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Everyone knows that necessity is the mother of invention. The question 
is, who is the father? From personal experience I can tell you that it is 
frustration. That is, frustration with devices and medications that fail to 
help an ailing patient. We feel extreme disappointment when our tools 
and methods fail the patient. Frustration turns to despair and grief when 
treatments fail to halt progression of organ failure.
Many physicians abandon the technology or stop treating patients at 
this time. Fortunately, some physicians use their medical knowledge and 
experience, and collaboration with engineers and scientists, to find or 
invent new and novel approaches. When the new approach causes prob-
lems or fails to help the patient, those physicians keep looking for modi-
fications or new components to fix it. That process may take years or 
even decades of effort.
Willem Kolff was one of these pioneers. He realized that it is the early 
adopters who convert an invention to an innovation. He encouraged 
physicians and scientists such as John Merrill, Belding Scribner, Wayne 
Quinton and Chris Blagg to prove that dialysis could be workable as long-
term therapy for kidney failure. They contributed new inventions and 
dialysis schedules to make dialysis more practical, therapeutic, and 
workable in the home environment.
When I graduated from Fellowship in Nephrology in 1975 it was obvious 
that dialysis worked to sustain life in patients with kidney failure. But 
3-per-week sessions of dialysis caused adverse symptoms, and the new 
equipment was even more difficult to implement in the home. I commit-
ted my research career to finding ways to make dialysis simpler, safer, 
and more suited for the home environment. I went to the University of 
Utah as a temporary staff member that summer to work with the 
Nephrology Department and Dr. Kolff in development of his Wearable 
Artificial Kidney (WAK).
In the following decades while in Lafayette, Indiana I led a research team 
to find new technology and invent new devices to improve dialysis ther-
apy. Twelve projects were dedicated to hemodialysis, and these are 
described in Editorials in the Artificial Organs journal and in a book. 1, 2 
Two of the projects were highly successful, resulting in widescale 
changes in nephrology practice (the Ash Split Catheter and oral zirco-
nium cyclosilicate for potassium control). Ohers were technically suc-
cessful but did not change medical practice widely. I will discuss these 
projects and reasons for success or failure in my presentation at ESAO 
2025. Along the way I came up with 10 suggestions on how to develop 
new medical technologies:3

 1.	 Know the problem
 2.	 Know but doubt the paradigm
 3.	 Train with the best in scientific method
 4.	 Use the newest tools, model all you can

 5.	 Focus
 6.	 Collaborate
 7.	 Communicate, Publish
 8.	 Be patient
 9.	 Be careful
10.	 Keep balance in your life, strong family ties and faith, but maintain 

humility.
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Introduction: Organs-on-chips are advanced tissue culture models 
that can mimic organ-level functionality in a controlled, dynamic 
microsystem. They differ from other cell culture models in that they 
use microenvironment engineering to capture increasingly complex 
physiological functions. In the past years it has been shown that 
organs-on-chips can provide accurate and relevant data for preclini-
cal studies, thereby potentially reducing the time and cost of drug 
development and clinical trials. Moreover, with their unique combi-
nation of person-specific human cells and high-level tissue function, 
organs-on-chips challenge the strong reliance on animal models in 
life sciences.

Open technology platforms: Functional organs-on-chips rely on inte-
grated systems that combine microfluidic devices, biological materials, 
and engineering techniques, which are collectively known as ‘technol-
ogy platforms’. Recently, there has been a push to make organ-on-chip 
technology platforms more ‘open’, aiming to enhance accessibility, inter-
operability, and implementation by many stakeholders in the field [1]. 
We have performed pioneering work in developing an open platform for 
organ-on-chip, known as the ‘Translational Organ- on-Chip Platform’, or 
TOP [1].

Standardization: Standards are central in the development and imple-
mentation of open technology platforms for organ-on-chip as they 
facilitate interoperability and benchmarking. Even beyond mere tech-
nological innovation, standardization also supports future regulatory 
compliance and qualification, providing a framework for evaluating 
whether an organ-on- chip models is fit-for-purpose within a specific 
context of use. We have spearheaded efforts in Europe to establish a 
roadmap for standardization for organ-on-chip, in the form of a CEN 
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CENELEC Focus Group supported by the Dutch Standardization Institute, 
NEN [2].

Preclinical drug development: In multiple studies, we have demon-
strated how to apply organ-on-chip models in the identification of 
potential therapeutic targets, as well as in the evaluation of the safety 
and efficacy of drug candidates. For example, we used vessel-on-chip 
models to understand how severe COVID-19 leads to pulmonary micro-
thrombosis, or how treatment of tumors with immune cell therapy can 
lead to systemic intravascular coagulation.

Outlook: Developments in organ-on-chip technology and artificial 
organs are currently mostly parallel, even though both fields essen-
tially aim to achieve the same goal: to technologically replicate human 
organ functions. Lessons learned from the development of organs-on-
chips, such as the importance of open platforms, standardization, and 
interoperability, can be applied to enhance the development of artifi-
cial organs. Moreover, organ- on-chip models can potentially be used 
to evaluate the safety and efficacy of components of artificial organ 
systems. Looking ahead, we could even envision further integration of 
technological innovations from both fields. For example, artificial 
organ technologies could enhance the functionality of organ-on-chip 
systems in maintaining higher level, multi-organ or even organism-
level functions. Alternatively, organs-on-chips could become clinical 
‘mini-artificial organs’ that support real-time monitoring of bodily 
functions. Overall, cross- pollination between the two respective fields 
will likely have a strong future impact on personalized medicine and 
improved patient care.
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Introduction: There is a growing number of patients needing heart 
replacement or hemodynamic support. Medical therapy, interventional 
procedures, and surgery are insufficient to answer the impressive num-
ber of patients requiring more flow. The improved outcomes of medical 
treatment have shifted the clinical settings of patients from isolated left 
ventricular dysfunction toward biventricular failure.

Methods: The lecture will deal with the clinical features of patients 
requiring heart replacement or hemodynamic support. The growing 
number of patients with biventricular impairment relaunched solutions 
to replace both ventricles:

-	 DBD Heart Transplantation
-	 DCD Heart Transplantation
-	 BiVADs
-	 TAHs
-	 Xenotransplantation

The lecture will focus on each current surgical solution's comparative 
benefits and limitations for end-stage organ dysfunction.

Results: DBD and DCD heart transplantation merged with new technolo-
gies for myocardial preservation based on machine perfusion of the 
heart remain the most effective solution for patients affected by end-
stage heart failure.

BiVAD remains a suboptimal solution in terms of QoL and incidence of 
complications. TAHs have recently come back as a potential solution, 
allowing for end-organ recovery and reestablishing transplant candidacy 
for potential candidates whose clinical status slides toward overt biven-
tricular failure, compromising end-organ failure.
Xenotransplantation has demonstrated the possibility of genetically 
modifying the organs to overcome the innate barriers against xenotrans-
plantation. Despite the demonstration of its feasibility, it remains a surgi-
cal holy grail promising to scale up the possibility of saving lives without 
organ shortage, but the preliminary results are still poor.

Discussion: Clinicians and surgeons have a broad armamentarium to 
fight the heart failure pandemic. LVADs have significantly improved their 
outcomes, improving hemocompatibility, but the dependence on a 
driveline causes many infections and adverse events that still impact the 
QoL of candidates, limiting the clinical implementation of this technol-
ogy to a broader population. Merging machine perfusion technologies 
with gene therapy and organ modification strategies promises to reduce 
the hazard of primary graft failure in the immediate postoperative phase 
and to modify the allocation rules to improve the long-term outcomes of 
heart transplantation. Despite its attractiveness, Xenotransplantation 
remains far from adoption in the clinical arena.

Conclusions: LVADs warrant optimal outcomes with low incidence of 
adverse and hemocompatibility- related events in patients with isolated 
left ventricular failure having urgent need of transplantation. Heart 
transplantation remains the best solution to warrant optimal long-term 
outcomes for patients needing heart replacement therapy. Tailoring the 
right surgical solution to the patients by selecting TAHs or BIVADs may 
lead unstable patients to become elective heart transplantation candi-
dates. DCD represents a potential solution to enlarge the donor pool 
significantly.
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Introduction: The NeoVAD is a prototype axial flow pump designed for 
neonates with left ventricular failure. Past investigations used machine-
learning to optimize constant-thickness, circular-arc blade shapes [1]. To 
improve the device further, we have developed a baseline pump with 
blades varying in thickness along their length, to reduce pressure losses 
and improve efficiency. This work aimed to generate a training dataset 
and compare a single pump design with the new baseline design to 
examine the potential for future optimisation.
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Methods: The impeller and diffuser blades each used 5 parameters 
based on the 4-digit NACA (National Advisory Committee for Aeronautics) 
airfoil series: the chord length, max camber, point of max camber, max 
thickness and angle of incidence. Figure 1 shows the new blade shapes 
based on these parameters.
An Optimised Latin Hypercube Sampling (OLHS) generated 64 pump 
designs based on these 10 parameters. These samples formed the train-
ing dataset for machine-learning optimisation. From this dataset, a ran-
dom pump (Pump 57) was selected for comparison with the baseline 
design (Pump NACA Baseline). Blade profiles were created using ANSYS 
BladeGen and meshed with a 6 million hexahedral mesh using TurboGrid. 
Computational fluid dynamic (CFD) simulations were performed using 
OpenFOAM v9, using a Multiple Reference Frame to simulate mesh 
motion. The k-ω SST model was used to close the Reynolds averaged 
Navier-Stokes equations.

Results: Figure 2 compares the pressure-flow (HQ) and efficiency-flow 
(ηQ) curves between Pump NACA Baseline and Pump 57. Although the 
pressure head is similar between the pumps, Pump 57 has an improved 
efficiency of 18% at 2 L/min.
Figure 2 also shows scalar shear stress (SSS) distribution in a cylindrical 
cross-section of both pumps at 2 L/min. The average Modified Index of 
Haemolysis (MIH) shows that Pump 57 is slightly less damaging to blood 
cells, with a difference of 2.13% and a reduction of high SSS around the 
blades.

Discussion: The results indicate that samples produced using OLHS 
could yield pumps with improved efficiency and lower haemolysis. 
Initial findings suggest that a variable thickness design enhances effi-
ciency, with the NACA shape contributing to a more effective pump. 
Our ongoing and future work will focus on performing Computational 
Fluid Dynamics (CFD) on the training dataset and applying CFD-based 
machine learning optimisation. This will aim to further enhance effi-
ciency and reduce hemolysis through multi- objective optimisation.
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Introduction: An implantable artificial kidney will considerably lower 
the burden of hemodialysis. For this purpose, a miniaturized membrane 
that can mimic the glomerular filter in both clearance and selectivity is 
required. Pore size uniformity, surface charge, thickness, and effective 
porous area of the membrane are directly linked to permeability and 
selectivity by determining the hydraulic resistance to overcome. 
Nanofabrication processes, such as the ones extensively used in the 
semiconductor industry, allow the development of silicon-based mem-
branes that could potentially mimic the glomerulus. The work done by 
the UCLA’s Kidney Project Initiative has shown potential of 450nm thick 
Si- based membranes but their design requires extensive support areas 
due to the brittleness of pure Si, reducing permeability [1]. In this work, 
we tested large area (1.5 – 9 mm2) ultrathin free-hanging 75nm thick 
Silicon-rich Silicon Nitride (SiRN) sheets as a substrate material and 
tested its mechanical integrity under hydrostatic pressure. In addition, 
we tested the viability of polyelectrolyte multilayer (PEM) coatings on 
SiRN substrates for future surface charge and pore size modification of 
porous structures to increase selectivity and biocompatibility.

Methods: SiRN membranes made with cleanroom fabrication processes 
were tested for mechanical strength by flushing DI water over the mem-
brane with increasing transmembrane pressure. SiRN substrates were 
coated with branched Polyethylenimine (PEI) as an initial layer, and pro-
ceeded with Poly(styrene sulfonate) sodium (PSS) and Poly(diallyl 
dimethylammonium) chloride (PDADMAC), being PEI and PDADMAC 
positively charged and PSS negatively charged. The thickness of the 
coating on the SiRN substrate was measured via ellipsometry. Fig. 1 
shows a schematic of the flow cell in which the SiRN were tested.

Figure 1. Impeller and diffuser blade parameterisation.

Figure 2. HQ and ηQ curves for Pump NACA Baseline and 
Pump 57 (top) and Scalar shear stress distribution around 
blades for (a) Pump NACA Baseline (b) Pump 57.
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Results

Figure 1. Flow Cell Schematic.

Figure 2. SiRN membrane wafer, a) full wafer, b) chip during testing. Free-hanging membranes withstood hydrostatic pressure tests 
beyond 275 mbar.

Figure 3. PEM thickness to bilayer number on SiRN under 
different ionic strength at R.H. 50% with a 0.1 g/L PE 
concentration, being 1.5 – 2.1 nm per bilayer.

Discussion: 75-nm thick SiRN sheets of different aspect ratios kept 
mechanical integrity while being subjected to hydrostatic pressures 
higher than physiological blood pressure[1,2]. The largest membrane 
window area tested was 6 times larger than previous work, indicating 
the potential of the material for hemodialysis and hemofiltration. PE 
coatings showed that the pore size can be tuned with nanometer (~2nm) 
precision, leaving open the possibility of using large scale photolitho-
graphic processes and modify the pore size using coatings. More 
research needs to be done regarding pore transfer onto SiRN and 
biocompatibility.

References
1.	 S. Kim et al., PLOS ONE, 11:1-12, 2016.
2.	 J. P. Desormeaux et al., Nanoscale, 6:10798-10805.



Abstract	 443

Acknowledgements
We thank the MESA+ institute for use of their cleanroom facilities. This 
project was funded by KIDNEW (HORIZON- EIC-2022 Pathfinder GA 
101099092), MICROMERULUS (OCENW.XS24.1.159 from NWO), ACX Grant 
and Dutch Growth Fund (NXTGEN HighTech, Biomed04 ‘Artificial Organs’).

Optimizing Usability In Extracorporeal 
Albumin Dialysis

Stine Koball1,2,3, Adrian Dominik1, Sebastian Koball1,  
Jan Stange1,2

1University of Rostock, Nephrology Department, Germany;  
2Albutec GmbH, Germany; 3ProMedTec Germany GmbH,  
Germany

Introduction: Acute and chronic liver failure are frequently associated 
with systemic inflammation and the accumulation of both water-soluble 
and albumin- bound toxins, contributing to multi-organ dysfunction. 
Extracorporeal liver support systems facilitate detoxification and may 
help mitigate secondary organ failure. Extracorporeal albumin dialysis 
utilizes asymmetric semipermeable membranes and ultrapure, albumin-
enriched dialysate recycled through adsorbents to optimize toxin clear-
ance. Efficient removal of albumin- bound toxins is crucial for enhancing 
recovery.

Figure 1. Reduction of Bile Acids and Bilirubin, and Enhancement of Albumin Binding Properties Over Six Hours of Treatment with 
Albunique™ and OPAL™.
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To ensure both patient and staff safety, a rapid and straightforward setup 
is essential, as well as the ability to integrate multiple organ support 
therapies into a single device. This study compares two liver support sys-
tems: Albunique™ (Albutec GmbH) and OPAL™ (Hepanet GmbH). While 
OPAL utilized an extra monitor, enabling high albumin dialysate flow 
rates, Albunique runs on common CRRT platforms.

Methods: A two-compartment model [1] was used to simulate liver fail-
ure, characterized by high concentrations of liver failure toxins.
Both systems employed identical high-flux and low- flux filters, as well as 
a MaxiCycler7™ (Albutec GmbH), an activated carbon adsorber was uti-
lized for toxin removal.
Samples were collected over a six-hour period and analyzed via standard 
assays using a Cobas Mira Plus analyzer. Additionally, titration with 
increasing concentrations of dansylsarcosine was performed to assess 
the impact of both treatments on albumin’s toxin-binding capacity.

Results:
Toxin Removal
Bile acid levels were reduced to below 11% of baseline within six hours, 
with no significant difference between the two treatments.
Bilirubin concentrations decreased to below 63% of baseline within six 
hours, with no notable differences between treatments.
Albumin Binding Site Sudlow II – Dansylsarcosine Titration
Both treatments resulted in a mean Bmax increase of 18% and a Kd 
reduction of 27% over six hours, with no significant differences between 
the two systems.

Discussion: Both liver support treatments equally effectively reduce 
albumin bound toxins and improve albumin’s binding capacity, demon-
strating substantial equivalence.
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Introduction: The bioartificial kidney (BAK) aims to enhance uremic 
toxin clearance by utilizing proximal tubule epithelial cells (PTECs) with 
active transporter function. Organic anion transporter 1 (OAT1) plays a 
key role in protein-bound uremic toxin (PBUT) uptake from the blood, 
while efflux pumps facilitate their removal into the dialysate. However, 
chronic kidney disease (CKD) blood contains high levels of PBUTs and 

pharmaceuticals, such as statins, diuretics, ACE inhibitors (ACEIs), and 
angiotensin receptor blockers (ARBs), due to polypharmacy. These com-
pounds may compete at OAT1, potentially hampering PBUT excretion 
and BAK efficiency. This study investigates drug-toxin interactions at 
OAT1 using computational and experimental approaches to provide 
insights for BAK development and optimize drug treatment in CKD.

Methods: We used proximal tubule cells with confirmed OAT1 activity to 
study the competitive uptake of PBUTs and CKD-associated drugs. A fluo-
rescein- based assay assessed OAT1-mediated transport inhibition by 
selected pharmaceuticals (ACEIs, ARBs, statins, and diuretics). 
Additionally, we tested functional BAK hollow fiber membranes deco-
rated with PTECs using LC-MS to quantify toxin clearance in single and 
multi-toxin conditions. A computational model was developed to simu-
late indoxyl sulfate (IS), a prototypical PBUT, transport dynamics, incor-
porating transporter density, albumin-binding kinetics, and toxin 
dissociation rates to predict clearance efficiency under physiological and 
uremic conditions.

Results: Experiments with the BAK functional unit confirmed effective 
PBUT removal, but toxin-toxin interactions led to variable clearance 
rates, underscoring the need to understand their impact on function (1). 
Anticipating this effect, we examined drug-toxin and toxin-toxin interac-
tions at OAT1. Our findings show that CKD-associated drugs compete 
with PBUTs for OAT1-mediated uptake, with ARBs and furosemide sig-
nificantly inhibiting fluorescein uptake at clinically relevant concentra-
tions, a trend exacerbated by PBUTs (2). Computational modeling 
revealed that transporter density and PBUT dissociation rates are key 
determinants of clearance efficiency. Experimental data also indicated 
that albumin enhances PBUT removal (2). However, computational sim-
ulations suggested that albumin conformational changes in uremic con-
ditions may reduce PBUT dissociation rates, limiting their availability for 
clearance (3).

Discussion: This study provides key insights into toxin- transporter inter-
actions, emphasizing drug-toxin competition in BAK system design. By 
integrating computational modeling with in vitro validation, we offer a 
framework to optimize transporter function in BAK. Additionally, we are 
investigating multi- toxin and drug-toxin interactions by measuring intra-
cellular concentrations and develop a computational framework to pre-
dict these interactions, allowing for better-informed strategies in BAK 
design. Future studies should refine transporter expression strategies 
and mitigate drug-induced inhibition to enhance BAK efficacy.
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Introduction: Solid state technologies enable the creation of highly 
defined porous Si-membranes.1 Here, we integrated renal cells to create 
prospective living membranes, which can be used in a bio-artificial 
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kidney. A bio- artificial kidney is a device coupled to hemodialysis where 
it is proposed to clear protein bound toxins (PBUTs) from the blood via 
its cellular components grown on the membrane.2 Currently, PBUTS can-
not effectively be cleared by dialysis and lead to secondary health issues 
such as cardiovascular disease in kidney patients.

Methods: Conditionally immortalized proximal tubule epithelial cells 
(ciPTECs) were cultured on Si-waiver cut to 1x1 cm. Si-waivers were left 
blank or were etched to included pores with a diameter of 1.5 – 10 µm 
or concave structures with a 400 µm diameter. The surface was either 
Si-oxide or bare Si. Materials were left uncoated or coated with L-DOPA, 
or L-DOPA and Collagen IV. ciPTECs were seeded at various cell densities 
in media supplement +/- FBS. ciPTECs were allowed to proliferate at 
33°C for 1 - 7d post seeding before switching to 37°C. Cell coverage was 
quantified using fluorescent staining.

Results: ciPTECs were able to form monolayers on Si-oxide waivers 
either by coating with L-DOPA/Collagen IV in serum rich conditions or on 
pristine is serum low conditions. By either increasing the cell density or 
proliferation time a monolayer could be created on the material. No cell 
debris could be found in pores below 2 um. Bare Si waivers were not 
preferred by the cells under any coating condition, expect at porous 
regions.

Discussion: We here show that proximal tubule cells are compatible with 
silica waivers opening up the possibility to create living membranes on 
Si-membranes for a bioartificial kidney. Future work will focus on pro-
ducing highly porous membranes with pores below 2 um. The living 
membranes will also be integrated in on-chip technology to investigate 
active toxin clearing and nutrient resorption under flow.
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Introduction: Mechanical medical devices, such as ventricular assist 
devices, extracorporeal membrane oxygenation (ECMO), and bileaflet 
mechanical valves, play a critical role in treating cardiovascular 
diseases.
Achieving minimal blood damage is a central design objective for these 
devices, and preclinical evaluation often relies on numerical studies 
combining flow simulations with blood damage modelling. For these 
assessments to be reliable, ensuring the accuracy and validation of hae-
molysis models is paramount. Yet, no existing model has been univer-
sally validated for accurate haemolysis predictions.
To address this gap, an international consortium of eight laboratories — 
the “Blood Damage Workshop Group” was established in 2022. A novel 
test case with well-defined flow fields and experimental protocols was 
created. Here, we present the test case concept, its methodology, and 
the progress thus far.

Methods: We chose a plane channel flow as our haemolysis test case 
(see Figure 1, left), with flow conditions ranging from laminar to transi-
tional turbulent states. The analysis covered three operating points, cor-
responding to Reynolds numbers of Re = 900, 1800, 2700.
Experiments with blood flow and haemolysis measurements are 
conducted in two laboratories, while flow simulations and numeri-
cal haemolysis modelling are carried out by six other laboratories. 
The experimental and numerical work has been conducted in two 
stages:
Stage One focuses on both experimental and numerical investigations 
using a single-phase fluid. The simulations are validated through experi-
mental measurements and analytical solutions of the plane channel 
flow. This is shown in Figure 1.
Stage Two involves the actual haemolysis measurements and blood sim-
ulations. Each of the six laboratories will perform blood simulations and 
test various haemolysis models — such as Eulerian versus Lagrangian 
and stress-based versus strain-based approaches — to assess the accu-
racy of these models.

Results: The simulation results of Stage One indicate that the theoretical 
values are well captured by four out of six labs, with a maximum devia-
tion of 2%. However, two labs show larger deviations, with one lab devi-
ating by approximately 6% and another by around 20%. Further work is 
being done on these simulations to achieve consistent results for all labs.
Stage Two is currently in progress, with initial haemolysis measurements 
and model comparisons underway.

Discussion: A test case for experimental and numerical assessment has 
been established. Numerical and experimental data correspond well for 
the Newtonian hydrodynamic data. Haemolysis assessment is ongoing. 
The test case will be made available for the scientific community after 
completion of stage two.

Figure 1. Geometry of the test case (left); theoretical and simulated velocity profile in the channel part of the test case (right).
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Introduction: Numerical hemolysis models rely on experimental data to 
fit parameters and predict hemolysis under various conditions. However, 
existing experiments often use few replicates per condition, leaving 
inherent variability largely unaddressed. This can lead to oversimplified 
models that fail to capture the true nature of hemolysis. We have 
recently presented a numerical hemolysis model which is able to incor-
porate experimental uncertainty [1]. Here, we quantify intra- and inter-
donor variability at a single, well-defined shear stress and exposure 
time, and examine how sample size affects measurement precision.

Methods: Human blood from five healthy donors was subjected to a 
fixed shear rate (43000 s-1) and exposure time (15 s) condition using a 
custom designed Couette shearing device. For each donor, 20 independ-
ent measurements (180 µL volume with a hematocrit of 25 ± 1%), were 
performed to calculate a hemolysis index (HI). Intra-donor variability 
(variation within a single donor’s measurements) and inter-donor varia-
bility (variation between donor means) were compared. Additionally, 
bootstrap analyses were used to explore the effect of the sample size on 
the confidence intervals of the mean HI.

Results: Intra-donor variability was approximately four times higher 
than inter-donor variability, indicating that most of the uncertainty origi-
nated from within a single donor’s set of samples rather than between 
donors, see Figure 1.
Increasing the sample size from 2 to 20 replicates substantially narrowed 
the confidence intervals of the mean hemolysis estimate, suggesting 
that commonly used small sample sizes may underrepresent the true 
variability in hemolysis measurements. For instance, a hemolysis meas-
urement under the investigated operating point with n=2 delivers HI of ~ 
0.5 +/- 0.3%, while n=20 yields HI of ~0.5 +/- 0.1%, emphasizing the 
error made with small sample sizes.

Discussion: Intra-donor variability is a significant driver of uncertainty in 
hemolysis measurements at a fixed shear stress and exposure time con-
dition, surpassing differences among donors. Obtaining robust and reli-
able hemolysis estimates requires increasing the number of replicate 

measurements to reduce uncertainty. Integrating these insights into 
future experimental designs and uncertainty- aware hemolysis models 
will improve the reliability of in-silico predictions and inform safer, more 
effective blood-contacting medical device designs.
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Introduction: Blood is a highly complex fluid, and the ability to accu-
rately reproduce it in an experimental setting has, thus far, proven to be 
a profound challenge [1]. Hemodynamic flow models typically rely on 
single-phase glycerin/water solutions as substitutes to visualize blood 
flow. These models are accurate only at high shear rates, limiting their 
applicability at lower shear rates, where non- Newtonian flow behavior 
dominates [2,3]. To address these limitations, we developed a mul-
tiphase blood mimicking fluid (BMF) using hydrogel microparticles 
(beads) made from poly- sodiumacrylate-co-acrylamide (P(SA-Am)).

Methods: Beads were produced using microfluidic systems with a rec-
tangular channel geometry. After production, the beads were suspended 
in three artificial plasma solutions: 10% and 50% (v/v) glycerin/water 
solutions and a Dextran40/CaCl₂ solution. Rheometry was performed at 
room temperature using a plate-plate configuration, with shear rates 
ranging from 5 to 500s⁻¹. Yield stress behavior was further analyzed with 
shear stress ramps between 0 and 200 Pa. All rheological data was com-
pared to data of porcine blood. Young’s modulus of the beads was inves-
tigated with an atomic force microscope. Ten force spectroscopy curves 
were recorded per bead, with a setpoint force of 50 nN.

Results: Through confined channel geometry the production of bicon-
cave beads could be implemented (see Figure 1). The diameters of the 
beads ranged from 200 to 700µm. Beads dispersed in Dextran40/CaCl₂ 
led to the smallest beads (220 µm), while dispersing in the glycerol solu-
tions lead to two times higher diameters. Rheometric analysis confirmed 
shear thinning behavior similar to between 5 to 500s⁻¹.The Dextran40/
CaCl₂ solution closely matched that behavior of porcine blood. In con-
trast, both glycerol solutions exhibited high viscosity and yield stress, Figure 1. Hemolysis index (HI) for all donors.

Table 1. Variability of HI based on the sample size.

Sample size Variability of HI

2 samples ±0.3%
5 samples ±0.2%
20 samples ±0.1%
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making them unsuitable as BMF. Examination of the mechanical response 
showed a close match in Young’s modulus of the beads dispersed in 
Dextran40/CaCl₂ and glycerol 10% (v/v) to porcine erythrocytes.

Discussion: We successfully characterized the rheological and mechani-
cal behavior of novel microbead-based BMFs. The Dextran40/CaCl₂ 
model showed promising results with its mechanical and rheological 
behavior closely aligned to that of porcine blood, which supports its use 
in hemo- dynamic research. The greatest differences among the tested 
BMFs emerged in their shear rheological behavior, especially in their 
respective yield stress, highlighting the significant impact of the plasma 
phase on fluid properties. Despite the current limitations in particle size, 
the proposed BMF demonstrates a versatile range of well-matched 
parameters and is, thus, promising for further investigation.
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Introduction: The ArtPlac consortium aims to develop an artificial pla-
centa for preterm neonates for acute lung and kidney support in a single 
device. This device will be connected to the umbilical vessels using large 
cannulas. Currently, there is no simulator available to train neonatolo-
gists in the use of this novel cannulation procedure. The goal of this inno-
vation is to develop a simulator for neonatal cannulation training based 
on the evaluation of neonatologists needs.

Methods: Neonatologists were contacted for current practices, regula-
tions, and weaknesses. Training needs were discussed and used as 
requirements for the development of an initial neonatal cannulation 
simulator. Validation testing was conducted with 11 medical profession-
als (neonatologists or paediatricians).

Results: The initial protype of the neonatal cannulation simulator incor-
porated only the venous tract (Fig. 1A). Wharton's Jelly was replicated 
using gelatine. An outer shell with the shape of a neonate body was filled 
with water beads (Fig. 1B), which replicated the internal organs and 
allowed for movement of the vessels. User validation showed that vessel 
puncturing with silicone was too easy and 3D-printing resin too hard to 

Figure 1. A) Initial prototype of the neonatal cannulation 
simulator featuring a 3D resin-printed venous tract incl. right 
heart. B) A neonatologist practicing the cannulation procedure 
on a neonatal cannulation simulator prototype. Water beads 
replicate the internal organs and allow for vessel movement.
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puncture. The umbilical cord tissue required a ‘more slippery’ and ‘com-
pliant’ consistency with 64% strongly agreeing for simulating umbilical 
cord characteristics more closely. Similarly, realistic organ shapes are 
warranted to observe the effects of vascular curvature on the simulator 
while performing cannulation.
Furthermore, the emulation of blood flow within the simulator can serve 
as a model for neonatal circulation, offering insights into flow rate and 
pressure levels.

Discussion: Professional development for a cannulation simulator could 
enhance end-user needs for functional verification and requirements for 
procedural accuracy. In addition, future focus on the material properties 
of the simulated umbilical cord and umbilical vessels is necessary to 
develop a realistic simulator.
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Abstract: Chronic kidney disease (CKD) and cardiovascular disease (CVD) 
are complex conditions often managed by nephrologists. This viewpoint 
paper advocates for a multi-omics approach, integrating clinical symp-
tom patterns, non-invasive biomarkers, imaging, and invasive diagnos-
tics to enhance diagnosis and treatment. Early detection of molecular 
changes, particularly in collagen turnover, is crucial for preventing dis-
ease progression. For instance, urinary proteomics can detect early 
molecular changes in diabetic kidney disease (DKD), heart failure (HF), 
and coronary artery disease (CAD), enabling proactive interventions and 
reducing the need for invasive procedures like renal biopsies. For exam-
ple, urinary proteomic patterns can differentiate between glomerular 
and extraglomerular pathologies, aiding in the diagnosis of specific kid-
ney diseases. Additionally, urinary peptides can predict CKD progression 
and HF development, offering a non-invasive alternative to traditional 
biomarkers like eGFR and NT-proBNP. The integration of multi-omics 
data with artificial intelligence (AI) holds promise for personalized treat-
ment strategies, optimizing patient outcomes. This approach can also 
reduce healthcare costs by minimizing unnecessary invasive procedures 
and hospitalizations. In conclusion, the adoption of multi-omics and 
non-invasive biomarkers in nephrology and cardiology can revolutionize 
disease management, enabling early detection, personalized treatment, 
and improved patient outcomes.
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Introduction: In patients with chronic kidney disease (CKD), vascular cal-
cification is considered a major risk factor of cardiovascular (CV) mortal-
ity. Involving osteochondrogenic differentiation of vascular smooth 
muscle cells (VSMCs) and abnormal deposition of minerals in the vascu-
lar wall, vascular calcification is an overly complex process and treat-
ment options remain limited. Serum proteome analysis could help 

identify novel actors and potential therapeutic targets in vascular calcifi-
cation associated with CKD.

Methods: We included 453 CKD stages 3-4 or stage 5 patients with 2 to 
4 years follow-up and originating from three independent cohorts. 
Serum proteome analysis was performed using LC-MS/MS on a subset of 
66 CKD3-4 patients. Circulating calprotectin concentration was further 
validated in the serum or plasma from the full cohorts by ELISA. 
Calprotectin levels were associated with CV outcome using Kaplan-
Meyer and Cox analysis. Serum calprotectin concentration was also 
associated with vascular calcification score. The effect of calprotectin, 
calprotectin inhibitor paquinimod and human uremic serum on calcifica-
tion was measured in primary human VSMCs and mouse aortic rings. 
The anticalcific potential of paquinimod was also studied in a 5/6 subto-
tal nephrectomy mouse model and in aged ApoE-/- mice.

