
Respiratory Medicine 170 (2020) 105954

Available online 9 April 2020
0954-6111/© 2020 Published by Elsevier Ltd.

Review article 

Diagnosis and quantification of bronchiectasis using computed tomography 
or magnetic resonance imaging: A systematic review 

Jennifer J. Meerburg a,b, G.D. Marijn Veerman c, Stefano Aliberti d, Harm A.W.M. Tiddens a,b,* 

a Department of Paediatric Pulmonology and Allergology, Erasmus Medical Centre -Sophia Children’s Hospital, Wytemaweg 80, 3015CN, Rotterdam, the Netherlands 
b Department of Radiology and Nuclear Medicine, Erasmus Medical Centre, Wytemaweg 80, 3015CN, Rotterdam, the Netherlands 
c Department of Medical Oncology, Erasmus MC Cancer Institute, Erasmus Medical Centre, Wytemaweg 80, 3015CN, Rotterdam, the Netherlands 
d Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Respiratory Unit and Adult Cystic Fibrosis Center, Dept of Pathophysiology and Transplantation, 
University of Milan, Milan, Italy   

A R T I C L E  I N F O   

Keywords: 
Bronchiectasis 
Tomography 
X-ray computed 
Magnetic resonance imaging 
Systematic review 

A B S T R A C T   

Background: Bronchiectasis is an irreversible dilatation of the airways caused by inflammation and infection. To 
diagnose bronchiectasis in clinical care and to use bronchiectasis as outcome parameter in clinical trials, a 
radiological definition with exact cut-off values along with image analysis methods to assess its severity are 
needed. The aim of this study was to review diagnostic criteria and quantification methods for bronchiectasis. 
Methods: A systematic literature search was performed using Embase, Medline Ovid, Web of Science, Cochrane 
and Google Scholar. English written, clinical studies that included bronchiectasis as outcome measure and used 
image quantification methods were selected. Criteria for bronchiectasis, quantification methods, patient de-
mographics, and data on image acquisition were extracted. 
Results: We screened 4182 abstracts, selected 972 full texts, and included 122 studies. The most often used 
criterion for bronchiectasis was an inner airway-artery ratio �1.0 (42%), however no validation studies for this 
cut-off value were found. Importantly, studies showed that airway-artery ratios are influenced by age. To 
quantify bronchiectasis, 42 different scoring methods were described. 
Conclusion: Different diagnostic criteria for bronchiectasis are being used, but no validation studies were found to 
support these criteria. To use bronchiectasis as outcome in future studies, validated and age-specific cut-off 
values are needed.   

1. Introduction 

Bronchiectasis is defined as an abnormal and permanent dilatation of 
the airways, usually sustained by local inflammation and chronic 
infection [1]. Bronchiectasis is associated with different genetic or ac-
quired conditions including cystic fibrosis (CF), primary or secondary 
immune deficiencies, and ciliopathies, or can develop as a result of low 
respiratory tract infections [2,3]. However, in the majority of the pa-
tients, bronchiectasis is present without a clear underlying disease [3]. 

Chest computed tomography (CT) is considered the gold standard for 
the radiological diagnosis. To determine whether airways are dilated, 
airway diameters are usually compared with diameters of their adjacent 

arteries. To date, no exact radiological criteria of bronchiectasis exist. A 
widely accepted definition of bronchiectasis is described by the 
Fleischner society in the glossary of terms for thoracic imaging [4]. In 
this guideline bronchiectasis is defined as a “bronchial dilatation with 
respect to the adjacent pulmonary artery (signet ring sign), lack of 
tapering of bronchi, and identification of bronchi within 1 cm of the 
pleural surface” [4]. However, several challenges with this diagnosis 
might be identified. First, the threshold width for bronchiectasis of the 
airway compared to that of the artery is not specified. Second, it is un-
clear whether inner [luminal] or outer airway diameters should be 
measured. To use bronchiectasis as outcome measure in both daily care 
and clinical trials, precise criteria with clear cut-off values for 
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bronchiectasis are needed. 
In light of the absence of exact radiological criteria of bronchiectasis 

and the heterogeneity of definitions reported in literature, we decided to 
conduct a systematic review with the following objectives: 1) To identify 
the most common diagnostic criteria for bronchiectasis used in clinical 
trials, and 2) To evaluate how the severity and extent of bronchiectasis 
have been quantified. 

