[bookmark: _GoBack]ONLINE SUPPLEMENT 

Effect of salbutamol on lung ventilation in children with cystic fibrosis – comprehensive assessment using spirometry, MBW and functional lung MRI
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SUPPLEMENTAL METHODS
Study design and Study population
Exclusion criteria were (i) increase in respiratory symptoms (e.g. cough) combined with a physician based decision to treat with antibiotics (either orally or intravenously) up to four weeks prior to the visit, (ii) diagnosis of an allergic bronchopulmonary aspergillosis (ABPA) [1] or colonization with Burkholderia cepacia complex, (iii) supplemental oxygen therapy, and (iv) concomitant diseases (e.g. renal failure, hepatic dysfunction, cardiovascular disease etc.). Clinical data including Cystic fibrosis transmembrane conductance regulator (CFTR) mutations were derived from clinical case report forms. CFTR genotype functional grouping was based on published data from the CFTR2 project [2].  We defined Pseudomonas aeruginosa colonization as previously suggested [3] and considered the last 12 months prior to the study visit. After inhalation, patients waited for approximately 15 minutes before starting the post-salbutamol scan. The post-salbutamol MBW took place approximately 40 minutes after inhalation (15 min waiting + 15 min scan time + 10 min travelling between examinations).
TABLES
Supplemental Table S1. Pulse sequence parameters for functional MP-MRI.
	Parameter
	Value

	Field-of-view (mm)
	400 × 400 – 450 × 450

	Matrix size
	128 × 128

	Echo time (ms)
	0.67

	Repetition time (ms)
	1.46

	Flip angle (deg)
	60

	Slice thickness (mm)
	12

	Bandwith (Hz/pixel)
	2056

	Acquisition time per image (ms)
	110

	Acquisition rate (images / s)
	3.33

	Total acquisition time per slice (s)
	48

	GRAPPA factor
	2



Pulse sequence was ultra-fast steady-state free precession. GRAPPA: generalized auto-calibrating partially parallel acquisition.






Supplemental Table S2. Lung function parameters at baseline and after inhalation with salbutamol assessed on population level.
	
	Before salbutamol inhalation
	After salbutamol inhalation
	Mean difference (95% CI)
	p-value

	
	
	
	
	

	MBW 
	n= 25
	    n= 23
	
	
	

	Sacin, L
	0.13
	±
	0.02
	0.12
	±
	0.03
	0.01
	(-0.003 – 0.02 )
	0.141

	Scond, L
	0.07
	±
	0.07
	0.07
	±
	0.07
	0.0004
	(-0.007 – 0.007)
	0.905

	
	
	
	
	
	
	
	
	
	

	Spirometry 
	n= 30
	n= 30
	
	
	

	FEV1, %pred
	84.44
	±
	16.64
	89.36
	±
	17.09
	-4.92
	(-6.94 – -2.90 )
	< 0.0001

	FVC, %pred
	91.85
	±
	13.14
	93.52
	±
	12.98
	-1.67
	(-3.44 – 0.10  )
	0.064

	FEF25-75%, %pred
	70.50
	±
	28.63
	84.95
	±
	33.54
	-14.45
	(-18.66 – -10.23)
	< 0.0001



Lung function parameters are given as absolute values unless otherwise stated, presented as mean ± SD and compared by paired Student’s t test. MBW: multiple-breath washout. Scond: conducting airways ventilation heterogeneity; Sacin: intra-acinar airways ventilation heterogeneity. FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; FEF25-75%: forced expiratory flows at 25-75% of FVC; L: liters; %pred: percent predicted. 


Supplemental Table S3. Association of clinical factors with a more pronounced effect of salbutamol assessed by uni- and multivariable linear regression models. 
	
	Univariable model
	Multivariable model*

	Delta FEV1 (z-score)
	β
	95% CI
	p-value
	β
	95% CI
	p-value

	FEV1 (z-scores)
	-0.02
	-0.15 – 0.11
	0.74
	-0.19
	-0.59 – 0.20
	0.30

	LCI (TO)
	-0.01
	-0.09 – 0.09
	0.92
	-0.10
	-0.27 – 0.06
	0.20

	Ventilation impairment (%)
	0.003
	-0.03 – 0.03
	0.82
	-0.004
	-0.14 – 0.13
	0.95

	Perfusion impairment (%)
	0.01
	-0.02 – 0.04
	0.67
	0.04
	-0.15 – 0.23
	0.66

	ABPA1
	0.00
	-0.16 – 0.15
	0.97
	-0.06
	-0.32 – 0.21
	0.66

	Pseudomonas aeruginosa2
	-0.23
	-0.49 – 0.04 
	0.09
	-0.27
	-0.79 – 0.25
	0.28

	CFTR mutation class3
	-0.02
	-0.32 – 0.28
	0.90
	0.28
	-0.59 – 1.14
	0.50

	Age (years)
	
