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Abstract: Objectives: To identify the clinical and physiological factors associated with successful weaning from me-
chanical ventilation (MV) in patients with acute respiratory failure (ARF) treated in the Emergency department, and
to evaluate their short-term prognosis. Methods: This retrospective study analyzed data from 248 ARF patients who
underwent MV in the Emergency department from July 2021 to June 2024. Patients were categorized into wean-
ing success and failure groups based on their ability to maintain spontaneous breathing for over 48 hours post-
extubation. Collected variables included demographic characteristics, body mass index, MV duration, Acute Physiol-
ogy and Chronic Health Evaluation Il (APACHE II) scores, blood gas parameters, and diaphragm function metrics.
Multivariate logistic regression was used to identify independent predictors of weaning success. Results: Among
the 248 patients, 165 (66.5%) were successfully weaned. Independent predictors of successful weaning included
shorter MV duration, lower APACHE Il scores, higher tidal volumes, and lower respiratory rates during spontaneous
breathing trials. Diaphragmatic excursion was negatively associated with weaning failure, as was arterial oxygen
partial pressure (Pa0,). Patients in the failure group had longer hospital stays and higher rates of complications,
invasive interventions, and readmissions (all P<0.05). Conclusion: Weaning success in ARF patients managed in the
Emergency department is influenced by a combination of clinical severity, ventilatory parameters, and diaphragm
function. Recognition of these factors may aid in optimizing weaning strategies and improving patient prognosis.

Keywords: Weaning, mechanical ventilation, acute respiratory failure, Emergency department, predictors, dia-
phragm function

Introduction

Acute respiratory failure (ARF) is a critical con-
dition in which the respiratory system fails
to maintain adequate gas exchange, leading
to hypoxemia, hypercapnia, or both. ARF may
result from various causes, including chronic
obstructive pulmonary disease, pneumonia,
pulmonary edema, and acute respiratory dis-
tress syndrome, each posing unique clinical
management challenges [1]. In critically ill
patients, mechanical ventilation (MV) serves as
a vital life-support intervention, maintaining
oxygenation and ventilation while the underly-
ing pathology is addressed. However, prolonged
MV is associated with serious complications,
including ventilator-associated pneumonia, dia-
phragmatic dysfunction, and increased mortal-

ity [2]. Consequently, timely and successful
weaning from MV is essential to improve patient
outcomes.

The decision to initiate weaning from MV is
complex and requires careful evaluation of mul-
tiple clinical factors. Weaning involves the grad-
ual reduction of ventilatory support to deter-
mine whether a patient can sustain spontane-
ous breathing. In Emergency department (ED)
settings-where rapid assessment and deci-
sion-making are critical, identifying predictors
of weaning success is particularly important.
Several physiological indicators, underlying eti-
ologies of ARF, and patient specific variables
such as age and comorbidities have been pro-
posed as potential predictors [6-9]. However,
due to the heterogeneity of clinical presenta-
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tions, predictive accuracy remains limited, high-
lighting the need for further investigation.

Weaning failure is typically defined as the inabil-
ity to maintain adequate spontaneous ventila-
tion following extubation within a defined ob-
servational period. It is associated with longer
hospital stays and worse prognoses, includ-
ing increased morbidity and mortality. Studies
have suggested that underlying conditions su-
ch as sepsis and heart failure, as well as indica-
tors like the rapid shallow breathing index, may
influence weaning outcomes [10-12]. Moreover,
both the timing and method of weaning, wheth-
er gradual withdrawal or immediate extubation
can impact success rates [3, 13-15]. These fac-
tors underscore the necessity of individualized
weaning strategies tailored to each patient’s
clinical status and care context.

In ED settings, the diversity of ARF etiologies
and severity, coupled with time-sensitive deci-
sion-making, complicates the weaning process.
Emergency physicians must balance optimal
clinical outcomes with logistical constraints,
making reliable predictors of weaning success
especially valuable. Despite a growing body of
literature on weaning in intensive care units
(ICUs), few studies focus specifically on ED pa-
tients. Exploring weaning predictors in the ED is
essential to inform clinical decision-making,
reduce complications, and improve long-term
outcomes, including respiratory failure recur-
rence and post-extubation survival. This study
aimed to systematically investigate the factors
associated with successful weaning from MV
among ARF patients in the ED and to evaluate
their subsequent prognoses.