2. Methods 

2.1. Search 

We conducted the initial literature search at December 9th, 2016, 
and an additional search was performed on July 11th, 2018. Literature 
search was conducted with help of a biomedical information specialist 
(dr. WM Bramer) using the following search terms: bronchiectasis, 
radiology, diagnostic imaging, magnetic resonance imaging (MRI), CT, 
X-ray, R€ontgen. The search was restricted by papers written in English. 
The following databases were searched: Embase, Medline Ovid, Web of 
Science, Cochrane, and Google Scholar. Search queries are presented in 
e-Table 1. 

2.2. Review registration 

This review was registered at PROSPERO, registration number: 
CRD42017055001. 

2.3. Review process 

The systematic search was performed in two phases. First, title and 
abstract screening was done independently by two authors (JM and GV), 
and a consensus on selected papers was reached after face-to-face 
meetings. Second, a full text screening was done independently by the 

same authors, which was also followed by face-to-face meetings to reach 
a consensus on the selected papers. 

A full list of inclusion and exclusion criteria is reported in Table 1. In 
short, we searched for clinical studies in which: 1) criteria to diagnose 
bronchiectasis were described; 2) bronchiectasis was used as an 
outcome measure; and 3) severity of bronchiectasis was measured. 

2.4. Missing papers 

We searched for full texts in journals that were included in the 
licenses of the library of Erasmus Medical Centre. For journals not 
included in the licenses, we requested a copy of the paper by 
approaching the corresponding author by e-mail and/or ResearchGate. 
Papers that could not be found were excluded from the analysis. 

2.5. Data extraction 

The following data were extracted from the selected studies: criteria 
for bronchiectasis diagnosis; imaging modality; standardisation of lung 
volume; patient groups and characteristics (age, gender, race); scoring 
methods for bronchiectasis; and reproducibility measures. 

2.6. Referring to multiple publications 

Due to the large number of studies selected by this systematic review, 
references in relation to a specific topic that include more than ten 
studies are tabulated in Table 2. 

3. Results 

3.1. Search 

A flowchart of the included and excluded papers along with the main 
reasons for exclusion of full texts are presented in Fig. 1. A total of 4182 
papers were identified. After screening all titles and abstracts, 972 pa-
pers were selected for full text evaluation, and 122 were included in the 
analysis [5–126] 

3.2. Radiological criteria to define bronchiectasis 

Criteria for radiological diagnosis of bronchiectasis across 122 
studies are reported in Table 3. The most used criterion, reported in 108 
(89%) studies, was an increased ratio of the cross-sectional diameter of 
an airway and its adjacent artery [airway-artery ratio] with cut-off 
values ranging from 1.0 to 1.5. In 59 (48%) studies inner airway di-
ameters were used to assess this ratio, and four studies (3%) used outer 
airway diameters [89,92,122,123]. 

Exact measurements of airway-artery ratios were presented in eight 
(7%) studies. Four (3%) studies presented mean inner airway-artery 
ratios in healthy adults, being 0.68 (n ¼ 85), 0.70 (n ¼ 33), 0.71 (n ¼
42), and 0.79 (n ¼ 106) [24,25,54,69]. Four other studies (3%) studied 
airway-artery ratios of children with CF or common variable immuno-
deficiency disorders [60,84,123,124]. Long et al. reported significantly 
different inner airway-artery ratios in CF patients (n ¼ 23) and controls 
(n ¼ 20), of 0.77 and 0.55 respectively [60]. Perez et al. reported that 
outer airway-artery ratios of diseased and control subjects were signif-
icantly different (1.17 versus 1.02 respectively); while inner 
airway-artery ratios were not [84]. Kuo et al. also reported that outer 
airway-artery ratios were more precise than inner airway-artery ratios, 
and presented cut-off values for outer airway-artery ratios of 1.06 for 
children younger than six years [124], and 1.11 for children above six 
years of age [123]. 

The second most used criterion to define bronchiectasis was the lack 
of tapering of the airways, which was mentioned in 37 (30%) studies. 

The third most used criterion was the visibility of airways in the 
periphery of the lung, reported in 25 (20%) studies. The following cut- 

Table 1 
Inclusion and exclusion criteria.  

