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Purpose: Diaphragm dysfunction is a key mechanism of respiratory failure during acute exacerbation of chronic obstructive 
pulmonary disease (AECOPD). Diaphragmatic thickening fraction (DTF) and excursion (DE) are commonly used ultrasound 
parameters, but their clinical value in non-critically ill AECOPD patients remains unclear. This study aimed to investigate the 
association of early DTF and DE with subsequent noninvasive ventilation (NIV) requirement and treatment response.
Patients and Methods: This retrospective observational study enrolled AECOPD patients admitted between December 2025 and 
January 2026. DTF and DE were measured within 24 hours of admission and before NIV initiation. Primary outcomes were NIV 
requirement within 48 hours, and among NIV recipients, the difference in ultrasound parameters between treatment responders and non- 
responders. Multivariable logistic regression assessed whether DTF provided incremental information beyond traditional clinical predictors.
Results: Of 123 included patients, 56 received NIV. DTF was significantly higher in the NIV group than in the non-NIV group 
(P=0.033), while DE did not differ. After adjusting for traditional clinical indicators, DTF was no longer significant (P=0.121). Among 
NIV-treated patients, DE was significantly higher in responders than in non-responders (P=0.015), while DTF did not differ.
Conclusion: In non-critically ill AECOPD patients, elevated DTF is associated with NIV requirement but does not provide 
independent predictive information beyond traditional clinical indicators. DE is associated with NIV treatment response and may 
reflect diaphragmatic contractile reserve. These exploratory findings, including subgroup analyses and threshold estimates, require 
prospective validation before clinical application. The two parameters have distinct clinical values, and their interpretation should 
consider disease stage.
Keywords: AECOPD, noninvasive ventilation, diaphragmatic ultrasound, diaphragmatic thickening fraction, diaphragmatic excursion

Introduction
Chronic obstructive pulmonary disease (COPD) is one of the diseases with the highest morbidity and mortality 
worldwide,1,2 and acute exacerbations (AECOPD) are key events leading to hospitalization and death.3,4 As the primary 
respiratory muscle, the diaphragm plays an important role in the development of respiratory failure during AECOPD. 
Diaphragmatic dysfunction, resulting from increased load, dynamic pulmonary hyperinflation, and systemic inflamma
tion, directly affects ventilation capacity and increases the need for respiratory support.5,6

Bedside ultrasound enables non-invasive assessment of diaphragmatic function. Commonly used parameters include 
diaphragmatic excursion (DE) and diaphragmatic thickening fraction (DTF). DE primarily reflects the amplitude of 
diaphragmatic contraction and is related to ventilation capacity; DTF reflects the intensity of diaphragmatic contraction 
and may indirectly indicate diaphragmatic load.7 Currently, research on diaphragmatic ultrasound in COPD has mainly 
focused on intensive care units (ICU) or emergency departments, primarily investigating its value in predicting weaning 
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from invasive ventilation or NIV failure.8–11 However, the majority of AECOPD patients are initially admitted to general 
wards, with relatively milder disease at an early stage. The diaphragmatic ultrasound characteristics of these patients 
within 24 hours of admission, whether DE and DTF differ between those who require NIV and those who do not, and 
whether these two parameters may reflect different clinical values, remain unclear. Research specifically targeting 
non-critically ill AECOPD patients in general wards is lacking.8

Therefore, this retrospective observational study aimed to: (1) describe the early DE and DTF characteristics of 
non-critically ill AECOPD patients; (2) compare DE and DTF between patients requiring NIV and those not requiring 
NIV; (3) assess whether DTF provides incremental information beyond traditional clinical indicators using multivariable 
regression analysis; and (4) explore the possible associations of DE and DTF with NIV treatment response and 
comorbidities, providing preliminary insights into their distinct clinical values in AECOPD management.

Materials and Methods
Study Design and Population
This single-center retrospective observational study consecutively enrolled AECOPD patients admitted to the Department 
of Respiratory and Critical Care Medicine, Chongqing Hospital of Jiangsu Province Hospital, between December 2025 and 
January 2026, who underwent bedside diaphragmatic ultrasound examination within 24 hours of admission.

Inclusion Criteria
(1) AECOPD meeting the GOLD diagnostic criteria;12 (2) age ≥18 years; (3) bedside diaphragmatic ultrasound 
completed within 24 hours of admission.

