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Project Abstract 

Blood substitutes are slowly becoming reliable 

enough to be used in intraoperative settings. In 

order to facilitate blood substitute selection for a 

surgical intervention, it is of interest to simulate 

oxygen delivery based on blood substitute choice 

and patient anatomy. 

 

Background and Motivation 

Blood Substitutes are compounds designed to 

temporarily replace blood in order to sustain the 

oxygenation of tissue. They can be particularly 

useful during surgical interventions on the 

cardiovascular system, where the potential blood 

loss as part of the intervention and temporary loss 

of the heart's contractile function can be 

temporarily counteracted by perfusing the patient's 

tissue using a blood substitute. Blood substitutes 

are generally divided into two different classes: 

Perfluorochemicals (PFCs) and Haemoglobin-based 

Oxygen Carriers (HBOCs). HBOCs and PFCs differ in 

that, while HBOCs use haemoglobin-based 

molecular structures in order to covalently bind 

oxygen, PFCs do not need to bind to oxygen in order 

to carry it, as oxygen passively dissolves into 

molecular cavities within PFC solution droplets. 

Currently, blood substitutes are not approved for 

use in humans, except in some countries (Russia, 

Mexico). However, one blood substitute, 

Oxyglobin, is already approved in veterinary uses in 

both the USA and Europe, and further research is 

progressing, showing a promising future for 

widespread Blood Substitute adoption. 

It is of potential future interest to be able to make 

a pre-operative decision as to which exact blood 

substitute to choose. It is indeed the case that, 

already today, different compounds having been 

invented for the purpose of delivering oxygen to 

tissue have different and varied side effects. Future 

physicians will need to consider the pathology and 

physiology of the patient they are treating to decide 

on the use of a proper blood substitute.  

In order to facilitate this decision for future 

physicians, one possible tool which can be of 

interest to develop is a combined simulation of 

blood substitute flow, tissue kinetics, and oxygen 

delivery based on pre-operative CT/MRI scans. The 

physician should be able to input a pre-operative 

scan into this tool. The tool would then perform an 

anatomical reconstruction and subsequent flow 

and oxygen delivery simulation with different blood 

substitutes. This would help the physician in their 

confidence to choose the proper blood substitute 

(for example if the physician would like to choose a 

blood substitute with lesser oxygen delivery 

capacity, but also fewer side effects, but is not sure 

if this would pose a risk of hypoxia for the patient's 

tissues). It is my goal, in the proposed project, to 

use previous work in blood flow simulation, oxygen 

delivery simulation, and anatomical reconstruction 

to implement a reduced conceptual tool to 

simulate the oxygen delivery rates to various 

tissues using a target blood substitute based on a 

CT or MR scan (MRI with contrast agent would be 

needed for fine vessels, but CT would suffice for 

aorta). 
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Student’s Tasks Description 

The step-by-step plan for the project is the 

following: 

o Identify two target blood substitutes for the 

simulation. Gather data on them and record 

their properties for subsequent fluid 

simulation. 

o Setup a combined CFD-FEM environment (two-

step simulation where the results of one step 

define the boundary conditions of the next) 

with a single tube through which a simulated 

fluid with non-newtonian properties. Make the 

walls of the tube deformable and give them the 

same kinetic properties as aorta walls. When 

the simulation is setup properly and runs fine, 

proceed to next step. 

o Modify the fluid properties in order to match 

those of target blood substitute. Incorporate 

oxygen delivery simulation. Make sure to note 

simplifying assumptions made here (for 

example, blood substitute arriving from the 

flow source is always carrying oxygen at 90\% 

capacity). 

o Catalogue properties of different tissues that 

could be relevant in this simulation (for 

example muscle, brain tissues). Modify the 

properties of our wall and see if the results of 

our simulation still make sense. 

o Use MR scans (either publicly available or 

sourced from TUM or Cadfem Medical) in order 

to reconstruct a simple network of blood 

vessels. No need to use any AI-based 

segmentation at this point, simply segment 

using a heuristic in a software such as 

SpaceClaim. Make an assumption for tissue 

type and run the simulation. 

o Target a certain anatomy with somewhat 

uniform tissue type (brain or aorta, for 

example). Train a neural network (U-Net  for 

example) to segment the blood vessel interior 

of one of these structures. Segment the blood 

vessels and run the simulation, see results. 

o Re-do the above for a blood substitute with 

different properties. Compare results. 

o Combine the segmentation and simulation into 

a single pipeline with a simple GUI allowing the 

user to choose which blood substitute to 

simulate for (or allowing to simulate multiple 

and compare the outcomes). 

Optional things to do include: 

o Model the capillary vessels (which cannot be 

segmented) by modelling absorptive capacity 

of tissue (such that the tissue sponges up the 

fluid up to a maximum capacity). 

o Attempt to train a neural network which would 

not only infer blood vessel location but also 

tissue properties. This would make the 

simulation more versatile and accurate. 

o Use a larger collection of blood substitutes. 

o Collect opinions from physicians in order to 

improve the usability of the GUI and 

simulation. 

Some further considerations: 

There are many tissue deformation models with 

varying degrees of complexity. In this project, I am 

using a very simple FEM model with only two 

material parameters: Young's modulus and the 

Poisson coefficient. Typical values for a blood vessel 

wall in the brain, for example, are 1.0MPa for 

Young's and 0.45 for Poisson.  

In human tissue, the kinetics are themselves 

affected by the temperature and rate of perfusion 

of small vessels in the tissue, as well as the age and 

gender of the patient, the pathology... While these 

are important factors to consider, they fall outside 

the scope of this project. Tissue temperature will be 

assumed to always be around 37 degrees Celsius, 

and tissue parameters will be sampled from a 

standard collection of parameters per tissue type. 

Problems I foresee to arise could be in the interplay 

of the different factors I am attempting to simulate 

here. Oxygen delivery, blood substitute flow, and 

tissue deformation would, of course, give a more 

realistic picture if combined. If, however, issues 

arise due to time and complexity, the first thing to 

do would be to cut tissue deformation. With rigid 

blood vessels, the simulation would lose some 

realism, but would become much easier and faster 

to perform. The tissue would not be simulated 

anymore, instead simply becoming a zero-flow 

boundary condition.  

If problems arise with the oxygen delivery 

simulation, I would simply reduce the project to a 
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blood flow simulation from segmented CT/MR 

scans. Such projects have already been done by my 

coworkers at Cadfem Medical, and while retaining 

a certain complexity there are no major foreseeable 

impossibilities associated with them. 

It is expected that, as the outcome of this project, I 

should learn one or two methods in computational 

fluid dynamics, broaden their knowledge about 

FEM, gain some experience with tissue modeling, 

gain experience with an FEM simulation software 

suite such as ANSYS, and potentially learn how to 

setup a segmentation pipeline. 

 

Technical Prerequisites 

The project is expected to be implemented mainly 

in Python where programming is required. For the 

actual simulation the Ansys software suite will be 

used, and no extensive programming knowledge is 

required. For the GUI (interactive part of the 

application), one can use Python’s tkinter module, 

and for the segmentation pipeline, the Pytorch 

machine learning library can be harnessed. Prior 

knowledge in FEM methods is also expected. 
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