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Optical Coherent  Imaging Optical Coherent  Imaging 
-- from cells to moleculesfrom cells to molecules

the LOB teamthe LOB team

3.
N

o
ve

m
b

er
 2

01
0 

   
 B

E
R

N
 S

w
is

sl
a

se
r

2
Laboratoire d‘Optique Biomédicale

structural Imaging  I (x,y,z0)

functional Imaging

function

Lifetime

Correlation

Concentration ci

chemical Cinetics

information

but all as… a function of x,y,z,t

structural Imaging  I (x,y,z0)

functional Imaging

functionfunction

Lifetime

Correlation

Concentration ci

chemical Cinetics

informationinformation

but all asbut all as…… a a functionfunction of of x,y,z,tx,y,z,t
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Complementary parts of life
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STED 
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Single

Molecule

Detection
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Objective

Scanning 

Sample

Lightsource

Detector

Thick Specimen Imaging
the classical microscopy approach

tot SI I

2D imaging
3D imaging z-stacking

high resolution ~ < 1µm
low penetration depth
low acquisition rate
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SI

RI

 4
2 costot R S R S R SI I I I zI z




     
 

Coherent Amplification

What to do?
...or how to do better

Detector

Lightsource
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What to do?
Fourier Domain Optical Coherence Tomography

SI

RI

Broadband
LightsourceK=2/

spectrometer

Fourier transform
From
x,y,k to  x,y,z

• Only x,y scan
..and z for free

encoded depth profile

• high sensitivity  >100dB
• in-vivo 3D
• high resolution ~ 5 – 8 µm
• high penetration depth
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Let‘s do...
Functional imaging...and FDOCT

• Molecular contrast
fluorescence

• 2D imaging
3D needs z-stacking

• low penetration depth 

• high resolution ~ < 1µm
•

• label free imaging contrast
refraction index > intrinsic sample property

high sensitivity
> 100 dB

Parallel depth probing 
high speed 3D, time lapse imaging

• Availability of phase information
functional imaging

• Isotropic resolution (ca. 5 μm)
3D-microstructure of biological samples

Langerhans’
Islets
Wild mouse
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Functional Imaging Functional Imaging –– Doppler flowDoppler flow

R. Michaely et al.
J. Biomedical Opticstemps
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FDOCT & microscopy 
a combination….??

+  coherent amplification
sample signal
high contrast images

+  availability of phase information
-> phase contrast schemes
-> functional imaging (nm resolution)

+  optical sectioning > coherence gating 
along optical axis (broad band source)

+  imaging speed of FD OCT methods
-> high temporal resolution (30µs) 

accessing physiological processes

+  direct access to depth resolved
spectral sample properties
(molecular contrast OCT, 
diff spectroscopic OCT,…)

OCT ref sampleS I I

…but what about resolution
lateral and axial
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-Focus light on sample

-Effective Numerical
Aperture: 

-Waist: 

-Rayleigh-Range:

-Depth of Field: 

-Lateral resolution and Depth of Field (DOF) 
depend both on NA

-Loss of resolution and signal outside DOF

0 2
= z

NA




2


D
NA

f

0 w
NA




z 2z0

2w0

D

0DOF  2z

OCM
an obvious contradiction...?
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depth

transverse 
resolution

xf FDOCM - Experimental Setup

radius

Intensity

0

1 2.
r

sin( )


 


2
0I( r ) J ( kr sin )

R. Leitgeb et al.
OPTICS LETTERS / Vol. 31, No. 16 / August 15, 2006
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Diabetes worldwide

diabetes 2000 2030
World 171,000,000 366,000,000

2003 2025
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OPT adult mouse pancreata 
wild-type (left) diabetic NOD mouse (right) 
insulin labeled Islets of Langerhans (red). 
size approx. 1.3 x 0.7 cm.

U. Ahlgren, Nature Methods, Jan;(1):31-3, 2007

Optical Projection Tomography
ex vivo imaging
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islet Imaging 
In vitro

Scale bar: 250 μm
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islet Imaging 
In vitro
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islet Imaging 
In vivo
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Induced diabetes
streptozotocin
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a Immunostained whole mount samples imaged with fluorescence wide field microscopy 
Green: insulin, Red: endothelial cells. 
b Rendered xfOCM tomogram, islets and vessel structure 
on the background of the exocrine tissue.
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Bio Imaging
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STRUCTURE

SMD

ORGANS NUCLEUS

MRI US

OCT

FDOCT

Microscopy CELL

FUNCTION METABOLISMMOVEMENTS

PET

STED Palm

TISSUE

X-ray
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Extended focus OCM
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Dark-field OCM
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Comparison on living cells

OCM
NA 0.42

xf‐OCM
NA 0.68

df‐OCM
NA 0.68

• Through focus stack of living NIH-3T3 cells observed in up-right configuration. Axial sampling: 2 μm
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darkfield
OCM

darkfield
OCM
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OCM
NIH-3T3 cells

images dark-field OCM\cellClassicalOCM2010.mov images dark-field OCM\celldfOCM2010.mov
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• Nanoparticles labeling
– down to 6 nm gold colloids

– en face images of 30 nm gold nanoparticles

xf‐OCM df‐OCM

Outlook (2)
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Resolution in microscopy
overcoming the limitation
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The fundamental limit
imaging beyond the diffraction limit

Goal:
optical imaging (sensing) at 
nanometer/subnanometer scales

~200 nm

Hell, S. et al., 2008
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The fundamental limit
imaging beyond the diffraction limit

Goal:
optical imaging (sensing) at 
nanometer/subnanometer scales

~200 nm

Hell, S. et al., 2008
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“Super-resolution” through localization

QuickTime™ and a
H.264 decompressor

are needed to see this picture.

F. Aguet EPFL Thesis 2009
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Theoretical limits on localization accuracy

– Localization limits 
for x and z are very 
close

– CRB is linked to 
‘information’ in the 
diffraction pattern

– Off-focus imaging 
leads to higher 
localization accuracy

– Optimal 
experimental 
settings (focus 
positions) can be 
derived from CRB
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3-D steerable dipole filters
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Experimental results

Cy5 dipoles at an air/glass interface

Measurement Recalculation Measurement Recalculation

3.
N

o
ve

m
b

er
 2

01
0 

   
 B

E
R

N
 S

w
is

sl
a

se
r

34
Laboratoire d‘Optique Biomédicale

Experimental validation

• Estimation accuracy

– Orientation: ~ 2°

– Position:     ~ 6 nm

– Z-position   ~ 11 nm

• Estimation accuracy

– Orientation: ~ 2°

– Position:     ~ 6 nm

– Z-position   ~ 11 nm

Localization reproducibility on a single dipole

Relative values consistent with CRB

Accuracy of the model/fit in 3-D
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temps
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LOB outlook
3.
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LOB

Laboratoire
d’Optique
biomédicale

Strategy
Meeting
Winter 2008

PhD Positions 

available

lob.epfl.ch
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… never underestimate Switzerland


