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Light Detects and Alleviates Blood 
Vessel Malformation

Complex structures of tubu-
lar vessels (arteries, veins 

and capillaries) make up the car-
diovascular systems in higher 
developed organisms. These sys-
tems enable nutrient transfer and 
gas and waste exchange. The 
correct shaping of blood vessels 
is vital during development and 
aging, and blood vessel malfunc-
tions or diseases are among the 
most lethal disorders in humans. 
Understanding the biophysical 
cues underlying these ailments 
has become a top priority for 
researchers worldwide.

Recently, optical investigation 
of blood fl ow at the single-cell 
level has become a feasible, non-
invasive method that allows inspection of the vascular system 
without causing damage or perturbations. This year, our 
interdisciplinary team of physicists and biomedical scientists 
performed an all-optical characterization of hemodynamics 
in active blood vessels of living zebrafi sh, by combining opti-
cal fl ow analysis with optical tweezers.

First, we generated a mutation in the endoglin gene, 
modeling a vascular disease called hereditary hemorrhagic 
telangiectasia (HHT), also known as Osler’s disease.1 In 
humans, HHT causes internal bleeding due to abnormal 
blood vessel development. Our zebrafi sh model featured 
a similar abnormal formation of blood vessels, includ-
ing a highly dilated connection between the major trunk 
artery and vein, due to enlargement of endothelial cells 
that cannot react properly to blood fl ow during embry-
onic development.

We next employed particle image velocimetry (PIV) with 
bright-fi eld microscopy—a contactless, sterile method to access 
blood fl ow velocities2—to extract spatiotemporally resolved 
blood fl ow fi elds, using red blood cells (RBCs) as fl ow tracers. 
We observed signifi cant increases in blood fl ow velocity in 
the mutant fi sh relative to healthy fi sh at key time points dur-
ing embryonic development. Strikingly, blood fl ow velocities 
in mutant veins resembled those normally found in arteries.

As mutant capillaries show reduced RBC fl ow, we used 
optical tweezers for weak trapping of RBCs fl owing past 
these capillaries.1,3 We were able to reroute RBCs into 
mutant capillaries, eff ectively alleviating symptoms of 
the HHT phenotype.

Thus, purely by using light, we showed that the mutation 
causes signifi cant changes in blood vessel diameters and blood 
fl ow behavior.1 In vivo bright-fi eld microscopy with PIV can 
be applied to many more scenarios and organisms, making 
them relevant technologies for biomedicine. OPN
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Left: Maximum blood flow velocities in healthy fish (wild type), compared with mutant fish 
(endoglin-mutant) for artery (red) and vein (blue). Center: Schematic of the optical-rail scenario 
for restoring blood flow in capillary. Blood flows through the artery (red) at the bottom and past 
the optical tweezers (black cross), which redirect red blood cells into the arterial capillary (red, 
vertical tube) and the venous capillary (blue). Right: Number of red blood cells counted per 
minute with the optical rail on and off.