Title abstract screening 

Inclusion criteria Bronchiectasis 
Radiological assessment of bronchiectasis 
Clinical study 

Exclusion criteria Reviews 
Case reports n < 10  

Full text screening 
Inclusion criteria Clear criteria of bronchiectasis that are used in the study are 

presented 
Bronchiectasis is used as outcome measure 
Bronchiectasis outcomes are statistically validated against 
other clinical parameters or against a control group 
Underlying mechanism of the development of bronchiectasis 
is inflammation/infection of the bronchial wall (for example 
studies about traction bronchiectasis in case of fibrosis or 
widened airways due to collagen or cartilage disorder were 
not included) 
Imaging (X-ray, CT, bronchography or magnetic resonance 
imaging) 
Humans 
Original study 
English written 
If published more than once, the most recent study is 
selected 
Severity and/or extent of bronchiectasis is evaluated 

Exclusion criteria Reviews 
Case reports n < 10 
Papers of which the full text could not be found 
Papers that we did not have access to (Erasmus MC 
university database and no response or e-mail authors)  
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off values for a pathognomonic distance of visible airways with respect 
to the pleura were described: 1.0 cm (n ¼ 15, 12%); 2.0 cm (n ¼ 1, 1%) 
[107]; 3.0 cm (n ¼ 3, 2%) [58,79,99]; and the peripheral 1/3 of the lung 
(n ¼ 3, 2%) [80,85,86]. 

3.3. Imaging modality 

All evaluated studies used chest CT to diagnose bronchiectasis. No 
chest X-ray or bronchography studies were found. In four (3%) studies, 
bronchiectasis outcomes of MRI scans were compared with those of CT 
scans [73,74,87,105]. Puderbach et al. concluded that MRI overall 
performed well, but that subtle morphologic changes such as peripheral 
bronchiectasis were missed [87]. Montella et al. showed good to 
excellent agreement between MRI and CT bronchiectasis scores [73,74]. 
Tepper et al. reported an overestimation of bronchiectasis scores when 
comparing MRI with CT [105]. All studies emphasised that longitudinal 
trials are needed to further validate the use of MRI. 

3.4. Standardisation of lung volume 

Lung volume, i.e. the level of inspiration during scanning was dis-
cussed in 82 (67%) studies. In 59 (48%) studies CT scanning was per-
formed during inspiratory breath hold without further specification. In 
11 (9%) paediatric studies lung volume was pressure controlled, using a 
manometer to assess transpulmonary pressure while the patient was 
under general anaesthesia. In ten (8%) studies breath hold practise 
sessions were held before CT scanning [5,43,77–79,90,104,105,109, 
112]. Four (3%) studies used a spirometer to establish lung volume [84, 
89,122,123]. Expiratory CT scans were made in 38 (31%) studies, 
mostly to detect trapped air. However, two (2%) studies also used 
expiratory scans to assess bronchiectasis. Both Mott et al. and Do Amaral 
et al. concluded, in a paediatric and adult study respectively, that 
expiratory scans were inferior to inspiratory scans to assess bronchiec-
tasis since fewer airways were detected [75,120]. 

Table 2 
Reference legend for topics that include to more than ten studies.  

Topic Studies 

Studies in which the inner diameter of the airway was used to assess the airway 
- artery ratio 

[1-59] 

Studies in which it was not stated whether the inner or outer wall of the airway 
was used for the airway - artery ratio 

[60-104] 

Lack of tapering included in definition of bronchiectasis [1,2,4,7,9-11,13-16,21,26,27,33,36,37,43,44,47,49,50,52,53,55,56,58,63,65,71,73,74,85,86,93, 
103,105] 

Definition visibility of airway 1 cm from pleura [1,2,4,9,10,15,16,21,26,52,58,63,65,71,103] 
Studies that referred to Naidich et al for a description of bronchiectasis 106 [35,52,53,58,107-117] 
The in- or expiratory level of the lungs during scanning was discussed [1-3,5-11,14-17,22-24,28,29,31,34,35,37,38,40-43,45,46,49-55,57-59,61,62,64-66,69-71,75-77, 

80-85,87,90,93-97,99-104,108-111,113,114,118-123] 
CT scanning was performed during inspiratory breath hold without further 

specification 
[2,3,5-11,14-17,22-24,28,29,31,35,37,38,40,41,45,46,49,50,52,53,55,57,61,62,64-66,69,71, 
75-77,82,83,85,90,93,94,99,100,102,103,109-111,113,114,118,119] 