Exclusion Criteria
(1) immediate need for invasive mechanical ventilation upon admission; (2) incomplete clinical data precluding 
acquisition of key variables (eg., arterial blood gas, outcome measures).

The patient selection process is shown in Figure 1.
This study was approved by the Ethics Committee of Chongqing Hospital of Jiangsu Province Hospital (Approval 

No. KY2026-003). The requirement for informed consent was waived due to the retrospective design. Patient data 
confidentiality was strictly maintained in accordance with the hospital’s data protection policy.

The Rome criteria for AECOPD severity classification were not used in this study, as the study period 
(December 2025 – January 2026) predated the routine documentation of these criteria in our electronic medical records.

Figure 1 Flowchart of patient selection. A total of 206 patients with acute exacerbation of chronic obstructive pulmonary disease (AECOPD) were screened. After 
excluding 83 patients (immediate need for invasive ventilation, n=4; noninvasive ventilation initiated before ultrasound examination, n=49; no ultrasound examination 
performed, n=26; incomplete clinical data, n=4), 123 patients were included in the final analysis. Of these, 56 patients received noninvasive ventilation (NIV) within 48 hours 
of admission (NIV group), among whom 45 were treatment responders (remained on NIV without escalation to invasive ventilation or ICU transfer) and 11 were non 
responders (required invasive ventilation or ICU transfer). The remaining 67 patients did not receive NIV (non NIV group). 
Abbreviation: NIV, noninvasive ventilation.
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Diaphragmatic Ultrasound Measurements
Diaphragmatic ultrasound examinations were performed by a single respiratory physician trained in diaphragmatic 
ultrasound. The measurement protocols followed published recommendations for diaphragmatic ultrasound.7 The 
operator performed only the examination and did not intervene in patient outcomes. All examinations were completed 
within 24 hours of admission and before NIV initiation. Patients were placed in a semi-recumbent position and instructed 
to breathe quietly to minimize the impact of respiratory state variation on measurements. The measured parameters 
included diaphragmatic excursion (DE) and diaphragmatic thickening fraction (DTF), with the following methods:

DE measurement: A low-frequency convex probe (2–5 MHz) was placed in the right subcostal region, using the liver as 
an acoustic window. M-mode ultrasound was used with the sampling line perpendicular to the dome of the diaphragm. The 
vertical distance of diaphragmatic movement from end-expiration to peak inspiration during quiet breathing was measured. 
Three consecutive respiratory cycles were measured, and the average value was taken as the final DE (unit: cm).

DTF measurement: A high-frequency linear probe (6–13 MHz) was placed in the right 8th–10th intercostal space at 
the mid-axillary line to clearly visualize the three-layered structure of pleura–diaphragm–peritoneum. In B-mode, 
diaphragm thickness at end-expiration (DTE) and at peak inspiration (DTI) was measured, avoiding blood vessels and 
the pleural/peritoneal lines. DTF was calculated as: DTF = (DTI – DTE) / DTE × 100%. Three consecutive respiratory 
cycles were measured, and the average value was taken as the final DTF (unit: %).

NIV Definition and Objective Criteria Assessment
Patients were divided into NIV group and non-NIV group based on whether they received noninvasive ventilation within 
48 hours of admission. NIV use was recorded from the electronic medical order system and nursing records. All NIV 
treatments were initiated by attending physicians based on comprehensive assessment of clinical presentation and arterial 
blood gas results.

To assess whether patients met objective clinical criteria for NIV initiation, two researchers independently reviewed 
medical records, including vital signs, arterial blood gas results, nursing records, and physician progress notes within 
48 hours of admission. Referring to the GOLD 2025 report and relevant national guidelines,12 objective clinical criteria 
for NIV initiation included: (1) worsening gas exchange: arterial pH <7.35 and PaCO2 >45 mmHg; (2) signs of 
respiratory distress: respiratory rate >25 breaths/min, with use of accessory muscles or paradoxical abdominal breathing; 
(3) refractory hypoxemia: SpO2 persistently <92% despite oxygen therapy via nasal cannula or face mask (oxygen flow 
≥5 L/min). Researchers judged whether patients met at least one of these criteria within 48 hours of admission. 
Disagreements were resolved through discussion or by a third researcher. This judgment was not used to reclassify 
NIV groups but only for sensitivity analysis to assess the consistency between actual NIV use and objective criteria.

