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Confocal / Multi-photon

Optical Microscopy

Resolution 1µm 100µm 1mm0.1µm

Institute for Biological & Medical Imaging

Super-resolution 
(Nobel Prize 2014)

Fluorescence Proteins
(Nobel Prize 2008)

Increasing 
photon -scattering

Random 
walk

Propagation distance

0     0.1   0.2   0.3   0.4   0.5   0.6   0.7   0.8   0.9   1.0  mm

At least one 
scattering event

MFT: Mean 
free path

TMFT: Transport
mean free path

Ntziachristos  V.,  Nature Methods  7(8); 603 (2010)
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Multi-spectral opto-acoustic tomography (MSOT)

3D imaging by scanning along z-axis

Institute for Biological & Medical Imaging (IBMI)

Nature Photonics 3, 412-417 (2009)
ACR Chemical Review, 110(5); 2783-2794 (2010)

Nature Methods  7(8); 603-614, (2010)
Nature Protocols 6(8):1121-9 (2011).
Nature Photonics 9, 219–227 (2015)
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Nature Photonics 9; 219–227 (2015).), ACR Chemical Review, 110(5); 2783-2794 (2010)
Nature Methods 7(8); 603-614, (2010), Nature Protocols 6(8):1121-9 (2011).
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“Real-time” imaging

Nature Photonics 3, 412-417 (2009)
ACR Chemical Review, 110(5); 2783-2794 (2010)

Nature Methods  7(8); 603-614, (2010)
Nature Protocols 6(8):1121-9 (2011).
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Multi-spectral opto-acoustic tomography (MSOT)

ACR Chemical Review, 110(5); 2783-2794 (2010)
Nature Methods  7(8); 603-614, (2010)

Nature Photonics 3, 412-417 (2009)
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oxyhemoglobin
deoxyhemoglobin
ICG (in plasma)
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Anatomical functional and molecular imaging
Anatomical & Molecular Fluorescence cryoslice

avb3 integrin

Functional imaging (tumor hypoxia)

Color cryoslice

Herzog E, et.al Radiology. 263(2):461-8. (2012).



Handheld MSOT for clinical translation

NEW LABEL-FREE Imaging

- Oxygenation / Hypoxia
- Microvasculature,  rarefaction
- Metabolism (rate of oxygen consumption)
- Inflammation (dilation, Hb concentration)
- Perfusion / Flow

Phenotypic measurements for accelerating 
discovery / drug efficacy studies 

Institute for Biological & Medical Imaging (IBMI)

Applications in dermatology, PAD/diabetes
angioplasty, endoscopy/surgery, wound healing

Multispectral Optoacoustic Tomography
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Video imaging of arm/hand vasculature 

Luis Dean, Daniel Razansky



Imaging the wrist area

3  wavelength imaging at a multispectral framerate of 17 Hz 
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HbO2

Imaging Protocol

28 Wavelength 
Data Collection

Spectral Unmixing
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Breast Cancer Imaging 

Hb Fat Water



Imaging Protocol

28 Wavelength 
Data Collection

Spectral Unmixing
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Breast Cancer Imaging 

HBO2 Fat / Water



MSOT of endoscopic mucosal healing 
in Crohn‘s disease patients

Knieling et al., 
New England Journal of Medicine in press

Courtesy Max Waldner, Erlangen



2D imaging of the Proton Bragg Peak

Institute for Biological & Medical Imaging (IBMI)

20 MeV protons 

Collaboration with Parodi, Assmann LMU



2D imaging of the Proton Bragg Peak
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20 MeV protons 

With Aluminum insertion

Free beam

Collaboration with Parodi, Assmann LMU



3D imaging of the Proton Bragg Peak
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20 MeV protons 



3D imaging of the Proton Bragg Peak

With Aluminum insertion

Free beam
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20 MeV protons 
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3D imaging of the Proton Bragg Peak
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3D imaging of the Proton Bragg Peak

Institute for Biological & Medical Imaging (IBMI)

 Real time imaging of therapy

 Source characterization

 Interaction with materials



A new standardization problem



Intra-operative imaging

Difficulty to achieve R0 resection
Limitations in accurate staging

Radiological imaging

Institute for Biological & Medical Imaging (IBMI)

The most common medical imaging modality



Concept
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Fluorescent probes for engineering contrast in-vivo
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Active probes Activatable probesActive probes

