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ABSTRACT

Objectives
The aim of our study was to develop a simplifiediobbgical score that could assess
clinical disease severity in bronchiectasis.

Methods

The BRICS Bronchiectasis Radiologically Indexed CT Score) was devised based
on multivariable analysis of the Bhalla score ahelirt ability in predicting clinical
parameters of severity. The score was then extgraalidated in 6 centers in 302
patients.

Result

184 HRCT scans were scored for the validation dohlor a multiple logistic
regression model, disease severity markers signifig associated with the Bhalla
score were percentage predicted EE3putum purulence and exacerbations requiring
hospital admission. Components of the Bhalla stmaewere significantly associated
with the disease severity markers were bronchidhtation and number of
bronchopulmonary segments with emphysema. The BRI&Sdeveloped with these
two parameters. The receiver operator curve vafoesBRICS in the derivation
cohort were 0.79 for percentage predicted EEV71 for sputum purulence and 0.75
for hospital admissions/year; and 0.81, 0.70 a® @espectively in the validation
cohort. Sputum free neutrophil elastase was siantily elevated in the group with
emphysema on CT.

Conclusion
A simplified CT scoring system can be used as gunatito clinical parameters to
predict disease severity in patients with idiopatmd post-infective bronchiectasis.



TEXT
INTRODUCTION

High resolution CT scan of the thorax (HRCT) rensdime imaging gold standard for
diagnosing bronchiectasis and for diagnosis patishould have bronchial dilatation
at least greater than the adjacent pulmonary aifteiy]. In 1991, Bhallaet al
published a detailed scoring system to quantifycstrral lung abnormalities in
patients with cystic fibrosis using thin section €3ans [6]. Subsequent to that, Reiff
et al developed a scoring system that described the sifge and extent of

bronchiectasis and since thi#éhe modified Reiff scoreis frequently used in studies

[7]. The Bronchiectasis Severity Index and FACEDrscwere devised using several
clinical parameters including number of lobes afddoy bronchiectasis on CT scan,
to predict severity and prognosis in bronchiectd8i9]. However, both studies
included a heterogeneous population of bronchiectasth a variable smoking
history. Additionally, the radiology scoring in oscores only took into account the
number of lobes affected by bronchiectasis [9] aheé presence of cystic
bronchiectasis [8]. Both these scores are easgddut are multidimensional.

Hence, the role of CT imaging in defining bronch@sts phenotypes above and
beyond conventional characterization remains tfuthg determined. CT scanning as

a phenotypical marker of airway disease is yetee$tablished and no studies have
stratified for the etiology of bronchiectasis [10].

The aim of our study was to develop a simple CTres¢bat could assess clinical
disease severity in idiopathic and post infectik@lbhiectasis in a cohort with limited
smoking history, using multivariable models.



METHODS

Study design

A prospective study was carried out between 20@624113, at the Royal Infirmary
of Edinburgh, United Kingdom. All new adult patisrattending the bronchiectasis
clinic routinely had a non contrast HRCT acquirathvimm slices as a single breath
hold on a 64 multi-slice CT scanner (Toshiba MediSgstems, Tokyo Japan).
Clinical parameters recorded at the time of thes€dn were: spirometry; degree of

sputum purulence (mucoid =1, mucopurulent =2 andilpat 23) [11]; qualitative

sputum microbiology (baseline, 6 and 12 monthsfuihg); exacerbations requiring
antibiotics and hospital admissions for bronchigist@xacerbations in the following
year. Neutrophil elastase was measured in sputuem\ahailable.

Ethical approval
Caldicott approval was given for conducting thedgtu

Imaging

Across all centers, CT scans were obtained usieg-alice multiple detector CT
scanner (Toshiba/ Seimens/ Phillips) or a 4-sliceltiple detector CT scanner
(Toshiba/ Seimens/ Phillips). All scans were retmased using a high spatial
frequency, B70 kernel. All patients were scannedhftung apices to bases, supine, at
full inspiration, with 1-0mm section thicknessesegher 1mm or 10mm intervals
using a peak voltage of 120kVp with tube currentdaoiation (range 30-140mA).
Images were viewed at window settings optimized th@ assessment of the lung
parenchyma (width 1500 Houndsfield Units (H.U.ydk-500 H.U.).

