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Objective: To assess the relationship between high-resolution computed tomography (HRCT) abnormalities and clinical phenotypes of bronchopulmonary dysplasia (BPD).

Methods: A retrospective, single-center study was carried out at the Children’s Hospital of Fudan University between 2013 and 2020. Preterm infants born at ≤ 32 weeks’ gestation who were diagnosed with BPD and had HRCT between 40 and 50 weeks postmenstrual age (PMA)were included in the study. HRCT images from six pulmonary lobes were scored based on seven types of pulmonary lesions from two categories: hyperaeration lesions and parenchymal lesions. The hyperaeration score (HS) included scores of decreased attenuation, mosaic attenuation, and bulla/bleb, while the parenchymal score (PS) included those of linear lesion, consolidation, bronchial wall thickening, and bronchiectasis. All seven scores were summed up to create the total score (TS). One-way ANOVA testing or Kruskal-Wallis testing was adopted for the comparison of HRCT scores with BPD severity and clinical phenotypes. The correlation between HRCT scores and clinical phenotypes was evaluated by Spearman’s correlation analysis.

Results: A total of 81 cases were included in the study. Cases with more severe BPD had a higher TS (p = 0.01), HS (p = 0.02), PS (p = 0.02), mosaic attenuation score (p = 0.03), bulla/Bleb score (p = 0.03), and linear density score (p = 0.01). TS (r = 0.28), PS (r = 0.35), linear density (r = 0.34), and consolidation (r = 0.24) were correlated with pulmonary hypertension (PH). However, no HRCT score was significantly different between the patients with or without tracheobronchomalacia (TBM). BPD patients with a combination of lung parenchymal disease, PH, and TBM had the highest TS and HS.

Conclusion: HRCT scores correlated with BPD severity and PH in our study. HS might be a useful tool in the assessment of BPD severity while linear densities and consolidation might be helpful in predicting PH.
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Introduction

Bronchopulmonary dysplasia (BPD) is a respiratory complication frequently present in preterm infants (1). In China, the incidence of BPD in preterm infants with gestational age (GA) ≤ 28 weeks reached up to 47.8% in 2019 (2). With the application of improved respiratory support strategies, antenatal steroids, surfactant therapy, and other advanced clinical technologies, an increasing number of preterm infants have survived, and the pathological process of BPD, therefore, has changed. There is growing interest in the underlying cardiopulmonary disorders and large airway complications (3–5). BPD patients are prone to pulmonary hypertension (PH) due to impaired angiogenesis and alveolarization. PH has a major impact on the prognosis and survival rate of BPD patients (6). Positive pressure respiratory support and endotracheal intubation may deform the immature airway, and thereby bring about large airway lesions, such as tracheobronchomalacia (TBM) (7). Although the current BPD definitions still define BPD and its severity based on the level of respiratory support at 36 weeks’ postmenstrual age (PMA) (8, 9), classification of BPD infants into clinical phenotypes according to their predominant clinical features may facilitate better risk stratification (3).

Chest radiographs, high-resolution computed tomography (HRCT), and magnetic resonance imaging were used to assess the BPD-associated lung abnormalities in previous studies (10–12). Of these methods, HRCT has high accuracy and sensitivity. Numerous researchers have used HRCT to semi-quantify pulmonary structural abnormalities and to predict long-term outcomes of BPD patients (12). However, the relations between HRCT and clinical phenotypes of BPD patients are still unclarified. Existing data suggest that HRCT may be useful in the phenotypic classification of BPD patients and therefore may contribute to clinical decision-making and more accurate follow-ups of these patients. The purpose of this study is to explore the associations between HRCT abnormalities and clinical phenotypes in preterm infants with BPD.



Materials and methods


Subjects’ clinical data

A retrospective, single-center study was carried out at the Children’s Hospital of Fudan University between 2013 and 2020. Preterm infants born at ≤ 32 weeks’ gestation who were diagnosed with BPD and had HRCT between 40 and 50 weeks PMA were included in the study. Those with poor HRCT images, congenital pulmonary deformities, serious pulmonary infections, and severe congenital cardiac disease were excluded from the study. Clinical information of the included patients was reviewed via the medical records system, including GA, body weight (BW), the duration of respiratory support in the hospital, and the existence of PH and large airway lesions. Other parameters that could affect the development of BPD, such as 1-min and 5-min Apgar scores, the use of surfactant therapy and antenatal steroids, presence of histological chorioamnionitis, and patent ductus arteriosus, were also examined. BPD was defined and its severity was graded by the NHLBI 2018 revision (8).

