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Background: Predicting the weaning outcomes is critical, since premature or delayed extubation is
associated with an increased risk of mortality. This study aimed to compare two physiological indi-
ces, thoracic fluid content (TFC) and diaphragmatic excursion (DE), for predicting weaning success
in mechanically ventilated patients.

Methods: This observational cohort study involved 100 mechanically ventilated patients with con-
gested lungs who were eligible for weaning. Patients' TFC and DE were measured using electrical
cardiometry and ultrasonography, respectively, before starting the spontaneous breathing trial.
Following extubation, patients were grouped into successful and failed-weaning groups, with fail-
ure defined as reintubation or a need for non-invasive ventilation within 48 hours. Respiratory and
cardiovascular variables were compared. The receiver operating characteristic (ROC) curve was
used to assess the ability of TFC and DE to predict weaning success.

Results: Successful weaning occurred in 73 patients (73%) and failed weaning occurred in 27 pa-
tients (27%). The two groups' baseline characteristics were comparable; however, TFC and DE were
significantly different between the failed- and successful-weaning groups (P<0.001). The area un-
der the ROC curve (AUC) exhibited moderate predictive abilities of both the TFC and DE in predict-
ing weaning success (AUC, 0.805; cutoff <40 kQ ™' and AUC, 0.774: cutoff >1.45 cm). In the cardi-
ac patient subgroup, TFC exhibited high predictive ability (AUC, 0.861), but DE did not achieve
comparable results (AUC, 0.750).

Conclusions: Both TFC and DE are significant predictors for successful weaning from mechanical
ventilators. In particular, a TFC of <40 kQ™' demonstrated an excellent ability to predict weaning
success in patients with low ejection fraction.
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INTRODUCTION

Many physicians inaccurately predict weaning outcomes, with
positive and negative predictive values of only about 50% and
67%, respectively [1]. Consequently, choosing the appropriate
timing for extubation is crucial to avoid complications such
as nosocomial pneumonia or an increased mortality risk [2].
Among the various pathophysiological mechanisms that can
hinder weaning, respiratory failure and cardiovascular dys-
function are the most common contributors. Several param-
eters linked to these systems have been explored as potential
predictors of weaning outcomes, including diaphragmatic
dysfunction and pulmonary edema [3]. A novel, non-inva-
sive marker attracting interest is thoracic fluid content (TFC),
which inversely correlates with transthoracic electrical bio-
impedance. TFC reflects the total fluid volume—both intra-
vascular and extravascular—within the chest cavity. It has
demonstrated promising results in assessing volume status in
a variety of clinical settings and has recently been proposed as
a potential predictor of weaning outcomes [4]. Originally mea-
sured using thoracic bioimpedance equipment, TFC can now
be assessed using electrical cardiometry technology, making
it easier for junior physicians and even paramedics to apply.
This approach displays TFC as numerical values with minimal
fluctuation, making interpretation straightforward and reduc-
ing inter-observer variability [5].

Meanwhile, diaphragmatic ultrasound, a safe, portable,
and cost-effective tool, allows for evaluating both functional
and structural aspects of the diaphragm. Parameters such as
diaphragmatic excursion (DE), diaphragmatic thickness, and
diaphragmatic thickness fraction (DTF) have all been identi-
fied as possible indicators of weaning outcomes [6]. The cur-
rent study hypothesized that DE and TFC, as two non-invasive
measures of neuromuscular and cardiopulmonary function,
respectively, may be useful in various clinical settings and
have varying predictive accuracies for weaning outcomes. To
predict effective liberation from mechanical ventilation (MV)
in critically ill patients with lung congestion, the present study
aimed to assess and compare the diagnostic performances of
TFC and DE.
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KEY MESSAGES

= Lung congestion is a significant cause for failed wean-
ing, particularly in cardiac patients.

