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Project summary
Rationale Pulmonary function testing (PFT) plays a key role in assessing functional disabilities during the perioperative period. However, PFT requires the subject and examiner to cooperate and the results are influenced by both technical and personal factors. The use of ultrasound (US) for structural and functional assessments of the lungs and diaphragm, which only requires a minimum cooperation of patient, is increasing. Patients' dyspnea is mainly caused by functional lung disability but may also be caused by weak respiratory muscles. The diaphragm is a primary respiratory muscle. At present, the role of lung ultrasound (LUS) combined with diaphragmatic ultrasound (DUS) remains to be explored. 
Objectives This study aimed to introduce a novel approach for assessing lung function using a mathematical model based on LUS and DUS.

Methods and populations This prospective study was performed at the First Affiliated Hospital of Nanchang University. between June 2021 and December 2021, 208 patients were recruited and underwent PFT, LUS, and DUS examinations. An experienced physician, blinded to the clinical history and PFT results, performed LUS and DUS and explored the correlations between a mathematical model (ultrasonographic modeling score [U-score]) using LUS combined with DUS and pulmonary function parameters. Univariate, multivariate, and logistic regression analyses were also performed.
Time frame  The trial was applied to the ethics committee of first affiliated hospital of Nanchang university and registered at chictr.org.cn from June 2021 to December 2021.
Expected outcomes The U-score using both lung and diaphragm ultrasound measurements may help estimate pulmonary function, thereby allowing the assessment of lung function in patients who may not be able to reliably participate in PFT.
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Rationale & background information
Pulmonary function testing (PFT) is an important part of perioperative patient assessment and clinically assesses the functional impairment [1]. preoperative PFT could be a useful marker for predicting postoperative complications [2]. In particular, forced expiratory volume in the first second/forced vital capacity (FEV1/FVC), one of the important indicators of PFT, is <60% [3]. However, PFT is limited by the patient’s ability to fully understand the basics of the test and cooperate with the examiner [4]. Thus, the challenge is to find an alternative method to assess lung function and overcome these limitations. The aim of this study was to develop objective criteria to identify patients at high risk of pulmonary dysfunction. 
Ultrasound (US) is a viable and non-invasive assessment instrument that only requires a minimum cooperation of patient, making it a promising tool for clinical applications.
Lung ultrasonography (LUS) is a valuable diagnostic tool that can complement physical examinations in various respiratory diseases and settings [5]. Its ability to detect changes in both the lung parenchyma and pleural cavities renders it widely accessible. Numerous studies have indicated that LUS has significant benefits in the diagnosis of various respiratory diseases, including acute respiratory distress syndrome [6], pulmonary edema [7], interstitial lung disease [8], pneumothorax [9], atelectasis [10], pneumonia [11], and others. In addition, LUS is valuable for diagnosing and assessing lung diseases in specific populations, including newborns [11], children [12], and pregnant females [13]. LUS can serve as a key diagnostic and evaluation tool for various respiratory conditions.
Diaphragm ultrasonography (DUS) is widely used for assessing diaphragmatic activity. Some studies have suggested an association between the ultrasound indices of the diaphragm and lung function parameters in various diseases, including osteoporosis, vertebral fractures, kyphosis, neuromuscular disease[14], patients with stroke [15],COPD [16]and healthy subjects [17].
US measurements of the thickness and thickening fraction of the diaphragm have been validated to assess diaphragmatic function [18-19].
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Study goals and objectives
The evaluation of pulmonary function included both lung and respiratory muscle evaluations. Neither LUS nor DUS can fully assess pulmonary function. To date, no correlation has been demonstrated between pulmonary function indices and the combination of LUS and DUS in patients. The primary objective of our observational study was to describe LUS combined with DUS patterns in a cohort of perioperative patients and explore the correlations between these discoveries and PTF.
Study design
[bookmark: _GoBack]In the prospective cross-sectional study, the enrollment and allocation of participants are compiled in Figure 1.
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Inclusion and exclusion criteria 
Patients aged >18 years who underwent elective surgery and consented to undergo PFT, LUS, and DUS were included. The exclusion criteria included patient decline, emergency surgery, body mass index exceeding 35 kg/m2, history of abdominal and/or thoracic surgery, and thoracic deformities or scoliosis.
Methodology
Pulmonary function test 
All patients underwent standard pulmonary function testing using a MasterScreen diagnostic spirometer. FEV1, forced vital capacity (FVC), and FEV1/FVC ratios were measured. According to the statement of the European Respiratory Society/American Thoracic Society (ERS/ATS) [20], FEV1/FVC<70% is the criterion for irreversible lung function impairment, whereas >70% is considered normal pulmonary function. 
Lung ultrasonography
Patients underwent an LUS examination in accordance with a 12-zone protocol [21]， which was performed using a wisonic ultrasound machine (Wisonic Medical Co., Ltd., Shenzhen, China) by trained sonographers (T.Y.L., X.Z.W, and D.D.L.); intercostal space scanning was performed in each quadrant, and the corresponding ultrasonographic images were stored for further analysis. Lung aeration was assessed based on ultrasound images, according to previously described criteria [22]. A score of 0–3 was assigned to each quadrant by LUS, and the total LUS score was calculated by summing all 12 zones.
Diaphragmatic ultrasonography
A semi-recumbent position of 30° was used for all the participants. The diaphragm was scanned using a wisonic ultrasound machine (Wisonic Medical Co., Ltd., Shenzhen, China) between the anterior axillary line and midclavicular line by placing a 2–5 MHz curvilinear probe in the right subcostal region (in relation to the left side, where splenic density and gastric or intestinal gas interfere with imaging [23-25]. Diaphragm thickness (DT) was measured using B-mode US over the opposition zone of the diaphragm from the pleural line to the peritoneal line during deep breathing (D-DT) and quiet breathing (Q-DT). To determine diaphragm function, the diaphragm thickness fraction (DTF) was calculated by measuring the ability of the diaphragm to contract according to the following formula: DTF = (DT at the end of inspiration–DT at the end of expiration)/DT at the end of expiration × 100%. Diaphragm excursion (DE) was measured during both deep breathing (D-BE) and quiet breathing (Q-BE) with the sampling line and diaphragm as vertically as possible (at least 70° [26]) in M-mode. Subsequently, position markers were placed on the skin surface, three measurements were obtained, and the average was recorded.

