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Purpose: To investigate the association of diaphragmatic mobility and thickening fraction with postoperative pulmonary complica
tions (PPCs) in patients undergoing thoracic surgery and evaluate their values in predicting PPCs.
Patients and Methods: One hundred and nine consecutive patients undergoing thoracic surgery were prospectively enrolled. All 
patients underwent ultrasound measurements to obtain diaphragmatic mobility and thickening fraction. PPCs were systematically 
monitored and recorded from postoperative day 1 to 7. The binary logistic regression model was used to perform multivariate analysis, 
and the receiver operating characteristic (ROC) curve was used to evaluate predictive values.
Results: PPCs occurred in 46 patients (42.2%). Multivariate analysis identified age, smoking, surgical sites, and mean diaphragmatic 
mobility and thickening fraction of operated side and nonoperated side as independent risk factors for PPCs. ROC curves revealed that 
the AUC of mean diaphragmatic mobility and thickening fraction for predicting PPCs in patients undergoing thoracic surgery was 
0.722 [standard error (SE): 0.050, 95% confidence interval (CI): 0.623~0.821, P<0.001] and 0.757 (SE: 0.050, 95% CI: 0.659~0.855, 
P<0.001), respectively. The predictive model integrating age, smoking and surgical sites yielded an AUC of 0.810 (SE: 0.041, 95% CI: 
0.728~0.891, P<0.001), while the predictive model integrating age, smoking, surgical sites and mean diaphragmatic mobility or 
thickening fraction yielded an AUC of 0.849 (SE: 0.037, 95% CI: 0.777~0.922, P<0.001) and 0.881 (SE: 0.033, 95% CI: 0.815~0.946, 
P<0.001), respectively.
Conclusion: Both diaphragmatic mobility and thickening fraction showed independent associations with PPCs following thoracic 
surgery, demonstrating moderate predictive values. The predictive models integrating age, smoking, surgical sites and diaphragmatic 
mobility or thickening fraction yielded high predictive values, suggesting significant clinical utility for risk stratification. 
Diaphragmatic mobility and thickening fraction offer a bedside, noninvasive, and cost-effective alternative for perioperative PPC 
prediction, particularly in resource-limited settings.
Keywords: postoperative pulmonary complications, thoracic surgery, diaphragmatic mobility, diaphragmatic thickening fraction, 
prediction

Introduction
Postoperative pulmonary complications (PPCs), defined as respiratory adverse events occurring after anesthesia and 
surgery, exhibit highly variable incidence rates (6–80%) across different surgical populations.1–5 PPCs are the major 
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cause of increased morbidity and mortality in chest and abdominal surgery patients, and therefore several scoring systems 
have been developed to predict their development, including the Assess Respiratory Risk in Surgical Patients in 
Catalonia score (ARISCAT score),5 the Score for Prediction of Postoperative Respiratory Complications (SPORC),6 

and the Local Assessment of Ventilatory Management During General Anesthesia for Surgery (LAS VEGAS) risk score.7 

However, these scoring systems are limited in clinical use due to diverse perioperative factors and variability across 
a wide range of surgical settings. Furthermore, recent studies show the ARISCAT score underestimates PPC risk in 
thoracic surgery (area under curve (AUC) 0.65 versus 0.72 for diaphragmatic ultrasound),8 as it omits real-time 
respiratory muscle function.9

Patients with diaphragmatic dysfunction exhibit significantly higher PPC rates than those without, demonstrating 
a dose-dependent relationship with surgical proximity to the diaphragm – strongly implicating diaphragmatic impairment 
as a key PPC etiology.5 Emerging evidence supports diaphragmatic functional assessment as a valuable predictor of PPCs 
across diverse procedures including thoracic surgery, major abdominal surgery, radical resection of esophageal cancer 
and Robot-Assisted Laparoscopic Prostatectomy.2,3,10,11 Diaphragmatic mobility and thickening fraction are particularly 
valuable because they directly quantify diaphragmatic contractility and reserve, offering real-time, noninvasive insights 
into respiratory muscle function that are not captured by conventional pulmonary tests. In this study, we investigated the 
association of diaphragmatic mobility and thickening fraction with PPCs in patients undergoing thoracic surgery, and 
evaluated their values in predicting PPCs, and established predictive models integrating independent risk factors and 
diaphragmatic mobility or thickening fraction. The aim is to provide a more accurate method for the prediction of PPCs 
in patients undergoing thoracic surgery.