Materials and methods
Case selection

This retrospective cohort study included 248
patients with ARF who received mechanical
ventilation in the ED of Wuhan Hankou Hospital
from July 2021 to June 2024. Patients were
stratified into the success group and the failure
group, based on their ability to maintain spon-
taneous breathing for more than 48 hours
following extubation without signs of respira-
tory distress, including dyspnea, tachycardia,
diaphoresis, or agitation [5]. A total of 165 pa-
tients met the criteria for successful weaning.
Patients who died within 48 hours of extuba-
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tion or required reintubation within that period
were categorized as weaning failures (n=83)
[16].

This study was approved by the Institutional
Review Board and Ethics Committee of Wuhan
Hankou Hospital. The requirement for informed
consent was waived due to the retrospective
nature of the study and use of anonymized pa-
tient data, in accordance with institutional and
ethical guidelines.

Inclusion criteria: (1) Age >18 years; (2) Recei-
ved tracheal intubation and mechanical ventila-
tion; (3) Diagnosed with ARF [3]; (4) Underwent
planned weaning and extubation after meeting
clinical criteria; (5) Complete and accessible
medical records.

Exclusion criteria: (1) Pre-existing, irreversible
airway dysfunction (e.g., tumors, congenital
malformations, burns, or post-surgical airway
damage) [17]; (2) Long-term MV (>21 days); (3)
Incomplete clinical data; (4) Failure to enter
a formal weaning program (e.g., extubation
due to death or other non-clinical factors); (5)
Pregnancy or lactation; (6) Acute neurological
disorders.

Data collection

Clinical data were retrieved from the hospital’s
electronic medical records. Recorded variables
included sex, age, ethnicity, body mass index
(BMI), median MV duration [18], nutrition sco-
res, and Acute Physiology and Chronic Health
Evaluation Il (APACHE II) scores [19]. Additional
information such as smoking and alcohol his-
tory, comorbidities, level of consciousness, use
of vasoactive drugs, and hospital readmissions
within the previous six months was also coll-
ected.

Outcome measurements

Prior to weaning, arterial blood samples (5 mL)
were obtained and analyzed using a Roche
Cobas b 123 blood gas analyzer (Roche Group,
Switzerland). Parameters measured included
pH, partial pressures of oxygen (Pa0,) and car-
bon dioxide (PaCOz), potassium, sodium, lac-
tate, and PaO,/FiO, ratio.

Ventilator settings, including tidal volume (TV),
pressure support (PS), and positive end-expira-
tory pressure (PEEP), were recorded before we-
aning and compared between groups.
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Table 1. Comparison of basic data between the two groups

Success group (n=165) Failure group (n=83) t/x? P

Age (years) 65.63+8.54 67.06+7.57 1.291 0.198
Female/Male 63 (38.18%)/102 (61.82%) 32 (38.55%)/51 (61.45%) 0.003 0.955
Ethnicity (Han/Other) 158 (95.76%)/7 (4.24%) 76 (91.57%)/7 (8.43%) 1.119 0.290
Body Mass Index (kg/m?) 22.35+2.55 23.25+2.84 2.533 0.012
Smoking history (Yes/No) 96 (58.18%)/69 (41.82%) 40 (48.19%)/43 (51.81%) 2.225 0.136
Drinking history (Yes/No) 85 (51.52%)/80 (48.48%) 37 (44.58%)/46 (55.42%) 1.063 0.302
Hypertension (Yes/No) 105 (63.64%)/60 (36.36%) 45 (54.22%)/38 (45.78%) 2.050 0.152
Diabetes (Yes/No) 100 (60.61%)/65 (39.39%) 42 (50.6%)/41 (49.4%) 2.258 0.133
Educational level (high school or below/college or above) 46 (27.88%)/119 (72.12%) 16 (19.28%)/67 (80.72%) 2.179 0.140
Marital Status (Married /Unmarried) 147 (89.09%)/18 (10.91%) 69 (83.13%)/14 (16.87%) 1.744 0.187
Median duration of MV (days) 4.36+0.35 6.20+1.20 13.572 <0.001
APACHE Il 21.03+2.25 22.06+2.60 3.245 0.001
Consciousness 16.711  0.002

Lethargy 2 (1.21%) 6 (7.23%)

Somnolence 1 (0.61%) 0 (0%)

Coma 10 (6.06%) 9 (10.84%)

Confusion 22 (13.33%) 21 (25.3%)

Alertness 130 (78.79%) 47 (56.63%)
Vasoactive drugs None 0.011

None 146 (88.48%) 61 (73.49%)

Norepinephrine 14 (8.48%) 13 (15.66%)

Dopamine 1 (0.61%) 2 (2.41%)

Dobutamine 0 (0%) 1(1.2%)

Epinephrine 3(1.82%) 6 (7.23%)

Epinephrine and dopamine 1 (0.61%) 0 (0%)

APACHE II: Acute Physiology and Chronic Health Evaluation Il; MV: mechanical ventilation.