In this study, HRCT scores, as a representation of the severity of lung parenchymal disease, were assessed in infants with or without clinical phenotypes of PH and large airway disease of TBM. Specifically, the patient is diagnosed with PH if the pulmonary arterial pressure is estimated to be > 35 mmHg by the tricuspid valve jet velocity on echocardiogram (13). TBM is defined as more than 50% of the airway lumen narrowing during expiration under bronchoscopy (14). If HRCT suggested tracheobronchial stenosis, bronchoscopy would be performed to confirm the disease. This study was approved by the Institutional Review Board and consent was obtained from the parents of each patient.



High-resolution computed tomography protocol

High-resolution computed tomography was conducted using a 64-detector scanner (GE Healthcare, Princeton, NJ, United States) with a tube voltage of 80 kV, a tube current of 60 mAs, and a matrix of 512 × 512. The images were acquired at end-inspiration from the apex of the chest to the diaphragm. All HRCT scans had a reconstruction slice thickness of 0.625 mm. Infants were either sedated with oral chloral hydrate (25 mg/kg) or asleep after feeding. The scanning time of HRCT was 3.5∼5 s.



High-resolution computed tomography scoring protocol

For HRCT scoring, we adopted an HRCT scoring system for BPD by Sung et al., which was modified on the basis of the HRCT scoring systems used in the recent 10 years (10, 15–17). We evaluated six pulmonary lobes (left upper lobe, left lingual segment, left lower lobe, right upper lobe, right middle lobe, and right lower lobe) and examined seven types of lesions in each lobe to identify the presence of pulmonary abnormalities. Seven types of pulmonary lesions were categorized into two types: hyperaeration and parenchymal lesions. Hyperaeration lesions included decreased attenuation, mosaic attenuation, and bulla/bleb, while parenchymal lesions included linear lesion, consolidation, bronchial wall thickening, and bronchiectasis. The radiographic definitions were defined by the Fleischner Society nomenclature (18). Decreased attenuation was defined as an area of reduced lung attenuation and mosaic attenuation was a non-homogeneous lesion that exhibited various attenuations. Bulla (≥ 1 cm) or bleb (≤ 1 cm) are referred to as round local lesions with reduced attenuation. Consolidation represented a homogeneous increase in parenchymal attenuation with blurred blood vessel and bronchial wall boundaries, linear lesion marked a thin and extended lesion along with soft tissue attenuation, and bronchiectasis stood for a widened airway compared to the accompanying pulmonary blood vessels.

For each lobe, one point was given for the presence of an abnormal lesion of the seven parameters, and 0 points were given if the lesions were not present. The maximum score for each lobe was seven points. The total HRCT score of six lobes was summed, including the hyperaeration score (HS), the parenchymal score (PS), and the total score (TS). Hence, a higher score reflected more severe pulmonary disease.

High-resolution computed tomography images were analyzed independently by two radiologists with more than 5 years of experience in pediatric pulmonary imaging and the scores were averaged for analysis. TS, HS, and PS were compared for inter-observer agreement evaluation. The scans were reviewed by the same observer (Dr. Yao) 1 month later to measure intra-observer agreement.



Data analysis

Statistical analysis was carried out with SPSS (version 26.0, IBM, Armonk, NY, United States). Continuous parameters were expressed as the mean ± standard deviation or minimum-maximum range. Categorical parameters were expressed as numbers or percentages, as appropriate. For comparisons of HRCT scores among different clinical phenotypes, one-way ANOVA testing or the Kruskal-Wallis test was adopted, as appropriate. The correlations between HRCT scores and phenotypes were evaluated by Spearman’s correlation analysis. The intra- and inter-observer agreement of HRCT scores was evaluated with Cronbach’s α coefficient. If the value was higher than 0.8, the reliability was high. If the value was between 0.7 and 0.8, the reliability was good. If the value was between 0.6 and 0.7, the reliability was acceptable. If the value was less than 0.6, the reliability was poor. When the p-value was < 0.05, a statistical significance difference was achieved.




