The reproducibility and responsiveness of the Lung Clearance Index in bronchiectasis.
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Take Home Message 
Unlike standard lung function tests, LCI is unresponsive to a session of airway clearance or intravenous antibiotic treatment of a pulmonary exacerbation in bronchiectasis 

ABSTRACT 
Lung clearance index (LCI) is a potential clinical outcome marker in bronchiectasis. Its responsiveness to therapeutic intervention has not been determined. This study evaluates its responsiveness to a session of physiotherapy and intravenous antibiotic treatment of an exacerbation. 
32 stable and 32 exacerbating bronchiectasis patients and 26 healthy controls were recruited.  Patients had LCI and lung function performed before and after physiotherapy on 2 separate occasions in the stable patients and at the beginning and end of an intravenous antibiotic course in the exacerbating patients.  

LCI was reproducible between visits in 23 stable patients, with an Intraclass Correlation of 0.978 (0.948, 0.991, p<0.001). There was no significant difference in LCI (mean (SD)) between stable 11.92(3.39) and exacerbating patients 12.76(3.47), but a significant elevation in the LCI in both bronchiectasis groups compared with healthy controls (7.36(0.99)) (p<0.001). FEV1 improved after physiotherapy, and VA after intravenous antibiotics, but LCI did not change significantly.
LCI is reproducible in stable bronchiectasis, but unlike conventional lung function tests, is unresponsive to two short-term interventions and hence is unlikely to be a useful clinical tool for short term, acute assessment in these patients. Further evaluation is required to establish its role in milder disease and in the evaluation of long-term interventions.
INTRODUCTION
Bronchiectasis is a chronic, progressive condition characterised by destruction of the bronchial wall and airway dilation as demonstrated on high resolution CT (HRCT)(1). There are few evidence-based treatments available with several recent trials having mixed or inconclusive results (2).  Clinical management and trial design are limited by the lack of relevant clinical outcome measures (3). Whereas forced expired volume in one second (FEV1) has been successfully utilized in cystic fibrosis (CF), it is a much less useful marker in other causes of bronchiectasis with a lack of clinically important change in multiple studies (4,5).
The lung clearance Index (LCI), is a measure of ventilation inhomogeneity (VI) in the peripheral airways. It is a reliable and valid test in both healthy and diseased adults and children (6-10). In CF, the LCI has been shown to be more sensitive in evaluating early damage than other physiological measurements (6), including FEV1. Preliminary evidence suggests this may also be true in bronchiectasis.  A recent study demonstrated that LCI was a reproducible marker in patients with bronchiectasis with the LCI score better correlated to CT scan abnormalities than other spirometry measures (11).  For this marker to make a significant impact in bronchiectasis management and trial design, it also needs to demonstrate responsiveness to changes in clinical condition of patients.
There have been few studies using LCI to assess responsiveness to treatment in CF, but none in other causes of bronchiectasis, where clinical endpoints are desperately needed. In CF, a treatment effect has been demonstrated with Dornase alpha (12), hypertonic saline (13) and post treatment for a pulmonary exacerbation (14,15,16), although the clinically meaningful change in LCI has not yet been determined. In contrast, short term physiotherapy was not found to have a consistent effect on the LCI results in a cohort of stable CF patients (17). We hypothesised that LCI would be a more sensitive measure of treatment benefit than standard lung function tests in bronchiectasis. We measured LCI and standard pulmonary function tests before and after a session of airway clearance in stable and exacerbating patients, and before and after a course of intravenous antibiotic treatment of a pulmonary exacerbation.
PATIENTS AND METHODS
We prospectively recruited healthy controls, patients with stable bronchiectasis (no oral or intravenous antibiotics in the previous 4 weeks) and patients admitted with an exacerbation of bronchiectasis. Bronchiectasis was confirmed by review of HRCT performed within 6 months of the study, by a consultant Thoracic Radiologist. Exacerbation was defined as at least two of increased cough, sputum volume or sputum purulence which was deemed to  require hospital admission and intravenous antibiotics (IVAbx) as determined by the admitting consultant. (For more information see the online supplement). Approval for the study was given by the National Research Ethics Service, South East Coast NRES Committee (REC reference: 12/LO/0345).

