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ABSTRACT

Background: Pre-operative pulmonary function testing (PFT) plays a key role in
predicting postoperative complications or functional impairment. However, PFT
requires the subject and examiner to cooperate and the results are influenced by both
technical and personal factors. In contrast, the use of ultrasound (US) for structural
and functional assessments of the lungs and diaphragm is on the rise, as it requires
minimal patient cooperation. Dyspnea is mainly caused by lung or pleural lesions but
may also be caused by weak respiratory muscles. As the diaphragm is a primary
respiratory muscle, combining lung ultrasonography (LUS) with diaphragm
ultrasound (DUS) may enable a more comprehensive assessement of pulmonary
function. This study aims to introduce a novel approach for assessing pulmonary
function using a mathematical model based on LUS and DUS.

Methods: 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
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performed.

Results: According to the univariate and multivariable analysis, diaphragm thickness
fraction in deep breathing (D-DTF) (odds ratio (OR), 0.88; 95% confidence interval
(CI) [0.83-0.94]; P < 0.001), and LUS score (OR, 1.44; 95% CI [1.16-1.80]; P < 0.001)
were each independently associated with pulmonary function. According to the
logistics equation, a U-score of —0.126 x D-DTF + 0.368 x LUS score was produced.
The U-score showed a more significant negative correlation with forced expiratory
volume in the first second/forced vital capacity (FEV1/FVC) (r = —0.605, P < 0.001)
than the LUS or DUS indices alone. The U-score (area under the curve

(AUC) = 0.971) was greater than the other indices for assessing pulmonary function.
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Conclusions: With validation, the U-score through both lung and diaphragm
ultrasound measurements may assist in estimating pulmonary function. This
approach facilitates the assessment of pulmonary function in patients who may be
unable to reliably participate in PFT.

Subjects Anesthesiology and Pain Management, Clinical Trials, Radiology and Medical Imaging
Keywords Pulmonary function testing, Lung ultrasound, Diaphragm ultrasound, Pre-operative
assessment

INTRODUCTION

Pulmonary function testing (PFT) is an important part of surgical evaluation of patients,
and helps to monitor impaired function (Ruppel ¢» Enright, 2012). Pre-operative PFT
parameters including forced expired volume in the first second as a fraction of forced vital
capacity are important predictors of post-operative complications (Matsumi et al., 2017;
Zhang et al., 2015). However, the efficacy of PFT is constrained by the patient’s ability to
comprehend the test’s fundamentals and to cooperate with the examiner (7ojo, 2006).
Therefore, there is a pressing need to identify alternative methods for assessing pulmonary
function that can mitigate these limitations. The aim of this study was to develop objective
criteria to identify patients at high risk for pulmonary dysfunction.

Ultrasound (US) is a viable and non-invasive assessment instrument that only requires
minimal cooperation from a patient, making it a promising tool for clinical applications.

Lung ultrasonography (LUS) is a valuable diagnostic tool that complements physical
examinations across a variety of pulmonary disease states and clinical settings (Volpicelli
et al., 2012). Its capability to detect alterations in both the lung parenchyma and pleural
cavities enhances its accessibility. Numerous studies have demonstrated that LUS offers
significant benefits in the diagnosis of various respiratory diseases, including acute
respiratory distress syndrome (Stefanidis et al., 2011), pulmonary edema (Gargani et al.,
2008), interstitial lung disease (Pitsidianakis et al., 2022), pneumothorax (Laursen et al,
2021), atelectasis (Monastesse et al., 2017), pneumonia (Ma et al., 2023), and others.
Furthermore, LUS proves beneficial for diagnosing and assessing lung diseases in specific
populations, such as newborns (Ma et al., 2023), children (Amatya et al., 2023), and
pregnant women (Piccolo et al., 2023). While LUS can serve as a key diagnostic and
evaluation tool for a range of respiratory conditions, it is important to note that the
comprehensive evaluation of pulmonary function necessitates both lung and respiratory
muscle assessments. Consequently, LUS alone is insufficient for accurately evaluating
pulmonary function.

LUS examines the lung fields and pleura, but does not assess respiratory muscle
function. Diaphragm ultrasound (DUY) is widely utilized to assess diaphragmatic activity.
Several studies have indicated a correlation between the ultrasound indices of the
diaphragm and lung function parameters across various conditions, including
osteoporosis, vertebral fractures, kyphosis, neuromuscular disease (DePalo ¢ McCool,
2002), patients with stroke (Chen et al., 2023), chronic obstructive pulmonary disease
(COPD) (Topcuoglu et al., 2022), and healthy subjects (Cardenas et al., 2018). US
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measurements of diaphragm excursion (DE) and diaphragm thickening fraction (DTF)
have been validated as effective means for assessing diaphragmatic function (Tralhdo et al.,
2020; Unal et al., 2000).

In recent decades, LUS and DUS have been utilized to evaluate the characteristics of the
lung and diaphragm, respectively, and serve as diagnostic methods for thoracic diseases
that require minimal patient cooperation. While neither LUS nor DUS can fully assess
pulmonary function independently, the potential for their combination to quantify
pulmonary function remains unexplored. The primary objective of our prospective
cross-sectional study was to develop a novel approach for assessing pulmonary function
using a mathematical model based on LUS combined with DUS patterns in a cohort of
perioperative patients by exploring the correlations between the ultrasound indices and
PFT, thereby providing a non-invasive alternative for evaluating lung function in
perioperative patients who may not fully comprehend or cooperate with the examiner.

