

 Obesity (%) 100 (41.0) 25 (36.2) 0.491 79 (22.2) 23 (19.8) 0.697

 CAD (%) 56 (23.0) 19 (27.5) 0.428 120 (33.7) 39 (33.6) 1.000

 Renal failure (%) 43 (17.6) 18 (26.1) 0.124 78 (21.9) 34 (29.3) 0.131

 Diabetes mellitus (%) 68 (27.9) 27 (39.1) 0.077 89 (25.0) 33 (28.4) 0.466

 Immunosuppression (%) 7 (2.9) 2 (2.9) 1.000 12 (3.4) 4 (3.4) 1.000

 Oncological diseases (%) 19 (7.8) 8 (11.6) 0.334 48 (13.5) 21 (18.1) 0.228

 PH (%) 20 (8.2) 9 (13.0) 0.241 21 (5.9) 3 (2.6) 0.223

 Delirium (%) 20 (8.2) 12 (17.4) 0.040 62 (17.4) 17 (14.7) 0.568

 Nosocomial pneumonia (%) 59 (24.2) 8 (11.6) 0.030 93 (26.1) 29 (25.0) 0.903
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unfavourable effect in women. The observed differences 
may be explained by a gender bias in delirium diagnosis. 
It is possible that delirium was diagnosed earlier but less 
severe in men, which could be explained by the fact that 
men have a different delirium subtypes than women. A 
study of 406 adults, non-demented patients with delirium 
showed that men had higher scores for motor agitation 
and affective lability in the subscores of the Delirium Rat-
ing Scale-Revised-98 (DRS-R-98), while women were 

more frequently diagnosed with hypoactive delirium 
[23]. In particular, the hypoactive subtype of delirium 
presents a diagnostic and clinical challenge. As the symp-
toms of hypoactive delirium can overlap with those of 
dementia and depression, correct diagnostic differentia-
tion can be difficult. Without timely diagnosis and treat-
ment, hypoactive delirium can persist for several weeks 
[24]. A connection with weaning failure is therefore quite 
conceivable.

Fig. 2  Results of Cox regression analysis for Risk factors for weaning failure in the study population N = 785. The figure shows the results of the Cox 
regression analysis with weaning failure as outcome variable. The plot shows the Hazard Ratios with their corresponding 95% confidence intervals 
corresponding to the numerical values given in supplementary Table S1. IMV Invasive mechanical ventilation before transfer to the centre, CIP 
Critical illness polyneuropathy, BMI body mass index, NIV non-invasive ventilation

Fig. 3  Results of Cox regression analysis for Risk factors for weaning failure women and in men. The figure shows the results of the Cox regression 
analysis with weaning failure as the outcome variable, which were carried out separately for women (A) and men (B). The plot shows the Hazard 
Ratios with their corresponding 95% confidence intervals corresponding to the numerical values given in supplementary Table S 2 and 3. 
IMV = Invasive mechanical ventilation before transfer to the centre, CIP Critical illness polyneuropathy, BMI body mass index, NIV non-invasive 
ventilation
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The association between pneumonia and weaning suc-
cess, and the fact that it was only observed in women, was 
unexpected to us. Pneumonia acquired in the ICU usu-
ally has a negative impact on morbidity, prolonged length 
of stay and duration of MV treatment in patients with 
ventilator- associated pneumonia [25]. In our particu-
lar patient population, which consists mainly of patients 
who had to be transferred to a specialised centre for pro-
longed weaning, the diagnosis must be evaluated against 
the background of other causes of mechanical ventilation 
and comorbidities in this patient population. Compared 
to the usual chronic cardiopulmonary conditions of these 
patients, pneumonia is a reversible and treatable cause 
of prolonged ventilation that does not necessarily lead 
to an increased risk of weaning failure. The former men-
tioned effects of nosocomial pneumonia in males may be 
outweighed by the problems and complications of pneu-
monia. Known sex differences could play a role here as 
men and women differ in their innate immune responses. 
Men are more likely than women to develop infectious 
diseases, with an average annual relative risk of 1.3 and 
an almost 1.6 times higher risk of hospitalisation for sep-
sis [1]. Furthermore there are relevant sex-specific differ-
ences in the lungs: even when taking body size and lung 
volume into account, women have smaller airway lumina 
[26] and a diaphragm that is approximately 9% shorter 
than men [1]. It can therefore be assumed that they have 
a lower functional reserve of the respiratory pump than 
men due to the lower power at higher loads and that the 
duration of previous ventilation or the effects of CIP have 
a correspondingly greater effect on weaning success in 
women compared to men.

