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TAKE HOME MESSAGE 

CT technical quality affects the recognition of the UIP pattern by thoracic radiologists. Optimal CT 

scanning protocols should be implemented in spoke centres to speed up the diagnostic work-up of 

IPF, reducing costs and further radiation exposure.  



 

INTRODUCTION 

Accurate diagnosis of idiopathic pulmonary fibrosis (IPF) is essential to ensure prompt initiation of 

appropriate treatment and enrolment in clinical trials. According to current international 

guidelines [1], in the appropriate clinical context the identification of the usual interstitial 

pneumonia (UIP) pattern on chest high-resolution computed tomography (HRCT) allows a 

confident diagnosis of IPF. Patients referred to tertiary centres for suspected interstitial lung 

disease (ILD) may provide CT images that do not fulfil recommended scanning protocols [1], 

therefore triggering the execution of another CT. However, the impact of suboptimal technical 

quality on the identification of the UIP pattern by thoracic radiologists is unknown. We assessed 

the quality of chest CT scans performed in the context of an ILD network including a tertiary ILD 

centre (hub) and the affiliated centres (spokes), and the impact on the identification of the UIP 

pattern. 

 

METHODS 

Study population 

Patients were retrospectively identified from those referred to the ILD clinic of the University 

Hospital Gemelli in Rome (hub centre) between March 2014 and October 2017. Patients were 

enrolled in the study if they had two consecutive chest CT scans within a 12-month time interval, 

one performed at the hub centre and a previous one at a spoke centre. 

 

CT images analysis 

Chest CT scans were randomised and assessed for technical quality by an expert thoracic 

radiologist using currently recommended scanning protocols [1], including the level of inspiration 

or expiration, the use of sharp or standard reconstruction filters, slice thickness, and degree of 

motion artefacts. Exams were scored using a 5-levels system for overall image quality, ranging 

from 1 (very poor) to 5 (very high). Two thoracic radiologists with different level of expertise in ILD 

(18 and 4 years, respectively) assessed CT scans and assigned each to one of the following five 

categories [1]: UIP, probable UIP, indeterminate for UIP, alternative diagnosis, non-fibrotic. The 

diagnostic categories were then converted to a binary “UIP versus any of the other categories” 

score. Individual CT features, namely honeycombing, reticulation, traction bronchiectasis and 

ground glass opacities, were also scored. Final diagnosis for each patient was based on a 



 

multidisciplinary discussion (MDD) made at the hub centre after having performed the second CT 

scan [1]. 

 

Statistical Analysis 

Statistical analysis was performed using SPSS software package (version 24, IBM, USA). Data were 

summarised using means and standard deviations or counts and percentages, as appropriate. The 

Chi-squared test was used to assess statistical significance of proportions. Cohen’s weighted k 

coefficient (kw) was used to express intra- and inter-observer agreement for diagnostic categories, 

while Cohen’s unweighted k coefficient (k) was used for the binary CT pattern scores. The level of 

agreement was categorised as follows: poor (0>kw≤0.20), fair (0.20>kw≤0.40), moderate 

(0.40>kw≤0.60), good (0.60>kw≤0.80) and excellent (0.80>kw≤1.00) [2]. 

 

RESULTS 

Characteristics of study population 

Seventy-six patients were enrolled in the study. Most (n=39, 51.3%) patients received a final 

diagnosis of IPF. Seven (9.2%) patients were diagnosed with chronic hypersensitivity pneumonitis 

and 13 (17.1%) were deemed unclassifiable. Other diagnoses were connective-tissue related ILD 

(n=4, 5.3%), organizing pneumonia (n=4, 5.3%), respiratory bronchiolitis-ILD (n=3, 3.9%), idiopathic 

non-specific interstitial pneumonia (n=2, 2.6%), sarcoidosis (n=1, 1.3%), alveolar proteinosis (n=1, 

1.3%), occupational ILD (n=1, 1.3%), pleuroparenchimal fibroelastosis (n=1, 1.3%). Mean age was 

71 years (SD=9.8) and there was a male predominance (n=49, 64.5%). Most (n=49, 65,3%) patients 

had history of smoking. On first clinical presentation at the hub centre, mean percent predicted 

forced vital capacity (FVC) was 86.4 (SD 25.2), while mean percent predicted diffusion capacity of 

CO (DLco) was 60.2 (SD 23.3). Average time between consecutive CTs was 6.3 months (SD=2.7). 

 

CT technical parameters 

Among CT scans performed at the spoke centres, 41 (53.9%) had an overall image quality scored 

from very poor to moderate, while quality was high to very high in 72 (94.7%) of CT scans 

performed at the hub centre (p<0.001). Forty-six (60.5%) spoke exams were performed with sharp 

filter and section thickness <1.5 mm, 14 (18.5%) had moderate to high motion artefacts and only 7 

(9.2%) had expiratory scans.  