MATERIALS AND METHODS

Participants

This prospective cross-sectional study was approved by the Ethics Committee of the First
Affiliated Hospital of Nanchang University (No. 2021-8-001). All participants provided
written informed consent before participation. The trial was registered at chictr.org.cn
before enrolment (No: ChiCTR2100048032; Principal Investigator: T.Y.L; registration
date: June 28, 2021). This prospective cross-sectional study was performed at the First
Affiliated Hospital of Nanchang University, China, from 6/2021, 12/2021. Patients aged
>18 years who underwent elective surgery and consented to undergo PFT, LUS, and DUS
were included. The exclusion criteria included patients not providing consent, emergency
surgery, body mass index exceeding 35 kg/m? history of abdominal and/or thoracic
surgery, and thoracic deformities or scoliosis.

Study procedures

Patients underwent PFT 1 day prior to the surgical procedure and a detailed record of the
PFT parameters was made including FVC, FEV1/FVC, maximum voluntary ventilation
(MVYV), maximum expiratory flow at 50% of lung capacity (MEF50), residual capacity/
total lung capacity (RVTLC), diffusion capacity for carbon monoxide of the lung (DLCO).
On the same day, blinded to the pulmonary function test results, all clinical data and
previous readings, the patients underwent lung and diaphragm ultrasound examinations
conducted by two ultrasound specialists with extensive experience in accordance with the
following methodology, with an interval of 5 h between US examinations and PFT. The
ultrasound variables including lung ultrasound score (LUSs), quiet breathing
diaphragmatic thickening during expiration (Q-DTe), quiet breathing diaphragmatic
thickening during inhalation (Q-DTi), deep breathing diaphragmatic thickening during
expiration (D-DTe), deep breathing diaphragmatic thickening during inhalation (D-DTj),
quiet breathing diaphragmatic excursion (Q-DE), deep breathing diaphragmatic excursion
(D-DE), quiet breathing diaphragmatic thickening fraction (Q-DTF), and deep breathing
diaphragmatic thickening fraction (D-DTF). Subsequently, the correlations between the
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ultrasound values and PFT parameters were explored to develop a novel non-invasive
method for evaluating pulmonary characteristics, utilizing a mathematical model based on
LUS combined with DUS patterns. This mathematical model was constructed using the
logistic equation (U-score = ¥fi Xi; where f3i represents the coefficient of the variable Xi,
and Xi denotes the independent risk factor) (Nashef et al., 2012).

Pulmonary function test

All patients underwent standard pulmonary function testing using a MasterScreen
diagnostic spirometer. FVC, FEV1/FVC, MVV, MEF50, RVTLC and DLCO were
measured. According to the statement of the European Respiratory Society/American
Thoracic Society (ERS/ATS) (Brusasco, Crapo ¢ Viegi, 2005), 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 (Soummer
et al., 2012), which was performed using a wisonic ultrasound machine (Wisonic Medical
Co., Ltd., Shenzhen, China) equipped with a 2-5 MHz curvilinear probe in transversal scan
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. Twelve quadrants (six quadrants on the left and right lungs,
respectively) were assessed by ultrasonography, as described previously (Wu et al., 2022).
Each hemithorax was divided into anterior, lateral, and posterior areas that were separated
by the anterior and posterior axillary lines, and divided in upper and lower portions that
were separated by the boundary of 1 cm above the nipple. We evaluated lung aeration by
using the LUS that was previously described (Wu et al., 2022) that based on the following
scoring criteria (Fig. S1): (D Normal aeration (N): lung sliding sign and A lines or less than
three isolated B line(s), marked as N; 2) Moderate aeration loss (B1): multiple, vertical,
laser-like B-lines or one or more small subpleural consolidations, marked as B1; (3 Severe
aeration loss (B2): multiple merged B lines occupying the whole lung image (so-called
“white lung”) or multiple small subpleural consolidations, marked as B2; @ Complete
aeration loss (C): localized consolidation (subpleural tissue-like pattern), marked as C.

A LUS for each quadrant was assigned as follows: N =0, Bl =1, B2 =2 and C = 3. The
scores of the 12 quadrants were added to calculate the total LUSs.

Diaphragmatic ultrasonography

Diaphragm ultrasound has received more attention to assess respiratory function, as the
diaphragm is the main respiratory muscle contributing more than 60% of the tidal volume
in each breath (Gargani et al., 2008). Diaphragmatic exercise (DE) is the magnitude of
downward and upward movement of the diaphragm during respiration, and a decrease in
the magnitude of diaphragmatic exercise may indicate impaired diaphragmatic function.
The diaphragm thickening fraction (DTF) is the percentage change in diaphragm
thickness during inspiration and is an indicator of diaphragm contractility, which can help
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to determine the degree of fatigue and functional status of respiratory muscles. DE and
DTF have potential efficacy for diagnosing diaphragm dysfunction (Wiesmann et al., 2016;
Dubé ¢ Dres, 2016). 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 in the right
subcostal region. The left diaphragm was not assessed due to difficulty with image
acquisition related to the gastric bubble and intestinal gas (Fig. S2) (Dhungana et al., 2017,
Vivier et al., 2012; DiNino et al., 2014). Diaphragmatic thickness (DT) was measured in
B-mode with a 12 MHz linear array probe over the zone of opposition the diaphragm from
the pleural line to the peritoneal line during deep breathing (deep breathing-DT; D-DT)
and quiet breathing (quiet breathing-DT; Q-DT). To determine diaphragm function, the
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 x 100%. DE was measured by a 2-5 MHz curvilinear probe placed
along the midclavicular line or below the right costal margin during both deep breathing
(deep-diaphragmatic excursion; D-DE) and quiet breathing (quiet-diaphragmatic
excursion; Q-DE) with the sampling line and diaphragm as vertically as possible (at least
70° (El-Halaby et al., 2016)). DE (amplitude in cm, velocity in cm/s especially during
sniffing) can be measured using M-mode ultrasonography. Subsequently, position markers
were placed on the skin surface, three measurements were obtained, and the average was
recorded.

