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ABSTRACT

Objectives We aimed to establish a diagnostic system
using retrospective data to predict difficult wean from
mechanical ventilation.

Design A multicentre retrospective study

Setting Five tertiary hospitals from China.

Participants Critically ill patients received mechanical
ventilation between January 2018 and December 2022.
Primary and secondary outcome measures The
primary endpoint was success weaning from mechanical
ventilation (>48 hours), reintubation or death, whichever
occurred first.

Results Among 1365 initially screened patients, 703
patients (median age: 69 years; 63.02% male) were
included. From 42 factors, 22 (p<0.10) were identified
for multivariate analysis. Subsequently, the lung injury
score, brain natriuretic peptide level at 24 hours, 24 hour
fluid balance, use of dexmedetomidine, spontaneous
breathing trial (continuous positive airway pressure vs
other) and endotracheal tube reinsertion were included
in the predictive model. The area under the curve value
was 0.8888 (95% Cl: 0.8382, 0.9394). The sensitivity,
specificity, positive predictive value, negative predictive
value, accuracy, likelihood ratio (LR)+ and LR— were
0.7559, 0.875, 0.9746, 0.3608, 0.7721, 6.0743 and 0.279,
respectively. We established a nomogram model based on
the optimal model.

Conclusions A model with six factors was established
to predict difficult wean from mechanical ventilation in
critically ill patients. However, the model should be verified
in future well-designed studies before being extended to
other populations.

Trial registration ChiCTR1900021432. Registered on
February 21, 2019; Post-results.

INTRODUCTION

Mechanical ventilation, aided by a ventilator,
helps maintain airway patency, improves venti-
lation and oxygenation, prevents hypoxia and
carbon dioxide (CO,) buildup and helps the
body overcome respiratory failure caused by
underlying diseases." However, timely libera-
tion from the ventilator is the ultimate goal

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The retrospective design may introduce biases and
limits the ability to establish causality between iden-
tified factors and extubation outcomes.

= The study was conducted in a single country, which
may limit the generalisability of the findings to dif-
ferent populations and healthcare systems.

= Validation in prospective studies is necessary to
confirm the predictive model’s accuracy and clinical
utility.

= Some relevant clinical variables may not have been
included due to data availability constraints.

= Potential inconsistencies in data collection across
multiple centres could have affected variable

accuracy.

and a key challenge in clinical practice during
mechanical ventilation.

Traditionally, a lack of systematic under-
standing of weaning from mechanical ventila-
tion has led to reliance on subjective clinical
judgement or experience, often resulting
in delayed extubation, potential complica-
tions, high hospitalisation costs and poten-
tial threats to post-discharge quality of life
of patients.” > Recently proposed objective
criteria-based wean from mechanical venti-
lation plans aim to reduce mechanical
ventilation duration, lower complications
such as ventilator-associated pneumonia
and decrease hospitalisation costs to some
extent.* However, these plans lack standard-
isation, especially for early diagnosis in chal-
lenging cases, which may lead to extubation
failure or unnecessarily prolonged mechan-
ical ventilation, thereby affecting patient
outcomes.” ° Further research on patients
receiving mechanical ventilation is essential
to establish a standardised wean from the
mechanical ventilation system.

The mechanical ventilation process gener-
ally involves six stages: treating respiratory
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Table 1 Baseline characteristics of patients
Outcome of extubation

Variable Total (n=703) Success (n=584) Difficult (n=119) P value
Age (years) 69.00 (56.00, 79.00) 67.00 (55.00, 77.25) 74.00 (63.50, 81.50) < 0.001
Sex (n, %) 0.403

Male 443 (63.02) 364 (62.33) 79 (66.39)

Female 260 (36.98) 220 (37.67) 40 (33.61)
Clinical diagnosis 0.017

Respiratory diseases (n, %) 194 (27.60) 152 (26.03) 42 (35.29)

Digestive diseases (n, %) 164 (23.33) 141 (24.14) 23 (19.33)

CVD (n, %) 28 (3.98) 24 (4.11) 4 (3.36)

Live diseases (n, %) 29 (4.13) 27 (4.62) 2 (1.68)

Metabolic diseases (n, %) 11 (1.56) 11 (1.88) 0 (0.00)

Neuro diseases (n, %) 122 (17.35) 95 (16.27) 27 (22.69)

Kidney disease (n, %) 17 (2.42) 13 (2.23) 4 (3.36)

Trauma (n, %) 37 (5.26) 31 (5.31) 6 (5.04)

Surgery (n, %) 32 (4.55) 32 (5.48) 0 (0.00)

Other (n, %) 69 (9.82) 58 (9.93) 11 (9.24)
History of smoking (n, %) 0.057

Yes 249 (36.19) 200 (34.66) 49 (44.14)

No 439 (63.81) 377 (65.34) 62 (55.86)
Alcohol drinking (n, %) 0.330

Yes 136 (19.91) 111 (19.27) 25 (23.36)

No 547 (80.09) 465 (80.73) 82 (76.64)
Charlson comorbidity index 3.00 (1.00, 4.00) 3.00 (1.00, 4.00) 3.00 (2.00, 5.00) 0.011
SOFA score 8.00 (5.00, 10.00) 7.00 (5.00, 10.00) 8.00 (5.00, 12.00) 0.043
GCS score 8.00 (6.00, 13.00) 8.00 (7.00, 13.00) 7.00 (3.25, 10.00) < 0.001
SAPSII score 38.00 (30.00, 48.00) 37.00 (29.00, 46.00) 41.00 (34.00, 54.50) < 0.001
APACHE Il score 23.00 (20.00, 26.00) 22.00 (19.00, 26.00) 26.00 (22.00, 29.00) < 0.001