= Thoracic fluid content (TFC) can be measured as a
numerical value using electrical cardiometry that rep-
resents the change in thoracic electrical bioimpedance
in response to the change in total intrathoracic water
content.

= The involvement of multiple assessment indices, such
as TFC and diaphragmatic excursion, before a trial of
weaning is crucial to be able to recognize hidden factors
that could interfere with the weaning process.

MATERIALS AND METHODS

The study was approved by the Institutional Review Board of
Benha Faculty of Medicine (No. MD 10-4-2023). The protocol
was pre-registered online at ClinicalTrials.gov with a unique
identifying number (NCT05947942), and informed written
consent was obtained from all patients or their first-degree rel-
atives.

This prospective observational study was carried out in the
critical care department of a university hospital, during the
period from July 2023 to June 2024. The Strengthening the Re-
porting of Observational Studies in Epidemiology statement
checklist was followed for the reporting of observational stud-
ies. The study enrolled intensive care unit (ICU) patients of
either sex, aged 18-65 years old, with pulmonary congestion as
defined by chest radiography (i.e., by the presence of enlarged
vessels in the lungs apex, peri-bronchial haze, peri-hilar cuff-
ing, Kerley B lines, and interstitial edema), who were mechan-
ically ventilated for more than 48 hours and were eligible for
weaning according to the treating physician, who followed the
critical care unit weaning protocols.

The study excluded patients with pleural or pericardial effu-
sions, confirmed through combined chest x-ray and bedside
ultrasound, to isolate pure pulmonary congestion. Additional
characteristics that led to exclusion included ascites; pneumo-
thorax; body mass index >35 mg/m?’; pregnancy; a history of
neuro-muscular diseases; the presence of chest tube drains,
burns, or wounds that would interfere with electrode appli-
cation; and a history of abdominal, thoracic, head, and neck

surgery or trauma.
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Weaning Process

According to our ICU protocol, the attending physician was
responsible for the decision to conduct a spontaneous breath
trial (SBT) and to liberate the patient from MV. All physical
findings and investigations accompanied by a full history of
the patients, including their symptoms, demographic profile,
and anthropometry, were collected. Readiness-to-wean cri-
teria [7] included resolving the primary reason for intubation
as well as having a satisfactory cough without excessive secre-
tions, a respiratory rate (RR) of <30 breaths/min, a PaO, value
of >60 mm Hg, an inspired oxygen fraction of <0.4, a positive
end-expiratory pressure (PEEP) of <8 cm H,0, and an optimal
pH to stabilize the patient’s respiratory and cardiovascular
status.

The ventilatory settings for the SBT were adjusted to the
pressure-support mode, with 5 cm H,O selected for pressure
support and 5 cm H,O used for PEEP. After 30 minutes of SBT,
the weaning parameters were re-examined, and the decision
to extubate the patient was made by the ICU physician, who
was unaware of the patient’s diaphragmatic ultrasound and
cardiometry results.

Weaning success was defined as the ability to maintain
spontaneous breathing for at least 48 hours following extuba-
tion without the need for reintubation or non-invasive ventila-
tion. Patients were reintubated due to tachypnea (high RR, i.e.,
>35 breaths/min), oxygen saturation <90% or PaO, <60 mm Hg
on an inspired oxygen fraction of 40%, increased activity of ac-
cessory muscles of respiration, or obvious facial signs for respi-
ratory distress. Additionally, the need for unplanned non-inva-
sive ventilation within 48 hours was considered an instance of
ventilation failure, in line with prior studies [8,9] that link this

intervention to underlying respiratory decompensation.

Non-invasive Electrical Cardiometry Measurements
Before beginning the SBT, each patient's TFC was measured

using an electrical cardiometry tool (ICON; Osypka Medical)
in the supine position. After sterilization with alcohol, the
electrical cardiometry system was linked to four electrodes at-
tached to the patient’s skin. Two electrodes were positioned on
the left side of the patient’s neck, behind the ear, and above the
mid-clavicular point, and the other two electrodes were placed
at the left mid-axillary line. The measured TFC was recorded

for 30 seconds, and the mean value between the highest and
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lowest readings was obtained.