Results


Clinical characteristics of bronchopulmonary dysplasia infants

The clinical data are listed in Table 1. The clinical data of 376 cases diagnosed with BPD in the past 7 years were reviewed, and 107 infants with chest HRCT were preliminarily selected through the medical system. Of the 107 patients, 5 neonates were excluded due to the poor quality of images. Ten infants with severe pulmonary infections and congenital heart disease were also eliminated. Then, another 11 neonates were removed because their HRCT was performed after a PMA of 50 weeks. Finally, 81 infants (56 males and 25 females; GA: 28.93 ± 2.25 weeks; BW: 1335.86 ± 456.80 g) were enrolled in this study.


TABLE 1    Clinical data of 81 BPD patients.
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Chest HRCT was conducted at 42.19 ± 4.82 weeks (range: 36.14–50.86 weeks) PMA. The diagnosis of PH and TBM were made at 41.72 ± 4.83 weeks (range: 34.20–50.00 weeks) PMA and 40.90 ± 4.76 weeks (range: 36.14–50.00 weeks) PMA, respectively. There was a 4.56 ± 2.82 weeks (range: 0.14–9.57 weeks) gap between the assessment of the severity of BPD and the HRCT scanning because HRCT was postponed until the conditions of the patients were stable for the examination. The time interval between HRCT and PH diagnosis was 0.48 ± 0.28 weeks. The time interval between HRCT and TBM diagnosis was 1.01 ± 0.59 weeks. The volume of the CT dose index (CTDIvol) and dose-length product (DLP) averaged 0.89 ± 0.22 mGy and 15.40 ± 5.09 mGy/cm, respectively.



Correlation of high-resolution computed tomography scores and severity of bronchopulmonary dysplasia

A total of 17 (20.99%) infants were classified as mild BPD, 31 (38.27%) as moderate BPD, and 33 (40.74%) as severe BPD. As shown in Table 2, there were no statistical differences in GA, BW, and duration of respiratory support among the three groups. However, infants with severe BPD had significantly higher TS (p = 0.01), HS (p = 0.02), and PS (p = 0.02). Mosaic attenuation (p = 0.03), bulla/Bleb (p = 0.03), and linear densities (p = 0.01) also demonstrated higher scores in more severe BPD group with significant difference. By Spearman’s correlation analysis, TS (r = 0.49, p < 0.01), HS (r = 0.31, p < 0.01), and PS (r = 0.30, p = 0.01) were correlated with the clinical severity of BPD. Decreased attenuation (r = 0.21, p = 0.04), mosaic attenuation (r = 0.31, p = 0.01), bulla/Bleb (r = 0.27, p = 0.02), and linear densities (r = 0.55, p < 0.01) also demonstrated a correlation with BPD severity.


TABLE 2    High-resolution computed tomography (HRCT) scores of subgroups with different phenotypes.
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Correlation of high-resolution computed tomography scores and the diagnosis of pulmonary hypertension or tracheobronchomalacia

All the data were listed in Table 2. In total, 40 (49.38%) infants had PH, 8 in mild BPD, 13 in moderate BPD, and 19 in severe BPD. PH (+) group were born at significantly lower GA as compared to those without PH (p = 0.02). Higher TS (r = 0.28, p = 0.01) and PS (r = 0.35, p < 0.01) correlated with the diagnosis of PH. Among the PSs, higher scores of linear densities (r = 0.34, p < 0.01) and consolidation (r = 0.24, p = 0.03) were associated with the diagnosis of PH.

A total of 20 (24.69%) patients had TBM, 3 with mild BPD, 7 with moderate BPD, and 10 with severe BPD. Subglottic stenosis, tracheobronchial stenosis, and other large airway lesions were not found in this study. There was no significant difference in the GA, BW, and duration of respiratory support in hospitals between the two groups. In addition, there was no difference in any of the HRCT scores between the patients with or without TBM.