Spontaneous breathing trials (SBTs) were con-
ducted to assess weaning readiness [20]. Dur-
ing SBTs, continuous monitoring of core tem-
perature, heart rate (HR), blood pressure (BP),
and respiratory rate (RR) was performed.

Ultrasound evaluation of the right hemidia-
phragm was performed with the patient in a
semi-recumbent position (20°-40°), using 2D
and M-mode imaging to measure diaphragmat-
ic excursion and contraction velocity during
tidal breathing, both before and after extuba-
tion [4].

Statistical analysis

All statistical analyses were conducted using
SPSS version 29.0. Continuous variables are
reported as mean  standard deviation (SD)
and compared using the independent samples
t-test. Categorical variables are expressed as
proportions and analyzed using the chi-square
test. Pearson correlation was used for continu-
ous variables, while Spearman correlation was
applied to ordinal data. Univariate and multi-
variate logistic regression analyses were con-
ducted to identify independent predictors of
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weaning success. A two-sided p-value <0.05
was considered statistically significant.

Results
Comparison of basic characteristics

There were no significant differences between
the weaning success and failure groups in ter-
ms of age, gender distribution, ethnicity, smok-
ing history, alcohol use, or marital status (all
P>0.05; Table 1). However, the failure group
had a significantly higher BMI, longer median
MV duration, and higher APACHE Il scores (all
P<0.05), indicating greater illness severity. A
greater proportion of patients in the success
group were alert at the time of assessment
(P=0.002), and the use of vasoactive drugs was
more frequent in the failure group (P=0.011).

Comparison of arterial blood gas parameters

Analysis of arterial blood gases showed that
Pa0, levels were significantly higher in the
success group compared to the failure group
(P=0.022; Table 2), suggesting that better oxy-
genation is associated with successful weaning
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Table 2. Comparison of blood gas analysis between the two groups

Success group (n=165) Failure group (n=83) T P

PH 7.44+0.05 7.45+0.04 1.204 0.230

Pa0, 126.81+35.06 116.37+30.44 2.309 0.022

PaCO, 37.2315.96 38.3616.84 1.350 0.178

Serum potassium 3.75+£0.35 3.731£0.29 0.358 0.720

Serum sodium 137.49+4.79 137.751£5.00 0.390 0.697

Lac 1.41+0.41 1.40+0.35 0.078 0.938

Pa0,/FiO, 312.54+95.03 294.41+85.82 1.463 0.145

PH: Potential of Hydrogen; PaO.: Partial Pressure of Arterial Oxygen; PaCO,: Partial Pressure of Arterial Carbon Dioxide; Lac:

Lactate.
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Figure 1. Comparison of respiratory mechanics parameters between the two groups. A. TV; B. PS; C. PEEP. TV: tidal
volume; PS: pressure support; PEEP: positive end-expiratory pressure; ns: no statistically significant difference; **:

P<0.01.

from MV. No statistically significant differen-
ces were found between groups in PaCO,, se-
rum potassium, serum sodium, lactate levels,
or Pa0,/FiO, ratio (all P>0.05), highlighting the
primary importance of oxygenation status in
predicting weaning success.

Comparison of respiratory mechanics param-
eters

Regarding respiratory mechanics prior to wean-
ing, TV was significantly higher in the failure
group (P=0.003; Figure 1). However, PS and
PEEP did not differ significantly between the
groups (both P>0.05).

Comparison of SBT results

During the SBT, respiratory rate was the only
parameter showing a statistically significant
difference between groups, with higher values
in the failure group (P=0.027; Figure 2), sug-
gesting its role as a predictor of weaning fail-
ure. Other measured parameters, including
temperature, heart rate, systolic blood pres-
sure, and diastolic blood pressure, did not show
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significant differences between the groups (all
P>0.05). These findings suggest that an incre-
ased respiratory rate during the SBT could be
indicative of weaning failure.

Comparison of diaphragm function during
weaning

Ultrasound assessment during SBT revealed
that the success group exhibited significantly
greater diaphragm excursion than the failure
group (P=0.037; Figure 3). This difference re-
mained significant after extubation (P=0.004).
However, diaphragmatic contraction velocity
did not differ significantly between groups ei-
ther during SBT (P=0.161) or post-extubation
(P=0.871).