Patients and Methods
Patients
This was a prospective, observational cohort study, which enrolled 109 consecutive patients undergoing thoracic surgery 
in Xinjiang Medical University Affiliated Tumor Hospital between January 2021 and June 2021. The patients were 
divided into the case group who occurred PPCs within 1–7 days after surgery and the control group who did not occur 
PPCs. This study was approved by the Ethical Committee of Xinjiang Medical University Affiliated Tumor Hospital 
(No.: K-2021058) and conducted strictly according to the guidelines of the Declaration of Helsinki. All patients provided 
written informed consent prior to the study commencement.

Inclusion and Exclusion Criteria
This study enrolled patients scheduled for elective thoracic surgery. The exclusion criteria included ① pre-existing 
neuromuscular or respiratory disorders, ② unavailable or suboptimal diaphragm ultrasound imaging, ③ patients 
incapable of cooperation due to cognitive dysfunction, psychiatric history, etc, and ④ patient or guardian refusal to 
participate.

Anesthesia and Postoperative Analgesia
Standard anesthesia protocols for thoracic surgery were followed for induction and maintenance. Tracheal tube selection 
was individualized based on patient characteristics, surgical requirements, and airway assessment, with fiberoptic 
bronchoscopy confirming proper positioning. Intraoperative lung-protective ventilation strategies were systematically 
implemented.

An intravenous analgesic pump was used for postoperative analgesia with sufentanil of 2 μg/h and butorphanol 
tartrate of 0.1 mg/h. When the Visual Analogue Scale (VAS) score of a patient in the resting state was ≥3, an additional 
intravenous injection of parecoxib sodium 40 mg or verbiprofen 50 mg was given.

Ultrasound Measurements
All patients underwent ultrasound measurements in the resting state in a semi-recumbent position on the day before 
surgery. The measurements of diaphragmatic mobility and thickening fraction were performed by the same operator, ie 
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a trained sonographer. To reduce measurement bias, all measurements were repeated three times and averaged, with 
operators blinded to the clinical outcomes. Diaphragmatic mobility was assessed using a low-frequency convex ultra
sound probe. The liver was regarded as the echographic window for the right hemidiaphragm, while the spleen as the 
echographic window for the left hemidiaphragm. The probe was fixed on the chest wall and was medially, cephalad, and 
dorsally directed to make the ultrasound beam to reach the posterior part of the hemidiaphragmatic dome. The excursion 
amplitude in the vertical axis of the hemidiaphragmatic dome was then observed in the motion mode (M-mode) to assess 
the diaphragmatic mobility.12 Diaphragmatic thickness was measured using a high-frequency linear ultrasound probe. 
The probe was placed perpendicular to the chest wall at the level between the seventh and ninth intercostal space to 
locate the diaphragm along the midaxillary line. Thickness was measured at the end of expiration (DTEE) and the end of 
inspiration (DTEI), and diaphragmatic thickening fraction (DTf) was computed as follows: DTf=(DTEI-DTEE)/ DTEE. The 
mean of operated side and nonoperated side was used as the final study indicator.12,13

Postoperative Pulmonary Complications
PPCs were followed up and recorded between the first to the seventh day after surgery by the attending physicians who 
were blinded to the ultrasound results. PPCs were comprised of acute respiratory failure, hypoxemia, atelectasis, 
suspected pulmonary infection, pleural effusion, and use of non-invasive mechanical ventilation exceeding the first 
postoperative day.

Statistical Analysis
SPSS version 26.0 (SPSS Inc., USA) was used to perform statistical analysis. Student’s t-test was used to perform 
intergroup comparisons of the quantitative data with a normal distribution, and Mann–Whitney U-test was used to 
perform intergroup comparisons of the quantitative data with a skewed distribution. Chi-square test was used to perform 
intergroup comparisons of the qualitative data. Variables with a P-value <0.10 in the univariate analysis were included in 
the binary logistic regression model for multivariate analysis. Backward selection was employed to refine the model and 
identify independent risk factors. The receiver operating characteristic (ROC) curve was used to evaluate predictive 
values, and Z test was used to perform the comparison of the area under curve (AUC). The optimal cutoff value was 
derived by maximizing Youden’s index (J), ie, J=Sensitivity+Specificity-1. A P value of <0.05 was considered 
significant.