Results: Among 134 proteins with differential abundance between 
patients with (n=32) or without CV events (n=34), calprotectin appeared 
among the strongest candidates in both univariate and multivariate analy-
ses. Using ELISA, we validated that elevated calprotectin was indepen-
dently associated with severe CV outcome in 112 CKD3-4 (Hazard Ratio 
[95% Confidence Interval], 1.33 [1.12-1.59], P=0.0008) and 171 dialysis 
patients (1.24 [1.10- 1.41], P=0.0005). Calprotectin increased calcium 
deposition in VSMCs and mouse aortic rings. Paquinimod reduced calcifi-
cation in vitro and in vivo in 5/6 nephrectomy mouse model of CKD and 
aged atherosclerotic ApoE-/- mice. In an independent additional cohort of 
170 CKD5 patients, increased serum calprotectin correlated with increased 
medial vascular calcification score. Finally, paquinimod reduced calcifica-
tion induced by the serum of uremic patients in VSMCs (P<0.01).

Discussion: We identified calprotectin as a key factor associated with 
vascular calcification, CV outcome and mortality in CKD patients. 
Blockade of calprotectin by paquinimod might be a promising strategy to 
reduce the burden of vascular calcification in CKD.
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Introduction: Chronic kidney disease (CKD) is a global health issue 
requiring early detection and intervention. Traditional diagnostics often 
fail to capture CKD's complexity. Progress in omics technologies has sig-
nificantly enhanced our comprehension of the molecular mechanisms 
underlying diseases, facilitating the discovery of biomarkers for better 
disease evaluation and management. By combining artificial intelligence 
(AI), particularly machine learning (ML), with complex big data such as 
multi-omics data, there is promising potential to achieve early diagnosis 
of CKD, predict risks, and develop personalized treatment plans. This 
integrated approach provides tailored insights for patient care, improves 
decision-making support, and increases cost-effectiveness by enabling 
early detection and reducing the need for unnecessary interventions.

Methods: This review explores the distinct omics layers and the rapidly 
evolving role of ML in extracting meaningful insights from CKD omics 
datasets [1]. It provides an overview on which ML methods have been 
applied with the goal of transforming CKD omics data into enhanced 
diagnostic tools and treatment strategies, emphasizing the critical con-
tribution of ML in advancing personalized care for CKD patients.

Results: Multiple omics data sets have been generated from a diversity 
of sample types across various omics studies conducted in CKD patients 
(Figure 1).
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Figure 2 outlines the trends in the application of statistical and ML meth-
ods to CKD omics data, from unsupervised to supervised learning and 
network discovery methods.

Discussion: Integrating omics data with advanced ML is crucial for iden-
tifying molecular diagnostic and prognostic markers in CKD. However, 
beyond model validation, biological validation is essential to confirm the 
clinical relevance of these findings. Future directions in applying AI to 
CKD care should emphasize the importance of such validation.
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Introduction: Chronic kidney disease (CKD) is a major global health 
issue. Traditional diagnostics and treatments often do not capture the 
full molecular complexity of the disease. In recent years, multi- omics 
research—including genomics, transcriptomics, proteomics, and 
metabolomics— has revealed new disease mechanisms, improved 
biomarker detection, and led to better risk stratification methods. 
These approaches have opened new paths toward personalized thera-
pies by linking genetic variants and molecular signatures to key kidney 
targets.

Methods: We conducted a review of recent multi-omics studies in 
chronic Over the past decade, we reviewed multi-omics studies related 
to chronic kidney disease (CKD). We explored literature from Figure 1. Omics layers and sample types used in CKD studies.

Figure 2. Summary of methods used for predicting and understanding CKD-related conditions.
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databases—including PubMed, Scopus, and Web of Science—that 
focused on proteomics, metabolomics, transcriptomics, and genomics, 
highlighting their roles in advancing clinical data. Additionally, we exam-
ined emerging clinical trial designs, such as biomarker-based strategies 
and adaptive enrichment protocols, to assess the potential of multi-
omics approaches in improving CKD diagnosis, risk stratification, and 
treatment.

Results: These multi-omics approaches have led to the identification of 
critical molecular pathways and actionable treatment targets. Studies 
have shown that linking genetic variants and molecular markers to kid-
ney targets can improve risk prediction and refine disease classification 
across a wide range of kidney conditions. Enhanced biomarker detection 
and risk stratification methods have supported the development of 
more personalized therapeutic strategies, resulting in improved diagnos-
tic accuracy and more effective interventions [1,2].

Discussion: Despite these advances, several challenges remain before 
multi-omics research can be routinely applied in clinical practice. 
Integrating diverse datasets and ensuring consistent data storage and 
interpretation are ongoing issues. Although urine samples have been 
widely used, blood-based approaches are gaining importance, particu-
larly for patients with anuric end-stage kidney disease. Additionally, 
ethical considerations and data privacy must be carefully managed. 
Standardized protocols, external validation across diverse populations, 
and international collaboration are essential. In summary, combining 
comprehensive omics profiling, advanced computational analysis, and 
innovative clinical trial designs holds great promise for improving CKD 
management by offering more precise diagnostics, better risk predic-
tion, and truly personalized treatment strategies [1-3].
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Introduction: There is currently increased interest in drug repositioning 
programs, namely the identification of new therapeutic areas for already 
approved drugs, both in academia as well as in the biotech and pharma-
ceutical industry. Since 2012, the number of publications indexed in 
MEDLINE on drug repositioning or drug repurposing is exponentially 
increasing with a peak in the year 2021 due to the worldwide search for 
therapeutic options to combat the COVID-19 pandemic. Drug 

Fig1. Integrating multi-omics approaches for personalized medicine: from molecular insights to clinical applications.
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repositioning, however, is not new, and pharmaceutical companies have 
ever since been looking for additional market opportunities for their 
products, in particular when patents expire and generics manufacturers 
enter the market of the therapeutic areas of initial approvals. Drug repo-
sitioning candidates are also tested in clinical trials in the context of car-
diorenal disease.

Methods: We used Delta4’s Hyper-C software platform to extract infor-
mation on running Phase III clinical trials in the context of renal and car-
diovascular disease (CVD) [1]. Curated phenotype and drug catalogs 
based on MeSH and ChEMBL were used to mine clinical trial information 
on ongoing Phase III clinical trials. Ongoing clinical trials included trials 
with one of the following statuses: “Active, not recruiting”, “Recruiting”, 
“Not yet recruiting”, or “Enrolling by invitation”. Only clinical trials of type 
“intervention” have been included, which are testing at least one drug. 
Renal and cardiovascular neoplasm disease entities have been removed 
from the analysis. Information regarding approved indications for drugs 
in the catalog has been extracted from FDA drug labels. Drug reposition-
ing cases in the renal context were considered if the drug that is tested in 
a Phase III clinical trial for a dedicated renal disease has already been 
approved for at least one other indication outside the area of nephrology 
without any approval for any nephrological disease. The same procedure 
was done to list all drug repositioning cases in the cardiovascular space.

Results: We identified 18 unique drugs being tested for 11 renal diseases 
which are approved for diseases outside the field of nephrology. CVDs 
were separated into vascular diseases and heart diseases. We identified 
9 unique drugs being tested for 12 heart diseases which are approved for 
diseases outside the field of cardiovascular. Similarly, we identified 28 
unique drugs being tested for 25 vascular diseases, which are approved 
for diseases outside the field of CVDs.

Discussion: Almost 50 unique drugs in clinical Phase III testing for renal 
and CVDs are approved for indications outside the renal and cardiovas-
cular area, respectively, highlighting that drug repositioning is a very 
promising approach to bring new therapeutic options to the market and 
thus to the patient in the end. We will discuss these drug candidates as 
well as different computational approaches to identify novel drug repo-
sitioning opportunities [2].
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Introduction: The endothelial glycocalyx is a negatively charged, protec-
tive layer lining the vascular endothelium. One of its major components, 
heparan sulfate, shares structural similarities with heparin, a widely 
used anticoagulant, which has been shown to bind antimicrobial pep-
tides (AMPs) (Figure 1) [1,2]. We hypothesized that blood-derived AMPs 
interact with glycosaminoglycan (GAG)-coated surfaces, potentially 
reducing biofilm formation.

Methods: GAG-functionalized surfaces were prepared in 96- well 
plates using unfractionated heparin (UFH) and chondroitin sulfate 
(CHS). These surfaces were incubated with fresh serum or saline solu-
tion (NaCl, control) for 4 h at 37 °C, then washed and exposed to a 
104 colony forming units (CFU)/mL Staphylococcus aureus suspen-
sion for 48 h at 37 °C. Biofilm formation was assessed using scanning 
electron microscope (SEM) and fluorescence- based live/dead viabil-
ity assay.

Results: Both UFH- and CHS-coated surfaces incubated with serum sig-
nificantly reduced the S. aureus biofilm formation compared to controls. 
This was evidenced by lower bacterial adhesion (Figure 2) and reduced 
biofilm viability (Figure 3).

Discussion: These findings underscore the important role of the glycoca-
lyx in infection control, particularly through its interaction with blood-
derived AMPs to form a protective barrier at infection sites. 
Understanding this glycocalyx-AMP equilibrium could pave the way for 
innovative strategies, such as pre-coating biomedical implants with 
blood-derived AMPs, to enhance biocompatibility and longevity, reduc-
ing the risk of implant-associated infections.
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Figure 1. AMPs are naturally occurring, cationic peptides 
from the innate immune system with antimicrobial and 
immunomodulatory properties.
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Introduction: Ventricular assist devices (VADs) still lead to thrombus for-
mation on blood-contacting surfaces and used materials like Ti6Al4V 
(titanium alloy) do not provide sufficient wear resistance in critical areas, 
so more durable coatings are required. Bonding agents are needed for 
stable coatings but can be exposed to blood if the coating is damaged. 
This study aimed to evaluate hard material coatings (HMCs) and bonding 
agents for platelet adhesion to assess their thrombogenic potential.

Methods: Three HMCs: silicon-incorporated diamond-like carbon 
(SiDLC), titanium nitride with droplets (TiN_D) and without droplets 
(TiN) and two bonding agents: chrome (Cr) and chrome nitride (CrN) 
were investigated. Aluminum (Alu) served as positive control and 
uncoated Ti6Al4V as reference. Platelet adhesion was measured with 
fluorescence microscopy and surface coverage quantified via digital 
image processing. The experimental setup (Figure 1) was tempered to 
37°C. Pathologically high shear rates exceeding 5,000 s⁻¹, known to trig-
ger platelet thrombosis, guided our choice of experimental conditions of 
an numerically calculated average wall shear rate of 5730.5 1/s on the 
evaluated area. The normalized percentage of the covered surface area 
(NCSA) was calculated by dividing the percentage of the covered surface 
area by the platelet count of each respective blood draw. P-values and 
Wilcoxon test effect sizes were used for statistical analysis.

Results: Figure 2 summarizes the results, with Alu showing the highest 
value (8.7), significantly higher than CrN and SiDLC (both 0.3, p<0.05). 
Alu had medium effect sizes compared to the HMCs, Ti (0.2) and CrN and 
a weak effect compared to Cr (3.6). Cr had significantly higher platelet 
adhesion than CrN and medium effects compared to CrN, Ti, TiN (0.3), 
and SiDLC, with weak effects relative to TiN_D (0.4) and Alu. No signifi-
cant differences were observed between the HMCs, Ti, and CrN.

Discussion: The results showed that chrome possesses a high thrombo-
sis risk and should be avoided as bonding agent, while chrome nitride 
demonstrated lower platelet adhesion and performed similarly to the 
titanium alloy Ti6Al4V. The hard material coatings exhibited hemocom-
patibility comparable to Ti6Al4V, supporting their suitability for VADs.

Figure 2. SEM images demonstrated reduced biofilm formation on UFH- and CHS-functionalized surfaces, as evidenced by lower 
bacterial adhesion in serum-treated samples compared to saline controls (n=6).

Figure 3. Fluorescence-based live/dead assays showed 
reduced bacterial viability on GAG-functionalized surfaces 
incubated with serum compared to saline controls (n=3).
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Figure 1. Experimental setup with flow chamber.

Figure 2. Normalized percentage of the covered surface area 
(NCSA); N=5.
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2IUF, Institut Universitaire de France, France

Introduction: Cardiovascular diseases are the leading cause of death 
worldwide, creating a high demand for medical devices for treatment. 
Given their direct blood exposure, ensuring their hemocompatibility is 
essential but still an issue. Artificial surface structuring in the microme-
ter range have been shown to influence the thrombogenicity of the sur-
face although this effect is not well characterized and understood [1].
This abstract presents the preliminary outcomes of a computational 
study aiming at better understanding how the platelets adhesion, the 
key mechanism in thrombus initiation, can be affected by micro-struc-
turation of the artificial surface.

Method: The numerical model is implemented in the YALES2BIO solver 
developed at IMAG (https://imag.umontpellier.fr/~yales2bio/) and dedi-
cated to the simulation of blood flows [2].
The surrounding plasma movement is described by the incompressible 
Navier-Stokes equations:
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The presence of a platelet in the flow, represented by a rigid ellipsoid, is 
taken into account by the force f(x,t) in equation (2) and detailed in equa-
tion (3). It relates the external forces F and torques T acting on the particle 
as well as its incompressibility to the particle dynamics and surrounding 
flow perturbation, via 2 Gaussian enveloppes Δ and Δd centered at the 
particle center of mass Y, as prescribed by the Force Coupling Method [3].

Results: Single particle dynamics over 3 surface structures was studied: 
square grooves, downward sawtooth grooves and upward sawtooth 
grooves. The drift angle θ is measured over each of the structure for dif-
ferent initial particle positions x* and constant initial altitude z*, after a 
180° rotation of the particle induced by the ambient shear flow (Figure 1). 
The mean drift angle is obtained by integrating over the possible values of 
x* in a structure pattern period L. Table 1 shows that the square grooves 

https://imag.umontpellier.fr/~yales2bio/
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produces a mean drift angle comparable to the one observed on a flat 
surface. This is caused by the small yet non-zero inertial forces inducing a 
lift of the particle.
However, sawtooth structures generate a mean drift which sign depends 
on the orientation of the sawtooth, and of greater amplitude. Indeed, 
the upward sawtooth structure requires the particle to flow past 15 
structures (≈ 70 μm) to drift 100 nm away from the surface, the typical 
formation length of platelets adhesive bonds [4], compared to around 
90 (≈ 400 μm) for the square grooves.

Conclusion: A numerical model of blood platelet has been used to study 
the effect of microstructured artificial surface on the dynamics of a sin-
gle platelet. Upward sawtooth grooves seem to be of particular interest 
for reducing particle-surface interaction and ultimately platelet 
adhesion.
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Introduction: The physiochemical properties of the blood- contacting 
surface of dialysis membranes are among main factors influencing their 
hemocompatibility. From the literature, we know that superhydrophobic 
surfaces are preferable for ensuring high biocompatibility [1]. However, 
results from our previous study, focused mainly on improving polysul-
fone (PSU) biocompatibility by changing surface properties, suggest that 
polymer membranes modified with nanometric SiO2 show improved 
thrombogenicity despite their hydrophilic surface [2].
The purpose of this study was to modify the surface charge of the mem-
brane by using core-shell nanoparticles based on silica and polypyrrole 
nanoparticles in order to (1) facilitate the dispersion of nanofiller in the 
polymer matrix, (2) increase surface free energy of the membrane sur-
face and (3) reduce the tendency for blood clot formation on the 
membrane.

Methods: Commercially available polymers: polysulfone (PSU), polyvi-
nylpyrrolidone (PVP), polypyrrole (PPy) (Sigma-Aldrich) were used to 
prepare membranes. The PSU/DMF membrane solution (15%wt) was 
modified with PVP/DMF. A weight fraction of modified SiO2-PPy nano-
particles (1- 5%wt) was added during PSU/PVP/DMF homogenization. 
Core-shell nanoparticles based on SiO2 (NanoAmor) were obtained 
according to a previous paper [3]. Membranes were obtained by nonsol-
vent induced phase separation (NIPS) and subjected to stepwise dehy-
dration through a series of alcohols (EtOH 50-98%). Membranes’ surface 
and microstructure were observed using scanning electron microscopy 
(SEM, Apreo 2). Contact angle and surface free energy were determined 
with goniometer (Krüss DSA 25). Thrombogenicity was studied according 
to the Sabino’s and Popat’s protocol with whole blood without 
anticoagulants.

Results: The method used to obtain membranes with SiO2- PPy particles 
in the PSU/PVP matrix increases the total porosity of the membranes (by 
~30% compared to the membrane with PSU). Presence of SiO2-PPy in 
the matrix increases surface free energy (from 40mm/mN to 48mm/
mN). This effect is caused by a threefold decrease in the surface charge 
of the core-shell particles relative to pure nanosilica (from -24mV for 
SiO2 to -7mV for SiO2- PPy). Thus, the surface charge of the membrane 
changes lowering its thrombogenicity.

Discussion: Membrane surface with a balanced electrostatic charge can 
reduce platelet aggregation. Neutral or lightly charged surfaces are ben-
eficial because too strong a charge can attract blood cells and promote 
their activation. Membranes with lower surface properties can instead 
increase interaction with albumin present in blood reducing subsequent 
platelet adherence. The use of PSU/PVP/SiO2-PPy membranes in hemo-
dialyzers can improve blood flow maintenance without the risk of blood 
clotting.

Conclusion: Using nanocomposite membrane such as PSU/PVP/SiO2-
PPy might be an effective way to obtain dialysis membranes with 
improved hemocompatibility.
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Figure 1. Drift angle θ over upward sawtooth grooves after a 
180° rotation (scaled for clarity).

Figure 2. Particle mean drift angle (milli-radians).
b = 1.5 μm, Re = 3.8 × 10+,.
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Introduction: Cation exchangers are essential components of dialysate 
regenerating columns. Urease converts urea to NH + and bicarbonate 
and a cation exchanger (such as zirconium phosphate, ZP) removes NH +. 
But cation exchangers such as zirconium phosphate (ZP) are nonselec-
tive and bind cations in proportion to concentration and charge density. 
In physiological solutions ZP binds Ca2+, Mg2+, and K+ more than it 
binds NH + (only about 1 meq/gram).
We postulated that if we loaded ZP completely with H+ (H-ZP) and 
coated it with a gas-permeable and hydrophobic membrane, we could 
create a sorbent that would be exclusively selective for binding NH +. In 
solution, NH + equilibrates with NH3 , which will pass through the gas-
permeable membrane and attach to H+ within the membrane. The 
coated sorbent having a low pH will act as an “acid trap”, creating a pH 
gradient for passage of NH3 across the membrane whereas all other ions 
in the water solution would be excluded due to the hydrophobicity of 
the membrane. Without competing cations, NH + would be efficiently 
and selectively bound by H-ZP. 1,2

Methods: A simple thermal vapor deposition (TVD) process exposed 
H-ZP particles to vapor from 1 ml of TEOS for 24 hours and then 5 ml 
FOTS for 24 h at 80 °C. We constructed a small column containing dry, 
coated ZP and perfused it with a solution of 14 mm CaCl2, 14 mM at rate 
of one void volume per minute.

Results: Physical testing confirmed the hydrophobic nature of the coated 
ZP. In vitro studies with solutions containing multiple ions confirmed that 
at equilibrium, coated sorbent had little sorption of Ca2+ and maintained 
high capacity for binding NH + up to 4 meq/gm with high pH in solution.3 
Coated H-ZP displayed characteristics of hydrophobicity, with very high 
water contact angle, floating in solution and adherence to container 
walls and air- fluid interfaces. However, kinetics were slow due to diffu-
sion limitations in solution. In the column coated H-ZP was contained 
and perfused easily with solution. Reaction times were rapid, with low 

NH + levels in outflow after one minute of residence time. (Figure 1). NH 
+ levels were stable and much lower than perfusing fluid concentrations, 
especially after wetting of the coated H-ZP by water vapor transfer which 
occurred in the first 40 minutes. Binding capacity was 1.7 meq, higher 
than expected for H-ZP without coating and Ca2+ binding was minimal.

Discussion: Coated H-ZP is a highly effective sorbent for NH + in a col-
umn configuration. In combination with urease in a column regenerating 
dialysate, it could minimize the size and weight of the NH + sorbent, 
avoid excess removal of other cations such as Ca2+, Mg2+ and K+, and 
minimize need for electrolyte reinfusion to the dialysate. This could 
make highly portable or wearable dialysis machines lighter, smaller, sim-
pler and easier to use in the home.
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A key factor in current approaches for tissue and organ regeneration 
relies on enhancing (stem) cell- material interactions to obtain the same 
original functionality. Different approaches include delivery of biological 
factors, functionalization of biological factors onto 3D scaffolds surface, 
engineering surface properties (e.g. via topography modifications), and 
controlling bulk and structural chemical and mechanical properties of 
the cell- laden biomaterial porous constructs that are developed for 
regeneration. Although these strategies have proved to augment cell 
activity on biomaterials, they are still characterized by limited control in 
space and time, which hampers the proper regeneration of complex tis-
sues. Here, we present a few examples where integration of biofabrica-
tion platforms allowed the generation of a new library of biological 
constructs with tailored biological, physicochemical, and mechanical 
cues at the macro, micro, and nano scale. These biological constructs are 
characterized by tailored cell-material interactions able to influence the 
activity of stem cells, thereby sustaining the regeneration of complex 
tissues. From these examples as well as from the study of other scien-
tists, converging technologies seems to be a powerful route towards 
designing of biological constructs with instructive properties able to con-
trol cell activity for the regeneration of functional tissues. Future efforts 
should aim at further improving technology integration to achieve a fine 
control on stem cell fate by biomaterial and scaffolds design at multiple 
scales. This will enable the regeneration of complex tissues including 
vasculature and innervation, which will result in enhanced in vivo inte-
gration with surrounding tissues. By doing so, the gap from tissue to 
organ regeneration will be reduced, bringing regenerative medicine 
technologies closer to the clinics.

Aimp - Automized, Ai Supported Platform For 
Implant Design, Fabrication And Testing

Erik Kornfellner1, Laurenz Berger1,2, Lorenzo Civilla1, 2, 
Francesco Moscato1,2,3

1Center for Medical Physics and Biomedical Engineering, Medical 
University of Vienna, Austria; 2Ludwig Boltzmann Institute for 

Figure 1. Inflow and outflow concentrations of NH4+ and Ca2+ 
and outflow pH of perfusate of the microcolumn.
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Introduction: Hospitals are increasingly setting up point-of-care work-
shops to manufacture patient-specific implants [1]. Currently, the work-
flow involves manual segmentation of CT/MRI data and tedious iterative 
optimization of implants. The use of AI and novel automation tools can 
facilitate this process [2]. A comprehensive platform (AImp) that inte-
grates existing software with new, AI-based modules has been 
established.

Methods: AImp’s modular structure allows the execution of different 
workflow steps in various ways, patient- specific and user-centered. 
Within the toolbox, patient data is first loaded and segmented, then a 
generative AI automatically generates the desired implant based on pre-
operative planning. In the next step, the implant is optimized according 
to the biomechanical load cases and the implant is validated via 

simulation [3]. In the final step of the process, the implant that has been 
optimized and the corresponding surgical guides are prepared for 3D 
printing. This integration ensures seamless data transfer between the 
modules, thereby facilitating an efficient and streamlined workflow.

Results: The AImp software has been demonstrated to enhance the effi-
ciency of implant design by facilitating the integration of novel modules, 
accelerating the testing process, and validating solutions for individual 
workflow steps. The software utilizes biomechanical load cases to simu-
late implants prior to manufacturing, ensuring optimal designs. An illus-
tration of this workflow is presented in Figure 1, showing an example of 
an automatically generated, topology-optimized mandibular bone plate.
Beyond implant generation, AImp incorporates dedicated modules for 
surgical guides, preoperative planning tools, and demonstrators, auto-
mating their creation. This comprehensive approach enhances surgical 
precision and improves patient outcomes by addressing all critical 
aspects of the procedure.

Figure 1. The workflow to create implants and accessories, completely covered by AImp.
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Discussion: The integration of AI and automation in implant design, as 
exemplified by AImp, represents a substantial advancement in personal-
ized patient care. By streamlining the workflow from medical imaging to 
implant fabrication, AImp reduces manual effort, accelerates design 
iterations, and improves overall efficiency, while ensuring that implants 
are not only patient-specific but also structurally optimized. Beyond 
implant creation, the incorporation of surgical guides and preoperative 
planning tools enhances both surgical precision and procedural success. 
Additionally, the ability to rapidly generate training models supports 
medical education by providing realistic, patient-specific simulations for 
skill development.
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Introduction: End-stage heart failure has a high mortality rate (1), and 
while heart transplantation remains the gold effective treatment (2), 
the scarcity of donor hearts (3) has led to the development of total 
artificial hearts (TAHs). A new hybrid TAH concept is proposed, using 
soft robotics for physiological blood propulsion. It aims to overcome 
current limitations and improve outcomes for end-stage heart failure 
patients.

Methods: It comprises two blood-collecting chambers— referred to as 
“ventricles”. Between these ventricles lies a soft pneumatic actuator, so 
called the “septum” which inflates and deflates using positive or nega-
tive air pressure (Figure 1). Inextensible wires arranged in a closed-loop, 
figure-eight pattern around both the septum and ventricles distribute 
force evenly. As the septum inflates and its interior expands, more wire 
length is taken up by the septum; because the total length of each wire 
remains fixed, the ventricles are squeezed, resulting in blood ejection. 
Stroke volume is determined by the number and length of wires around 
each ventricle. During diastole, the septum deflates to allow passive 
filling of the ventricles. The Hybrid Heart concept uses thin and flexible, 
yet inextensible materials—nylon coated with thermoplastic polyure-
thane (TPU).
Each ventricle has an inlet and an outlet port for blood flow, where any 
valve type can be installed; in this proof of concept, mechanical heart 
valve prosthesis was chosen.

The Hybrid Heart’s performance was first tested in vitro in a mock circu-
latory loop (MCL). We then evaluated the Hybrid Heart in vivo in an 
acute goat model.

Results: The Hybrid Heart demonstrated a left ventricular output of 
about 5.71±0.04 L/min at 60 bpm and a slightly lower right ventricular 
output of 5.02±0.08 L/min in vitro. The Hybrid Heart is sensitive to 
preload changes and increases its stroke volume passively when venous 
return increases. For each mmHg of preload rise, the Hybrid Heart ejects 
198 ml/min extra. Regarding afterload sensitivity, the Hybrid Heart left 
ventricle ejects 20 ml/min less, for each mmHg afterload rise.
In a proof-of-concept study, we evaluated the Hybrid Heart in an acute 
goat model. The Hybrid Heart generated a cardiac output of 2.275 ± 
0.035 L/min on both ventricles (35 mL stroke volume). Mean pressures 
measured were 49 mmHg in the aorta and 17 mmHg in the pulmonary 
artery, while a sensor in iliac artery recorded systemic pressures ranging 
from 70/35 mmHg to 105/46 mmHg. After 50 minutes, the experiment 
ended due to a leak in pneumatic septum caused by delamination at the 
heat-sealing line between the TPU and nylon.

Discussion: We present first evidence that soft robotic techniques can 
be successfully utilized to create a TAH capable of delivering adequate 
cardiac output under physiological hemodynamic conditions in vitro. In 
vivo study showed the feasibility of device implantation and function in 
a goat model. However, durability and cardiac output need to be 
improved in future studies.

Figure 1. The Hybrid Heart concept.

Figures
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Introduction: Percutaneous Ventricular Assist Devices (pVADs) are an 
effective therapeutic option for short-term mechanical circulatory sup-
port due to their simple and minimally invasive insertion. Recent trends 
suggest smaller insertion diameters, in the order of 9-10 Fr, that enable 
the avoidance of surgical cutdown. The NyokAssist™ (magAssist Co. Ltd., 
Suzhou, China) is a commercially developed pVAD that initially targets 
support of patients undergoing high-risk percutaneous coronary inter-
ventions (HRPCI). The device is currently undergoing its clinical trial [1].

Methods: Reduction of the insertion diameter impacts on the pump's 
impeller design, in most cases necessitating a foldable design (figure 1). 
It also generally prevents the use of the simple drive system based on a 
motor internal to the patient, as is used in most of the first generation 
pVADs. Placing the motor outside the patient and transmitting the 

rotational power to the internal impeller using a mechanical method 
such as a rotating flexible shaft overcomes the insertion size problem 
but at the expense of a much more complicated drive system.
Ultimately the drive system must deliver sufficient torque to the impel-
ler whilst achieving the required speed, insertion size, sealing capability, 
temperature rise, electrical safety, lifetime, reliability and cost. Solutions 
driven by internal motors, external single use motors and external reus-
able motors, and sealed using direct-drive, sliding seals and various 
types of magnetic couplings can achieve these requirements to different 
extents. An overview is provided of the drive system strategies that may 
be deployed (examples in figure 2), performance details of the key com-
ponents, and their relative advantages and disadvantages, referenced to 
the example of the NyokAssist™ pVAD.

Figure 1. NyokAssist™ pVAD foldable pump structure, 9 Fr folded insertion state (top) and 24 Fr expanded operation state (bottom).

Figure 2. Drive system of a typical internal drive pVAD (top) and external drive pVAD.(bottom).
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Results: The reusable external motor drive system used in the 
NyokAssist™ pVAD permits it to deliver 3.5lpm flows with a 9 Fr insertion 
size, and do so cost effectively. At time of writing the device has com-
pleted 50% of its clinical trial, with demonstrated good performance.

Discussion: A variety of solutions are available as drives for pVADs; their 
various strengths and weaknesses must be carefully considered to 
deliver the solution that maximizes benefit to the patient.
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Introduction: Usage of computational tools has become popular in the 
design and development of ventricle assist devices (VADs) since the 
2000s. Recently, computational fluid dynamics (CFD) is the primary tool 
which provides significant insight on pump hydrodynamic and hemolysis 
performance. However, this method is mostly based on a trial- error 
approach requires multiple design cycles to reach an optimal design. 
Therefore, we introduce a novel approach to improve the pump design 
process through a patient-specific, target-based lumped parameter 
model (LPM) tool [1]. By integrating cardiovascular hemodynamics into 
the optimization process and using an advanced turbomachinery equa-
tion, our tool offers a promising, efficient method for optimizing pump 
performance prior to detailed CFD analysis.

Methods: U.S. Food and Drug Administration (FDA) benchmark pump 
was chosen as the baseline VAD to be optimized. Acute left ventricle (LV) 
failure was imposed to the LPM by modifying the LV chamber compliance 
in the network. FDA pump was improved for LV failure to achieve the 
same cardiac output (CO) and mean aortic pressure (Pao), yet with a 
lower blade tip velocity (Vtip), which is the main objective for an improved 
blood damage performance in this study. Different from the quadratic 
curves used to model VADs in literature, a parametric approach including 
all main design dimensions was utilized for the pump modeling:
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where 1 and 2 indices represent the inlet and outlet of the pump, 
respectively. Table 1 shows the design parameters used in Equation (1).
Genetic algorithm was used for the optimization and generated pumps 
at each iteration were compared based on the weight of each target 
parameter (Pao, CO and Vtip) for convergence

Results:

Discussion: Our results showed that the same CO and Pao with the FDA 

pump can be obtained via the optimized design with the ~30% lower 
blade tip velocity. The characteristic curve of the optimized pump was 
also validated through CFD simulations, which showed a lower hemoly-
sis index. Although the blade tip velocity was chosen for this abstract, 
the developed tool can optimize a wide range of other hemodynamic 
and design parameters including lower thrombogenicity, target end-
organ hemodynamics like coronary/cerebral flow, hepatic/renal condi-
tions and oxygen saturation levels, which will be presented during the 
conference. Therefore, it is estimated that the proposed model has 
potential to shorten the traditional pump design approach by providing 
the main dimensions preliminary before the detailed CFD investigations 
based on the desired targets.
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Table 2. Target parameters of baseline FDA and optimized 
pumps. Pao: mmHg, CO: l/min, Vtip: m/s.

Target Healthy Failure FDA Opt

Pao 119/63(92) 88/47(67) 92 92
CO
Vtip

5.2
n/a

3.75
n/a

5.2
6.8

5.2
4.75

Table 1. Main design parameters to be optimized.

β – Blade angle r – Impeller radius
b – Blade width
tbl – Blade thickness
ΔPpump – Actual head

zbl – Blade number
Qpump –Flow rate
ΔPloss – Pump loss

Figure 1. 2D sketches comparison of the baseline FDA (left) 
and its optimized version (right)
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Introduction: The PediaFlow™ is a miniature, fully-magnetically- levi-
tated, implantable pediatric VAD intended for extended support in neo-
nates, infants, and adolescents. Its design is derived from the 
Streamliner™ maglev axial-flow VAD and has evolved through multiple 
generations to decrease size and improve flow capacity. This report 
describes progress with the intended clinical, fifth generation, PF5, that 
operates over a wide range of flow to accommodate the growing child 
(see Figures 1 & 2).

Methods: Following the latest improvements in the flow path through 
CFD optimization and in-vitro validation with blood, the PediaFlow 
(PF5.11HF) was implanted in a sheep, cannulated from left ventricular 
apex to descending aorta, and operated at 1.2 LPM for 7 days. 
Anticoagulation was provided by heparin drip to maintain activated clot-
ting time (ACT) near baseline.

