
PANEL	S1:		MATERIAL	AND	METHODS	

	

Study	design	

We	recruited	15	patients	with	predominant	centrilobular	emphysema	and	15	healthy	

subjects	 without	 emphysema	 who	 gave	 their	 informed	 consent	 to	 be	 subjected	 to	 pCLE	

imaging	during	flexible	bronchoscopy.		

All	subjects	were	former	smokers	(smoking	cessation	of	at	least	6	months)	without	any	

clinical	 or	 radiological	 evidence	 of	 respiratory	 infection,	 exacerbation	 or	 pulmonary	

malignancy	at	the	time	of	pCLE	imaging.	Eligibility	criteria	for	emphysema	patients	included	a	

recent	 (less	 than	 3	 months	 before	 inclusion)	 pulmonary	 function	 test	 (forced	 expiratory	

volume	in	1	second	(FEV1),	forced	vital	capacity	(FVC),	Tiffeneau	index,	residual	volume	(RV),	

total	lung	capacity	(TLC)	and	diffusion	capacity	for	carbon	monoxide	(DLCO)	and	a	recent	chest	

CT	 (less	 than	 6	 months	 between	 CT	 and	 inclusion).	 Current	 or	 recent	 smokers	 (smoking	

cessation	less	than	6	months)	were	not	eligible	because	of	the	potential	presence	of	highly	

fluorescent	 macrophages,	 blurring	 the	 optical	 characteristics	 of	 the	 elastic	 fibers	 at	 the	

alveolar	level.	1	

Healthy	subjects	were	selected	among	cases	referred	for	diagnostic	bronchoscopy	in	

the	absence	of	pulmonary	disease	(normal	chest	computerized	tomography	(CT)	scan,	normal	

lung	 functional	 parameters).	 All	 healthy	 volunteers	were	 non-smokers	 or	 former	 smokers	

(smoking	cessation	more	than	6	months	prior	to	inclusion)	without	clinical	or	radiological	signs	

of	respiratory	infection.	

This	study	was	conducted	in	accordance	with	the	amended	Declaration	of	Helsinki.	The	

Ethics	Committee	of	the	University	Hospital	Leuven	(Leuven,	Belgium,	reference	emphysema	

group	 S53020,	 reference	 healthy	 subjects	 S52548)	 approved	 the	 protocol,	 and	 written	

informed	consent	was	obtained	from	all	subjects.	The	trial	was	registered	at	Clinicaltrials.gov	

(identifier	NCT01204970).		

		

Methods	

The	pCLE	procedure	is	performed	under	local	anesthesia	and	conscious	sedation	with	

the	 intravenous	 administration	 of	midazolam	 (0.05-0.1	mg/kg).	 All	 endoscopic	 procedures	

were	performed	by	the	same	endoscopist	(JY),	using	one	type	of	bronchoscope	(Olympus	BP	

type	 1T160)	 and	 adhering	 to	 a	 standardized	 protocol.	 The	 thin	 semi-flexible	 probe	 is	



consecutively	 introduced	 into	at	 least	2	 subsegments	of	 the	anterior,	 lateral	and	posterior	

division	 of	 one	 of	 the	 lower	 lobes	 and	 consequently	 into	 at	 least	 4	 subsegments	 of	 the	

posterior	and/or	anterior	branches	of	the	ipsilateral	upper	lobe.	This	probe	consists	of	30,000	

small	optical	fibers	that	guide	a	laser	beam	onto	the	surface	of	the	bronchial	wall	or	into	the	

alveolar	space,	generating	real-time	moving	images	with	an	optical	area	of	1.13	mm²	at	a	video	

frame	 rate	 of	 12	 images	 per	 second.	 In	 each	 subsegment,	 the	 probe	 was	 gently	 pushed	

forward	 to	 reach	 the	 subpleural	 space.	 The	 images	 generated	were	 recorded	 during	 slow	

retraction	of	the	probe	from	the	subpleural	space	towards	the	central	airway.	Digital	video	

recording	allows	post-procedural	measurements	during	a	 frame-by-frame	analysis	of	every	

individual	subsegment.	Measurements	were	performed	on	every	intact,	undistorted	alveolar	

duct	opening	and	every	(auto)fluorescent	cell.	A	total	of	at	least	10	ipsilateral	subsegments	

per	patient	were	recorded,	resulting	in	at	least	15,000	video	frames	per	procedure.		

After	each	procedure,	the	video	sequences	were	anonymized	for	patient,	study	group	

and	study	date	by	the	paramedical	personnel	assisting	the	procedure,	other	than	the	image	

analyst.		