Diaphragmatic Ultrasonography Measurements

With the patient in a semi-recumbent position, DE was mea-
sured using a low-frequency 3-5-MHz curvilinear probe
(LOGIQ F8 Expert; GE Healthcare). All patients underwent an
ultrasound assessment of the right hemidiaphragm due to the
existence of a better hepatic acoustic window. The probe was
positioned perpendicular to the chest wall, at the right subcos-
tal area, between the anterior and mid-axillary lines, parallel
to the intercostal spaces, and angled cranially to observe the
diaphragm dome. The DE in centimeters was determined by
taking the highest displacement from the baseline as visual-
ized in M-mode (Figure 1A).

DTF was also assessed in this position (semi-recumbent
position) by asking the patients to deeply inspire to total lung
capacity and completely expire to residual volume. In B-mode,
the distance from the center of the pleural line to the center of
the peritoneal line was measured for the thickness of the dia-
phragm. DTF percentage was then determined by multiplying
the difference between the end-inspiratory thickness and
end-expiratory thickness, which was subsequently divided by
the end-expiratory thickness, by 100. For analysis, measure-
ments of DTF were obtained for three breaths, and the mean
value among them was used (Figure 1B). A successful-wean-
ing group and a failed-weaning group were created based on
patient outcomes. Additional subgroup analysis was carried
out for patients with and without cardiac dysfunction. Patients
were classified as cardiac patients (ejection fraction <40%) or
non-cardiac patients (ejection fraction 240%) based on the re-
sults of transthoracic echocardiography conducted prior to the
SBT.

Study Measurements
The primary outcome was the accuracy of TFC and DE to

predict weaning success as determined by the area under the
receiver operating characteristic curve (AUC). The secondary
outcomes included diaphragmatic thickness fraction (DTF);
the Rapid Shallow Breathing Index (RSBI), which was deter-
mined by dividing RR by the tidal volume; the Acute Physiol-
ogy And Chronic Health Evaluation (APACHE) II score; PCO,,
Pa0,, and the PaO,/FiO, ratio (arterial oxygen partial pressure
to inspired oxygen fraction ratio); the SBT-day fluid balance;
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Figure 1. Ultrasound assessment of diaphragmatic function. (A) Diaphragmatic excursion measurement, showing a 1.55-cm displacement during
spontaneous breathing. (B) Diaphragm thickening fraction (DTF) measurement, showing end-expiratory thickness (0.26 cm) and end-inspiratory

thickness (0.36 cm) yielding a DTF of 38%.

and vital signs (heart rate, mean arterial pressure, and RR).
Data were measured at baseline and 5 minutes prior to the
SBT initiation. Additionally, the duration of both the ICU and
hospitalization stays, the incidence of adverse events such as
tracheostomy and ventilator-associated pneumonia, and the

28-day mortality rate were recorded.

Statistical Analysis

The sample size needed to provide at least moderate diagnos-
tic accuracy (AUC >0.7) for TFC to predict weaning success in
critically ill patients on MV was determined using MedCalc
version 18.2.1 (MedCalc Software). Weaning failure prevalence
was found to be 33% [10], with a 0.05 type-I error, 80% power,
and a 0.5 AUC null hypothesis. Eighty patients were deter-
mined to be the minimum number of participants required,
with at least 20 patients experiencing unsuccessful weaning
and 60 patients achieving successful weaning.