Statistical analysis

Statistical analyses were performed using SPSS version 23 software (SPSS Inc., Chicago,
Illinois, USA). 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
multivariable 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. According to the
Hosmer-Lemeshow goodness of fit test, P < 0.05 is considered to be statistically significant
and the degree of fit is 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 optimal cut-off
values to detect the outcome. P < 0.05 was considered statistically significant.

RESULTS

Of all 208 patients included in the study, 35 patients underwent thoracic surgery, 58
patients underwent urologic surgery, 65 patients underwent laparoscopic surgery, and 50
patients underwent breast surgery. Among these, 174 patients exhibited normal
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221 patients assessed for eligibility

10 patients excluded
4 enrolled in other studies
3 communication barriers

2 history of abdominal
and/or thoracic surgery
1 BMI > 35 ke/m?

211 patients eligible
B 3 refused to participate

208 patients analyzed

174 abnormal pulmonary function testing 34 abnormal pulmonary function testing

Figure 1 Trial diagram. Full-size K&l DOT: 10.7717/peerj.18677/fig-1

Table 1 Baseline characteristics of all participants.

Variable Normal (N = 174) Abnormal F/x2 P value
(N=34)

Age (yr) 62.25 £ 11.38 67.82 + 8.84 7.28 0.008
Gender, n (%) 0.19 0.798
Male 90 (51.72%) 19 (55.88%)

Female 84 (48.18%) 15 (44.12%)

BMI (Kg/mz) 23.29 £ 345 22.71 £ 3.08 0.83 0.362
Q-DE (cm) 2.15 £ 0.21 191 + 0.44 23.78 0.001
D-DE (cm) 520 + 0.47 4.01 £ 1.05 113.70 0.001
Q-DTF (%) 41.22 +£10.23 2641 + 7.07 65.13 0.001
D-DTF (%) 72.84 + 16.36 41.08 £ 7.39 122.60 0.001
LUS 1.85 £ 2.10 7.06 = 2.79 166.24 0.001

Note:

BMI, Body mass index; Q-DE, Quiet breathing diaphragmatic excursion; D-DE, Deep breathing diaphragmatic
excursion; Q-DTF, Quiet breathing diaphragmatic thickening fraction; D-DTF, Deep breathing diaphragmatic
thickening fraction; LUSs, Lung ultrasound score.

pulmonary function testing, while 34 patients had abnormal pulmonary function (Fig. 1).
As shown in Table 1, the abnormal pulmonary function group had a greater mean age
(67.82 + 8.89 vs. 62.25 + 11.38, P < 0.001), a higher LUS score (7.06 + 2.79 vs. 1.85 + 2.10,
P <0.001), alower DE (Q-DE:1.91 + 0.44 vs. 2.15 + 0.21; D-DE: 4.01 + 1.05 vs. 5.20 + 0.47;
P <0.001), and a lower DFT (Q-DFT: 26.41 + 7.07 vs. 41.22 + 10.23; D-DFT: 41.08 + 7.39
vs. 72.84 + 16.36; P < 0.001) compared to the normal pulmonary function group. There
were no significant differences in sex or body mass index between the two groups.

The analysis of the relationships among the variables revealed a strong negative
correlation between the LUS score and several pulmonary function parameters, including
FEV1/FVC, maximum expiratory flow at 50% of lung capacity (MEF50), FVC, maximum
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Figure 2 Correlation between the ultrasound variables and pulmonary function parameters. DLCO,
Diffusion Capacity for Carbon Monoxide of the Lung; FVC, Forced vital capacity; FEV, Forced expiratory
volume; MVV, Maximal ventilation volume; MEF, Maximum expiratory flow; RVTLC, Residual capa-
city/Total lung capacity; Q-DTe, Quiet breathing diaphragmatic thickening during expiration; Q-DTi,
Quiet breathing diaphragmatic thickening during inhalation; D-DTe, Deep breathing diaphragmatic
thickening during expiration; D-DTi, Deep breathing diaphragmatic thickening during inhalation; Q-
DE, Quiet breathing diaphragmatic excursion; D-DE, Deep breathing diaphragmatic excursion; Q-DTF,
Quiet breathing diaphragmatic thickening fraction; D-DTF, Deep breathing Diaphragmatic thickening
fraction; LUSs, Lung ultrasound score. Full-size K&l DOT: 10.7717/peer;.18677/fig-2

voluntary ventilation (MVV), and DLCO (P < 0.001). Conversely, D-DE, Q-DTF, and
D-DTF exhibited significant positive correlations with FEV1/FVC, MEF50, FVC, and
MVYV (Fig. 2). Notably, no other US variables correlated with the pulmonary function
parameters. In the univariate logistic regression analysis, six variables were strongly
associated with the risk of pulmonary dysfunction: age, Q-DE, D-DE, Q-DTF, D-DTF, and
LUS score. The multivariable analysis indicated that D-DTF (odds ratio (OR), 0.88; 95%
confidence interval (CI), [0.83-0.94]; P < 0.001) and LUS score (OR, 1.44; 95% ClI,
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Table 2 The risk factors of pulmonary dysfunction in univariate and multivariate analysis.

Variable Univariate analysis Multivariate analysis
OR 95% CI P value OR 95% CI P value
Age 1.06 [1.01-1.10] 0.019*
Q-DE 0.03 [0.01-0.15] 0.001"*
D-DE 0.06 [0.03-0.15] 0.001**
Q-DTF 0.86 (0.81-0.90] 0.001*"
D-DTF 0.85 [0.80-0.89] 0.001%* 0.88 (0.83-0.54] 0001
LUS 1.95 [1.60-2.38] 0.001%* a4 (1.16-180] 0001
Notes:
CI, confidence interval; OR, odds ratio.
P < 0.05.
P <0.01.

