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Fluorescent imaging has been a mainstay of preclinical research for over a decade. 
In vivo studies have traditionally been limited to rodents due to the limitations of 
light penetration in tissue and have also utilized enclosed instruments to reduce 
background signals. There has been interest in extending fluorescent angiography 
into the clinic using naked fluorescent dyes (e.g. indocyanine green [ICG], FITC, 
methylene blue) although the depth limitations sometimes require X-ray 
angiography techniques. Clinical utilization of fluorescence guided surgery, on the 
other hand, has tremendous potential and can leverage targeted fluorescent probes 
that are much more specific. These probes are becoming increasingly relevant in 
translational studies as characterization advances and the mechanisms of action 
become better understood.  

In fact, some early first-in-human studies using naked fluorescent dyes and/or 
targeted agents for image guided surgery show potential. Utilization has not been 
widespread, due in part to the lack of instrumentation for preclinical imaging. Some 
recent handheld systems are available but preclude simultaneous imaging and 
resection of tumors. Surgical microscopes have longer working distances but are 
less natural to use. Other open-field commercial systems have working distances of 
less than 25 cm, limiting an operator’s visibility of the surgical field while imaging.  

We have previously reported on a system suitable for translational imaging that 
used pulsed illumination to interweave white and fluorescent lighting. White light 
pulsing reduces the illumination brightness and therefore makes utilization more 
challenging. In this paper we report on a system using filtered white light 
illumination to remove leakage into the fluorescence image and detect (and 
overlay) color and monochrome fluorescence images using the latest generation of 
sCMOS cameras. A distributed arrangement of low power LEDs can generate as 
much white illumination as a surgical lamp and also have good shadow control. 
Fluorescent excitation light in visible wavelengths can be pulsed at rates fast 
enough to appear continuous to the naked eye. To improve sensitivity in the band 
corresponding to FITC emission (500-600nm), long exposure snapshots can be 
used to acquire multispectral data using a customized liquid crystal tunable filter 
(LCTF) and unmix autofluorescence from the fluorophore signal.  As a proof of 
concept, we use intrasplenic mouse models injected with targeted fluorescent 
agents and resect the tumors during the imaging procedure. 

A new open air fluorescence imaging 
instrument was designed to facilitate real time 
fluorescence imaging for translational imaging 
studies. This system includes LED based 
surgical grade white light illumination arranged 
in a configuration to both control shadows and 
illuminate deep surgical fields. This white light 
is spectrally gated from emission spectra for all 
four supported fluorescence channels.  Where 
needed, a liquid crystal tunable filter is used in 
combination with spectral unmixing algorithms 
to reduce autofluorescence and improve the 
sensitivity. This spectral separation, in 
combination with real time background 
subtraction, rejects ambient light well enough 
that tumors can be easily resected in vivo. 
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ABSTRACT 

Summary 6 

Illumination optics were designed using single die LEDs 
configured in a circular arrangement containing 6 emitters (2 
white light, and 1 each for 4 illumination bands). A custom 
lens in front of each  LED projects the light  onto a 20 x 20cm 
FOV centered 75cm from the bottom of the main relay lens. 
Ten of these illuminators are positioned in a circular 
arrangement and are all pointed at the FOV. Six of the clusters 
are positioned at the periphery for shadow control and 4 are 
near the center to help illuminate  surgical channels. 

Illumination & Filters 3 

The key features of this work include: 
• Design of a new open air imaging instrument 
• Spectral gating & background subtraction for 

ambient light rejection 
• Guided tumor resection 

General System Overview 1 

Instrument Features Include: 
• Tablet based control 
• Easy to position and set up imaging angle: 

• Ergonomic handle 
• Lockable casters 
• Adjustable imaging arm 
• Adjustable imaging head 

• Surgical grade white illumination 
• Overlay of color and fluorescent images 
• 75cm working distance 
• Video rate or long exposure acquisitions 
• Dual medical grade monitors for image display 

 
Imaging Optics 2 

• Dual CMOS cameras 
• Fluorescence: 

sCMOS, cooled to  
–70°C, 6.5µm 
pixels, 5 MP 

• Color: CMOS RGB, 
5.5µm pixels, 4 MP 

• Relay lens on adjustable 
stage 

• Pickoff mirror to divert 
light to color camera 

• Dichroic filters in 
fluorescence arm 

• Custom designed LCTF 

A. LED Illumination & Shadow Control  

B. Excitation & Emission Bands 

Channel Peak LED 
wavelength 

( nm) 

Excitation Filter, 
>93% 

Transmission 
(nm) 

Emission Filter 
Cutoffs, >93% 
Transmission 

Dye / Protein 

470 465 488SP 517-523 FITC 
660 660 667SP 692-742 VivoTag 680 

Methylene Blue 
AlexaFluor 660 - 700,  

Cy 5.5 
IRDye 700 

iRFP 
750 735 743SP 770-809 VivoTag 750 

AlexaFluor 750, 790 
IRDye 800 

800 790 777-797 823LP ICG 

Custom hard-coated interference filters were designed to go in 
front of the excitation LEDs. The 800 channel excitation filter 
was designed as a band bass because ICG has a long blue tail, 
and to minimize overlap with the 750 emitters to enable 
potential multiplexing between the 750 and 800 channels. 
Band pass designs for emission filters were used to mitigate 
any leakage between light from different channels. 

C. LCTF for autofluorescence reduction 

To minimize the tissue autofluorescence that occurs in the 
band corresponding to FITC emission, a custom designed 
liquid crystal tunable filter (LCTF) is inserted into the optical 
beam in series with a cleanup filter to minimize out of band 
leakage. This LCTF is designed to be able to scan multiple 
bands between approximately 500-650nm with a 30nm 
bandwidth. Resulting images are then utilized in a spectral 
unmixing algorithm to separate autofluorescence from the 
fluorescence signal. 
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Ambient Light Rejection 4 
A. Spectral Gating 

For the 470 and 660 channels where visible ambient light 
overlaps with fluorescence emission, a custom designed notch 
filter was placed in front of the white light LEDs to separate 
white light from the LEDs from fluorescence emission light.  

B. Background Subtraction 

A video rate background subtraction scheme was implemented 
to further improve ambient light rejection. Excitation LEDs are 
turned off for alternating image acquisitions from the 
fluorescence camera, and the background frame is subtracted 
from the foreground frame. The resulting images can be 
thresholded to show the fluorescence signal.  
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Foreground 
Min: 298 

Max: 1710 
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Min: 1710 

Max: 17100 
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Tumor Resection Example 5 
Before Resection After Resection 

• 100,000 HCT116-luc2 
colorectal carcinoma 
cells 

• Intrasplenic injection 
• 8 days of tumor growth  
• IV injection of 

IntegriSense™ 680 
~20hrs before 
procedure 
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