Results: Optimization of the flow path by computational fluid dynamics 
(CFD) was able to increase the maximum output from 1.5 LPM (PF4) to 
3.5+ LPM (PF5), with commensurate increase of hydraulic efficiency 
from 27% to 34%. The inflow and outflow diameters were increased 
slightly from 5 mm to 6 mm; however, the overall size of the pump was 
reduced from 17.6 to 14.9 cc displacement. (See Figure 1.) In-vitro 
Normalized Index of Hemolysis (NIH) remains below 0.01 mg/dL, compa-
rable to PF4.
Postmortem examination of the blood-contacting surfaces was unre-
markable and free from adherent thrombus. However, the root of the 

inflow cannula within the ventricle developed a layer of adherent pan-
nus. PfHb remained under 5 mg/dL throughout the duration, with the 
exception of an outlier on POD 2 of 7 mg/dL. vWF functional assay fluc-
tuated +/-20% of baseline over the duration of the study. Platelet acti-
vation via CD62P expression remained near baseline. End organ function 
was preserved, and postmortem examinations of the kidneys were 
unremarkable.

Discussion: A 7-day in-vivo trial of the PediaFlow PF5 demonstrated sat-
isfactory freedom from blood trauma and thrombosis on the blood-con-
tacting surfaces and end organs. Ongoing preparation during the next 
12-months in anticipation of first-in- human study involves: manufactur-
ing PediaFlow pumps under GMP requirements and performing chronic 
(30-day) in-vivo studies. Parallel efforts include development of a minia-
turized clinical-use control unit and conducting human factors design for 
infants and young children, at home.

Modular And Versatile Three-Dimensional 
Cardiac Chamber Platform For Volumetric 
Performance Measurements
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Introduction: Engineered three-dimensional (3D) cardiac models have 
emerged as tools for modeling human (patho- )physiology in vitro. 
Despite their advantages, platforms such as organoids, heart-on-chips, 
and engineered-heart-tissues cannot replicate the heart’s fluid-pumping 
functionality. To address this challenge, a few cardiac chambers have 
emerged. While providing a more accurate visual depiction of the heart, 
these models are capable of fluid- pumping and allow monitoring of 
hemodynamic metrics. However, their fabrication often relies on com-
plex methods, such as 3D bioprinting and nanotechnology-based scaf-
folds, which aim to replicate the heart's biological properties [1,2,3]. 
These approaches, while innovative, lack standardization and scalability, 
constraining their potential for disease modeling and drug screening.

Objective & Methods: We propose a 3D cardiac chamber platform 
designed to balance biological complexity with scalability and reproduc-
ibility through means of modularity. The platform is compatible with a 
12- well plate format. Fabrication of cardiac chambers involves a stream-
lined three-step process. In the final step, an extracellular matrix mix 
containing human pluripotent stem cell-derived cardiomyocytes and 
human cardiac fibroblasts is introduced into the cavity between two 
molds (figure 1).

Results & Discussion: We have successfully fabricated 3D cardiac cham-
bers in the platform and evaluated performance during spontaneous 
beating and under electrical stimulation. The 3D cardiac chambers 
exhibited robust contractions, consistently followed electrical pacing at 
2 Hz, and maintained functional activity for over 30 days. Furthermore, 
cardiac chambers demonstrated fluid-pumping function. Future work 
will focus on quantification of volume displacement and enhancing bio-
logical fidelity. Consequently, this platform will provide new avenues for 
drug testing and disease modeling applications.

Figure 1. PediaFlow PF5 & trumpet cannula.

Figure 2. Hemodynamics of PF5.11HF.
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Introduction: The NyokAssist™ (magAssist Co. Ltd., Suzhou, China) is  
a novel transvalvular percutaneous Ventricular Assist Device  
(pVAD) intended for high-risk percutaneous coronary interventions 

(HRPCI) procedures. The pump's unique structure allows it to fold to a 9 
Fr diameter during insertion, enabling a rapid, non-surgical procedure 
through femoral access over a guidewire. Herein, we report the early 
clinical use of this technology.

Methods: The device self-expands in the descending aorta and is placed 
across the aortic valve (Figure 1). The device expands to a moderate 24 
Fr diameter for operation, maximizing the patient inclusion criteria. 
Development of the product has been completed, and the device 
entered the prospective, multi-center randomized control clinical trial 
(Q4 2024) to assess the safety and efficacy of the NyokAssist™ in sup-
porting patients undergoing HRPCI procedures, with the intra- aortic bal-
loon pump (IABP) as the comparison device. The trial aims to compare 
patients with the primary endpoint of being free of major adverse car-
diovascular and cerebrovascular events 30 days post-PCI.

Results: The pump design is completed; careful optimization enabled 
the device to deliver 3.5 LPM flow with only a modest 18-25 KRPM oper-
ating speed. This low speed greatly assists in minimizing hemolysis. Data 
for the first (pVAD, n=10; IABP, n=10) patients have been analysed [1]. 
There were no adverse events in the NyokAssist™ cohort. All devices 
performed according to design specifications, and no safety concerns 
were observed.

Discussion: The pVAD clinical trial is ongoing, with almost half the 
patients now enrolled. This presentation will provide an update on the 
latest findings of the clinical trial, providing practical insights into the 
device's performance. It will also share some of the clinicians' key 
insights regarding device use in high-risk percutaneous coronary 
interventions.

Figure 1. Process flow of 3D cardiac chamber fabrication, culture, and data acquisition.
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Introduction: Implantable cardiovascular devices require assessment 
before proceeding to animal studies and clinical trials to confirm their 
functionality and effectiveness. Mock circulation loops (MCLs) are versa-
tile tools designed to replicate in vivo physiological conditions and serve 
as essential tools for preliminary testing. A multifunctional passive beat-
ing heart mock-loop connected to a porcine heart has been developed to 
mimic the natural movement of the heart.

Methodes: The operating principle of the in vitro MCL is to drive the 
movement of the ventricular walls throughout the cardiac cycle, 

mimicking the pulsatile pumping function of the heart. To achieve this, 
the system pressurizes the ventricles while excluding the atria from 
external loads. The system consists of a fluid-filled chamber that houses 
the ventricles and is sealed to isolate the atria from external loads. The 
heart is held in place by applying a vacuum between two thermally 
molded polyurethane foils. The thermoformability of the foils allows the 
mock-loop to handle the high variability of the hearts. In between those 
foils a vacuum is generated. The chamber with the integrated heart is 
shown in Figure 1. The chamber is connected to a computer-controlled 
piston pump that cyclically injects and withdraws fluid in and out of the 
chamber, hence directly actuating the ventricular walls. The atriae and 
the large arteries are connected to the two circuits (cardiac and 

Figure 1. NyokAssist™ pVAD pump structure (left) and operating location when deployed (right).

Figure 1. Fluid filled chamber with a porcine heart
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pulmonary circulation) with silicone tubes and 3D-printed connectors. 
Each circuit consists of an open and a closed reservoir, a pressure sensor, 
a flow sensor, and a resistor.

Results: The MCL mimicked the natural movement of the heart with the 
opening and closing of the heart valves adequately. In the systemic circu-
lation, pressures between 92 mmHg and 72 mmHg were reached at 
mean flow rates of 1.7 l/min. In the pulmonary circulation, pressures 
between 7 mmHg and 24 mmHg were achieved at mean flow rates of 2.7 
l/min. The flow rates and pressures are shown in Figure 2.

Discussion: The passive beating heart mock-loop mimics the cardiac 
flow rates and pressures adequately. A key technical challenge—securely 
fixing the heart—was addressed with two thermally moulded foils 
between which a vacuum is applied, providing a simple, efficient, and 
reliable solution for sealing and mounting while enabling physiological 
ventricular stroke volumes. Combined with the integrated hydraulic 

modules, this MCL achieves appropriate hemodynamic conditions in the 
setup, however with regurgitations that might be attributable to valve 
defects. Further improvements to the mock-loop are required and will 
be implemented in the coming months.
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Introduction: In clinical settings, the critically ill are surrounded by 
numerous devices, including mechanical circulatory support (MCS) sys-
tems. Accompanied by complex wiring, tubing, and user interfaces, 
these systems pose significant challenges to operational efficiency and 
patient safety. We developed an integrated, user-friendly system adapt-
able to variable, complex clinical scenarios and emergency environ-
ments, consolidating multiple devices into a single platform.

Methods: Proprietary modular “Life Support Platform” (magAssist, 
Suzhou, China) was designed and tested in intensive care units (ICU), 
emergency departments (ER), and cardiovascular departments. Surveys Figure 2. Recorded pressures and flow rates.

Figure 1. Modular platform architecture.
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were conducted at 21 centers (clinical experts and nursing staff, n=39), 
focusing on functional requirements, environmental adaptability, alert 
systems, and user interfaces. Data included (Kano model) industrial 
design analysis and iterations of complex functionalities into a coherent 
design, validated through usability studies.

Results: The modular platform architecture (Fig. 1) supports three con-
figurations: (Fig. 1A) an extracorporeal ventricular assist system with a 
magnetic levitation motor and adjustable support arm, (Fig. 1B) an 
ECMO system incorporating a modular oxygenator and pump, and (Fig. 
3C) a catheter- based ventricular assist system featuring a flushing pump 
system, a drive motor, and a catheter pump head. Weight ranged from 
10 to 20 kg based on levels of portability. Usability studies and clinical 
trials testing confirmed its intended adaptability and effectiveness 
across ICU, ER, and cardiovascular settings.

Discussion: The proposed “Life Support Platform” modular platform was 
successfully performed in diverse clinical indications, such as acute car-
diogenic shock, pulmonary failure, and high-risk percutaneous coronary 
intervention. Well-received by clinical and nursing experts, the benefits 
of modular design have been demonstrated to improve device-based 
care efficiency, reduce costs, and optimize healthcare practices.
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Introduction: This study presents the development of a perfusable 3D 
bioprinted skin equivalent integrated with a cost-effective and customiz-
able millifluidic chip platform. The platform addresses key limitations of 
static skin cultures, including inadequate nutrient supply, inefficient 
waste removal, and limited viability [1], which are enabling dynamic 
microenvironmental control. This innovative system aims to provide a 
physiologically relevant and robust model for advanced skin research, 
drug testing, and tissue engineering.

Methods: The millifluidic chip was designed using CAD software and fab-
ricated via photopolymerization- based 3D resin printing (digital light pro-
cessing). Key design features include compatibility with P6 well plates, 
precise manufacturing tolerances, direct 3D bioprinting support, and 
integration with an external perfusion system for continuous nutrient and 
waste exchange. The dermal layer was bioprinted directly into the chips 
using an alginate-cellulose hydrogel scaffold embedded with skin fibro-
blasts (hSF). At the same time, Pluronic F127, as a sacrificial ink, formed 
placeholders for internal vasculature. Perfusion was initiated to maintain 
scaffold stability and aseptic conditions. After one week, keratinocytes 
(HACAT) were seeded onto the dermal construct and cultured under con-
tinuous perfusion for three additional weeks to promote cell stratification 
and maturation.

Results: Out of the tested designs, the cylindrical chip insert compatible 
with P6 multi-well plates was the most effective. The chip’s main frame 
seamlessly interfaced with the external perfusion circuit and the culture 
chamber, enabling precise and continuous nutrient and waste exchange. 
The bioprinted skin equivalent exhibited strong integration with the chip 
system, maintaining aseptic conditions and stable perfusion over four 
weeks without seal failures or microbial contamination. Live/Dead stain-
ing at predetermined intervals confirmed sustained fibroblast viability 

Figure 1. A) Millifluidic chip design (Fusion360). Live/Dead staining images of the dermal (left) and epidermal (right) layers after 2 
weeks of cultivation (scale bar = 1000 μm).
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within the dermal layer. It demonstrated the successful formation of a 
viable keratinocyte monolayer on the scaffold surface after two weeks of 
cultivation.

Discussion: The millifluidic chip platform supports the long-term cultiva-
tion of a 3D bioprinted skin equivalent, providing a dynamic and physi-
ologically relevant model for advanced skin research and biomedical 
applications. Its scalability, cost-effectiveness, and customizability make 
it an ideal tool for drug testing, toxicity studies, and tissue engineering 
applications. We are currently working on the optimization of the system 
for full-thickness skin models with vascularized networks.
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Introduction: Ventricular assist devices (VADs) are a standard treat-
ment for heart failure. However, at the inflow cannula (IC), hemocom-
patibility issues arise due to endothelial damage and regions of blood 
stasis. Endothelialization of artificial surfaces is extensively investi-
gated as a potential solution, but a definitive strategy has yet to be 
established. Surface micropatterning may stimulate controlled cell 
proliferation. In this study, we employed, for the first time, a two-
photon polymerization (2PP) printing strategy to fabricate high-reso-
lution micropatterns. These micropatterned surfaces will be integrated 
into a microfluidic system designed to mimic the conditions at the 
VAD inflow cannula.

Methods: Microfluidic chip was designed with three microchannels 
micropatterned with riblets of three different sizes (Large, Medium, 
Small; Figure 1E) on half of its width, while the remaining half is flat as a 
control (Figure 1A–D). The master for the chip was printed via 2PP, using 
two photosensitive materials—Upbrix and Up-photo from Upnano 
GmbH—across three printing modes (conservative, simple, voxel) and 
three laser power settings (low, medium, high).
The master was replicated in polydimethylsiloxane (PDMS; Sylgard 184). 
The quality of the printing was verified using microscopy and profilom-
etry techniques.

Results: Uphoto yielded clean, sharply defined prints with minimal post-
polymerization debris and was therefore chosen over Upbrix. Figure 2 
shows the results for small riblets. The voxel mode (Figure 2G–I) per-
formed better than the other modes, while variations in laser power did 

Figure 1A. 2PP master, scale 1 mm – 1B-D respectively flat and large, medium, small riblets magnification, scale 20 µm – 1E 
technical drawings of the cross section of the riblets, all the dimensions are in µm.
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not result in visible differences. Profilometry analysis demonstrated that 
the riblets achieved the intended height.

Discussion: High precision printing is the first step to get reliable results 
during cells culture. The next stage of this work will focus on optimizing 
the PDMS molding process and evaluating endothelialization of the 
micropatterned surfaces under microfluidic conditions.
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Introduction: Hemocompatibility remains a major challenge for blood-
contacting artificial organs. Additionally, in- vitro hemocompatibility 

assessments lack standardization. A common approach for material 
evaluation after in-vitro blood contact involves optical analysis of plate-
let adhesion and activation, but no standardized workflows exist for 
platelet quantification or microscopy techniques. As a result, manual or 
semi-manual analysis of a small sample fraction – often less than 1 % of 
the total material area – has become standard practice.
We hypothesize that such small area fractions do not accurately repre-
sent platelet adherence, leading to invalid hemocompatibility assess-
ments. To address this, we evaluated the impact of sample area size on 
hemocompatibility results and established a threshold for the area that 
must be analyzed to obtain reliable data.

Methods: A static in-vitro hemocompatibility test series (n=10) was con-
ducted using human platelet-rich plasma. Duplicates of five different 
polymer materials were incubated for 1 hour, stained with glutaralde-
hyde, and mounted on microscopy slides. Fluorescence microscopy was 
performed, imaging as much of the sample area as possible. Following 
microscopy, a newly developed automated analysis routine classified 
particles into ‘platelet’ and ‘no platelet’ [1]. Additional data on the num-
ber and area of adherent components were collected. Small image sub-
sets were randomly selected and analyzed for covered area with 10- fold 
repetition. Based on this, we determined the necessary threshold of 
analyzed sample area for statistically valid results.

Results: The optical evaluation revealed significant inhomogeneity in 
platelet distribution across the material samples. Within just a few 

Figure 2A-C.  conservative mode - 2D-F simple mode - 2G-I voxel mode; scale 10 µm.
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micrometers, platelet adhesion varied drastically, with regions showing 
either very few or many platelets (Fig. 1). Repeating the random selec-
tion of images for a given fraction of the analyzed sample area resulted 
in large coefficients of variation (CVs) for small sample areas.
However, increasing the analyzed area led to a reduction in CVs for all 
materials, eventually converging to a plateau (Fig. 2). Comparing results 
from image subsets to the total analysis, deviations were below 10% 
once the analyzed sample area reached 40% for all five materials.

Discussion: This study highlights the importance of the analyzed sample 
area in optical hemocompatibility analysis. For the materials investi-
gated here, 40% of the sample area is the threshold for statistically valid 
results. These findings should be considered in future hemocompatibil-
ity studies and provide a step toward standardizing optical hemocom-
patibility assessments.
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Introduction: Organ-on-Chips (OoC) have shown an impressive devel-
opment since the 2010s and offer new ways to improve current static 
2D culture models. The main material used for their manufacture is 
PDMS that exhibits numerous advantages: transparency, biocompati-
bility, O2 permeability and ease-to- handle. However, it also shows an 
important unspecific binding (especially for highly lipophilic small 
molecules), leading to important bias in drug studies [1]. The aim of 
this work is to design a model of Liver-on-Chip using a fluorinated 
polymer (FP) with the same advantages than PDMS and a low-binding 
property. Dynamic cultures were implemented thanks to the IDCCM 
box developed by the BMBI lab allowing parallelized perfusion of 
12-biochips [2].

Methods: The non-specific binding of the FP and PDMS were compared 
on several standard compounds. A new method was developed to print 
biochips with different microstructures and integrated standardized 
adapters using SLA printer. Printing and post-curing parameters were 
refined to obtain devices suited for long-term cell culture. This new 
standardized biochip was then compared to PDMS biochips considering 
several parameters: roughness, transparency, hydrophobicity, and sur-
face energy with various technologies. Cell culture was assessed on this 
new printed chip for in-situ spheroid formation under perfusion thanks 
to the IDCCM. Cultures were performed for several days, and their viabil-
ity and metabolic competency were characterized (LIVE/DEAD, 
Prestoblue, albumin and urea dosing). Confocal imaging was used to 
evaluate polarization of created spheroids and their structure. This 
model was finally used for pharmacokinetics studies of standard 
compounds.

Results: The tested FP showed a significant reduction of non-specific 
binding compared to PDMS, especially with high LogP compounds. 
Similar mechanical and surface properties than PDMS were observed. 
SLA printing allowed the fabrication of a microstructured 

Figure 1. The identical material sample with little (left) and massive (right) platelet adhesion.

Figure 2. Covered area in dependance of analyzed sample area 
bis 10 % error bounds (red).
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biochip containing 384 microwells designed for spheroid formation. This 
technique allows a fast (25 minutes) and standardized fabrication of bio-
chips with a good replication of microstructures (Fig. 1).
Cell culture of HepG2 was maintained for 11 days in PDMS and FP bio-
chips and allowed a quick and repeatable formation of spheroids (Fig. 2). 
Both materials showed a high maintenance of metabolism, viability and 
polarization.

Discussion: This study showed that the FP is a suitable alternative of 
PDMS for the fabrication of biochip. Further experiments need to be 
completed to complexify this model, by selecting primary sources of 
cells and other cell types from the liver.
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Introduction: Building on previous research demonstrating the feasibil-
ity of circular stapling devices for vascular anastomoses, this study 
focuses on optimizing the technique to enhance stability and minimize 
leakage. The aim is to develop a minimally invasive and standardized 
approach for creating large- diameter vascular connections to major 
central vessels, which is particularly relevant for cardiovascular assist 
devices and transplantation surgery.

Figure 1. FP printed biochip (a), brightfield (b) and SEM (c) pictures of printed microwells.

Figure 2. HepG2 spheroids in printed biochip at day 6 and 11.
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Methods: A proof-of-principle study was conducted in an ex vivo model 
to refine circular stapler-based anastomoses in large thoracic vessels 
near the heart. End-to-end and end-to-side anastomoses were per-
formed on the pulmonary artery and descending aorta. Additionally, the 
effect of a biocompatible adhesive as a reinforcement was examined. 
The primary objective was to improve anastomotic sealing while ensur-
ing mechanical integrity under physiological and supraphysiological 
pressure conditions.

Results: Compared to previous findings, the optimized technique led to a 
significant reduction in leakage while maintaining structural stability. 
Under high-pressure conditions, leakage remained minimal (<1 ml at 
MAP 150 mmHg with adhesive; <1 ml at MAP 100 mmHg without adhe-
sive), and no thrombosis was observed (pressure change <2 mmHg, 
macroscopically unremarkable). The use of a biocompatible adhesive fur-
ther reinforced the anastomoses but led to a temporary increase in stiff-
ness at the connection site. The refined approach consistently resulted in 
reproducible anastomoses with improved sealing properties.

Conclusion: This study confirms that further optimization of circular 
stapler-based anastomoses can enhance their mechanical stability and 
significantly reduce leakage. A minimally invasive, standardized tech-
nique for creating large vascular connections could facilitate broader 
applications in cardiovascular surgery.
Further refinements, including optimized staple geometry, improved 
stapler dimensions, and advanced reinforcement methods, may enhance 
the safety and clinical feasibility of this approach. Future in vivo studies 
are required to evaluate long-term stability, biocompatibility, and hemo-
dynamic performance.
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Introduction: Hemodialysis is the most common treatment for end- 
stage kidney failure, but frequent vascular access via needles limits 
home care and increases infection risk. An implantable dialyzer module, 
directly anastomosed with vasculature, would provide continuous 
blood access. With dimensions of 4×7×2cm, it allows for subcutane-
ous implantation. Dialysate is supplied through a dual-lumen catheter 
from an external reservoir, resembling peritoneal dialysis (PD) in 
appearance and ease of use. Current hollow-fiber membranes (30–
50μm thick) require large surface areas due to their large blood chan-
nels (170–200μm), making implantation unfeasible. Ultrathin (~100nm) 
nanofabricated membranes drastically reduce diffusion resistance. 
Combined with 3D printing, they enable a ~16-fold increase in diffusive 
transport, making an implantable device possible. Here, we present the 
first viable design and manufacturing approach for such a device.

Methods: We used an analytical diffusion model1, simplifying the system 
as a rectangular channel with an a diffusive membrane, assuming a per-
fect sink on the opposite side. The β parameter, representing membrane 

characteristics, was included. Urea clearance was determined from the 
average remaining concentration in the channel. The diffusion coeffi-
cient was calculated under physiological blood conditions for small sol-
utes using the Stokes-Einstein equation. The membrane parameters 
were set at 5 nm pore radius, 160nm thickness, and 15% porosity. We 
are developing such membranes using silicon nitride (SiN). Total blood 
flow was fixed at 40ml/min to balance shear forces and manufacturabil-
ity, with a target clearance of 30 ml/min—sufficient for 7×8-hour noc-
turnal hemodialysis sessions per week.

Results: 

Discussion: The CAD model in Figure 1 consists of 64 membrane units, 
each containing two 1.2cm-long membranes sandwiching a 100μm 
blood channel. The current clearance is 25.6ml/min but can be opti-
mized by adjusting channel height or adding more units. The relatively 
small membrane length and area is to provide space for gradual flow 
expansion and to therefore minimize turbulent, recirculating zones 
that trigger platelet activation and thrombus formation. The device 
maintains a maximum wall shear stress of ~1.5Pa, assuming laminar 
flow, with physiological flow distribution based on Murray’s law. The 
device measures 5×12×2cm. The above device is contained in a hous-
ing through which dialysate is pumped in cross- flow configuration, 
where each stack is separated by spacers. Conventional manufacturing 
cannot produce such complex geometries, but vat photopolymeriza-
tion- based 3D printing enables fabrication as a single monolith, elimi-
nating leakage risks. This demonstrates, for the first time, that an 
implantable dialysis filter can achieve the necessary clearance within 
implant size constraints and feature complex, blood-compatible 
pathing.
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Figure 1. Initial implantable hemodialyzer design.

Figure 2. Urea clearance and blood shear vs total blood flow 
rate for a single unit.
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Introduction: Hemodynamic management of critically ill mechanically 
ventilated patients entails complex heart-lung interaction (HLI) between 
the cardiovascular and respiratory systems. Computational physiological 
models provide mechanistic and clinical insights into these intricated 
phenomena, aiding in the development of new monitoring techniques 
that translate into effective clinical management. We present a compu-
tational cardiopulmonary simulator built upon a previously validated 
closed loop lumped parameter model [1],[2].

Results: The simulations show that at the start of ventilatory inspiration, 
left ventricular preload and stroke volume increase while the right ven-
tricular hemodynamics decrease (and conversely during expiration), in 
agreement with literature [3]. As PEEP increases, cardiac output (CO) 
and mean systemic arterial pressure (MAP) decrease, while pulmonary 
vascular resistance (PVR) increases (Table 1).

Methods: The original model is a lumped parameter representation of 
the left heart and right heart, pulmonary and systemic circulation, 
baroreflex control, metabolic peripheral control, respiratory mechanics 
and gas exchange [1]. Here, we integrate model elements that capture 
heart-lung interaction:

•	 Non-linear mechanical properties for lungs and chest wall
•	 Implementation of mechanical ventilation in flow and pressure 

controlled mode. The resulting airway pressure is transmitted into 
the pleural cavity affecting transmural pressure of the vasculature

•	 Pericardium modelled as a nonlinear compliance, its total volume 
being the sum of the heart chambers and the myocardial tissue

•	 Ventricular septum modelled as a three- compartment elastance
•	 Pulmonary arterial and venous capillaries and vena cava modelled 

as nonlinear resistances and compliances allowing to reproduce 
their collapse for high transmural pressures

The verification of added model elements is performed by comparing 
the simulator results with literature data of post cardiac surgery patients, 
undergoing volume controlled mechanical ventilation with different 
positive end-expiratory pressures (PEEP).

Discussion: This novel, integrated modelling approach of HLI shows a 
good overall agreement between simulations and literature data. 
Although further validation of the simulator is required, it represents a 
promising tool for understanding the critical hemodynamics under 
mechanical ventilatory support, creating perspectives to aid the devel-
opment and testing of new diagnostic and therapeutic solutions.
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Introduction: Mortality in premature infant population suffering from 
severe lung or kidney failure is high. Current treatments are less adapted 
to neonatal physiology, invasive and have side-effects. The Artificial 
Placenta (ArtPlac) preclinical project aims to provide a miniaturized 
assist device providing simultaneous pulmonary and renal support. The 
model configuration of the lung and kidney assists device (LKAD) will be 
adopted for either microfluid or hollow-fibre approach. To improve and 
optimize oxygenation and filtration performance. The aim of this study is 
focused on achieving an efficient species exchange while obtaining a low 
resistance within the LKAD device as well as minimize the risk of device-
induced complications such as blood haemolysis.

Methods: A numerical analysis was carried out to predict the performance 
of a miniaturised version of the hollow-fibre-based LKAD. A computational 
fluid dynamics (CFD) analysis was conducted to assess the mass transport 
through membranes between gas or dialysate and blood and overall, in-
device hemodynamic performance. The models were implemented with 
the commercial COMSOL Multiphysics software. A parametric analysis 
was conducted to assess the sensitivity of physical quantities of interest 
(related to both hemodynamic and species transport rates) to the inputs, 
including the influence of blood structural/rheological model, flow 
unsteadiness, membrane properties, and species diffusivity. The oxygen 
transport in the blood is governed by the convection-diffusion equation:

	 �. .� � �P0 D P0b2
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where v is blood velocity, PO2 oxygen partial pressure and Db oxygen 
diffusivity in blood. To consider the fraction of oxygen bound to 

Table 1. Simulation (bold) and literature data [4].

PEEP
[cmH2O]

CO
[L/min]

MAP
[mmHg]

PVR
[dynes·cm/sec5]

0 4.1 - 4.2 90.3 - 91.6 160 - 216
5 3.8 - 4.1 86.2 - 91.6 208 - 217
10 3.5 - 3.9 80.7 - 90.2 280 - 256
15 3.2 - 3.6 74.9 - 90.2 382 - 256



Abstract	 475

hemoglobin, the effective diffusivity approach first introduced in refer-
ence [1] was employed:
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where c[Hb] is haemoglobin concentration, α oxygen solubility in blood 
and the derivative dSO2/dBO2 is the slope of the oxygen- haemoglobin 
dissociation curve. The increased affinity of foetal haemoglobin for oxy-
gen is included as a conditional statement in the user-defined functions. 
Toxins (urea and creatinine) and electrolytes (sodium, potassium, and 
chloride) transport are governed by convection-diffusion. The Debye-
Hückel theoretical model [2] is employed to describe the electrolytic 
activity.

Results and Discussion: The influence of oxygen diffusivity was found to 
be significant where oxygen concentration varied by a factor of two 
depending on the assigned oxygen diffusivity (i.e. molecular diffusivity 
versus effective diffusivity). The influence of the particulate nature of 
blood was observed to be more pronounced for high blood flow rates. 
Future directions will assess factors such as interspecies interaction and 
albumin loss in filtration membranes to enhance species transport 
within the device.
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Introduction: Hemodialysis (HD) is the most widely used treatment for 
kidney failure, a condition whose prevalence is progressively increasing 
worldwide. In HD, blood circulates out of the body and passes through a 
hemodialyzer for purification, and the clean blood returns to the body 
[1]. Traditionally, the components of these systems, including membrane 
modules, are manufactured using conventional methods such as injec-
tion molding. However, additive manufacturing (AM) has recently 
emerged as a promising alternative, offering advantages such as the abil-
ity to produce highly complex and customizable designs, which could 
benefit applications in this field [2].
In a research environment, flat sheet membranes are often used as an 
initial step in membrane development, requiring specialized modules to 
support them during testing. This work studies the potential of extrusion-
based 3D printing to fabricate flat sheet membrane modules (FSMMs) at 
a lab- scale that enables flat sheet membrane evaluation. The goal is to 
demonstrate that AM is a viable alternative for producing customized 
FSMM for lab- scale studies, and its suitability in HD conditions.

Methods: A FSMM with well-defined microfluidic blood flow channels 
was developed and coupled to an in vitro circulatory system, operating 
as an extracorporeal blood circuit (ECBC) to mimic HD at a laboratory 
scale. The FSMM consists of two modules with microfluidic channels for 
the flow of either blood or dialysate, and a perforated central module for 
membrane support.

Figure 1. Computational domain corresponding to a portion of the full-scale model, showing the different domains.
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Two prototypes (FSMM-A and FSMM-B) with well- defined microfluidic 
flow channels that mimic the hemodynamic conditions of HD at a small 
scale were designed using the Onshape® CAD software and subsequently 
fabricated via 3D printing with Acrylonitrile Butadiene Styrene (ABS). 
Functional validation involved confirming the channel dimensions by 
imposing flow rates between 30 and 200 mL/min and measuring precise 
pressures, using aqueous solutions. Hemocompatibility of the prototypes 
was evaluated in terms of hemolysis using bovine whole blood and impos-
ing shear stresses up to 260 Pa, following international standards [3]. 
Finally, a proof-of-concept experiment was performed with semi-permea-
ble membranes placed in the prototypes for the filtration of whole blood 
for a period of 4 hours to demonstrate the feasibility of the FSMM.

Results: Both FSMMs showed no leaks after assembly, and the channel 
dimensions were very similar to those of the CAD design. The blood/ABS 
interfaces did not induce hemolysis, and flow conditions correlated with 
hemolysis degrees through microchannel designs. Prototype FSMM-B 
demonstrated outstanding performance when compared to FSMM-A 
and was selected for the proof-of-concept. After 4 hours of whole blood 
filtration there was hardly any hemolysis, increasing less than 1%.

Discussion: This work highlights the critical role of microfluidic channel 
design in devices for ECBCs. The results demonstrate the feasibility of 
using extrusion 3D printing technology to fabricate hemocompatible 
FSMMs with well-defined microchannels. This approach provides a quick 
and efficient alternative to traditional manufacturing methods, offering 
significant advantages for the development of lab- scale HD modules.
Additionally, the versatility of 3D printing suggests its potential for 
designing more complex membrane modules in the future, expanding its 

applicability to more advanced experimental setups and possibly clinical 
applications.
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Introduction: Extracorporeal removal of CO² in patients with acute res-
piratory distress syndrome can be performed using clinically available 
hemoperfusion devices based on hydrophobic oxygenation membranes 
like MultiEcco²R (Fresenius) added to dialysis. This is the first description 

Figure 1. (left) membrane oxygenation (right) hemoglobin dialysis (top row) overview of test setups with denoted blood gas 
analysis sample points (middle row) Carbondioxide partial pressures with denoted gas flow changes (bottom row) Oxygen partial 
pressures with denoted gas flow changes.
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of a novel Hemoglobin-based dialysis technique1 that uses hydrophilic 
dialysis membranes to effectively remove CO² and introduce O² simulta-
neously with dialysis in a pre-clinical model compared to MultiEcco²R.

Methods: A 1,5 Liter Patient was simulated using human erythrocyte 
concentrate diluted with 5% albumin solution to a Hkt of approx. 31% 
and adjusted to a pH 7.4. MultiEcco²R served as control experiment. CO² 
was introduced to the patient side using a silicone membrane gas 
exchanger (Permselect). Patient was dialysed against Dialysate contain-
ing purified human hemoglobin using an Emic²- Hemofilter (Fresenius). 
Oxygen was introduced to dialysate side using a MultiEcco²R. A blood 
flow rate of 200 ml/min was used for the patient circuit. Dialysate speed 
was 200 ml/min. In hemoglobin dialysis blood flow was adjusted to 100 
ml/min at t=13000s.

Results: CO² was removed efficiently by both MultiEcco²R membrane 
oxygenation as well as hemoglobin- based dialysis (Figure 1).