Statistical analysis was executed via the SPSS version 25.0
(IBM Corp.). Data normality was checked using the Shap-
iro-Wilk test. Qualitative variables were expressed as frequen-
cies and percentages. Quantitative variables were expressed
in the form of meantstandard deviation or median and inter-
quartile range values. For data analysis, the chi-square test or

Fisher’s exact test was applied for categorical variables, while
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an unpaired t-test or the Mann-Whitney U-test was applied for
continuous variables as appropriate. P<0.05 was considered
statistically significant. Receiver operating characteristic (ROC)
curves were constructed to test the performance of seven in-
dices for predicting weaning success (APACHE 1I score, RR,
P/F ratio, RSBI, DE, DTE, and TFC), through the estimation
of sensitivity, specificity, and AUC. A comparative analysis of
AUCs was conducted using DeLong’s test in MedCalc to assess
statistical differences between the predictive performance of
TFC, DE, and DTE

RESULTS

A total of 122 eligible patients were screened. Eleven patients
were eliminated due to meeting the exclusion criteria, which
included pleural effusion, pneumothorax, and chest abnor-
malities that interfered with cardiometry signals. Also, six
patients had unsatisfactory ultrasound imaging, and five pa-
tients declined to participate. For the study's final analysis, 100
patients were available (Figure 2). Seventy-three patients (73%)
were extubated successfully and did not require any ventilato-
ry support for at least 48 hours post-extubation. The remain-
ing 27 patients (27%) failed extubation, with 15 subsequently

re-intubated and 12 requiring unplanned non-invasive MV
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within 48 hours. Sixty-one individuals (61%) had cardiac ejec-
tion fraction values of <40%. In the subgroup of patients with
poor cardiac contraction, 49 (80.3%) were successfully extu-
bated, while extubation in 12 (19.7%) failed.

The patient demographic criteria and basic clinical data, in-

cluding causes of invasive ventilation, the duration of ventila-

122 Patients undergoing SBT

22 Patients excluded:
11 Meeting exclusion criteria
6 Poor US imaging
5 Decline to partecipate

A 4

100 Patients included

27 Failed weaning:
15 Reintubation within 48 hr
12 NIV ventilation within 48 hr

\ 4

A4

Successful weaning (n=73)

Figure 2. Study flowchart. SBT: spontaneous breathing trial; US:
ultrasound; NIV: non-invasive ventilation.

Table 1. Demographic data and baseline clinical characteristics

T

tion before SBT, the SBT-day fluid balance, the RR, and hemo-
dynamic variables were comparable in both groups of patients,
i.e,, the failed- and successful-weaning groups. However, the
baseline APACHE II score was higher in the failed-weaning
group, with a mean difference of 4.49 points between the
groups (P=0.013) (Table 1). The weaning parameters measured
before the SBT revealed a significant decrease in both DE and
DTF in the failed-weaning group compared to the success-
ful-weaning group (P<0.001 for both). Additionally, TFC values
were significantly higher in the failed-weaning group (39.0+8.0
kQ™) compared to the successful-weaning group (32.8+7.4
kQ™, P<0.001). Moreover, the RR was significantly higher in
the failed-weaning group (22.48+5.34 breaths/min) compared
to the successful group (19.6+4.1 breaths/min, P=0.016). The
RSBI was higher in the failed group, but the difference did not
reach statistical significance (P=0.051) (Table 2). Successfully
weaned patients experienced significantly shorter ICU and
hospital stays; they also demonstrated lower 28-day mortality,
lower tracheostomy, and ventilator-associated pneumonia in-
cidence rates than those in the failed-weaning group (P<0.001)
(Table 2).