Across centers, all images were reviewed by a dtamguadiologist with experience
of reporting HRCT and a consultant respiratory phiga with a major interest in
bronchiectasis. A consensus score was produced thgrcriteria outlined below.
Bronchiectasis was present when one or more ofctiteria were fulfilled: (1)
internal diameter of the bronchus greater than dhaihe adjacent pulmonary artery;
(2) a lack of tapering of the bronchial lumen tosgathe periphery.

In the derivation cohort, CT scans were scoredpaddently and a kappa coefficient
was calculated.

Patients (derivation and validation cohort)

Inclusion criteria: Patients having a clinical diagis of bronchiectasis with regular
cough and sputum production with or without recatrrehest infections and cause of
bronchiectasis being idiopathic or post infective @er British Thoracic Society

guidelines [10]. Exclusion criteria: Alpha 1 anmiggsin deficiency, smoking history of

more than 5 pack years, current smoker or ex-smakeear.

Scoring the CT scans

Bhalla and modified Reiff scores were calculatedafinpatients that met inclusion
and exclusion criteria. Both of these scores weirgly carried out by consensus by a
chest physician and radiologist both blinded to ¢heical status of the patient. The
Bhalla score was calculated by scoring each oftbategories and then adding up the
total score [6]. The total points were then sulttddrom 25 to obtain the Bhalla
score. The maximum points that can be obtained Bhalla score is 22 (prior to
subtracting from 25; Appendix 1).



The modified Reiff score [7] used (0-18) was based the number of lobes
(maximum 6 including lingula) and the severity obibchial dilatation in comparison
to the adjacent vessel (0=no bronchiectasis; 1=tiln@s; 2= 2-3 times; 3= greater
than three times).

Subdivision of the CT Scores

The total range for the Bhalla score is from 3+&Bere a lower score indicates more
severe radiological bronchiectasis. This score walsdivided into mild (16-25),
moderate (9-15) and severe (3-8).

The total range of the Modified Reiff Score is fr@¥l8. This was subdivided into
mild (1-6); moderate (7-12) and severe (13-18).

BRICS

The BRICS Bronchiectasis Radiologically Indexed CT Score) score (detailed in
the results section) would be devised based onivatitible analysis of the Bhalla
score and their ability in predicting clinical pareters of severity.

External validation of the BRICS

The BRICS was externally validated by 6 centerosgithe UK and Europe- by a
chest physician and a radiologist. The score wdglatad in 50 consecutive
individual patients from each center (except Dunded London, UK- where the
score was validated in 60 and 42 patients respg)ivl he protocols for imaging was
similar to our center, and was viewed in the respedACS version available at
various centers.

Sputum neutrophil elastase

Sputum neutrophil elastase was measured when bleilla the derivation cohort.
Sputum was ultracentrifuged at 50000 g for 90 ni€. The colloidal solution
phase was stored at —70°C until needed for anatydise activity of free neutrophil
elastase. We measured free elastase activity lmgrepbotometry with a synthetic
substrate (methoxysuccinyl-Ala-Ala-Pro-Val paramatnilide; Sigma, Gillingham,
UK) [14-16].

BSI and FACED score

The BSI (Bronchiectasis Severity Index) and the E&J10] score were calculated
on all patients in the derivation and validatiorhad (except in London cohort). In
the BSI score- a score between 0-4 indicated niddage, 5-8 moderate and 9 or over
severe disease. In the FACED score- a score bet@«2eimdicates mild disease, 3-4
moderate disease and 5-7 severe disease.



STATISTICAL ANALYSIS

Statistical analysis was performed using graph P&ISM, version 5 (GraphPad
Software; San Diego, California). Parametric and-parametric data are presented
as mean (standard error of mean-SEM) and meditardunartile range- IQR).
Adjustment for potential confounders was achieveshg multivariable logistic
regression. Multivariable regression models werenstracted by including