[1.16-1.80]; P < 0.001) were independently associated with pulmonary function in our
study (Table 2).

Based on the transformation of independent risk factors and the logistics equation as
described by Nashef et al. (2012), we developed an ultrasonographic modeling score (U-
score) represented by the equation U-score = —0.126 x D-DTF + 0.368 x LUS score. The
model was evaluated using the Hosmer-Lemeshow goodness-of-fit test, which yielded a
result of P > 0.05, indicating that the model passed the test.

Furthermore, the U-score demonstrated a more significant negative correlation with
FEVI/FVC (r = —-0.605, P < 0.001) compared to the LUS or DUS index when assessed
individually (Fig. 3). The AUC of the U-score was greater than that of the other indices in
the assessment of patients’ pulmonary function (Fig. 4, Table 3).

Ultimately, two sets of outliers were identified in the course of our trial. Two patients
exhibited normal PFT but LUS scores of 9 and 17, respectively, and D-DTF values of
63.64% and 77.27%. The U-scores for these two patients were —4.71 and —3.48,
respectively, which were greater than the cut-off value (-6.086).

DISCUSSION

Pre-operative PFT are essential assessment tools for predicting pulmonary complications
(Wu et al., 2021; Matsumi et al., 2017; Liu et al., 2019; van Huisstede et al., 2013). An
abnormal PFT value, specifically a FEV1/FVC ratio of less than 70%, remains the sole
predictive covariable for postoperative complications (Yoshimi et al., 2016). Among elderly
patients with increasingly complex health conditions, reduced mobility, inadequate
communication skills, cognitive impairment, ventilator dependency, or poor cooperation
may affect the ability to complete PFT. Although pre-operative PFT is important for
predicting postoperative complications, but the effectiveness is low in the elderly patients
described above (Tojo, 2006). These patients need an alternative method to assess
pulmonary function. The common non-invasive alternative to pulmonary function testing
is the breath-holding test (Sylvester et al., 2020), but the result of the breath-holding test
can be influenced by cardiorespiratory abnormalities (Sharma & Shekh, 2017) and should
be judged on a clinical basis. It is important to note that some patients, despite some degree
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Figure 3 Correlation between ultrasound parameters and FEV1/FVC. (A) Correlation between quiet
breathing diaphragmatic excursion (Q-DE) and FEV1/FVC. (B) Correlation between deep breathing
diaphragmatic excursion (D-DE) and FEV1/FVC. (C) Correlation between quiet breathing diaphrag-
matic thickening fraction (Q-DTF) and FEV1/FVC. (D) Correlation between deep breathing dia-
phragmatic thickening fraction (D-DTF) and FEV1/FVC. (E) Correlation between lung ultrasound score
(LUS) and FEV1/FVC (F) Correlation between ultrasonographic modeling score (U-score) and FEV1/

FVC.
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Figure 4 Receiver-operating characteristic curve of D-DTF, LUS and U-score. D-DTF, Deep
breathing diaphragmatic thickening fraction; LUS, Lung ultrasound score, U-score, Ultrasonographic
modeling score. Full-size K&l DOT: 10.7717/peerj.18677/fig-4

Table 3 ROC curve analysis of D-DTF, LUS and U-score to identify abnormal lung function.

Variable Cutoff AUC 95% CI Sensitivity Specificity

D-DFT 52.087 0.959 [0.933-0.985] 0.971 0.908

LUSs 3.500 0.931 [0.883-0.979] 0.882 0.868

U-score —-6.086 0.975 [0.958-0.993] 1.000 0.862
Note:

D-DTF, Deep breathing diaphragmatic thickening fraction, LUSs, Lung ultrasound score, U-score, Ultrasonographic
modeling score.

of abnormality on routine pulmonary function tests, may have the duration of the
breath-holding within the normal range due to training in breath-holding (e.g., buteyko
breathing technique (Mavkar & Shukla, 2024)), which may not be consistent with the PFT.
Our trial developed a novel non-invasive approach for assessing pulmonary function using
a mathematical model based on LUS combined with DUS patterns which only requires a
minimal cooperation from patients.

Ultrasound is a viable and non-invasive assessment instrument that is independent of
the features controlled by the patient and can be used as an alternative method to assess
lung function and overcome these limitations. In this study, we have devised statistical
models using US measurement to predict pulmonary function during surgery and identify
major risk factors, providing an additional objective criterion for identifying patients at
high risk of pulmonary dysfunction. Furthermore, according to the univariate and
multivariable analysis, D-DTF (OR, 0.88; 95% CI [0.83-0.94]; P < 0.001), and LUS score
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(OR, 1.44; 95% CI [1.16-1.80]; P < 0.001) were each independently associated with
pulmonary function in our study. We used the independent risk factors to produce a
mathematical model that estimates pulmonary function. The variables incorporated into
this model can be easily obtained in clinical settings, facilitating their extension and
application.

In accordance with previous studies (Cardenas et al., 2018; Cohen et al., 1994), we found
positive correlations between DE and lung volume (FVC and FEV1), but sex influenced
these correlations. DE more significantly correlated with female sex. Beyond the known
differences in airway structure between sexes (Harms, 2006), it has already been reported
that females also have smaller dimensions of the rib cage and, during QB, they have lower
tidal volume, minute ventilation and abdominal contribution than males (Romei ef al.,
2010). In this study, DE was not an independent risk factor in multivariate regression, this
can be attributed to the no difference in sex between the two groups. But it may be an area
that requires further study.