APACHE I, acute phychologic assessment and health evaluation Il; CVD, cardiovascular disease; GCS, Glasgow coma scale; SAPS II,
Simplified Acute Physiology Score Il; SOFA, Sequential Organ Failure Assessment.

failure and gradually reducing ventilator support,
conducting initial assessment for extubation, monitoring
physiological indicators such as MIP and rapid shallow
breathing index (RSBI), conducting a spontaneous
breathing trial (SBT), performing actual extubation and
performing reintubation if needed. Prolonged weaning
from mechanical ventilation constitutes 40-50% of the
total mechanical ventilation time, thereby increasing
patient mortality.” Some deaths result from complica-
tions of mechanical ventilation, especially VAP and airway
damage.®” Patients with prolonged ventilation consume
37% of healthcare resources.® Unplanned extubation
occurs in 0.5-35.8% of cases, with 83% of such cases
being self-extubation. Moreover, approximately 50% of
these patients do not require reintubation, indicating
that many patients spend unnecessary time on mechan-
ical ventilation.® In case of no delay, the mortality rate is
12%, whereas it increases to 27% in case of delays.” There-
fore, daily systematic assessment of extubation potential

reduces ventilation duration and mortality, making it an
independent predictor of difficult weaning from mechan-
ical ventilation and survival.

Extubation failure, defined as SBT failure or the need for
reintubation within 48 hours post-extubation, has various
indicators, such as rapid breathing and tachycardia.'’ The
prevalence of extubation failure has been reported to be
61%, 41% and 38% in patients with chronic obstructive
pulmonary disease, neurological disorders and hypox-
emia, respectively.'' Evidence suggests that various factors
are related to extubation failure, including respiratory
load, cardiac load, neuromuscular capacity, psychosocial
factors and metabolic and endocrine factors.'” Consid-
ering the factors affecting extubation across all body
systems, it is important to develop a diagnostic system for
the early prediction of difficult wean from mechanical
ventilation. Thus, we used retrospective data to establish
a diagnostic system based on multiple factors to predict
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Table 2 The characteristics of patients in different stages in hospital §
Outcome of extubation 2

Variable Total (n=703) Success (n=584) Difficult (n=119) P value i
Status of ICU admission Q
D-dimer 0.69 (0.39, 1.48) 0.63 (0.38, 1.35) 0.95 (0.44, 2.11) 0.002 e
ALT 22.00 (13.00, 43.75) 21.00 (12.00, 41.00) 24.00 (15.00, 58.00) 0.056 %
AST 30.50 (19.00, 65.75) 30.00 (17.00, 59.00) 38.00 (22.00, 90.00) 0.006 g
Globulin 23.20 (19.40, 26.60) 22.90 (19.20, 26.00) 24.60 (19.90, 27.90) 0.012 - o
LDH 307 (236, 423) 293 (228, 405) 341 (283, 480) <0.001 § 5
EF% 57.00 (54.00, 59.00) 57.00 (54.00, 60.00) 55.00 (50.00, 57.00) <0.001 g "j
BNP 211 (75.4, 690) 197 (66.5, 648) 345 (122, 974) 0.010 g 5
24 hours before weaning 3 g
ALT 22.00 (12.00, 40.25) 21.20 (12.00, 39.00) 23.50 (15.00, 55.75) 0.054 _§ -(gD
ALB 30.90 (28.40, 33.40) 31.00 (28.60, 33.60) 29.90 (28.23, 32.28) 0.037 s 2
Prealbumin 11.50 (8.10, 15.50) 11.70 (8.40, 16.00) 10.30 (7.55, 13.73) 0.013 ‘% §
BUN 7.81 (5.58, 11.88) 7.60 (5.34, 11.36) 9.55 (6.91, 15.16) <0.001 5 g
Urine volume 1800 (106, 2900) 1790 (100, 2900) 2100 (180, 2850) 0.835 % §
PHA 7.44 (7.41,7.47) 7.44 (7.41,7.47) 7.44 (7.39, 7.48) 0.262 % ©
HCO,” 23.50 (20.60, 26.70) 23.70 (20.80, 27.00) 22.30 (19.40, 25.15) 0.001 Ef- E
BE -0.10 (-2.80, 2.98) 0.03 (-2.60, 3.10) -0.80 (-4.12, 1.70) 0.004 c @
Lung injury score 3.00 (2.00, 4.00) 3.00 (2.00, 4.00) 4.00 (2.00, 4.00) 0.010 § %15
RR 19.00 (16.00, 21.00) 18.00 (15.00, 21.00) 20.00 (18.00, 22.00) <0.001 @3 S
Mechanical ventilation days 6.00 (3.00, 10.00) 6.00 (3.00, 9.50) 7.00 (4.00, 12.00) 0.025 §§ 5
Invasive mechanical ventilation days 5.00 (3.00, 9.00) 5.00 (3.00, 9.00) 7.00 (3.00, 11.50) 0.048 = % g
EF% 56.00 (53.00, 58.00) 56.00 (54.00, 58.00) 55.00 (50.00, 57.00) 0.001 D WS
BNP 204 (97.9, 542) 184 (90.0, 445) 436 (146, 952) <0.001 5'(% g.)_
24-hour fluid balance/1000 unit -139 (-796, 559) —-200 (-901, 494) 204 (-452, 1170) <0.001 23 = e
Use of midazolam 0.720 gi 3
No 460 (67.45) 391 (67.18) 69 (69.00) ; 53
Yes 222 (32.55) 191 (32.82) 31 (31.00) =) @g
Use of dexmedetomidine 0.055 &g . §
No 577 (84.60) 486 (83.51) 91 (91.00) > %
Yes 105 (15.40) 96 (16.49) 9 (9.00) §_ 3
72 hours before weaning § §-
PCT 0.36 (0.04, 2.62) 0.29 (0.04, 2.13) 0.92 (0.18, 5.56) 0.001 o =
GCS score 15.00 (9.00, 15.00) 15.00 (10.00, 15.00) 10.00 (3.00, 15.00) <0.001 3 g
Invasive mechanical ventilation days 6.00 (3.00, 9.00) 6.00 (3.00, 9.00) 6.00 (3.00, 11.00) 0.194 % 8
ICU days 9.00 (5.00, 16.00) 9.00 (6.00, 15.00) 9.00 (4.00, 18.00) 0.890 > Z
SBT (n, %) 0.005 é %
CPAP 397 (69.17) 351 (61.36) 46 (46.46) 3 ©
Others 274 (40.83) 221 (38.64) 53 (53.54) % §
Reintubation <0001 T ¢
Yes 46 (6.67) 19 (3.30) 27 (23.68) » ;
No 644 (93.33) 557 (96.70) 87 (76.32) ‘(3
Tracheostomy 0.174 ®
Yes 101 (14.64) 89 (15.45) 12 (10.53) g
No 589 (85.36) 487 (84.55) 102 (89.47) g
ALB, albumin; ALT, alanine transaminase; AST, aspartate aminotransferase; BE, Base Excess; BNP, brain natriuretic peptide; BUN, blood urea g
nitrogen; CPAP, continuous positive airway pressure; EF%, ejection fraction; GCS, Glasgow coma scale; HCO3-, bicarbonate; ICU, intensive care =3
unit; LDH, lactate dehydrogenase; PCT, procalcitonin; PHA, Arterial blood gas PH; RR, respiratory rate; SBT, spontaneous breathing trial. '8
)
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Table 3 Risk factors of difficult weaning of the mechanical ventilation in patients in ICU §
Unavertable analyses Multivariable analyses 3