	
	
	-0.04
	-0.14 – 0.06
	0.39

	Delta LCI (TO)
	
	
	
	
	
	

	FEV1 (z-scores)
	-0.05
	0.67 – - 0.30
	0.20
	0.46
	0.02 – 0.89
	0.04

	LCI (TO)
	0.04
	0.50 - -0.08
	0.16
	-0.08
	-0.27 – 0.10
	0.36

	Ventilation impairment (%)
	0.01
	0.71 - -0.04
	0.06
	-0.14
	-0.29 – 0.01 
	0.07

	Perfusion impairment (%)
	0.02
	0.48 - -0.04
	0.08
	0.27
	0.06 – 0.48
	0.02

	ABPA1
	-0.01
	0.92 - -0.29
	0.26
	0.23
	-0.07 – 0.52
	0.12

	Pseudomonas aeruginosa2
	0.19
	0.47 - -0.35
	0.72
	0.68
	0.10 – 1.25 
	0.03

	CFTR mutation class3
	-0.41
	0.16 - -0.99
	0.17
	-1.50
	-2.46 - -0.55
	0.01

	Age (years)
	
	
	
	-0.01
	-0.12 – 0.10
	0.83

	Delta RFV (%)
	
	
	
	
	
	

	FEV1 (z-scores)
	0.13
	-0.77 – 1.03 
	0.77
	0.62
	-1.40 – 2.64
	0.52

	LCI (TO)
	0.02
	-0.62 – 0.66
	0.95
	0.27
	-0.57 – 1.11
	0.50

	Ventilation impairment (%)
	-0.19
	-0.40 – 0.02
	0.07
	-0.99
	-1.66 - -0.32
	0.01

	Perfusion impairment (%)
	-0.10
	-0.33 – 0.13
	0.37
	0.80
	-0.14 – 1.75
	0.09

	ABPA1
	-0.12
	-1.22 – 0.99
	0.83
	0.24
	-1.12 – 1.60
	0.71

	Pseudomonas aeruginosa2
	-0.78
	-2.79 – 1.22
	0.43
	-1.84
	-4.43 – 0.75
	0.15

	CFTR mutation class3
	-0.41
	-2.56 – 1.74
	0.70
	-1.14
	-5.47 – 3.19
	0.58

	Age (years)
	
	
	
	0.48
	0.01 – 0.96
	0.05

	Delta RQ (%)
	
	
	
	
	
	

	FEV1 (z-scores)
	0.31
	-0.40 – 1.01
	0.38
	0.15
	-1.76 – 2.06
	0.86

	LCI (TO)
	-0.39
	-0.86 – 0.09
	0.11
	-0.03
	-0.83 – 0.76
	0.93

	Ventilation impairment (%)
	-0.16
	-0.32 – 0.002
	0.052
	-0.10
	-0.73 – 0.54
	0.75

	Perfusion impairment (%)
	-0.20
	-0.36 - -0.03
	0.02
	-0.08
	-0.97 – 0.81
	0.85

	ABPA1
	0.13
	-0.74 – 1.00
	0.76
	0.42
	-0.87 – 1.70
	0.49

	Pseudomonas aeruginosa2
	-1.23
	-2.75 – 0.30
	0.11
	-1.38
	-3.83 – 1.07
	0.24

	CFTR mutation class3
	-1.05
	-2.69 – 0.60
	0.20
	-1.58
	-5.67 – 2.52
	0.42

	Age (years)
	
	
	
	0.23
	-0.22 – 0.68
	0.29

	Delta FEF25-75% (z-score)
	
	
	
	
	
	

	FEV1 (z-scores)
	0.12
	-0.02 – 0.25
	0.09
	0.18
	-0.20 – 0.55
	0.33

	LCI (TO)
	-0.04
	-0.14 -0.05
	0.35
	-0.09
	-0.26 – 0.08
	0.29

	Ventilation impairment (%)
	-0.02
	-0.05 – 0.01
	0.19
	-0.06
	-0.18 – 0.07
	0.36

	Perfusion impairment (%)
	-0.02
	-0.05 – 0.01
	0.24
	0.11
	-0.07 – 0.30
	0.21

	ABPA1
	0.002
	-0.17 – 0.17
	0.98
	0.11
	-0.15 – 0.37
	0.38

	Pseudomonas aeruginosa2
	-0.37
	-0.65 - -0.10
	0.01
	-0.20
	-0.72 – 0.33
	0.44

	CFTR mutation class3
	-0.10
	-0.43 – 0.24
	0.56
	-0.23
	-1.04 – 0.57
	0.55

	Age (years)
	
