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Microcirculatory	Network	

• Circulatory	network:	Cardiovascular	and	lymphatic	system

• Deliver	oxygen,	nutrition,	immune	cells	and	hormones	to	tissue	via	arteries and	
collects	waste	materials	from	cells	via	veins and	lymphatic vessels.	

• Exchanged	with	cells	via	capillary	beds.	



Optical	coherence	tomography	(OCT)

• A	non-contact,	non-invasive,	depth-resolved,	3D,	biomedical	image	modality	capable	of	
producing		high-resolution	(~μm)	cross-sectional	images	of	optical	scattering	media
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OCT	System	Set-up



OCT	3D	Image	Formation
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receiver
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Cross-section

Each	measurement	along	the	depth	(z)	is	called	an	A-line

By	scanning	the	beam	along	the	fast	scan	direction	(x)	and	
placing	adjacent	A-lines,	a	B-scan (tomogram)	is	formed

By	scanning	along	the	slow	scan	direction	(y)	and	acquiring	
B-scans	and	placing	them	next	to	each	other,	a	3D	OCT	
image	is	formed.	



Optical	Micro-Angiography	(OMAG)

• OMAG:	3-D	dynamic	blood	perfusion	within	microcirculatory	tissue	beds	in	vivo.
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Large	FOV	mouse	pinna	microangiography



Eigendecomposition-based	clutter	filtering	technique	
for	optical	micro-angiography	

• Received	A-line	is	modeled	as	superposition	of	three	independent components:	clutter	
(stationary	tissue),	red	blood	cells	and	noise.	

• 𝑋 = 𝑋#, 𝑋%, … , 𝑋' ( = 𝑐 + 𝑏 + 	𝑛					 ↔ 	𝑅0 = R2 + R3 +	σ5%𝐼

• Estimating	the	clutter	subspace	by	the	first	largest	components:	
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𝐸 = 𝑒#, 𝑒%, … , 𝑒' 	is	the	unitary	matrix	of	eigenvectors	

• Filtered	data	(moving	red	blood	cells)	given	by		𝑌 = 𝐼 − ∑ 𝑒?𝑒?A	�
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S.	Yousefi	et	al.,	IEEE	Transactions	on	Biomedical	Engineering,	vol.	58,	no.	8,	2011.	



Problem	Description

• Development	of	label-free	and	non-invasive	imaging	and	quantification	techniques	
to	study	wound	healing	progress	in	vivo.
– Tissue	structures
– Blood	flow	perfusion
– Lymphatic	vessels

• This	combination	can	be	utilized	to	study	therapeutic	strategies	for	wound	diseases	
such	as	diabetic	ulcers.

• Lack	of	non-invasive	and	label-free	tools	to	study	wound	healing	models	at	
capillary	level	

Motivation



OCT	Angiography	for	imaging	wound	healing
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Yousefi	et	al.,	Journal	of	Biomedical	Optics,	2014.



Translational	Application

Complications	of	injectable	dermal	fillers	



Injectable	dermal	fillers

• In	the	past	decade,	there	has	been	a	paradigm	shift	away	from	surgical	procedures	
into	minimally-invasive	procedures

Invention	of	injectable	dermal	fillers	to	remove	skin	wrinkles	



2016	Cosmetic	plastic	surgery	statistics



Variety	of	filler	products	in	the	cosmetic	market

• Permanent
– Silicone
– Polymethylmethacrylate (PMMA)	– acrylic	glass	or	

Plexiglas
– Polytetrafluoroethylene	(PTFE)	– Teflon

• Semi-permanent
– Collagen	(Evolence)
– Calcium	hydroxylapatite (Radiesse)	- particle	size	25-

45	μm	
– Poly-L-lactic	acid	(Sculptra)	– particle	size	40-63	μm

• Dissolvable
– Crosslinked	hyaluronic	acid	

• Restylane	– particle	size	300	μm
• Juvederm – particle	size	300	μm
• Perlane	– particle	size	650	μm

Source:	American	Society	of	Plastic	Surgeons,	Alpha	cosmetic	clinic



Variety	of	dissolvable	filler	products

• Restylane	(300	µm)

• Juvederm (300	µm)

• Perlane	(650	µm)

• Belotero	(variable)
• Radiesse (25	µm)
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Complications!	

• Temporary:	Bruising	and	erythema
• Permanent:	Localized	tissue	necrosis	
• Case	reports:	9	in	10k



Nasal	vasculature

GRUNEBAUM	et	al.,	Dermatol Surg 2009Loukas Surg Radiol Anat 2006	



Histology	of	debridement	sample

• Necrotic	skin	on	the	nasolabial	fold

• Epidermal	necrosis	and	intradermal	deposition	of	filler	material	(arrow).

• Intra-arterial	foreign	bodies	
and	thickening	of	the	intima.	

• Subcutaneous	tissue	shows	
multiple	intra-arterial	
embolization	(arrow)
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Blindness!
Central	retinal	artery	occlusion

Kim	OPRS	2011



Anastomosis	paths	between	internal	and	external	carotid	
arteries	through	the	face

Kassir R et al. J Cosmet Dermatol. 2011;10(3):224-31.



3D	computed	tomographic	angiography	(3D-CTA)

• Compensatory	dilation	of	collateral	vessels	from	the	infraorbital artery	was	
noted	(arrowhead).	

Inoue	et	al.,	Plastic	and	reconstructive	surgery,	2008

• Local	occlusion	of	the	left	angular	branch	of	the	facial	artery.	



Proposed	mechanisms

1-External	vascular	compression 2-Intravcascular	Occlusion	



Our	contribution

• Utilizing	OCT	angiography	technology	and	an	animal	model	to	study	complications	
associated	with	dermal	filler	injections

• Testing	two	hypothesis	associated	with	these	complications

• Pre-clinical	studies

Motivation

• Understanding	these	mechanisms	can	help	the	clinicians	to	tailor	therapeutic	
strategies	after	these	incidents

• Towards	development	of	better	cosmetic	filler	materials	to	prevent	microvascular	
complications	



1- Testing	extravascular	compression	theory

• Direct	injection	of	various	filler	types	into	the	mouse	ear	pinna

• Observe	changes	in	the	microcirculatory	network	around	the	filler

• Baseline	image	before	injection,	immediate	after	injection	and	1-week	
follow	up



Soft	tissue	injection	(Juvederm®)

Immediate Follow up



Soft	tissue	injection	(Belotero®)

Follow up

Immediate

Structure cross-sections overlaid with 
surrounding microvessels

Depth-encoded 
microvessels



Soft	tissue	injection	(Restylane®)

Follow up

Immediate

Structure cross-sections overlaid with surrounding 
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Soft	tissue	injection	(Voluma®)

Follow up

Immediate

Structure cross-sections overlaid with 
surrounding microvessels
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Possible	damage	to	major	veins?	(Perlane®)

Case#2

Case#1



2- Intravascular	occlusion	

Evans	Blue	dye	

Direct	injection	of	diluted	
filler	into	the	external	
carotid	artery	branch



Intravascular	injection:	Restylane	and	Voluma	
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Intravascular	injection:	Juvederm and	Belotero

Baseline Injection
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Conclusions

• Utilized	OCT	angiography	techniques	to	study	complications	of	cosmetic	
dermal	fillers

• Tested	two	hypotheses:	extravascular	compression	and	intravascular	
occlusions

• Could	not	observe	any	major	tissue	necrosis	and	microvasculature	blockage	
in	extravascular	compression	experiment	in	the	mouse	ear	model

• Fillers	definitely	blocked	arteries	when	directly	injected	intravascular

• Histology	validation	in	the	future
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