The ROC curve was employed to measure the diagnostic
accuracy of the weaning parameters to predict successful lib-
eration from MV (Figure 3); ultimately, it revealed a moderate

predictive ability for TFC in predicting the success of weaning

Variable Al patients (n=100) Successful weaning (n=73) Failed weaning (n= 27) P-value
Age (yr) 53+11 52+11 56+11 0.155
Male sex (%) 56 (56.0) 40 (54.8) 16 (59.3) 0.689
BMI [kg/mz) 24.3+4.7 24.2+4.5 244454 0.878
APACHE Il score 21.4+7.4 20.2+6.9 24.748.0 0.013?
Hb (g/dl) 10.4£1.9 10.3£1.9 10. 8+2.1 0.284
Ejection fraction (%) 43.4412.0 42.1+11.9 46.7£12.0 0.098
Cause of MV 0.497

Cardiac 61(61.0) 46 (63.1) 15 (55.6)

Non-cardiac 39 (39.0) 27 (36.9) 12 (44.4)
HR (beat/min) 85.9+13.1 85.5£13.7 87.2+11.2 0.513
MAP (mm Hg) 75.4+7.24 75.6£7.3 749471 0.640
RR (breath/min) 18.1+£3.8 17.7£3.8 19.3£3.7 0.075
SBT day fluid balance -543.0£713.9 -630.4+678.6 -306.0+765.7 0.060
Duration of MV until SBT day 3.4+1.43 33114 39+1.5 0.064

Values are presented as meanzstandard deviation or number (%).

BMI: body mass index; APACHE: Acute Physiology and Chronic Health Evaluation; MV: mechanical ventilation; HR: heart rate; MAP: mean arterial pressure; RR:

respiratory rate; SBT: spontaneous breathing trial.
a) Denotes statistical significance.

Acute and Critical Care 2025 November 40(4):557-566
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Table 2. Weaning parameters measured before the SBT and clinical outcomes

T

Variable All patients Successful weaning Failed weaning P-value
RR (breath/min) 20.4+4.7 19.6+4.1 225453 0.016”
Tidal volume (ml) 387.9469.1 392.4+64.6 375.9+80.1 0.290
PaCO, (mm Hg) 411240 40.7+4.0 42440 0.058
Pa0, (mm Hg) 84.2+59 84.7+59 82.745.5 0.126
P[F ratio (mm Hg) 246.1+45.0 249.8+43.9 236.0+47.2 0.191
RSBI (breaths/min/L) 57.8+20.5 55.4+18.8 64.3+£23.6 0.051
DE (cm) 17406 20+0.7 14405 0.009”
DTF (%) 496+19.4 56.3+18.2 31.647.4 0.004”
TFC (kQ ™) 35484 33.07.4 41.248.1 0.000”
ICU stay (day) 7.5+3.5 6.2+2.4 11.33.4 0.000”
Hospital stay (day) 11.315.0 93432 16.7£4.9 0.000”
Tracheostomy 12 (12.0) 3(4.1) 9 (33.0) 0.000”
VAP 24 (24.0) 9(12.3) 14(51.8) 0.000”
28-Day mortality 14 (14.0) 4 (5.5) 10 (37.0) 0.000”

Values are presented as meanzstandard deviation or number (%).

SBT: spontaneous breathing trial; RR: respiratory rate; P/F ratio: arterial oxygen partial pressure to inspired oxygen fraction ratio; RSBI: rapid shallow breathing
index; DE: diaphragmatic excursion; DTF: diaphragm thickening fraction; TFC: thoracic fluid content; ICU: intensive care unit; VAP: ventilator-associated

pneumonia.
a) Denotes statistical significance.

(AUC [95% CIJ, 0.805 [0.68-0.88]; P<0.001), with a sensitivity
of 80.8% and specificity of 66.7% at a cutoff value of <40 kQ™".
Regarding diaphragmatic ultrasound measurements, DE also
showed a moderate predictive ability, with an AUC (95% CI) of
0.774 (0.68-0.87) (P<0.001), sensitivity of 78.1%, and specificity
of 55.6% at a cutoff value >1.45 cm. However, DTF demon-
strated high predictive performance, with an AUC (95% CI)
of 0.892 (0.83-0.95) (P<0.001), sensitivity of 82.2%, and spec-
ificity of 81.5% at a cutoff value of >36.0%. Meanwhile, other
variables (e.g., P/F ratio, RSBI) failed to predict weaning fail-
ure or showed a low predictive ability (e.g., APACHE II score,
RR) (AUC <0.70) (Figure 3, Table 3). Statistical comparison
between the AUCs using DeLong's test revealed that DTF was
significantly superior to both TFC (P=0.03) and DE (P=0.01),
while the difference between TFC and DE was not statistically
significant (P=0.12).