	
	
	 
	
	

	Delta FVC (z-score)
	
	
	
	
	
	

	FEV1 (z-scores)
	-0.08
	-0.19 – 0.02
	0.12
	-0.23
	-0.54 – 0.09
	0.14

	LCI (TO)
	0.03
	-0.05 – 0.10
	0.48
	-0.09
	-0.23 – 0.04
	0.17

	Ventilation impairment (%)
	0.01
	-0.01 – 0.04
	0.26
	-0.01
	-0.11 – 0.10
	0.92

	Perfusion impairment (%)
	0.02
	-0.01 – 0.05
	0.17
	0.04
	-0.12 – 0.19
	0.61

	ABPA1
	0.02
	-0.12 – 0.15
	0.78
	-0.04
	-0.25 – 0.18
	0.71

	Pseudomonas aeruginosa2
	-0.07
	-0.32 – 0.17
	0.54
	-0.08
	-0.50 – 0.34 
	0.70

	CFTR mutation class3
	-0.05
	-0.31 – 0.22
	0.72
	0.12
	-0.58 – 0.82
	0.72

	Age (years)
	
	
	
	-0.02
	-0.10 – 0.06
	0.56

	Delta RV/TLC (%)
	
	
	
	
	
	

	FEV1 (z-scores)
	0.49
	-0.94 – 1.91
	0.49
	0.03
	-4.99 – 5.04
	0.99

	LCI (TO)
	-0.77
	-1.73 – 0.20 
	0.11
	-0.66
	-2.81 – 1.49
	0.52

	Ventilation impairment (%)
	-0.16
	-0.48 – 0.17
	0.33
	-0.16
	-1.89 – 1.57
	0.85

	Perfusion impairment (%)
	-0.16
	-0.51 – 0.19
	0.35
	0.08
	-2.35 – 2.52
	0.94

	ABPA1
	0.60
	-1.16 – 2.36
	0.49
	0.40
	-3.01 – 3.82
	0.80

	Pseudomonas aeruginosa2
	-0.19
	-3.41 – 3.04
	0.91
	-0.58
	-7.21 – 6.06
	0.85

	CFTR mutation class3
	-0.15
	-3.61 – 3.31 
	0.93
	0.99
	-10.04 – 12.02
	0.85

	Age (years)
	
	
	
	-0.07
	-1.30 – 1.17
	0.91



Uni- and multivariable linear regression models for the association in change (delta) FEV1 (z-score), LCI (TO), ventilation impairment (RFV) (%), perfusion impairment (RQ) (%), FEF25-75% (z-score), FVC (z-score) and RV/TLC with FEV1 (z-score) upon salbutamol inhalation with baseline clinical data such as: FEV1 (z-score), LCI (TO), ventilation impairment (RFV) (%), perfusion impairment (RQ) (%), ABPA1 status (defined as never or resolved.) [1], Pseudomonas aeruginosa2 (PA) status (defined as number of PA positive airway specimens cultures during the preceding 12 months: (i) never cultured or currently no PA growth but previously positive, (ii) intermittently infected with 50% or less positive PA cultures and (iii) chronically infected with more than 50% positive PA cultures) [3], and CFTR mutation class3 (CFTR genotype functional grouping defined as: (i) no residual CFTR function was considered if two copies of class I and/or II and/or III mutations were identified; (ii) residual CFTR function if at least one copy of class IV, V or VI mutation was identified; (iii) unclassified CFTR function if ≥ 1 mutation was not classified or of unknown mutation class; all children in group (iii) however had two copies of disease-causing mutations) [2]. 
 CI: Confidence interval; FEV1: forced expiratory volume in 1 second; LCI: Lung clearance index, measured at classical end of nitrogen multiple-breath washout (MBW) (2.5% of the normalized nitrogen starting concentration); TO: lung turnover (raw unit of LCI); RFV: Percentage of the lung volume with impaired fractional ventilation; RQ: Percentage of lung volume with impaired relative perfusion; FVC: forced vital capacity; FEF25-75%: forced expiratory flows at 25-75% of FVC; RV/TLC: residual volume over total lung capacity CTFR: Cystic fibrosis transmembrane conductance regulator; ABPA: Allergic bronchopulmonary aspergillosis.

SUPPLEMENTAL FIGURE LEGEND
Supplemental Figure S1. Flow chart of study design data acquisition. Flowchart of the study design and data acquisition summarizing eligible data for final analysis. All participants underwent baseline PFT. The change in order of the post-inhalation tests (MP-MRI before pulmonary function test) was due to logistic reasons. PFT: pulmonary function test. N2MBW: Nitrogen multiple breath washout. MP-MRI: Matrix-Pencil Magnetic Resonance Imaging. 
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