Stable Bronchiectasis
Stable bronchiectasis participants attended two visits no more than a week apart. Assessments included: LCI in triplicate followed by pulmonary function tests (PFTs; comprising spirometry, plethysmographic lung volumes and carbon monoxide transfer). PFTs were converted to Z (SD) scores. Assessments were completed before (pre) and after (post) an airway clearance session, assessed and optimised by a physiotherapist. Patients used their usual airway clearance technique and this was repeated until there were two clear cycles producing no sputum. After a rest of 60 minutes, LCI and PFT were repeated. The same protocol was completed on a second occasion with a minimum of a week apart. These patients also underwent a HRCT prior to assessments on one of their visits.
Bronchiectasis with exacerbation
Exacerbating bronchiectasis participants completed the same series of assessments as the stable patients (including physiotherapy session), but excluding lung volumes to minimize fatigue. These data were collected twice: visit 1 within 48 hours of commencing IVAbx and visit 2, on reaching clinical recovery prior to discharge as determined by a consultant not involved with the measurements.
LCI and PFTs were completed followed directly by physiotherapy. After 60 minutes, the measurements of LCI and PFTs were repeated. Patients underwent a HRCT within the first 48 hours of admission, at a different time to their PFTs, Physiotherapy and LCI interventions.
Healthy Controls

Healthy controls were recruited from individuals in the hospital including staff and friends and family of the bronchiectasis patients. Current smokers were excluded. After informed consent was obtained they completed LCI and PFTs in triplicate on a single occasion.

Measurements

Lung Clearance Index

InnocorTM was used for performing LCI (Innovision A/S, Odense, Denmark) modified to include a separate Pneumotach (Hans Rudolph, Shawnee, KS), using 0.2% sulfur hexafluoride (SF6) as the tracer gas (BOC, Guildford, UK) in a bias-flow system as previously reported (10). Set up and further description is described in the online supplement.
Pulmonary Function Tests (PFT)

These were completed by physiologists in accordance with standardised criteria(18). Flow/volumes were measured using a spirometer (Jaeger Master Screen PFT Carefusion UK. Ltd Basingstoke, Hants.) and lung volumes using constant body plethysmography (Jaeger Master Screen Body Carefusion UK. Ltd). Carbon monoxide transfer was measured with a single breath technique (TLCO) and adjusted for alveolar volumes (KCO) (Jaeger Master Screen PFT Equipment, Carefusion UK Ltd); the measurements corrected for haemoglobin (19) measured using a haemoglobinometer (Hemocue Hb 201 DM, Prospect Diagnostics Ltd Dronfield Derbyshire) on the day of testing. 
CT scoring

We used the statistical software programme (SPSS) version 22. Data are given as mean and standard deviation (SD), unless otherwise described, as well as total number and percentage (%). PFTs measurements were presented as raw data or as z-scores (standard residual). Effective alveolar volume (VA) from the gas transfer (TLCO) measurement was expressed as a percent of Total Lung Capacity (TLC) a further measure of gas mixing. (20). This was calculated in the healthy controls and stable group, but not the exacerbation group, as they did not complete lung volume measurements, as above.  Significance levels were set at p<0.05. One-way ANOVA Tests with Bonferroni corrections were completed for differences between the three datasets and paired T-tests for comparisons between two sets of normally distributed data. For each subject, Coefficient of variation (CV%) of LCI measurements was calculated as: (SD of two or three measurements⁄mean of three measurements) x 100. Correlations were assessed with Spearman’s Rho (Rs) for non-parametric data (21). Reproducibility was evaluated with intra-class correlations coefficients (ICC) as well as expressed as a proportion of the measured values through the coefficient of variation (CV %). Bland Altman plots were also performed to further analyse variability of LCI. 
For the sample number calculation we used a standard deviation of the mean difference of 1.8 (11) and calculated a requirement of 24 patients in each group to detect a difference of 1.1(15) in the LCI score with a power of 80% at a significance level of <0.05.  Consequently we aimed to recruit 32 patients in each group allowing for dropouts. 