The observation that age was a relevant factor for 
weaning failure only in men suggests that selection 
effects regarding previous intensive care therapy may 
also have played a role in this subgroup. It is known that 
women less likely receive mechanical ventilation or renal 
replacement therapy than men [27]. In addition to the 
medical decision to utilise such therapies, socio-cultural 
factors such as socio-economic status, formal education 
and patient preferences also play a role in access to inten-
sive care therapies [1]. Women are more likely to restrict 
life-sustaining therapies, especially in older age groups or 
if they are divorced or widowed [28].

Limitations
Although the data were prospectively entered into the 
WeanNet registry, this study is a retrospective data analy-
sis of a single centre and should be interpreted accord-
ingly. There is a lack of information regarding the timing 
and content of the comorbidities mentioned. It is there-
fore not possible to determine the specific subtype, 
the point of onset or the duration of delirium or give a 

definition of what was considered immunosuppression. 
The same applies to nosocomial pneumonia. It should be 
emphasised that the diagnosis of VAP in the ICU is often 
clinically challenging, and again there is no chronological 
reference as to whether the pneumonia occurred imme-
diately after acute therapy and was ultimately the cause of 
the patient’s prolonged weaning, or whether the problem 
first occurred in the weaning centre.

Conclusion
Several sex-specific differences were observed in the 
process of prolonged weaning. While baseline charac-
teristics and overall weaning outcomes showed minimal 
variation between genders, the factors linked to weaning 
failure in women differed significantly from those in men. 
A key factor contributing to these differences is likely 
the interaction of biological and immunological mecha-
nisms that may influence outcomes. Additionally, the 
role of systemic and implicit biases, along with cognitive 
errors related to both sex and gender bias from patients 
and healthcare professionals, is less understood but 
may also contribute. These results raise the question of 
whether patient sex should be factored into therapeutic 
decision-making during the weaning process. However, 
given the retrospective nature of this study, these findings 
should be interpreted cautiously, and further prospective 
research is needed to confirm and refine these insights.

Abbreviations
ABG	� Arterial blood gas
AECOPD	� Acute exacerbated chronic obstructive pulmonary disease
ARDS	� Acute respiratory distress syndrome
ARI	� Acute respiratory insufficiency
AUC​	� Area under the curve
B	� Unstandardised estimate
BMI	� Body mass index
CAD	� Coronary artery disease
CI	� Confidence interval
CIM	� Critical illness associated myopathy
CIP	� Critical illness associated polyneuropathy
COPD	� Chronic obstructive pulmonary disease
FiO2	� Inspiratory fraction of oxygen
HCO3

−	� Bicarbonate
ICC	� International Consensus Conference
ICU	� Intensive care unit
ILD	� Interstitial lung disease
IMV	� Invasive mechanical ventilation
N	� Number
NIV	� Non-invasive ventilation
NMD	� Neuromuscular disease
O2	� Oxygen
OHS	� Obesity hypoventilation syndrome
HR	� Hazard ratio
P	� Probability
PEEP	� Positive end expiratory pressure
pH	� Potential of hydrogen
ROC	� Receiver operating characteristic
SaO2	� Arterial saturation of oxygen
SBT	� Spontaneous breathing trial
SE	� Standard error
VWU	� Ventilator weaning unit



Page 9 of 10Röser et al. Respiratory Research          (2024) 25:363 	

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12931-​024-​03002-x.

Supplementary file 1.

Supplementary file 2.

Acknowledgements
Florian Bornitz, Gabriele Iberl, Nicole Kraus, Lars Reinhardt

Author contributions
Evelyn Röser, Julia D. Michels-Zetsche and Franziska C. Trudzinski were 
involved in study design, statistical analysis, interpretation of data, drafting 
and finalisation of the manuscript, approved the final version submitted and 
agreed to be accountable for all aspects of the work. Hilal Ersöz, Benjamin 
Neetz, Philipp Höger, Frederik Trinkmann, Michael M. Müller, Laura Klotz, Kon‑
stantina Kontogianni, Hauke Winter, Jana-Christina Dahlhoff, H. Winter, Sabine 
Krysa, Felix J.F. Herth, participated in the interpretation of the data, drafting 
and finalization of the manuscript, approved the final version submitted, and 
agreed to be responsible for all aspects of the work.

Funding
Open Access funding enabled and organized by Projekt DEAL. This research 
received no specific grant from any funding agency in the public, commercial, 
or not-for-profit sectors.