Variable Or (95% Cl) P value Or (95% Cl) P value ;
Baseline Q
Age, year 1.034 (1.009 to 1.059) 0.008 g
Males 0.834 (0.426 to 1.631) 0.595 §
Clinical diagnosis e
Trauma 1.445 (0.464 to 4.484) 0.5252 - o
Liver diseases 0.306 (0.038 to 2.475) 0.2669 % E;
Neurological disorders 2.165 (0.862 to 5.435) 0.1001 % B
Kidney diseases 1.486 (0.281 to 7.874) 0.6414 § g
Digestive system disease 0.48 (0.176 to 13.072) 0.1512 E é'
Others 0.116 (0.015 to 0.904) 0.0398 S @
Smoking status 0.971 (0.488 to 1.934) 0.934 E% 5
Alcohol status 0.569 (0.212 to 1.524) 0.262 = g
Charlson Comorbidity Index 1.105 (0.948 to 1.289) 0.202 g §
SOFA score 1.015 (0.942 to 1.095) 0.69 % o
GCS score 0.889 (0.802 to 0.986) 0.026 «32; S
SAPS Il score 1.018 (0.99 to 1.047) 0.203 - &
APACHE Il score 1.057 (0.987 to 1.131) 0.11 § %15
Status of admission ICU 32 N
D-dimer 0.994 (0.962 to 1.028) 0.741 §§ &
ALT 0.999 (0.996 to 1.002) 0.456 3 "___'1 g
AST 0.999 (0.998 to 1.001) 0.451 g % %
Globulin 0.999 (0.991 to 1.007) 0.8 %}E%
LDH 1.000 (0.999 to 1.001) 0.799 gg iy
EF% 0.966 (0.929 to 1.006) 0.1 0.951 (0.905 to 0.999) 0.0444 %%g
BNP 1.000 (1.000 to 1.000) 0.934 3 ,5',3, =z
24 hours before weaning Egi
ALT 1 (0.997 to 1.002) 0.706 > g
HEU 1(1-1) 0.99 = S
ALB 0.929 (0.847 to 1.019) 0.12 =l _‘:,D
Prealbumin 0.917 (0.85 to 0.989) 0.025 ‘g §_
BUN 1.044 (1 to 1.091) 0.051 5 3
Urine volume 1(0.999 to 1) 0.026 ¢ %
PHA 50 («0—0.063) 0.251 5 Z
HCO3- 1.003 (0.965 to 1.043) 0.871 % %
BE 1.035 (0.968 to 1.107) 0.314 % o
Lung injury score 1.425 (1.074 to 1.89) 0.014 1.541 (1.093 to 2.174) 0.0137 % §
RR 0.994 (0.929 to 1.065) 0.868 g- g
Mechanical ventilation days 1.033 (0.999 to 1.068) 0.058 ) g
Invasive mechanical ventilation days 1.053 (1.009 to 1.098) 0.016 e
EF% 0.963 (0.921 to 1.008) 0.108 ﬁ
BNP/1000 unit 1.592 (1.183 to 2.141) 0.002 1.504 (1.06 to 2.132) 0.0222 o
24-hour fluid balance/1000 unit 1.399 (1.055 to 1.855) 0.02 1.582 (1.129 to 2.217) 0.0077 g
Use of midazolam 0.435 (0.212 to 0.894) 0.024 é
Use of dexmedetomidine 0.126 (0.017 to 0.941) 0.043 0.111 (0.012 to 1.032) 0.0533 _g
Continued iy
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Table 3 Continued

Unavertable analyses

Multivariable analyses

Variable Or (95% Cl) P value Or (95% CI) P value
72 hours before weaning
PCT 1.003 (0.991 to 1.016) 0.603
GCS score 0.822 (0.743 to 0.908) <0.001
Invasive mechanical ventilation days 1.053 (1.01 to 1.098) 0.015
Days in ICU 1.027 (1.005 to 1.048) 0.014
SBT (CPAP vs others) 0.199 (0.088 to 0.451) < 0.001 0.091 (0.034 to 0.244) <0.0001
Reintubation 20 (6.993 to 55.556) < 0.001 43.48 (13.16 to 142.9) <0.0001
Tracheostomy 2.101 (0.88 to 5.025) 0.095

ALB, albumin; ALT, alanine transaminase; APACHE Il, acute phychologic assessment and health evaluation Il; AST, aspartate
aminotransferase; BE, Base Excess; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CPAP, continuous positive airway pressure;
EF%, ejection fraction; GCS, Glasgow coma scale; HCO3, bicarbonate; ICU, intensive care unit; LDH, lactate dehydrogenase; PCT,
procalcitonin; PCT, procalcitonin; PHA, Arterial blood gas PH; RR, respiratory rate; SAPS I, Simplified Acute Physiology Score Il; SBT,
spontaneous breathing trial; SOFA, Sequential Organ Failure Assessment.

difficult wean from mechanical ventilation, thereby
reducing failure rates and improving patient outcomes.