demographic (age, gender, co-morbidities, smokistphy—as listed in Table 1) and

clinical characteristics (FENM>80% predicted, FEV50-80% predicted, FEV<50%
predicted, colonization witlPseudomonas aeruginosa and/or enteric gram negative
organisms, colonization with other potential pat#rag organisms, sputum purulence,
bronchiectasis exacerbations, hospital admissienbrbnchiectasis exacerbations) to
assess independent clinical factors that predseivere Bhalla score; with the Bhalla
score as the dependent variable. Following thisgistic regression was performed to
assess independent factors from the Bhalla scaat ghedicted clinical disease
severity. ROC analyses of all three scores (Bhalladified Reiff and BRICS) to the

clinical severity markers were done. One-way ANOW#th Bonferronis correction

for multiple comparisons) was used to compare tild, moderate and severe sub-
scores of the Bhalla, modified Reiff score and BRICS to each of the severity
parameters. A Mann Whitney U and chi square amalyss done to compare the free
neutrophil elastase in the derivation cohort.

A one-way ANOVA (with Bonferroris correction for multiple comparisons) and

ROC analysis of the collated independent data wase dto validate BRICS
externally.



RESULTS

184 consecutive CT scans of patients with idiogatinipost infective etiology, were
analyzed in the derivative cohort. Baseline chartics of the study patients in all
the cohorts, including the validation cohorts dreven in Table 1.

Edinburgh | Dundee | London | Italy Belgium | Spain Cambridge
N 184 60 42 50 50 50 50
Age 65 70.5 67 67 61 66.5 62
(57-72) (65-76) | (58-73) | (67-73) | (44-71) | (51-77) | (48-73)
Gender 59% 63% 76% 68% 76% 84% 68%
(Female %)
Etiology
Idiopathic 92 44 16 17 31 38 14
(50%) (73.3%) | (38%) (34%) | (62%) | (76%) | (28%)
Post infective | 92 16 26 33 19 12 36
(50%) (26.7%) | (62%) (66%) | (38%) | (24%) | (72%)
Chronic 116 32 25 36 10 13 20
Colonization* | (63%) (53.3%) | (59.5%) | (72%) | (20%) | (26%) | (40%)
Colonization | 50 5 17 15 6 9 12
with (43%) (8.3%) | (40.4%) | (30%) | (12%) |(18%) | (24%)
P. aeruginosa
Comorbidities
IHD 6 10 1 2 2 3 3
(3%) (16.7%) | (2.3%) (4%) (4%) (6%) (6%)
Previous 6 4 0 6 3 6 6
malignancy (3%) (6.7%) (12%) | (6%) (12%) | (12%)
ICS 132 30 26 19 33 38 40
(72%) (50%) (62%) (38%) | (66%) | (76%) | (80%)
FEV, 1.85 1.83 15 1.8 2 1.8 1.9
(L) (1.36-2.4) |(1.3-2.4)| (1.2-1.9) | (1.1- (2.4-2.5)| (1.1- (1.4-2.7)
2.4) 2.3)
% predicted | 77% 83% 66% 88% 77% 76% 80%
FEV, (61-95%) | (58- (47-80) | (69- (62- 90) | (54-97) | (69-94)
104) 101)

Table 1. Baseline characteristics of the derivatiohort and independent cohorts

*chronic colonization defined as isolation of pajkaic organism at least two times
when clinically stable in the year following CT scéng; Pathogens can up to more
than 100% in view that there can be combined pahegr different pathogens
isolated at different time points; ICS= inhaled tmwsteroid; IHD= ischemic heart
disease; FEM= Forced expiratory volume in 1 second.

Intra class coefficient
The kappa coefficient between the chest physiciah ehest radiologist was 0.88
(95% CI 0.82-0.94).




Clinical severity markersassociated with the Bhalla score (Table 2)
In a logistic regression model, factors signifidpratssociated with the Bhalla score
were FEVf <50% predicted, sputum purulence and hospital ssions.

Estimate Std. Err. Z-Stat P-Value
Gender (male) -0.1 0.5 <-1 0.8
Age>65 years -0.3 0.5 <-1 0.5
FEV, 50-80%
predicted -0.6 1.1 <-1 0.5
FEV1<50%
predicted -2.5 0.6 -4 <0.0001
Purulent sputum -1.0 0.5 -2 0.04
Chronic
colonization -1.4 0.8 -2 0.08
Chronic
colonization with 0.7 0.8 <1 0.4

P.aeruginosa +

enteric gram
negative
organism

Colonization
with other PPMs 1.4 0.7 2 0.06

Hospital -2.2 0.6 -3.5 0.0006
admission

23

exacer bations/ 0.5 0.5 1 0.3
year

Table 2. Logistic regressions using Bhalla scorth veeverity parameters. FEY
Forced expiratory volume in 1 second; PPM= potépa#hogenic microorganisms.