In the cardiac subgroup, TFC showed higher predictive
ability (AUC [95% CI], 0.861 [0.75-0.97]; P<0.001) compared
to the non-cardiac subgroup (AUC [95% CI], 0.703 [0.54-0.87];
P<0.001). The TFC sensitivity and specificity values were 89.8%
and 75.0%, at a cutoff value of <40 kQ™ in cardiac patients.
Meanwhile, the DE AUC demonstrated a high predictive abil-
ity in the non-cardiac subgroup only, but the DFT AUCs were
high in both the cardiac and non-cardiac subgroups (Table 4).

562  https://www.accjournal.org
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Figure 3. Receiver operating characteristic (ROC) curve for the ability
of thoracic fluid content (TFC), diaphragmatic excursion (DE), and
diaphragmatic thickness fraction (DTF) to predict weaning success.

DISCUSSION

The present study was designed to compare two weaning
indices determined by bedside non-invasive tools, TFC mea-

sured by electrical cardiometry and DE measured by ultraso-

Acute and Critical Care 2025 November 40(4):557-566
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Table 3. Accuracy of different parameters in predicting weaning success in all patients

Variable Cutoff value AUC Sensitivity (%) Specificity (%) 95% Cl
APACHE Il score 19.5 0671 575 778 0.55-0.79"
RR (breath/min) 225 0.644 78.1 48.1 0.52-0.77%
P/F ratio (mm Hg) 2045 0.606 82.2 40.7 0.47-0.7"
RSBI (breaths/min/L) 3.5 0.607 69.9 55.6 0.48-0.7"
TFC (kQ ") 400 0.805 80.8 66.7 0.68-0.88"
DE (cm) 145 0774 78.1 55.6 0.68-0.87"
DTF (%) 360 0.892 822 81.5 0.83-0.95”

AUC: area under the receiver operating characteristic curve; APACHE: Acute Physiology and Chronic Health Evaluation; RR: respiratory rate; P/F ratio: arterial
oxygen partial pressure to inspired oxygen fraction ratio; RSBI: rapid shallow breathing index; TFC: thoracic fluid content; DE: diaphragmatic excursion; DTF:

diaphragm thickening fraction.
a) Denotes statistical significance.

Table 4. Accuracy of TFC, DE, and DTF in predicting weaning success in cardiac and non-cardiac patients

Variable Cutoff value AUC Sensitivity (%) Specificity (%) 950 Cl
TFC (kQ™)
Cardiac patients 40.0 0.861 89.8 75.0 0.75-0.97"
Non-cardiac patients 40.0 0.703 62.5 66.7 0.54-0.87"
DE (cm)
Cardiac patients 1.45 0.750 67.3 66.7 0.60-0.89”
Non-cardiac patients 1.45 0.822 79.2 66.7 0.69-095”
DTF (%)
Cardiac patients 360 0.853 837 75.0 0.75-0.95"
Non-cardiac patients 365 0929 79.2 86.7 0.85-1.00"

TFC: thoracic fluid content; DE: diaphragmatic excursion; DTF: diaphragm thickening fraction; AUC: area under the receiver operating characteristic curve.

a) Denotes statistical significance.

nography, for predicting weaning success in MV patients with
lung congestion. TFC showed a moderate predictive ability
in the total population (AUC, 0.805; cutoff value <40 kQ™),
which increased to a high predictive ability (AUC, 0.861; cut-
off value <40 kQ™) in the cardiac subgroup. Meanwhile, DE's
ability to predict weaning success was moderate in both the
total population and cardiac subgroup (AUC, 0.774 and 0.750,
respectively). DTF demonstrated an excellent predictive abil-
ity (AUC >0.85) in the total population and both the cardiac
and non-cardiac subgroups. However, due to the relatively
small number of patients in the non-cardiac subgroup, the
generalizability of the findings in this group should be inter-
preted with caution. Other indices (APACHE II, RR, P/F ratio,
RSBI) showed a low predictive ability (AUC <0.7) for weaning
success.