	

Image	analysis		

For	all	subjects,	pCLE	imaging	was	obtained	using	the	standardized	protocol.	A	post-

procedural	video	analysis	was	performed	manually	in	a	frame-by-frame	method	and	this	was	

done	by	one	and	the	same	person	in	a	grouped	manner	after	patient	recruitment	had	been	

terminated.	Frames	were	selected	for	quantification	based	upon	image	quality:	if	the	image	

in	 the	 frame	was	distorted	as	a	 result	of	patient	breathing,	probe	velocity,	 lack	of	 contact	

between	probe	&	tissue	(‘black	hole’),	compression	by	external	pressure	on	the	probe	by	the	

operator	or	‘bubbles’	(as	a	result	of	secretions,	bleeding)	the	frame	was	rejected.	Artifacted	

or	unstable	frames	were	deleted	from	the	sequence,	retaining	a	selection	of	stable	frames	for	

further	quantification.	The	obtained	 image	 stack	was	quantified	on	 the	unenhanced,	 ‘raw’	

video	sequences	using	dedicated	software	 for	morphometric	analysis	 (Cellvizio	Viewer	1.6,	

Mauna	Kea	Technologies,	Paris,	France)	and	spectrometric	analysis	of	the	autofluorescence	

intensity	 (ImageJ,	 National	 Institutes	 of	 Health,	 Bethesda,	 MD,	 USA).	 Morphologic	 pCLE	

variables	 include	(Online	Supplemental	Figure	1):	alveolar	duct	diameter	 (longest	diameter	

(LDAD)	and	perpendicular	short	axis	(SDAD),	cross-sectional	area	of	the	alveolar	openings	at	

the	level	of	the	alveolar	ducts	(ADA)	(calculated	as	0.25*LDAD*SDAD*π),	elastic	fiber	thickness	



(EFT),	normalized	subsegmental/lobar/pulmonary	optical	density	in	units.	The	optical	density	

was	measured	through	digital	 spectrometry	of	 the	autofluorescence	 intensity	signal	of	 the	

examined	subsegment	and	presented	in	a	histogram	(mean/median	optical	density,	standard	

deviation	 of	 the	 histogram,	 optical	 density	 15th	 percentile	 value,	 percentage	 of	 pixels	

characterized	by	a	standardized	optical	density	below	100).	The	normalized	optical	density	is	

calculated	from	the	proportional	difference	of	the	optical	density	of	the	alveoloscopic	images	

and	the	fluorescence	of	the	central	airway	and	corrects	for	the	specific	fluorescence	of	the	

confocal	 laser	probe	and	 the	 laser	system.	As	a	 result	of	characterizing	 the	optical	density	

histogram	 by	 three	 variables	 in	 analogy	 to	 what	 is	 described	 with	 CT	 based	 emphysema	

quantification,	a	comparison	between	pCLE	and	CT	becomes	possible.	

CT-based	 quantitative	 assessment	 of	 pulmonary	 changes	 was	 performed	 in	 the	

emphysema	group,	based	upon	a	recent	inspiratory	multi-detector	CT	scan	(1-mm	increment,	

Kernel	B30f	algorithm).	 	Virtual	Tool	Kit	 (VTK)	software	was	used	to	process	the	CT	 images	

based	upon	the	DICOM	reference	standard	for	the	purpose	of	lung	segmentation	and	three-

dimensional	volume	rendering.	Pixel	density	values	on	a	 lobar	and	a	pulmonary	 level	were	

reported	 (Lung	mean	 density	 in	Hounsfield	 units	 (HU)	 (LMD),	 15th	 percentile	 density	 (HU)	

(15P),	 percentage	 of	 pixels	 below	 a	 threshold	 of	 -950	 HU	 (LA-950)).	 (VirtualBox	 Airway	

Inspector	2,	Harvard	Medical	School,	Boston,	MA,	USA).	We	used	the	quantitative	parameters	

as	described	by	Heussel	et	al.	3	

	

Statistical	analysis	

Results	are	expressed	as	mean	values	with	95%	confidence	interval	of	the	mean	(95%	

CI)	for	normally	distributed	variables	or	as	median	values	with	interquartile	range	(IQR)	for	

variables	with	a	skewed	distribution,	unless	otherwise	specified.	Descriptive	statistics	were	

calculated	for	the	different	characteristics	of	all	individuals.	As	a	result	of	small	sample	size,	

statistical	significance	for	pCLE	characteristics	was	calculated	by	using	the	Mann-Whitney	test	

for	all	variables.	To	examine	the	significance	of	the	numbers	of	pixels	beneath	the	threshold	

(PA100)	between	both	groups,	a	contingency	analysis	was	performed	using	the	Fisher	exact	

test.	Based	on	the	small	sample	size,	Spearman	correlation	coefficients	were	calculated	for	

pCLE	 characteristics	 and	 lung	 functional	 or	 radiological	 parameters.	 Case-control	 sampling	

doesn’t	 allow	 for	 the	 combination	of	data	 from	emphysema	cases	and	healthy	 controls	 in	

correlation	analysis.		



A	 significance	 level	 <	 0.05	 was	 considered	 statistically	 significant.	 Statistical	

calculations	were	performed	using	Graphpad	Prism	5	R	(GraphPad	Software	Inc.,	La	Jolla,	USA).		
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