In the NIV group, patients who did not require escalation to invasive mechanical ventilation or ICU transfer during 
hospitalization were defined as “treatment responders”; those who required endotracheal intubation or ICU transfer were 
defined as “non-responders”.

Data Collection
The following data were collected from the electronic medical record system: (1) demographic characteristics: age, sex, 
body mass index (BMI); (2) comorbidities: hypertension, coronary heart disease, diabetes mellitus, pulmonary arterial 
hypertension (diagnosed by echocardiography); (3) disease severity: APACHE II score within 24 hours of admission, 
respiratory rate; (4) laboratory and blood gas parameters: arterial pH, PaCO2, PaO2/FiO2, NT-proBNP, eosinophil count; 
(5) functional scores: Nutritional Risk Screening 2002 (NRS-2002), Activities of Daily Living (ADL) score; (6) 
hospitalization outcomes: NIV use, NIV efficacy, ICU transfer, invasive ventilation.

Statistical Analysis
Statistical analyses were performed using SPSS 26.0 (IBM Corp., Armonk, NY, USA) and R 4.1.0. Continuous variables 
were first tested for normality using the Shapiro–Wilk test. Normally distributed data are presented as mean ± standard 
deviation and compared using the independent samples t-test. Non-normally distributed data are presented as median 
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(interquartile range) [M (Q1, Q3)] and compared using the Mann–Whitney U-test. Categorical variables are presented as 
frequency (%) and compared using the χ2-test or Fisher’s exact test.

To assess whether diaphragmatic ultrasound parameters (DTF, DE) provided incremental information beyond tradi
tional NIV initiation indicators, multivariable binary logistic regression analysis (Enter method) was performed, includ
ing respiratory rate, pH, PaCO2, PaO2/FiO2, DE, and DTF simultaneously in the model, with NIV requirement as the 
dependent variable. Odds ratios (OR) and 95% confidence intervals (CI) were calculated. Model goodness-of-fit was 
evaluated using the Hosmer-Lemeshow test.

Subgroup analyses: (1) DE and DTF were compared between patients with and without hypertension, diabetes 
mellitus, coronary heart disease, and pulmonary arterial hypertension using the Mann–Whitney U-test; (2) in the NIV 
group, DE and DTF were compared between treatment responders and non-responders using the Mann–Whitney U-test.

Exploratory ROC curve analysis: (1) in the overall cohort of 123 patients, the predictive performance of DTF for NIV 
requirement was analyzed; (2) in the 56 patients receiving NIV, the predictive performance of DE for NIV failure 
(defined as need for invasive ventilation or ICU transfer) was analyzed. Area under the curve (AUC) and 95% CI were 
calculated. The optimal cut-off value was determined by the Youden index (sensitivity + specificity – 1), and the 
corresponding sensitivity and specificity were reported. Due to the small sample size and low AUC values, ROC results 
are presented only as exploratory findings and are not emphasized in the main text.

All tests were two-sided, and P < 0.05 was considered statistically significant.

Results
Patient Selection and Baseline Characteristics
A total of 206 AECOPD patients were screened. After excluding 83 patients, 123 were included in the final analysis 
(Figure 1). Reasons for exclusion included: immediate need for invasive ventilation (n=4), NIV initiated before 
ultrasound examination (n=49), no ultrasound examination performed (n=26, mainly due to pneumothorax/pleural 
effusion [n=18] or inability to cooperate with the examination position [n=8]), and missing key covariates (prealbu
min/NT-proBNP) (n=4). Of the 123 included patients, 56 (45.5%) received NIV within 48 hours of admission (NIV 
group), and 67 (54.5%) did not receive NIV (non-NIV group).

Baseline characteristics of the two groups are compared in Table 1. There were no significant differences in age, sex, 
or BMI between the NIV and non-NIV groups (all P > 0.05). Compared with the non-NIV group, patients in the NIV 
group had higher APACHE II scores, respiratory rates, PaCO2 levels, and NT-proBNP levels; lower pH, PaO2/FiO2 

ratios, ADL scores, and eosinophil counts; and a higher proportion of pulmonary arterial hypertension (all P < 0.05).

