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Abstract: Objective: To retrospectively evaluate the utility of diaphragmatic ultrasound parameters in assessing 
ventilator weaning outcomes and survival in ventilator-dependent intensive care unit (ICU) patients. Methods: A 
total of 105 ventilator-dependent ICU patients admitted to our hospital between October 2019 and February 2024 
were included in this study. Depending on weaning outcomes, patients were divided into a successful group (n = 
86) and a failure group (n = 19). Diaphragmatic ultrasound parameters, including diaphragm excursion (DE), dia-
phragmatic thickness at the end of expiration (DTee), diaphragmatic thickness at the end of inspiration (DTei), and 
diaphragmatic thickening fraction (DTF), were collected. Receiver operating characteristic (ROC) curves were plotted 
to assess the predictive value of these parameters for weaning success. Survival curves were analyzed to explore 
their relationships with survival. Logistic regression analysis was used to identify risk factors influencing survival 
in ventilator-dependent ICU patients. Results: Diaphragmatic ultrasound parameters were statistically higher in 
the successful group compared to the failure group. TFor ventilator-dependent ICU patients, the areas under the 
curve (AUCs) of DE, DTee, DTei, and DTF in predicting weaning outcomes were 0.757, 0.765, 0.770, and 0.677, re-
spectively. However, when these four indicators were combined for prediction, the AUC could be elevated to 0.938. 
Logistic regression analysis identified that gender, age, body mass index, disease type, comorbidities, as well as 
DE, DTee, DTei, and DTF, were not risk factors influencing the survival of these ventilator-dependent ICU patients. 
Conclusions: Diaphragmatic ultrasound parameters are valuable tools for assessing the weaning outcomes and sur-
vival of ventilator-dependent ICU patients. These parameters provide auxiliary guidance for clinical decision-making 
and subsequent patient management.
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Introduction

Most patients admitted to intensive care units 
(ICUs) suffer from critical respiratory diseases 
such as acute exacerbations of chronic obstruc-
tive pulmonary disease (COPD), severe pneu-
monia, and acute respiratory distress syn-
drome (ARDS) [1]. Mechanical ventilation (MV), 
a commonly used respiratory support tech-
nique in ICUs, not only ensures airway patency 
but also prevents hypoxemia and carbon diox-
ide retention, which is conducive to surviving 
the critical period [2, 3]. The management of 
MV weaning is a key aspect of ICU care. Both 
premature weaning and prolonged dependence 
on MV increase the risk of complications and 

medical care costs for ICU patients [4]. Statistics 
indicate that 5-10% of ICU patients on MV 
require prolonged MV use (more than 21 days 
of use). The annual economic burden brought 
on by prolonged MV in the United States alone 
is as high as 25 billion, while only 50% of the 
patients with prolonged MV achieve successful 
weaning [5-7]. Nevertheless, research on pre-
dicting the ventilator weaning outcomes of ven-
tilator-dependent ICU patients remains limited. 
This study seeks to address this gap by provid-
ing an in-depth analysis and contributing valu-
able insights to guide clinical decision-making.

The subjective accuracy of physicians in pre-
dicting successful ventilator weaning remains 
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low [8]. Therefore, an objective assessment of 
the clinical condition of ventilator-dependent 
ICU patients is important for accurately predict-
ing weaning outcomes [9]. Diaphragmatic dys-
function has been identified as a major factor 
associated with unsuccessful ventilator wean-
ing and is strongly linked to adverse events dur-
ing the weaning process [10, 11]. Traditional 
methods for assessing diaphragmatic function, 
such as X-rays, phrenic nerve conduction 
research, and transdiaphragmatic pressure 
measurements have limitations, including high 
technical complexity, limited applicability, and 
high cost [12, 13]. Ultrasound, on the other 
hand, offers a non-invasive, cost-effective, and 
widely applicable alternative. It allows for the 
evaluation of the relationship between dia-
phragm thickness and lung volume during 
inspiration, as well as the detection of dia-
phragm atrophy and paralysis with high accu-
racy [14]. A systematic review and meta-analy-
sis highlighted the moderate to high specificity 
of diaphragmatic ultrasound parameters, such 
as diaphragm thickening fraction and diaphrag-
matic displacement, in predicting weaning out-
comes; however, its sensitivity is relatively low, 
and the overall predictive accuracy requires fur-
ther improvement [15].