High-resolution computed tomography scores among the different combinations of phenotypes

All the patients were subdivided into four groups: parenchymal disease (Group 1 = 39), parenchymal disease + PH (Group 2 = 22), parenchymal disease + TBM (Group 3 = 9), and parenchymal disease + PH + TBM (Group 4 = 11). Group 4 had the highest TS and HS, and Group 2 got the highest PS. All the values did not have a significant difference (Figure 1).
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FIGURE 1
High-resolution computed tomography (HRCT) scores among the different combinations of phenotypes. G1, parenchymal disease; G2, parenchymal disease + PH; G3, parenchymal disease + TBM; G4, parenchymal disease + PH + TBM; HS, hyperaeration score; PS, parenchyma score; TS, total score.




Intra- and inter-observer agreement

In this research, intra-observer agreement was high for HS (Cronbach’s α = 0.85), PS (Cronbach’s α = 0.90), and TS (Cronbach’s α = 0.88). Inter-observer agreement was high for HS (Cronbach’s α = 0.85), PS (Cronbach’s α = 0.86), and TS (Cronbach’s α = 0.86).




Discussion

Bronchopulmonary dysplasia (BPD) is a heterogenous lung disease that may affect the airways and pulmonary vasculature in addition to causing lung parenchymal disease. Based on main clinical presentations, three main clinical phenotypes of BPD have been reported, namely lung parenchymal disease, pulmonary vascular disease, and airway disease (3). Classification of BPD into these clinical phenotypes may facilitate clinical management and better risk stratification of BPD (3, 19). Although HRCT is frequently used to evaluate infants with BPD, to our knowledge, this study is the first study attempting to explore the association of HRCT findings with these BPD clinical phenotypes.

Several studies have demonstrated a correlation between HRCT scores and the severity of BPD (10, 16, 20). Most researchers have categorized pulmonary abnormalities into two types: hyperaeration and parenchyma lesions. In our study, we found TS, PS, and HS were all associated with the severity of BPD. Previous studies have reported that hyperaeration lesions are the most commonly found features in infants with BPD and suggested that they represent the most sensitive structural abnormalities associated with BPD severity (15, 21). Consistent with previous data, our study found that all three subcategory scores of hyperaeration lesions (decrease attenuation, mosaic attenuation, and bulla/bleb) correlated with BPD severity. Previous studies have suggested that the severity of hyperaeration lesions is associated with obstructive lung disease and quantification of volume fraction of low attenuation regions has been used to predict impaired lung function in a patient with cystic fibrosis (22, 23). We speculate that HS may be a useful tool to predict lung function impairments and the development of obstructive lung disease in infants with BPD. Longer-term studies with pulmonary function testing will be needed to study this.

Current data suggest that pulmonary vascular disease may impact 16–25% of infants with BPD and increases the risk of mortality in these patients (3, 14, 24–28). Almost half of the patients enrolled in this study had PH, and a majority of them belonged to the severe BPD group. In our study, both TS and PS correlated with the diagnosis of PH. Among the PS scores, linear opacities were frequently observed in previous studies and are probably the most common features on HRCT images of BPD patients (20, 23). Linear opacities may be suggestive of alveolar septal fibrosis, obstructive ventilation impairment, and PH (29). In longitudinal studies, linear opacities did not change over time and might be considered irreversible damage in late BPD (22). We found in our study that linear opacity correlated with both the severity of BPD and PH. In addition, consolidation is another prominent feature in our patients and is also correlated with the diagnosis of PH. Our result suggests that taken together, linear opacities and consolidation might be useful parenchymal CT scores that might be used in the prediction of BPD severity and PH. However, further studies are needed to confirm this.

Clinical manifestations of large airway diseases in BPD patients are mainly bronchomalacia or tracheomalacia, either localized or generalized. The incidence of large airway diseases in BPD patients varies from 10 to 46% and contributes to air trapping, increased risk of respiratory infections, and prolonged positive pressure ventilation (3, 30, 31). Surprisingly, none of the HRCT findings was associated with the diagnosis of TBM. This could be possibly due to the small sample size since only 20 patients with TBM were included in this study. We did see a consistent trend of higher HS in all three sub-categories. Further studies with a larger sample size are needed to further explore the association of HRCT scores with TBM.