 



 

CT pattern assessment 

The UIP pattern was identified by both observers more frequently in the hub than in the spoke CT 

scans (Table 1). The UIP was the pattern most frequently diagnosed by the more experienced 

radiologist, who identified about 20% more UIP patterns at the hub centre, both in the overall 

study population and in patients with a final diagnosis of IPF (Table 1). In contrast, the probable 

UIP was the pattern most frequently identified by the less experienced radiologist (Table 1). The 

inter-observer agreement for the binary score of UIP pattern was similar for the hub and the 

spoke CT datasets (k=0.56 and k=0.63, respectively). The level of intra-observer agreement across 

the diagnostic categories in hub and spoke CTs was good for the more experienced radiologist 

(kw=0.70, 95% CI 0.58-0.83), and moderate for the less experienced radiologist (kw=0.41, 95% CI 

0.24-0.58). The intra-observer agreement for the binary UIP score was good (k=0.76) for the more 

experienced radiologist and fair (k=0.35) for the less experienced one. There was good to optimal 

intra-observer agreement for the presence of honeycombing (k=0.83 and k=0.67 for more and less 

experienced radiologist, respectively) and reticulation (k=0.77 and k=0.70); there was lower 

agreement for the presence of traction bronchiectasis (k=0.47 and k=0.60) and ground glass 

opacities (k=0.25 and k=0.44).  

 

DISCUSSION 

We assessed the clinical impact of CT scanning protocols in the context of a hub and spoke ILD 

network including a specialised centre for ILD and its affiliated centres. The results show how 

lower CT image quality in spoke centres may affect the identification of the UIP pattern, even by 

an expert thoracic radiologist. 

High-quality scanning protocols are strongly recommended to allow accurate classification of the 

CT patterns into one of the four diagnostic categories [1, 3]. Thin sections (<2 mm), high spatial 

resolution kernel, full inspiration to total lung capacity, volumetric CT acquisition, and expiratory 

scans  are all required parameters to ensure optimal image quality [3]. Patients referred to 

specialised centres for diagnosis and management of ILD often undergo a second chest CT scan, 

possibly because their initial chest CT, often performed at a non-specialised centre, is considered 

suboptimal. Although it is not clear whether this approach may enhance diagnostic accuracy,  it 

exposes patients to additional ionising radiation, increases costs and delays diagnosis . 

The base finding of our study was the fact that several technical requirements for optimal CT scan 

were not fulfilled by exams performed at spoke centres. Notably, the overall image quality was 



 

significantly lower as compared to scans performed at the hub centre. The difference in the 

proportions of UIP pattern reported by the two observers, in both the overall study population 

and in IPF patients, indicates that a high level of experience in thoracic imaging is crucial for a 

more confident detection of UIP and diagnosis of IPF. Notably though, the higher proportions of 

UIP pattern found in hub CT scans suggest that the assessment of the radiological features 

essential for the diagnosis of UIP is facilitated by the implementation of adequate scanning 

protocols. Importantly, a similar difference in the proportions of UIP pattern between hub and 

spoke CTs was found in patients with IPF, suggesting that suboptimal CT quality may ultimately 

impact the MDD diagnostic process. Radiologists with fewer years of experience may be 

particularly biased towards the identification of UIP and honeycombing on low quality CT scans, 

suggested by the lower levels of intra-observer agreement. In particular, the combination of 

younger radiologist reviewing lower quality CT scans resulted in a 57% relative decrease in the 

detection of UIP as compared to a more experienced radiologist reviewing optimal quality CT 

scans. 

Our study has some limitations, such as the small size of the population, the limited number of 

thoracic radiologists involved and the fact that both radiologists worked at the hub centre. 

Moreover, it cannot be excluded that the CT pattern may have changed between the two 

consecutive CT scans, although the average interval between exams was short (6 months). 

Nonetheless, these findings indicate that a more proactive effort by scientific societies is desirable 

to standardise CT scanning protocols across referral and non-referral centres, thus facilitating the 

prompt recognition of the UIP pattern, speeding up the diagnostic work-up, reducing costs and 

radiation exposure. This intervention might be cost-effective to implement the overall efficiency of 

the diagnostic process for IPF.  
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Table 1. UIP diagnostic patterns in CT scans performed at spoke and hub centres in the overall 

study population (N=76) and in patients with a diagnosis of IPF (N=39). 

 

More experienced radiologist 

N (%) 

Less experienced radiologist 

N (%) 

SPOKE HUB p SPOKE HUB p 

All 

patients 

UIP 22 (28.9) 28 (36.8) 

<0.001 

12 (15.8) 14 (18.4) 

<0.001 

Probable UIP 22 (28.9) 20 (26.3) 25 (32.9) 22 (28.9) 

Indeterminate for 

UIP 
9 (12.9) 9 (11.8) 14 (18.4) 15 (19.7) 

Alternative diagnosis 14 (18.4) 12 (15.8) 12 (15.8) 14 (18.4) 

Non-fibrotic 9 (11.8) 7 (9.2) 13 (17.1) 11 (14.5) 

IPF 

patients 

UIP 18 (46.2) 23 (59.0) 

<0.001 

10 (25.6) 12 (30.8) 

NS 

Probable UIP 15 (38.5) 12 (30.8) 17 (43.6) 14 (35.9) 

Indeterminate for 

UIP 
3 (7.7) 4 (10.3) 8 (20.5) 6 (15.4) 

Alternative diagnosis 3 (7.7) 0 3 (7.7) 6 (15.4) 

Non-fibrotic 0 0 1 (2.6) 1 (2.6) 

 