This study focuses on analyzing the utility of 
diaphragmatic ultrasound parameters - dia-
phragm excursion (DE), diaphragmatic thick-
ness at the end of expiration (DTee), diaphrag-
matic thickness at the end of inspiration (DTei) 
and diaphragmatic thickening fraction (DTF), in 
predicting ventilator weaning outcomes and 
evaluating survival of ventilator-dependent ICU 
patients. By doing so, it aims to enhance the 
prediction of weaning outcomes and survival 
assessment in this patient population.

Information and methodology

Patient selection

This retrospective study was approved by the 
Ethics Committee of Lishui People’s Hospital. A 
total of 105 ICU patients with severe ventilator 
dependence admitted between October 2019 
and February 2024 were selected as the study 
subjects. Patients were categorized into two 
groups based on their weaning outcomes: the 
successful group (n = 86) and the failure group 
(n = 19). No significant differences were 
observed in the general demographic or clinical 

characteristics between the two groups (P > 
0.05), ensuring clinical comparability.

Inclusion criteria: 1) Patients who had under-
gone invasive MV for more than 48 hours; 2) 
Patients who met the criteria for ventilator with-
drawal; 3) Patients with quantitative measure-
ments of the ipsilateral diaphragm parameters; 
4) Patients with intact medical records, normal 
cognitive function, and the ability to communi-
cate effectively.

Exclusion criteria: 1) Conditions such as pneu-
mothorax, intra-abdominal hypertension, sev- 
ere pancreatitis, spinal cord injury, massive 
pleural effusion, neuromuscular disease, his-
tory of diaphragm paralysis, cervical spine inju-
ry, or contraindication to ultrasonography; 2) 
Pregnant women; 3) Patients unable to sustain 
spontaneous breathing.

Detection methods

The detection was carried out in accordance 
with a previously established method [16]. An 
ultrasonic diagnostic system and an electrocar-
diogram (ECG) monitor were used to for ventila-
tor weaning screening once the patient’s condi-
tion improved or related clinical symptoms sub-
sided. Patients were placed in a supine position 
for the measurements. The ultrasound probe 
frequency was set to 3.5 MHz, and the range of 
diaphragm movement was calibrated in M 
mode to determine DE. After locating the dia-
phragm according to the thoracoperitoneum 
between the 8th and 9th ribs between the 
anterior axillary and midaxillary lines, the probe 
frequency was 13 Mhz to measure DTee and 
DTei in M mode. Measurements were conduct-
ed in M-mode over a single respiratory cycle, 
and the DTF was calculated using the formula: 
DTF = (DTei - DTee)/DTee. Representative dia-
phragmatic ultrasound images are shown in 
Figure 1.

Weaning outcomes

Following a successful spontaneous breathing 
trial and completion of diaphragmatic ultra-
sound, the machine was removed, and the 
patient was extubated within 24 hours. 
Successful weaning was defined as no need for 
re-intubation within 48 hours after extubation. 
Weaning failure refers to the following situa-
tions: failure to pass the spontaneous breath-
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Figure 1. Diaphragmatic ultrasound images. A-F. Diaphragmatic ultrasound images of 6 patients.
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ing trial; re-intubation for invasive MV 48 hours 
after weaning, with re-intubation criteria includ-
ing heart rate ≤ 50 beats/min, cardiac arrest, 
uncoordinated respiratory movement of the 
chest and abdomen, massive aspiration, and 
hemodynamic instability; death after 48 hours 
of extubation.

Sample size

In this research, we hypothesized a weaning 
success rate of 60%. Given that the diaphrag-
matic ultrasound parameters have a medium-
sized effect (effect size = 0.05) on weaning out-
come, and with a statistical power (1 - β) set at 
80% and the α level set at 0.05, the binomial 
proportion-based sample size calculation for-
mula suggested a minimum sample size of 75 
cases. Considering the possible 10% loss-to-
follow-up rate, the minimum sample size was 
adjusted to 84 cases. The actual sample size 
included in this study was 105 cases, which 
sufficiently meets the minimum sample size 
requirements.

Statistical methods

Statistical analyses were performed using 
SPSS 22.0. For data comparisons, indepen-
dent sample t-tests were used for quantitative 
data (

_
x±s), and χ2 tests were employed for enu-

meration data (n [%]). Receiver operating char-
acteristic (ROC) curve and areas under the 
curve (AUC) were used to determine the predic-
tive efficiency of each index. Kaplan-Meyer 
(K-M) curves were drawn to analyze the survival 

outcomes. Binary logistic regression analysis 
was used to identify factors influencing survival 
in ventilator-dependent ICU patients. Statistical 
significance was set at P < 0.05 for all 
analyses.