Discussion: CO²-removal and O²-introduction in a dialysis setting using 
hydrophilic dialysis membranes can be achieved by adding oxygenated 
hemoglobin to the dialysate. Here, dialysate hemoglobin increases oxy-
gen availability at the membrane pore level and thereby enables oxygen 
and carbon dioxide transfer over the membrane in the water- soluble 
phase. Dialysis membranes propose several advantages over oxygena-
tion membranes and are expected to improve hemocompatibility in 
blood decarboxylation and oxygenation. Membrane wetting is of no con-
cern. The concept could be extended to ECMO.
Finally, dialysis and carbon dioxide removal can be done by only one 
membrane, thereby reducing clinically significant side effects. Results 
display encouraging potential for further optimization. On the techno-
logical side, gas transfer was limited by blood flow and upper detection 
was limited by TerumoCDI550. On a biochemical side, gas transfer could 
be increased by higher concentration of hemoglobin in dialysate as well 
as effectors of the hemoglobin oxygen dissociation curve like tempera-
ture. Technological optimization concerning mass transfer is under cur-
rent investigation.
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Introduction: Uremic toxicity has long been a focus in nephrology, but 
less attention is given to the potential benefits of metabolites produced 
alongside uremic toxins.

Methods: Tryptophan-derived metabolites were used as an example.

Results: We highlight their dual nature: some are toxic (e.g., indoxyl sul-
fate, kynurenine), some beneficial (e.g., indole, melatonin), and others 
ambivalent (e.g., serotonin). This dualism extends to their main recep-
tor, the aryl hydrocarbon receptor (AHR), which has both harmful and 
beneficial effects. We recently also demonstrated that untargeted 
metabolomics offer a more balanced view of uremic retention than the 
targeted approaches, with higher chances of revealing the beneficial 
potential of some of the metabolites.

Discussion: We emphasize the need to consider both positive and nega-
tive aspects of uremic metabolites in future therapeutic strategies, aim-
ing for balance rather than indiscriminate elimination.
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Introduction: The bioartificial kidney (BAK) aims to enhance uremic 
toxin clearance by utilizing proximal tubule epithelial cells (PTECs) with 
active transporter function. Organic anion transporter 1 (OAT1) plays a 
key role in protein-bound uremic toxin (PBUT) uptake from the blood, 
while efflux pumps facilitate their removal into the dialysate. However, 
chronic kidney disease (CKD) blood contains high levels of PBUTs and 
pharmaceuticals, such as statins, diuretics, ACE inhibitors (ACEIs), and 
angiotensin receptor blockers (ARBs), due to polypharmacy. These com-
pounds may compete at OAT1, potentially hampering PBUT excretion 
and BAK efficiency. This study investigates drug-toxin interactions at 
OAT1 using computational and experimental approaches to provide 
insights for BAK development and optimize drug treatment in CKD.

Methods: We used proximal tubule cells with confirmed OAT1 activity to 
study the competitive uptake of PBUTs and CKD-associated drugs. A fluo-
rescein- based assay assessed OAT1-mediated transport inhibition by 
selected pharmaceuticals (ACEIs, ARBs, statins, and diuretics). Additionally, 
we tested functional BAK hollow fiber membranes decorated with PTECs 
using LC-MS to quantify toxin clearance in single and multi-toxin condi-
tions. A computational model was developed to simulate indoxyl sulfate 
(IS), a prototypical PBUT, transport dynamics, incorporating transporter 
density, albumin-binding kinetics, and toxin dissociation rates to predict 
clearance efficiency under physiological and uremic conditions.

Results: Experiments with the BAK functional unit confirmed effective 
PBUT removal, but toxin-toxin interactions led to variable clearance rates, 
underscoring the need to understand their impact on function (1). 
Anticipating this effect, we examined drug-toxin and toxin-toxin interac-
tions at OAT1. Our findings show that CKD-associated drugs compete with 
PBUTs for OAT1-mediated uptake, with ARBs and furosemide significantly 
inhibiting fluorescein uptake at clinically relevant concentrations, a trend 
exacerbated by PBUTs (2). Computational modeling revealed that trans-
porter density and PBUT dissociation rates are key determinants of clear-
ance efficiency. Experimental data also indicated that albumin enhances 
PBUT removal (2). However, computational simulations suggested that 
albumin conformational changes in uremic conditions may reduce PBUT 
dissociation rates, limiting their availability for clearance (3).

Discussion: This study provides key insights into toxin- transporter inter-
actions, emphasizing drug-toxin competition in BAK system design. By 
integrating computational modeling with in vitro validation, we offer a 
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framework to optimize transporter function in BAK. Additionally, we are 
investigating multi- toxin and drug-toxin interactions by measuring intra-
cellular concentrations and develop a computational framework to pre-
dict these interactions, allowing for better-informed strategies in BAK 
design. Future studies should refine transporter expression strategies 
and mitigate drug-induced inhibition to enhance BAK efficacy.
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Introduction: Recovery rates in patients with implantable left ventricular 
assist devices (LVADs) remain low. This might be linked to a mismatch 
between arterial and ventricular elastance (Ea and Ees), as physiological 
ventriculo-arterial coupling ratio is 0.5 to 1 and it increases in heart fail-
ure. [1] We hypothesize that matching ventricular and arterial elastances 
may promote myocardial recovery. [2] The aim of this study was to inves-
tigate whether rotary blood pumps at constant speed and with instanta-
neous altering of the speed throughout the cardiac cycle can adapt the 
loading conditions of the heart to restore physiological Ea/Ees ratios.

Methods: A pediatric heart failure lumped parameter model was cou-
pled to a hybrid mock circulatory loop (HMCL). Instantaneous speed con-
trol was integrated with two LVADs, the HeartMate 3 (Abbott, North 
Chicago, USA) and the Berlin Heart NGP (Next Generation Pump, under 
research, Berlin Heart GmbH, Berlin, Germany). Both pumps were uti-
lized to support the simulated failing heart, with partial and full support 
(QVAD=2.0 lpm and QVAD=2.8 lpm) at constant speed. This was com-
pared to cardiac cycle-triggered, sine shaped, modulated speed pat-
terns, with different amplitudes (0.5 krpm, 1 krpm and 1.5 krpm) and 
phase delays (0% to 90% of the cardiac cycle) by pressure-volume loops 
and elastance calculations. To validate results the NGP was used to sup-
port an isolated lamb heart in ex-vivo working mode at different pump 
speeds (2000 to 5000 rpm) while oxygen consumption was measured in 
addition to pressures and volumes.

Figure 1A. Isolated heart hemodynamics with NGP support at increasing pump speeds; 1B: NGP in the HMCL supporting the failing 
heart with phase delayed, modulated speed. Baseline & constant speed (black, dotted & dashed).
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Results: In the HMCL, partial and full support baseline were 3 krpm and 
4 krpm (HM3) and 2.8 krpm and 3.4 krpm (NGP). The unsupported Ea/
Ees ratio was 3.0, while constant speed unloading increased the ratio to 
3.2 and 3.6 (at 2 lpm and 2.8 lpm). Similarly, in the isolated heart (Figure 
1A), Ea increased with higher pump speeds (range 2.24 - 4.17 mmHg/ml) 
and also resulted in higher Ea/Ees ratios (1.67 - 3.25) indicating unfa-
vorable support conditions at higher support degrees, as cardiac effi-
ciency correlated negatively with an increasing Ees/Ea ratio (R² = 0.81).
In the HMCL, pulsatile speed control could alter the Ea/Ees ratio with 
minimal values of 0.99 (NGP) and 1.16 (HM3) reached at the maximal 
amplitude and a delay of 70% during full support (Figure 1B). While 
restoring a coupling ratio of close to one, sufficient cardiac unloading 
was achieved.

Discussion: Constant speed support in LVAD recipients leads to non-
physiological ventriculo-arterial coupling ratios. Restoring a physiologi-
cal coupling ratio is feasible using a rotary blood pump (HM3 or NGP) 
with a triggered, sine shaped, pulsatile speed control while maintaining 
sufficient unloading.

References
1.	 García et al, Ann Transl Med., 8(12):795, 2022
2.	 Granegger et al, Scient.Rep., 9:1:20058, 2019

Acknowledgements
The financial support by the Austrian Federal Ministry of Labor and 
Economy, the National Foundation for Research, Technology and 
Development and the Christian Doppler Research Association is grate-
fully acknowledged.

Sensorless Estimation Of Instantaneous Flow 
Rate, Head Pressure And Viscosity In A Rotary 
Blood Pump

Theodor Abart1, Marko Grujic1, Stefan Jakubek2,  
Adrian Wisniewski3, Daniel Zimpfer1, Marcus Granegger1

1Christian Doppler Laboratory for Mechanical Circulatory Support, 
Department of Cardiac Surgery, Medical University of Vienna, Austria; 
2Division of Control and Process Automation, Institute of Mechanics and 
Mechatronics, University of Technology, Vienna, Austria; 3Berlin Heart 
GmbH, R&D, Berlin, Germany

Introduction: Hemodynamic sensors incorporation is not feasible in 
durable left ventricular assist devices (LVADs). However, measurements 
such as flow rate, pressure head and blood viscosity bear important 
information on the pumps’ performance and the patients’ condition 
with potential to predict and prevent adverse events. [1] Therefore, 
researchers and companies try to estimate these parameters from 
intrinsic pump signals, however, previous attempts are limited by signal 
availability, nonlinear characteristics of blood pumps (hydraulic, motor, 
and bearing), and substantial dynamics effects. [2] The aim of this work 
was to develop a digital twin of a rotary blood pump in terms of a state 
observer based on the identified nonlinear differential equations 
describing the hydraulic pump, the motor and the bearing of a novel 
blood pump.

Methods: We employed an Unscented Kalman Filter (UKF), which ena-
bles the estimation of current states (Q. . .pump flow; H. . .head pres-
sure; w. . .pump speed; Xdisp. . .bearing displacement; µ. . .viscosity) 
using readily available pump signals (w, Imotor, Ibearing, Xdisp) as the 
sole additional inputs to determine Q, H and µ. We identified static and 
dynamic hydraulic, motor and bearing characteristics of the Berlin Heart 
NGP (Next Generation Pump, under research, Berlin Heart GmbH, Berlin, 
Germany) in a hybrid mock loop and acquired realistic hemodynamics of 
virtual patients coupled to the hybrid loop. The physical states were 
modeled as differential equations based on static characteristics, and 

dynamic parameters optimized before integration in the UKF (Figure 1). 
µ and H were modeled as augmented states.
The performance was then evaluated with different hemodynamic sig-
nals for 3 rpm to 4.5 krpm.

Results: The UKF estimated Q with an RMSE of 0.22 (±0.02) lpm and a 
correlation coefficient of r=0.98 (±0.01). H was estimated with an RMSE 
of 6.0 (±0.2) mmHg and r=0.93 (±0.03). µ was modeled with reduced 
process noise to prevent adaptation during the cardiac cycle, results 
showed convergence to a value within ±1 mPa*s of the actual viscosity 
in under one minute.

Discussion: The algorithm has demonstrated the feasibility of 
applying nonlinear state estimation to the NGP. Its accuracy will fur-
ther be improved by increasing the complexity and precision of the 
underlying models. Its application can be extended to fault detec-
tion (e.g. sensor drifts, aspiration of particles) or integration with 
established hemodynamic monitoring algorithms (e.g. suction, 
contractility).
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Figure 1. States corresponding to
(i) hydraulics,
(ii) motor and
(iii) bearing used in the UKF.

Figure 2. Hemodynamics with flow rate and head pressure 
estimated by the UKF (dashed).
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Introduction: The use of rotodynamic blood pumps (RBPs) as supportive 
devices for the cardiovascular system has become a promising therapy 
for patients with severe heart failure. A key factor for the pump perfor-
mance and pump reliability is the impeller’s bearing concept.
Pivot bearings, a type of mechanical bearing, have been used in left ven-
tricular assist devices like the HeartMate II (HMII, Abbott Laboratories), 
success- fully supporting thousands of patients worldwide. Building on 
this concept, our team has developed a cavo-pulmonary assist device 
(CPAD) with pivot bearings specifically tailored for Fontan patients [1,2]. 
However, to date, the complex interaction between mechanical pivot 
bearings, the surround- ding blood flow and its corpuscular components 
remains unexplored.
In this study, we investigated friction losses and the associated torque in 
pivot bearings by analyzing the power consumption of two rotodynamic 
pumps.

Methods & Materials: The HMII and CPAD were evaluated in-vitro on a 
test bench. A wide operational range of both pumps was investigated, 
covering different flow rates and rotational speeds. Flow rates were 
determined by an ultrasonic flow meter, while rotational speeds and the 
associated power consumption were determined by a manufacturer 
control unit for HMII and a self-developed control unit for the CPAD.
Results obtained with heparinized (15000 IU/L) bovine blood (35% hem-
atocrit, 1050 kg/m³, 3.5 mPas) and blood plasma (1025 kg/m³, 1.6 mPas) 

were compared to those using single-phase blood analog fluids (water-
glycerol, 1110-1127kg/m³, 3.0- 4.0 mPas).

Results: Our measurements indicate a significant increase in power con-
sumption during the blood exper- iments compared to those with the 
blood analog fluids with similar viscosities. This is exemplified in Figure 1 
for two rotational speeds of both pumps. This trend was observed across 
the entire operational range. The increase in power consum- ption is 
quantified using the root mean square of the relative deviation in power 
consumption between blood/plasma in comparison to the blood analog, 
as listed in Table 1.
Notably, tests using low-viscosity blood plasma demonstrated power 
consumption that was comparable to, or even higher than that observed 
with the higher-viscosity blood analog fluids.

Discussion: In this study we showed that the friction losses and the asso-
ciated torque in the pivot bearings are considerably higher in blood com-
pared to water glycerol with similar viscosity.
This discrepancy cannot be explained solely by the presence of erythro-
cytes in the blood, as even plasma - despite being less viscous - results in 
a similar or even higher power consumption compared to the more vis-
cous blood analog fluids. Power consumption is strongly influenced by 
viscosity, with more viscous fluids generating greater frictional losses in 
the bearings. Our findings suggest that plasma behaves as a significantly 
more viscous fluid within the bearing.
This observation may be explained by protein denaturation, forming 
microstructures that increase the apparent viscosity locally, leading to 

Table 1. RMS of relative deviation in power consumption.

HMII CPAD

RMS of Blood/W-G 1.17 1.31
RMS of Plasma/W-G 1.04 1.24

Figure 1. Power consumption at two rotational speeds for the HMII (left) and the CPAD (right).
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elevated torque and power consumption. Future work will focus on vali-
dating this hypothesis through experimental and computational 
methods.
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Introduction: The HeartMate3 (HM3) has become an important treat-
ment option for pediatric patients, despite limitations due to its larger 
size [1]. However, its hydraulic properties and hemocompatibility in typi-
cal pediatric settings, including a potential recovery scenario, was not 
yet investigated. The aim of this study was to assess the pump’s perfor-
mance (hemodynamics and hemolysis) in typical pediatric conditions, 
including low- and backflow episodes in recovery scenarios.

Methods: Based on data from a literature review, we parametrized a 
lumped parameter model to replicate typical hemodynamics of a 6-year-
old patient with (i) end-stage heart failure (full support), (ii) less 
advanced heart failure (partial support) and (iii) a completely recovered 
cardiovascular system (recovery candidate). Using a hybrid mock circula-
tory loop we assessed the hemodynamic effect of the HM3 in these 
three conditions. As the hybrid mock loop was operated with bovine 
blood from the abattoir, hemolysis was assessed concomitantly accord-
ing to the ASTM F1841-19e1 standard. The samples were taken every 30 
minutes, centrifuged twice and the plasma-free hemoglobin measured 
with a photometer. The delta free hemoglobin (dfHb) and the Normalized 

Index of Hemolysis (NIH) were established to quantify the hemolysis 
rate. Experiments were repeated ten times and each experiment lasted 
for 6 hours, with a change of condition every two hours.

Results: For the three conditions the pump speeds were adjusted to 4700 
rpm in full support, 4200 rpm in partial support and 4200 ± 100 rpm in 
the recovery candidate. The resulting mean pump flows in these condi-
tions were 2.8 L/min, 2.3 L/min and 1.8 L/min, respectively. Flow pulsati-
lites reached from -2.5L/min to 6L/min, with pronounced backflow 
during diastole in the partial support patient and recovery candidate 
(Figure 1A). The calculated NIH was comparable between the three con-
ditions (full, partial, recovery: 9.95 ± 6.83 mg/100L, 12.22 ± 5.40 
mg/100L, 12.31± 8.09 mg/ 100L, p=0.76), see Figure 1B. Further, no sig-
nificant difference in dfHb was observed between the three conditions 
(1.83 ± 1.11mg/dL, 1.87 ± 0.92mg/dL, 1.51 ± 0.85mg/dL; p=0.76).

Discussion: In this study we showed that with the HM3 in pediatric 
patients and mean pump flows from <3L/min, substantial periodic 
backflows during diastole (up to -2.5L/min) can be observed especially in 
patients with recovering cardiovascular function. These frequent back-
flows did not cause elevated hemolysis compared to the other operating 
conditions without backflow. The present results underpin our previous 
finding that periodic low/backflow conditions under dynamic conditions 
are not associated with higher hemolytic action in contrast to these 
flows under static conditions. Further studies are required to assess the 
safety of the HM3 in these patients in terms of thrombogenicity. Of note, 
considerable backflows during diastole were associated with low dias-
tolic arterial pressures, which may impede coronary perfusion.
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Figure 1. A: Different flow rate conditions for the three scenarios: full- and partial-support & recovery candidate. B: NIH for all 
three scenarios.
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Introduction: Right heart failure (RHF) is a complex condition in which 
the right ventricle (RV) fails to maintain adequate blood flow to the pul-
monary circulation, meet tissue metabolic demands, and regulate right 
atrial pressure [1]. RHF is associated with high morbidity and an in-hos-
pital mortality rate of up to 75%, affecting 40% of patients with a left 
ventricular assist device (LVAD) [2][3].
In severe RHF cases, a right ventricular assist device (RVAD) is required. 
However, most current solutions repurpose LVADs, which are not 
designed for the lower pressure conditions and for the anatomy of the 
RV. This underscores the need for RVADs specifically engineered for right 
heart support. This study aims to develop and optimize a novel RVAD 
prototype, enhancing hydraulic efficiency and reducing hemolysis 
potential.

Methods: The RVAD prototype was developed as a centrifugal pump 
with a mixed-flow impeller, designed using classical pump theory.
An optimization strategy was implemented using ANSYS Workbench 
2024 to identify the optimal device design that allows to enhance 
hydraulic efficiency while minimizing potential blood damage. Four key 
geometric parameters were investigated: impeller blade diameter, gap 
between blade tips and volute, blade outlet angle, and blade trailing 
edge inclination. The optimization criterion (OC), minimized in this 
study, was based on the cost function proposed by İncebay, which 

accounts for both the modified index of hemolysis (MIH) and the 
hydraulic efficiency (η) [4].

	 OC MIH� /�2 	 (1)

A total of 25 different RVAD geometries were analyzed through compu-
tational fluid dynamics, and the results were used to construct response 
surfaces correlating the geometric parameters and the optimization cri-
terion. A genetic algorithm was then employed to determine an optimal 
pump design.

Results: The characterization of the initial RVAD prototype demon-
strated its capability to sustain high flow rates while maintaining pres-
sure drops within the physiological range required for right ventricular 
support (from 0 to 35 mmHg). Additionally, the device achieved hydrau-
lic efficiencies of approximately 30% across different flow conditions 
(Figure 1).
The optimization process highlighted the influence of the trailing edge 
inclination angle and the gap between impeller and volute for enhancing 
hydraulic efficiency and minimizing the hemolysis risk.

Discussion: The developed RVAD fulfils RV requirements, and its ability 
to operate efficiently across a wide range of flow rates opens the possi-
bility of implementing an artificial pulsing pump, able to mimic the phys-
iological blood pulsatility.
The optimization strategy allowed to refine the device design to achieve 
a balance between increasing hydraulic efficiency and reducing the 
hemolysis risk, further improving overall performance and 
hemocompatibility.
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Figure 1. Hydraulic efficiency (η) of the initial RVAD prototype for different rotational speeds and flow rates (Q).
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Introduction: Cardiomyocytes undergo periodic stress and strain cycles 
due to contraction/relaxation, cardiac chamber condition and surround-
ing vasculature. Heart failure, tissue remodelling, and circulatory sup-
port therapies can alter these mechanical forces. Understanding how 
these conditions and interventions, including mechanical circulatory 
support (MCS), affect ventricular mechanics is crucial for developing 
new therapies for heart failure. This study aims to create a novel simula-
tor integrating the TriSeg model (TSM) of cardiomyocyte mechanics [1] 
with a cardiovascular simulator (CVS) model [2]. This combined platform 
allows for in silico representation of different pathophysiological condi-
tions at the systemic level, with the CVS modelling effects on the myo-
cardium and vasculature, while the TSM computes stress and strain on 
cardiac myofibers.

Methods: The CVS is a closed-loop lumped parameters model that incor-
porates the four heart chambers and the systemic and pulmonary circu-
lation. The TSM is a representation of ventricular mechanics, split into 
left and right free walls and interventricular septum, with each compo-
nent represented by a simplified spherical geometry. The CVS and the 
TSM were integrated and interfaced in LabVIEW so that the global ven-
tricular pumping activity could be related to the myofiber contracting 
and relaxing status in each myocardial wall component. Specifically, the 
CVS provided geometric inputs (ventricular and septal wall volumes) to 
the TSM, which in turn calculated the corresponding myocardial stress 
and strain values while satisfying the law of conservation of energy. The 
CVS was tuned to reproduce the haemodynamic of a healthy subject, 
and the resulting ventricular stress and strain were retained from the 
TSM.

Results: The CVS reproduces the general hemodynamic condition of the 
healthy subject in terms of cardiac output (6.9 L/min), mean systemic 
arterial pressure (105 mmHg), left and right ventricular volumes (49- 142 
ml, 39-136 ml). The TSM provides physiologically relevant values of 
strain, such as 15% in the left ventricle, 20% in the septum, and 27% in 
the right ventricle, for accurate normal heart geometric input parame-
ters. The TSM also produces plausible stress-strain waveforms for the 
cardiomyocytes, that reflect the pressure-volume simulated by the CVS 
for every simulated heartbeat. Furthermore, insights are provided by the 
TSM into geometrical parameters of the ventricular walls, with the cur-
vatures obtained being 30 m-1, 20 m-1, and 24 m-1 for the left, right and 
septal wall, respectively [1].

Discussion: The integrated CVS-TSM simulator offers a comprehensive in 
silico platform for analysing patient haemodynamic and cardiac myofiber 
mechanics. While the TSM uses a simplified cardiac geometry for effi-
cient computation and real-time simulation, it provides valuable insights 
into myofiber stress and strain. The present model will be used to simu-
late heart failure and investigate the impact of MCS on myocardial stress 
and strain at different support levels, along with other important param-
eters such as the geometry of the ventricular walls. By assessing ven-
tricular remodelling and wall motion abnormalities, the model can 
improve the understanding and optimization of MCS device settings and 
help reduce the risk for cellular injury. The incorporation of patient-spe-
cific data could also be a possibility, with the potential to pave the way 

for personalised therapy. This may lead to a better understanding of how 
different MCS modalities affect the myocardium, ultimately contributing 
to improve clinical outcome for patients undergoing this therapy MCS.
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Introduction: Hemoadsorption is gaining prominence as an adjunctive 
therapy in critical care, offering potential benefits in managing systemic 
inflammation and sepsis. However, its non-selective nature raises con-
cerns about the unintended removal of essential medical substances, 
which may result in underdosing and adverse clinical outcomes. This in 
vitro study investigates the adsorption characteristics of two vital cat-
echolamines, epinephrine (E) and norepinephrine (NE), which play a 
critical role in maintaining hemodynamic stability in critically ill patients.

Methods: The test setup is shown in Figure 1. Miniaturized versions (60 
mL sorbent) of the CytoSorb were used in an in vitro circuit with 1 liter of 
EDTA- anticoagulated human whole blood. The blood was spiked with 
the respective catecholamine (E: 20 ng/mL; NE: 100 ng/mL) and circu-
lated for 5 h at a flow rate of 40 mL/min. To compensate oxidation and 
light-induced degradation, catecholamines were continuously infused 
into the circuit at rates determined by preliminary experiments (E: 15 
µg/h; NE: 17 µg/h). Samples were taken at the inlet and outlet of the 
adsorber after 0, 5, 15, 30, 60, 120, and 300 minutes, centrifuged, and 
stored at -20 °C until analysis. Control samples were taken at the start 
and kept at 37 °C until the end of the experiments. Experiments were 
conducted in duplicate, with catecholamines measured using high-per-
formance liquid chromatography and electrochemical detection.

Figure 1. Test setup.
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Results
The concentration-time curves for both catecholamines are shown in 
Figure 2. The curves indicate that neither E nor NE are considerably 
removed by the CytoSorb.

Discussion: This in vitro study demonstrates that CytoSorb has minimal 
impact on the removal of epinephrine and norepinephrine. Clinically, 
this supports the feasibility of maintaining standard dosing protocols for 
hemodynamic stabilization in critically ill patients undergoing CytoSorb 
therapy. Notably, clinical evidence consistently highlights CytoSorb's role 
in enhancing hemodynamic stability, often accompanied by a reduced 
need for catecholamines in unstable patients, further underscoring its 
therapeutic value in critical care [1,2].
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Introduction: In vitro modelling of tumors is faced with several chal-
lenges. Traditionally, 2D experiments have been carried out, but this 
approach is currently seen as insufficient to reliably replicate the 3D 
environment of tumoral cells. Moreover, tumoral tissue is composed by 
different cell lines, each one of which is possibly marked by genetic het-
erogeneity, adding up to experimental complexity. As a preliminary step 
in view of trustworthy in vitro modelling of brain tumors, we character-
ised bioprinted constructs containing patient-derived glioblastoma 
(GBM) stem-like cells.

Methods: We collected 123 tumor samples from adult glioblastoma 
(GBM) patients. About 30% of samples included in this collection was 
characterized by: 1) NMR spectroscopy for metabolic profiling; 2) flow 
cytometry for immunoprofiling; 3) RNASeq for transcriptomic profiling. 
GBM stem-like cell (GSC) lines derived from the same samples were ana-
lyzed for transcriptomic profiling. This cohort of 35 samples includes 16 
females (43.2%) and 21 males (56.8%), with a median age of 61 years 
and a mean age of 59.9 ± 11.9 years.
Bioprinting based on Digital Light Processing (DLP) was used to fabri-
cate patient-derived-cell- laden scaffolds, with a cylindrical geometry 
in which 30- and 50-μm microchannels were alternately arranged in a 
square lattice, for maximizing solute transport between construct and 
medium. Gelatin methacryloyl (GelMA) was selected as bioink, given 
its remarkable compatibility with cells upon bioprinting. Fluorescently 
labeled patient-derived GBM stem- like cells (GSCs) were cultured in 
GelMA scaffolds up to three weeks. Representative images were 
recorded at different time points, under an inverted fluorescence 
microscope equipped with phase contrast (brightfield, BF) at 5x mag-
nification (Thunder Imager DMi8 Fluorescent Microscope, Leica).

Results: The bioprinting-related stress on the cellular part of the con-
structs was seen to be negligible: a non- decreasing viable cell density 
was observed, up to 3 weeks post-printing.

Discussion: The preliminary investigation confirmed the potential of 
DLP-based bioprinting in crafting tumoral tissues with a controlled 3D 

Figure 2. Epinephrine (a) and norepinephrine (b) 
concentration-time curves (mean+/-SD, n=2). *n=1 for the 
sampling time 300 min.

Figure 1. Evolution of GBM stem-like cells (RED), at 2 and 3 weeks 
after bioprinting with GelMA. Upper, central and bottom panels: 
brightfield, fluorescence (RFP) and merged images, respectively.
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architecture. The extension to constructs with additional cell lines (i.e., 
endothelial cells) aimed at reproducing the tumor microenvironment is 
ongoing.

Acknowledgements
This work was supported by the Project PNC 0000001, D3 4 Health, “Digital 
Driven Diagnostics, Prognostics and therapeutics for Sustainable Health 
Care”, funded by the “Piano nazionale per gli investimenti complementari 
al PNRR”, supported by the European Union – NextGenerationEU.

Immune-Endothelial Co-Culture Model With 
Madcam-1 To Study Vedolizumab Response In 
Crohn's Disease

Gloria Krajnc1,3, Boris Gole1, Uroš Potočnik1, 2, 3

1Centre for human molecular genetics and pharmacogenomics, 
Faculty of Medicine, University of Maribor, Slovenia; 2Laboratory 
for Biochemistry, Molecular Biology and Genomics, Faculty of 
Chemistry and Chemical Engineering, University of Maribor, Slovenia; 
3Department for Science and Research, University Medical Centre 
Maribor, Slovenia

Introduction: Crohn’s disease (CD) is a chronic, immune- mediated 
inflammatory condition of the gastrointestinal tract [1]. Vedolizumab 
(VDZ), a biologic used to treat CD, blocks interaction between α4β7 
integrin on leukocytes and mucosal addressin cell adhesion molecule-1 
(MAdCAM-1) on endothelial cells, thereby preventing leukocyte traf-
ficking to the gut and thus excessive inflammation. Despite its efficacy, 
primary non-response occurs in up to 40% of patients [2]. Our goal is to 
develop a reliable immune-endothelial co-culture model that mimics 
the environment of intestinal blood vessels surrounding the inflamed 
gut of CD patients. The model addresses the lack of predictive biomark-
ers for VDZ treatment response and MAdCAM-1 expressing endothelial 
cell lines. By incorporating these cells, it will allow us to predict treat-
ment response in VDZ-naïve patients, explore VDZ response mecha-
nisms, aid biomarker discovery, and advance personalized CD treatment 
strategies.

Methods: The model is based on a “transwell” system with collagen-
coated porous inserts (upper chamber) seeded with BOECs transiently 
transfected to express MAdCAM-1. When BOECs are unavailable, they 
are substituted with human microvascular endothelial cells-1 (HMEC-1), 
stably transfected to express MAdCAM-1, and confirmed to form a tight 
monolayer (ZO-1 staining). The upper chamber therefore simulates a 
blood vessel environment in which PBMCs are introduced to study leu-
kocyte transmigration. When using the model, venous blood is obtained 
from CD patients, and PBMCs and BOECs will be isolated. Tumour necro-
sis factor-alpha (TNFα) is added into the lower chamber as chemoat-
tractant for leukocytes, mimicking the inflamed gut. Moreover, the 
effect of VDZ on PBMC transmigration is assessed, with responders 
showing fewer PBMCs in the bottom chamber than non-responders. 
Transmigration (+/- VDZ) is quantified with Alamar Blue, and transmi-
grated cell types identified using flow cytometry and immunofluores-
cence microscopy (IFM). Molecular pathways tied to therapeutic 
response are analysed using qRT-PCR, RNA-seq, .IFM, and Western blot.

Results: We successfully implemented a BOEC isolation method from a 
healthy donor in our laboratory and optimized a protocol to obtain a 
continuous endothelial cell layer with HMEC-1. The formation of tight 
junctions confirmed its integrity, ensuring the prevention of passive 
PBMC leakage. We also determined the optimal TNFα concentration and 
duration of exposure to induce PBMC transmigration while maintaining 
viability of both incorporated cell types.

Discussion: Models in recent studies assess only PBMC attachment  
to MAdCAM-1 immobilized on glass and do not evaluate physical 

transmigration in the presence of VDZ [3]. Furthermore, no endothelial 
cell lines or BOECs have been transfected with MAdCAM-1 until now. 
Therefore, more complex models like ours are needed-enabling active 
PBMC transmigration after attachment, mimicking the effect of CD, and 
ultimately allowing prediction of patient response to VDZ treatment.
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Introduction: A new indication of vessel embolization concerns the 
treatment of joint pain commonly associated with musculoskeletal dis-
orders. It involves the intra-arterial injection of an embolic agent meant 
to be temporary, but capable to occlude neovessels for enough time to 
destroy the associated sensory nerves. An emulsion prepared by mixing 
two contrast agents, one oily (Lipiodol) and one aqueous, is used as an 
embolic agent. Clinical trials demonstrated its safety and its efficacy in 
reducing pain. To better understand the mechanisms involved, a micro-
fluidic model of a simple vascular network was developed and used to 
measure the resident time of the embolizing solution and study the 
influence of the geometry, fluid and flow conditions.

Methods: A polydimethylsiloxane (PDMS)-based microfluidic chip was 
prepared using photolithography and replica molding.1 The geometry 
was selected to mimic vessels. To obtain a hydrophilicity comparable to 
that of vascular endothelium (which has a contact angle of about 30°), a 
copolymer PDMS-(polyethylene glycol) (PDMS-PEG) was added to PDMS 
and the chip was treated with plasma.2,3 Blood was mimicked with a 
mixture of water and glycerol of viscosity 4.7 mPa.s. The model blood 
was at a flow rate fixed of 10.5 µL/min. The embolizing fluid is injected 
selectively into one branch of the chip and its evacuation is monitored 

Figure 1. Evacuation of an aqueous fluid (600 mPa.s) observed 
under microscope.
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with a microscope. Flow sensors are placed in the embolic free branch 
and at the model blood entry (Figure 1).