Volume standardisation during CT scanning was pressured controlled under 
general 

[11,34,54,58,70,80,95,101,104,122,123] 

Did not mention the level of inspiration [4,12,13,18-21,25-27,30,32,33,36,39,44,47,48,56,60,63,67,68,72-74,78,79,86,88,89,91,92,98, 
105,107,112,115-117] 

Lungs were also scanned after maximal expiration [1,4-6,10,11,14,17,29,37,42,44,52,59,61,65,66,70,75,77,80-82,85,87,89,90,95-97,99,101-103, 
108,121-123] 

Only adults in study [2,4,5,7-9,12,15-22,25-28,30-33,35-39,45,48-53,55-58,60,62,67,69,71,73,74,76,78,83,87,89,92, 
93,100,103,107-113,115-117] 

Only children in study [11,13,14,34,64-66,70,72,80,82,84,85,95,97,99,101,102,104,114,118-123] 
Both adults and children in study [3,6,10,23,24,29,40-42,46,59,61,63,68,75,77,79,81,86,88,90,91,94,96,98,105] 
Patients with bronchiectasis that was either post-infective, idiopathic or not 

further specified were included 
[1,7,11,13,19-22,25-28,31-33,35,36,40,41,43,44,47,49,53,54,56,57,61,71,72,74,76,78,85,87,89, 
93,100,103,107,109-117] 

Patients with cystic fibrosis were included [3,4,6,10,14,23,24,29,34,35,39,42,46,59,64-66,68,70,75,77,80-82,84,85,88,90,92,94-99,101-105, 
111,118-123] 

Patients with primary ciliary dyskinesia were included [7,13,26,32,33,35,40,41,43,47,48,63,71,72,79,85,86,91,93,111,113,114,116] 
Patients with immune deficiencies were included [7,11,13,17-21,33,40,41,43,47,67,71,72,84,89,93,111,113,116] 
Patients with chronic obstructive pulmonary disease were included [5,15,16,19-22,45,52,58,61,62,69,71,73,103,111] 
Patients with asthma were included [19-22,47,50,55,60,61,72,103] 
Patients with allergic bronchopulmonary aspergillosis were included [7,32,33,60,71,89,107,110,113,116] 
Actual measurements of airways [4,8,9,30,34,38,59,80,84,102-104,119-121] 
Airway – artery ratios were measured [8,9,30,34,38,80,84,103,104,119-121] 
Used Brody or CF-CT method [4,14,63-66,68,75,77,79-82,84,88-91,94,96-99,102,118-120] 
Used Bhalla scoring method [3,6,10,13,23,24,26,27,29,31-33,40,41,46,49,52-54,58,76,78,81,86,118] 
Bronchiectasis scores validated against spirometry [1-3,5,6,8,9,11,13,14,16-19,21-27,31,35-37,39,40,42,44,48-53,57,59-65,67,68,72,73,75,77-79, 

81-83,85-94,97,99,102,103,105,108,110,114,117-119] 
Bronchiectasis scores validated against clinical symptoms [8,16,23,36,37,44,52-55,58,69,72,73,75,76,83,97,98,105,107,110,113] 
Bronchiectasis scores validated against bacterial infections [14-16,31,36,45,48,52,53,55,56,64,73,86,91,95,97,101,113,116] 
Bronchiectasis scores validated against inflammatory markers [6,12,18,24,28,45,52,57,60,70,72,73,88,95,102,122] 
Bronchiectasis scores validated against pulmonary exacerbations [44,45,52,53,64,73,74,77,94,96,97,107] 
Bronchiectasis scores validated against mortality or survival [7,16,24,33,43,47,54,71,100,107,111,115] 
Longitudinal studies with bronchiectasis as outcome measure [18,67,68,79,81,94,99,100,104,118,119] 
Scoring was performed by 1 observer [2,4,6,8,9,11-13,21,28,32,38,44,48,63,70,72,77,82,84,86,95-101,104,111,116,118-122] 
Scoring was performed by 2 observers [1,5,7,10,15-18,22-25,27,29-31,33-37,39-41,43,45,49-53,55,57,58,60-62,64,65,67-69,71,73,76, 