Our study revealed a noteworthy correlation between FEV1/FVC (one of the most
important variables of PFT) and D-DTF (r = 0.519, P < 0.001), LUS score
(r =-0.592, P < 0.001). A similar correlation has been observed in a previous study
(Cardenas et al., 2018; Zheng, Wu & Tan, 2016). The correlation between D-DTF, LUS and
FEV1/FVC suggests that ultrasound measurements can provide an accurate pulmonary
function assessment in patients who cannot cooperate with PFT. This is especially valuable
for patients who cannot go anywhere or are confused. One of the key findings of the
present study was that U-score (r = —0.605, P < 0.001) has a stronger correlation with
FEV1/FVC than D-DTF and LUS, respectively. ROC curve analysis showed that both
D-DTF and LUS score were accurate in predicting abnormal lung function results;
however, the U-score had a larger AUC (0.975) and higher specificity and sensitivity for
predicting pulmonary dysfunction when compared to both D-DTF and LUS score. This
suggests that the combination of LUS and DUS offers enhanced predictability in
preoperative lung function assessments. Multiple studies have confirmed that LUS is
highly accurate for diagnosing many lung diseases (Stefanidis et al., 2011; Gargani et al.,
2008; Pitsidianakis et al., 2022; Laursen et al., 2021; Monastesse et al., 2017), and DUS is a
novel technique for assessing diaphragmatic movement (Cardenas et al., 2018; Haji et al.,
2018; Boussuges, Gole & Blanc, 2009). However, the current investigation demonstrated
that the use of LUS or DUS alone is limited in predicting preoperative lung function. The
U-score combines LUS and DUS results to obtain a comprehensive assessment of lung
function with high specificity and sensitivity for pulmonary dysfunction. This overcomes
one of the limitations of these tools. Two patients had normal PFT but with LUS score >9
in the present study. All the patients had a history of bronchiectasis or infection. Their
DUS parameters were normal, whereas LUS showed multiple solid signs (bronchial
inflation, fragmentation, and tissue-like signs) in the lesion. The U-score of all two patients
were greater than the cut-oft value (-6.086), indicating that two patients had abnormal
lung function and that they had a significantly higher probability of developing
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postoperative pulmonary complications. During the post-operative follow-up, they
developed varying degrees of post-operative lung infection, resulting in prolonged
hospitalization in line with our predictions. A potential explanation for these findings is
that PFT assess the overall function of both lungs and are not capable of evaluating the
functional indices of individual lung lobes. Furthermore, PFT may exhibit a time lag, as
they typically only become abnormal when the lung tissue has sustained significant
damage (Akira et al., 2009).

This model can be used to assess the pulmonary dysfunction in patients undergoing
perioperative surgery. The higher the total number of points in the model, the greater is the
likelihood of pulmonary dysfunction. The model’s indicators are conveniently repeatable
in clinical settings, facilitating the evaluation of whether patients are susceptible to
pulmonary dysfunction, enabling the early identification of at-risk patients, as well as early
detection, intervention, and improvement of post-operative outcomes.

The present study had some limitations. First, LUS and DUS are operator-dependent
methods, it is necessary to improve the accuracy of ultrasound procedures by
implementing standardized protocols and training for sonographers. Second, the efficacy
of this method of assessment is not evaluated in different surgeries and must be studied in
the future. Third, this was a single-center study, and future multicenter studies may
confirm our findings in larger patient populations. Fourth, the exclusion criteria included
body mass index exceeding 35 kg/m” in our trial, but obesity or physical changes may
interfere with the accuracy of diaphragmatic and lung ultrasound, affecting the reliability
of U-scores in such populations. Therefore, subgroup analysis should be carried out in the
future to expand on the findings.

CONCLUSIONS

With validation, the U-score using both LUS and DUS may provide a option for estimating
pulmonary function. This approach facilitates the assessment of pulmonary function in
patients who may be unable to reliably participate in pulmonary function testing. This
model can be easily integrated into existing clinical workflows, as ultrasound data can be
collected during routine examinations. This allows patients at high risk of postoperative
complications to be identified early, and interventions can be initiated in a timely manner.

ACKNOWLEDGEMENTS

The authors thank Prof. Xiaoping-Zhu for his valuable assistance.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by Health Commission of Jiangxi Province (202210389). The
funders had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Li et al. (2024), Peerd, DOI 10.7717/peerj.18677 12117


http://dx.doi.org/10.7717/peerj.18677
https://peerj.com/

Peer/

Grant Disclosures
The following grant information was disclosed by the authors:
Health Commission of Jiangxi Province: 202210389.

Competing Interests
The authors declare that they have no conflicts of interest.

Author Contributions

e Tianyuan Li conceived and designed the experiments, performed the experiments,
prepared figures and/or tables, authored or reviewed drafts of the article, and approved
the final draft.

* Xiong-zhi Wu conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

 Dingde Long conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

» Huan Fu conceived and designed the experiments, performed the experiments, analyzed
the data, prepared figures and/or tables, authored or reviewed drafts of the article, and
approved the final draft.

» Suping Guo conceived and designed the experiments, performed the experiments,
prepared figures and/or tables, authored or reviewed drafts of the article, and approved
the final draft.

e Fen Liu conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

This study was approved by the Ethics Committee of First Affiliated Hospital of
Nanchang university (NO. 2021-8-001).

Clinical Trial Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The trial was registered at the Chinese Clinical Trial Registry (No: ChiCTR2100048032;
URL: www.chictr.org.cn).

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in the Supplemental File.

Li et al. (2024), Peerd, DOI 10.7717/peerj.18677 13117


https://www.chictr.org.cn
http://dx.doi.org/10.7717/peerj.18677#supplemental-information
http://dx.doi.org/10.7717/peerj.18677
https://peerj.com/

Peer/

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.18677#supplemental-information.

REFERENCES

Akira M, Toyokawa K, Inoue Y, Arai T. 2009. Quantitative CT in chronic obstructive pulmonary
disease: inspiratory and expiratory assessment. AJR American Journal of Roentgenology
192(1):267-272 DOI 10.2214/AJR.07.3953.