Chest radiography is the most commonly used imaging modality worldwide to assess the severity of lung disease in patients with BPD. However, compared with HRCT, chest radiography cannot reflect the abnormalities in the pulmonary parenchyma in detail. Therefore, it fails to accurately predict the clinical severity of BPD (15). HRCT can provide BPD patients with more objective and detailed information about pulmonary structural damages, and it has the potential to predict later symptoms and impairments. Considerable CT scoring methods have been adopted over the last 30 years to semi-quantify the structural abnormalities in BPD (12, 20). All of the methods proved abnormal CT findings in patients with BPD. However, no approach has been validated to be superior to other methods and there is no universally accepted CT scoring system now (20). In this study, the HRCT scoring system is a modified version of the widely used models in the past 10 years (10, 15–17). Compared with the Ochiai scoring system, the system developed by Sung et al. is more applicable to clinical work as it calculates the scores of each lobe, not each segment. This scoring system covers the most distinguishing features of BPD. Besides, it also presents good inter-observer and intra-observer reproducibility as shown in previous studies and also seen in our study (15, 21). We, therefore, feel that this scoring system is a good objective tool to use in the research settings.

The present study has some limitations. First, the mild BPD patients without HRCT results were excluded, which would induce selection bias. Thus, the number of abnormalities might be overestimated. Second, the sample size of this study was relatively small. In the future, multicenter research with a larger sample size should be conducted to testify to the results of this study. Third, as the tricuspid regurgitant jet is undetectable in many infants, additional echocardiographic parameters are suggested to help reflect the increased pulmonary pressure, e.g., intraventricular septum flattening, right ventricular dilation and/or hypertrophy, and right ventricular dysfunction. However, these parameters were not used in our hospitals which might underestimate the incidence of PH in this research. Fourth, the association between HRCT scores and clinical outcomes was not analyzed. Hence, this study cannot provide sufficient guidance and prognostic data for the clinical management of BPD. At last, the radiation dose of the current study is relatively high, and images were only taken at the end of expiration without angiography. Further work to reduce the radiation dose of HRCT or further exploration of the utility of ultra-low dose-controlled CT angiogram protocols is needed.



Conclusion

High-resolution computed tomography scores are correlated with the BPD severity and PH. HS might be a useful tool in the assessment of BPD severity while linear densities and consolidation might be helpful in predicting PH.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the patients’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

QY: concept and design and acquisition of data. Q-LS: analysis and interpretation of data. QY and Q-LS: drafting the manuscript. X-HH and G-YH: revising the manuscript and final approval of the version to be published. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the CAMS Innovation Fund for Medical Sciences (2019-I2M-5-002).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Stoll BJ, Hansen NI, Bell EF, Walsh MC, Carlo WA, Shankaran S, et al. Trends in care practices, morbidity, and mortality of extremely preterm neonates, 1993-2012. JAMA. (2015) 314:1039–51. doi: 10.1001/jama.2015.10244

2. Cao Y, Jiang S, Sun J, Hei M, Wang L, Zhang H, et al. Assessment of neonatal intensive care unit practices, morbidity, and mortality among very preterm infants in China. JAMA Netw Open. (2021) 4:e2118904. doi: 10.1001/jamanetworkopen.2021.18904

3. Wu KY, Jensen EA, White AM, Wang Y, Biko DM, Nilan K, et al. Characterization of disease phenotype in very preterm infants with severe bronchopulmonary dysplasia. Am J Respir Crit Care Med. (2020) 201:1398–406.