Factors of the Bhalla scor e associated with clinical severity parameters

The three clinical disease severity markers astagtiith the Bhalla score were
FEV; <50% predicted, sputum purulence and hospital ssions (Table 2). Of the 9
components of the Bhalla score (Appendix 1), ohl degree of bronchial dilatation
and number of bronchopulmonary segments with emgrhgswere independently
associated with FEM<50% predicted, sputum purulence and hospital ssions (see
Table 3), by logistic regression analysis. Emphysemas diagnosed by assessing the
lung parenchyma on lung windows and classified asageptal, centrilobular or
panacinar based on the accepted morphological assigreriteria [12].

Variable P value

Dependent variable: FEV1 <50%

Bronchial dilatation | 0.04

Dependent variable: Hospital admissions

Number of bronchopulmonary segment 0.02
with emphysema

Dependent variable: Sputum purulence

Number of bronchopulmonary segment 0.03
with emphysema

Table 3. Logistic regression of the Bhalla score.

10



Simplified scoring system

The BRICS Bronchiectasis Radiologically Indexed CT Score) was developed by
combining the parameters of bronchial dilatatiod aamber of bronchopulmonary
segments with emphysema, as these two componentBeoBhalla score were
significantly associated with clinical severity rkars. The new score ranges from 0
to 5, where 1 indicates mild disease, 2-3 indicateserate disease and >3 indicates
severe disease (Table 4).

Score 0 1 2 3

Bronchial dilatation Absent Mild Moderate Severe
(lumen just > (lumen  2-3 (lumen >3
diameter ol times > times
adjacent diameter of diameter of
vessel) adjacent adjacent

vessel) vessel)

Number of Absent 1-5 >5

bronchopulmonary

segments with

emphysema

Table 4. BRICS derived from combining bronchialathtion with number of
bronchopulmonary segments with emphysema.

ROC analysis of individual radiology scoresto clinical severity parameters

The receiver operator curves of the Bhalla, modifieeiff and the BRICS in
predicting the clinical severity parameters- petqggerdicted FEY, sputum purulence
and hospital admissions were calculated. The R@&lGeg for the Bhalla score were
0.89 for percentage predicted FEV.70 for sputum purulence and 0.62 for hospital
admissions per year. The ROC values for the matliReiff score were 0.58 for
percentage predicted FEVO0.75 for sputum purulence and 0.57 for hospital
admissions per year. The ROC values for the BRIG®ew).79 for percentage
predicted FEY, 0.71 for sputum purulence and 0.75 for hospidahigsions per year.

Comparison of the BRICSto the BSI and FACED score

The ROC values for BSI were 0.58 for percentagelipted FE\{, 0.54 for sputum
purulence and 0.61 for hospital admissions per.ydaa ROC values for the FACED
score were 0.53 for percentage predicted FEM63 for sputum purulence and 0.55
for hospital admissions per year.

11



BRICS correlateswith clinical disease severity markers (Figure 1)

The Bhalla (p<0.0001) and the BRICS (p=0.004) aignificantly related to
percentage predicted FEVThe modified Reiff score (p<0.0001) and the BRICS
(p=0.008) are significantly related to the sputumrubence. The Bhalla score
(p=0.005) and the BRICS (p=0.0001) are significantlated to hospital admissions
per year. The BRICS is significantly related to d@itee clinical disease severity
markers.

Free neutrophil elastase

Sputum was available in 113 patients of the deowatohort. Of these, 22 (19%) had
emphysema on their CT scans and 91 (81%) did rat.mean (SEM) elastase in the
group that had emphysema on the CT san was 60l 1i§13.7) and in the other
group was 7.6 ng/ml (x1.6), p<0.0001 (figure 2).