MATERIALS AND METHODS

This multicentre retrospective study was conducted by a
collaborative group in China to identify factors affecting
wean from mechanical ventilation and establish an early
diagnostic prediction system for difficult to wean from
mechanical ventilation. The collaborative group included
five hospitals in China: Tianjin Third Central Hospital,
Beijing Chao-Yang Hospital, Capital Medical University,
Hebei General Hospital, TianJin First Center Hospital
and Haihe Hospital, Tianjin University.

Patients who received mechanical ventilation in inten-
sive care units (ICUs) at the abovementioned hospitals
between 1 January 2018 and 31 December 2022 were
included in this study. We included ICU patients who
(1) received mechanical ventilation, (2) were aged >18
years and (3) underwent at least one SBT. Patients with
tracheostomy and those who did not undergo SBT were
excluded from this study. The decision to conduct an SBT
was made by the ICU physicians based on standard clinical
protocols. According to the American Thoracic Society of
Intensive Care Medicine, the daily screening for SBT eligi-
bility occurs once patients meet minimal clinical thresh-
olds. The SBT was performed using continuous positive
airway pressure (CPAP) and others (including T-tube
and PSV), and its success was determined based on clin-
ical signs such as respiratory rate (RR), tidal volume, gas
exchange and patient tolerance. In accordance with the
Declaration of Helsinki, this study protocol was approved
by the Ethics Committees of TianJin Third Central
Hospital (IRB Number: IRB2018-031-02). Because this
study was retrospective, informed consent was waived.

The primary endpoint was defined as the occurrence of
any of the following events: success weaning from mechan-
ical ventilation lasting more than 48 hours, reintubation

within 48 hours post-extubation or death after mechanical
ventilation, whichever occurred first. According to the
difficulty and duration of weaning from mechanical venti-
lation, the participants were categorised into three groups:
simple, difficult and prolonged wean from mechanical
ventilation in our clinical practice.'” "> ¥ Simple wean
from mechanical ventilation involved successful comple-
tion of the first SBT and subsequent successful extubation.
Difficult weaning from mechanical ventilation required
at least three SBTs or successful extubation within 7 days
from the first SBT. Prolonged weaning from mechanical
ventilation required at least three SBTs or successful extu-
bation >7days after the first SBT. Extubation failure was
defined as SBT failure or the need for reintubation within
48 hours post-extubation. SBT failure was defined using
objective indicators, such as rapid breathing, tachycardia,
hypertension, hypotension, hypoxaemia, acidosis and
arrhythmia, and subjective indicators, such as anxiety,
distress, depression, profuse sweating and use of accessory
respiratory muscles. The difficult extubation, prolonged
extubation, reintubation within 48 hours of weaning and
death within 48 hours of weaning are all classified as the
difficult weaning group.

Using electronic medical records of hospitals, we
obtained patient demographic data (age and sex), human
behavioural information (smoking and alcohol status)
and clinical information from baseline to ICU admission,
24hours before weaning from mechanical ventilation
and 72hours before weaning from mechanical ventila-
tion (including baseline characteristics such as clinical
diagnosis, Charlson comorbidity index, Sequential Organ
Failure Assessment (SOFA) score, Glasgow coma scale
(GCS) score, Simplified Acute Physiology Score II (SAPS
II) score and acute phychologic assessment and health
evaluation II (APACHE II) score; status at ICU admission
such as D-dimer, alanine transaminase (ALT), aspartate
aminotransferase (AST), globulin, lactate dehydrogenase
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ROCAUC
model 1 (0.8905) model 2 (0.8722)
model 3 (0.8888) model 4 (0.8735)
ROC models | AUC | 95%CI -_
Model 1 0.8905 0.8398 0.9411
ITrEP 0.8722  0.8123  0.9322 0.0131
Model 3 0.8888 0.8382 0.9394 0.6822
Model 4 0.8735 0.8143 0.9327 0.0354
Figure 1 Receiver operating characteristic curves of four

predictive models for difficult weaning from mechanical
ventilation. Model 1: EF% at ICU admission, lung injury score,
BNP-24 h, 24 hours fluid balance, use of dexmedetomidine,
SBT (CPAP vs other) and endotracheal tube reinsertion.
Model 2: EF% at ICU admission, lung injury score, BNP-24 h,
24 hours fluid balance, SBT (CPAP vs other) and endotracheal
tube reinsertion. Model 3: Lung injury score, BNP-24 h,

24 hours fluid balance, use of dexmedetomidine, SBT (CPAP
vs other), and endotracheal tube reinsertion. Model 4: Lung
injury score, BNP-24 h, 24 hours fluid balance, SBT (CPAP

vs other), and endotracheal tube reinsertion. The final model
was model 3.