Table 1 Comparison of Clinical Data Between NIV Group and Non-NIV Group

Variable Total (n=123) NIV Group (n=56) Non-NIV Group (n=67) Statistic P value

Demographics
Age, years 74.11 ± 7.97 75.07 ± 7.97 73.31 ± 7.94 t=1.22 0.225

Male, n (%) 95 (77.2) 43 (76.8) 52 (77.6) χ2=0.01 0.913

BMI (kg/m2) 21.43 ± 3.04 21.16 ± 3.06 21.65 ± 3.03 t=0.88 0.381
Comorbidities, n (%)

Hypertension 38 (30.9) 22 (39.3) 16 (23.9) χ2=3.39 0.066

CHD 18 (14.6) 10 (17.9) 8 (11.9) χ2=0.85 0.355
Diabetes Mellitus 17 (13.8) 11 (19.6) 6 (9.0) χ2=2.93 0.087

PAH 21 (17.1) 14 (25.0) 7 (10.4) χ2=4.56 0.033

Lab & Physiology
Prealbumin (mg/L) 159.17 ± 70.67 152.11 ± 82.13 165.07 ± 59.45 t=0.99 0.327

WBC (109/L) 8.00 (6.38, 11.15) 8.24 (6.45, 12.03) 7.87 (6.25, 9.91) Z=−1.46 0.146

Hb (g/L) 129.00 (117.00, 138.00) 127.00 (117.00, 142.00) 130.00 (116.50, 138.00) Z=−0.62 0.532

(Continued)
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Comparison of Diaphragmatic Ultrasound Parameters
DTF was significantly higher in the NIV group than in the non-NIV group [37.0% (21.0%, 51.0%) vs. 28.0% (18.0%, 39.0%), 
P = 0.033]; DE did not differ significantly between the two groups [1.94 (1.35, 2.42) cm vs. 1.98 (1.56, 2.45) cm, P = 0.557] 
(Table 1).

Multivariable Regression Analysis: Incremental Value of DTF
To assess whether DTF provided independent information beyond traditional NIV initiation indicators, respiratory rate, pH, 
PaCO2, PaO2/FiO2, DE, and DTF were simultaneously entered into a logistic regression model (Enter method). The results 
showed that only respiratory rate was independently associated with NIV requirement (OR = 2.272, 95% CI 1.607–3.212, 
P < 0.001), while DTF did not reach statistical significance (OR = 1.033, 95% CI 0.991–1.076, P = 0.121). The Hosmer- 
Lemeshow test indicated good model fit (P = 0.635). Detailed results are shown in Table 2. This finding suggests that DTF 
does not provide additional predictive information beyond traditional clinical indicators for NIV initiation.

Table 2 Multivariate Logistic Regression Analysis: Incremental Value of DTF 
Beyond Traditional Predictors for NIV Requirement

Variable B SE Wald χ2 P value OR 95% CI

Breaths/min 0.821 0.176 21.753 <0.001 2.272 1.609–3.209
pH −13.805 13.55 1.038 0.308 0 0.000–1.83×106

PaCO2 (mmHg) 0.024 0.05 0.226 0.635 1.024 0.928–1.131

PaO2/FiO2 −0.003 0.005 0.377 0.539 0.997 0.987–1.007
DE (cm) 0.546 0.596 0.838 0.36 1.726 0.537–5.551

DTF (%) 0.032 0.021 2.408 0.121 1.033 0.991–1.076

Abbreviations: DE, diaphragmatic excursion; DTF, diaphragmatic thickening fraction; NIV, noninvasive 
ventilation; OR, odds ratio; CI, confidence interval.

Table 1 (Continued). 

Variable Total (n=123) NIV Group (n=56) Non-NIV Group (n=67) Statistic P value

hs-CRP (mg/L) 25.29 (4.81, 61.97) 38.42 (7.55, 81.20) 21.30 (4.16, 47.16) Z=−1.52 0.128

Creatinine (μmol/L) 75.10 (60.00, 87.90) 75.55 (57.40, 87.85) 75.00 (65.00, 88.00) Z=−0.91 0.363
Albumin (g/L) 37.40 (34.35, 40.25) 36.70 (33.08, 39.00) 38.00 (35.20, 40.60) Z=−1.20 0.232

NT-proBNP (ng/L) 260.00 (127.50, 670.50) 524.00 (202.25, 1464.50) 179.00 (116.00, 360.25) Z=−4.08 <0.001

EOS (109/L) 0.03 (0.01, 0.11) 0.01 (0.00, 0.05) 0.06 (0.01, 0.15) Z=−3.26 0.001
Severity Scores