79,80,83,85,88,89,92-94,102,103,108-110,113-115,117] 
The final score was decided upon consensus [5,7,10,15-17,22-24,29-31,35-37,40-42,45,46,49,51-53,57,58,60,65,67,73,81,93,103,115,117] 
The mean score of the observers was used [27,33,39,61,62,64,68,76,78,83,85,87,105,108,113] 
Reported inter- observer agreement for bronchiectasis score [11,17,27,49,50,53,64,65,68,79,82,84,85,87-89,91,93-95,108-110,113] 
Reported intra- and inter-observer agreement for bronchiectasis score [8,9,14,34,44,63,66,77,80,96,119,121,122]  
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3.5. Patient groups and age characteristics 

A total of 11,581 subjects were described in 122 evaluated studies, of 
which 51% were female, 44% were male, and in 5% gender was not 
specified. Only nine (7%) studies reported the race of the subjects; in 
these studies the majority of patients was Caucasian [24,25,36,37,79,81, 
82,95,100]. Median size of study population was 60 [IQR range 
30–102]. Enrolled populations contained only adults in 65 studies 
(53%), only children in 26 studies (21%), and both in 26 studies (21%). 
As the remaining studies reported mean ages around 50 years, it is likely 
that only adults were included [5,79,80,88,117]. 

Bronchiectasis aetiology of enrolled subjects (reported in ten or more 
studies) was post-infective or idiopathic/not further specified bronchi-
ectasis (49 studies, 40%), CF (47 studies, 38%), primary ciliary dyski-
nesia (23 studies, 19%), immune deficiencies (22 studies, 18%), chronic 
obstructive pulmonary disease (17 studies, 14%), asthma (11 studies, 
8%), and ten (8%) studies included patients with allergic broncho-
pulmonary aspergillosis. 

3.6. Scoring methods for bronchiectasis 

To quantify bronchiectasis 42 different scoring methods have been 
reported across the 122 included studies. Two approaches to quantify 
bronchiectasis were identified: exact measurements and semi-quantified 
scoring methods. 

Fifteen (12%) studies assessed the amount of bronchiectasis with 
exact measurements: 

1) Airway-artery ratios were calculated in 12 (10%) studies. Measure-
ments were done manually in all studies, and both manually and 
automatically in one study [84].  

2) Airway dimensions were measured in three (2%) studies and 
expressed in cumulative airway diameters [12], total airway surfaces 
of bronchiectic airways [120], or mean airway diameters [109].  

3) The total number of airways visible on CT was counted in three (2%) 
studies [109,122,124]. 

In semi-quantified scoring methods, amount of extent or severity of 
structural abnormalities are rated by an observer. An overview from 42 
scoring methods, divided in extent and severity of dilatation, is pre-
sented in e-Tables 2a and 2b. The two most frequently reported scoring 
methods were both developed for CF lung disease. Twenty-seven (22%) 
studies used a method published in 2004 by Brody et al., [14] or an 
upgraded version, the CF-CT method [127]. Twenty-five (20%) studies 
used the Bhalla method [10]. 

3.7. Reproducibility of scoring 

Measures to determine inter- and intra-observer agreement of 
bronchiectasis scores were reported in 36 (30%) studies: five (4%) 
studies reported only intra-observer agreement [33,105,116,122,124], 
24 (20%) studies only inter-observer agreement, and 13 (11%) studies 
reported both. Intra-class correlation coefficients (ICCs) for bronchiec-
tasis ranged between 0.73 and 0.95 and Cohen’s kappa values ranged 
between 0.47 and 0.88. Roughly, both methods can be interpreted as 
follows: <0.4 ¼ poor; 0.4–0.6 ¼ fair; 0.6–0.8 ¼ good; >0.8 ¼ excellent. 

Fig. 1. Flowchart inclusions and exclusions. BE ¼
bronchiectasis. Two reasons for exclusion require 
extra explanation. Firstly, 48 selected papers were not 
a manuscript of clinical study, meaning that these 
papers were not full manuscripts of clinical studies, 
but poster-presentations or meeting abstracts. Sec-
ondly, we had no access to paper in 15 cases, neither 
via the journal licence of the Erasmus Medical Centre 
university library, nor after sending request for a copy 
of the paper to the corresponding author by e-mail or 
ResearchGate.   

Table 3 
Criteria for bronchiectasis.  