(LDH), ejection fraction (EF%), brain natriuretic
peptide (BNP); status at 24 hours before extubation such
as ALT, AST, albumin (ALB), prealbumin, blood urea
nitrogen (BUN), urine volume, PHA (Arterial blood gas
PH), bicarbonate (HCO,), BE (Base excess), lung injury
score, RR, mechanical ventilation days, invasive mechan-
ical ventilation days, EF%, BNP, 24hours fluid balance,
use of midazolam, and use of dexmedetomidine; Status at
72 hours before extubation such as procalcitonin (PCT),
GCS score, invasive mechanical ventilation days, ICU days,
SBT, endotracheal tube reinsertion, and tracheostomy).

Statistical methods

We evaluated 10 factors at baseline, 7 factors at ICU
admission, 18 factors within 24hours before weaning
from mechanical ventilation and 7 factors within 72 hours
before weaning from mechanical ventilation using univar-
iate and multivariate logistic regression models. We first

selected significant factors using a univariate logistic
regression model and then used stepwise multivariate
logistic regression to determine the three best models. We
compared the receiver operating characteristic (ROC)
curve and area under the ROC curve (AUC) values of
the predictive models and calculated the sensitivity, spec-
ificity, accuracy, positive predictive value (PPV), nega-
tive predictive value (NPV) and likelihood ratios (LRs)
for each model under the best cut-off point indicated by
the Youden index. Using the best model, we established
a nomogram model to predict difficult weaning from
mechanical ventilation among patients admitted to ICU.
The complete case analysis was used to deal with the
missing data.

All statistical analyses were performed using SAS soft-
ware (version 9.4, SAS Institute, Inc, Cary, NC, USA), with
a statistically significant level (two-sided) of 0.05.

Patient and public involvement
None.

RESULTS

Among 1365 initially screened patients, 703 patients aged
56-79 (median: 69) years with 63.02% males (n=443)
were included in this study (table 1). Of these patients,
584 with a median age of 67 (range: 55-77) years were
successfully weaned, and 119 with a median age of 74
(range: 64-82) years experienced difficult weaning from
mechanical ventilation. Those with difficult weaning were
more likely to be older; have respiratory, neurological or
kidney diseases; have higher Charlson comorbidity index,
SOFA, SAPS II and APACHE II scores; and have lower
GCS scores (all P values <0.05).

At the time of ICU admission, patients in the difficult
group exhibited more severe organ dysfunction, higher
BNP levels and lower EF% than those in the success
group (table 2). The D-dimer, AST, globulin, LDH and
BNP levels were significantly higher in the difficult
group than in the success group (all P values <0.05). The
EF% was significantly lower in the difficult group than
in the success group (p<0.001). Within 24hours before
weaning, the levels of ALB, prealbumin, BUN, HCO,,
BE and BNP as well as lung injury score, RR, mechanical
ventilation time, invasive mechanical ventilation time,
EF% and fluid balance all showed statistically significant
differences between the difficult and success groups (all P
values <0.05). The difficult group had more severe organ
dysfunction, poorer nutritional status, higher 24 hours
fluid balance and longer mechanical ventilation and inva-
sive mechanical ventilation times. Within 72 hours before
weaning, significant differences in PCT, GCS score, SBT
mode and reintubation rate were observed between the
difficult and success groups (all P values <0.05). Patients
who were difficult to wean from mechanical ventilation
showed higher infection indicators, lower GCS scores,
lower usage of CPAP mode during SBT and higher rein-
tubation rates.
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Table 4 Estimated parameters and 95% Cl for the final model

Values Estimates Lower limit Upper limit P
Sensitivity/TPR/Recall 0.7559 0.7031 0.8087 <0.0001
Specificity/TNR 0.875 0.7725 0.9775 <0.0001
PPV/Precision 0.9746 0.9527 0.9966 <0.0001
NPV 0.3608 0.2653 0.4564 <0.0001
FPR/FDR 0.02538 0.003418 0.04734 0.0235
FPR 0.125 0.02251 0.2275 0.0168
FNR/FOR 0.6392 0.5436 0.7347 <0.0001
FNR 0.2441 0.1913 0.2969 <0.0001
Accuracy 0.7721 0.7242 0.8201 <0.0001
LR+ 6.0473 1.0711 11.0234 0.0172
LR- 0.279 0.2103 0.3476 <0.0001

FDR, false discovery rate; FNR, false negative rate; FOR, false omission rate; FPR, false positive rate; LR—, negative likelihood ratio; LR+,
positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; TNR, True negative rate; TPR, True positive rate.

The wunivariate analysis screened all 42 factors at
baseline, ICU admission, 24hours before weaning and
72 hours before weaning; 22 factors were selected (p<0.10)
for further multivariate analysis (table 3). After stepwise
selection, the EF% at ICU admission; lung injury score,
BNP at 24 hours, 24 hours fluid balance and dexmede-
tomidine use within 24 hours before weaning; and SBT
and endotracheal tube reinsertion within 72 hours before
weaning were selected as independent risk factors for
difficult weaning from mechanical ventilation in patients
admitted to the ICU (all P values <0.05).

Based on the results of variable selection and clin-
ical experience, we established four predictive models
(figure 1). Model one comprised EF% at ICU admis-
sion, lung injury score, BNP-24 h, 24 hours fluid balance,
use of dexmedetomidine, SBT (CPAP vs other), and

Reinsertion of the

endotracheal tube

Use of
Dexmedetomidine 1

SBT (CPAP vs. others)

24-hour fluid L !