RESULTS 
90 participants were recruited; 26 healthy controls, 32 stable bronchiectasis patients and 32 exacerbating bronchiectasis patients.  One healthy control was excluded with because of abnormal FEV1 z score (>-1.64 standard deviation [SD])(22), 3 “stable” patients were unwell on the day of assessment and excluded and 4 exacerbating patients were unable to perform LCI measurements, for technical reasons (see Figure 1a and Figure 1b). 

The demographics of the patients are detailed in Table 1.  There was no significant difference in the age, sex, aetiology or smoking history between the groups.
Table 1: Table to show demographics, PFTs, HRCT and LCI measurements for all groups

	
	HC

n = 25
	V1 sBx

N = 29
	Initial eBx

N=28
	Sig

	Age (years)
	49.9(13.42)


	58.3 (16.75)
	63.1(12.70)
	ns

	Sex (M:F)
	11:14


	11:16
	11:18
	ns

	Aetiology
	
	PI: n= 10

ABPA: n=4

UC: n=1

PCD n = 2

Idiopathic n =12
	PI: n= 13

ABPA: n =3

CVID n = 2

Idiopathic n = 10


	

	Psa
	
	19/29
	21/27
	ns

	Smoke Hx

>10year

>5 years

Never
	1

4

20
	2

6

21
	3

3

22
	ns

ns

ns

	Oral steroid use
	
	4
	5
	ns

	FEV1%
	106.7(12.27)
	75(24.85)
	59(24.59)
	HC v sBx*

sBx v eBx#

	FEVz
	0.24(1.51)
	-1.20(1.40)
	-2.97(1.30)
	HC v sBx*

sBx v eBx*

	FVC%
	117.7(13.97)
	98.3(20.58)
	80.3(20.19)
	HC v sBx*

sBx v eBx#

	FVCz
	0.54(1.46)
	-0.85(1.25)
	-2.36(1.44)
	HC v sBx*

sBx v eBx*

	LCI
	7.36 (0.99)
	11.91(3.39)
	12.76(3.47)
	HC v sBx*

HC v eBx*



	FRCz

	0.43 (0.80)
	1.18(1.54)
	n/a
	HC v sBx*

	TLCz

	1.31(0.57)
	0.82(1.75)
	n/a
	HC v sBx#

	RVz
	0.21(0.71)
	2.07(2.48)
	n/a
	HC v sBx*

	RVTLCz

	-0.79(0.80)
	1.41(0.88)
	n/a
	HC v sBx*

	TLCOz
	-0.03(1.15)
	-1.62(-3.36)
	n/a
	HC v sBx*
sBx v eBx*

	VA/TLC
	0.95(0.43)
	1.40(0.42)
	n/a
	sBx v eBx#

	KCOz or %
	-0.73(1.00)
	-0.72(1.18)
	-1.33(1.42)
	sBx v eBx

	Severity
	
	1.48

(0.17,3.91)
	1.79

(0.5,3.50)
	ns

	Extent
	
	1.46

(0.17,3.42)
	1.50

(0.5,3.50)
	ns

	Wall Thick
	
	1.25

(0.20,2.50)
	1.95

(0.25,3.0)
	sBx v eBx*

	Small plugs
	
	0.50

(0,1.7)
	0.67

(0,1.70)
	ns

	Large plugs
	
	0.08

(0,1.0)
	0.25

(0,0.80)
	ns

	Air trapping
	
	30

(0,75)
	35

(10,60)
	ns


Result displayed as mean (SD): *p<0.01, # p<0.05 ANOVA for >2 groups and Students T Test for 2 groups. M: Male, F: Female, Psa: Pseudomonas presence, PI: Post Infective, ABPA: Allergic Bronchopulmonary Aspergillus, UC: Ulcerative Colitis, PCD: Primary Ciliary Dyskinesia, CVID: Chronic Variable Immune Deficiency, HC: Healthy Control, V1 sBx: Visit 1 stable bronchiectasis, Initial eBx, Initial Ax exacerbation bronchiectasis (all scores pre physiotherapy), FEV1 %: Forced Expiratory Volume in 1 second % predicted, FVC%: Forced Vital Capacity % predicted, FEV1Z: Forced Expiratory Volume in 1 second, Z score, FVCz: Forced Vital Capacity, z score,  LCI: Lung Clearance Index, TLC: Total Lung Capacity, RV: Residual Volume, RVTLC: RV as a percent of TLC, FRC: Functional Residual Capacity, TLCO: Diffusion Capacity, VA/TLC: Alveolar Volume as a percent of TLC, KCO: Diffusing capacity as a proportion of VA, NS: Non Significant. Medians differences compared with Mann Whitney U. p<0.05*