Results

Comparison of general data between the two 
groups

There were no significant differences between 
the failure and successful groups in terms of 
gender, age, body mass index (BMI), disease 
types, or comorbidities (all P > 0.05, Table 1).

Comparison of diaphragmatic ultrasound pa-
rameters between the two groups

The diaphragmatic ultrasound parameters, in- 
cluding DE, DTee, DTei, and DTF, were assessed 
in both groups. The data showed significantly 
higher levels of these parameters in the suc-
cessful group compared to the failure group (all 
P < 0.01, Figure 2).

Predictive value of diaphragmatic ultrasound 
parameters for weaning outcomes in ventila-
tor-dependent ICU patients

The predictive value of diaphragmatic ultra-
sound parameters for weaning outcomes in 
ventilator-dependent ICU patients was ana-
lyzed using ROC curves. The AUC for DE was 
0.757 (95% CI: 0.662-0.852), with an optimal 
cut-off of 12.50, specificity of 84.21%, and sen-

Table 1. Comparison of general information between the success and failure groups
Indicators Failure group (n = 19) Success group (n = 86) χ2/t P
Sex 0.129 0.720
    Male 12 (63.16) 58 (67.44)
    Female 7 (36.84) 28 (32.56)
Age (years old) 64.47±3.99 66.07±7.21 0.934 0.353
Body mass index (kg/m2) 19.21±2.27 20.16±3.14
Disease type 0.514 0.773
    Chronic obstructive pulmonary disease 8 (42.11) 32 (37.21)
    Pneumonia 6 (31.58) 24 (27.91)
    Acute respiratory distress syndrome 5 (26.32) 30 (34.88)
Comorbidities
    Coronary heart disease 2 (10.53) 8 (9.30) 0.027 0.869
    Hypertension 6 (31.58) 14 (16.28) 2.362 0.124
    Diabetes mellitus 4 (21.05) 13 (15.12) 0.404 0.525
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sitivity of 69.77%. The AUC for DTee was 0.765 
(95% CI: 0.669-0.861), with an optimal cutoff, 
specificity, and sensitivity of 1.93, 89.47%, and 
63.95%, respectively. DTei had an AUC of 0.770 
(95% CI: 0.649-0.890), an optimal cut-off of 
2.22, a specificity of 52.63%, and a sensitivity 
of 93.02%. The AUC of DTF was 0.677 (95% CI: 
0.543-0.810), the optimal cutoff was 0.43, and 
the specificity and sensitivity were 73.68% and 
61.63%, respectively. The AUC of the combined 
model (DE + DTee + DTei + DTF) was 0.938 
(95%CI: 0.889-0.986), with an optimal cutoff 
value of 0.85, specificity and sensitivity of 
94.74% and 83.72%, respectively. See Figure 3 
and Table 2 for details.

Correlation of diaphragmatic ultrasound pa-
rameters with survival in ICU patients with ven-
tilator dependence

Survival curves were drawn to analyze the cor-
relation of diaphragmatic ultrasound parame-
ters with survival in ICU patients with ventilator 
dependence. The optimal cut-off value of each 

ventilator-associated pneumonia, diaphrag-
matic atrophy, and pulmonary edema [17, 18]. 
This is related to the complexity of the transi-
tion from complete ventilation support to 
autonomous respiration, which imposes signifi-
cant stress on multiple organs [19]. Therefore, 
accurately evaluating the weaning outcomes 
and survival in ventilator-dependent ICU 
patients holds important clinical value in 
improving their survival outcomes.

Diaphragmatic ultrasound, as a bedside imag-
ing technology, offers significant advantages in 
the clinical management of ICU patients, includ-
ing non-invasiveness, low radiation exposure, 
and simple operation [20]. This technique 
enables real-time dynamic observation of dia-
phragm changes and provides guidance for 
weaning ICU patients from MV by measuring 
changes in diaphragmatic ultrasound parame-
ters such as DE, DTee, DTei, and DTF [21]. 
Among these parameters, DE reflects dia-
phragm functionality, and lower levels indicate 
diaphragm dysfunction and a higher risk of 

Figure 2. Comparison of diaphragmatic ultrasound parameters between suc-
cess and failure groups. A. Inter-group comparison of DE. B. Inter-group com-
parison of DTee. C. Inter-group comparison of DTei. D. Inter-group compari-
son of DTF. Note: **P < 0.01; DE, diaphragm excursion; DTee, diaphragmatic 
thickness at the end of expiration; DTei, diaphragmatic thickness at the end 
of inspiration; DTF, diaphragmatic thickening fraction.

diaphragmatic ultrasound pa- 
rameter was used to catego-
rize patients into high and low 
expression groups. The results 
demonstrated that higher lev-
els of DE, DTee, DTei, and DTF 
were closely associated with 
better survival (all P < 0.05). 
See Figure 4 for details.