endotracheal tube reinsertion. Model two included EF%
at ICU admission, lung injury score, BNP-24 h, 24hours
fluid balance, SBT (CPAP vs other), and endotracheal
tube reinsertion. Model three consisted of lung injury
score, BNP-24 h, 24 hours fluid balance, use of dexmede-
tomidine, SBT (CPAP vs other), and endotracheal tube
reinsertion. Model four comprised lung injury score,
BNP-24 h, 24 hours fluid balance, SBT (CPAP vs other),
and endotracheal tube reinsertion. The corresponding
AUCGs of the four models were 0.8905 (95% CI: 0.8398,
0.9411), 0.8722 (0.8123, 0.9322), 0.8888 (0.8382, 0.9394),
and 0.8735 (0.8143, 0.9327). Compared with model
one (full model), only model two was not significantly
different (p=0.6822), exhibiting both fewer variables and
good predictive value. The highest sensitivity, specificity,
PPV, NPV, accuracy, LR+, and LR- were 0.7559 (0.7031,

balance, /1000 unit

BNP, /1000 unit

Lung injury score

0 1 2 3 4 5 6 7 8 9 10 11
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Prob 061 G 0 1 25456758 5 & 3 )
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Figure 2 Nomogram model for predicting difficult weaning from mechanical ventilation in critically ill patients based on the

final model (model 3).
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0.8087), 0.875 (0.7725, 0.9775), 0.9746 (0.9527, 0.9966),
0.3608 (0.2653, 0.4564), 0.7721 (0.7242, 0.8201), 6.0743
(1.0711, 11.0234), and 0.279 (0.2103, 0.3476), respec-
tively (table 4). Finally, we established a nomogram model
based on model 3 (figure 2).

DISCUSSION

In this retrospective study, we analysed 42 factors at
different time points (baseline, ICU admission, 24 hours
and 72 hours before weaning) and established a six-factor
predictive model for difficult to wean from mechanical
ventilation in ICU patients. Our model, which included
EF% at ICU admission, lung injury score, BNP-24 h,
24 hours fluid balance, SBT (CPAP vs other) mode and
endotracheal tube reinsertion, demonstrated an AUC of
0.8722, with a sensitivity of 0.7559 and specificity of 0.875,
suggesting good predictive performance.

Previous studies have attempted similar predictive
models. A study based on body mass index at admission,
occlusion pressure at 0.1s (P0.1) and heartrate analysis
parameters (LF/HF; both measured before SBT), and
heart rate during SBT (global performance 62%-83%)
reported an AUC of 0.74."® Machine learning models
have also been used to predict ventilation duration, with
key predictors including vasopressor use, pH, and SOFA
score.'* Other studies have highlighted the significance
of ABG variables, such as PaCO, and PaO,, in predicting
prolonged mechanical ventilation.” Our model expands
on prior work by incorporating a broader range of clin-
ical parameters spanning the ICU course.

Lung injury is a critical factor influencing extubation
outcomes in ICU patients. While previous studies have
identified P/F ratio and alveolar-arterial oxygen differ-
ence as predictors of extubation failure,'® 17 our model
suggests that a higher lung injury score is a protective
factor, potentially indicating closer monitoring and inter-
vention in these patients.

BNP-24 h has been widely recognised as a predictor of
extubation failure, particularly in patients with cardiovas-
cular dysfunction.' ' BNP and N-terminal prohormone
BNP (NT-proBNP) levels reflect ventricular stress and
correlate with weaning failure due to cardiac dysfunc-
tion. Studies have shown that BNP levels increase during
heart failure and decrease with diuresis, making it a valu-
able biomarker for predicting extubation outcomes.***
Notably, changes in BNP levels before and after SBT can
indicate cardiac stress responses, further influencing
weaning outcomes.

Fluid balance is another significant factor in predicting
weaning outcomes. Specifically, a more positive 24 hours
fluid balance before weaning has been linked to extuba-
tion failure.? However, cumulative fluid balance since
admission may have an even higher impact on predicting
wean outcomes.”* Moreover, studies suggest that achieving
a negative fluid balance (NFB) is beneficial for weaning
success, though excessive fluid removal does not neces-
sarily improve wean outcomes.”” Another study revealed

that patients with a cumulative NFB are more likely to be
successfully weaned than those with positive cumulative
balance.”® These findings underscore the importance of
carefully managing fluid status before weaning.

SBT parameters also play a crucial role in wean success.
High RSBI, positive fluid balance and pneumonia-related
mechanical ventilation have been linked to extubation
failure following a successful SBT.*” The duration and
mode of SBT are significant considerations, with studies
showing that shorter, less demanding trials (eg, 30 min
of pressure support ventilation) may improve weaning
success compared with more prolonged T-piece trials.*
Current predictive models for extubation failure within
the first 24hours post-extubation have an accuracy of
approximately 70%, emphasising the complexity of
predicting weaning outcomes.”

Endotracheal tube reinsertion is a crucial indicator
of extubation failure, occurring in up to 20% of ICU
patients after failed extubation attempts.” Factors such
as cuff leak tests have been explored as predictors of extu-
bation failure, but current assessment methods remain
imprecise.” Strategies such as using a supraglottic device
or tube exchanger may mitigate the risks associated with
failed extubations, emphasising the need for improved
predictive tools in ICU settings.”’

Although EF% is not widely reported as a direct
predictor for extubation failure in ICU patients, various
studies have identified predictors such as prolonged
mechanical ventilation, advanced age and secretion
burden as key contributors to weaning difficulties.”® *
EF% should be considered alongside other clinical vari-
ables when assessing weaning readiness.

This study systematically evaluated 10 baseline factors,
seven ICU admission factors, 18 factors within 24 hours
before weaning and seven within 72 hours before weaning,
leading to the development of a six-factor nomogram
model for predicting extubation failure from mechanical
ventilation in ICU patients. However, several limitations
must be acknowledged. The retrospective nature of the
study may introduce potential biases and limit the ability
to establish causality between the identified factors and
wean outcomes. The study’s findings are based on data
from a single country, which might limit the applica-
bility of the results to different populations and health-
care systems globally. Validation of the predictive model
in prospective studies and diverse patient populations is
necessary to confirm its utility and accuracy in broader
clinical practice.