The LCI measurements were significantly lower (p<0.0001) in the healthy control 7.36(0.99) compared with the visit 1 (pre physiotherapy) of the stable bronchiectasis 11.92(3.39) and day one (pre physiotherapy) of the exacerbation bronchiectasis 12.76(3.47) groups.  There was no significant difference between the bronchiectasis groups. Four of 29 stable patients were unable to complete both pre and post data in their first visit due to leaks and/or technical issues. Four of 29 stable patients did not complete measurements for Visit 2 (n=3 declined, n=1 unwell) (Figure 1a).  Four of 32 exacerbation patients were unable to complete LCI (Figure 1b). 

LCI and Age
In our population there was a moderate correlation between LCI and age in the healthy controls (R=0.590, p=0.002) with an increase of LCI of 0.4/decade (R2 = 0.31).  See Figure 2.
Reproducibility of LCI
The CV% of the three LCI measurements on one occasion was healthy control 4.1%; stable bronchiectasis 4.5%; and exacerbation bronchiectasis 5.0%. Inter-visit reliability within the stable group was also assessed with Intraclass correlations coefficients (ICC) between the LCI scores of the stable patients between first and second visits.  The ICC for the between Visit 1 and Visit 2 variability (pre physiotherapy) was 0.978 (95% CI: 0.948, 0.991), p<0.001 (n=23). A Bland Altman plot comparing Visit 1 and Visit 2 LCI (pre physiotherapy) (Figure 3) demonstrated minimal variability between visits.  This suggested that changes larger than 1.16 units (mean of difference between visits +/- 2 standard deviations [2SD] or +/- 95% CI) are outside normal variability and may represent a statistically important change. 
Relationship between LCI and PFTs
All healthy controls had normal LCI of 7.36 (+/-1.96SD{9.30/5.42}) and FEV1 z score (LLN -1.64). 12/29 (41%) stable bronchiectasis patients had normal FEV1  z score. 8 of these had an abnormal LCI, with  a further patient with LCI > 8.5. In the exacerbating group 5/28 (18%) had normal FEV1 z score, of which two had abnormal LCI, and one with LCI < 8.5.  LCI measurements were strongly correlated with PFTs in stable bronchiectasis and exacerbation bronchiectasis (Table 2).   In addition to spirometric measures, there were strong correlations between LCI and PFTs measures of volume, gas trapping and small airways obstruction.  There were no correlations in the healthy control group.
Table 2: Table to show correlations (Rs values) of LCI with measurements of LFTs in all groups