APACHE II 7.00 (6.00, 9.00) 8.00 (7.00, 11.00) 6.00 (5.00, 7.00) Z=−6.89 <0.001

Respiratory Rate (breaths/min) 26.00 (21.50, 30.00) 30.00 (29.00, 33.25) 22.00 (20.00, 24.00) Z=−8.95 <0.001
NRS-2002 3.00 (2.00, 3.00) 3.00 (3.00, 4.00) 2.00 (1.00, 3.00) Z=−4.26 <0.001

ADL Score 90.00 (70.00, 100.00) 75.00 (55.00, 90.00) 95.00 (85.00, 100.00) Z=−5.03 <0.001

Arterial Blood Gas
PaO2/FiO2 325.87 ± 85.59 292.65 ± 82.55 353.63 ± 78.38 t=4.19 <0.001

pH 7.42 (7.39, 7.45) 7.39 (7.36, 7.44) 7.43 (7.41, 7.46) Z=−3.88 <0.001

PaCO2 (mmHg) 43.00 (38.00, 50.70) 46.00 (39.30, 56.50) 41.00 (37.50, 46.45) Z=−2.84 0.005
Diaphragmatic Ultrasound

DE (cm) 1.96 (1.52, 2.45) 1.94 (1.35, 2.42) 1.98 (1.56, 2.45) Z=−0.59 0.557

DTF (%) 31.0 (19.0, 44.0) 37.0 (21.0, 51.0) 28.0 (18.0, 39.0) Z=−2.13 0.033

Abbreviations: BMI, Body Mass Index; CHD, Coronary Heart Disease; PAH, Pulmonary Hypertension; WBC, White Blood Cell; Hb, Hemoglobin; EOS, Eosinophil; 
DE, Diaphragmatic excursion; DTF, Diaphragmatic Thickening Fraction.

International Journal of Chronic Obstructive Pulmonary Disease 2026:21                                                https://doi.org/10.2147/COPD.S608108                                                                                                                                                                                                                                                                                                                                                                                                       5

Yang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Exploratory Analysis of DTF and DE Thresholds
Based on the baseline comparisons (Table 1 and NIV subgroup analysis), only DTF was associated with NIV requirement 
and only DE was associated with NIV treatment response. Therefore, we performed two exploratory ROC analyses: To 
explore potential cut-off values of diaphragmatic ultrasound parameters for clinical reference, receiver operating 
characteristic (ROC) curve analyses were performed. For predicting NIV requirement within 48 hours of admission 
(n=123), DTF yielded an area under the curve (AUC) of 0.61 (95% CI 0.51–0.71). The optimal cut-off value determined 
by the Youden index was ≥41%, with a sensitivity of 82.0% and a specificity of 45.0% for identifying patients requiring 
NIV. Among the 56 patients receiving NIV, DE showed an AUC of 0.75 (95% CI 0.55–0.95) for predicting NIV failure 
(defined as need for invasive ventilation or ICU transfer). Using the optimal cut-off of ≤2.08 cm, the sensitivity was 
90.9% and the specificity was 46.7% for identifying non-responders (Table 3).

Given the modest AUC values and the small number of events in the NIV failure subgroup (n=11), these threshold 
findings should be interpreted with caution. They are presented primarily as exploratory data to inform future studies and 
do not represent validated clinical cut-points, requiring confirmation in larger prospective cohorts.

Subgroup Analyses
In comorbidity subgroups, no significant differences in DTF or DE were observed between patients with and without 
hypertension (n=38), coronary heart disease (n=18), or pulmonary arterial hypertension (n=21) (all P > 0.05). 
A significant difference was observed only in the diabetes subgroup: diabetic patients had significantly higher DTF 
than non-diabetic patients [41.67% (33.81%, 63.92%) vs. 27.78% (18.61%, 41.30%), P = 0.009]; DE did not differ 
between these groups (Table 4).

NIV efficacy subgroup: Of the 56 patients receiving NIV, 45 (80.4%) were treatment responders and 11 (19.6%) were 
non-responders. DE was significantly higher in responders than in non-responders [2.06 (1.49, 2.56) cm vs. 1.41 (0.96, 
1.96) cm, P = 0.015]; DTF did not differ significantly between the two groups [38.46% (20.94%, 48.81%) vs. 31.25% 
(22.22%, 58.33%), P = 0.757] (Table 4).