Correlation analysis

Correlation analysis identified several variables
significantly associated with weaning outcomes
(Table 3). A positive correlation was observed
between longer MV duration and higher wean-
ing failure rates. APACHE Il score and TV were
also positively correlated with failure. In con-
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Figure 3. Comparison of diaphragm function between the two groups during
weaning. A. Diaphragm excursion SBT; B. Diaphragm excursion After extu-
bation; C. Contraction velocity SBT; D. Contraction velocity After extubation.
SBT: spontaneous breathing tests. ns: no statistically significant difference;
*: P<0.05; **: P<0.01.

ation improves weaning su-
ccess.

Notably, BMI, APACHE Il score,
RR, and diaphragm excursion,
although significant in univari-
ate analysis were not indepen-

trast, diaphragm excursion (during both SBT dently associated with weaning outcomes in
and after extubation) was negatively correlated the multivariate model.
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Table 3. Correlation analysis between clinical factors and weaning

severity in determining wean-
ing readiness. Higher scores

success
ho P reflect greater physiological

Body Mass Index (kg/m?) 0.138 0.030 stress and systemic instabili-
) ) ty, which complicate the wean-
Median duration of MV (days) 0.722 P<0.001 ing process. These patients
APACHE Il 0.194 0.002 may experience a range of
Pa0, -0.136 0.032 complications, including car-
TV 0.194 0.002 diovascular dysfunction and
respiratory rate 0.144 0.023 impaired oxygen delivery th-
Diaphragm excursion (SBT) -0.132 0.038 at inclzrease- the ”ke.”hO.Od. of
Diaphragm excursion (After extubation) 0.175 0.006 weaning failure. This finding

APACHE II: Acute Physiology and Chronic Health Evaluation II; PaO,: Partial Pres-
sure of Arterial Oxygen; TV: tidal volume; SBT: spontaneous breathing.

Comparison of in-hospital outcomes

The failure group experienced significantly mo-
re sputum aspiration events than the success
group (P=0.001; Table 5). Post-weaning hospi-
tal stay was also significantly longer in the fail-
ure group (P=0.006). Additionally, complica-
tions including deep vein thrombosis, urinary
tract infections, and pressure ulcers were mo-
re frequent in the failure group (P<0.001), al-
though individual complication-specific statis-
tics were not provided. The failure group also
had a higher rate of rehospitalization (P=0.025).

Discussion

This study offers valuable insights into the mul-
tifactorial determinants of weaning success
from MV in patients with ARF within the ED set-
ting. A key finding was the association between
prolonged MV duration and weaning failure.
This strong correlation underscores the clinical
challenge of balancing necessary ventilatory
support against the risk of ventilator-induced
diaphragmatic dysfunction (VIDD). Prolonged
MV can lead to respiratory muscle atrophy
and reduced contractility, particularly affecting
the diaphragm, which is essential for spontane-
ous respiration post-extubation [21, 22]. These
findings are consistent with the work of Zhang
et al. [23], who reported that sustained me-
chanical support contributes to VIDD through
muscle disuse and oxidative stress [24, 25].
Strategies such as minimizing MV duration, in-
corporating early mobilization, and implement-
ing respiratory muscle training protocols may
enhance weaning outcomes.

The predictive value of the APACHE Il score fur-
ther emphasizes the role of overall disease
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aligns with prior research sug-
gesting that critically ill pa-
tients benefit from compre-
hensive, multidisciplinary care
strategies integrating hemodynamic stabiliza-
tion, nutritional optimization, and individualized
weaning protocols [26-28].

Respiratory mechanics also emerged as signifi-
cant predictors of weaning success. Specifically,
TV and RR during the SBT, were associated with
outcomes. A higher TV in the failure group may
reflect compensatory effort in the setting of
poor lung compliance or airway resistance,
which imposes a greater respiratory load [29-
31]. Similarly, an elevated RR may signify rapid,
shallow breathing, a hallmark of respiratory
muscle fatigue and impending weaning failure,
consistent with findings by Pande et al. [5].

Arterial blood gas analysis revealed that higher
Pa0, was significantly associated with weaning
success, reinforcing the importance of ade-
quate oxygenation during and after ventilatory
support. Optimal ventilator settings, combined
with adjunctive therapies such as bronchodila-
tors and corticosteroids, may promote improved
oxygen exchange and facilitate the transition to
spontaneous breathing. These results are in
line with findings by Farghaly et al. [33], who
noted that higher PaO, values were predictive
of successful extubation.