Optical Imaging for in-vivo pathology

Weissleder & Ntziachristos, Nat. Med. 9(1): 123-8 (2003) 



INPUT

Small Animal 
Imaging Validation

Clinical
studiesToxicity

GMP
Production

OUTPUT

Real-time MSN imaging
Data standardization

Fluorescence
agent

Standardized 
fluorescence
data portfolio

REGULATIONS TRACK

COMMERCIALIZATION 
TRACK

simplified graph

CLINICAL TRACK

Clinical translation pipeline
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Collaboration with E. De Vries, van Dam UMCG

Scheuer W. et. al. Science Trans. Med. 4(134):11 (2012).
Koch M., et. al. Annual Review of Medicine 67:153-64 (2016). 

- Explore known molecules and drugs
- Microdosing
- Image accuracy (fidelity) 
- Standardization



Multi-spectral normalized imaging (MSNI)
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Nature Medicine 17, 1315-1319 (2011)
J Surg. Onc. 18(12):3506-13 (2011(2011).
Gynecol. Oncol. 120(2):291-5 (2011)

Mol Imaging Biol. DOI: 10.1007/s11307-010-0425-7 (2010)
J. Biomed Opt. 15(6):066024. (2010).
J. Biomed. Opt.  14(6):064012 (2009). 

Collaboration with UMCG; Prof. van Dam, Prof. De Vries



Intra-operative Tumor-Specific Fluorescent Imaging in Ovarian Cancer 
by Folate Receptor-α Targeting: First In-Human Results

Institute for Biological & Medical Imaging (IBMI)

Nature Medicine 17, 1315-1319 (2011)
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Nature Medicine 17, 1315-1319 (2011)
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Nature Medicine 17, 1315-1319 (2011)



Challenges for clinical propagation:
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Fluorescent probe
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1. Specificity : Which molecular agent? 

2. Scattering : Which imaging approach / system? 

This is not a fluorescence image!!!!
Scheuer W. et. al. Science Trans. Med. 4(134):11 (2012).

Koch M., et. al. Annual Review of Medicine 67:153-64 (2016). 



Camera Selection

Camera Specifications ? 

Technical Simplicity

Institute for Biological & Medical Imaging (IBMI: Prof. Ntziachristos)

High-end Performance



High-Fidelity Fluorescence Imaging
HiFFI



High-Fidelity Fluorescence Imaging
HiFFI

High-Fidelity Fluorescence Imaging (HiFFI) is defined as:

the accurate representation of fluorochrome bio-distribution in tissues,
independently of the particular system, experimental and tissue conditions used.
HiFFI implies that the fluorescence image recorded does not change when
experimental parameters change.





Effects of sensitivity

Institute for Biological & Medical Imaging (IBMI)

In-vivo

NIRF Camera II

NIRF Camera I

Sensitivity / Specificity
Dose required

Phantom
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Variable parameters
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Variation of optical properties leads to fluorescence intensity variations
Variation of fluorescence intensity leads to false positives and false negatives

Effect of optical properties:
Is epi-illumination accurate for clinical use?
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Pilot clinical trials : Targeted agents

Color Fluorescence Immunohist.
Corrected 

Fluorescence



Camera and Experimental Parameters 
Modify the Fluorescence Image

light 
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camera Intrinsic Fluorescence
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Fluorescent probe
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1. Invariable parameters (hardware):  
System characteristics (Which camera?)

2.   Variable parameters :       
How accurate is fluorescence imaging? 

HiFFI

Scheuer W. et. al. Science Trans. Med. 4(134):11 (2012).
Koch M., et. al. Annual Review of Medicine 67:153-64 (2016). 



STANDARDIZATION
Composite Phantoms



Anastasopoulou M, Koch M, Gorpas D, Karlas A, Klemm U, Garcia-Allende PB, Ntziachristos V.
J Biomed Opt. 2016 Sep;21(9):091309. doi: 10.1117/1.JBO.21.9.091309.