	PFTs
	LCI HC

n =25
	LCI Stable

n =29
	LCI Exac

n =28

	FEVz
	0.206

ns
	-0.672*


	-0.548*



	FVCz
	0.184
ns
	-0.502#

	-0.502#


	TLCz
	-0.571
ns
	0.341
ns
	n/a

	RVz
	-0.393
ns
	0.663#

	n/a

	RV/TLCz
	-0.036
ns
	0.736#

	n/a

	FRCz


	0.286

ns
	0.596#
	n/a

	TLCOz
	-0.571
ns
	0.403*


	-0.641#


	VA
	-0.236
ns
	-0.444*

	-0.584*


	KCOz
	-0.014
ns
	-0.109
ns
	-0.048


	VA/TLC

	0.089
ns
	0.787#
	n/a



Responsiveness of LCI to physiotherapy
In the stable patients (Table 3), there was no significant difference in LCI scores pre and post physiotherapy (mean difference (SD)–0.26(0.99), p=0.218).   However, there were statistically significant improvements in FEV1z (mean difference (SD) -0.09 (0.15) p=0.006), but these changes were clinically small (with a mean [SD] change of 0.11 ml [0.23]). In exacerbation patients, LCI was not responsive to physiotherapy at either the beginning or end of an admission.  As in stable patients there were some statistically significant improvements in FEV1z following physiotherapy.  The largest improvements, 0.13 (0.25) p=0.012, were at the start of an exacerbation, however, as in the stable state, changes were small (with a mean [SD] change of 0.18 ml [0.54] at the start and 0.11 ml (0.39) at the end) and unlikely to be of significant clinical importance (Table 3).  

Table 3: Table to show impact of physiotherapy on LCI and other markers
	Stable Bronchiectasis Physiotherapy (n = 25)

	
	Mean diff (SD)

(Pre-Post)
	Sig
	CI

	LCI
	0.26(0.99)
	0.218
	-0.93,0.17

	FEVz
	-0.09(0.15)
	0.006*
	-0.15, -0.026

	VA%
	-0.860(4.16)
	0.311
	-2.58,0.86

	VA (l)
	-0.07(0.14)
	0.021*
	-0.13, -0.01

	VA/TLC
	0.015(0.12)
	0.502
	-0.03,0.06

	
	
	
	

	Start Exacerbation Physiotherapy (n=28)

	
	Mean diff (SD)

(Pre-Post)
	Sig
	CI

	LCI
	0.11 (0.85)
	0.505
	-0.44,0.22

	FEVz
	-0.13 (0.25)
	0.012*
	-0.23, -0.03

	VA%
	-0.627(5.80)
	0.587
	-2.97,1.72

	VA (l)
	-0.76(0.21)
	0.064
	-0.16,0.01

	End Exacerbation Physiotherapy (n = 25)

	
	Mean diff (SD)

(Pre-Post)
	Sig
	CI

	LCI
	0.14 (0.93)
	0.491
	-0.57,0.29

	FEVz
	-0.08(0.12)
	0.037*
	-0.16, -0.01

	VA%
	-1.31 (3.12)
	0.076
	-2.77,0.15

	VA (l)
	-0.03(0.28)
	0.498
	-0.12,0.06



Responsiveness of LCI to treatment of an infective exacerbation
There was no significant change in LCI or FEV1z-score between initial and the last day (clinical recovery) (Figure 4a and 4b); there was a significant improvement in VA, 2.69%(4.21) p<0.010, but as previously this difference was very small (0.17 litres), see also table 4.
Table 4: Table to show impact of clinical improvement from exacerbation on LCI in exacerbation patients 
	Start vs End Exacerbation bronchiectasis (n=25)

	
	Mean diff (SD)