Ultrasound-based evaluation of diaphragmatic
function revealed that diaphragm excursion,
both during SBT and post-extubation, was a sig-
nificant predictor of weaning success. Patients
with greater excursion demonstrated stronger
diaphragmatic performance, underscoring the
value of dynamic diaphragmatic assessment in
weaning decisions. These findings support the
use of inspiratory muscle training and early
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Table 4. Multivariate logistic regression analysis of independent predictors of weaning success

Coefficient Std Error Wald Stat P OR I?oFf/vg:' L?;?p?r
Body Mass Index (kg/m?) 0.146 0.116 1.264 0.206 1.158 0.923 1.453
Median duration of MV (days) 3.689 0.639 5.773 <0.001 40.005 11.434 139.970
APACHE I 0.126 0.111 1136 0.256 1.134 0.913 1.408
Pao, -0.019 0.009 2182 0.029 0.981 0.965 0.998
TV 0.024 0.008 3.099 0.002 1.024 1.009 1.039
respiratory rate 0.088 0.098 0.900 0.368 1.092 0.902 1.323
Diaphragm excursion (SBT) -0.347 0.349 -0.995 0.320 0.707 0.357 1.400

Diaphragm excursion (After extubation)_  -0.421 0.364 -1.155 0.248 0.656 0.321 1.341

APACHE II: Acute Physiology and Chronic Health Evaluation II; PaO,: Partial Pressure of Arterial Oxygen; TV: tidal volume; SBT:
spontaneous breathing.

Table 5. Comparison of in-hospital outcomes between the two groups

Success group (n=165) Failure group (n=83) t/x? P
Frequencies of sputum aspirations 23.21+4.77 25.07+3.84 3.304 0.001
Length of stay postweaning, 6.90+£1.07 7.52+1.88 2.808 0.006
Complications 5 (3.03%) 15 (18.07%) 16.852 <0.001
Deep venous thrombosis 1 (0.61%) 2 (2.41%)
Urinary tract infection 0 (0%) 3(3.61%)
Pressure ulcers 1 (0.61%) 3(3.61%)
Others 3 (1.82%) 7 (8.43%)
Rehospitalization rates 6 (3.64%) 9 (10.84%) 5.048 0.025

mobilization to enhance respiratory muscle
function during the weaning process.

BMI also showed a significant, albeit indirect,
association with weaning outcomes. Patients
with higher BMI were more prone to weaning
failure, potentially due to comorbidities such as
obstructive sleep apnea, obesity hypoventila-
tion syndrome, or reduced diaphragmatic mo-
bility caused by central obesity. These findings
support the integration of nutritional manage-
ment and weight reduction strategies in venti-
lated obese patients [34, 35].

An elevated respiratory rate during SBT was
additionally linked to weaning failure, likely re-
flecting increased respiratory workload and in-
adequate ventilatory reserve. Timely identifica-
tion of this pattern is essential for preventing
full weaning failure. Implementation of struc-
tured SBT protocols and early intervention may
reduce respiratory fatigue, lower complication
rates, and shorten hospital stays.

The clinical implications of this study are con-
siderable. First, the identification of key predic-
tors: MV duration, APACHE Il score, PaO, levels,
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and diaphragm excursion, may assist clinicians
in determining optimal weaning timing. Second,
the application of bedside tools such as ultra-
sound offers a noninvasive means of evaluat-
ing respiratory muscle function in real time.
Finally, a multidisciplinary, individualized app-
roach that includes emergency physicians, in-
tensivists, and respiratory therapists is vital for
improving weaning outcomes in ED patients.

Nevertheless, this study has several limita-
tions. As a retrospective, single-center analy-
sis, the findings may be affected by selection
bias and may not be fully generalizable to other
institutions with differing clinical practices or
patient populations. In addition, variations in
weaning protocols and operator expertise were
not controlled for, which may have influenced
outcomes. Future prospective, multicenter stu-
dies employing standardized weaning protocols
are warranted to validate and expand upon
these findings.

Conclusion

This study identified critical clinical and physio-
logical factors associated with weaning suc-
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cess in ARF patients managed in the Emergency
department. Key predictors-including MV dura-
tion, APACHE Il score, oxygenation status, and
diaphragmatic function, underscore the impor-
tance of a comprehensive, individualized app-
roach to the weaning process. Future research
should focus on refining predictive models,
incorporating novel biomarkers, and develop-
ing personalized strategies to optimize weaning
outcomes. Ultimately, the implementation of
robust, evidence-based protocols may reduce
complication rates, lower healthcare burdens,
and improve the quality of life for patients fol-
lowing ventilator weaning.
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