Lung congestion is a significant cause of failed weaning,
particularly in cardiac patients. The weaning process itself

may induce lung congestion due to increased left ventricular

Acute and Critical Care 2025 November 40(4):557-566

afterload and preload resulting from changes in intrathoracic
pressure during spontaneous breathing [11]. TFC numerically
represents total extravascular and intravascular thoracic fluid
volumes, which alter the thoracic cavity’s resistance to elec-
tric current. Consequently, elevated TFC values may indicate
hypervolemia or lung congestion—both of which have been
recognized as risk factors for unsuccessful weaning trials [12].
Our findings regarding the predictive value of TFC are sup-
ported by previous research across various patient popula-
tions. Fathy et al. [4] assessed the TFC in critically ill surgical
patients and found a moderate predictive ability for weaning
failure in the general population (AUC, 0.69; cutoff >50 kQ™),
which increased markedly in patients with impaired cardiac
function (AUC, 0.93). Although their study focused on trauma
and emergency surgical patients with reduced cardiac con-
tractility, the observed enhancement of TEC's predictive value
in cardiac subgroups aligns with our results (AUC, 0.861 in car-

diac patients), supporting the role of TFC as a useful non-in-
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vasive weaning predictor, particularly in patients with lung
congestion and cardiac dysfunction. Similarly, Elbagoury et al.
[13] reported an excellent predictive accuracy of TFC in adult
patients following open cardiac surgery, with an AUC of 0.97 at
30 minutes into the SBT and a cutoff of <45 kQ. Furthermore,
a significant predictive ability of TFC has also been observed in
neonates, with high sensitivity and specificity at a cutoff of <44
kQ™ for successful weaning prediction [14].

The ability of TFC to predict weaning outcomes has been
suggested to be stronger in patients with decreased ejection
fraction, most likely because the consequences of lung con-
gestion are generally more prominent in cardiac patients [4].
This assumption is supported by a randomized controlled trial
conducted by Mekontso Dessap et al. [15], who observed that
using brain natriuretic peptide as a hypervolemia marker in
cardiac patients can guide the weaning process, leading to su-
perior outcomes compared to those achieved with use of the
conventional weaning protocol.

It is critical to acknowledge the technological limits of TFC
measurement with electrical cardiometry. External factors that
can affect TFC reading accuracy include electrode location,
patient movement during measurement, differences in skin
impedance, and the presence of subcutaneous edema. These
variables may induce measurement variability and compro-
mise the diagnostic consistency [16]. While these limitations
did not appear to have a major impact on TFC performance in
our investigation, in the cardiac subgroup in particular, they
should be considered when interpreting data and using this
technique in everyday practice.

On the other hand, the use of ultrasound to identify chang-
es in diaphragm size or function has been extensively in-
vestigated as a valid, practical, and non-invasive method to
predict successful liberation from MV [17]. In our study, the
failed-weaning group had lower DE and DTF values than the
successful-weaning group (P<0.001), and the optimal cutoffs
for DE and DTF were >1.45 cm and >36.0%, respectively, for
predicting weaning success. Our results are consistent with
the outcomes of a systematic review investigating the ability of
diaphragmatic ultrasound to anticipate successful liberation
from MV. The review analyzed four studies, two of which eval-
uated DE, while the other two assessed DTE, and concluded
that ultrasonographic measurements of the diaphragm can

predict weaning failure or successful extubation, with the most
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sensitive and specific cutoff values for excursion being 1.1-1.4
cm and those for thickening fraction being 30%-36% [18].