4. Hysinger EB, Friedman NL, Padula MA, Shinohara RT, Zhang H, Panitch HB, et al. Tracheobronchomalacia is associated with increased morbidity in bronchopulmonary dysplasia. Ann Am Thorac Soc. (2017) 14:1428–35. doi: 10.1513/AnnalsATS.201702-178OC

5. Logan JW, Lynch SK, Curtiss J, Shepherd EG. Clinical phenotypes and management concepts for severe, established bronchopulmonary dysplasia. Paediatr Respir Rev. (2019) 31:58–63. doi: 10.1016/j.prrv.2018.10.004

6. Berkelhamer SK, Mestan KK, Steinhorn R. An update on the diagnosis and management of bronchopulmonary dysplasia (BPD)-associated pulmonary hypertension. Semin Perinatol. (2018) 42:432–43. doi: 10.1053/j.semperi.2018.09.005

7. Amin RS, Rutter MJ. Airway disease and management in bronchopulmonary dysplasia. Clin Perinatol. (2015) 42:857–70. doi: 10.1016/j.clp.2015.08.011

8. Higgins RD, Jobe AH, Koso-Thomas M, Bancalari E, Viscardi RM, Hartert TV, et al. Bronchopulmonary dysplasia: executive summary of a workshop. J Pediatr. (2018) 197:300–8. doi: 10.1016/j.jpeds.2018.01.043

9. Jensen EA, Dysart K, Gantz MG, McDonald S, Bamat NA, Keszler M, et al. The diagnosis of bronchopulmonary dysplasia in very preterm infants. an evidence-based approach. Am J Respir Crit Care Med. (2019) 200:751–9. doi: 10.1164/rccm.201812-2348OC

10. Li R, Zhang J. Diagnostic value of chest CT combined with x-ray for premature infants with bronchopulmonary dysplasia. Medicine (Baltimore). (2018) 97:e9723. doi: 10.1097/MD.0000000000009723

11. Semple T, Akhtar MR, Owens CM. Imaging bronchopulmonary dysplasia-a multimodality update. Front Med (Lausanne) (2017) 4:88. doi: 10.3389/fmed.2017.00088

12. Vanhaverbeke K, Van Eyck A, Van Hoorenbeeck K, De Winter B, Snoeckx A, Mulder T, et al. Lung imaging in bronchopulmonary dysplasia: a systematic review. Respir Med. (2020) 171:106101. doi: 10.1016/j.rmed.2020.106101

13. Jone PN, Ivy DD. Echocardiography in pediatric pulmonary hypertension. Front Pediatr. (2014) 2:124. doi: 10.3389/fped.2014.00124

14. Mandell E, Hysinger EB, McGrath-Morrow SA. Disease phenotyping of infants with severe bronchopulmonary dysplasia. Am J Respir Crit Care Med. (2020) 201:1327–9. doi: 10.1164/rccm.202002-0305ED

15. Shin SM, Kim WS, Cheon JE, Kim HS, Lee W, Jung AY, et al. Bronchopulmonary dysplasia: new high resolution computed tomography scoring system and correlation between the high resolution computed tomography score and clinical severity. Korean J Radiol. (2013) 14:350–60. doi: 10.3348/kjr.2013.14.2.350

16. Sung TJ, Hwang SM, Kim MY, Park SG, Choi KY. Relationship between clinical severity of “new” bronchopulmonary dysplasia and HRCT abnormalities in VLBW infants. Pediatr Pulmonol. (2018) 53:1391–8. doi: 10.1002/ppul.24121

17. Ochiai M, Hikino S, Yabuuchi H, Nakayama H, Sato K, Ohga S, et al. A new scoring system for computed tomography of the chest for assessing the clinical status of bronchopulmonary dysplasia. J Pediatr. (2008) 152:90–5. doi: 10.1016/j.jpeds.2007.05.043

18. Hansell DM, Bankier AA, MacMahon H, McLoud TC, Muller NL, Remy J. Fleischner society: glossary of terms for thoracic imaging. Radiology. (2008) 246:697–722. doi: 10.1148/radiol.2462070712

19. Jobe AH. The new bronchopulmonary dysplasia. Curr Opin Pediatr. (2011) 23:167–72. doi: 10.1097/MOP.0b013e3283423e6b

20. van Mastrigt E, Logie K, Ciet P, Reiss IK, Duijts L, Pijnenburg MW, et al. Lung CT imaging in patients with bronchopulmonary dysplasia: A systematic review. Pediatr Pulmonol. (2016) 51:975–86. doi: 10.1002/ppul.23446

21. Kubota J, Ohki Y, Inoue T, Sakurai M, Shigeta M, Mochizuki H, et al. Ultrafast CT scoring system for assessing bronchopulmonary dysplasia: reproducibility and clinical correlation. Radiat Med. (1998) 16:167–74.

