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Abstract 

Non-cystic fibrosis bronchiectasis is a clinically important disease with an estimated 340,000–522,000 persons living 
with the disease and 70,000 being diagnosed annually. The radiographic diagnosis remains a pivotal part of recogniz-
ing the disease due to its protean clinical manifestations. As physicians are sensitized to this disease, a greater propor-
tion of patients are being diagnosed with mild to moderate bronchiectasis. Despite the established use of CT chest 
as the main tool for making a radiologic diagnosis of bronchiectasis, the literature supporting the process of making 
that diagnosis is somewhat sparse. Concurrently, there has been an increased trend to have Web-based radiologic 
tutorials due to its convenience, the ability of the learner to set the pace of learning and the reduced cost compared 
to in-person learning. The COVID-19 pandemic has accelerated this trend. We wanted to look carefully at the effect of 
a Web-based training session on interrater reliability. Agreement was calculated as percentages and kappa and preva-
lence adjusted kappa calculated. We found that a single Web-based training session had little effect on the variability 
and accuracy of diagnosis of bronchiectasis. Larger studies are needed in this area with multiple training sessions.
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Introduction
Bronchiectasis is a clinically heterogenous disease first 
described by Laennec in the 1800’s with further elabo-
ration by Reid in the 1950’s [1]. Among subtypes of 
bronchiectasis, the data shows that the incidence of non-
cystic fibrosis bronchiectasis is increasing worldwide [2]. 
Bronchiectasis is increasingly being diagnosed by com-
puted tomography (CT) of the chest. Older methods such 
as CXR are less sensitive, and while bronchogram with 
iodinated contrast is more sensitive, it is mildly invasive 
and not without complications. Naidich first described 

the CT signs of bronchiectasis in 1982; the primary fea-
tures include an elevated bronchial-to-arterial ratio and 
smooth dilation of bronchi to the periphery [3]. Other 
radiographic findings are sub-lobar collapse caused by 
mucus plugging, and strings/clusters of cysts. Despite 
this, studies which have looked at interrater reliability 
have used a variety of radiologic markers to define bron-
chiectasis. Most used the broncho-arterial ratio, but at 
cut-points between 0.9 and 1. Other markers which have 
been inconsistently used include lack of tapering of the 
bronchial lumen for longer than 2  cm and visualization 
of a bronchus within 1 cm of the costal pleura. Standardi-
zation of the CT acquisition protocol has also not been 
defined. Interrater reliability varies significantly across 
studies, from high (intraclass correlation 0.93–0.97) to 
modest (kappa 0.64–0.65) [4–6] Of course, where disease 
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is severe, interrater reliability is high [7]. Various scor-
ing systems have been used for assessing the severity of 
bronchiectasis including the Bhalla, BRICS, Santamaria 
and Oikonomou [8–12]. These are non-binary systems 
aimed at assessing severity of bronchiectasis and not vali-
dated for simple presence/absence of disease.

Web-based training for radiologic diagnoses is well 
entrenched in the medical curriculum, most notably with 
breast and spinal imaging. In the setting of the COVID-
19 pandemic there has been a call to accelerate this trend 
as a mitigating countermeasure [12, 13]. Some authors 
have discussed  convenience, the ability of the learner 
to set the pace of learning and the reduced cost com-
pared to in-person learning [14, 15]. Despite this, there 
is some evidence to suggest that training using a web-
based application results in at best minimal improvement 
in improving interrater reliability, sensitivity, specific-
ity, and accuracy [16, 17]. To date, no study has assessed 
the role of Web-based training sessions in improving the 
diagnostic accuracy of chest CT scans for bronchiectasis. 
As such, the goal of this current research was to ascer-
tain whether Web-based training would be beneficial in 
improving interrater reliability in making a diagnosis of 
bronchiectasis amongst attending physicians evaluat-
ing CT scans using the criteria of: a broncho-arterial 
ratio of ≥ 1, a lack of tapering of the bronchi toward the 
periphery, and the presence of peri bronchial thicken-
ing ± the presence of subsegmental collapse/consolida-
tion. This research was done as a preliminary exploratory 
analysis of data obtained from a study investigating the 
accuracy of the ICD-9 and ICD-10 coding system in iden-
tifying patients with NCFB in a cohort of patients who 
have had a chest CT for an indication of bronchiectasis. 
We hypothesized that a training session would improve 
consensus amongst the physicians reading CT scans.

Methods
In the pre-training phase, a sample of 40 cases were 
randomly selected as a computer-generated list from a 
larger cohort of 1500 cases chosen for an indication of 
bronchiectasis, or where bronchiectasis was in the final 
impression. We excluded images where traction bron-
chiectasis was in the final impression, or if the indica-
tion was for cystic fibrosis. Cases included dedicated 
and non-dedicated chest studies such as: HRCT Chest, 
CTA chest, CT chest with contrast, CT chest without 
contrast as well as CT abdomen/pelvis where the basal 
lung cuts could be accessed. This study was embedded 
in a larger study assessing the accuracy of ICD cod-
ing of NCFB. As part of this larger project, we initially 
designed an exploratory study to determine the accu-
racy of the initial radiologic diagnosis. During this pro-
cess, we observed that agreement between reviewers 

was poor, therefore we developed a web-based training 
designed to improve intra-observer agreement. As this 
was an exploratory study, no sample size estimation 
was done. We chose a sample size of 40 for reasons of 
feasibility and considered it sufficient to identify issues 
related to accuracy of the initial radiologic diagnosis.