Risk factors affecting survival 
in ventilator-dependent ICU 
patients

An in-depth binary logistic 
regression analysis was per-
formed to identify the risk fac-
tors affecting survival in venti-
lator-dependent ICU patients. 
The results indicated that sex, 
age, BMI, disease type, comor-
bidities, DE, DTee, DTei, and 
DTF were not risk factors for 
survival in such patients (P > 
0.05, Table 3).

Discussion

Delayed MV weaning increas-
es the risk of death in ICU 
patients and can lead to seri-
ous complications, such as 
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Figure 3. The predictive value of diaphragmatic ultrasound parameters for ventilator weaning outcomes in ICU pa-
tients with ventilator dependence. A. The ROC curve of DE for predicting weaning outcomes in ventilator-dependent 
ICU patients. B. The ROC curve of DTee for predicting weaning outcomes in ventilator-dependent ICU patients. C. The 
ROC curve of DTei for predicting weaning outcomes in ventilator-dependent ICU patients. D. The ROC curve of DTF 
for predicting weaning outcomes in ventilator-dependent ICU patients. E. The ROC curve of joint measurement for 
predicting weaning outcomes in ventilator-dependent ICU patients by joint detection. Note: ICU, intensive care unit; 
AUC, area under the curve; DE, diaphragm excursion; DTee, diaphragmatic thickness at the end of expiration; DTei, 
diaphragmatic thickness at the end of inspiration; DTF, diaphragmatic thickening fraction.

Table 2. Predictive value of diaphragmatic ultrasound parameters for weaning outcomes in ventilator-
dependent ICU patients
Indicators AUC 95% CI P Optimal cutoff Specificity Sensitivity
DE 0.757 0.662-0.852 < 0.001 12.50 84.21% 69.77%
DTee 0.765 0.669-0.861 < 0.001 1.93 89.47% 63.95%
DTei 0.770 0.649-0.890 < 0.001 2.22 52.63% 93.02%
DTF 0.677 0.543-0.810 0.016 0.43 73.68% 61.63%
Joint detection 0.938 0.889-0.986 < 0.001 0.85 94.74% 83.72%
Note: ICU, intensive care unit; DE, diaphragm excursion; DTee, diaphragmatic thickness at the end of expiration; DTei, diaphrag-
matic thickness at the end of inspiration; DTF, diaphragmatic thickening fraction.

weaning failure [22]. Reduced DE levels are 
commonly observed in patients with spontane-
ous dyspnea and contribute to worsening dia-
phragmatic dysfunction, thereby decreasing 
the likelihood of successful weaning [23]. While 
DTee and DTei are essential for assessing 
changes in diaphragm thickness, their clinical 
utility may be affected by individual specificity, 
such as body and weight [24]. In contrast, DTF 
reflects the active diaphragm contraction dur-
ing MV and less impacted by individual specific-
ity, making it a more reliable predictor of dia-
phragm function [25].

In this study, we evaluated DE, DTee, DTei, and 
DTF, finding that all these parameters were sig-

nificantly higher in the successful group com-
pared to the failure group. This suggests that 
failed weaning is associated with an imbalance 
between the mechanical and functional loads 
on the diaphragm, leading to diaphragmatic 
fatigue. Elevated levels of DE, DTee, DTei, and 
DTF are indicative of successful weaning. In the 
research by Xu Q et al. [26], the DE and DTF of 
the successful group were significantly higher 
than those of the failure group, consistent with 
our research results. Gok F et al. [27] also 
pointed out that DE (r = 0.532, P ≤ 0.001) and 
DTF (r = 0.499, P ≤ 0.001) were closely related 
to extubation success, also consistent with our 
observations.
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ROC analysis data in this study showed that the 
AUC for DE, DTee, and DTei in predicting wean-
ing outcomes exceeded 0.750, with DTei achiev- 
ing the highest AUC (0.770) and DTF the lowest 
AUC (0.677). These findings are consistent with 
Yao Y et al. [28], who reported AUCs of approxi-
mately 0.700 for DE, DTei, and DTF in predicting 
weaning outcomes in pediatric ICU patients, 
emphasizing that their combination improves 

predictive accuracy. Additionally, Saravanan R 
et al. [29] demonstrated high predictive value 
of diaphragmatic ultrasound for successful 
weaning in mechanically ventilated patients, 
with AUCs of 0.654 and 0.809 for DTF and DE, 
respectively, which are similar to our results. 
Among the four diaphragmatic ultrasound 
parameters, DE and DTee exhibited the highest 
specificity, with DE at 84.21% and DTee at 