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
For the retrospective data analysis, a vote of the Ethics Committee of the 
University of Heidelberg (No. S-666/2023) was obtained on 28.12.2023. The 
necessity for informed consent was waived by the Ethics Committee due to 
the retrospective nature of the study.

Consent for publication
Not required.

Competing interests
Julia D. Michels-Zetsche, Benjamin Neetz, Michael M. Müller, Felix J.F. Herth 
and Franziska C. Trudzinski and Jana-Christina Dahlhoff report a relationship 
with Federal Joint Committee of Doctors Hospitals and Health Insurers that 
includes: funding grants for the PRiVENT project. Outside the submitted work: 
Franziska C. Trudzinski reports payment or honoraria for lectures, or reimburse‑
ment of travel expenses from Novartis AG, GlaxoSmithKline, Chiesi, Boehringer 
Ingelheim GmbH, Grifols, Streamed up, RG Gesellschaft für Information und 
Organisation mbH and AstraZeneca. Julia D. Michels-Zetsche reports payment 
or honoraria for lectures from AstraZeneca and reimbursement of travel 
expenses from CSL Behring. Frederik Trinkmann reports personal fees from 
Actelion, Berlin Chemie, Boehringer Ingelheim, Chiesi, Novartis, Mundipharma, 
TEVA, Bristol-Myers Squibb, GlaxoSmithKline, Roche, AstraZeneca, Sanofi-
Aventis. Konstantina Kontogianni reports consulting fees from Cook Medical 
and honoraria from AstraZeneca, Berlin Chemie, Boston Scientific, Olympus 
medical. The other authors report no further competing interest concerning 
this manuscript. Hilal Ersöz reports support for attending meetings and/or 
travel from CSL Behring.

Author details
1 Department of Thoracic Surgery, Thoraxklinik, University Hospital Heidelberg, 
Roentgenstrasse 1, 69126 Heidelberg, Germany. 2 Translational Lung Research 
Centre Heidelberg (TLRC-H), German Centre for Lung Research (DZL), Heidel‑
berg, Germany. 3 Department of Pneumology and Critical Care, Translational 
Lung Research Centre Heidelberg (TLRC‑H), Member of the German Centre 
for Lung Research (DZL), Thoraxklinik, University Hospital Heidelberg, Rönt‑
genstrasse 1, 69126 Heidelberg, Germany. 

Received: 28 June 2024   Accepted: 2 October 2024

References
	1.	 Merdji H, Long MT, Ostermann M, et al. Sex and gender differences in 

intensive care medicine. Intensive Care Med. 2023;49(10):1155–67.
	2.	 Esteban A, Frutos-Vivar F, Muriel A, et al. Evolution of mortality over time 

in patients receiving mechanical ventilation. Am J Respir Crit Care Med. 
2013;188(2):220–30.

	3.	 Bellani G, Laffey JG, Pham T, et al. Epidemiology, patterns of care, and 
mortality for patients with acute respiratory distress syndrome in inten‑
sive care units in 50 countries. JAMA. 2016;315(8):788–800.

	4.	 Pham T, Heunks L, Bellani G, et al. Weaning from mechanical ventilation 
in intensive care units across 50 countries (WEAN SAFE): a multi‑
centre, prospective, observational cohort study. Lancet Respir Med. 
2023;11(5):465–76.

	5.	 Ma JG, Zhu B, Jiang L, Jiang Q, Xi XM. Gender- and age-based differences 
in outcomes of mechanically ventilated ICU patients: a Chinese multicen‑
tre retrospective study. BMC Anesthesiol. 2022;22(1):18.

	6.	 Epstein SK, Vuong V. Lack of influence of gender on outcomes of 
mechanically ventilated medical ICU patients. Chest. 1999;116(3):732–9.

	7.	 Kollef MH, O’Brien JD, Silver P. The impact of gender on outcome from 
mechanical ventilation. Chest. 1997;111(2):434–41.

	8.	 Huang C. Gender differences in prolonged mechanical ventila‑
tion patients - a retrospective observational study. Int J Gen Med. 
2022;15:5615–26.

	9.	 Thille AW, Boissier F, Coudroy R, et al. Sex difference in the risk of extuba‑
tion failure in ICUs. Ann Intensive Care. 2023;13(1):130.

	10.	 Francois B, Bellissant E, Gissot V, et al. 12-h pretreatment with methyl‑
prednisolone versus placebo for prevention of postextubation laryngeal 
oedema: a randomised double-blind trial. Lancet. 2007;369(9567):1083–9.