Amatya Y, Russell FM, Rijal S, Adhikari S, Nti B, House DR. 2023. Bedside lung ultrasound for
the diagnosis of pneumonia in children presenting to an emergency department in a
resource-limited setting. International Journal of Emergency Medicine 16:2
DOI 10.1186/s12245-022-00474-w.

Boussuges A, Gole Y, Blanc P. 2009. Diaphragmatic motion studied by m-mode ultrasonography:
methods, reproducibility, and normal values. Chest 135(2):391-400 DOI 10.1378/chest.08-1541.

Brusasco V, Crapo R, Viegi G. 2005. American thoracic society; european respiratory society.
coming together: the ATS/ERS consensus on clinical pulmonary function testing. European
Respiratory Journal 26(1):1-2 DOI 10.1183/09031936.05.00034205.

Cardenas LZ, Santana PV, Caruso P, Ribeiro de Carvalho CR, Pereira de Albuquerque AL.
2018. Diaphragmatic ultrasound correlates with inspiratory muscle strength and pulmonary
function in healthy subjects. Ultrasound in Medicine & Biology 44(4):786-793
DOI 10.1016/j.ultrasmedbio.2017.11.020.

Chen Y, Zhou S, Liao L, He J, Tang D, Wu W, Wang K. 2023. Diaphragmatic ultrasound can help
evaluate pulmonary dysfunction in patients with stroke. Frontiers in Neurology 14:1061003
DOI 10.3389/fneur.2023.1061003.

Cohen E, Mier A, Heywood P, Murphy K, Boultbee J, Guz A. 1994. Excursion volume relation of
the right hemidiaphragm measured by ultrasonography and respiratory airflow measurements.
Thorax 49(9):885-889 DOI 10.1136/thx.49.9.885.

DePalo VA, McCool FD. 2002. Respiratory muscle evaluation of the patient with neuromuscular
disease. Seminars in Respiratory and Critical Care Medicine 23(3):201-209
DOI 10.1055/s-2002-33028.

Dhungana A, Khilnani G, Hadda V, Guleria R. 2017. Reproducibility of diaphragm thickness
measurements by ultrasonography in patients on mechanical ventilation. World Journal of
Critical Care Medicine 6(4):185-189 DOI 10.5492/wjccm.v6.i4.185.

DiNino E, Gartman EJ, Sethi JM, McCool FD. 2014. Diaphragm ultrasound as a predictor of
successful extubation from mechanical ventilation. Thorax 69(5):423-427
DOI 10.1136/thoraxjnl-2013-204111.

Dubé BP, Dres M. 2016. Diaphragm dysfunction: diagnostic approaches and management
strategies. Journal of Clinical Medicine 5(12):113 DOI 10.3390/jcm5120113.

El-Halaby H, Abdel-Hady H, Alsawah G, Abdelrahman A, El-Tahan H. 2016. Sonographic
evaluation of diaphragmatic excursion and thickness in healthy infants and children. Journal of
Ultrasound in Medicine 35(1):167-175 DOI 10.7863/ultra.15.01082.

Gargani L, Frassi F, Soldati G, Tesorio P, Gheorghiade M, Picano E. 2008. Ultrasound lung
comets for the differential diagnosis of acute cardiogenic dyspnoea: a comparison with
natriuretic peptides. European Journal of Heart Failure 10(1):70-77
DOI 10.1016/j.ejheart.2007.10.009.

Li et al. (2024), Peerd, DOI 10.7717/peerj.18677 14/17


http://dx.doi.org/10.7717/peerj.18677#supplemental-information
http://dx.doi.org/10.7717/peerj.18677#supplemental-information
http://dx.doi.org/10.2214/AJR.07.3953
http://dx.doi.org/10.1186/s12245-022-00474-w
http://dx.doi.org/10.1378/chest.08-1541
http://dx.doi.org/10.1183/09031936.05.00034205
http://dx.doi.org/10.1016/j.ultrasmedbio.2017.11.020
http://dx.doi.org/10.3389/fneur.2023.1061003
http://dx.doi.org/10.1136/thx.49.9.885
http://dx.doi.org/10.1055/s-2002-33028
http://dx.doi.org/10.5492/wjccm.v6.i4.185
http://dx.doi.org/10.1136/thoraxjnl-2013-204111
http://dx.doi.org/10.3390/jcm5120113
http://dx.doi.org/10.7863/ultra.15.01082
http://dx.doi.org/10.1016/j.ejheart.2007.10.009
http://dx.doi.org/10.7717/peerj.18677
https://peerj.com/

Peer/

Haji K, Haji D, Canty DJ, Royse AG, Green C, Royse CF. 2018. The impact of heart, lung and
diaphragmatic ultrasound on prediction of failed extubation from mechanical ventilation in
critically ill patients: a prospective observational pilot study. Critical Ultrasound Journal 10:13
DOI 10.1186/s13089-018-0096-1.

Harms CA. 2006. Does gender affect pulmonary function and exercise capacity? Respiratory
Physiology ¢ Neurobiology 151(2-3):124-131 DOI 10.1016/j.resp.2005.10.010.

Laursen CB, Pietersen PI, Jacobsen N, Falster C, Juul AD, Davidsen JR. 2021. Lung ultrasound
assessment for pneumothorax following transbronchial lung cryobiopsy. ER] Open Research
7(3):00045-2021 DOI 10.1183/23120541.00045-2021.

Liu X, Qi F, Chen J, Yi S, Liao Y, Liang Z, Zhou J, Feng Y. 2019. The predictive value of
infant-specific preoperative pulmonary function tests in postoperative pulmonary complications
in infants with congenital heart diseases. Disease Markers 2019:2781234
DOI 10.1155/2019/2781234.