Institute for Biological & Medical Imaging (IBMI)

Fluorescence imaging standard



Excitation light leakage (cross talk) Sensitivity & Quantification

Depth and DiffusionOptical Resolution

3x mua

3x mus

Varying background 
properties to test 

“diffusive resolution”

Varying depth

Field homogeneity
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COMPOSITE fluorescence imaging standard
Brian Pogue
Timothy Zhu
Brian Wilson
Keith Paulsen
Sylvain Gioux
Josh Pfefer
Bruce Tromberg
Heidrun Wabnitz
Arjun Yodh
Yu chen
L. Maritoni
R. McDonald
D. Grosenik
Yu Chen
Beatriz Garcia
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COMPOSITE fluorescence imaging standard - visible

Color image (top view) Fluorescence image (top view)

Automated 
feature extraction

Anastasopoulou M, et.al. 
J Biomed Opt. 2016 21(9)
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COMPOSITE fluorescence imaging standard - visible
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COMPOSITE fluorescence imaging standard - visible
Anastasopoulou et.al.
J Biomed Opt. 2016 21(9):091309. 



Fluorescence imaging standard – near infrared

Institute for Biological & Medical Imaging (IBMI)

Distribute a phantom to different labs



The use of composite phantoms can be applied in regard to at least one of the following actions:

• Guidelines: Ensure a minimum performance specification for all systems / cameras 
employed in clinical studies in regard to system and experimental parameters.  

• System calibration: Measure and adjust system parameters in order to reach a desired 
performance.  

• Referencing: Compare different systems to each-other. 

• Data-consistency: Register camera parameters that data produced by different systems 
can be referenced to each-other or “converted” to one standard. 

• Quality control: Ensure optimal operation of an imaging system prior to a study and over 
time.

• H/W & Algorithmic validation. Examining the performance of algorithms implemented in a 
system for improving an aspect of the system or data collected (see reversion). 

• Absolute quantification. Providing reference signals of known fluorochrome amounts. 

Institute for Biological & Medical Imaging (IBMI)

Standardization – what to do with it?



THRESHOLDS and HiFFI



Fluorescence Molecular Imaging – bevaCW800

Institute for Biological & Medical Imaging (IBMI)

Licor, UMCG, SurgVision

Koch M., et. al. Cancer Research 2016
Lamberts LE et. al. Clinical Cancer Research 2016



Cutting Plane 
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2
34

Slices of Interest: (~ 3mm thickness)
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fSTREAM: Streamlined analysis of fluorescent specimen

Koch M., et. al. Cancer Research 2016



Koch M., et. al. Cancer Research 2016

fSTREAM: 
Streamlined analysis of fluorescent specimen



Institute for Biological & Medical Imaging (IBMI)

fSTREAM: Streamlined analysis of fluorescent specimen

How do we apply one
threshold for the entire
surgical procedure?

Koch M., et. al. Cancer Research 2016
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fSTREAM: Global Threshold

C 𝛼𝛼,𝛽𝛽, 𝛾𝛾 = ( 1− 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆 𝛼𝛼,𝛽𝛽, 𝛾𝛾 ,𝐺𝐺 )
Sensitivity 98% 
Specificity 79% 

S:         Normalized image
G:        Binary image of tumor vs. background
AUC:   Area under the curve
𝛼𝛼,𝛽𝛽, 𝛾𝛾:  Normalization parameters fitted to minimize function C

Koch M., et. al. Cancer Research 2016
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Clinical translation of Fluorescence Molecular Imaging 

Clinical translation of
fluorescence agents

Clinical translation of systems

Targets & Agents 
Composite Phantoms

HiFFI
Standardization
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IBMI is recruiting!
group leaders, post-docs, and PhD students (f/m) 

Munich is a hotspot of scientific excellence 
and famous for its high quality of life.

Moving into TranslaTUM, a brand-new 
research center at TUM, in summer 2017 

Contact IBMI and join the team now!
andreas.brandstaetter@tum.de

www.cbi.ei.tum.de
www.helmholtz-muenchen.de/en/ibmi 
www.tum.de/en/research/research-centers/translatum

IBMI.HMGU

IBMI_HMGU



Now recruiting 
Faculty, Fellows 
& Students

Institute for Biological and Medical Imaging

Funding
EU - FP7, ERC ; Europe 

BMBF, DFG, HMGU ; Germany 

Chair for Biological Imaging : www.cbi.ei.tum.de
Institute: http://www.helmholtz-muenchen.de/en/ibmi/

Major Collaborator in data shown

UNIVERSITY MEDICAL CENTER GRONINGEN  (Prof. van Dam)
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