	11.	 Donnelly WH. Histopathology of endotracheal intubation An autopsy 
study of 99 cases. Arch Pathol. 1969;88(5):511–20.

	12.	 Trudzinski FC, Kellerer C, Jorres RA, et al. Gender-specific differences in 
COPD symptoms and their impact for the diagnosis of cardiac comorbidi‑
ties. Clin Res Cardiol. 2023;112(2):177–86.

	13.	 Trudzinski FC, Jorres RA, Alter P, et al. Sex-specific associations of 
comorbidome and pulmorbidome with mortality in chronic obstructive 
pulmonary disease: results from COSYCONET. Sci Rep. 2022;12(1):8790.

	14.	 Romiti GF, Recchia F, Zito A, Visioli G, Basili S, Raparelli V. Sex and gender-
related issues in heart failure. Cardiol Clin. 2022;40(2):259–68.

	15.	 Mehta PK, Bess C, Elias-Smale S, et al. Gender in cardiovascular medicine: 
chest pain and coronary artery disease. Eur Heart J. 2019;40(47):3819–26.

	16.	 Schonhofer B. WeanNet: the network of respiratory weaning centers. 
Pneumologie. 2019;73(2):74–80.

	17.	 Boles JM, Bion J, Connors A, et al. Weaning from mechanical ventilation. 
Eur Respir J. 2007;29(5):1033–56.

	18.	 Schonhofer B, Geiseler J, Dellweg D, et al. Prolonged weaning: S2k 
guideline published by the German respiratory society. Respiration. 2020. 
https://​doi.​org/​10.​1159/​00051​0085.

	19.	 Beduneau G, Pham T, Schortgen F, et al. Epidemiology of weaning 
outcome according to a new definition the WIND study. Am J Respir Crit 
Care Med. 2017;195(6):772–83.

	20.	 Schonhofer B, Geiseler J, Dellweg D, et al. Prolonged weaning - S2k-
guideline published by the german respiratory society. Pneumologie. 
2019;73(12):723–814.

	21.	 Jubran A, Grant BJ, Duffner LA, et al. Effect of pressure support vs unas‑
sisted breathing through a tracheostomy collar on weaning duration in 
patients requiring prolonged mechanical ventilation: a randomized trial. 
JAMA. 2013;309(7):671–7.

	22.	 Jeon K, Jeong BH, Ko MG, et al. Impact of delirium on wean‑
ing from mechanical ventilation in medical patients. Respirology. 
2016;21(2):313–20.

	23.	 Trzepacz PT, Franco JG, Meagher DJ, et al. Delirium phenotype by age 
and sex in a pooled data set of adult patients. J Neuropsychiatry Clin 
Neurosci. 2018;30(4):294–301.

	24.	 Diouf F, Hoang B, Bammatter L, Eshmawey M, Unschuld PG. Hypoactive 
delirium. Rev Med Suisse. 2023;19(833):1282–5.

https://doi.org/10.1186/s12931-024-03002-x
https://doi.org/10.1186/s12931-024-03002-x
https://doi.org/10.1159/000510085


Page 10 of 10Röser et al. Respiratory Research          (2024) 25:363 

	25.	 Zaragoza R, Vidal-Cortes P, Aguilar G, et al. Update of the treatment of 
nosocomial pneumonia in the ICU. Crit Care. 2020;24(1):383.

	26.	 Bhatt SP, Bodduluri S, Nakhmani A, et al. Sex differences in air‑
ways at chest CT: results from the COPDGene cohort. Radiology. 
2022;305(3):699–708.

	27.	 Modra LJ, Higgins AM, Abeygunawardana VS, Vithanage RN, Bailey MJ, 
Bellomo R. Sex differences in treatment of adult intensive care patients: a 
systematic review and meta-analysis. Crit Care Med. 2022;50(6):913–23.

	28.	 McPherson K, Carlos WG 3rd, Emmett TW, Slaven JE, Torke AM. Limitation 
of life-sustaining care in the critically Ill: a systematic review of the litera‑
ture. J Hosp Med. 2019;14(5):303–10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Differences between women and men in prolonged weaning
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design and participants
	Weaning process
	Weaning outcomes
	Statistical analysis

	Results
	Patient characteristics
	Differences between men and women
	Weaning outcomes for men and women.
	Predictors of weaning failure in men and women
	Independent predictors of weaning failure in men and women

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


