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Why is it important to combine optical 
molecular imaging with anatomical  
co-registration?
Optical molecular imaging is a 
contrast- enhanced in vivo imaging 
technique, where specific cells or 
biochemical processes are targeted, often 
using fluorescence. Optical molecular 
imaging is very versatile and can be used on 
small animals as a tool to understand how 
diseases develop, how they can be treated 
and diagnosed, and to monitor the effects of 
drugs. However, molecular contrast imaging 
often highlights only the small region that 
is targeted, such as a tumour. Against a dark 
background of the rest of the body, it is very 
difficult to interpret and locate the source 
of the contrast in terms of its anatomical 
position. Anatomical co-registration 
overlays recognizable features and organs 
onto an image to reveal the anatomical 
location of the labelled area, without the 
need for euthanasia and dissection.

Why is in vivo imaging so challenging?
The main challenge for in vivo imaging is 
that signals become distorted by scattering 
and absorption, especially in deeper tissues, 
and so it’s difficult to identify where the 
light originated. Most approaches take two-
dimensional images of the light emerging at 
the surface of the animal. However, animals 
may change size and position over the 
course of the study, and so signals change 
and become hard to interpret. Further 
difficulties are introduced by background 
autofluorescence such as from collagen, 
porphyrins and food in the gut, which 
cause confusion as to the location of the 
targeted dye. An injected dye may also not 
wholly accumulate in the intended place, but 
circulate around the body for many hours 
resulting in poor contrast and specificity.

What are the current solutions?
A way to reduce scattering and absorption 
is to use near-infrared illumination, as 
light scattering is lower and penetration 
is higher at these wavelengths. Three-
dimensional tomographic optical 
imaging converts measurements into 
three-dimensional images of contrast 

within the body. Although this method 
could aid in localization of the targeted 
region, it has poor resolution and complex 
instrumentation. It also does not provide 
anatomical information directly. Current 
approaches to anatomical co-registration 
include using a second technique such 
as planar X-ray, computed tomography, 
ultrasound or magnetic resonance imaging. 
However, these are not ideal because of their 
cost, complexity, longer acquisition time and 
the need for segmentation and modelling. 
Moreover, anatomical co-registration ideally 
should be performed simultaneously with 
molecular imaging to avoid repositioning.

Tell us about your approach.
Instead of acquiring static images, we 
looked at the dynamics of dyes during 
in vivo imaging. We acquired a ‘movie’ of 
the anaesthetized animal following injection 
of a small bolus of two dyes — indocyanine 
green as a near-infrared tracer and Dextran 
Texas Red to mimic a targeted probe. This 
time series of images was then analysed 
using principal component analysis or 
spatio–temporal fitting to distinguish the 
different dynamic behaviours of the signal 
in each pixel. Because the tracer dye behaves 
differently in each organ we found that the 
dye dynamics allowed us to readily delineate 
and visualize a wide range of internal 
organs, yielding an exactly co-registered 
anatomical map. Similar distortion will be 
experienced by light from the tracer dye 

and molecular probe. Therefore, if these 
two signals are spatially co-registered, the 
location of the targeted dye can be deduced. 
Our approach opens up the possibility of 
in vivo cell tracking and monitoring of 
orthotopic lesions and diseases, applications 
where an accurate anatomical background 
is essential. A further benefit of dynamic 
imaging is that static autofluorescence 
signals can be readily distinguished, and the 
differing dynamics of bound and unbound 
targeted dyes will probably also enable much 
improved background rejection.

What are the advantages of your approach?
The beauty of this technique is that 
the images of the tracer dye and 
targeted molecular dye can be acquired 
simultaneously, or one immediately after 
the other. The same CCD camera can be 
used for both images and the animal need 
not be moved. It takes only 20 seconds to 
acquire the movie after injection to create 
an exactly co-registered anatomical map. 
This is an inexpensive, simple technique 
suitable for high-throughput use.

What are your future plans?
We plan to explore alternative tracer 
dyes and also investigate the dynamics of 
targeted dyes and labelled active substances 
such as drugs. We are looking at the 
use of dye dynamics to non-invasively 
evaluate the function of organs such as the 
liver. Alternative routes of bolus delivery 
will also be examined. We intend to 
develop improved visualization software 
and automated algorithms as well as 
incorporating more versatile multispectral 
imaging instrumentation. Hopefully, 
our approach can readily be built into 
molecular imaging systems to provide cost-
effective and much needed co-registration 
and multiplexing capabilities for small-
animal molecular imaging.

Interview by Rachel Won.

Elizabeth Hillman and Anna Moore 
have a letter on all-optical anatomical  
co-registration for optical molecular imaging 
on p526 of this issue.

Elizabeth Hillman is searching for elegant and simple 
solutions that can rapidly improve small-animal 
molecular imaging.

Imaging animal anatomy
An elegant technique that provides molecular imaging with simultaneous anatomical  
co-registration of internal organs has now been demonstrated on a mouse. Nature Photonics 
spoke to Elizabeth Hillman about her dynamic fluorescence molecular imaging technique.
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