Ma HR, Deng BY, Liu J, Jiang P, Xu YL, Song XY, Li J, Huang LH, Bao LY, Shan RY, Fu W.
2023. Lung ultrasound to diagnose infectious pneumonia of newborns: a prospective
multicenter study. Pediatric Pulmonology 58(1):122-129 DOI 10.1002/ppul.26168.

Matsumi A, Takenaka R, Ando C, Sato Y, Takei K, Yasutomi E, Okanoue S, Oka S, Kawai D,
Kataoka J, Takemoto K, Tsugeno H, Fujiki S, Kawahara Y. 2017. Preoperative pulmonary
function tests predict aspiration pneumonia after gastric endoscopic submucosal dissection.
Digestive Diseases and Sciences 62(11):3084-3090 DOI 10.1007/s10620-017-4750-4.

Mavkar SS, Shukla MP. 2024. Effect of buteyko breathing technique as an adjunct to routine
physiotherapy on pulmonary functions in patients undergoing off-pump coronary artery bypass
surgery: a randomized controlled trial. Indian Journal of Critical Care Medicine 28(3):280-285
DOI 10.5005/jp-journals-10071-24655.

Monastesse A, Girard F, Massicotte N, Chartrand-Lefebvre C, Girard M. 2017. Lung
ultrasonography for the assessment of perioperative atelectasis: a pilot feasibility study.
Anesthesia & Analgesia 124(2):494-504 DOI 10.1213/ANE.0000000000001603.

Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR, Lockowandt U. 2012.
EuroSCORE II. European Journal of Cardio-Thoracic Surgery 41(4):734-744
DOI 10.1093/ejcts/ezs043.

Piccolo CL, Liuzzi G, Petrone A, Fusco N, Blandino A, Monopoli F, Antinori A, Girardi E,
Vallone G, Brunese L, Ianniello S. 2023. The role of Lung Ultrasound in the diagnosis of SARS-
COV-2 disease in pregnant women. Journal of Ultrasound 26(2):497-503
DOI 10.1007/s40477-022-00745-5.

Pitsidianakis G, Vassalou EE, Vasarmidi E, Bolaki M, Klontzas ME, Xirouchaki N,
Georgopoulos D, Karantanas AH, Tzanakis N, Antoniou KM. 2022. Performance of lung
ultrasound for monitoring interstitial lung disease. Journal of Ultrasound in Medicine
41(5):1077-1084 DOI 10.1002/jum.15790.

Romei M, Mauro AL, D’Angelo MG, Turconi AC, Bresolin N, Pedotti A, Aliverti A. 2010.
Effects of gender and posture on thoraco-abdominal kinematics during quiet breathing in
healthy adults. Respiratory Physiology & Neurobiology 172(3):184-191
DOI 10.1016/j.resp.2010.05.018.

Ruppel GL, Enright PL. 2012. Pulmonary function testing. Respiratory Care 57(1):165-175
DOI 10.4187/respcare.01640.

Sharma MYV, Shekh IA. 2017. A middle-aged man with generalised weakness and dyspnoea.
Breathe (Sheff) 13(3):217-224 DOI 10.1183/20734735.004817.

Li et al. (2024), Peerd, DOI 10.7717/peerj.18677 1517


http://dx.doi.org/10.1186/s13089-018-0096-1
http://dx.doi.org/10.1016/j.resp.2005.10.010
http://dx.doi.org/10.1183/23120541.00045-2021
http://dx.doi.org/10.1155/2019/2781234
http://dx.doi.org/10.1002/ppul.26168
http://dx.doi.org/10.1007/s10620-017-4750-4
http://dx.doi.org/10.5005/jp-journals-10071-24655
http://dx.doi.org/10.1213/ANE.0000000000001603
http://dx.doi.org/10.1093/ejcts/ezs043
http://dx.doi.org/10.1007/s40477-022-00745-5
http://dx.doi.org/10.1002/jum.15790
http://dx.doi.org/10.1016/j.resp.2010.05.018
http://dx.doi.org/10.4187/respcare.01640
http://dx.doi.org/10.1183/20734735.004817
http://dx.doi.org/10.7717/peerj.18677
https://peerj.com/

Peer/

Soummer A, Perbet S, Brisson H, Arbelot C, Constantin JM, Lu Q, Rouby JJ, Bouberima M,
Roszyk L, Bouhemad B, Monsel A, Do CH, Saleh M, Vezinet C, Boin L, Lemanach Y,
Devilliers C, Bazin J-E, Cayot-Constantin S, Sapin V, Jabaudon M, Bulpa B, the Lung
Ultrasound Study Group. 2012. Ultrasound assessment of lung aeration loss during a successful
weaning trial predicts postextubation distress*. Critical Care Medicine 40(7):2064-2072
DOI 10.1097/CCM.0b013e31824e68ae.

Stefanidis K, Dimopoulos S, Tripodaki ES, Vitzilaios K, Politis P, Piperopoulos P, Nanas S.
2011. Lung sonography and recruitment in patients with early acute respiratory distress
syndrome: a pilot study. Critical Care 15(4):R185 DOI 10.1186/cc10338.

Sylvester KP, Clayton N, Cliff I, Hepple M, Kendrick A, Kirkby J, Miller M, Moore A,
Rafferty GF, O’Reilly L, Shakespeare J, Smith L, Watts T, Bucknall M, Butterfield K. 2020.
ARTP statement on pulmonary function testing 2020. BM] Open Respiratory Research
7(1):000575 DOI 10.1136/bmjresp-2020-000575.

Tojo N. 2006. Problems of lung function testing in the laboratory. Rinsho Byori 54(8):834-837
(in Japanese).

Topcuoglu C, Yiimin ET, Hizal M, Konuk S. 2022. Examination of diaphragm thickness, mobility
and thickening fraction in individuals with COPD of different severity. Turkish Journal of
Medical Sciences 52(4):1288-1298 DOI 10.55730/1300-0144.5435.