Statistical analysis
[bookmark: _Hlk107740511]Statistical analyses were performed using SPSS version 23 software (SPSS Inc.). Continuous data were presented as the mean ± SD. Continuous data were analyzed using ANOVA or Kruskal-Wallis test. Categorical data are presented as frequencies or percentages and compared using the chi-square or Fisher’s exact test, as appropriate. Statistical analyses were performed using SPSS version 23 software (SPSS Inc.). Continuous data were expressed as the mean ± SD or median [IQR]. Continuous variables were analyzed using ANOVA or the Kruskal-Wallis test. Categorical data were expressed as frequencies or percentages. Chi-square or Fisher's exact test was used for comparison, as appropriate. Univariate logistic regression analysis was performed to identify the risk factors for abnormal pulmonary function. All variables associated with abnormal lung function, with P-value < 0.1 were candidates for backward stepwise multivariate analysis to identify independent risk factors. To predict abnormal lung function, a mathematical model was constructed using logistic regression algorithms to screen risk factors related to abnormal pulmonary function. the Hosmer-Lemeshow goodness of fit test, P < 0.05 was considered statistically significant and the degree of fit was considered good. The performance of the prediction model was evaluated in terms of sensitivity, specificity, accuracy, and area under the curve (AUC), receiver operating characteristic (ROC) analyses were performed to determine the best cut-off values to detect the outcome. P < 0.05 was considered statistically significant.
 
Expected outcomes of the study
With validation, the U-score using both lung and diaphragm ultrasound measurements may help estimate pulmonary function, thereby allowing the assessment of lung function in patients who may not be able to reliably participate in PFT.
Duration of the project
The trial was applied to the ethics committee of first affiliated hospital of Nanchang university and registered at chictr.org.cn from June 2021 to December 2021.This prospective observational study was performed at the First Affiliated Hospital of Nanchang University, China, from 6/2021, 12/2021
 
Project management
Tian-yuan Li: Study design, Methodology, Writing first draft, Patient recruitment, Writing-Reviewing and Editing; Xiong-zhi Wu: Data collection, Data analysis, Writing first draft; Ding-de Long: Software , Writing- Original draft preparation. Su-ping Guo: Visualization, Data collection; Huan Fu:Data collection; Fen Liu: Study design, Methodology.
Ethics
This study was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University (No. 2021-8-001).
Informed consent forms
Written informed consent was obtained from all subjects participating in the trial. 
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