Figure 4. Correlation of diaphragmatic ultrasound parameters with survival in ventilator-dependent ICU patients. A. 
The association between DE and survival in ventilator-dependent ICU patients. B. The association between DTee and 
survival in ventilator-dependent ICU patients. C. The association between DTei and survival in ventilator-dependent 
ICU patients. D. The association between DTF and survival in ventilator-dependent ICU patients. Note: ICU, intensive 
care unit; DE, diaphragm excursion; DTee, diaphragmatic thickness at the end of expiration; DTei, diaphragmatic 
thickness at the end of inspiration; DTF, diaphragmatic thickening fraction.

Table 3. Multivariate analysis of risk factors affecting survival in ventilator-dependent ICU patients
Indicators β SE Wald P Exp (β) 95% CI
Sex 1.360 0.832 2.670 0.102 3.897 0.762-19.915
Age (years old) -0.027 0.047 0.333 0.564 0.973 0.888-1.067
Body mass index (kg/m2) -0.105 0.096 1.199 0.273 0.901 0.746-1.086
Disease type -0.407 0.353 1.333 0.248 0.665 0.333-1.329
Comorbidities -0.101 0.260 0.150 0.699 0.904 0.543-1.506
DE (mm) 0.025 0.090 0.075 0.784 1.025 0.860-1.221
DTee (mm) -0.082 0.433 0.036 0.850 0.922 0.395-2.152
DTei (mm) 0.539 0.522 1.066 0.302 1.714 0.616-4.766
DTF 1.812 1.048 2.990 0.084 6.120 0.785-47.693
Note: ICU, intensive care unit; DE, diaphragm excursion; DTee, diaphragmatic thickness at the end of expiration; DTei, diaphrag-
matic thickness at the end of inspiration; DTF, diaphragmatic thickening fraction.
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89.47%. Meanwhile, DTei had the highest sen-
sitivity at 93.02%. When these parameters 
were combined, the AUC for predicting weaning 
outcomes in ICU patients with ventilator depen-
dence reached 0.938, with a high specificity of 
94.74% and sensitivity of 83.72%. This aligns 
with findings from Li S et al. [30], who reported 
that the combination of DE, DTF, lung ultra-
sound score (LUS), and rapid shallow breathing 
index (RSBI) maximized predictive value for 
successful weaning in elderly ICU patients, with 
an AUC reaching 0.919 and the sensitivity and 
specificity up to 96% and 89% respectively, 
similar to our research results.

Survival curve analysis revealed that low levels 
of DE, DTee, DTei, and DTF were all significantly 
related to lower survival, while improving their 
levels helps to extend survival to some extent. 
This indicates that diaphragmatic ultrasound 
parameters are valuable not only for predicting 
weaning outcomes but also for assessing dis-
ease progression and survival status in ventila-
tor-dependent ICU patients. Finally, binary 
logistic regression analysis found that none of 
the examined factors - sex, age, BMI, disease 
type, comorbidities, DE, DTee, DTei, or DTF - 
were statistically significant risk factors for sur-
vival in this patient population. This suggests 
that while diaphragmatic ultrasound parame-
ters provide important prognostic information, 
other unexamined factors may play a role in 
influencing long-term survival.

This study still has several limitations. First, the 
sample was restricted to severely ill ICU 
patients who were ventilator-dependent, which 
may limit the generalizability of the research 
results to other patient groups with difficulty in 
ventilator weaning. Second, long-term follow-up 
was not carried out in this study, which would 
have provided valuable insights into the pro-
longed survival of patients. Third, as a retro-
spective analysis, there is an inherent chal-
lenge to identify all possible confounding fac-
tors that might influence ventilator weaning 
outcomes. In future studies, a prospective 
design and more comprehensive data collec-
tion could help identify additional factors con-
tributing to weaning outcomes.

In summary, the combination of diaphragma- 
tic ultrasound parameters holds significant pre-
dictive value for weaning outcomes in ICU 
patients with ventilator dependence. The four 

key parameters (DE, DTee, DTei, and DTF) dem-
onstrated potential in evaluating patients’ ven-
tilator weaning outcomes, which can not only 
provide a reliable reference for predicting the 
weaning outcomes of such patients but also 
offer scientific evidence for subsequent treat-
ments and prognosis improvement.
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