Results: After plasma treatment, the PDMS contact angle decreases from 
105 ± 4° to 78 ± 16°. The higher the PEG concentration in the formula-
tion, the greater the angle reduction. To maintain the angle as low as pos-
sible, the microfluidic chips are stored in pure water. Compared to ethanol 
and air, it is indeed the most efficient storage medium, as the PDMS/
PDMS-PEG (0.3%w) chips keep a contact angle below 19 ± 4° for 2 weeks.
Various oily and aqueous fluids were injected into the microfluidic chip. 
As shown in Figure 2, the flow rate is progressively restored as the plug 
is evacuated. The higher the fluid viscosity, the slower the return to the 
initial flow rate. At similar viscosities, oily embolic fluids reduce the flow 
rate more efficiently than aqueous embolic fluids.

Discussion: After the injection of the embolic fluid, the flows depart 
from the evenly distributed case between the two branches of the 
microfluidic chip. Since the embolic agent is more viscous than blood, its 
presence leads to a reduction in flow rate in the branch with the embolic. 
The time required to remove the embolic is a function of the viscosity 
and phase of the injected fluid.

References
1.	 Puryear III, & al, Micromachines 2020, 11 (8), 730.
2.	 Sherman, I. A, Microvasc Res 1981, 22 (3), 296–307.
3.	 Gökaltun, A, & al. Sci Rep 2019, 9 (1), 7377.

Acknowledgements
This work has been supported by the ANRT (Association nationale de la 
recherche et de la technologie) through CIFRE funding.

6A: EuroELSO

An In Silico – In Vitro Cardiovascular Simulator 
With An Ultrasound Compatible 3d Aorta 
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Introduction: Veno - arterial extracorporeal membrane oxygenation 
(VA-ECMO) is an effective therapy for cardiogenic shock (CS) patients. 
The management of this therapy is challenging, due to the complex 
interaction between the left ventricle (LV) and the device pumping blood 
into the aorta, in adjacent anatomical regions and in opposite direction 
to one another. Aim of this work is to investigate these complex hemo-
dynamics and flow patterns using an in silico – in vitro cardiovascular 
simulator.

Methods: The simulator is a further development of an already vali-
dated system [1]. The in silico part is a closed loop lumped parameter 
model of the 4 heart chambers, pulmonary and systemic circulation. It is 
tuned to reproduce the hemodynamic condition of a CS patient, whose 
target values are obtained by averaging the data of 10 literature papers.
The in silico model is interfaced with an in vitro system bidirectionally 
and in real time. This has 3 hydraulic chambers: one mimics the right 
atrium, the other two create a physiological flow into a 3D aorta phan-
tom. This phantom is implemented in silicone through a mold casting 
technique, with the geometry of a generic subject and a compliance of 
1.2 mL/mmHg. The VA-ECMO is connected to the hydraulic right atrium 
and to the descending 3D aorta, to simulate a peripheral arterial cannu-
lation. Tests are executed for different LV contractilities and VA-ECMO 
speeds, to progressively reduce LV output until the aortic valve (almost) 
does not open. For each test, hemodynamic measurements are col-
lected and high framerate ultrasound particle imaging velocimetry sys-
tem (Vantage 256 research) is conducted on the 3D aorta.

Results: Tests refer to: CS, CS+VA-ECMO 1.0 L/min (Test1), CS+VA-
ECMO 3.5 L/min (Test2), CS+VA- ECMO 5.0 L/min + worse LV contractil-
ity (Test3).

Figure 2. Kinetics of evacuation in the embolized branch upon 
injection of a 600 mPa.s embolic agent.

Table 1. Mean pressure (MAP), pulse pressure (PP), right atrial 
pressure (RAP), LV/VA-ECMO flow ratio (QLV/QE), end-diastolic 
LVvolume (EDV).

MAP 
[mmHg]

PP 
[mmHg]

RAP 
[mmHg]

QLV/QE  
[-]

EDV  
[mL]

CS 58.5±0.3 29.4±0.3 7.1±0.0 NA 127±0
Test1 59.5±0.2 26.3±0.3 5.3±0.0 3.0 127±0
Test2 67.0±0.0 19.5±0.5 3.1±0.0 0.6 131±0
Test3 53.8±0.1 6.2±0.2 0.7±0.0 0.0 137±0

Figure 1. Watershed in the 3D aorta for Test1.
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Discussion: The hemodynamic data evidences a reduction of MAP, PP and 
RAP for decreasing QLV/QE. EDV increases with VA-ECMO support, as the 
LV pumps against a higher afterload with an impaired contractile function. 
This effect is exacerbated in Test3, where the LV has a strongly impaired 
contractility. These hemodynamic findings are corroborated by the ultra-
sound measurements: a watershed is observed in the aorta phantom, as a 
result of the LV and VA-ECMO pumping in opposite directions. The water-
shed moves closer to the aortic valve in Test 2 and disappears in Test 3.
Overall the simulator offers a high-fidelity anatomical and physiological 
test bench, suitable for the hemodynamic and ultrasound investigation 
of VA-ECMO and other medical devices.
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Background and Aim: The Neokidney is a miniaturised dialysis device 
intended for Short Daily Hemodialysis (SDHD). Neokidney requires only 
4.5L of dialysate to generate a total of 36L for each therapy. This is 
achieved by continuous regeneration of spent dialysate in a sorbent car-
tridge (SC), re-using the fluid multiple times rather than discarding it 
after only one single use. The device has been successfully tested in 2 
clinical studies involving a total of 7 patients [1, 2].
The objective of this in vitro study was to test the latest Neokidney 
development prototype in a matrix of simulated standard and extreme 
SDHD conditions, covering most of the expected patient conditions.

Methods: The test setup replicated the Neokidney therapy setup, but 
replaced the “Patient” with a carboy containing 40L of a dialysate solu-
tion. This represented the combined fluid of blood and body water, and 
the total amount of dissolved uremic toxins in a 70Kg patient. During the 
experiment, this simulated patient fluid was continuously dialysed 
through a standard high-flux hemo- dialyser (Fresenius FX80), at a flow 
rate of 300mL/min. The dialysate side of the dialyser was connected to 
the Neokidney dialysate circuit, where spent dialysate was continuously 
regenerated in the sorbent cartridge.
The simulated patient conditions were chosen to map out the expected 
patient conditions for typical SDHD therapies. Four serum biochemical 
parameters were identified as crucial (Na+, HCO3-, Urea and K+), and 
were each varied to reflect minimum, normal, and maximum expected 
concentrations. The test results were evaluated for biochemical stability, 
with particular attention on acid-base balance.

Results: All SDHD experiments proceeded with efficient toxin clearance 
(reduction ratios of approx. 50% for urea, creatinine and phosphate). 
The post-dialysis Na-, HCO3 and Cl- concentration in the simulated 
patient remained mostly within +/- 1mmol of the pre-dialysis concen-
tration. Most experiments proceeded with a net release of 0 – 40mmol 
HCO3 to the “patient”. Exceptions were the high-urea experiment, which 
provided a net release of 86mmol of bicarbonate to the patient, and the 
low- urea experiment, which proceeded with a slight net removal of 
30mmol from the patient. The dialysate Na concentration followed the 
intended isonatraemic behaviour, i.e. it adjusted within 15min to the 
simulated patient’s pre-dialysis Na concentration and then remained 
approx. stable at that concentration. Three experiments had detectable 

amounts of ammonia in dialysate towards the end of the experiments 
(all below the specified limit of 20ppm).

Discussion: The present study was based on a single point variation 
matrix, representing the minimum set of conditions for probing the pro-
posed range of patient conditions. Within this set, the Neokidney system 
met its design specifications in all simulated patient conditions.
The experimental setup had some shortcomings, such as a missing rep-
resentation of the 2- compartment-model and missing respiratory con-
tributions to acid/base equilibria which would be found in a real patient. 
Nevertheless, it allowed a clear view on the corresponding equilibria on 
the dialysate side, on toxin removal efficacy, and on the behavior of the 
sorbent cartridge under the tested conditions.
Future studies will be conducted on the final configuration of the device, 
and will include a broader set of simulated patient conditions with mul-
tiple variations of plasma parameters
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Table 1. Variable parameters (in mmol/L) for simulated patient 
plasma concentrations.

Na HCO3 Urea K

Low (L) 125 14 15 3.5
Normal (N) 138 22 20 4.5
High (H) 145 30 25 5.5
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Introduction: International differences in regulations create additional 
complexity and costs for medical device developers. This holds 

particularly for startups as well as small and medium enterprises (SMEs), 
which typically have limited resources to bridge the “valley of death” 
between product development and start of product sales. Unfortunately, 
disruptive technologies are by definition not yet included into existing 
regulations and standards [1].

Methods: Fortunately, most existing national regulations typically point 
to international standards that describe requirements to establish com-
pliance. When working on disruptive medical technologies like Artificial 
Organs, it is thus wise to early involve international standards issuing 
bodies (see fig. 1). The Dutch national standardization institute (NEN) 
cooperates within the NXTGEN Hightech Biomed04 project that focuses 
on creating production technology of modular components for Artificial 
Organs, with automated cell-cultivating and artificial kidney as well as 
bioresorbable stents and grafts as spearpoints.

Results: Via NEN, cooperations are established with:

•	 IEC TC62D/MT20 Dialysis devices
•	 ISO/TC276/WG4 Bioprocessing for cells and related entities
•	 ISO TC150/SC2/WG5 Renal replacement, detoxification and apheresis
•	 ISO/TC150/SC2/WG7 Cardiovascular absorbable implants

See also Fig. 2.

Discussion: Participation in these standardization workgroups opens the 
possibility to explain new disruptive technologies and to create objective 
judgement criteria for notified bodies and governmental agencies that 
must assess new medical devices. This, in turn, shortens time to market. 
Furthermore, when patient organizations support the value of the devel-
oped technology, this greatly increases the chance of reimbursement by 
payor parties (e.g. health care insurers).
when writing a research proposal, another reason to pay attention to 
standardization is that the European Union recently has published a 
report which pronounces the weight of this aspect when assessing 
research proposals: “It is recommended to analyse the existing stand-
ards landscape and assess the contribution which standardization can 

Figure 1. Proper attention for standardization helps to de-risk investments for industrial parties, while involving patients in the 
process increases the chance to create a “first-time-right” solution [2].
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offer to the research and innovation project” as well as “in case of a col-
laborative project, it is recommended to create in the consortium a com-
mon understanding as well as a common strategic position on 
standardization and standardization issues” [3].
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Introduction: Roughly 13% of the population suffers from chronic kidney 
disease (CKD) globally [1]. To replace kidney function, hemodialysis is 
the primary treatment option for CKD stage 5 (end-stage renal disease - 
ESRD) patients. The global number of individuals receiving dialysis treat-
ment reached 2.7 million in 2016 and is estimated to reach 5.4 million by 

2030 [2]. During dialysis therapy, uremic toxins are filtered out from the 
blood regularly. However, during the procedure, all the substances fit-
ting the cut-off size of the dialysis membranes are transported to spent 
dialysate, among them many beneficial substances, including albumin. 
Washout of proteins, e.g., albumin (MW 66 kDa), is considered a disad-
vantage of the more effective dialysis [3]. The cut-off value for super 
high-flux dialysis, it can reach 65 000 Da [4]. The study aimed to demon-
strate the efficacy of dialysis in different modalities in particular interest 
of albumin loss and its detection from the spent dialysate using optical 
method.

Methods: The clinical study was performed in Tallinn, Estonia, and six 
chronic hemodialysis patients, 5 males and 1 female were included. For 
each patient two treatments in two different dialysis modalities were 
performed (hemodialysis-HD and hemodiafiltration-HDF - HDF). Two 
types of dialyzers (FX1000 and Theranova500) were used. Spent dialysate 
samples from the drain tube of the dialysis machine were taken at 5, 
120, and at the end of each dialysis session (240 min). Concentrations of 
albumin were measured in the Clinical Chemistry Laboratory, and 
UV-absorbance of dialysates samples were measured with a spectropho-
tometer UV-3600 (Shimadzu corp., Japan) over the wavelength range 
220-360 nm.

Logistic regression and Reciever Operating Characteristics (ROC) analysis 
was used to evaluate possibility to predict albumin content in the spent 
dialysate (albumin leakage).

Results: Concentration of albumin throughout dialysis procedure with 
different settings is given in the figure 1.
Logistic regression revealed the statistically significant parameters in the 
model of albumin content detection were the UV-absorbances at 225 
and 240 nm. Receiver Operating Characteristic (ROC) curve was gener-
ated for albumin detection based on UV-absorbance with area under the 
curve (AUC) 0.893.

Figure 2. NXTGEN Hightech is an R&D project that leverages standardization to speed-up time-to- market by early involvement of 
standardization workgroups in disruptive medical technology.
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Discussion: The study indicates that the optical method combined with 
the statistical tools could be used for albumin leakage detection during 
hemodialysis. Although longitudinal studies are needed to evaluate the 
long-term impact of chronic albumin loss, in patient-tailored prescrip-
tions with or without albumin replacement the use of MCO can be 
justified.
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Introduction: Hemodialysis (HD) is nowadays the most used therapy 
option for End-Stage Renal Disease (ESRD) patients, due to the 

Figure 1. Schematic representation of single-pass vs recirculation modes (top) and an in-house mini- dialyzer used in this study 
(bottom).

Figure 1. Mean albumin concentrations over the course of 
dialysis. *-results were statistically different, p<0.05.
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low availability of donor organs [1]. However, current HD presents major 
drawbacks such as the non-continuous nature of the therapy (3 times a 
week for 4 hours each session) [1,2], and the ineffective removal of toxins, 
such as protein-bound uremic toxins (PBUTs) [3]. Therefore, new hemodi-
alysis membranes and/or techniques are being developed to tackle these 
issues. However, there is a lack of a standardized protocol for evaluating 
different dialysis membranes in a comparable and reliable way.
This study aims to establish a comprehensive, in- vitro model based on 
mini dialyzers for comparative studies of dialysis conditions. This could be 
used for investigating newly developed membranes, and for comparative 
studies with commercially available membranes. The following HD 
parameters are investigated: (1) single-pass versus recirculation of the 
dialysate fluid, (2) flow rates of plasma and dialysate fluid, (3) direction of 
plasma flow; Inside-Out Filtration (IOF) versus Outside-In Filtration (OIF) 
application and (4) human plasma versus full human blood. Here, we 
investigate the above parameters using mini dialyzers prepared using hol-
low fiber (HF) membranes obtained from commercially available dialyz-
ers as well as in house developed matrix membranes (MMMs), which 
combine adsorption and filtration for PBUTs removal.

Methods: Mini dialyzers were prepared using HF from FX1000 dialyzers 
(Fresenius) and MMMs (separately) with effective surface area of 1.24 cm2 
(6.5 cm of eff. length and 31 HF membranes). The HF membranes were 
characterized using Scanning Electron Microscopy (SEM). For the mini dia-
lyzers we performed Clean Water Flux to determine the HF ultrafiltration 
coefficient (Kuf), and uremic toxin removal studies by tailoring the above 
mentioned parameters using a commercial device (Convergence).
Reverse-phase HPLC and UV-VIS (Nanodrop) measurements were used 
to study uremic toxin removal. For the studies with full human blood 
(provided by donor service of University of Twente from healthy donors) 
a detailed protocol for testing toxin removal was developed.

Results and Discussion: Our results show no significant difference for 
PBUTs removal between single-pass vs recirculation of dialysate fluid 
when similar intraluminal plasma flow (1 mL/min) is applied.
There is no significant difference in toxin removal when a dialyzer is 
operated in IOF or OIF mode (0.25 mL/min intraluminal flow and 25 mL/
min extraluminal flow).
MMMs improve significantly PBUTs removal compared to standard HD 
membranes.
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Introduction: COVID 19 pandemic consequences, like the long- term 
alterations in the immune system and the rising trend of antimicrobial 
resistance after the overuse of antibiotics, it may have influenced on the 
incidence, manifestation, and mortality of diseases globally. The aim of 
our study is to compare the prevalence, etiology and outcomes of sepsis 
and associated AKI in pre- and post-COVID 19 era.{1}

Method: We conducted a retrospective observational analysis in 144 
patients with sepsis and AKI, in two periods of time, two years before 
and after COVID 19 pandemic, with two years washout period. Out of 
3801 hospitalisations in the pre- COVID 19 era in 50 (1,3%) and 94 (2,5%) 
from 3760 hospitalisations in post-COVID 19 era were diagnosed as sep-
sis, with urinary tract being dominant door of entrance. The patients 
were divided as hospitalized in pre- and post- COVID era (50(34% vs. 94 
(64%)), respectively. Comparative analysis, Kaplan-Meier and Cox- 
Regression analysis and MAR index calculation with Kolmogorov-
Smirnov one sample test were performed.

Results: Out of 144 hospitalised septic patients, 50.7% (74) were man 
with a mean age of 67 ± 11.47 years. 41.1% (60) of the examined popu-
lation had diabetes and 42.5% (62) had established obstructive uropa-
thy. Blood culture test was performed in 123 (84.2%) patients in the first 
days of hospitalisation, and in 100 (68.5%) patients disease-causing 
germ was confirmed. Regarding causative agents' (positive isolates) the 
comparative analysis showed similar distribution in both periods, but 
what was worthy of attention was that the multiple antibiotic resistance 
index (MAR) was significantly higher in the post COVID 19 period for 
Staphylococcus coagulase negative (0.48 vs. 0.62, p=0.001). Striking evi-
dence of appearance of fungi and Enterobacter cloacae as sepsis causa-
tive agents only in the post COVID 19 period was noted, indicating more 
immunocompromised patients in this period. In the comparative analy-
sis the two periods did not differ in respect of age, gender, diabetes, 
hypertension, and malignancy, but we noted higher values of inflamma-
tory markers – C reactive protein (192±91.70vs.268.26±12.38,p=0.001) 
Also our study demonstrated more severe forms of sepsis (multiorgan 
affection and septic shock dominating in post pandemic period (5(10%) 
vs. 23(25%), p=0,037).{2} According AKI staging respectively we found 
AKI stage 3 more frequently present after pandemic and more patients 
needed dialysis and died in the post COVID 19 era ((35(70%)vs.79 (84%), 
p= 0.04); (31(62%)vs.78 (54%), p=0.02); (16(32%) vs. 51%(54%), 
p=0.018)), respectively. Patients in post-COVID 19 era survived less 
longer (22,66±11,32 vs. 17,132±12.66, p=0,021) with almost doubled 
risk for mortality HR:1.977; CI [1,127±3.469], p=0.018.

Conclusion: Sepsis and associated AKI occurrence, morbidity and mor-
tality are significantly higher in the post- COVID 19 era. The overuse of 
antibiotics in the pandemic and the subsequent increase the drug resist-
ance for sure provides explanation for to the rising incidence and mortal-
ity of sepsis.
Further studies on larger groups of patients are needed to evaluate addi-
tional contributing factors, including potentially long-term impaired 
coagulation and immunological disorders. {3}

References
1.	 Boccabella L et al Post-Coronavirus Disease 2019 Pandemic 

Antimicrobial Resistance. Antibiotics (Basel). 2024 Feb 
29;13(3):233.

2.	 Sprung et al The new sepsis consensus definitions: the good, the 
bad and the ugly. Intensive Care Med 42, 2024–2026 (2016).

3.	 Teodoro AGF et al, Inflammatory Response and Activation of 
Coagulation after COVID-19 Infection. Viruses. 2023 Apr 
10;15(4):938.



492	 The International Journal of Artificial Organs 48(7)

The number of apheresis procedures to treat 
immune-mediated neurological diseases is on 
the rise

Kaatje Le Poole1, Hans Vrielink1, Anders Svenningsson2,  
Bernd Stegmayr3 on behalf of the WAA registry group.
1Sanquin Blood Supply Foundation, Unit of medical Affairs, Amsterdam, 
the Netherlands; 2Department of Clinical Science, Karolinska Institute, 
Danderyd, Sweden; 3Department of Public Health and Clinical Medicine, 
Unit Medicine, Umea University, Umea, Sweden

Introduction: Apheresis is applied in the treatment for many different 
diagnoses, especially when the conventional therapy is insufficient while 
in some diseases it is the first choice of treatment. The aim of this study 
was to investigate the extent and change over time of neurological dis-
eases in which apheresis played a role in the treatment within the frame 
of the World Apheresis Association registry.

Methods: During the period 2003-2023, a total of 23,699 apheresis pro-
cedures in 2,963 patients with a neurological disease were performed. 
Data were collected during different periods by 44 centers, while some 
interrupted registration, approximately 22 centers had been registering 
continuously during the latest 10 years.

Results: An increase in the proportion of neurological diseases devel-
oped over the period (p<0.001) while the overall burden by apheresis 
procedures remained stable (p=NS). Most procedures were due to either 
Multiple Sclerosis (MS; n=2,665 in 17.7% of patients), Neuromyelitis 
Optica (NMO; n=650 in 2%), Guillain Barré (GB; n=3,247 in 30%), Chronic 
Inflammatory Demyelinating Polyradiculoneuropathy (CIDP; n=2,367 in 
3.4%), and Myasthenia Gravis (MG; n=11,049 in 31%). A change in the 
proportion of these diseases was noted over time. Side effects differed 
significantly between the diseases (Table 1). A symptom panorama of 
side effect for various the diseases will be presented.

Discussion: The panorama of different neurological diseases may well 
cause different side effects based on the variation in neurological 
response to the apheresis procedure and replacement. It is favorable to 
expand knowledge in both fields for those who are prescribing and per-
forming the apheresis.

Finding The Optimal Sterilization Method 
For Human Decellularized Livers: Assessing 
Microbiome, Matrix Proteins, And 
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Introduction: Liver tissue engineering holds great promise for address-
ing the growing demand for transplantable organs. Decellularization 
technology has been widely used to create liver matrices that may serve 
as native scaffolds for tissue engineering. [1] However, to meet the qual-
ity criteria toward clinical applications, it is essential to assess the pres-
ence of microorganisms and potential pathogens. Only then, safety and 
compliance with medical device regulations is ensured. [2] Sterilization 
procedures can, however, negatively impact the ECM quality. Therefore, 
this study aimed to evaluate the effectiveness of five sterilization 
techniques.

Methods: Human livers (N=3), deemed unsuitable for transplantation, 
were decellularized by perfusion with 4% Triton-X-100 and 1% ammonia 
solution. The resulting ECM was sterilized using Gamma radiation (1000 
Gy), UV radiation (254 nm), exposure to Supercritical Carbon Dioxide 
(sCCO2), Peracetic acid (0.5%), or Antibiotic-Antimycotic (10%) treat-
ment. The microbial burden was determined using standardized micro-
biological methods. The effect on the extracellular matrix composition 
and biomechanical properties, including collagen content, fiber orienta-
tion, and stiffness was assessed. Particularly, crosslinking or denatura-
tion of proteins was studied using two- photon microscopy, Picrosirius 
Red (PSR), H&E, and Collagen IV staining. Furthermore, the biocompati-
bility of the sterilized matrices was assessed by analyzing cell viability 
after recellularization with intrahepatic cholangiocyte organoids (N=3) 
and HepG2 cells.

Results: Peracetic acid and UV radiation were not effective to remove 
micro-organisms, demonstrating a poor sterilization. Assessing how 
these techniques affected the ECM by nanoindentation and microscopy, 
demonstrated that the overall structure of collagen fibers was altered, 
and modifications in Effective Young’s modulus and fiber-to-fiber orien-
tation of collagens were found after exposure to UV and Gamma radia-
tion. Cells remained viable and proliferated in all scaffolds, confirming 
that none of the sterilization methods affected the biocompatibility of 
the scaffolds.

Conclusion: Exposure to UV radiation and Peracetic acid were not effec-
tive for sterilization. However, while Gamma radiation did remove micro-
organisms well, this technique showed alterations in protein composition 
and fiber orientation. No technique hampered the biocompatibility. We 
therefore suggest sCCO2 or Antibiotic-Antimycotic treatment to sterilize 
scaffolds after decellularization as it results in an overall effective 
removal of pathogens, while causing only little damage to the matrix 
proteins. This study demonstrates the importance of sterilization of 
decellularized liver matrices for tissue engineering and potential clinical 
applications.
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Table 1. Frequency of side effects during apheresis in various 
diseases treated.

Mild AE % Moderate AE% Severe AE%

Multiple sclerosis 3.3 1.5 0.1
Neuromyelitis optica 2.3 1.7 0.5
Guillain Barré 2.5 2.3 0.7
CIDP 2.4 1.6 0.3
Myasthenia gravis 1.9 1.1 0.2
Other diagnoses 1.8 1.3 0.4
Total 2.2 1.4 0.3
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Introduction: Immune cell dysfunction plays a central role in sepsis-
induced immunoparalysis (1). Targeted treatment using healthy donor 
immune cell transfusions, in particular granulocyte concentrates (GC) 
potentially induces tissue damage. Initial trials using GC in an extracor-
poreal immune cell perfusion system provided evidence for beneficial 
effects with fewer side effects, by separating patient and donor immune 
cell compartments (2). The extracorporeal immune cell therapy is a 
plasma treatment technology. To date, treatment duration has been 
empirically set at 6 hours, although no evidence exists for specific dosing 
concepts (3). Thus, this ex vivo study examines technical feasibility and 
cellular effects of an extended treatment interval of up to 24 hours.

Methods: Plasma is continuously filtered from the patient’s extracorpor-
eal blood circuit and transferred into a closed-loop ‘cell circuit’, where 
the patient’s plasma is brought into direct contact with therapeutically 
effective, human-donor immune cells. Standard GC were purified to 
increase the potential storage time and subsequently used in the extra-
corporeal immune cell perfusion system. The extracorporeal circuit, 
comprising three plasma filters (PF), operated as follows: PF BC sepa-
rated patient's plasma from blood, PF CC1 housed donor immune cells 
for perfusion, and PF CC2 served as a redundant safety measure in the 
plasma backflow (Figure 1). A "10-hour setting" (33 ml/min plasma filtra-
tion) and a "24-hour setting" (13.5 ml/min) was defined, differing both in 
therapy duration and varying plasma filtration rates. After treatment, 
donor immune cells were discarded. Parameters assessed included 
phagocytosis activity, oxidative burst, cell viability, cytokine release, and 
metabolic parameters of purified GC.

Results: After a storage of 72 hours granulocytes were viable throughout 
the study period and exhibited preserved functionality and efficient 
metabolic activity. Lactate dehydrogenase activity as an indication for 
potential cell damage revealed no signs of impairment of the cells. The 
findings highlight a time-dependent nature of cytokine release by neu-
trophils in the extracorporeal circuit, as cytokine secretion patterns 

showed IL-8 peaking within 6 hours, while MCP-1, IL-6, IL-1β, and TNF-α 
significantly increased (p < 0,001) after 24 hours of circulation.

Discussion: Purified GC remain functional after 72 hours of storage and 
an additional 24 hours in the circulating treatment model. Cytokine 
secretion patterns showed a time-dependent response characterized by 
a significant increase, especially between 10 and 24 hours of treatment. 
Extending treatment time holds promise for enhancing immune 
response against sepsis-induced immunoparalysis. These findings pro-
vide valuable insights for optimizing therapeutic interventions targeting 
immune dysfunction.
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Figure 1. Schematic illustrations of the Immune- Competence-Enhancement System.
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Introduction: Inborn errors of metabolism (IEM) are a broad category of 
liver-imbalancing monogenic disorders [1]. Liver transplantation (LTx) 
improved patient metabolic control, providing enzyme replacement. The 
introduction of ex-vivo liver normothermic machine perfusion (NMP) 
enhanced LTx outcomes, besides providing ex-vivo platform for diseases 
study [2].

Methods: Twelve explanted livers from patients with IEM (propionic aci-
duria, urea cycle defects) undergoing LTx not eligible to “domino” proce-
dures were flushed with heparinized cold storage solutions and then 
underwent NMP to investigate disease- related liver metabolism and 
function. The majority (n=11) was perfused after static cold storage 
(SCS), one (n=1) after hypothermic machine perfusion (HMP). NMP pres-
sures were set to achieve perfusion flow target of 100 ml/min/100 g liver 
parenchyma, 25% through hepatic artery (HA), 75% through portal vein 
(PV) with haematocrit between 25-27%. During perfusion, biochemical, 
hematologic, and metabolic profile were evaluated by serial sampling. 
Histological evaluation of the liver parenchyma and biliary tract was car-
ried out before, during, and after NMP. The duration of NMP was estab-
lished case-by-case looking at liver viability. The grafts were perfused 
after a mean SCS time of 565±372 min. Seven were perfused for 8 
hours, 3 for 18 hours, 1 for 48 hours and 1 for 72 hours of NMP, the last 
after 12 hours of HMP.

Results: The perfusion parameters allowed adequate oxygenation and 
CO2 extraction (p<0.0001). Livers were perfused 80±7% through PV 
and 20±7% through HA. PV flow remained stable, whereas HA flow sig-
nificantly increased during perfusion (T0 120 ± 85 vs. T8 178±94 ml/
min, p<0.01). Perfused livers demonstrated decreasing values of lactate 
(T0 6.7±1.9 vs T8 3.7±1.1 mmol/L). Histological examination of the liv-
ers during NMP revealed preserved architecture with intact hepato-
cytes, patent sinusoids and normal bile ducts. Biochemically, the 
characteristic disease-related biomarkers profiles (i.e. ammonia, ami-
noacids, organic acids) evaluated ex-vivo throughout NMP were consist-
ent with those seen in vivo pre-LTx. A perfused propionic acidemia liver 
treated by glycine supplementation produced its ester propionyl-glycine, 
indicating the “druggability” of the ex-vivo system [3].

Discussion: The perfused livers demonstrated both viability and disease-
specific targeted metabolomics, proving that this novel ex vivo model 
expresses the biochemical disease characteristics and responds to thera-
peutic intervention. This unique “physiological” milieu represents a pio-
neering and human-mirroring setting to study disease pathophysiology 
and novel treatments.
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7B: Other organs – crosstalk

The rebound in serum bilirubin levels after 
plasma exchange (pe) for bilirubin removal is 
pronounced in the non-survaiver-group
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Aim: It is believed that the hyperbilirubinemia is not the cause but the 
result of the liver failure. However, plasma exchange (PE) is performed 
for the bilirubin removal in patients with hyperbilirubinemia in Japan 
occasionally, and we sometimes find it clinically effective in the patient 
who underwent PE against hyperbilirubinemia. The aim of this study is 
to evaluate the relationship between the changes in blood bilirubin level 
before and after PE and the outcome of the PE-treated patients.

Methods: We retrospectively assessed the changes in blood bilirubin 
level before and after treatment of PE and 28 days mortality. Among 
patients with hyperbilirubinemia with a bilirubin level of 10 or higher 
treated in the ICU from December 2006 to September 2024, we calcu-
lated the rate of bilirubin elevation before PE, the rate of bilirubin 
removal in PE and the rebound rate after PE.

Results:

Table 1 shows the patients characteristics. The blood bilirubin level just 
before plasma exchange was 25.5 ± 8.5 mg/dL in survival group, and 
24.7 ± 8.9 mg/dL in non-survival group.

Figure 1 shows Bilirubin Increase, Removal and Rebound Rate. (1) 
removal rate: the rate of the change in bilirubin level from just 
after finish PE to just before starting PE. (2) rebound rate: the rate 
of the change in bilirubin level from 12 hours after finish PE to just 
after PE.

Discussion: In this study, despite the lack of statistically significant differ-
ences in pre-PE bilirubin levels or bilirubin removal rates during PE, the 
rebound in bilirubin levels at 12 hours post-PE was significantly higher in 
the mortality group. Generally, the molecular weight of bilirubin is rela-
tively large, which causes its movement between different compart-
ments within the body (intracellular, extracellular, interstitial fluid, and 
intravascular) to be time-consuming. Therefore, even if the intravascular 
concentration decreases due to bilirubin removal during PE, bilirubin 
stored intracellularly gradually migrates into the intravascular compart-
ment over time after PE. This phenomenon is considered the mechanism 
behind the rebound effect. The pronounced rebound observed in the 

Table 1. 

Survival) group(10) Non-survival group(10)

Age
Male (%)

69.4 ± 14.0
6 (60%)

65.5 ± 12.4
8 (80%)

SOFA score 12.0 ± 2.3 12.8 ± 4.5
APACHE II 26.7 ± 5.7 29.6 ± 9.4
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mortality group may reflect the failure of PE to achieve sufficient 
improvement in liver function. It remains unclear whether PE was the 
cause or the consequence of the observed outcomes in this study. 
However, this finding is important as it suggests the potential clinical 
benefit of this treatment.

Conclusion: We can conclude that the lower rebound rate of blood bili-
rubin level after PE is predictive of favorable patient outcome.
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Introduction: Artificial Placenta (AP) technologies aim to support the 
developing organs of Extremely Preterm Infants (EPI), for example, the 
lungs, by connecting an Extracorporeal Membrane Oxygenation via the 
umbilical cord vessels [1–4]. Cannulation has only been tested in large 
animal models so far, with huge limitations due to the different anatomy 
and size of the umbilical cord vessels [4, 5]. We recently developed an 
ex-vivo human umbilical cord setup to overcome these limitations. In 
this study, we verify the physiological haemodynamic behaviour of the 
ex-vivo setup together with a haemolytic characterization.