22. Brostrom EB, Thunqvist P, Adenfelt G, Borling E, Katz-Salamon M. Obstructive lung disease in children with mild to severe BPD. Respir Med. (2010) 104:362–70. doi: 10.1016/j.rmed.2009.10.008

23. Wong PM, Lees AN, Louw J, Lee FY, French N, Gain K, et al. Emphysema in young adult survivors of moderate-to-severe bronchopulmonary dysplasia. Eur Respir J. (2008) 32:321–8. doi: 10.1183/09031936.00127107

24. Thebaud B, Goss KN, Laughon M, Whitsett JA, Abman SH, Steinhorn RH, et al. Bronchopulmonary dysplasia. Nat Rev Dis Primers. (2019) 5:78. doi: 10.1038/s41572-019-0127-7

25. Bui CB, Pang MA, Sehgal A, Theda C, Lao JC, Berger PJ, et al. Pulmonary hypertension associated with bronchopulmonary dysplasia in preterm infants. J Reprod Immunol. (2017) 124:21–9. doi: 10.1016/j.jri.2017.09.013

26. Bancalari E, Jain D. Bronchopulmonary dysplasia: 50 years after the original description. Neonatology. (2019) 115:384–91. doi: 10.1159/000497422

27. Al-Ghanem G, Shah P, Thomas S, Banfield L, El HS, Fusch C, et al. Bronchopulmonary dysplasia and pulmonary hypertension: a meta-analysis. J Perinatol. (2017) 37:414–9. doi: 10.1038/jp.2016.250

28. Khemani E, McElhinney DB, Rhein L, Andrade O, Lacro RV, Thomas KC, et al. Pulmonary artery hypertension in formerly premature infants with bronchopulmonary dysplasia: clinical features and outcomes in the surfactant era. Pediatrics. (2007) 120:1260–9. doi: 10.1542/peds.2007-0971

29. Seeger W, Adir Y, Barbera JA, Champion H, Coghlan JG, Cottin V, et al. Pulmonary hypertension in chronic lung diseases. J Am Coll Cardiol. (2013) 62:D109–16. doi: 10.1016/j.jacc.2013.10.036

30. Downing GJ, Kilbride HW. Evaluation of airway complications in high-risk preterm infants: application of flexible fiberoptic airway endoscopy. Pediatrics. (1995) 95:567–72.

31. Deacon J, Widger J, Soma MA. Paediatric tracheomalacia - A review of clinical features and comparison of diagnostic imaging techniques. Int J Pediatr Otorhinolaryngol. (2017) 98:75–81. doi: 10.1016/j.ijporl.2017.04.027



OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Relationship between bronchopulmonary dysplasia phenotypes with high-resolution computed tomography score in early preterm infants



		Introduction



		Materials and methods



		Subjects’ clinical data



		High-resolution computed tomography protocol



		High-resolution computed tomography scoring protocol



		Data analysis







		Results



		Clinical characteristics of bronchopulmonary dysplasia infants



		Correlation of high-resolution computed tomography scores and severity of bronchopulmonary dysplasia



		Correlation of high-resolution computed tomography scores and the diagnosis of pulmonary hypertension or tracheobronchomalacia



		High-resolution computed tomography scores among the different combinations of phenotypes



		Intra- and inter-observer agreement







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics

Relationship between
bronchopulmonary dysplasia
phenotypes with high-resolution
computed tomography score
in early preterm infants









OPS/images/fped-10-935733-t002.jpg
BPD

GA (w)
BW (g)

Duration of
respiratory support
in hospital (d)

HRCT scores

Decreased
attenuation

Mosaic attenuation
Bulla/Bleb

Linear densities
Consolidation

Bronchial wall
thickening

Bronchiectasis

Total (n=81) Mild (n=17)