Results
General Information
The average age of the whole cohort was 56.91±9.65 years, including 66 males (60.6%) and 43 females (39.4%). The 
surgical sites included the esophagus (36, 33.0%), lung (57, 52.3%), and mediastinum (16, 14.7%). Seventy patients were 
ranked in II according to American Society of Anesthesiologists (ASA) physical status classification system, and the 
remaining 36 patients were ranked in III–IV. Between the first to the seventh day after surgery, 46 patients (42.2%) 
occurred PPCs.

Univariate Analysis
Univariate analysis was conducted between the case group and control group, and the results (Table 1) demonstrated that 
the following variables were significantly different, including age, smoking, surgical sites, New York Heart Association 
(NYHA) functional classification, albumin, arterial oxygen saturation (SaO2), preoperative maximal voluntary ventilation 
(MVV), preoperative forced expiratory volume in the first second (FEV1), and mean diaphragmatic mobility and DTf of 
operated side and nonoperated side. However, ASA physical status classification had a P value of <0.10.

Multivariate Analysis
Multivariate analysis was conducted for the variables with P<0.10 in univariate analysis, including age, smoking, 
surgical sites, NYHA functional classification, albumin, SpO2, preoperative MVV, preoperative FEV1, mean 
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Table 1 Results of Univariate Analysis Between Case Group and Control Group

Control Group Case Group t/Z/χ2 P

Age (years, mean±SD) 53.11±10.47 62.11±8.53 −4.783 <0.001

Sex (n, %)

Male 36(54.5) 30(45.5) 0.726 0.394

Female 27(62.8) 16(37.2)

BMI (mean±SD) 24.43±3.16 24.28±3.61 0.229 0.819

Smoking (n, %) 6.462 0.011

No 44(67.7) 21(32.3)

Yes 19(43.2) 25(56.8)

Surgical sites (n, %) 25.243 <0.001

Esophagus 9(25) 27(75)

Lung 40(70.2) 17(29.8)

Mediastinum 14(87.5) 2(12.5)

Coronary heart disease (n, %) 0.305 0.581

No 58(59.2) 40(40.8)

Yes 5(45.5) 6(54.5)

Diabetes mellitus (n, %) 0.129 0.719

No 58(56.9) 44(43.1)

Yes 5(71.4) 2(28.6)

Hypertension (n, %) 0.767 0.381

No 51(60) 34(40)

Yes 12(50) 12(50)

COPD (n, %) 0.701 0.402

Yes 62(59) 43(41)

No 1(25) 3(75)

Chronic liver disease (n, %) 0.012 0.913

No 39(58.2) 28(41.8)

Yes 24(57.1) 18(42.9)

ASA physical status c lassification (n, %) 3.376 0.066

II 45(64.3) 25(35.7)

III-IV 18(46.2) 21(53.8)

NYHA functional classification (n, %) 14.833 <0.001

I 37(78.7) 10(21.3)

II-III 26(41.9) 36(58.1)

Albumin (n, %) 4.856 0.028

≥30g/L 61(61.6) 38(38.4)

<30g/L 2(20) 8(80)

Urea nitrogen (n, %) 3.493 0.062( 0.1)

≤10.7mmol/L 63(60) 42(40)

>10.7mmol/L 0(0) 4(100)

Hb (n, %) 0.739 0.39

≥100g/L 59(59.6) 40(40.4)

<100g/L 4(40) 6(60)

SaO2 (mmHg, M, IQR) 96(95,96) 95(91.8,96) −3.966 <0.001

Preoperative PaO2(mmHg, M, IQR) 80(74–87) 78.5(74–90.75) −0.507 0.612

Preoperative PaCO2(mmHg, M, IQR) 42(39–44) 41(37.75–45) −0.382 0.702

Preoperative VT (mL/Kg, M, IQR) 0.42(0.25–0.6) 0.4(0.27–0.56) −0.075 0.94

Preoperative MVV (L/min, M, IQR) 110(95–129) 93(77.5–120) −2.443 0.015

Preoperative FVC (L, mean±SD) 3.64±0.7 3.41±0.79 1.606 0.111

Preoperative FEV1 (L, mean±SD) 2.89±0.65 2.63±0.61 2.102 0.038

Preoperative FEV1/FVC (%, M, IQR) 80(76–85) 79(72–86) −0.533 0.594

Mean DTf of operated side and nonoperated side (mean±SD) 0.46±0.09 0.36±0.12 5.112 <0.001

Mean diaphragmatic mobility of operated side and nonoperated side (cm, mean±SD) 3.99±1.17 2.98±1.25 4.275 <0.001