Table 3 ROC Curve Analysis of Diaphragmatic Ultrasound Parameters for Predicting NIV 
Requirement and NIV Failure

Parameter Outcome AUC 95% CI Cut-off Sensitivity (%) Specificity (%)

DTF (%) NIV requirement 0.61 0.51–0.71 ≥41 82 45

DE (cm) NIV failure 0.75 0.55–0.95 ≤2.08 90.9 46.7

Abbreviations: DTF, diaphragmatic thickening fraction; DE, diaphragmatic excursion; NIV, noninvasive ventilation; AUC, 
area under the curve; CI, confidence interval.

Table 4 Comparison of Diaphragmatic Ultrasound Parameters in Subgroup Analyses

Subgroup & Parameter Group n Median (IQR) Z P

Diabetes Mellitus

DTF (%) Diabetes 17 41.67 (33.81, 63.92) −2.609 0.009

Non-diabetes 106 27.78 (18.61, 41.30)

NIV Efficacy

DE (cm) Effective 45 2.06 (1.49, 2.56) −2.434 0.015

Ineffective 11 1.41 (0.96, 1.96)

DTF (%) Effective 45 38.46 (20.94, 48.81) −0.309 0.757

Ineffective 11 31.25 (22.22, 58.33)
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Sensitivity Analysis
Analysis of consistency between actual NIV use and objective criteria showed that among the 123 patients, 62 (50.4%) 
met at least one objective criterion for NIV initiation. Of these, 56 (90.3%) actually received NIV, and 6 (9.7%) did not 
receive NIV despite meeting the criteria. Overall agreement was 95.1%, with a Kappa value of 0.90, indicating a high 
degree of consistency between clinical decision-making and guideline criteria.

Discussion
This study, based on early diaphragmatic ultrasound measurements in 123 AECOPD patients admitted to general wards, 
yielded three main findings. First, DTF was significantly higher in patients requiring NIV, but this association was no 
longer independent after adjusting for traditional NIV initiation indicators (blood gas parameters and respiratory rate). 
Second, DE was closely associated with NIV treatment response, with non-responders having significantly lower DE 
than responders, while DTF did not differ between these efficacy subgroups. Third, diabetic patients had significantly 
higher DTF. These findings suggest that in non-critically ill AECOPD patients, early DTF and DE have different clinical 
values: DTF may reflect a real-time diaphragmatic response to systemic load, while DE may be closer to reflecting actual 
ventilatory capacity and functional reserve.

The diaphragm plays a crucial role in AECOPD. Ottenheijm et al found that chronic hypoxia and systemic 
inflammation in COPD patients induce myofiber type shifting, fiber atrophy, and contractile protein dysfunction, leading 
to diaphragmatic weakness.13 Laghi and Tobin, in their classic review, highlighted that dynamic pulmonary hyperinfla
tion-induced shortening of diaphragmatic initial length is a key mechanism of reduced diaphragmatic mechanical 
efficiency during AECOPD.14 These mechanisms provide a pathophysiological foundation for understanding the clinical 
significance of diaphragmatic ultrasound parameters. With the recent standardization of diaphragmatic ultrasound 
measurement methods,7,15 bedside ultrasound has become an important tool for assessing respiratory muscle function 
and has been shown to have value in predicting mechanical ventilation outcomes, evaluating prognosis, and guiding 
pulmonary rehabilitation in AECOPD patients.16–25

Comparing the present findings with previous studies reveals a spectrum based on disease severity. Marchioni et al24 

included more severely ill AECOPD patients (median APACHE II score 22) and found that DTF <20% was an independent 
predictor of NIV failure. Qu et al17 observed in AECOPD patients undergoing invasive mechanical ventilation that successful 
weaning was associated with significantly higher DTF (approximately 42.5% vs. 27.1%). Both studies in critically ill patients 
showed an association between low DTF and adverse outcomes. In a moderately ill population (median APACHE II score 15), 
Cammarota et al18 found that DE (but not DTF) was an independent predictor of NIV failure, with DE <1 cm indicating 
significantly higher failure risk. This finding aligns with the present study in milder patients (median APACHE II score 7), 
where DE was significantly lower in NIV non-responders, while DTF did not differ between response groups. Synthesizing 
these findings, a disease-stage-dependent pattern emerges, which is conceptually illustrated in Figure 2. In the earliest stage (as 
in the present study), elevated DTF may indicate a “high-load compensatory state” of the diaphragm. Although not an 
independent determinant of NIV requirement, as an organ-level reflection of overall disease severity, it may serve as 
a reference for early identification of high-risk patients. As the disease progresses to a moderate stage (as in the 
Cammarota study),18 diaphragmatic contractile amplitude becomes more impaired, and the predictive value of DE becomes 
prominent. When progressing to ICU-level severe respiratory failure, reduced DTF becomes a clear marker of diaphragmatic 
decompensation.17,24 Decompensation implies a higher risk of NIV failure and extubation failure. In contrast, patients with 
preserved DE and DTF (ie., retained diaphragmatic function) are more likely to have a favorable treatment response to NIV or 
invasive ventilation.11 These observations suggest that the clinical interpretation of diaphragmatic ultrasound parameters is 
highly context-dependent and must be closely linked to the patient’s specific disease stage. The dissociation between DE and 
DTF observed in a retrospective study by An et al26 and a case report27 further supports the notion that these two parameters 
may reflect different dimensions of diaphragmatic function.