Criterion n studies (%) 

Airway-artery ratio 108 (89%) 
�1.0 
inner airway diameter 52 (43%) 
outer airway diameter 4 (3%) 
not specified 42 (34%) 
�1.1 
inner airway diameter 7 (6%) 
outer airway diameter 0 (0%) 
not specified 1 (1%) 
�1.5 
inner airway diameter 1 (1%) 
outer airway diameter 0 (0%) 
not specified 2 (2%) 
Lack of tapering 37 (30%) 
Visibility of airways in periphery 25 (20%) 

Footnotes: The most frequent used criteria to diagnose bronchiectasis are 
presented. Airway-artery ratios are calculated by dividing the cross- 
sectional diameter of an airway by that of its adjacent artery. 

J.J. Meerburg et al.                                                                                                                                                                                                                             



Respiratory Medicine 170 (2020) 105954

5

4. Discussion 

We assessed radiological criteria and quantification methods for 
bronchiectasis in 122 clinical studies. The main findings of the present 
review are: a) there are no validated criteria to diagnose bronchiectasis; 
b) cut-off values to diagnose bronchiectasis should be age-specific; c) 
many different scoring methods are being used to quantify bronchiec-
tasis; d) image acquisition and analysis is often not standardised. 

Validation studies containing normal values of criteria for bronchi-
ectasis, i.e. means and standard deviations of airway-artery ratios or 
tapering of the healthy population, were not found. Cut-off values for 
airway-artery ratios that can be used to label airways as bronchiectasis 
are essential. Reported studies on bronchiectasis mainly included rela-
tively small populations of patients with airways disease and even fewer 
smaller studies reported data airway-artery ratios on healthy volunteers. 
Clearly such studies are valuable as starting point but their general-
isability is doubtful. For other clinical parameters used in respiratory 
medicine such as spirometry data, reference values have been exten-
sively studied and means and standard deviations are published per age, 
sex and race. Ideally, similar studies are needed to generate reference 
values for airway-artery ratios and tapering. However, due to radiation 
risk, population-based studies using CT scanning have not being con-
ducted to date. As radiation dose needed for chest CT scans have come 
down considerably in the last decade such studies might become 
feasible. Similar for MRI reference values have to be generated. Also for 
MRI being a radiation free alternative no proper reference data for 
bronchiectasis are available. Until proper validation studies have been 
performed, it is important to take this limitation into consideration 
when interpreting data on bronchiectasis patients. 

The most used criterion for a radiological diagnosis of bronchiectasis 
is an airway-artery ratio of more than 1.0, although no study validated 
the use of this specific cut-off value. 

Reported cut-off for airway-artery ratios values varied between 1.0 
and 1.5, and no consensus exists on whether inner or outer airway di-
ameters should be used to compute this ratio. The use of inner diameters 
probably originates from the time that bronchography was used to di-
agnose bronchiectasis, as the acquired images only revealed inner di-
ameters [128]. However, in diseased lungs airway walls are often 
thickened, reducing inner diameters as seen on CT. This may lead to 
false-negative diagnoses of bronchiectasis. Until larger comparison 
studies have been performed, we suggest to take both the inner and the 
outer diameter of the airways into account. 

Furthermore, optimal cut-off values to detect bronchiectasis seem to 
be age-dependent [69,122,124]. In older age the ratio seem to increase 
[129], which is thought to be the result of loss of elastic recoil of the 
ageing airways [130]. A population based cohort study would be suit-
able to assess this phenomenon. 

While using airway-artery ratios, we assume that artery diameters 
are unaffected by the underlying disease. Importantly, this assumption 
has been challenged, as Diaz et al. showed that airway-artery ratios can 
be altered from the perspective of the arteries in case of smoking, due to 
local hypoxia [25]. 

A large number of scoring methods for bronchiectasis have been 
described. For scientific purposes, scoring methods need to be well 
validated. Actual measurements are likely more accurate to assess 
bronchiectasis than semi-quantitative scoring methods. Unfortunately, 
manual measurements are time consuming. Furthermore, also for these 
measurements diagnostic criteria and cut-off values should be defined. 

Semi-quantitative scoring methods are often not suitable for auto-
mated analysis. However, the PRAGMA-CF method, used in three 
studies [89,92,122], provides scaled outcomes. Eventually, automated 
systems will replace labour-intensive manual scoring systems, as they 
are more reproducible, faster, and probably cheaper. 