The reviewers had access to the complete study of 
each anonymized case through the IntelePACS® system 
(Intelerad Medical Systems Inc., Quebec, CA) and eval-
uated for bronchiectasis by freely scrolling through the 
case. Cases were assessed for presence or absence of 
bronchiectasis by three blinded independent reviewers 
(two pulmonologists with special interest and expertise 
in bronchiectasis, and a chest radiologist). There was 
no communication between raters during the rating 
period. The reviewers were aware that their judgements 
would be compared with other raters. All reviewers 
had the same set of images. The reviewers had limited 
access to clinical records beyond demographics and 
indication for CT chest. The review was done from hos-
pital workstations with display resolution 1920 × 1080 
with dual screens. Standard desktop monitors were 
used with range 22–24″. The reviewers were mid-career 
physicians with an average of 23  years practice post 
their basic medical degree. Bronchiectasis was defined 
as a broncho-arterial ratio of ≥ 1, a lack of tapering of 
the bronchi toward the periphery and the presence of 
peri bronchial thickening ± the presence of subsegmen-
tal collapse/consolidation. Results were then submitted 
in a yes/ no format on Excel spreadsheets indepen-
dently prior to training. All methods were carried out 
in accordance with relevant guidelines and regulations.

Training of the reviewers consisted of a real time vir-
tual session with a chest radiologist in which explana-
tory cases were shown and key points discussed. The 
session duration was approximately 40 min via WebEx 
with representative CT slices discussed, and the radio-
graphic criteria re-iterated. Severe as well as mild/mod-
erate cases of bronchiectasis were included. Figure  1 
shows a representative CT slice of a subject with mod-
erate bronchiectasis.

Four weeks after the Web-based training, a separate 
pool of 40 cases from the cohort were randomly selected 
and the same reviewers evaluated the CT images for the 
presence/absence of bronchiectasis using the same meth-
ods and criteria described above.

Inter-observer agreement for multiple raters was evalu-
ated pre and post training using percent agreement, the 
kappa statistic and (due to low prevalence) prevalence 
adjusted kappa [18]. Estimates are presented with 95% 
confidence intervals using the command –kappaetc– 
[19]. Statistical analysis was conducted with Stata v16.1 
(StataCorp, LP, College Station, TX).
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Results
In our pre-training sample (n = 40), the percent agree-
ment was 77% (95% CI 66–87%). Kappa was 0.22 (95% 
CI − 0.01 to 0.46) and prevalence adjusted kappa was 
0.53 (95% CI 0.33–0.74). Of the 40 cases reviewed fol-
lowing training, two were excluded because of poor 
quality of the images, or the images could not be found 
in the PACS system. Percent agreement in the post 
training sample was 68% (95% CI 57–80%). Kappa was 
0.25 (95% CI − 0.02 to 0.51) and prevalence adjusted 
kappa was 0.37 (95% CI 0.15–0.59) (Fig. 2).

We did not formally test whether the Kappa values 
were different before vs after the Webinar. However, 
based on our estimates presented in Fig. 1, the 95% confi-
dence intervals overlap substantially suggesting we would 
have insufficient evidence to reject the null hypothesis of 
no difference.

Pre‑training
100% agreement (3/3) in 65% of the sample

•	 Pulm1/ Rads only agreement (15%)
•	 Pulm1/Pulm2 only agreement (12.5%)
•	 Pulm2/Rads only agreement (7.5%) (Table 1)

Post‑training
100% agreement (3/3) in 52.6% of the sample

•	 Pulm1/Rads only agreement (23.7%)
•	 Pulm1/Pulm2 only agreement (13.1%)
•	 Pulm2/Rads only agreement (10.5%) (Table 2)

Discussion
Our data suggests that despite published criteria for 
making a diagnosis of bronchiectasis, there is signifi-
cant variability in CT interpretation. This variability 
did not improve with a Web-based training session. In 

Fig. 1  Representative CT cut of a subject with moderate 
bronchiectasis

Fig. 2  Comparison of interobserver variability in interpretation of 
bronchiectasis on CT before and after Web-based training