(Initial – Last Day)
	Sig
	95% CI

	LCI
	0.38(1.59)
	0.234
	-0.15,0.95

	FEVz
	-0.08(0.25)
	0.285
	0.22,-0.07

	VA%
	-2.69(4.21)
	0.010*
	-4.66, -0.72

	VA (l)
	-0.17(0.39)
	0.032*
	-0.32, -0.02



DISCUSSION
Here we report on the relative sensitivity of LCI and standard pulmonary function tests to two treatments of bronchiectasis, namely airway clearance and intravenous antibiotics. Contrary to our hypothesis, LCI did not change with treatment, but the better sensitivity of standard lung function tests was shown by statistically significant, albeit clinically very small, changes in lung function tests. 
A previous study has demonstrated feasibility of LCI in stable bronchiectasis patients (11). However this is the first study in an exacerbation. We show that the measure remains feasible in this group although the test did take longer to complete in the more severe and exacerbating patients. Moreover 3 patients in the exacerbation group were unable to complete the measurement due to being unable to tolerate breathing through the mouthpiece. Previous studies have described how this measurement is more difficult to complete in more severe disease (11). These patients had FEV1z <-4.0 (mean FEV1 of 0.86ml) and had symptoms including lower resting oxygenation and increased work of breathing at rest.
 Within visit reproducibility is similar to previous studies (8, 10 &11) and we show for the first time that this remains the case in during exacerbations. In stable bronchiectasis, LCI is also reproducible between visits at least 1 week apart. We estimated that a difference in LCI of 1.16 is a statistically significant change outside the expected variance; whether a change of this magnitude is clinically important awaits further study.
The healthy controls were age-matched (mean age of 49.9) whereas previous studies (10,11) have been predominantly in children or younger adults.  The mean LCI of healthy controls in this study was 7.36 (0.99), suggesting an upper limit of normal (ULN) of 9.3 (1.96 SD above the mean)(10). This is higher than previously published data where the ULN has been reported as 7.5 (10). The modest correlation between LCI and age in this population is different to previous data in bronchiectasis (10) where no correlation was found but consistent with Nitrogen MBW data, which suggested a small effect (0.22 per decade) of age on LCI (23). Unfortunately we had fewer older than younger subjects (Figure 2) and consequently further data is required to confirm this apparent age-effect.
This study is the first to compare LCI with full PFTs (including spirometry, lung volumes and gas transfer measurements).  As in previous studies (11,24), there is a significant correlation between LCI and FEV1 in the bronchiectasis cohort This is in contrast with results demonstrated in a study of  primary ciliary dyskinesia (PCD) patients who did not demonstrate a correlation between LCI and FEV1 or FVC (25,26) although in this study, many had a normal FEV1, unlike our population. There were 2 PCD patients in this study, who were recruited before the potential different relationship had been reported.  These patients were retained in the study as per the study design. Additionally, removal of these patients from the analysis did not alter the results.  
In addition to spirometric markers, this study demonstrated significant correlations with measures of air trapping in the stable group. Moreover this group also showed a significant correlation with VA/TLC, a simple measure of gas mixing (16).  Few studies have looked at these relationships with LCI. A study in paediatric CF (27) concurred with these results, demonstrating the strongest correlations of LCI with measures of hyperinflation including RV, RV/TLC and FRC rather than spirometric measures in this different population. Furthermore, evidence from HRCT in bronchiectasis suggests scores of gas trapping are associated with small airways disease, evidenced from mosaic attenuation on expiratory HRCT (28), which supports the relationships seen between LCI and lung volumes. 
LCI is not responsive immediately post physiotherapy as an intervention in either the stable or the exacerbating state.  Other studies have assessed the response of a variety of indices to short term physiotherapy in stable patients with CF. One study used Helium MRI pre and post airway clearance to assess the short term changes of physiotherapy (29).  This demonstrated that although there was a change in ventilation there was not an overall improvement in ventilation inhomogeneity.  Additionally, short term physiotherapy was not found to have a consistent effect on the LCI results in a cohort of stable CF patients (17).  Our study demonstrated similar results with LCI in response to physiotherapy in stable patients. We also investigated the impact of physiotherapy in acutely exacerbating patients and the same clinically recovered patients where more measurable impact may be expected.
There was also no change in LCI following inpatient intravenous antibiotic therapy for an infective exacerbation.  This intervention provided significant clinical improvement and so may have been expected to produce a significant improvement in LCI.  One explanation for the failure of the response of LCI in this setting is the nature of the improvements on the background of significant underlying lung disease.  LCI is insensitive to an occluded airway, and airways with very long time constants, and the measurements do not take into account the severity of the lung disease distally. Significant clinical improvements may follow a reduction in mucus plugging, however in some cases this could lead to a paradoxical worsening in LCI as the distal areas of more diseased lung contribute to the LCI score. Alternatively, if there is improvement in gas mixing in other areas of the lung, the net result could be no change.  Supporting this hypothesis is the improvement in VA in the exacerbating patients whose LCI worsened.  Similar hypotheses could also be used to explain the lack of response to physiotherapy during an acute exacerbation in this study and have also been forwarded to explain the inconsistent results of LCI at tracking a recovery from an exacerbation in CF (14).  Unlike in CF, where FEV1 can be used as a positive control for improvement, there are no good objective markers for improvement following treatment for an exacerbation in bronchiectasis.  This helps stress the importance of marker discovery in bronchiectasis but does also propose an alternative explanation in this cohort for the insensitivity of LCI to the exacerbation treatment.  It is possible that this intervention was unsuccessful and that there was no significant clinical improvement to be measured by LCI.  This is however not likely in this study.  All patients reached clinical recovery at the end of the course of intravenous antibiotics based on expected clinical recovery, including improvements in patient’s symptoms and sputum production.  Furthermore, although small, there were improvements in FEV1 and VA following treatment suggestive of clinical improvement, and showing that LCI is a less sensitive physiological marker, contrary to our hypothesis.
Possible limitations of the study include the fact that it has been performed in a tertiary centre and the result may therefore not be directly applicable to all bronchiectasis cohorts.  In particular, the exacerbating patients were a severely ill  
population (mean FEV1 z -2.97).  This could contribute to the lack of LCI response in an exacerbation as LCI has previously been shown to have increased regional variation as airflow obstruction increases (30). Additionally, in this study, it is difficult to make direct comparisons between the stable and exacerbating bronchiectasis patients as they were different cohorts. 
The study does however have significant strengths.  It is a prospective study that reports for the first time the (lack of) responsiveness of a new potential marker for bronchiectasis.  In addition, it uses contemporaneous full lung function testing, and age-matched healthy controls.  Moreover evaluation of airway clearance has not previously been completed in this acutely exacerbating population before.