Validation of the BRICSin independent cohorts

The baseline characteristics of the independenbrt®lare described in table 1. The
data from the independent cohorts was collated #m BRICS calculated.
Cumulatively, percent predicted FE<0.0001), sputum purulence (p=0.0007) and
hospital admissions (p<0.0001) were all signifibanelated to the BRICS (figure 3).
The ROC curve value for percent predicted FEXs 0.81, for sputum purulence
0.70 and hospital admissions 0.70. The resulte wersimilar in each validation
center.

BRICS severity compared to severity of BSI and FACED

On combining data from both the derivation anddation cohort, BRICS severity

was calculated and the corresponding BSI and FAGE&des were tabulated. There
was a significant association of the severity & BRICS to the severity of the BSI

and FACED score, p<0.0001 for both scores (figyre 4

Emphysemaon CT scan

Combining the data from all centers, emphysemarejarted in 50% (£15.6) of the
cohort. Data on the type of emphysema was availabl® 3 centers (Belgium,
Edinburgh and London). A total of 48 scans with Bggema sub type were analyzed
across these centers. Panacinar emphysema wastgre8& (64%), centrilobular in
9 (19%) and paraseptal in 8 (17%) of the cohort.

12



DISCUSSION

This is the first multi center international stutty develop a radiological scoring
system for use in idiopathic or post infective lroiectasis, in a cohort with limited
smoking history. In this study, we developed a siinep scoring system of CT scans
in patients with bronchiectasis and found that #usre was significantly associated
with clinical parameters of disease severity. TIRIEBS was devised using parameters
of bronchial dilatation and number of bronchopul@gnsegments with emphysema
on HRCT scans of 184 patients in the derivationocphwith either idiopathic or post
infective bronchiectasis. The score ranges from B in this scoring system, where a
higher score is indicative of increasing diseaseisy. The score was significantly
associated to percentage predicted EESputum purulence and hospital admissions
for bronchiectasis exacerbations. In addition, wentl that free neutrophil elastase,
an established marker of neutrophilic airway inflaation in bronchiectasis [13,14],
was significantly higher in the patients who hadobgsema on their CT scans. The
BRICS was compared to the existing Bhalla scoreraadified Reiff scores and was
found to be as reliable and predictive of diseameesty compared to these other
scores. This score was then externally validated aohort of 302 patients across 6
centers in Europe. The results across these 6rseméze similar and in keeping with

the derivation cohort. To the authorsest knowledge this is the first simplified

radiological score that has been developed to saslissase severity in patients with
idiopathic/post-infective bronchiectasis.

The BSI and FACED score were not significantly assed with percentage
predicted FEY, sputum purulence and hospital admissions for dimactasis
exacerbations, but then, these two scores werdesigned for the above stated end
points. Hence, the BRICS is the first radiologisaverity score correlating with
significantly with clinical parameters that carkrassess for severity.

There are currently no markers to predict radiaabidisease severity in

bronchiectasis. The clinical parameters of sevéhigy were statistically significant in

the multiple regression models have been demoadtired be of significance in

previous studies. It is well established that ffES/an important functional marker of
pulmonary disease. We have previously demonstrétatl sputum purulence is

associated with disease severity in bronchiectsi$ It seems logical that if a

patient requires repeated hospital admissions fondhiectasis exacerbations as
defined by the BTS guidelines [10], it indicatestththe patient has more severe
disease. In addition, in the Bronchiectasis Seyetiidex, the authors have
demonstrated that prior hospital admissions and ;FE30% predicted are

independent predictors of hospital admissions aodatity in bronchiectasis [8].

In this study we were able to demonstrate thantwe simplified BRICS can predict
disease severity, based on radiological appearahoes. In addition, sub divisions of
the BRICS demonstrated that an increasing scassgciated with increasing disease
severity. Patients with a higher score on the BRHa8 lower FEY, more purulent
sputum and increased hospital admissions for bieotsis exacerbations.
Validation of the BRICS internationally showed thhis was a simple but robust
scoring system that can be used in day to daycelipiractice.