CONCLUSIONS

We established a model comprising six factors (AUC of
0.8722) to predict difficult weaning from mechanical
ventilation in ICU patients. The highest sensitivity and
specificity were 0.7559 and 0.875, respectively. However,
well-designed studies are warranted to determine whether
the model can be extended to other populations.

8

Yin C, et al. BMJ Open 2025;15:€097419. doi:10.1136/bmjopen-2024-097419

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e G20z ‘9 sunr uo jwod fwg uadolway/:dny woly papeojumod ‘G202 AN ST UO 6T1/.60-7202-uadolwa/9eTT 0T Se paysiiand 1s.1 :usdo NG


http://bmjopen.bmj.com/

Author affiliations

"Department of Critical Care Medicine, Tianjin Third Central Hospital, Tianjin, China
*Tianjin Key Laboratory of Extracorporeal Life Support for Critical Diseases, Tianjin,
China

SArtificial Cell Engineering Technology Research Center, Tianjin, China
“Department of Surgical Intensive Care Unit, Beijing Chao-Yang Hospital, Capital
Medical University, Beijing, China

SCritical Care Department, Hebei General Hospital, Shijiazhuang, Hebei, China
®Department of Respiratory, Haihe Hospital, Tianjin University, Tianjin, China
iandin First Center Hospital, Tianjin, China

Contributors LX: project administration, supervision; CY: formal analysis, writing
of the original draft; WL, QD, HY and LD: investigation, data Curation; LC, XL, SZ and
YM: data curation. LX is responsible for the overall content as guarantor.

Funding This work was supported by Tianjin Science and Technology Plan Project
[grant number: 18ZXDBSY00100, 21JCYBJCO01200]; Key Research Projects in
Traditional Chinese Medicine in Tianjin [grant number: 2025019]; Research Project
on the Integration of Traditional Chinese Medicine and Western Medicine by Tianjin
Municipal Health Commission [grant number: 2023221, 2023220]; and Tianjin Key
Medical Discipline (Specialty) Construction project [grant number: TJYXZDXK-035A].

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Lei Xu http://orcid.org/0000-0002-6273-5876

REFERENCES

1 Hakun JG, Zhu Z, Brown CA, et al. Longitudinal alterations to brain
function, structure, and cognitive performance in healthy older
adults: A fMRI-DTI study. Neuropsychologia 2015;71:225-35.

2 Epstein SK. Extubation failure: an outcome to be avoided. Crit Care
2004;8:310-2.

3 Decavéle M, Rozenberg E, Niérat M-C, et al. Respiratory distress
observation scales to predict weaning outcome. Crit Care
2022;26:162.

4 Torrini F, Gendreau S, Morel J, et al. Prediction of extubation
outcome in critically ill patients: a systematic review and meta-
analysis. Crit Care 2021;25:391.

5 Yasuda H, Okano H, Mayumi T, et al. Post-extubation oxygenation
strategies in acute respiratory failure: a systematic review and
network meta-analysis. Crit Care 2021;25:135.

6 Luo W, Xing R, Wang C. The effect of ventilator-associated
pneumonia on the prognosis of intensive care unit patients within
90days and 180days. BMC Infect Dis 2021;21:684.

7 Ambrosino N, Vitacca M. The patient needing prolonged mechanical
ventilation: a narrative review. Multidiscip Respir Med 2018;13:6.

8 de Lassence A, Alberti C, Azoulay E, et al. Impact of unplanned
extubation and reintubation after weaning on nosocomial pneumonia
risk in the intensive care unit: a prospective multicenter study.
Anesthesiology 2002;97:148-56.

9 Lin P-H, Chen C-F, Chiu H-W, et al. Outcomes of unplanned
extubation in ordinary ward are similar to those in intensive care
unit: A STROBE-compliant case-control study. Medicine (Baltimore)
2019;98:14841.

Kaur R, Vines DL, Patel AD, et al. Early Identification of Extubation
Failure Using Integrated Pulmonary Index and High-Risk Factors.
Respir Care 2021;66:1542-8.

11

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Vallverdu |, Calaf N, Subirana M, et al. Clinical characteristics,
respiratory functional parameters, and outcome of a two-hour
T-piece trial in patients weaning from mechanical ventilation. Am J
Respir Crit Care Med 1998;158:1855-62.

Thille AW, Richard J-CM, Brochard L. The decision to extubate in the
intensive care unit. Am J Respir Crit Care Med 2013;187:1294-302.
Menguy J, De Longeaux K, Bodenes L, et al. Defining predictors
for successful mechanical ventilation weaning, using a data-mining
process and artificial intelligence. Sci Rep 2023;13:20483.

Wang Z, Zhang L, Huang T, et al. Developing an explainable
machine learning model to predict the mechanical ventilation
duration of patients with ARDS in intensive care units. Heart Lung
2023;58:74-81.

Vali M, Paydar S, Seif M, et al. Prediction prolonged mechanical
ventilation in trauma patients of the intensive care unit according

to initial medical factors: a machine learning approach. Sci Rep
2023;13:5925.

Karanjia N, Nordquist D, Stevens R, et al. A clinical description of
extubation failure in patients with primary brain injury. Neurocrit Care
2011;15:4-12.

Bilello JF, Davis JW, Cagle KM, et al. Predicting extubation failure

in blunt trauma patients with pulmonary contusion. J Trauma Acute
Care Surg 2013;75:229-383.

Zheng Y, Luo Z, Cao Z. NT-proBNP change is useful for predicting
weaning failure from invasive mechanical ventilation among
postsurgical patients: a retrospective, observational cohort study.
BMC Anesthesiol 2023;23:84.

Lara TM, Hajjar LA, de Almeida JP, et al. High levels of B-type
natriuretic peptide predict weaning failure from mechanical
ventilation in adult patients after cardiac surgery. Clinics (Sao Paulo)
2013;68:33-8.