Although LCI was not a useful marker to short term physiotherapy or recovery from an exacerbation, it may still be useful as a marker and endpoint in other circumstances.  LCI may also be more responsive in less severe bronchiectasis patients.  Furthermore, whereas it may be insensitive to short term interventions that lead to predominantly mucus clearance (as above) it may be much more responsive to longer term treatments that may impact on other aspects of the pathology such as airway inflammation or thickening (31).  Such improvements may improve ventilation throughout the lung and not produce the inconsistencies which may result from the clearance of impacted airways.  Future assessments of LCI and other clinical endpoints in long term studies of anti-inflammatories or antibiotics in bronchiectasis are needed as discovery of such markers is necessary to help improve management and the evidence base of this disease.  
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Results from a Spearmans (Rs) test of correlation, Rs Value results are shown. (* P<0.05, #P<0.01)





Results displayed as mean differences with T-tests, * significant p<0.05. LCI: Lung Clearance Index, FEV1%: Forced Expiratory volume in 1 second percent predicted, FEVz: Forced Expiratory Volume Z score, VA%: Alveolar Volume percent predicted, VA (l): Alveolar Volume litres, VA/TLC: Va as a percent of TLC,  Mean Diff: Mean difference, Sig: Significance, CI: 95% Confidence Intervals
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