13



Free neutrophil elastase was significantly higimepatients with emphysema on CT
scan, in the derivation cohort. This is in keepith data published in the literature
[13,14]. Loubeyreet al [15] had demonstrated that there was a high peecal of
emphysema in bronchiectasis. Activation of matrixetatioproteinase by free
neutrophil elastase has been shown to be one ehéahanisms of driving structural
lung damage in early cystic fibrosis [16]. There@wsdence to support that unopposed
neutrophil elastase activity has come to be imf@dan the pathobiology of many
lung diseases, particularly in chronic obstrucliveg disease. Known for its matrix-
degrading capacity and broad substrate repertthieze is evidence to hypothesize
that enhanced neutrophil elastase predominanceitsvieatural inhibitors may result
in, or at perhaps intensify, pathologic states aschbrosis and emphysema [17].

The two components defining the BRICS have beed usstudies before. Bronchial
dilatation is the classic radiological feature, g¥hidefines bronchiectasis on CT,
scans. Although bronchial dilatation is associatétl asthma, chronic bronchitis and
pulmonary fibrosis, we can safely confirm that as study was conducted in a well
defined cohort of patients with either idiopathic most infective bronchiectasis,
(which are the two most common causes of brondmex{18]), bronchial dilatation
represented bronchiectasis. Loubegtral demonstrated emphysema in the CT scans
of 90 consecutive patients with bronchiectasis emadcluded that there was a high
prevalence of emphysema in bronchiectasis patjébis

HRCT is a sensitive non-invasive technique for destiating bronchiectasis. The
need for the creation of scoring systems comes frenfact that CT as a test depicts
structural abnormalities in great detail but isualgative image, and the extent of the
abnormality has to be quantified as a score inraimde used in statistical analysis
[19]. Association studies between CT scans andcelinparameters- mostly lung
physiology- have been conducted previously [20,J%jese studies have used the
Bhalla score, the modified Reiff score or a simetif score that the authors have
agreed upon by consensus. Airflow limitation can deen in more advanced
bronchiectasis [27,28]. Studies have demonstratet airflow obstruction in
bronchiectasis is linked to evidence of structaahormality on CT scans [9,21,24].
The BRICS and our study findings corroborated whik.

In summary, to the authdnsest knowledge, this is the first international tncénter

simplified scoring system designed for use in idihc or post infective
bronchiectasis. This is a useful clinical tool ss@ss radiological and clinical severity
in bronchiectasis. This study is not confoundedther etiologies of bronchiectasis
and pertains to a cohort with limited smoking higtd'he significantly higher levels
of the neutrophil elastase in the cohort with enggimya on the CT scans compared to
those with no emphysema, suggests that elastgsehaps one of the possible causes
for emphysema in this group. There was signifias#ociation of the BRICS to the
BSI and FACED. The BRICS may be used to followpapients longitudinally and
hence be a useful research tool for future stuthesddition radiological scores could
be used as an adjunct to clinical assessment gg@atring patients into disease
severity groups, which could then guide management.

14



LIMITATIONS
This study has been conducted in a cohort whergdlients had idiopathic or post
infective bronchiectasis. Bronchiectasis due t@o#tiologies need further study.

CONCLUSION

We have developed and validated a simplified CTisgosystem based on degree of
bronchial dilatation and number of bronchopulmonsggments with emphysema, in
patients with idiopathic and post infective bromatasis, with limited smoking
history.
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e-Table 1. Bhalla Score

Category 0 1 2 3

Severity of Absent Mild Moderate Severe

bronchiectasis (lumen just > (lumen 2-3 (lumen >3 times
diameter of times > diameter of
adjacent vessel) diameter of adjacent vessel)

adjacent vessel)

Peribronchial Absent Mild Moderate Severe

thickening (wall thickness = (wall thickness (wall thickness>2
diameter of < 2 times times diameter
adjacent vessel) diameter of of adjacent

adjacent vessel) vessel)

No. of Absent 1-5 6-9
bronchopulmonary
segments involved

Extent of mucus Absent 1-5 6-9

plugging

Sacculations or Absent 1-5 6-9

abscesses

Generations of Absent Up to 4t generation Up to 5% > 6™ generation
bronchial divisions generation

involved

No. of bullae Absent Unilateral; not >4 Bilateral; not >4 >4

No. of Absent 1-5 >5

bronchopulmonary
segments with

emphysema
Collapse or Absent Subsegmental Segmental or
consolidation lobar

171448
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