This pattern is consistent with the review by Zhao et al,28 which systematically discussed the “commonality and 
conflict” between DE and DTF, indicating that they reflect diaphragmatic efficiency and contractile intensity, respec
tively. When respiratory load increases acutely, DTF may increase to maintain ventilation, while DE may be limited by 
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factors such as pulmonary hyperinflation. Conversely, in some situations, DE may increase while DTF decreases. 
Poddighe et al29 further emphasized that assessment of respiratory muscle dysfunction should distinguish between the 
dimensions of “load” and “capacity” throughout the course of acute and chronic respiratory failure, consistent with the 
hypothesis derived from the present disease spectrum analysis.

This study further explored whether DTF provides incremental information beyond traditional indicators. The results 
showed that the association between DTF and NIV requirement was not independent after adjustment, suggesting that 
diaphragmatic function is an integral part of the systemic disease state, with parameters often correlated with overall 
disease severity.24 Global clinical scores such as APACHE II,30 NRS-2002,31 and ADL32 have been shown to be closely 
associated with prognosis in COPD patients. Diaphragmatic parameters, as organ-level measurements, may complement 
these scores. In the present study, patients requiring NIV exhibited worse status across multiple dimensions, including 
organ function (DTF), overall disease severity (APACHE II), nutritional status (NRS-2002), and activities of daily living 
(ADL). This suggests that NIV requirement is not driven by any single abnormal indicator but reflects a comprehensive 
deterioration of the patient’s overall condition. Therefore, as one component of this multi-dimensional assessment, the 
clinical significance of diaphragmatic parameters should not be interpreted in isolation but rather understood within the 
context of the overall disease state. The value of DTF lies not in replacing traditional indicators but in providing another 
window for observing the organ-level response to systemic load.

Subgroup analyses provided further clinical insights. In the present study, diabetic patients had significantly higher 
DTF and a higher rate of NIV use. This phenomenon suggests that diabetic patients may enter a state of high 
diaphragmatic load compensation earlier during acute exacerbations, with functional reserve more prone to depletion. 

Figure 2 Hypothetical model of the evolution of diaphragm ultrasound parameters with AECOPD severity. The graph illustrates the proposed trajectory of diaphragmatic 
thickening fraction (DTF, solid line) and diaphragmatic excursion (DE, dashed line) across the spectrum of AECOPD severity, from mild (non-critical) to severe (ICU). In the mild 
stage (represented by the current study), DTF is elevated, reflecting compensatory hyperfunction under increased load, while DE remains relatively preserved. As disease 
progresses to moderate severity requiring noninvasive ventilation (based on Cammarota et al18), DTF plateaus or becomes unsustainable, and DE begins to decline, signalling 
depletion of functional reserve and warning of NIV failure. In the severe stage (ICU, based on Marchioni et al24 and Qu et al17), both parameters decrease: DTF falls below normal, 
suggesting a possible risk of extubation failure, and DE becomes severely limited. This model underscores the stage-dependent interpretation of DTF and DE in AECOPD. 
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; DTF, diaphragmatic thickening fraction; DE, diaphragmatic excursion; NIV, 
noninvasive ventilation; ICU, intensive care unit.
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This mechanism may partly explain why diabetes is recognized as an independent risk factor for poor prognosis in COPD 
patients.33 Diabetes-related metabolic abnormalities, microvascular complications, and accumulation of advanced glyca
tion end-products may impair diaphragmatic fiber structure and function,34 predisposing to decompensation under acute 
stress. Therefore, early attention to diaphragmatic function and enhanced respiratory support monitoring may be 
particularly important for AECOPD patients with diabetes.