Abbreviations: BMI, Body mass index; COPD, Chronic obstructive pulmonary disease; ASA, American Society of Anesthesiologists; NYHA, New York Heart 
Association; Hb, Hemoglobin; SaO2, Arterial oxygen saturation; PaO2, Partial pressure of oxygen in arterial blood; PaCO2, Partial pressure of carbon dioxide in 
arterial blood; VT, Tidal volume; MVV, Maximal voluntary ventilation; FVC, Forced vital capacity; FEV1, Forced expiratory volume in the first second; DTf, 
Diaphragmatic thickening fraction; SD, Standard deviation; M, Median; IQR, Interquartile range.
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diaphragmatic mobility and DTf, and ASA physical status classification. As demonstrated in Table 2, the independent 
risk factors of PPCs in patients undergoing thoracic surgery included age, smoking, surgical sites, and mean diaphrag
matic mobility and DTf of operated side and nonoperated side.

Predictive Values
ROC curves (Figure 1) demonstrated that the AUC of mean diaphragmatic mobility and DTf for predicting PPCs in 
patients undergoing thoracic surgery was 0.722 [standard error (SE): 0.050, 95% confidence interval (CI): 0.623~0.821, 
P<0.001] and 0.757 (SE: 0.050, 95% CI: 0.659~0.855, P<0.001), respectively. The optimal cutoff values of diaphrag
matic mobility and DTf were 3.26 cm and 0.39, respectively. As shown in Figure 2, the predictive model integrating age, 
smoking and surgical sites yielded an AUC of 0.810 (SE: 0.041, 95% CI: 0.728~0.891, P<0.001), while the predictive 
model integrating age, smoking, surgical sites and mean diaphragmatic mobility or DTf yielded an AUC of 0.849 (SE: 
0.037, 95% CI: 0.777~0.922, P<0.001) and 0.881 (SE: 0.033, 95% CI: 0.815~0.946, P<0.001), respectively.

Table 2 Results of Multivariate Analysis Results Between Case Group and Control Group

β SE Wald χ2 OR 95% CI P

Age 0.076 0.028 7.168 1.079 1.020–1.140 0.007
Smoking 0.883 0.485 4.312 2.418 1.125–6.252 0.041

Surgical sites

Lung −1.371 0.523 6.869 0.254 0.091–0.708 0.009
Mediastinum −1.874 0.930 4.058 0.154 0.025–0.951 0.044

Mean diaphragmatic mobility of operated side and nonoperated side −0.582 0.247 6.219 1.738 1.106–4.327 0.015

Mean DTf of operated side and nonoperated side −0.705 0.312 7.826 1.921 1.113–4.938 0.002

Abbreviations: DTf, Diaphragmatic thickening fraction; β, Regression coefficient; SE, Standard error; OR, Odds ratio; CI, Confidence interval.

Figure 1 ROC curves of mean diaphragmatic mobility and DTf for predicting PPCs in patients undergoing thoracic surgery.
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Discussion
The diaphragm is the primary respiratory muscle, contributing more than 60% of thoracic volume changes during 
respiration.14 Among patients with diaphragmatic dysfunction, weakened cough ability results in worse pulmonary 
compliance and sputum retention, which may be correlated with respiratory infection and pneumonia.15–17 In addition, 
the impairment of pulmonary physiology causes reduced tidal volume and postoperative oxygenation index, possibly 
leading to postoperative hypoxemia.18–20 At the same time, patients with diaphragmatic dysfunction have respiratory 
mechanics and chest wall impairment due to lower inspiratory and transdiaphragmatic pressures.16,18 Respiratory 
mechanics and chest wall impairment combined with low tidal volume may contribute to the development of post
operative atelectasis.18,19 The above mechanisms may involve in the occurrence of PPCs.

The reference methods for assessing diaphragmatic function include transdiaphragmatic pressure assessment and 
phrenic nerve stimulation.21,22 However, the both methods are invasive and require considerable expertise. Furthermore, 
they are often unavailable at the bedside. Recently, point-of-care ultrasound has emerged as a noninvasive method for the 
assessment of diaphragmatic function.23,24 Studies showed that it is a superior tool in the diagnosis of diaphragmatic 
dysfunction among postoperative patients compared with magnetic resonance imaging and computed tomography due to 
its ability to provide dynamic observations and convenience.14,25 Moreover, its accuracy has been verified by the gold 
standard for assessing diaphragmatic function, ie transdiaphragmatic pressure assessment.13

