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In situ blood viscosity, wall shear stress and blood pressure are difficult parameters to measure in
microvessels. This combined methodology that employs both experiment and computational modeling
provides a key tool for quantification of mechanical parameters involved in vascular morphogenesis.

I established a method for calculating spatiotemporal distributions of blood
pressure and wall shear stress (WSS) in a zebrafish microvascular network using experiment-based
blood flow imaging and computational fluid dynamics (CFD).

With this technique I could study how pressure and WSS are regulated in zebrafish with different
blood network geometry and different blood viscosity levels. In the experiment with blood cell
removal, embryonic blood flow was observed to have a tendency to maintain blood flow rates in
response to the blood viscosity reduction. Applying the CFD, we found that this scenario led to
lowered network pressure and WSS. When vessel diameters were reduced by genetic mutation, blood flow

rates were observed to be reduced in experiments. Using the CFD, it was indicated that both
situations of network pressure maintenance or pressure reduction fit the flow rate reduction trend.
Consequently, WSS in vessel reduction scenarios was either maintained.

Microhemdynamics

Microhemodynamics Hematocrit asymmetry Wall shear stress Vascular morphogenesis Membrane
blebbing RBC mechanics Endothelial mechanics Vascular mechanics
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The role of mechanical forces arising from blood flow in shaping blood vessels during
embryonic development is a subject of expanding interest. Primarily, advancements in
this field is hampered by the difficulty in measuring these mechanical forces in situ
in a biological specimen. This makes it difficult to establish quantitative assessments
of the levels of mechanical stimuli pertaining to specific angiogenic and morphogenesis
outcomes during vascular remodeling

2. WEDOHB

The purpose of this research was to construct a methodology for quantification of
mechanical forces that arise during a lumen expansion process

3. WHEDTE

We employed experiments for imaging blood flow levels in zebrafish embryos. We related
the flow velocities to the computational fluid dynamics solver, in order to calculate
the wall shear stress and blood pressure related to the observed flow levels for a
given network geometry

(1) A semi—automated blood flow imaging method was established for high throughput
analysis of growth and hemodynamic trends in zebrafish populations. This work provides
the overarching spatiotemporal systemic hemodynamic trends and vascular network level
adaptations in response to local lumen morphogenesis (Fig. 1).

(2) We have established a methodology pipeline to predict high resolution distribution
of wall shear stress (WSS) and blood pressure in a zebrafish trunk lumen network at 54
hours post—fertilization (hpf). 3D model of the vessel lumen network in silico was
constructed from confocal imaging of the fluorescently labelled blood lumen through
microangiography. Blood flow map pertaining to the vessel lumen network was
reconstructed by our in—house developed CFD code after iterating model boundary
conditions to match blood flow velocity data obtained from particle tracking
velocimetry of red blood cells (RBCs) under high-speed camera imaging (Fig. 2).

(3) Hemorheological and lumen size alteration effects on network blood flow and forces:
We studied with the CFD, network flow adaptations in response to blood viscosity and
RBC concentration changes, namely how network pressure changes reduces under network
constraints of blood flow maintenance, which leads to WSS reduction in the network
(Fig. 3). The hemodynamic constraints applied in the model were obtained from
experimental observations of network flow parameters between wild-type versus altered
networks. Additionally, we also showed how different network optimizations can lead to
diametrically opposite effects on WSS distribution after lumen size reduction is
applied to a network (Fig. 4).



Spatiotemporal distribution of hemodynamics and lumen diameters: DA/CA
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Figure 1. Growth and hemodynamic adaptation trends in zebrafish between 2 to 6 dpf.
alSV, arterial intersegmental vessel, CA, caudal artery, DA, dorsal aorta,; DLAV, dorsal
longitudinal anastomotic vessel, CV, caudal vein, PCV, posterior cardinal vein, vISV,
venous ISV;
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Figure 2. Combining KBC velocity data and lumen geometry from experiments
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4. Effect of lumen diameter reduction on hemodynamics in Marcks—Iike la and 1b
knock-out zebrafish.
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