Liu J, Wang C-J, Ran J-H, et al. The predictive value of brain
natriuretic peptide or N-terminal pro-brain natriuretic peptide

for weaning outcome in mechanical ventilation patients:

Evidence from SROC. J Renin Angiotensin Aldosterone Syst
2021;22:1470320321999497.

Tsai S-H, Lin Y-Y, Chu S-J, et al. Interpretation and use of natriuretic
peptides in non-congestive heart failure settings. Yonsei Med J
2010;51:151-63.

Russell JA. Biomarker (BNP)-guided weaning from mechanical
ventilation: time for a paradigm shift? Am J Respir Crit Care Med
2012;186:1202-4.

Maezawa S, Kudo D, Miyagawa N, et al. Association of Body Weight
Change and Fluid Balance With Extubation Failure in Intensive Care
Unit Patients: A Single-Center Observational Study. J Intensive Care
Med 2021;36:175-81.

Ghosh S, Chawla A, Mishra K, et al. Cumulative Fluid Balance and
Outcome of Extubation: A Prospective Observational Study from a
General Intensive Care Unit. Indian J Crit Care Med 2018;22:767-72.
Li T, Zhou D, Zhao D, et al. Association between fluid intake and
extubation failure in intensive care unit patients with negative fluid
balance: a retrospective observational study. BMC Anesthesiol
2022;22:170.

Upadya A, Tilluckdharry L, Muralidharan V, et al. Fluid balance and
weaning outcomes. Intensive Care Med 2005;31:1643-7.
Frutos-Vivar F, Ferguson ND, Esteban A, et al. Risk factors for
extubation failure in patients following a successful spontaneous
breathing trial. Chest 2006;130:1664-71.

Subira C, Hernandez G, Vazquez A, et al. Effect of Pressure
Support vs T-Piece Ventilation Strategies During Spontaneous
Breathing Trials on Successful Extubation Among Patients Receiving
Mechanical Ventilation: A Randomized Clinical Trial. JAMA
2019;321:2175-82.

Deab SAEAES, Bellani G. Extubation failure after successful
spontaneous breathing trial: prediction is still a challenge! Respir
Care 2014;59:301-2.

Tobin MJ. Extubation and the myth of “minimal ventilator settings”.
Am J Respir Crit Care Med 2012;185:349-50.

Cooper RM. Extubation and changing endotracheal tubes. Benumof’s
Airway Management, 2007:1146-80.

Thille AW, Boissier F, Ben Ghezala H, et al. Risk factors for and
prediction by caregivers of extubation failure in ICU patients: a
prospective study. Crit Care Med 2015;43:613-20.

Kifle N, Zewdu D, Abebe B, et al. Incidence of extubation failure
and its predictors among adult patients in intensive care unit of
low-resource setting: A prospective observational study. PLoS One
2022;17:e0277915.

Yin C, et al. BMJ Open 2025;15:€097419. doi:10.1136/bmjopen-2024-097419

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e G20z ‘9 sunr uo jwod fwg uadolway/:dny woly papeojumod ‘G202 AN ST UO 6T1/.60-7202-uadolwa/9eTT 0T Se paysiiand 1s.1 :usdo NG


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6273-5876
http://dx.doi.org/10.1016/j.neuropsychologia.2015.04.008
http://dx.doi.org/10.1186/cc2927
http://dx.doi.org/10.1186/s13054-022-04028-7
http://dx.doi.org/10.1186/s13054-021-03802-3
http://dx.doi.org/10.1186/s13054-021-03550-4
http://dx.doi.org/10.1186/s12879-021-06383-2
http://dx.doi.org/10.1186/s40248-018-0118-7
http://dx.doi.org/10.1097/00000542-200207000-00021
http://dx.doi.org/10.1097/MD.0000000000014841
http://dx.doi.org/10.4187/respcare.08656
http://dx.doi.org/10.1164/ajrccm.158.6.9712135
http://dx.doi.org/10.1164/ajrccm.158.6.9712135
http://dx.doi.org/10.1164/rccm.201208-1523CI
http://dx.doi.org/10.1038/s41598-023-47452-7
http://dx.doi.org/10.1016/j.hrtlng.2022.11.005
http://dx.doi.org/10.1038/s41598-023-33159-2
http://dx.doi.org/10.1007/s12028-011-9528-5
http://dx.doi.org/10.1097/TA.0b013e3182946649
http://dx.doi.org/10.1097/TA.0b013e3182946649
http://dx.doi.org/10.1186/s12871-023-02039-7
http://dx.doi.org/10.6061/clinics/2013(01)oa05
http://dx.doi.org/10.1177/1470320321999497
http://dx.doi.org/10.3349/ymj.2010.51.2.151
http://dx.doi.org/10.1164/rccm.201210-1770ED
http://dx.doi.org/10.1177/0885066619887694
http://dx.doi.org/10.1177/0885066619887694
http://dx.doi.org/10.4103/ijccm.IJCCM_216_18
http://dx.doi.org/10.1186/s12871-022-01708-3
http://dx.doi.org/10.1007/s00134-005-2801-3
http://dx.doi.org/10.1378/chest.130.6.1664
http://dx.doi.org/10.1001/jama.2019.7234
http://dx.doi.org/10.4187/respcare.03037
http://dx.doi.org/10.4187/respcare.03037
http://dx.doi.org/10.1164/rccm.201201-0050ED
http://dx.doi.org/10.1097/CCM.0000000000000748
http://dx.doi.org/10.1371/journal.pone.0277915
http://bmjopen.bmj.com/

	Risk prediction model for difficulty in weaning from mechanical ventilation in critically ill patients: results from a ﻿﻿multicentre﻿﻿ retrospective study
	Abstract
	Introduction﻿﻿
	Materials and methods
	Statistical methods
	Patient and public involvement

	Results
	Discussion
	Conclusions
	References