28.93 +£2.25
1335.86 & 456.80

113.36 + 78.28

18.23 £ 5.76
10.31 £ 5.36
7.93 +3.58
4.124+1.98

3.0542.38
3.14+2.35
4.354+1.83

2.7+£2.32
0.15 4 0.55

0.7+ 1.41

29.59 £='2.87
1454.41 £+ 473.97
105.59 £ 69.06

14.47 £4.95
7.88 £3.48
6.59£2.9
3.82+1.91

2,18 +£2.22
1.88 £1.93
3.18+1.74
2.35+1.94
0:29 2:0.77

0:76 £1.35

Moderate
(n=31)

29.16 £2.33
1385.65 £ 404.51

104.13 £98.01

16.94 £5.6
9.68 £5.27
7.26 £4.02
3.81+£191

2.65+£2.26
3.23 £2.09
384+£19

2.55 £2:32
0.13+£0.43

0.74 +1.41

Severe
(n=33)

28.36 +2.95
1228.03 4= 483.83

126.03 + 60.42

21.39 = 4.68
12.1545.72
9.24 & 3.08
4.58 &+ 2.06

3.88 +2.38

3:7 £2.58
542+ 1.15
31034251
0.09 £ 0.52

0.64 £ 1.48

P-value

0.27
0.19
0.49

<0.01%
0.02v%¢
0.02v%¢
0.24

0.03%
0.037%
<0.01%
0.56
0.46

0.94

PH (+)
(n =40)

28.2842.57
1267.5 + 500.1

123.5 4+ 64.18

19.9 £ 5.02
10.65+ 5.74
9.254+3.11
424205

3.1542.36

3.34+2.33
5.054+1.22
3254245
0.15 4 0.66

0753151

PH (-)
(n=41)

29.61 £2.72
1402.56 + 405.29

103.46 £ 89.65

16.61 £6.03
9.98 £5.01
6.63 £ 3.56
4.05+£1.94

2.95+2.43
2.98 £2.38
3.66 £2.07
2.17 £2.07
0.15 £ 0.42

0.66 +1.32

P-value

0.02v%¢
0.19
0.25

0.01%
0.57
<0.01%
0.73

0.71
0.54
<0.01%
0.047%
0.98

0.77

TBM (+)
(n=20)

29.15 + 3.47
1390.75 £ 541.59
114.2 £96.01

11.3 £5.04
8.4 £3.69

19.7 +£5.8

4.65+1.81

354237
3.15+2.54
4.7 +£1.84
2195 +£2:33
0£0

0.75 £ 1.65

TBM (-)
(n=61)

28.85+2.46
1317.87 £ 428.96

113.08 £ 72.47

9.98 £5.46
7.77 £ 3.56
17:7545.72
3:95+=2.02

294239
3.13.+2:31
423+1.83
2.62£2.32

0.2£0.63

0.69 +1.34

BPD, bronchopulmonary dysplasia; BW, body weight; GA, gestational age; HS, hyperaeration score; PH, pulmonary hypertension; PS, parenchyma score; TBM, tracheobronchomalacia; TS, total score, 7 presenting the p < 0.05.

P-value

0.67
0.54
0.96

0.19
0.34
0.50
0.17

0.33
0.98
0.32
0.59
0.17

0.87






OPS/images/fped-10-935733-t001.jpg
Characteristic

GA (W) 28.93 £2.25
>28w 40/81

<28 w 41/81

BW (g) 1335.86 + 456.80
Sex

Male 56/81 (69.14%)
Female 25/81 (30.86%)
Surfactant 78/81 (96.3%)
Antenatal steroids 35/81 (43.21%)
Histological chorioamnionitis 10/81 (12.35%)

BPD, bronchopulmonary dysplasia; BW, body weight; GA, gestational age.







OPS/images/logo.jpg
¥ frontiers | Frontiers in Pediatrics







OPS/images/fped-10-935733-g001.jpg
Group

e}

| [ex

Bcs

i

:

‘ il LI L] LI,

30

20

10

0

LOEpIjoSUoD)

LoISa| Jeaul

ga|g/elnd

LOENUSTIE JIESOA

LoNENUS]E pasesaldar]

Sd

=H

Sl