Tralhdo A, Cavaleiro P, Arrigo M, Lopes JP, Lebrun M, Rivas-Lasarte M, Le Pimpec-Barthes F,
Latrémouille C, Achouh P, Pirracchio R, Cholley B. 2020. Early changes in diaphragmatic
function evaluated using ultrasound in cardiac surgery patients: a cohort study. Journal of
Clinical Monitoring and Computing 34(3):559-566 DOI 10.1007/s10877-019-00350-8.

Unal O, Arslan H, Uzun K, Ozbay B, Sakarya ME. 2000. Evaluation of diaphragmatic movement
with MR fluoroscopy in chronic obstructive pulmonary disease. Clinical Imaging 24(6):347-350
DOI 10.1016/S0899-7071(00)00245-X.

van Huisstede A, Biter LU, Luitwieler R, Castro Cabezas M, Mannaerts G, Birnie E, Taube C,
Hiemstra PS, Braunstahl GJ. 2013. Pulmonary function testing and complications of
laparoscopic bariatric surgery. Obesity Surgery 23(10):1596-1603
DOI 10.1007/s11695-013-0928-9.

Vivier E, Mekontso Dessap A, Dimassi S, Vargas F, Lyazidi A, Thille AW, Brochard L. 2012.
Diaphragm ultrasonography to estimate the work of breathing during non-invasive ventilation.
Intensive Care Medicine 38(5):796-803 DOI 10.1007/s00134-012-2547-7.

Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, Kirkpatrick AW, Melniker L,
Gargani L, Noble VE, Via G, Dean A, Tsung JW, Soldati G, Copetti R, Bouhemad B,
Reissig A, Agricola E, Rouby JJ, Arbelot C, Liteplo A, Sargsyan A, Silva F, Hoppmann R,
Breitkreutz R, Seibel A, Neri L, Storti E, Petrovic T, International Liaison Committee on
Lung Ultrasound (ILC-LUS) for the International Consensus Conference on Lung
Ultrasound (ICC-LUS). 2012. International evidence-based recommendations for point-of-
care lung ultrasound. Intensive Care Medicine 38(4):577-591 DOI 10.1007/s00134-012-2513-4.

Wiesmann T, Feldmann C, Miiller HH, Nentwig L, Beermann A, El-Zayat BF, Zoremba M,
Wulf H, Steinfeldt T. 2016. Phrenic palsy and analgesic quality of continuous supraclavicular
vs. interscalene plexus blocks after shoulder surgery. Acta Anaesthesiologica Scandinavica
60(8):1142-1151 DOI 10.1111/aas.12732.

Wu XZ, Xia HM, Zhang P, Li L, Hu QH, Guo SP, Li TY. 2022. Effects of ultrasound-guided
alveolar recruitment manoeuvres compared with sustained inflation or no recruitment
manoeuvres on atelectasis in laparoscopic gynaecological surgery as assessed by

Li et al. (2024), Peerd, DOI 10.7717/peerj.18677 16/17


http://dx.doi.org/10.1097/CCM.0b013e31824e68ae
http://dx.doi.org/10.1186/cc10338
http://dx.doi.org/10.1136/bmjresp-2020-000575
http://dx.doi.org/10.55730/1300-0144.5435
http://dx.doi.org/10.1007/s10877-019-00350-8
http://dx.doi.org/10.1016/S0899-7071(00)00245-X
http://dx.doi.org/10.1007/s11695-013-0928-9
http://dx.doi.org/10.1007/s00134-012-2547-7
http://dx.doi.org/10.1007/s00134-012-2513-4
http://dx.doi.org/10.1111/aas.12732
http://dx.doi.org/10.7717/peerj.18677
https://peerj.com/

Peer/

ultrasonography: a randomized clinical trial. BMC Anesthesiology 22(1):261
DOI 10.1186/s12871-022-01798-z.

WuY, Zhou Y, Gao S, Du C, Yao L, Yang R. 2021. Effects of preoperative pulmonary function on
short-term outcomes and overall survival after video-assisted thoracic surgery lobectomy.
Annals of Translational Medicine 9(22):1651 DOI 10.21037/atm-21-5244.

Yoshimi K, Oh S, Suzuki K, Kodama Y, Sekiya M, Seyama K, Fukuchi Y. 2016. Impact of airflow
limitation on comorbidities and postoperative complications in patients undergoing thoracic
surgery: a retrospective observational study. Annals of Thoracic and Cardiovascular Surgery
22(3):146-152 DOI 10.5761/atcs.0a.15-00301.

Zhang WH, Chen XZ, Yang K, Liu K, Guo DJ, Wang W, Zhang B, Chen ZX, Chen JP, Zhou ZG,
Hu JK. 2015. Risk factors and survival outcomes for postoperative pulmonary complications in
gastric cancer patients. Hepatogastroenterology 62(139):766-772.

Zheng XZ, Wu J, Tan XY. 2016. A novel approach to assess pulmonary function in patients with
chronic obstructive pulmonary disease using tissue velocity imaging. Medical Ultrasonography
18(2):177-181 DOI 10.11152/mu.2013.2066.182.vly.

Li et al. (2024), Peerd, DOI 10.7717/peerj.18677 1717


http://dx.doi.org/10.1186/s12871-022-01798-z
http://dx.doi.org/10.21037/atm-21-5244
http://dx.doi.org/10.5761/atcs.oa.15-00301
http://dx.doi.org/10.11152/mu.2013.2066.182.vly
http://dx.doi.org/10.7717/peerj.18677
https://peerj.com/

	Ultrasonographic modeling of lung and diaphragm mechanics: clinical trial of a novel non-invasive method to evaluate pre-operative pulmonary function ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