The present study also revealed a superior ability of DTF to
anticipate weaning success, with greater sensitivity and speci-
ficity compared to DE. This outcome is supported by two me-
ta-analyses: Llamas-Alvarez et al.'s meta-analysis [19], which
reported a high pooled AUC of >0.85 for DTE with significantly
greater specificity than DE, and Parada-Gereda et al’s study
[20], which noted an acceptable diagnostic accuracy for both
DE and DTF in predicting successful extubation after MV
(AUC >0.85). However, subgroup analysis according to cardiac
status showed that sensitivity and specificity were higher for
DTE whereas they were lower for DE. Interestingly, DTF main-
tained its high predictive value even in the cardiac subgroup,
outperforming TFC. This may be attributed to the fact that
DTF reflects a direct assessment of diaphragmatic contractility,
the final common pathway for successful ventilation. Unlike
TFC, which assesses fluid overload (an indirect contributor
to weaning failure), DTF provides a functional measure of
the diaphragm's ability to sustain ventilation. This distinction
explains DTF's greater reliability across patient populations.
Clinical evidence confirms that diaphragmatic dysfunction
develops rapidly during MV and frequently emerges as the
primary determinant of weaning failure, irrespective of cardiac
function or fluid status [21].

Contrary to our findings, a recent study by Saccheri et al.
[22] indicated that the prevalence of diaphragm dysfunction
at the time of weaning was similar in patients with success-
ful and unsuccessful extubation, and that it did not affect
long-term survival. However, it is important to note that
their cohort predominantly included post-surgical patients,
which may explain the differing results from our medical
ICU population. Furthermore, the work of Dres et al. [23]
demonstrated that diaphragmatic dysfunction was associ-
ated with a higher incidence of weaning-induced pulmo-
nary edema, occurring nearly three times more frequently
in these patients. Therefore, while diaphragmatic function
plays a key role in weaning readiness, it remains essential to
evaluate additional causes of SBT failure, particularly wean-
ing-induced pulmonary edema, which is a common and
potentially reversible factor.

Our study has several limitations. First, our cohort was

selected early in the weaning phase, when patients were el-
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igible for a spontaneous breathing trial but not extubation,
and the clinical implications of this choice require further
investigation. Second, the identification of pre-existing pul-
monary edema was made using chest radiography rather
than the reference method, which involves measuring pul-
monary artery occlusion pressure. However, instead of using
a pulmonary artery catheter, which is currently considered
an invasive method during the weaning process, current pro-
tocols rely on alternative non-invasive techniques to identify
pulmonary edema [24]. Third, the definition of weaning fail-
ure included both reintubation and the use of non-invasive
ventilation, which, although reflective of real-world clinical
practice [25], may introduce heterogeneity in outcome classi-
fication. Fourth, although we compared individual predictors
of weaning success, we did not develop a multivariate pre-
dictive model that integrates these parameters. Such a model
could potentially enhance diagnostic accuracy. Finally, the
non-cardiac subgroup included only 39 patients, which may
have reduced the statistical power to identify significant
differences and could compromise the robustness of sub-
group-specific findings. Therefore, results from the non-car-
diac group should be considered with caution, and future
studies with larger sample sizes are needed to confirm these
observations.

Lower TFC and higher DE were associated with success-
ful weaning from MV in critically ill patients with congested
lungs, with moderate predictive ability in the total study pop-
ulation. However, the diagnostic accuracy, sensitivity, and
specificity were higher for TFC and lower for DE in patients
with low ejection fraction. This study highlights the value of
bedside, non-invasive tools such as electrical cardiometry
and diaphragmatic ultrasound in identifying factors that may
complicate the weaning process. While each parameter offers
individual predictive value, future research should focus on
developing composite models that integrate multiple clinical
and physiological indices to improve the practical utility of
bedside tools.
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