Methods: 15 umbilical cords and placentas were harvested, of which 9 
umbilical cord cut-offs (>15 cm) and fetal blood collection (> 40 mL) 
could be included in this study. The umbilical cord was cannulated at 

both ends and connected to a testing circuit representing the fetopla-
cental system in a fetal and placental loop (cf. Figure 1). The circuit was 
primed with fetal blood adjusted to a hematocrit of 30 %. Flow was 
increased incrementally to a target flow of 70 mL/min, representing a 
physiological flow in EPI. Pressure drop over the umbilical vessels was 
measured along with flow. When the target flow was reached, blood 
samples over a period of 3 h were taken to measure haemolysis induced 
by the setup.

Results: Target flow of 70 mL/min could be achieved in all (n = 9) experi-
ments. Hydrodynamic parameters were found to be within the physio-
logical magnitude of EPI and following the Hagen- Poiseuille equation 
despite the viscoelastic behaviour of the umbilical cord vessels. 
Hemolysis production of the ex-vivo setup alone was measured to NIH of 
0.199 ± 0.092 g/100L (mean ± SD).

Discussion: The ex vivo model of a perfused human umbilical cord is a 
physiological model for testing ECMO cannulation devices and proce-
dures within physiological flow and pressure conditions of EPI, the target 
patient group of AP technologies. This marks an important step towards 
translating AP.
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Figure 1.  Figure 1. Operating ex-vivo human umbilical cord setup.
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Introduction: Extracorporeal membrane oxygenation (ECMO) patients 
frequently suffer from acute kidney injury (AKI). For these patients, a 
novel and safer treatment is being developed, consisting of a combined 
artificial lung and kidney assist device (RenOx). The RenOx integrates 75% 
of gas exchange fibers and 25% of dialysis fibers for oxygen and carbon 
dioxide transfer, blood dialysis, and filtration [1]. Nevertheless, for 
patients who temporarily do not require kidney support, dialysis fibers 
could be repurposed to provide extra gas transfer, Fig.1. Reutilizing dialy-
sis fibers to boost gas exchange could be beneficial to 1) explore treat-
ment flexibility with the RenOx, and 2) counterbalance eventual losses of 
CO2 removal caused by the replacement of gas exchange fibers by dialysis 
fibers [1]. This study evaluates the feasibility of transferring O2 and CO2 
by recirculating fully oxygenated and decarboxylated dialysis fluid 
through dialysis fibers under standardized blood test conditions.

Methods: Blood with standardized venous inlet conditions was pumped 
through a dialyzer with similar dialysis fiber area as the RenOx (0.6 m2). 

Simultaneously, fully oxygenated and decarboxylated dialysis fluid 
flowed through the dialysate chamber. CO2 and O2 exchange was meas-
ured at a blood flow rate of 200 mL/min and 300 mL/min, at different 
blood to dialysate flow ratios equal to 1, 3, or 6.

Results: The use of fully oxygenated dialysis fluid resulted in CO2 
removal rates between 10 mL/Lblood flow to 37 mL/Lblood flow. On 
average, the level of CO2 removal could be adjusted by the blood to 
dialysate flow ratio. The highest amounts of CO2 could be eliminated 
with the lowest blood to dialysate flow ratio of 1 (i.e. equal blood and 
dialysate flow). In addition, blood oxygenation up to 17 mL/Lblood flow 
was provided with this method.

Discussion: Recirculation of fully oxygenated dialysis fluid could provide 
minimal supplementary CO2 clearance (10 mL/Lblood flow) up to the 
full metabolic requirement of CO2 removal for an adult patient (~40 mL/
Lblood flow). Dialysis fibers could compen- sate for the loss of CO2 trans-
fer caused by the replacement of gas exchange fibers in the RenOx [1].

Conclusions: When kidney support is not necessary with the RenOx, 
dialysis fibers can deliver supplementary lung support. The level of sup-
port can be regulated by the blood to dialysate flow ratio.
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Figure 1. In conventional mode (left), the RenOx offers combined lung and kidney support for ECMO patients with AKI. When 
kidney support is not required (right), the RenOx circuit can be modified to provide extra gas transfer by recirculating fully 
oxygenated and decarboxylated dialysate through the dialysis fibers.
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Introduction: Extracorporeal membrane oxygenation (ECMO) is a life-
saving therapy for > 20,000 patients/year who suffer from severe res-
piratory and/or cardiac diseases. Combined impairment of lungs and 
kidneys is one of the most common complications, affecting up to 70% 
of ECMO patients. These patients are conventionally treated with ECMO 
and continuous renal replacement therapy in two separate circuits. 
However, the need for additional pumps, cannulas, tubing, and devices, 
increases risks, and hospital costs. Therefore, a novel artificial lung 
device with integrated kidney support (RenOx) is developed to reduce 
current treatment limitations.

Methods: For the development of RenOx, first, we gathered clinical 
needs including patient target group, and level of lung and kidney sup-
port. Second, the design and configuration of the RenOx membrane 
bundle was defined based on previous findings [1, 2] on the combination 
of gas exchange and dialysis fibers. Third, all device parts including the 
blood flow path, housing, and lids were designed consi- dering clinical 
requirements, ease of use, and manufacturing processes. The device’s 
blood flow path was optimized by means of computational fluid 

dynamics (CFD) to reduce blood stagnation areas and blood cell damage. 
Forth, the RenOx feasibility will be tested in vitro using full blood.

Results: The first RenOx prototype was designed for small adult patients 
(30–40 kg) comprising a total 1.2 m2 of membrane area arranged with 
every 4th gas ex- change fiber layer (0.9 m2) replaced by a dialysis fiber 
layer (0.3 m2). This configuration proved to maintain sufficient gas 
exchange capacity [1] while providing additional kidney support. The 
fiber bundle is arranged in a hexagonal configuration creating separate 
compartments for blood, gas, and dialysate flow, see Fig.1. CFD analysis 
showed that designed lids with a 10° inlet and outlet angle reduced 
blood stagnation volume to 0.0004% of total blood volume, and pres-
sure drop in inlet/outlet < 8mmHg. Full in-vitro results will be presented 
at ESAO.

Discussion: The RenOx integrating a membrane bundle with 75% of gas 
exchange fibers and 25% of dialysis fibers is indicated to provide suffi-
cient lung [1] and kidney support [2]. The highly integrated bundle 
allows the RenOx to be a compact device with similar surface area as a 
single oxygenator, while providing support for two organs. The design, 
ma- nufacture, and testing of the first RenOx prototype is a step towards 
safer and more economic treatment for ECMO patients with underlying 
acute kidney injury (AKI).
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Figure 1. Novel artificial lung and kidney assist device (RenOx) was developed to treat small adults. The first prototype is 
optimized to compactly combine gas ex- change and dialysis fibers in one device and to reduce blood stagnation. The RenOx was 
manufactured for the first in-vitro tests with full blood.
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Introduction: Hollow fiber membranes (HFM) are the standard technol-
ogy in clinically used artificial lungs for extracorporeal life support (ECLS). 
Despite their efficacy, significant limitations exist in this membrane type 
limiting ECLS availability for patients and worsening outcome. Suboptimal 
blood flow conditions lead to reduced gas transfer efficiency and 
increased risk of thrombosis reducing device durability. Moreover, large 
foreign surface areas are needed for sufficient blood-gas transfer requir-
ing mediation with anticoagulation. This puts the patient at risk of inter-
nal bleeding. [1- 3] To overcome these limitations, we propose a 
bio-inspired design for artificial lungs based on a three-dimensional cap-
illary network creating physiological blood flow conditions. In this study, 
we demonstrate the feasibility of this concept in combination with a 
hybrid additive-subtractive manufacturing approach.

Methods: First, a miniaturized prototype of the bio-inspired artificial 
lung was designed using in-silico methods. Subsequently, the geometry 
of the blood flow path was 3D printed in masked stereolithography with 
a dissolvable polymer (xMold, Addifab, Denmark). Afterwards, a thin 
membrane out of medical grade siloxane (Elastosil RT620, Wacker, 
Germany) was formed on the surface of the 3D print using a dip- spin 
coating process. Finally, the 3D printed polymer was etched away using 
sodium hydroxide (cf. Figure 1). The manufacturing results were ana-
lyzed using digital microscopy. After integrating the membrane structure 
into a housing (cf. Figure 2, left), performance testing was carried out 
in-vitro according to ISO 7199 measuring oxygen and carbon dioxide 
transfer rates and pressure drops.

Results: The bio-inspired membrane structure was manufactured success-
fully yielding minimal membrane thicknesses of 100 µm and smooth blood 
flow channels with diameters of 300 µm. Significant gas transfer rates were 
measured (cf. Figure 2, right) as well as pressure drops below 1.5 mmHg. 
During the in-vitro testing period, no blood clotting was observed.

Discussion: For the first time, we have successfully manufactured a bio-
inspired artificial lung based on a micro-scale capillary network mem-
brane structure. Significant gas transfer rates as well as low pressure 
drops were measured during the testing. This proves the feasibility of 

Figure 1. Process steps for manufacturing the bio- inspired 
membrane structure.
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our approach to create an artificial lung that is based on this completely 
novel concept. Nevertheless, our bio- inspired artificial lung does not yet 
match the small geometric scales that are required to be competitive to 
HFM in terms of area-specific gas transfer rates. Still, these early results 
clearly show the capability of our artificial capillary network technology. 
By further miniaturizing the capillary network channels to achieve higher 
efficiency, a novel artificial lung concept might be at hand that is supe-
rior to HFM.
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Introduction: Long-term use of oxygenators is despite advances in mate-
rial science, anticoagulation administration by coating, and optimization 
of the flow design limited. Use of oxygenators is associated with compli-
cations (e.g. acute kidney injury), failure (e.g. thrombus) and pure out-
come due to lack of hemocompatibility and up to three times higher 
priming blood volume if compared with human lungs. We propose a 
novel oxygenator design with a reduced size and priming volume by fill-
ing blood compartment with microspheres. The aim of the presented 
studies was to evaluate in vitro the ability of the novel oxygenator design 
(OptOx) principle to achieve the same oxygen saturation performance as 
by a standard device (Control) without increasing hemolysis and 
thrombogenicity.

Methods: To perform in vitro tests with human blood samples, scaled-
down (cross-section size) prototypes of a Control and OptOx were fab-
ricated for parallel tests (Control: Length – 80 mm, Diameter - 3 mm, 
number of capillary membranes - 8; OptOx: Length – 30 mm, Diameter 
- 4 mm, number of capillary membranes - 16). Capillary membranes 
PMP 90/200 (OXYPLUS, 3M Membrana) were used. The blood 

compartment of the novel oxygenator was filled with polyethylene 
microspheres of ~230µm diameter, which were fixed using metal filter 
with a mesh size of 200µm. Filled microspheres reduce priming volume 
by approximately 50-60%. Oxygenation tests were performed in a 
setup allowing first deoxygenation of the blood to 60%. Tests were 
done under temperature of 37°C. Oxygenation level was measured 
using Terumo gas analyse device. To assess the thrombogenicity three 
direct parameters (Fibrinogen or TPZ, INR, and aPTT) as well as four 
specific biomarkers (VWF:Ag, VWF:CBA, Factor VIII, and VWF:RCo) 
were measured. Prior to thrombogenicity tests prototypes were cov-
ered by NOF Lipidure solution (polymer of 2-methacryloyloxyethyl 
phosphoryl- choline): prototypes were filled with a Lipidure- solution 
for 1 hour. Thrombogenicity tests were done for two conditions simu-
lating normal blood flow of 5 L/min as well as low flow conditions with 
1 L/min: 10 parallel tests per flow rate of 2 hours duration. Blood tests 
were performed by Labor Berlin. Hemolysis was measured by free 
released hemoglobin fHb [g/100l], which was measured by the Harboe 
method recording absorbance at three wave lengths (380 nm, 414 nm, 
and 450 nm) with a spectrometer. 10 parallel experiments simulating 5 
L/min blood flow were done. During each test fHb was measured five 
times every 30 min.

Figure 1. Results of hemolysis tests.

Figure 2. Prototype of the bio-inspired artificial lung (left), results of gas transfer measurements (right).
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Results: During oxygenation tests the OptOx prototype achieved the 
same oxygen saturation levels >97% as the Control prototype. 
Thrombogenicity tests found no significant (all p values > 0.2) differ-
ences for all seven investigated biomarkers for both flow conditions 
(paired student T-test). All measured parameters were inside a range of 
healthy values. Furthermore, we found no significant differences in 
hemolysis tests for both prototypes (fHb: 0.49 ± 0.23 vs. 0.41 ± 0.25 
g/100l paired student T-test, p = 0.484, see figure 1).

Conclusion: It was shown that microsphere proposed to reduce size and 
priming volume of the novel oxygenator allows to increase oxygenation 
rate without increasing a risk of blood damage and thrombogenicity. 
Next, full-size prototype will be designed and in vitro tests using animal 
blood will be repeated.
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Introduction: Extracorporeal membrane oxygenation (ECMO) is com-
monly used in intensive care for cardiac and respira- tory support, yet up 
to 70 % of these patients also suffer from acute kidney injury. To treat 
this, continuous renal replacement therapy (CRRT) is connected to the 
ECMO circuit, but there is no gold standard for the configura- tion of this 
connection. However, differences in hemo- dynamics e.g. 200 % 

variation in pulmonary artery pres- sure were found in a previous study 
[1]. Hence, the RenOx project is developing a new device that combines 
lung and kidney support in a single device [2]. This study quantifies the 
hemodynamic and gas exchange performance of the RenOx device and 
benchmarks it against conventional CRRT support in a cohort of veno- 
arterial ECMO (V-A ECMO) patients (Figure 1).

Methods: A computational cardiovascular model was extended by the 
respiratory system incl. lung mechanics, lung and tissue gas exchange 
and mechanical ventilation. Model parameters identified in a sensitivity 
analysis were cali- brated on each of the 30 data points of the eight 
patients listed in Table 1. The influence of different CRRT con- nection 
modalities was then investigated for all patients and compared with a 
manufactured RenOx prototype.

Results: Figure 2 shows results for cardiovascular pressures and the right 
ventricular pressure-volume (RV PV) loop of a single patient. Arterial 
blood pressure is lowest when the CRRT is connected downstream of the 
ECMO pump and upstream of the oxygenator, while the highest pres- 
sures occur with the RenOx device.
Placement of the CRRT before the pump and after the drainage cannula 
results in the highest end-systolic and end-diastolic volumes and stroke 
volume of the right ventricle.

Discussion: Initial results indicate a similar hemodynamic perfor- mance 
of the RenOx device compared to existing com- mercial CRRT solutions 
yielding high systemic pres- sures and high right ventricular stroke work. 
Investiga- tion of the gas exchange potential and performance of the 
device over a wider range of patients and ECMO flows is ongoing.
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Figure 1. Example for combination of CRRT and ECMO (left) and RenOx device (right).

Table 1. Data from patients under V-A ECMO.

Parameter Median (Min, Max)

Mean arterial pressure 79.0 (55.0, 113.0) mmHg
Mean pulmonary arterypressure 19.5 (6.0, 30.0) mmHg
Pulmonary capillary wedge pressure 11.0 (7.0, 15.0) mmHg
Cardiac output 3.4 (1.5, 7.5) L/min
Pump flow 2.5 (1.2, 3.8) mmHg
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Introduction: Despite a decline in neonatal mortality in recent years, 
preterm birth remains the leading cause of death among newborns [1]. 
Many cases are caused by immaturity of the lungs, often exacerbated by 
renal failure [2,3]. Current therapies include mechanical ventilation, 
extra- corporeal membrane oxygenation, and continuous renal replace-
ment therapy. However, these interventions are highly invasive, associ-
ated with lifelong disability, and limit family care integration [4,5]. 
Therefore, we de- velop a combined lung-kidney assist device that 

addres- ses the needs of extremely preterm infants (>24 weeks gesta-
tional age) through a less invasive and family- centered approach.

Methods: User requirements were defined by stakeholder analysis (cli-
nicians, parents, etc.) and converted into design requirements. Design 
concepts for the device were developed and manufactured. Hexagonal 
polymethyl- pentene-hollow-fiber-membrane bundles were pro- duced 
by a round-potting process utilizing silicone. Device performance was 
tested in vitro according to ISO standards.

Results: The ArtPlac device is intended for neonates aged 24 to 40 weeks 
of gestational age, with body weights ranging from 400 to 5000 grams. 
The device will be connected like in a fetus through the umbilical vessels. 
The system will operate pumpless to reduce the risk of hemolysis and 
platelet activation. The hexagonal shaped mem- brane bundle contains a 
60° angle between respective layers of oxygenation and dialysis hollow 
fiber mats. This allows the device to provide both lung and kidney sup-
port in customizable proportions in one device (Figure 1). A first proto-
type will be designed for neo- nates aged 28 to 37 weeks gestational age, 
weighing between 1000 and 2500 grams. This prototype shall include a 
gas exchange area of 0.12 m² and an estimated priming volume of 12 mL. 
Various device sizes will be developed to ensure compatibility with all 
targeted neonates.

Discussion: This novel hexagonal design combines oxygenation and dial-
ysis in a single device. Future design goals include balancing pressure 
drop and hemodilution to our patients’ needs. ArtPlac represents a 

Figure 2. Influence of CRRT connections schemes and RenOx device on the a) cardiovascular system and b) RV PV loop.
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groundbreaking treatment approach for enhancing survival rates and 
quality-of-life in neonatal intensive care.
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Introduction: Independent lung ventilation (ILV) is a non-routine clinical 
procedure of mechanical ventilation used in patients suffering from res-
piratory failure and asymmetrical lung diseases. ILV can be performed by 
two ventilators, synchronized or working independently, where each 
ventilator supports one lung separately. An alternative way for ILV is to 
use a special pneumatic divider together with only one ventilator.
Physical simulators also called artificial patients play an important role in 
the process of evaluation of newly developed medical devices. In our 
Institute we have developed a specialized divider for ILV called Ventil [1] 
and implemented new control algorithms in it to, among others, prevent 
barotrauma. To access the performance of this divider we have devel-
oped a hybrid, pneumatic- numerical respiratory simulator (HRS), 
designed specially for ILV. The goal of this study was to evaluate the 
properties of the HRS by simulating ILV procedure with the Ventil con-
nected between the HRS and a clinical ventilator.

Methods: The HRS consists of two piston-based pneumatic pressure 
sources reproducing the pressure in the left and right bronchi. These 
pressure sources are the part of the pneumatic-numerical interface and 
are coupled with the real time digital model of the respiratory system 
mechanics [2] executed in the industrial PXI computer. This interface 
provides real time mutual communication between the real and digital 
worlds. The Ventil, a pneumatic divider for ILV, was connected to the HRS 
and the ventilator Draeger Evita V600. The ventilator was set in pressure 
control ventilatory mode. In the HRS, several asymmetrical lung diseases 
were simulated - resistive and elastic properties of the respiratory sys-
tem were adjusted to obtain the desired pathology. The simulations 
were also performed for various control pressures, respiratory rates, 
inspiratory to expiratory values and positive end-expiratory pressures, as 
well as for different Ventil’s parameters. All hardware signals and digital 
respiratory system model variables were recorded and analyzed.

Results: The HRS properly simulated unilateral lung diseases – the Acute 
Respiratory Distress Syndrome (reduction in parenchyma’s compliance) 
and the Chronic Obstructive Pulmonary Disease (increased affected 
lung’s bronchial tree resistance and emphysema, i.e., elevated paren-
chyma’s compliance) for a wide range of changes from 25% to 1600% of 
the predicted values (simulated healthy patient). The HRS remained sta-
ble for all parameters adjusted in the ventilator and the Ventil.

Discussion: Simulation results proved that HRS is able to simulate both 
obstructive and restrictive asymmetrical lung diseases and then is a valua-
ble tool to evaluate the systems for independent lung ventilation as well as 
to optimize ventilation therapy to improve ventilated patients’ outcomes.
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Figure 1. Design of ArtPlac providing lung and kidney support 
in one device. A) Hexagonal configuration of the hollow fiber 
membrane bundle allowing blood, gas, and dialysate flow. B) 
Device exterior with inlet and outlet ports.

Figure 1. The hardware of the hybrid respiratory simulator, 
two piston-based pressure sources, and the computer 
simulating the pathophysiology of the respiratory system in 
real time.
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Introduction: The Advanced Organ Support (ADVOS) multi hemodialysis 
system (ADVITOS GmbH, Munich, Germany) effectively combines kid-
ney, liver, and lung support together with acid-base balance correction 
for patients with multiple organ failure within a single device.
The present work aims to summarize the effect of ADVOS on acidosis 
correction and standardized mortality ratio (SMR) in a subgroup of 
patients with acidosis within the EMOS-Registry (DRKS00017068).

Methods: The Registry for Extracorporeal Multiorgan Support (EMOS 
Registry), designed as a non- interventional, multi-center, and non-rand-
omized initiative for post-marketing surveillance, aimed to capture real-
world clinical data from the patients that required multiple organ dialysis 
support with the ADVOS hemodialysis system.
The clinical data collected spans the period from 18/01/2017 to 
31/08/2020. A total of 282 critically ill patient with an indication for 

hemodialysis with ADVOS were enrolled in the study, with participation 
from 5 clinical sites in Germany. The subgroup of patients with acidosis 
included participants with pH < 7.35 at baseline (n = 146). The SOFA 
Score-Standardized Mortality Ratio (SMR) served to evaluate patient 
outcomes in the absence of a control group. To calculate the SMR, the 
observed number of deaths in the treated patients was compared to the 
expected number of deaths that would have occurred considering their 
SOFA score at baseline (i.e., immediately before the first ADVOS 
session).

Results: In the subgroup of patients with acidosis at baseline, a signifi-
cant correction of acid-base balance was achieved for pH (7.26 vs. 7.39, 
p<0.001), serum bicarbonate (16.7 vs. 24.0 mmol/l, p<0.001) and base 
excess (-10.3 vs. -0.5 mmol/l, p<0.001) (Table 1). Moreover, only 27% of 
the patients with acidosis at baseline had a pH < 7.35 after the first 
ADVOS session (40 out of 146).
SOFA Score was available from 105 patients with acidosis (Figure 1). 
Those subjects showed a Standardized Mortality Ratio of 0.90 (CI95%: 
0.70- 1.10), an absolute risk reduction (AAR) of 9% and a Number 
Needed to Treat (NNT) of 11.7.

Conclusion: ADVOS effectively corrects acidosis in critically ill patients, 
significantly improving pH, bicarbonate, and base excess. The SMR of 
0.90 suggests a potential survival benefit. These findings support its use 
in multiorgan failure, warranting further research.
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Table 1. Rapid change of blood gas parameters after the first ADVOS session in patients with acidosis.

Parameter  Time Median (IQR) T test

Mean Lower Upper Significance

Blood pH Baseline 7.26 (7.17, 7-30) 0,14 0,11 0,16 0,000
Post 1st Treatment 7.39 (7.31, 7450

Serum Bicarbonate Baseline 16.7 (14.2, 19.2) 6,7 5,6 7,8 0,000
Post 1st Treatment 24.0 (20.0, 27.8)

Base Excess Baseline -10.3 (-13.8, -6.7) 8,7 7,3 10,1 0,000
Post 1st Treatment -0.5 (-5.1, 4.0)

Figure 1. Expected (orange) vs. observed (green) deaths in each of the SOFA groups [1].
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Background: Patients with chronic kidney disease (CKD) have increased 
morbidity and mortality. This is mainly driven by chronic inflammation 
and increased level of oxidative stress. Albumin function is a suitable 
marker for investigating this in interaction with kidney function [1,4]. It 
is known that albumin function is altered in several ways in the first 
weeks after kidney transplantation (KT) but there is currently no data on 
the level to which albumin function improves when there is stable and 
sometimes even very good graft function

Methods: Albumin redox state (ARS) was determined by fractionating 
it into reduced human mercaptalbumin (HMA), reversibly oxidized 
human non-mercaptalbumin 1 (HNA-1), and irreversibly oxidized 
human non-mercaptalbumin 2 (HNA-2) by high-performance liquid 
chromatography. In healthy individuals, albumin circulates roughly in 
the following proportions: HMA 70–80%, HNA-1 20–30% and HNA-2 
2–5% [2].
The binding and detoxification efficiency of albumin (BE and DTE) were 
assessed by electron paramagnetic resonance spectroscopy using a spin-
labelled fatty acid. BE reflects strength and amount of bound fatty acids 
under certain ethanol concentration. DTE reflects the molecular flexibil-
ity of the patient's albumin molecule, thus the ability to change the con-
formation depending on ethanol concentration. Percentage of BE and 
DTE are depicted in relation to healthy individuals (100%) [3]. ARS, BE 
and DTE were determined at 9 time points up to one year after KT, as 
were renal function according to CKD-EPI eGFR and albuminuria as rec-
ommended by KDIGO guideline.

Results: 42 patients (29 male, median age 43.5 years) were analyzed. In 
the period of 180-365 days after KT, graft function further improved: 
eGFR increased by approximately 7 ml/min/1.73m². All patients showed 
stable, 23 patients even very good KT function with CKD stage G1 or G2. 
Albuminuria decreased in most patients to less than 30 mg/g 
creatinine.
Although kidney function increased, there was no further improvement 
of ARS in the total cohort (HMA 63.9% IQR 61.8-69.9%, HNA-1 29.6% IQR 
24.6-32.7%, HNA-2 5.8% IQR 5.4-6.4%). BE also maintained its level one 
year after KT at 83% (IQR 74-101%), whereas DTE fell slightly to 85% (IQR 
72-117%). In patients with good and very good graft function (CKD stage 
1 and 2) albumin function is better than in the total cohort, but did not 
reach the level of healthy persons (BE 85.5% IQR 75.5- 94.5%, DTE 85% 
IQR 72.5-104.8%, HMA 67.4% IQR 63.4-70.3%, HNA-1 27% IQR 24.4-
30.7%, HNA-2 5.7% IQR 5.4-6.1%).

Conclusion: This first multimodal one year follow-up after KT shows 
improvement of albumin function. However, even if graft function is at 
the level of healthy persons, albumin function remains limited.

References
1.	 Jager KJ et al. A single number for advocacy and communication-

worldwide more than 850 million individuals have kidney diseases. 
Kidney Int 2019;96:1048–50

2. Oettl K et al. Redox state of human serum albumin in terms of cysteine-34 
in health and disease. Methods Enzymol. 2010;474:181–95.

3. Kazmierczak SC et al. Electron spin resonance spectroscopy of serum 
albumin: a novel new test for cancer diagnosis and monitoring. Clin 
Chem 2006;52:2129–34. 10.1373/clinchem.2006.073148

4. Klammt S et al. Albumin-binding capacity (ABiC) is reduced in 
patients with chronic kidney disease along with an accumulation of 
protein-bound uraemic toxins. Nephrol Dial Transplant. 2012 
Jun;27(6):2377-83.

Acknowledgements
The excellent technical assistance of Doris Payerl is highly appreciated. 
We thank the Albunet e.V. group for their constructive ideas for this 
project. This research received external funding from Stiftung 
Universitätsmedizin Essen (2023 4699 108).

Online Monitoring Of The Effectiveness And 
Capacity Of Albumin Dialysis Procedures For 
Extracorporeal Liver Replacement Therapy

Sebastian Koball, Stine Koball, Jan Stange

Organization(s): 1University of Rostock, Internal Medicine, Nephrology 
and Dialysis, Germany; 2Albutec GmbH, Rostock;Germany 3ProMedTec 
Germany GmbH, Rostock; Germany

Introduction: Various albumin dialysis procedures (MARS, OPAL, SPAD, 
Albunique) are used to treat patients with acute or acute to chronic liver 
failure. The principle of these procedures is similar. Dialysis therapy is 
carried out against a dialysate containing albumin. This absorbs protein-
bound substances, especially those bound to albumin (for example bili-
rubin, bile acids, indoxyl sulfate, para-cresyl sulfate and others). The 
albumin-containing dialysate is then discarded or cleaned by adsorbers 
and reused in the circuit. The use of larger amounts of albumin increases 
the costs of the procedure.
Bilirubin, as a surrogate parameter for albumin- bound toxins, passes 
from the blood into the dialysate and is also removed from the dialysate 
again with the help of adsorbers in albumin- recirculating procedures. 
Bilirubin causes a clearly concentration-dependent discoloration of the 
dialysate, which can be measured using optical methods.

Methods: By quantitatively assessing the discoloration of the dialysate, 
it is possible to monitor the effectiveness of the liver replacement proce-
dure. By measuring at different points in the dialysate circuit (behind the 
filter - before the adsorber and after the adsorber - before the filter), it 
is possible to optimize the control of the flow rates (particularly impor-
tant for SPAD). In recirculating procedures, it is also possible to assess 
the adsorber capacity. The adsorber capacity is exhausted when there is 
no longer a difference in concentration before and after the adsorber. 
The adsorber should then be replaced.

Results: We would like to present initial results (in vivo and in vitro) of an 
optical measuring device for optimized control of the dialysate flows and 
monitoring of the adsorber capacity. The measurement is carried out 
spectroscopically and nephelometrically in a serial measurement con-
struction. The combination of spectrophotometry and nephelometry 
makes the measurement robust against interferences.
Spectroscopic colour differences were measured on an individual patient 
basis, the significance of which is the subject of further investigations. A 
correlation between the optical measurement values and the bilirubin 
values measured in the laboratory was demonstrated. A computer-
assisted evaluation of the data also allows online adjustment of the con-
trol to individual patient conditions (different bilirubin variants, 
hemolysis, etc. are recognized). It is shown that the capacity of some 
adsorbers is sufficient for treatment sessions longer than 48 hours. 
When used in SPAD treatments, the flow rate of the dialysate could be 
adapted to the transport capacity of the dialyser.
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Discussion: The procedure is intended to enable more effective treat-
ment of patients and reduce the costs of treatment (through lower albu-
min consumption and better utilization of the adsorber capacity).
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The Role of Albumin in Artificial Organ Technologies: Insights and 
Future Perspectives: Albumin, an abundant and multifunctional plasma 
protein, is a pivotal component in maintaining physiological homeostasis 
and has become an indispensable element in artificial organ systems and 
extracorporeal therapies. Its unique biochemical and biophysical proper-
ties, including its high binding affinity for various endogenous and exog-
enous molecules, make it a critical agent in addressing complex 
pathophysiological conditions such as liver failure, sepsis, and multi-
organ dysfunction. This lecture will provide a detailed exploration of the 
fundamental role of albumin in artificial organ technologies, its current 
applications, and the emerging innovations driving future advancements 
in the field.
The presentation will begin with an overview of albumin’s structural and 
functional characteristics that underpin its clinical utility. Albumin serves 
as a molecular carrier for a wide range of substances, including bilirubin, 
fatty acids, and toxins, while also acting as a detoxification agent by 
binding protein-bound toxins and facilitating their removal. These prop-
erties are particularly significant in extracorporeal systems, where albu-
min enhances the efficacy of treatments designed to mimic or support 
organ function.
A primary focus will be on the application of albumin in liver support 
systems, such as albumin dialysis, where its ability to bind and clear pro-
tein- bound toxins has shown remarkable benefits in patients with acute 
and chronic liver failure. Similarly, in renal replacement therapies, albu-
min’s role in modulating fluid balance, detoxification, and immune 
responses highlights its importance in optimizing treatment outcomes. 
These clinical applications are supported by robust evidence from case 
studies and clinical trials, which demonstrate improved survival rates, 
reduced inflammation, and enhanced quality of life for patients under-
going albumin-based therapies.
The lecture will also address recent innovations in the field, including the 
integration of albumin into hybrid devices and bioengineered materials 
to enhance biocompatibility and reduce the inflammatory complications 

often associated with extracorporeal circuits. Advances in nanotechnol-
ogy and material science are enabling the development of albumin-func-
tionalized biomaterials, which have the potential to revolutionize 
artificial organ design by improving device efficiency and patient safety.
Despite these advancements, several challenges remain, including the 
need to optimize albumin dosing strategies, address economic con-
straints related to albumin production, and ensure sustainable supply 
chains for clinical use. Additionally, ongoing research into the immu-
nomodulatory properties of albumin is opening new pathways for its 
application in treating systemic inflammatory conditions and reducing 
complications in critically ill patients.
Future perspectives will focus on emerging technologies and personal-
ized medicine approaches that aim to tailor albumin-based therapies to 
individual patient needs. These innovations include the potential use of 
recombinant albumin and synthetic albumin mimetics, which could offer 
greater stability, reduced immunogenicity, and enhanced functionality in 
artificial organ systems.
In summary, this lecture will synthesize current knowledge on albumin’s 
role in artificial organ technologies, providing an evidence-based assess-
ment of its therapeutic potential and identifying key challenges that 
must be addressed to fully realize its clinical impact. Attendees will gain 
a comprehensive understanding of how albumin- based innovations are 
shaping the future of extracorporeal therapies and advancing the man-
agement of life-threatening conditions in critical care settings.
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Introduction: Albumin bound toxins, accumulating in liver failure, have a 
broad effect and role in manifestation and progression of multiorgan fail-
ure. Among others, toxic serum levels of Bile Acids are emerging as 
direct inducers of haemodynamic failure1, renal failure2, pulmonary 
damage3, mitochondrial toxicity and sarcopenia3, mental deterioration 
in acute liver failure4, cholestatic pruritus5, severe immune deficiency 
generally seen in jaundiced patients6, coagulation disorders7, dissemi-
nated intravascular coagulation8 and apoptosis in hepatocytes, there-
fore, inhibiting hepatic regeneration and recovery9. High Albumin 
binding rate makes extracorporeal removal in a selective (safe), effective 
and usable challenging. Only Extracorporeal Albumin Detoxification/-
dialysis (ECAD) using MARS has shown reduction of Acute on Chronic 

Table 1. Effect on ACLF expected mortality.