Table 1  Raw scores of individual raters before Web-based 
training

Pulm 1 Rads Pulm 2 Frequency Percentage

0 0 0 1 2.5

0 0 1 2 5

1 0 0 3 7.5

1 0 1 5 12.5

1 1 0 4 10

1 1 1 25 62.5

Table 2  Raw scores of individual raters after Web-based training

Pulm 1 Rads Pulm 2 Frequency Percentage

0 0 0 4 10.53

0 1 0 2 5.26

0 1 1 2 5.26

1 0 0 2 5.26

1 0 1 3 7.89

1 1 0 9 23.68

1 1 1 16 42.11
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fact, variability increased instead of decreasing. How-
ever, the confidence intervals overlap substantially, and 
the sample size is quite small. A limitation of our find-
ings is that this is a single center study using a relatively 
modest sample size. We employed Web-based training 
due to the constraints of the SARS-CoV-2 pandemic on 
in-person meetings at our institution. Web-based radiol-
ogy training has been piloted in a variety of educational 
programs with mixed results [20–22]. There is some sug-
gestion that Web-based learning impairs tacit learning 
which is an important means of skill transfer. The expe-
rience of the presenter in adapting training from live to 
Web-based training is an important determinant. Our 
presenter had extensive experience in Web-based train-
ing. Another issue may be the degree to which a short 
training session could modify interrater reliability in a 
group of physicians who already have significant experi-
ence in interpreting CT evidence of bronchiectasis. Post 
training, the consensus for presence of bronchiectasis 
decreased. This may have been due to increased sophis-
tication gained in assessment of broncho-arterial ratio 
which was a key determinant of the radiologic diagnosis. 
There is still some subjectivity in deciding which bron-
chial/arterial pairing is assessed. There also is variation 
in deciding whether to use outer diameter vs inner diam-
eter for bronchial measurements [23]. We used the inner 
diameter for assessment. Naidich did include wall thick-
ening among other criteria in his diagnosis of bronchiec-
tasis. These criteria tend to be somewhat subjective. We 
therefore reduced the criteria to those most frequently 
used in the literature and which were less subjective. The 
time that elapsed between training and interpretation 
may also have contributed to the variability due to recall 
bias. However, this may be reflective of real-world cir-
cumstances. More data is needed in this area.

We note that a significant number of our patients quali-
tatively had mild to moderate bronchiectasis, though we 
did not formally score for severity in this study. This may 
have contributed to the variability. Using the interpre-
tation proposed by Zegers et  al., the degree of reliabil-
ity ranged from moderate to fair [24]. A series enriched 
for advanced cystic bronchiectasis would undoubt-
edly have less variability. With increasing awareness of 
the importance of non-cystic fibrosis bronchiectasis, 
many patients seen will have modest changes on CT 
chest despite significant symptoms related to their dis-
ease. In practice, both clinicians and radiologists have 
access to extensive clinical records as well as serial lung 
imaging studies which provide a wealth of data and will 
alter the interpretation of the interval CT chest image. 
A recent international consensus suggested a stepwise 
approach to diagnosis that includes clinical findings [23]. 
Clearly, radiologists have recognized formal training in 

diagnosing bronchiectasis on CT chest images. However, 
pulmonologists may have patients referred to them with 
chest complaints and CT images depicting bronchiecta-
sis which were missed by the initial radiologist, and there 
is an expectation that pulmonologists should be able to 
recognize disease patterns on lung images.

Variability in recognition of the CT changes has impli-
cations for the timely recognition of the disease and fol-
low-up. Though modest data is published on longitudinal 
follow-up of patients with moderate bronchiectasis and 
in identifying factors which lead to progression of dis-
ease, there clearly are sub-groups of patients who require 
close follow from early in their disease trajectory, such as 
patients with bronchiectasis as a co-diagnosis of nontu-
berculous mycobacteria infection [25]. Given that inter-
rater reliability is so low, our findings may also suggest 
that there may be utility in a radiologic consensus opin-
ion particularly in the setting of some subtle disease or 
questionable radiographic patterns which may be more 
challenging calls. Moreover, in dedicated chest clinics, 
whenever there is suspicion of bronchiectasis, a multi-
disciplinary approach may be best with more than one 
reviewer looking at the CT chest with a clear set of diag-
nostic guidelines in mind. The utility of consensus panels 
may offer unique opportunities evaluating the approach 
to reading CT scans for bronchiectasis in the future. 
Other methods have been proposed such as quantitative 
CT imaging [26, 27]. However, many patients with bron-
chiectasis live in resource-poor regions of the world and 
the technology remains imperfect, often limiting quanti-
tative CT imaging to research settings. Therefore, skilled 
radiology assessment of bronchiectasis on CT chest 
remains the most common method of detection of dis-
ease and assessment of progression.

The variety of image acquisition methods may affect 
the interpretation and it is possible that if the images had 
standardized acquisition, i.e. multi-detector CT with con-
tiguous 1-mm slices, we may have had increased inter-
rater reliability. However, this study reflects real-world 
conditions as many patients will be diagnosed based on 
retrospective images acquired in a variety of CT formats.

Conclusion
The effect of a Web-based training session on reduc-
ing interobserver variability and increasing accuracy in 
making a radiologic diagnosis of bronchiectasis appears 
limited. Despite this, the increasing availability of the 
Web, the convenience of Web-based learning, and the 
cost-effectiveness of this approach will contribute to 
an increase in its application. More studies are needed 
in this area. The radiologic diagnosis of bronchiecta-
sis is challenging particularly where the disease is mild 
to moderate. Multiple CT reviewers may improve the 
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sensitivity of the diagnosis especially in this subset. In 
clinics dedicated to the management of bronchiectasis, 
a multidisciplinary approach to diagnosis may result in 
improved recognition of these patients.
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