Diaphragmatic mobility and thickening fraction have been proved to be important indicators of diaphragmatic 
function and correlate with PPCs in various settings.26–28 Kim et al reported that diaphragmatic inspiratory amplitude 
assessed by M-mode sonography demonstrated a significant association with vital capacity measured by spirometry 
throughout the postoperative period in patients undergoing open liver lobectomy and concluded that diaphragmatic 
inspiratory amplitude was a practical indicator of diaphragmatic dysfunction having ability to predict pulmonary 
dysfunction.26 Nørskov et al found significant reductions in diaphragmatic excursion on the surgical side of the thorax 
in patients undergoing thoracic surgery and indicated that a postoperative reduction in posterior diaphragmatic excursion 
of more than 50% was correlated with PPCs.10 Banerjee et al analyzed the association of diaphragmatic mobility and 
thickening with severity of interstitial lung disease, concluding that diaphragmatic excursion velocity during deep 
breathing had a weak to moderate association with pulmonary function parameters and might be used as an alternative 
marker in interstitial lung disease patients incapable of conducting pulmonary function tests.29 Spiliopoulos et al 
investigated the application of diaphragmatic thickening indicators in evaluating respiratory decompensation in 

Figure 2 ROC curves of predictive models integrating age, smoking, surgical sites and mean diaphragmatic mobility or DTf for predicting PPCs in patients undergoing 
thoracic surgery.
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amyotrophic lateral sclerosis. Their results demonstrated that all diaphragmatic thickening indicators were significantly 
associated with forced vital capacity, and diaphragmatic thickening fraction had higher AUC in predicting diaphragmatic 
dysfunction and the necessity for initiating of noninvasive ventilation.30

In our study, the incidence of PPCs was 41.3%, which was similar to that of other studies.31 Patients with PPCs had 
lower mean mobility and thickening fraction compared with those of patients without PPCs. Multivariate analysis 
showed that lower mean mobility and thickening fraction were independently associated with the occurrence of PPCs. 
ROC curves demonstrated that the AUC of mean mobility and thickening fraction in predicting PPCs was 0.722 and 
0.757, respectively, having moderate predictive values. Moreover, the AUC of the prediction model integrating age, 
smoking, surgical type and mean mobility or thickening fraction was up to 0.881 and 0.849, respectively. The findings of 
this study highlight the practical utility of diaphragmatic ultrasound in perioperative risk stratification, particularly in 
resource-limited settings. Unlike traditional PPC prediction tools (eg, ARISCAT score) that rely on complex variables or 
laboratory tests, diaphragmatic mobility and thickening fraction offer a bedside, noninvasive, and cost-effective alter
native. In low-resource hospitals where access to advanced pulmonary function tests or invasive diaphragmatic assess
ments (eg, phrenic nerve stimulation) is limited, ultrasound measurements can be rapidly performed using portable 
devices with minimal training.

Most previous studies used only one of mobility or thickening fraction to evaluate diaphragmatic function.6,7,10 Our 
study used the both indicators simultaneously. The results showed that the thickening fraction had a slightly higher AUC 
compared with the mobility (P>0.05), regardless of whether it was used alone or integrated into the prediction model. 
However, we found that the measurement of thickening fraction was more time-consuming and difficult compared with 
mobility in clinical practice. The reason for this is that most patients’ diaphragmatic thickness was between 3 and 7 mm, 
which makes the measurement of diaphragmatic thickness delicate and time-consuming. In addition, the measurement of 
diaphragmatic thickness requires high proficiency for operators and good coordination for patients. In contrast, the 
measurement of mobility is more simple and easier for patients to accept. Therefore, diaphragmatic mobility might be 
more applicable in clinical practice.

The main limitations of this study include two aspects. First, the relatively small sample size may limit the statistical 
power and generalizability of the findings. Second, potential confounders were not fully accounted for, including 
preoperative factors (eg, history of chronic lung disease), intraoperative variables (eg, surgical duration, anesthesia 
technique), and postoperative management (eg, mechanical ventilation use, early rehabilitation protocols). Future studies 
with larger cohorts and comprehensive covariate adjustments are needed to validate these results.

Conclusion
Both diaphragmatic mobility and thickening fraction independently predicted PPCs after thoracic surgery, exhibiting 
moderate predictive values. The predictive models integrating age, smoking, surgical sites and diaphragmatic mobility or 
thickening fraction yielded high predictive values, suggesting significant clinical utility for risk stratification. 
Diaphragmatic mobility and thickening fraction offer a bedside, noninvasive, and cost-effective alternative for perio
perative PPC prediction, particularly in resource-limited settings.
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