CLIF-Calc. preMars postMars p-Value preNxECAD postNxECAD p-value

exp. Mortality Mean+SD Mean paired unpaired Mean Mean paired unpaired

1 Month 37 + 33 31+32 0.007 0.454 37+32 27+30 0.006 0.226
3 Months 49 + 33 42+33 0.008 0.420 49+34 38+33 0.004 0.206
6 Months 52 + 33 46+32 0.006 0.426 53+33 41+33 0.002 0.197

Time 
Regression

Median
25%-75%

Median
25%-75%

Wilcoxon MWU Median
25%-75%

Median 25%
75%

Wilcoxon MWU

cumulative 41(18-79) 31(10-69) <0,001 0,23 43(17-75) 26(6-64) <0.001 0.037
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Liver Failure, a surrogate biomarker for survival, in multiple prospective 
randomized trials (RCT)10-13. The aim of this research is to present “next 
generation MARS” data for ECAD (NxECAD) sessions using highly purified 
albumin (HepalbinTM) as dialysate on improvement of ACLF compared to 
MARS in a RCT.

Methods: 24 subjects with ACLF grade 1-3 were randomized to receive 
either MARSTM first and HepalbinTM second or vice versa. ACLF grade was 
determined pre and post treatment using https://efclif.com/research-
infrastructure/score-calculators/clif-c-of-aclf-ad/, change of outcome 
prognosis was compared for ECAD sessions between groups.

Results: MARS and OPAL resulted into a significant improvement of cal-
culated expected mortality at 30, 90 and 180 days after one treatment 
session, supporting earlier MARS trials reporting a survival benefit10-13. 
However, NxECAD significantly improved Albumin Binding Function in 
patients detected by Dansylsarcosine Binding to Sudlow II and ESR 
Spectroscopy of fatty acid binding, while MARS did not. MARS and 
NxECAD both removed Bile Acids significantly, while NxECAD Bile Acid 
reduction was significantly more effective. In line with this observation, 
reduction of calculated mortality over time (1-6 months) cumulatively 
was more prominent for NxECAD, which was significant not only in 
paired analysis (Wilcoxon signed rank) but even in unpaired analysis 
(MWU), as seen in Table 1.

Discussion: Analysis of the Opalesce trial support significant effect of 
ECAD on survival, which was more prominent for NxECAD, supported by 
qualitative improvement of patients albumin binding function.
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Introduction: Mechanical circulatory and respiratory support devices 
are vital for patients with severe cardiac or pulmonary failure, yet their 
effectiveness varies across patient populations. This study aimed to 
establish a virtual clinical trial framework for evaluating these devices in 
a simulated environment. By generating “virtual patients” from clinical 
data, the model enables preclinical assessment of different device inter-
vention and hemodynamic impact, allowing for detailed comparisons 
across various scenarios. Unlike traditional single-patient numerical 
simulations, this platform accounts for real-world patient variability, 
enhancing device evaluation, performance prediction, and design 
optimization.

Methods: In this study, a virtual clinical trial framework was developed 
and validated using published clinical data. The validation dataset 
included HFrEF patients (N=37) assessed before and after LVAD implan-
tation. Heart rate and vascular resistance parameters were used to gen-
erate a synthetic population, incorporating systolic and/or diastolic 
dysfunction. Randomly combining these variables created "virtual 
patients," which were simulated in an advanced cardio-respiratory 
numerical model. Once validated, the platform was used to simulate 
Veno-Arterial (VA) ECMO patients (N=250), with cardiogenic shock 
pathophysiology, to analyze ECMO-induced hemodynamic changes. 
These patients were simulated under VA ECMO via central cannulation 
at a flow rate of 3 L/min.

Results: Figure 1 compares post-LVAD clinical data with virtual trial 
results, showing no significant differences, as indicated by p>0.05 for 
MAP, mPAP, and cardiac output. Figure 2 shows the virtual framework 
outcomes with and without VA ECMO support, revealing a scattered lin-
ear relationship between mean arterial pressure and end-diastolic vol-
ume (EDV). Among the 250 virtual patients simulated under VA ECMO, 
100% experienced an increase in end-systolic volume. However, only 4% 

Figure 1. LVAD post implant Clinical vs Virtual Trial results [1].

Figure 2. MAP vs EDV for baseline and VA ECMO.

https://efclif.com/research-infrastructure/score-calculators/clif-c-of-aclf-ad/
https://efclif.com/research-infrastructure/score-calculators/clif-c-of-aclf-ad/
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showed an increase in EDV, 3.6% exhibited no change, and 92.4% had a 
reduced EDV compared to baseline hemodynamic state- further high-
lighting the diverse loading conditions in patients under VA ECMO that 
would otherwise be missed in single-patient simulations.

Discussion: The strong statistical alignment of LVAD virtual trial data 
with actual clinical results validates the application of the developed vir-
tual framework in evaluating other MCS devices.
When applied to evaluate VA ECMO in a virtual cohort of 250 patients; 
with cardiogenic shock, significant variability in hemodynamics was 
observed, particularly concerning LV distention. This aligns with the dif-
ferent ECMO clinical data reported in the literature, where the precise 
mechanisms causing LV distention during VA ECMO remain an open 
question. These large- scale simulations capture patient variability often 
overlooked in single-patient models, enabling more detailed hemody-
namic analysis and device evaluation. Consequently, this approach facili-
tates more patient-specific interventions, in particular LV decompression 
strategies when placed on VA ECMO.
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Introduction: Cardiovascular diseases, including heart failure (HF), are 
increasing worldwide. For patients with advanced HF, ventricular assist 
devices (VADs) serve as a long-term alternative or as a bridge to heart 
transplantation. However, the high rate of rehospitalization and device 
replacement due to adverse events remains a major challenge. 
Continuous advancements in VAD technology are therefore crucial to 
improving patient outcomes.
Computational fluid dynamics (CFD) has proven to be a valuable tool for 
optimizing VAD performance. Traditionally, CFD analyses focus on 
steady-state conditions with constant VAD flow [1,2]. However, due to 
residual cardiac activity, VAD patients exhibit pulsatile flow patterns, 
leading to dynamic variations in operating conditions. While initial stud-
ies have investigated pulsatile flow in VADs [3,4], these are often limited 
to single HF cases. In reality, cardiovascular parameters vary significantly 
among HF patients. Previous studies have demonstrated that incorpo-
rating cardiovascular dynamics into CFD simulations significantly impacts 
VAD flow characteristics.
A common condition in VAD patients, particularly those classified 
according to AHA/ACC guidelines, is mitral valve regurgitation (MR). MR 
is characterized by retrograde blood flow from the left ventricle into the 
left atrium, potentially influencing VAD performance. To assess this 
impact, we implemented varying degrees of backflow in a bidirectionally 
coupled VAD-CFD simulation integrated with a cardiovascular system 
model.

Methods: The bidirectional coupling consists of a VAD-CFD model of the 
HeartMate 3 (Abbott Inc.). The VAD flow is simulated using a k-ω SST 
URANS approach. The cardiovascular system is represented by an elec-
tric-analogy 0D/1D Lumped Parameter Model (LPM). The LPM calculates 
the pressure in the left ventricle and aorta, which serve as inlet and out-
let boundary conditions for the VAD- CFD. The VAD-CFD, in turn, deter-
mines the outlet flow rate, which is incorporated as the bypass flow 
between the left ventricle and aorta within the LPM. This bidirectional 
coupling ensures that both the VAD-CFD and the LPM are solved at each 
timestep, with continuous exchange of pressure and flow rate data. To 
model backflow caused by mitral valve regurgitation, an additional diode 

and resistance are introduced in the LPM between the left ventricle and 
left atrium, opposing the main flow direction.
The methodology is validated against the H-Q characteristics of the 
HeartMate 3 as reported by Boes [5].

Results: Four backflow conditions up to 75 mL per heartbeat were ana-
lyzed, with a range of 40 to 90 mL corresponding to the mitral valve 
regurgitation backflow reported in a previous study [6].
As backflow increases, the pressure-volume (p-V) loop shifts toward 
lower end-systolic and end- diastolic volumes in the left ventricle. 
Additionally, maximum left ventricular pressure decreases with increas-
ing backflow, ranging from 80 mmHg to 45 mmHg. Consequently, the 
minimum pressure head of the VAD increases from 18 mmHg to 48 
mmHg, as the pressure difference between the aorta (VAD outlet) and 
the left ventricle (VAD inlet) rises. Furthermore, VAD flow decreases with 
increasing backflow, from 7 L/min to 6 L/min.

Discussion: Mitral valve regurgitation has been shown to affect the oper-
ating parameters of a VAD. By shifting the H-Q characteristic, the operat-
ing range is reduced, preventing the VAD from functioning under high 
overload conditions with excessive flow rates. As previously demon-
strated, patient-specific boundary conditions significantly influence the 
operating point and blood damage behavior. The inclusion of mitral 
valve regurgitation further enhances the patient-specific VAD 
simulation.
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Introduction: Von Willebrand factor (VWF) is a large multimeric mech-
ano-sensing protein found in blood, playing a key role in shear-induced 
platelet aggregation (SIPA). At high shear rates (> 1500 s-1 [1]), VWF 
transitions from a resting “globular” conformation to a filament-like 
unfolded conformation due to hydrodynamic forces. When unfolded and 
exposed to sufficient tension [2], VWF becomes activated and binds to 
platelets, slowing them down and initiating their adhesion. While many 
studies have explored platelet adhesion on microstructured artificial sur-
faces in the absence of flow [3], the impact of such surfaces on SIPA 
remains poorly understood. The present work uses numerical simula-
tions to investigate the key step of SIPA by modelling VWF deployment 
under shear flow.

Methods: The flow configuration and the protein are illustrated in figure 
1. The fluid is Newtonian, with a viscosity v = 3.10!" m#. s!$, and a density 
ρ = 1050 kg. m!%. VWF is modeled as a coiled filament, and its mechani-
cal behavior is described in equations (1-3).
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Fluid-structure interactions are handled using an immersed boundary 
method [4]. The protein having no inertia, the hydrodynamic forces bal-
ance the inner forces of VWF, which derive from three potentials: 
stretching (1), bending (2) and torsion (3). The variable X represents the 
coordinates of the protein, E& its stretching stiffness, E' its bending stiff-
ness, κ its curvature, E( its torsion stiffness, τ its torsion, and s the 
arclength. Terms with zero subscript are properties of VWF in the 
absence of flow. Please note that torsion here refers to out of plane 
bending, and not to twisting. Simulations are run with the YALES2BIO 
solver [5].

	 U E X X ds& #
$ #( )� � �& ) 	 (1)

	 U E k k ds' #
$

'
#( )� � � ) 	 (2)

	 U E ds( (� � �#
$

)
#( )� � 	 (3)

Results: A representative result is presented in figure 2, illustrating the 
unfolding of adsorbed VWF under shear flow along a flat surface. This 
serves as a proof of concept for the implementation of equations (1-3). 
The parameters used for this simulation are provided in table 1.

Discussion: The presented results show the unfolding of a coiled fila-
ment under shear flow along a flat wall. The effect of rugosity on this 
mechanism will be discussed at the conference, should the abstract be 
accepted.
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Introduction: In recent years, blood pressure monitoring has gained 
attention for its role in supporting therapy decisions and enhancing the 
understanding of complex (patho)physiological phenomena. This inter-
est has led to the development of 0D and 1D computational cardiovascu-
lar (CV) models. In these models, heart and vessel parameters are tuned 
according to the patient status and possible CV pathologies to capture 
the related blood pressure alterations. The flexibility of these simulators 
can be capitalized on creating virtual populations (VPs) that summarize 
the main differences in blood pressure expected across a patient cohort. 
The development of a realistic and valuable VP strongly relies on the CV 
model and the tuning of its parameters.
So far, the effects of aging on 0D-1D CV parameters have been widely 
implemented, while the impact of gender remains underexplored. This 
work addresses this gap, by proposing an approach on how to simulate 
blood pressure profiles over healthy VPs, incorporating both age- and 
gender-related variations.

Methods: This study uses an open-loop CV simulator [1], with a 0D left 
ventricular (LV) model and a 0D-1D arterial network. CV parameters are 
tuned to represent subjects of different ages and gender (Figure 1).
For aging, the simulator is tuned to reproduce decreased cardiac output 
and reduced vascular compliance, according to Charlton et al. [2]. For 
gender- specific variations, smaller cardiac dimensions and shorter and 
narrower arterial structures are considered in females compared to 
males, according to Zeid et al. [3]. The simulated VPs account for a total 
of 12 subjects, with 6 subjects for each gender. For validation, the 

Figure 1. Flow configuration, and the protein (red) position 
at the initial time step. Xmax, Ymax and Zmax values are 2.5L, 
1.3L and L respectively, where L is the contour length of VWF. 
A no-slip condition is applied in the (XZ) plane, and wall-slip 
conditions are applied at Z = 0; Zmax. Periodic boundary 
conditions are used at X = 0; Xmax. The wall at Y = Ymax 
moves at velocity Umax.

Figure 2. VWF in the absence of flow (left part), and VWF 
unfolding under shear flow (right part). The top part of the 
figure is a view from the top, and the bottom part is a view 
from the side. Black squares represent the anchoring point of 
VWF.

Table 1. Parameters used for the simulation presented in 
figure 2.
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Figure 1. Adjusted parameters for modelling age and gender in virtual populations.

Figure 2. Blood pressure comparison between virtual populations (colored shapes) and literature data (gray shapes)[4].
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simulated mean, systolic, and diastolic blood pressure (MAP, SBP, DBP) 
are compared with literature data from 4001 healthy subjects [4].

Results: RMSE of simulated vs. literature MAP, SBP, and DBP is 0.67, 1.79, 
and 5.65 mmHg for males and 0.68, 3.48, and 6.48 mmHg for females, 
respectively.

Discussion: Overall, the pressures of the VPs align with the literature 
data. A widening of pulse pressure with age is observed in both males 
and females, due to increased arterial stiffness [4]. The model provides 
a more accurate simulation of SBP and DBP for the younger male groups 
(<50 years) compared to older male groups (>50 years). Concerning the 
female VP groups, further parameter refinements are needed, as the 
model tends to underestimate diastolic blood pressure.
As future work, additional key factors that influence blood pressure will be 
included, such as body mass index and CV diseases, to provide more compre-
hensive VPs and even data for rare conditions. These VPs would be suitable 
to investigate specific pathophysiologies and to test related therapies while 
reducing reliance on costly clinical trials and avoiding ethical concerns.
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Introduction: Venoarterial extracorporeal membrane oxygenation (VA 
ECMO) is a treatment strategy that provides temporary circulatory and 
respiratory support for refractory cardiogenic shock patients. VA ECMO 
uses an extracorporeally placed pump to generate a continuous flow 
(CF) of blood which is delivered to the patient via an arterial cannula. 
Pulsatile flow (PF) VA ECMO has been proposed as an alternative method 
for delivering flow to diminish the risk of complications associated with 
CF, such as differential hypoxemia and left ventricular (LV) distension, 
which limit myocardial recovery and contribute towards the low survival 
rates of VA ECMO [1]. The aim of this study was to utilise a multiscale 
computational fluid dynamics (CFD) model to evaluate and compare the 
flow dynamics and hemodynamics generated by CF and PF VA ECMO.

Methods: A patient-specific aortic geometry was segmented from a 
computed tomography scan of a VA ECMO patient. A 19 Fr arterial 
cannula was then 3D modelled within the right external iliac artery. 
The inlet and outlet boundary conditions were controlled by a closed-
loop lumped parameter network (LPN) adapted from Neidlin et al. [2]. 
Acute left heart failure was modelled in the LPN by reducing LV 
elastance. Then, 3, 3.5, 4, and 5 L/min VA ECMO flow rates were 
implemented at the arterial cannula’s distal end surface. PF was mod-
elled by switching off the LPN’s VA ECMO compartment during LV sys-
tole and ramping up the pump speed during LV diastole. Differential 
hypoxemia was modelled by setting oxygen partial pressures of 37 
and 200 mmHg to blood ejected by the LV and cannula, respectively, 
and then computing oxygen saturation (SO2) via the oxygen- hemo-
globin dissociation curve.

Results: The hemodynamic results demonstrated increased ejection 
fractions and coronary flow during PF VA ECMO, and decreased after-
load and pressure- volume areas, when compared to CF VA ECMO 
(Figure 1A). When simulating differential hypoxemia, the delivery of > 
90% SO2 blood from VA ECMO to the arch vessels varied between PF and 
CF VA ECMO only at support levels of 3.5 and 4 L/min (Figure 1B). Even 
still, only slight improvements were observed during PF, such as 
increased SO2 in the right subclavian artery (94.0% vs 90.2% for PF and 
CF, respectively) during 4 L/min support. Lastly, wall shear stress (WSS) 
markedly increased during PF VA ECMO. For instance, during 5 L/min 
support, WSS was > 100 Pa higher during PF VA ECMO than CF VA 
ECMO.

Figure 1. A) Left ventricular pressure-volume loops and B) watershed regions taken at end-diastole, both during 4 L/min continuous 
and pulsatile flow.



Abstract	 511

Discussion: Our findings indicate that PF may be able to mitigate the 
harmful hemodynamic effects of CF VA ECMO by increasing myocardial 
oxygen delivery and reducing oxygen demand. Marginal improvements 
in watershed region location suggest that PF VA ECMO may not be able 
to significantly improve cerebral oxygenation or significantly reduce the 
risk of differential hypoxemia. Lastly, increased WSS during PF VA ECMO 
may increase the risk of endothelial damage and blood trauma.
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Introduction: End-stage Kidney Disease (ESKD) affects over 600,000 
Americans and nearly 3 million worldwide. Treatment options are few 
and highly morbid. Our team has developed platform technologies for a 
new treatment option for ESKD that combines the universal availability 
of mass manufacturing with the cardiac and nutritional benefits of con-
tinuous therapy[1]. We combine a novel silicon nanopore membrane 
filter [2] to remove toxins with a bioreactor of cultured renal tubule cells 
to concentrate filtered toxins into urine [2-4]. This approach relies on 
durable function of cultured cells, which has not been a focus of previ-
ous cell culture protocols. Here, we demonstrate prolonged stable func-
tion of primary human renal tubule cells in culture out to one year.

Methods: Primary human renal tubule cells were purchased from Lonza 
and seeded at first passage at 0.5 x 105 cells/cm2 onto permeable sup-
ports pre-coated with extracellular matrix proteins. After 48 hours of 
culture at 37C and 95/5 air/CO2 culture trays were placed on an orbital 
shaker to produce 2 dyne/cm2 fluid shear stress averaged across the area 
of the culture well. Media (50:50 F12/low-glucose DMEM with T3, 
hydrocortisone, ITS, supplemental ascorbic acid and SB431542, a TGF}R2 
inhibitor, and metformin, and inhibitor of Complex I) was changed thrice 
weekly.
Monolayer integrity was assessed by measuring leak of fluorescent dex-
trans from apical compartment to basolateral compartment. Active 
transport was assessed by measuring fluid volume transport in the 
absence and presence of tenapanor, furosemide, or hydrochlorothi-
azide. Mitochondrial fucntion was assessed by high- resolution respirom-
etry using the Agilent Seahorse system.

Results: At 46 weeks in culture, renal tubule cells retained transport 
activity (not shown). SB431542 and metformin additivelty increased 
oxygen consumption compared to cells that received neither treatment 
(Fig 1).

Discussion: Primary renal tubule cells require TGF} inhibition for differ-
entiation sufficient to support active transport in vitro. These cells are 
usually seen as prone to irreversible dedifferentiation in artificial culture. 
Prolonged culture is unusual in the context of discovery science but 
essential to bioengineering an artificial kidney. We have overcome the 
fundamental barriers to a mass- produced bioartificial kidney.
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Introduction: One of the many reasons that the Oxygenator is not suit-
able for long-term use is device coagulation. This study propose a 
novel design methodology to improve oxygenator blood compatibility, 
specifically mitigating coagulation. Efforts have been made for identi-
fying low velocity area for lower the risk of thrombotic deposition [1]. 
Some study relates the low shear rate to thrombotic risks [2]. The con-
cept connects the region prone to affecting the device coagulation per-
formance to the identified low flow velocity and low shear rate areas 
(“dual-low regions”).

Figure 1. SB431542 (triangles) and metformin (squares) 
additively (circles) increased Renal Proximal Tubule Cells 
oxygen consumption at 46 weeks.

Figure 2. At 52 weeks, renal tubule cells in artificial culture 
retain diuretic-inhibitable active transport. T denotes 
tenapanor; TF denotes tenapanor and furosemide in 
combination.
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Methods: Dual-low regions were defined as low flow velocity (<1 mm/s) 
and low shear rate (<50 /s). A Computational Fluid Dynamics (CFD) sim-
ulation model of BreathMo® oxygenator iteration was employed to iden-
tify the dual-low regions. A morphological assessment of the flow field 
was performed to observe structural flow obstructions and alteration to 
flow direction.
The dual-low regions identified in the oxygenator by CFD fitted well with 
the thrombus formation observed in vivo. Flow field analysis elucidated 
the underlying factors contributing to their formation. Structural modifi-
cations were conducted and effectively reduced the volume of dual-low 
regions by 88.6% (Fig. 1). These changes may lead to a more optimized 
flow field conducive to enhanced blood compatibility.

Results: The dual-low regions identified in the oxygenator by CFD fitted 
well with the thrombus formation observed in vivo. Flow field analysis 
elucidated the underlying factors contributing to their formation. 
Structural modifications were conducted and effectively reduced the 
volume of dual-low regions by 88.6% (Fig. 1). These changes may lead to 
a more optimized flow field conducive to enhanced blood compatibility.

Discussion: The proposed study design methodology incorporating dual-
low region identification using CFD analysis, flow field examination, and 
structural flow optimization has demonstrated its feasibility and success-
fully provided essential insights. The approach can mitigate risk- associ-
ated adverse effects of dual-low regions, improve the oxygenator 
hemocompatibility performance. Future work will focus on validating 
the model with coagulation tests and quantify the relationship between 
the dual-low region and the coagulation performance.
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Introduction: Current hemodialysis (HD) techniques are weak at remov-
ing protein-bound uremic toxins (PBUTs), which strongly associate with 
plasma proteins like albumin. PBUT accumulation contributes to compli-
cations as cardiovascular disease, accelerated aging and uremic syn-
drome. Various strategies to enhance PBUT removal are under 
investigation, including the use of adsorbents, chemical displacers, 
increased ionic strength, and pH-shifts [1], but further research is 
needed before clinical implementation. In this study, building on our 
findings presented at ESAO 2024, we explored whether further increas-
ing albumin temperature (up to 45°C) safely enhances uremic toxin 
removal, as protein binding is temperature-dependent, with higher tem-
peratures reducing bound fractions [2]. In addition, temperature-aug-
mented PBUT removal is reversible and compatible with current HD 
machines, while maintaining circuit sterility.

Methods: PBUT free fractions were determined by static in- vitro “Rapid 
Equilibrium Dialysis” (RED, Thermo Scientific™) protein binding assays. 
40g/L albumin solutions were spiked with 3 toxins at uremic concentra-
tions: Indoxyl Sulfate (IS), p-Cresyl Sulfate (pCS), and Hippuric Acid (HA) 
(150 µM, 200 µM & 400 µM respectively). These solutions were 

Fig.1. Dual-Low region decrease observed after structural modification.
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incubated in triplicate for 4h at 35, 39, 43, and 45°C. PBUT concentrations 
were measured with HPLC. The free fraction was calculated by Eq. 1:

	 Free fraction
CBuffer chamber
CSamplechamber

 = ∗100% 	 (1)

Results: For all 3 PBUTs, free fractions increased when elevating tem-
perature from 35°C to 43°C (IS 1.2- fold, pCS and HA 1.1-fold). At 45°C, 
the increase was more pronounced: pCS 1.6-fold, IS 1.5-fold, and HA 1.2-
fold (with a stronger effect per °C).

Discussion: The temperature effect was more notable for the highly 
bound toxins (IS, pCS) than for the least bound (HA), which aligns with 
previous reports [2,3]. The temp. range is still within reversible conforma-
tion changes in albumin [4]. We present work-in-progress; more research 
is required on understanding the observed non-linear behavior, max. safe 
whole blood temp., blood integrity after prolonged temp. cycling, and 
possible adverse effects. Yet, the approach seems promising.
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Introduction: Chronic kidney disease affects 10% of the global popula-
tion and is a significant health concern with high mortality rates. When 
patients reach End- Stage Renal Disease, they rely on hemodialysis (HD) 
to survive [1]. However, despite HD’s ability to remove approximately 
45% of all known toxins, it is ineffective at eliminating Protein-Bound 
Uremic Toxins (PBUTs) due to their strong binding to essential proteins 
such as Human Serum Albumin (HSA).
Various strategies have been explored to tackle this issue. Among them, 
mixed matrix membranes (MMMs) composed of a polymer matrix incor-
porating porous additives with adsorption capacity (e.g. activated car-
bon) have shown promising results in trapping toxins and enhancing 
PBUT removal [2]. Metal-Organic Frameworks (MOFs), crystalline mate-
rials made from organic ligands and metal ions, have demonstrated 
excellent adsorption capacity and stability, making them promising can-
didates for HD applications.
Zirconium-based MOFs (Zr-MOFs), such as NU-1000-comprising zirco-
nium metal ions and pyrene-based linkers-exhibit high PBUTs adsorp-
tion efficiency in aqueous solutions [3], making them an interesting 
option for enhancing PBUT removal during HD. In this study, for the first 
time, NU-1000 was incorporated into cellulose acetate-based (CA)-
based casting solutions to create novel integral asymmetric CA/
NU-1000 MMMs. The adsorption capacity of these membranes towards 
indoxyl sulfate (IS), a well- known PBUT, was investigated, along with 
their hemocompatibility.

Methods: The adsorption capacity of the NU-1000 towards IS was evalu-
ated through direct contact studies in phosphate-buffered saline (PBS) 
and in human blood plasma solutions. Computational docking studies 
were also performed to understand the nature of interactions between 
the NU-1000 and IS.NU-1000 (2% wt.) was incorporated into CA- based 
casting solutions to fabricate novel integral asymmetric CA/NU-1000 
MMMs using the phase inversion method. The resulting CA/NU-1000 
MMMs were characterized by FTIR, SEM, AFM, and 3D computed 
tomography (CT) scanning. Their permeation performance was assessed 
in terms of hydraulic permeability and molecular weight cut-off. The 
removal of IS from spiked human blood plasma by the CA/NU-1000 
MMMs was studied in an extracorporeal HD setup over a 4-hour period, 
with results compared to pure CA membranes. The hemocompatibility 
of CA/NU- 1000 MMMs was evaluated through platelet adhesion, 
thrombosis and whole blood filtration studies.

Results: Docking studies showed strong interactions between the 
NU-1000 and IS, leading to an adsorption capacity of 60% for a 20 ppm 
IS solution (in PBS) after 3 hours when NU-1000 was placed in direct 
contact with PBS. Additionally, NU-1000 disrupted the interaction 
between IS and HSA, increasing the concentration of unbound IS when 
introduced into IS-spiked blood plasma. 3D CT scans and SEM 

Figure 1. The rapid equilibrium dialysis device can warm up to 
48 RED dialysis cells simultaneously.

Figure 2. Free fractions of IS, pCS, and HA at incubation 
temperatures between 35-45°C.
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micrographs of the CA/NU-1000 confirmed the membrane’s asymmetry, 
revealing a total thickness of 89 ± 1 µm, a porosity of 60 % and a uni-
form distribution of NU-1000 throughout the membrane. Although the 
CA/NU-1000 MMMs contained only 2wt.% NU-1000, IS clearance stud-
ies demonstrated that after 4 hours, these membranes removed 1.3 and 
1.05 times more IS via permeation compared to pure CA membrane 
from PBS and blood plasma solutions, respectively. Despite the throm-
bosis experiment showing high thrombus formation after 1 hour of 
direct contact ~92% for pure CA membranes and 95-99% for CA/
NU-1000 MMMs), low platelet adhesion and negligible hemolysis were 
observed after 4 hours of whole blood filtration.

Discussion: NU-1000 exhibited a high adsorption capacity for IS. Its suc-
cessful incorporation into the CA matrix, resulting in the development of 
CA/NU-1000 MMMs, offers a promising hemocompatible alternative for 
PBUT removal via adsorption. This approach has the potential to be 
applied in future hemodialyzers, enhancing toxin clearance during 
hemodialysis.
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Introduction: Recent studies affirm that Chronic Kidney Disease may 
become the fifth cause of death among the population of the world by 
2040 [1]. To face this challenging situation, innovations and new tech-
nologies for dialysis therapies are urgently needed. For example, more 
continuous dialysis therapies, like home or portable hemodialysis, could 
better mimic the function of a healthy kidney and thus achieve higher 
removal of uremic toxins from the blood of patients [2]. However, this 
requires innovative dialyzers and membranes with excellent hemocom-
patibility. Recent innovations are focusing on the use of new materials 
for membrane fabrication, like cellulose triacetate or heparin-like poly-
mers, but limitations in their use for longer dialysis sessions are still pre-
sent. To significantly improve the hemocompatibility of dialysis 
membranes, we aim to incorporate Glycosaminoglycans (GAGs) in the 
polymeric structure of the membranes; GAGs are long linear polysac-
charides that can be found in human’s kidney glomerulus, providing 
natural anticoagulating and antifouling properties. In our group we pre-
viously assessed that Danaparoid (DP), which is a mixture of different 
GAGs, shows an improved hemocompatibility in comparison to other 
types of GAGs [3]. In this study, we present an optimized process to 
blend DP and other GAGs in hollow fiber membranes and report the first 
results of hemocompatibility studies.

Methods: A water solution containing GAGs was blended with a poly-
meric solution made of polyethersulfone (PES), polyvinylpyrrolidone 
(PVP) and N-methyl-2- pyrrolidone (NMP). The polymer solution con-
taining GAGs was extruded with a lab scale spinning setup to produce 
hollow fiber membranes with a small inner diameter. After the spinning 
process, the fibers were rinsed in a water solution containing glycerol to 

preserve the pores of the selective layer during the drying process. The 
presence of GAGs in the fibers was verified by immunostaining, color-
staining and other material analysis like SEM-EDX and Inductively 
Coupled Plasma Optical Emission Spectroscopy (ICP- OES). To assess the 
hemocompatibility of the obtained fibers, we performed various biologi-
cal assays, like anti-factor Xa and IIa activity and thrombin generation 
analysis.

Results and Discussion: Figure 1 shows a SEM image of a hollow fiber 
membrane containing DP. The fiber was spun with the optimal spinning 
conditions to obtain an inner diameter of 250 µm and a wall thickness of 
50 µm with relatively small macro-voids. The permeability of the fiber is 
mainly affected by the pores that are present in the selective layer (indi-
cated by the white arrow in Figure 1). During the drying process, the 
addition of glycerol is essential to preserve these pores and provide fib-
ers with an ultrafiltration coefficient (KUF) that varies between 20 and 
30 mLm-2h-1mmHg-1. Material and color-staining analysis indicate that 
DP is mainly present in the lumen of the fiber.

Conclusion: We found that blending is a simple and effective way to 
incorporate and concentrate GAGs in the lumen of the fibers. Moreover, 
the KUF of the obtained fibers is suitable for dialysis. We are currently 
performing experiments with full human blood to verify the toxin 
removal efficiency and the hemocompatibility of these membranes 
compared to commercial dialysis membranes and hollow fiber mem-
branes without GAGs.
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Figure 1. SEM image of a hollow fiber membrane with DP.
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Introduction: Patients with end-stage renal disease (ESRD), rely on 
hemodialysis (HD) to survive. While traditional HD removes many ure-
mic toxins, it struggles to clear Protein-Bound Uremic Toxins (PBUTs) due 
to their strong binding to human serum albumin (HSA), increasing 
patient mortality and morbidity [1].
Among the different approaches to address this issue, using drugs with 
competitive binding properties has emerged as a potential solution. A 
2019 clinical trial showed that infusing 800 mg of ibuprofen (IBU) into 
the HD circuit during the first 19 minutes of a 4-hour session increased 
indoxyl sulfate (IS) clearance by 2.4 times. However, this effect dimin-
ished quickly, returning to baseline between 60 and 240 minutes. 
Additionally, residual IBU was found in patients, raising safety concerns 
and questioning this approach’s sustainability [2]. To overcome these 
challenges, we developed a two-component extracorporeal lab-scale HD 
setup composed of: (1) polyurea-based dendrimer (PUREG4) nanocarri-
ers [3] for controlled drug release to enhance PBUT dissociation from 
HSA, and (2) integral asymmetric cellulose acetate (CA) membranes for 
removing the free PBUT fraction from the blood [4].