Based on the findings of this study and the literature spectrum, we propose a hypothesis for future validation: the 
interpretation of diaphragmatic ultrasound parameters should be disease-stage dependent. In milder disease, elevated 
DTF reflects compensatory diaphragmatic effort and may serve as a reference indicator of disease severity. In moderate 
disease, reduced DE may warn of NIV failure. In severe disease, reduced DTF may predict adverse outcomes. If 
validated, this hypothesis would help explain discrepancies in the predictive value of diaphragmatic parameters across 
different studies and provide a basis for individualized application of diaphragmatic ultrasound. DTF and DE should be 
interpreted jointly: DTF reflects the degree of effort under load, while DE is closer to representing functional reserve and 
actual ventilatory capacity. In diabetic patients, even with milder disease, diaphragmatic function warrants attention.

Limitations
This study has several limitations. First, as a single-center retrospective study, inherent selection bias is possible. 
Although data collection followed prospective principles (consecutive enrollment, standardized measurements, strict 
time windows) and sensitivity analysis showed high consistency between clinical decisions and guideline criteria (Kappa 
= 0.90), unmeasured confounding factors may exist. Second, due to the retrospective design, although a single trained 
operator performed all ultrasound measurements and averaging over three cycles reduced random error, intra-operator 
reproducibility could not be assessed. Measurement results may still contain potential intra-operator variability. Future 
prospective studies should include intra- and inter-operator reliability testing to further standardize measurements.No 
formal sample size calculation was performed given the exploratory nature of this study. Third, the sample size was 
relatively small, particularly in the NIV efficacy subgroup analysis, with only 11 non-responders. The small number of 
positive events limited the power of multivariable analysis and may have led to overestimation of the predictive value of 
DE, and the stability of the optimal DE cut-off (≤2.08 cm) determined by ROC analysis is questionable. The AUC for 
DTF predicting NIV requirement was only 0.61, indicating limited clinical utility. Therefore, all threshold-related 
findings should be considered exploratory and require external validation in larger prospective cohorts. Fourth, this 
study examined diaphragmatic characteristics only at a single early time point and did not capture dynamic changes in 
diaphragmatic function, which may evolve rapidly during early AECOPD.

Despite these limitations, as an exploratory study, by contextualizing its findings within the continuous spectrum of 
studies across different disease severities, this study provides a preliminary framework for understanding the potential 
value of diaphragmatic ultrasound at different stages of AECOPD. It should be emphasized that this framework is based 
on an integrated interpretation of previous prospective studies, which have heterogeneity in population selection, 
measurement methods, and outcome definitions. Therefore, it should be regarded as a hypothesis-generating starting 
point, not conclusive evidence, and requires cautious interpretation. Future prospective multicenter studies are needed to 
validate the stage-dependent interpretation of DTF and DE in AECOPD.

The primary intention of this study is to provide directions for future prospective research. Future studies should focus on: 
first, conducting multi-center prospective studies with standardized measurement methods and reliability testing to validate 
the disease-stage-dependent evolution pattern of diaphragmatic parameters; second, performing dynamic monitoring studies 
to explore the transition markers and time window from compensation to decompensation; third, combining biomarkers to 
investigate the molecular mechanisms of diabetes affecting diaphragmatic function; and fourth, developing multi-dimensional 
assessment models integrating diaphragmatic parameters and clinical scores to achieve individualized risk stratification and 
explore their value in guiding respiratory support strategies and pulmonary rehabilitation.

Conclusion
In non-critically ill AECOPD patients, the diaphragmatic ultrasound parameters DTF and DE demonstrated distinct 
clinical values. Early elevation of DTF primarily reflected overall disease severity associated with NIV requirement and 
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did not provide independent incremental predictive information. In contrast, DE was associated with NIV treatment 
response, with significantly higher DE in responders, suggesting that DE may reflect diaphragmatic contractile reserve. 
However, these findings are exploratory and require prospective validation before clinical application. The observation of 
higher DTF in diabetic patients is exploratory and should be interpreted with caution. Therefore, the interpretation of 
DTF and DE should be integrated with consideration of disease stage and patient background, while awaiting confirma
tion from larger prospective studies.
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