
For Elizabeth M.C. Hillman, an as-
sistant professor of biomedical en-
gineering at Columbia University in

New York, getting the big picture is im-
portant. Hillman uses optical brain imag-
ing of living animals to observe, for in-
stance, what happens to blood flow in
the brain when a limb is stimulated. For
such studies, she and other researchers
must get a full yet detailed picture for a va-
riety of reasons, not the least of which is
what can be done with the data after the
image is captured. 

“When full images are acquired, it be-
comes possible to use image segmenta-
tion, spatiotemporal principal compo-
nent analysis, particulate flow analysis,
diameter changes, hematocrit changes,
etc.,” Hillman said.

Other advantages of the complete pic-
ture, she added, include the ability to

more clearly determine when problems,
such as movement or image artifacts,
occur. Detecting such glitches is more dif-
ficult if the image is not complete, such as
is the case when acquiring just a line. 

Unable to find a commercial system
that met her needs and budget, Hillman
designed her own custom two-photon
microscopy setup. The instrument cap-
tures 22 fps of 180 3 180-pixel images,
which translates to 4000 lines per second
at a pixel acquisition rate of about 700
kHz. The system can achieve such speed,
in part, thanks to the latest galvanome-
ter-based optical scanner technology from
Cambridge Technology Inc. of Lexington,
Mass. These scanners sweep the laser beam
across the viewing area and thereby pro-
vide the illumination for the video-rate
two-photon microscopy.

According to Michael Thanos, vice pres-

ident of engineering at Cambridge
Technology, the scanner, designated
6215HB, is the result of a research and
development effort initiated by the com-
pany several years ago. Realizing that there
was a demand for more speed, the com-
pany increased the servo capability of the
new scanner substantially, beefed up var-
ious parts of the system to handle the re-
sulting increase in heat dissipation, length-
ened the motor somewhat as a result and
increased the power that the servo could
supply fivefold. As a result, the root mean
square acceleration went from 1.2 to 4.7
million radians per second squared. 

“What that means is you can go four
times the amplitude or twice the fre-
quency,” Thanos said. 

He said an ongoing project may boost
the speed by an order of magnitude, but
would not go into specifics. However, he
noted, attaining the full rated speed of
the current crop of scanners requires im-
plementing active cooling via water or
some other means. As the scanner moves,
heat generated in the drive coil must be
dispersed. Otherwise, it builds up and
damages the scanner or triggers a shut-
down as built-in protective circuitry kicks
in. With only air cooling, that thermal
barrier is reached at some value below the
maximum, a shortfall that typically cuts
the acceleration in half. 

In Hillman’s system, there is no water
cooling of the scanner because the scan
periods are less than 20 s, and the heat
seems to be adequately dissipated with a
heat sink. The system uses a Spectra-
Physics Ti:sapphire laser that is tunable
from 710 to 920 nm. The laser beam is
steered by the Cambridge galvanometer
mirrors through optics and into the spec-
imen, which is mounted on a motorized
X-Y stage. Unlike commercial products,
which often are built on inverted systems,
the custom system is an upright imaging
platform with a fixed stage in the Z and
with the objectives, not the stage, mov-
ing up and down.

The two-photon fluorescence emerg-
ing from the tissue passes through a
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Researchers designed a custom two-photon microscopy system that uses galvanometer-
based optical scanner technology to achieve a speed of 22 fps for 180 3 180-pixel images.



dichroic beamsplitter and is immediately
detected by a pair of Hamamatsu photo-
multiplier tubes. Again, this is different
from a commercial system. These often
retrofit two-photon capability into exist-
ing confocal setups, an approach that re-
duces the available light. Particularly for
in vivo applications where the desire is
to image as deep as possible, researchers
want to collect as much light as they can.
They also have an even better way than a
confocal approach to achieve the needed
optical sectioning, Hillman noted.

“The beauty of two photon is that you
don’t need to descan the emitted light be-
cause you know that all light that is emerg-
ing at the fluorophores’ emission wave-
lengths has come from only the excited
spot,” she said. “Because of this, the game
is just to detect as much of the emitted
light as possible.”

She added that a custom system can be
optimized in other ways, such as in the
choice of objectives and data acquisition
software. It also helps that the custom sys-
tem does not start as a confocal micro-
scope and so can be considerably less ex-
pensive and complex than its commer-
cial counterpart. The savings, according
to Hillman, can run hundreds of thou-
sands of dollars if only the costs of parts
are considered.

With the video-rate two-photon setup,
Hillman and a team of researchers have si-
multaneously imaged neurons and vas-
cular networks during single-trial stimu-
lation experiments. For example, they re-
peatedly imaged together a rat brain

Researchers performed in vivo imaging of
neurons stained with calcium-sensitive
Oregon Green 488 BAPTA-1 AM, blood
plasma labeled with Texas dextran red (top
left). On the top right, neurons are
expressing green fluorescent protein, with
blood plasma in capillaries labeled with
Texas dextran red.The bottom image shows
that neurons stained with calcium-sensitive
dye exhibit fast responses to forepaw
stimuli delivered at 3 Hz. (NPY-GFP mouse
supplied by Dr. Jeffrey M. Friedman,
Rockefeller University, New York.)
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Diameters of arteriole and vein during 4-s (3
Hz) forepaw stimulation were extracted
from two-photon image series. Error bars
show standard error on four repetitions.



arteriole and a vein while stimulating the
animal’s forepaw. After using wide-field
imaging to determine where in the brain
the blood flow responded, the investiga-
tors injected dextran conjugated with fluo-
rescein to label the blood plasma and did
two-photon imaging. They measured ves-
sel width and blood flow as a function of
time after the stimulation. They found
that the arterioles dilated considerably,
and they saw no change in vein diame-
ter. Previously, it had been assumed that
most of the hemodynamic changes were
the result of veins ballooning. The re-
searchers published work on this in the

March issue of Neuroimage.
By loading smooth muscle cells and

neurons with a calcium-sensitive dye and
imaging rat neurovascular structures using
the same two-photon setup, the scientists
began the process of understanding how
communication between neurons and the
circulatory system takes place. That quest
is helped by the use of multispectral de-
tection in which different emission bands
are tracked simultaneously.

As for the future, Hillman is building a
system that will detect at least three emis-
sion bands and that will be incrementally
faster than the old, with the limit a result

of the speed of the galvanometer mirrors.
Its capabilities will have to be balanced
against what must be imaged and how
often the images must be updated. 

“It’s a trade-off between how long the
line is versus how many lines per second
you can go,” Hillman noted. o
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