Although chest CT is the current gold standard to detect bronchiec-
tasis, a major disadvantage is the radiation risk. The potential damage of 
ionising radiation is cumulative, and younger patients are more 

vulnerable to this effect. This issue is especially important for chronic 
diseases such as CF as many patients will have multiple CT scans during 
lifetime often starting from a young age. Even though the lifelong ra-
diation risk for monitoring CF lung disease using biennial chest CT is 
considered to be low it restricts its use [131]. For this reason MRI being a 
radiation free imaging modality is an interesting but still technical 
challenging alternative for chest CT for the sensitive diagnosis of bron-
chiectasis. In this review, against 122 CT based studies, we identified 
only four that additionally collected MRI scans, of which the authors’ 
preferences pointed towards CT due to its high sensitivity [73,74,87, 
105]. More sensitive chest MRI protocols are in development. Impor-
tantly, validation of these protocols is needed before MRI can be used as 
imaging modality for diagnosis of bronchiectasis. 

Standardisation of lung volume is not routinely pursued in clinical 
trials, even though airway-artery ratios, and consequently the detection 
of bronchiectasis, are dependent on lung volume. It is highly likely that 
in such studies CT scans were acquired with suboptimal lung volumes. In 
one study of 20 subjects with CF it was shown that when patients were 
asked to inhale maximally without any further training and monitoring, 
CT scans were acquired on average at volume levels of 77% total lung 
capacity [132], which is a strong argument to introduce standardisation 
of lung volume for chest CT. 

Data of reproducibility of used scoring methods were reported in 
only 44% of the studies. Providing data on inter- or intra-observer 
agreement belong to transparent data sharing and strengthens the 
credibility of the research reports [133]. Published intra- and 
inter-agreement scores showed overall good results. 

Many aetiologies of bronchiectasis were described. Nowadays 
bronchiectasis is acknowledged as disease entity by itself. The large 
amount of recent publications between our initial search in December 
2016 and our final search July 2018 indicates a growing interest in 
bronchiectasis. The development of the European patient registry for 
bronchiectasis patients (www.bronchiectasis.eu) will contribute 
importantly to improve our knowledge and facilitate new clinical trials 
in bronchiectasis patients [134]. 

Limitations of this systematic review were the following. First of all, 

Table 4 
Research implications and hypotheses on how to diagnose and quantify 
bronchiectasis.  

Topic Hypotheses Research implications 

Airway-artery ratio Airway-artery ratios are age 
specific 

Studies including a large 
number of diseased and 
healthy subjects from 
infancy into adulthood in 
which airway-artery ratios 
are measured and receiver 
operating characteristic 
curves are plotted on a 
larger scale 

The use of inner airway – 
artery diameters results in 
different outcomes than the 
use of outer airway – artery 
ratios 

Tapering Lack of tapering is difficult 
to detect by eye, but is 
suitable for automated 
analysis 

Studies using objective 
automated methods to 
quantify tapering 

Imaging modality Standardised, volume 
controlled MRI is suitable 
to diagnose bronchiectasis 

Longitudinal studies with 
standardised MRI protocols 
that compare MRI outcomes 
with other clinical 
parameters 

Scoring methods Bronchiectasis scoring 
methods can serve as 
sensitive outcome measure 
in clinical studies 

Longitudinal studies in 
which bronchiectasis is 
scored with standardised 
methods, of which both 
sensitivity to monitor 
changes in disease as well as 
reproducibility are being 
assessed  
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some studies seemed to have used overlapping data. Only if exactly the 
same studies were published twice, we excluded older versions. How-
ever, the literature is reported in a descriptive manner and no statistical 
analyses were performed. 

The lack of a meta analysis of outcomes is another limitation. Due to 
the use of many different scoring methods and incomplete description of 
image acquisition and analyses, we felt that we were unable to perform 
such analyses. Therefore, we made five hypotheses along with research 
implications on how to diagnose and quantify bronchiectasis (Table 4). 

To conclude, different radiological criteria for bronchiectasis are 
being used but we found no validation studies supporting these criteria. 
Longitudinal studies including various bronchiectasis patient pop-
ulations are needed to further validate bronchiectasis criteria and 
quantification methods. To set up validated criteria for the radiological 
diagnosis of bronchiectasis, an international taskforce of experts 
including both pulmonologists and radiologists would be needed. 
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