Methods: Two pharmaceutical drugs, IBU and Furosemide (FUR), were 
encapsulated into 4th generation polyurea dendrimers (PUREG4) ren-
dering IBU@PUREG4 and FUR@PUREG4 nanoformulations and the 
release profiles were evaluated in PBS and human blood plasma. Integral 
asymmetric monophasic CA membranes were fabricated by the phase 
inversion method and characterized in terms of hydraulic permeability, 
molecular weight cut-off and hemocompatibility. A lab-scale extracor-
poreal blood circulation circuit was constructed where IBU (<8 mg) was 
gradually released into the blood plasma line over a 4-hour period. In 
vitro competitive displacement assays were performed through the 
gradual release of 8 mg of IBU and or FUR into the IS-spiked blood 
plasma line and by monitoring the concentration of free IS. The concen-
trations of IS in the blood plasma circuit and in the permeate were meas-
ured by fluorescence spectroscopy throughout the entire 4 hours at 
different time points.

Results: Furosemide and IBU were successfully encapsulated into the 
PUREG4.The release studies showed that, after 4 hours, 73 and 63% of 
the encapsulated IBU was released into PBS and blood plasma, respec-
tively. In vitro competitive displacement assays showed that the continu-
ous release of IBU, up to a total of 5 mg, resulted in a 3.7-fold increase of 
the concentration of unbound IS in blood plasma and a 3.8-fold increase 
in the clearance of IS.

Discussion: This innovative approach combines drugs displacement 
action with the selective membrane filtration, throughout the entire 
treatment in contrast to the direct infusion of high doses of IBU at the 
beginning of the HD session.
This synergistic effect of the slow release of IBU, combined with IS per-
meation through the semipermeable CA membrane, not only improves 
the efficiency of PBUT removal, but also reduces the risk of accumula-
tion of nonsteroidal anti- inflammatory drugs, such as IBU, in patients 
undergoing regular HD, making it a safer long-term solution for ESRD 
management.
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Introduction: Hemodialysis is the standard therapy for End- Stage Renal 
Disease (ESRD) but has limited efficacy in removing Protein-Bound 
Uremic Toxins (PBUTs), contributing to complications and high mortality 
rates [1,2]. Mixed Matrix Membranes (MMMs) offer an innovative solu-
tion by combining diffusion and adsorption for improved PBUT removal 
[3]. When paired with prolonged hemodialysis, further improvements 
are possible. However, extended blood exposure to dialyzer materials 
increases the risk of clotting, reducing the effective surface area for toxin 
removal. The outside-in filtration mode (OIF), where blood flows outside 
rather than inside the fibers can mitigate clotting and supports longer 
treatments. This study focusses on development of MMM for OIF for 
achieving improved PBUT removal with minimal clotting. In an earlier 
study [4], we have developed MMM fabrication for OIF. Here, we focus 
on further improving the membrane morphology to minimize albumin 
leakage combined with high PBUT removal.

Methods: OIF-MMMs were fabricated by dry-wet spinning using two 
new polymer dope solutions – particle free and particle rich – based on 
polyethersulfone /polyvinylpyrrolidone polymer (PES/PVP) blends. The 
fibers’ physical and transport properties (ultrafiltration coefficient, pro-
tein-bound uremic toxin, hippuric acid (HA) and indoxyl sulphate (IS), 
removal from human plasma) were studied.

Results - Discussion: Figure 1 presents typical SEM images of OIF- 
MMMs, showing particle-free and particle-rich layers. Table 1 presents 
the main characteristics of the membranes. The developed fibers have 
lower KUF and PBUT removal (shown here with plasma dialysance, DLp), 
while having higher albumin sieving coefficient than those reported ear-
lier [4].

To improve fiber permeability, minimize protein leakage and improve 
toxin removal, we aim to: 1) optimize PES/PVP ratios to achieve a more 
balanced outer layer structure (large enough pores to enhance permea-
bility for toxins, but small enough to limit protein leakage), 2) optimize 
bore solution composition to influence inner layer morphology (fewer 
macrovoids, more sponge-like structure) and 3) refine spinning condi-
tions to reduce fiber size.
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Table 1. Properties of new OIF-MMMs and previously 
developed [4] fibers.

OIF MMM This study Ref. [4]

ID/OD/Wall (µm) 486/851/184 329/518/92
KUF (mL m-2 h-1mmHg-1) 31 ± 6 100 ± 19
HA DLp (mL min-1 m-2) 27 370
IS DLp (mL min-2 m-2) 15 145
Sieving Coefficient (BSA) 0.69 ± 0.09 0.00 ± 0.01
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Introduction: Patients with Fontan circulation suffer from a multitude of 
internal organ complications primarily related to chronic venous hyper-
tension and relatively low cardiac output. Due to the absence of an 
active pulmonary circuit pump, Fontan patients also experience low 
exercise capacity. In a previous study, we examined the effect of a Fontan 
Assist Device (FAD) under various medications and observed how these 
combined treatments can improve patients' conditions. This study 

Figure 1. SEM images of OIF-MMM: A, this study and B, previous study ([4]), showing a cross-section and a close-up of the fiber 
wall, with both layers clearly visible.

Table 1. Cycle averaged pressures (in mmHg) from simulations 
and literature (shaded grey). MCP: mean circulatory filling 
pressure; PAP: pulmonary artery pressure; MAP: mean arterial 
pressure; LAP: left atrial pressure; CO: cardiac output.

state MCP/
Fontan

PAP MAP LAP CO

rest 12.0 - 83.0 8.0 4.5

rest 11.8 11.7 81.2 7.8 4.5
+FAD 10.6 14.4 90.8 9.9 5.2
+diuretic 7.4 13.8 84.7 9.4 5.0
walk 16.0 - 102.0 11.0 5.8

walk 16.0 16.0 103.5 10.8 5.9
+FAD 14.9 18.5 116.9 12.5 6.8
+diuretic 10.5 17.9 109.6 12.0 6.6
run 19.0 - 106.0 13.0 7.0

run 19.5 19.4 112.8 13.1 7.5
+FAD 18.3 22.2 125.6 15.0 8.6
+diuretic 13.0 21.5 118.0 14.5 8.45
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investigates how the FAD treatment can support Fontan patients during 
demanding exercise by examining their effect on hemodynamic change.

Methods: A customized 0D-3D lumped parameter-CFD model of the 
Fontan circulation, using Matlab Simulink and Ansys CFX, was utilized to 
simulate patient-specific hemodynamics. Three distinct clinical data 
stages: resting, walking, and running (each with specific heart rates, 
pressures, and flow rates) were established to replicate the hemody-
namic conditions of a single patient. The model was tuned to match the 
same hemodynamic condition and used as the baseline before treat-
ments. For the FAD treatment simulation, two axial pumps inside the 
pulmonary arteries were added and run at 15000 RPM, 19500 RPM, and 
24500 RPM at resting, walking, and running, respectively. Additionally, 
FAD treatment with diuretic simulation was achieved by reducing the 
total circulation volume to 80%.

Results: In general, the simulation was able to closely replicate the clini-
cal data, although there was one notable difference in the exercise trial 
where the cardiac output was 0.5L/min higher in the simulation. When 
FAD was activated in all three condition stages, the Fontan pressure 
decreased by 1.2 to 1.2 mmHg. In contrast, the cardiac flow increased by 
0.7 L/min during rest, 1.0 L/min during walking, and 1.1 L/min during 
running, which could significantly improve exercise capacity. By combin-
ing FAD treatment with diuretics, Fontan pressure can be substantially 
enhanced while slightly reducing the increase in cardiac output. In the 
FAD and medication pairing treatment, Fontan pressure was decreased 
to 7.4 mmHg, 10.5 mmHg, and 13.0 mmHg during resting, walking, and 
running, respectively. Such treatment can help alleviate the hemody-
namic pressure on internal organs and improve overall cardiac flow, 
leading to a better quality of life for patients with Fontan circulation.
The 3D modelling allowed changes in flow patterns between the differ-
ent conditions to be studied. Wall shear stresses were low, up to 12 Pa, 

but flow leakages around the FAD were observed suggesting changes in 
the geometry are required.

Discussion: In conclusion, FAD treatment can be valuable in supporting 
Fontan patients during exercise. When combined with diuretic medica-
tions, Venous pressure lowers further and relieves pressure in internal 
organs. The improvement of this study highlights the potential benefits 
of FAD treatment for patients with Fontan circulation.
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Introduction: Ventricular septal defect (VSD) is a serious complication of 
post-acute myocardial infarction (AMI), occurring in ~2% of cases. The 
VSD results from ventricular septum necrosis, leading to abnormal 
hemodynamics. Mechanical circulatory support (MCS) can be used for 
patient stabilization [1]. However, its effects on VSD remain unexplored. 

Figure 1. Example streamline plots for rest+FAD and running+FAD.
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We simulated the cardiovascular response in VSD patients supported by 
temporary MCS using a lumped- parameter model (LPM).

Methods: The cardiovascular system (Simulink; MATLAB R2016a, 
MathWorks, Natick, MA) consisted of an extra corporeal ventricular 
assist device (Extra VAD) (MoyoAssistTM, magAssist, Suzhou, China), car-
diac, systemic, pulmonary, and coronary circulations, as well as resist-
ance (R), compliance (C), initial volume (V0), blood inertance, heart rate, 
and time-varying elastance. Flow drainage from the left atrium and per-
fusion to the axillary artery was modified in the model to simulate the 

actual cannulation in the patient (Fig. 1A). Model validation and hemo-
dynamic response to different support flow rates were performed.

Results: Patient hemodynamic data under no support condition and 3.1 
L/min flow support were well- fitted, most parameters within 10% differ-
ence between simulated and clinical data (Table 1). The Extra VAD, flow 
support from 0 to 3.1 L/min, reduced pulmonary flow (PQ) by left ven-
tricular unloading (Fig. 1B). The left atrial pressure (LAP) decreased due 
to the pump drainage directly from the left atrium (Fig. 1C), and pulmo-
nary artery pressure (PAP) reduced from 78.9 to 32.8 mmHg. The mean 

Figure 1. 



Abstract	 519

aortic pressure (AoP) remained stable (75 mmHg) because of the barore-
flex mechanisms (Fig. 1D). The flow difference (pulmonary and systemic 
circulation difference) stabilized with 3.1 L/min flow support and 
remained unreversed (Fig. 1E).

Discussion: The LPM demonstrated good performance, providing a use-
ful framework for insights into the hemodynamic effects of the Extra 
VAD support in post-AMI VSD. Extra VAD effectively reduced pulmonary 
pressures and improve left ventricular diastolic function. Further assess-
ment would be useful to develop customized models for patients and 
provide reference information for doctors to select the optimal support 
flow rate.
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Introduction: Intra-aortic pumps provide a promising alternative to tra-
ditional ventricular assist devices (VADs) by offering minimally invasive 

circulatory support. Unlike extracorporeal or intraventricular pumps, 
intra-aortic designs must function within complex hemodynamic condi-
tions while ensuring effective unloading and perfusion. This study 
focuses on optimizing an intra-aortic pump through computational sim-
ulations, assessing its performance in a physiological environment and in 
controlled conditions.

Methods: The simulations were performed using an in- house finite ele-
ment code, leveraging the Variational Multiscale (VMS) method [1] to 
accurately capture fine fluid structures.
To model the cardiovascular environment, we implemented lumped 
parameter models: Classical Windkessel Model – Used for the main 
arteries. Special Coronary Model – Incorporating intra- myocardial pres-
sure variations to account for the unique perfusion dynamics of coro-
nary circulation. Left Ventricle Active Model – Simulating the contractile 
dynamics of the ventricle to provide physiologically accurate inflow 
conditions.
The intra-aortic pump was embedded in this full cardiovascular frame-
work using an immersed volume method to analyze its interaction with 
native circulation (see Figure 2). Additionally, a simplified pump-in-pipe 
model was developed to isolate pump performance, enabling direct effi-
ciency and pressure head comparisons between rotor designs. 
Physiologically relevant boundary conditions were applied in both mod-
els to ensure realistic flow behavior.

Results: The full cardiovascular model provided insight into pump-
induced flow patterns, coronary perfusion effects, and hemolytic risks. 
In particular, it highlighted the potential risk of drawing blood from the 
coronary arteries, which increases with more powerful pumps or weaker 
cardiac function.
The pump-in-pipe simulations enabled direct comparison of rotor 
designs, exposing trade-offs between pressure generation and effi-
ciency. When integrated into a parametric framework, these simula-
tions—coupled with a single-step DRL algorithm [2]—guided the 
optimization of rotor geometry for improved performance.

Discussion: These results emphasize the importance of coupling detailed 
anatomical simulations with simplified performance assessments to 
refine intra-aortic pump designs. Key optimization parameters include 
rotor geometry, placement within the aorta, and active interaction with 
native cardiac function. Future work will focus on experimental valida-
tion of the optimized designs to assess real-world feasibility and hemo-
dynamic impact.

Pump Category VSDQ PQ SQ PAP RAP

Flow (LPM) (LPM) (LPM) (mmHg) (mmHg) (LPM)

Figure 1. Example of comparison between three designs based on pressure rise and efficiency.

Table 1. 

Clinical 59.2 64.4 5.2 73 22
Simulation 61.3 66.4 5.09 78.9 10.4
1 Clinical 21.7 27.6 5.9 21 15
Simulation 21.3 26.1 4.9 32.8 7.83
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Introduction: The onset and progression of cardiovascular diseases are 
closely linked to altered blood flow. The use of non-invasive imaging 
tools, e.g. 4D Flow MRI, as input data for Computational Fluid Dynamics 
(CFD) models enables the assessment of these flow features with high 
spatio-temporal resolution and holds the potential of virtual diagnostic 
and treatment planning tools. However, these 4D Flow MRI-based CFD 
models can be hampered by variability in the imaging data. One deter-
mining characteristic of 4D Flow MRI scans are acceleration factors (AF). 
These are chosen by the practicing clinician and offer faster acquisition 
with a reduced quality, which is still highly attractive for clinical practice. 
However, the sensitivity of derived hemodynamic parameters to these 
variabilities is unknown. The goal of the study was to quantify the sensi-
tivity of hemodynamic parameters to these inter-sequence variabilities 
in the underlying 4D Flow MRI scans.

Methods: 4D Flow MRI scans of the aortic flow of N = 15 volunteers 
were acquired and reconstructed using five different AF and therefore 
with up to five-fold reduction in scan time. Velocity profiles were 

Figure 2. Flow velocity in the aorta model with a detailed view 
of the pump mesh integration.

Fig. 1. 4D Flow MRI scans in ascending: a) Signal intensity for AF=3, b) Flow for AF = 3, c) Signal intensity for AF=18, d) Flow for AF = 18.
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extracted to serve as inlet conditions for 4D patient- specific CFD mod-
els. Finally, the sensitivity of important flow markers such as pressure, 
local normalized helicity (LNH), and turbulent kinetic energy (TKE) was 
statistically evaluated.

Results: Fig. 1 shows the signal intensity and corresponding velocity 
derived from exemplary 4D Flow MRI scans acquired in the ascending 
aorta for the lowest (left) and highest AF (right). The decrease in image 
quality with increasing acceleration factor is observable with an increase 
in overall blurriness.
Next, we analyzed pointwise correlation between flow markers derived 
from the CFD model based on lowest AF scans to the ones with higher 
accelerations. Varying degrees of sequence- sensitivity characterize 
higher-order hemodynamic parameters (Fig. 2). While TKE remains 
largely unaffected by input data variability, LNH fields deviate strongly 
from the AF=3 reference model.

Discussion: In summary, the AF cannot be chosen arbitrarily as it leads to 
non-negligible changes in the image quality and measured velocity field. 
After prescribing these in CFD models, our results show that pressure 
and TKE are insensitive to sequence settings, while helicity is highly 
dependent on the scan settings. It is important to keep these sensitivi-
ties in mind when identifying robust markers in hemodynamic analyses. 
In particular, LNH should be treated with caution when used as a bio-
marker for diagnostic or planning purposes.
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Introduction: Current mechanical circulatory support (MCS) systems 
lack standardized guidelines for setting critical parameters (rotation 
speed and flow rate), which limits care optimization. Indirect assess-
ments such as blood-gas analysis provide delayed feedback, emphasiz-
ing the need for rapid, non-invasive prediction methods. We report our 
model, which enables MCS parameter adjustments and predicts hemo-
dynamic optimization.

Methods: An integrated digital model of the human circulatory system 
and MCS device was developed using lumped parameter modeling 
(LPM) and reduced-order modeling (ROM) derived from the device's 
high-resolution computational fluid dynamic simulations. Sensitivity 
analysis and Bayesian algorithms were employed to fit the model to spe-
cific patient conditions, enabling the simulation of hemodynamics and 
physiological states to predict outcomes at different support levels.

Fig. 2. Correlation heatmaps between AF=3 and higher AF- 4D Flow MRI-based CFD models for velocity, pressure, LNH and TKE.
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Results: The model demonstrated high computational efficiency, requir-
ing only five parameters to accurately fit clinical records (n=11) at the 
initial time point and just two of these parameters for subsequent 
points, significantly reducing complexity(Fig.1A,B,C). It outputs key phys-
iological metrics, including left ventricular elastance, pressure-volume 
(PV) loops, and hemolysis risk (MIH) from the ROMs. Additionally, it 
revealed the relationship between rotational speed and cardiac index(CI) 
, providing insights for achieving target hemodynamic and suggesting 
optimal speed adjustment ranges(Fig.1D).

Discussion: This model demonstrates feasibility for application in MCS 
systems, enabling rapid calculation of PV loops and ventricular elastance 
right after device deployment. The relationship between rotational 
speed and CI provides a reliable basis for defining target CI values and 
recommending rotational speed adjustments, supporting the optimiza-
tion of MCS clinical use.
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Introduction: Sepsis remains a life-threatening condition with persis-
tently high mortality rates, largely attributable to immune cell dysfunc-
tion (1). While granulocyte transfusion has been explored as a 
therapeutic intervention, its clinical application is limited due to the 
potential for tissue damage (2), highlighting the necessity for alternative 
strategies. In this regard, extracorporeal immune cell therapy emerges 
as a promising approach (3).
Although granulocyte concentrates are considered the standard of care, 
their clinical utility remains inadequate. Currently, two primary produc-
tion methods exist, with apheresis being the established technique in 
Germany. However, this method is associated with significant limita-
tions, including donor-related strain and prolonged processing times. As 
an alternative, granulocyte isolation from Buffy Coats has demonstrated 
proof of concept and offers considerable potential for optimizing thera-
peutic efficacy (4).
To improve clinical feasibility, this study investigates the use of purified 
pooled Buffy Coats within the extracorporeal Immune-Competence-
Enhancement System ARTICE.

Methods: Preparation of ppBC: 20 ABO-identical Buffy Coats were 
pooled and sedimented with gelafundin. The leucocyte supernatant was 
specially purified in three washing steps with saline solution and by cen-
trifugation to remove platelet and erythrocyte contamination. The fin-
ished ppBCs were transferred to gas-permeable storage bags, 
resuspended in plasma.

Circulation experiments: The extracorporeal circulation system consists 
of a blood circuit and a plasma circuit, separated by a filter with a pore 

Figure 1. Output of the model; A): Cardiac output, B): Pump flow, C): mean arterial pressure plotted over the treatment duration 
of one patient. Green: Model data, black: clinical data, D): explores the relationship between cardiac index, rotational speed and 
device hemolysis. Red shaded area are the clinically set values and green area shown the safe range as identified by the model.
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size of 0,5 µm (PF CC1). Prior to the start, the ppBCs were introduced 
into the plasma circuit, so only patient plasma is treated with healthy 
donor cells. A second filter serves as a safety filter (PF CC2). The total 
circuit volume was 900 ml. The blood flow rate was 150 ml/min. Plasma 
from healthy donors was used to simulate the patient. The circulation 
ran for a period of six hours. Samples were taken from the plasma every 
hour and after three and six hours before and behind PF CC1 and cell 
samples by backflushing the filter.

Results: The circulation process was performed without technical prob-
lems for 6 hours. Once equilibrium was reached, a decrease in glucose and 
pH values and an increase in lactate were observed. LDH values remained 
within the physiological range throughout the entire period. Functional 
measurements showed good phagocytosis activity above 70.51% over the 
entire period. Viability remained at 83.48 ± 7.78% even after 6 hours. 
Cytokine analysis of plasma showed significant production of IL-1, IL-2, 
IL-4, IL-6, IL-8, TNF-α and G-CSF 6 hours compared to baseline.

Discussion: Purified Buffy Coats subjected to an extracorporeal circuit 
for a duration of six hours exhibited robust cell viability, preserved meta-
bolic activity, and sustained functional integrity. A significant increase in 
cytokine production was observed, underscoring a pronounced immu-
nomodulatory effect. Moreover, the progressive elevation of cytokine 
levels over the six-hour period suggests a time-dependent dosing 
response. These findings highlight the potential of this approach to 
enhance immune competence, offering a promising avenue for thera-
peutic advancement.
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Introduction: Ventricular assist devices (VADs) have become crucial in 
treating heart failure [1], a global health problem with increasing preva-
lence [2]. This study focuses on continuous axial flow blood pumps VAD 
[3]. The catheter implantation method is a minimally invasive procedure, 
which poses a lower risk of complications and results in a shorter hospi-
tal stay. Computational Fluid Dynamics (CFD) simulations have emerged 
as essential tools for evaluating VAD performance and understanding 
flow patterns [4]. The objective of this study is to analyze different 
geometries of a Catheter-Implantable VAD toward pressure and shear 
stress and determine the best combination of variables.

Methods: CFD simulations were conducted using water as the fluid, con-
sidering 15,000 rpm and 3 L/min aiming to maximize pressure with low 
shear stress minimizing hemolysis. The rotor design parameters, in 
Figure 1, were analyzed. All the data were stored and plotted into vari-
ous graphics showing the analyzed variable and the influence on the 
pressure and shear stress.

Results: Regarding the rotor length, the Shear Stress remained the 
same from 6 to 10 mm, increased with 5 and 12 mm and has the lowest 
with 11 mm, but the pressure had a significant gain with 8 mm and 
lower at the other lengths. The blade pitch, the Shear Stress had a 
minimum at 1.5 revolutions and was inversely proportional to the pres-
sure, which was maximum at 1.5 revolutions. The axle length, the 
Shear Stress remained stable from 8.5 to 10 mm and rose sharply from 
10 to 11 mm, the pressure decreased linearly from 8.5 to 11 mm. The 
number of blades, the Shear Stress was practically the same from 1 to 
5 blades, and with 6 it decreased a little, the pressure increased from 1 
to 4 blades, remained the same from 4 to 5 and decreased with 6 
blades. The gap, a distance of less than 0.3 mm considerably increases 
the SS, and the pressure increases as the Gap decreases, almost line-
arly. The hub diameter, pressure was highest at 2.2 mm and 2.4 mm, 
while it remained lower and stable between 2.6 mm and 3 mm. Shear 
Stress peaked at 2.4 mm but remained stable at other widths, rising 
slightly again at 3 mm. The outlet width, pressure remained low and 
stable between 4.0 mm and 4.4 mm, peaked at 4.6 mm, then dropped 
to zero at 4.8 mm, indicating complete pump failure. Shear Stress 
showed a different trend, reaching a minimum at 4.2 mm and peaking 
at 4.8 mm.

Discussion: Thus, the best combination of geometries variables should 
be a rotor with a length of 8 mm, 1.5 revolutions of pitch, 5 blades, 0.3 
mm gap, an axle of 8.5 mm, a hub diameter of 2.2 mm and an outlet 
width of 4.2 mm. Future CFD and In Vitro tests will be performed com-
bining these variables to evaluate the impact of one variable to another. 
The results demonstrate the feasibility for the development of a 
Catheter-Implantable-VAD with dimensions small enough for catheter 
implantation and with satisfactory hydrodynamic performance.
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Figure 1. [1] axle length (8.5-11 mm); [2] rotor length (5-12 
mm); [3] number of blades (1-6); [4] rotor internal hub diameter 
(2.2-3 mm); [5] blade tip gap (0.1-0.55 mm); [6] blade pitch 
(0.5-3 revolutions); [7] outlet width (4-4.8 mm).
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Introduction: As a foreign body reaction to the implantation of a coch-
lear implant (CI), connective tissue forms, electrically insulating the elec-
trodes [1]. The integration of SLIPS (Slippery Liquid-Infused Porous 
Surfaces) can lead to reduced connective tissue growth and trauma due 
to reduced friction, and thus improved overall electrode performance. 
[2, 3]. Following our previous results [4], this study evaluates different 
materials for their suitability to create SLIPS by assessing their wetting 
properties.

Methods: SLIPS coatings were prepared by impregnating electrospun 
poly(vinylidenefluoride trifluoroethy- lene) (P(VDF-TrFe)), polycaprolac-
tone (PCL), and polyurethane (PU) substrates with the following lubri-
cants: silicone oil (20cSt, S), perfluorodecalin (PFD), almond oil (M), 
coconut oil (C) and lanolin (L). Untreated polymer samples were used as 
controls. The contact angle (θ) to deionized water was measured using 
the sessile drop method (Krüss, FM 40 EasyDrop). Roll-off angles were 
determined using a custom-built setup. Fiber diameters were deter-
mined by SEM.

Results: The average fiber diameter of the PU samples was 1.33 µm, that 
of PCL 1.76 µm and that of PVDF0.74 µm. The results of the contact 
angle measurements (see Table 1) showed the highest value for the 
untreated reference and PFD followed by S, L and C, depending on the 
substrate material. PFD achieved θ in the range of the untreated sub-
strates. PVDF based SLIPS showed the highest θ.
The PFD samples showed no drop roll-off (see Table 2). Only PVDF 
showed drop slip for the reference materials. The samples with almond 
oil and silicone oil showed the lowest roll-off angles. The other combina-
tions showed intermediate slip angles in the experiments.

Discussion: SLIPS reduced the contact and roll-off angles of all combina-
tions compared to the reference except PFD. Here, no roll-off was 

observed, which can be explained by the rapid evaporation of PFD 
resulting in an uncovered substrate. PVDF was the only reference that 
showed slip, which may be due to its smoother surface due to smaller 
fibers. All other combinations were able to reduce the roll-off angle, 
indicating improved anti-adhesion, with PVDF- based SLIPS showing the 
best performance on average. M and C were able to achieve comparable 
values to S. Therefore, these two oils represent a good alternative for the 
production of natural lubricant-based SLIPS. Future research should fur-
ther investigate the role of lubricant viscosity, fiber diameter and the cell 
response.
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Introduction: There is a growing need for innovative models of the 
pancreas, that give us insight into pancreatic islet (PI) biology, β-cell 
dysfunction, and potential new treatment options for diabetes mel-
litus. Currently animal models are widely used in diabetes research, 
however, concerns such as species-specific differences limit their 
translational potential [1]. On the other hand, conventional two- 
dimensional (2D) cell cultures cannot fully replicate the microarchi-
tecture of the native pancreas, which is crucial for maintaining islet 
function [2]. In vitro three-dimensional (3D) models could bridge 
the gap by providing a 3D environment that closely mimics the 
structural and functional properties of native PIs. In this study we 
present the preliminary results towards the development of such a 
model.

Methods: To develop a robust in vitro model of PIs, we investigated the 
biocompatibility of different biomaterials with pancreatic beta cells 
using Live/Dead staining and the Alamar Blue assay. Given the different 
properties of the various bioink formulations, we used two complemen-
tary biofabrication techniques:

1.	 Centrifuge-based microfluidic extrusion for viscous bioinks where 
we used a coaxial nozzle and a SrCl₂ cross-linking bath to produce 
stable, cell-encapsulating microspheres.

2.	 Droplet microfluidics for low-viscosity bioinks, generating core-
shell droplets in an oil phase. While optimized for bioink stability, 
this method has yet to be tested with pancreatic cells.

Results: Biocompatibility testing using Live/Dead staining and the Alamar 
Blue assay confirmed that gelatin- based bioinks provide optimal support 
for pancreatic beta cells. Using the centrifuge-based microfluidic extrusion 

Table 1. Contact angles for untreated polymer and SLIPS 
systems.

Lubricant PCL Θ in ° 

PU PVDF

- 132,2 133,7 143,8
S 99,8 107,5 108,1
PFD 155,8 137,4 147,3
M 90,0 88,2 94,4
C 103,3 98,7 113,7
L 94,0 109,4 109,0

Table 2. Roll-off angles for untreated polymer and SLIPS 
systems. 90° roll-off angle shows no slip.

Lubricant Roll-off angle in °

PCL PU PVDF

- 90,0 90,0 66,4
S 9,8 13,2 7,6
PFD 90,0 90,0 90,0
M 8,2 10,0 8,9
C 12,1 24,0 14,5
L 24,5 25,0 19,2
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technique, we successfully produced microsphere-based pseudoislets 
with encapsulated pancreatic cells. The size of the microspheres ranged 
from 400 to 700 μm in diameter, depending on the biofabrication param-
eters such as rotational speed and bioink composition. Using the microflu-
idic droplet method, we were able to successfully produce stable 
microspheres based on GelMA, approximately 200 to 500 μm in 
diameter.

Discussion: This study demonstrates the feasibility of two microfluidic 
biofabrication techniques for the production of microsphere-based 
pseudoislets which can be integrated into more complex in vitro models 
of PIs. The centrifuge method has successfully encapsulated pancreatic 
cells, while the microfluidic droplet method has proven effective in pro-
ducing stable microspheres, although its application to pancreatic cells 
remains to be explored. Both approaches offer scalability and reproduc-
ibility, with the size of pseudoislets comparable to native islets. Future 
work will focus on long-term functionality, refining the formulations of 
the bioink and integrating these constructs into microphysiological sys-
tems to create more physiologically relevant in vitro islet models for dia-
betes research.
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Introduction: Computational cardiovascular models hold great prom-
ise for clinically realistic simulations in education and bedside deci-
sion support. To enhance patient-specific modeling, individual 
anthropometrics are imperative as human physiology varies with 
body size by fundamental energetic relations expressed in allometric 
scaling laws.
We hypothesize that computational cardiovascular models can be 
advanced towards individualization by implementing scaling laws based 
on patient age, weight, height, and sex.

Methods: A scaling methodology was developed and evaluated in the 
lumped-parameter cardiovascular model Aplysia Cardiovascular Lab 
(1). Male and female subject sizes and ages were based on Swedish 
growth charts from birth to adult size and simulated to test model 
realism.

Results: Realistic physiology was generated for underweight, over-
weight, and average male and female patients from birth to 80 years. 
Model output included comprehensive measures of hemodynamics, car-
diac function, respiratory function, gas exchange and mechanical venti-
lation as well the body's energy expenditure.

Discussion/Conclusion: Allometric scaling laws can be used to generate 
parameter sets of males and females of disparate sizes and ages ena-
bling simulation of a diverse patient population in computational cardio-
vascular models. This sets the stage for novel approaches towards 
individualized modelling for clinical applications.

Figure 1. In vitro microspheres produced by using droplet microfluidics (A) or centrifuge-based microfluidic extrusion (B) (scale bar 
= 400 μm).

Table 1. Example of cardiac scaling factors.

Cardiac parameter Scale 
factor

Heart rate BSA-0.33
Contractility and stiffness –
right atrium and ventricle

BSA-1.5

Contractility and stiffness – left atrium  
and ventricle

BSA-1

V0 BSA
Lambda BSA-1

Starling max volume BSA
Maxflow BSA
Coronary resistance BSA-0.8
Myocardial volume BSA1.2
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Figure 1. Overview of Aplysia cardiovascular model compartments.

Figure 2. Scaling output of heart rate, systolic, mean and diastolic arterial pressures in ages from birth to 80 years. Solid line 
represents an average female subject. Upper limit is a 2SD overweight man and lower limit is a 2SD underweight woman.
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Introduction: Multi-purpose 0-D computational cardiovascular and res-
piratory physiology models are used in education of health care profes-
sionals and hold promise in research and future clinical decision support 
systems. Model validation is often insufficient, and model output may 

therefore be difficult to trust. Conventional validation with real world 
patient data is the standard, but not enough since realistic models often 
have more parameters than can be determined by clinical measure-
ments. Moreover, the most valuable use of a model is often in complex 
cases outside the range of the validation data set.
Testing internal consistency and correspondence with known physics, 
physiology, dimensions and tissue properties are strong tools in model 
validation and should systematically be used to improve model 
reliability.

Methods: A previously published 0D closed-loop real-time model (1) 
was used to exemplify validation based on emergent model behavior, 
i.e. not pre-specified or explicitly modeled, as compared with known 
physiology and pathophysiology. Model output such as pressure-vol-
ume loops, pressure and flow velocity traces through valves and in 
major vessels were compared with results from clinical invasive mon-
itoring and echocardiography in normal physiology as well as in sys-
tolic/diastolic left/right heart failure and valve regurgitation/
stenosis.

Results: The model output showed realistic pressure- volume-loops, iso-
volumetric contraction/relaxation Wiggers diagram. Left ventricular (red), 
ascending aortic (dark red), right ventricular (yellow), pulmonary arterial 
(orange), left atrial (brown) and right atrial (blue) pressures. Curve shapes 
and pressures correspond well to established normal physiology. timing, 
arterial pressure traces and wave transport as well as valve flow velocity 
profiles in mitral and aortic stenosis, aortic and tricuspid regurgitation.

Discussion/Conclusion: We propose a multi-modal validation process 
including both external clinical measurements and emergent model 
behavior as the most effective and reliable method when securing 

Figure 1. Overview of Aplysia cardiovascular model compartments.
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relevance of 0-D computational cardiovascular and respiratory physiol-
ogy models.
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Introduction: The shortage of donor hearts has led to the use of ven-
tricular assist devices (VADs) as a treatment for severe heart failure. In 
VADs, a highly complex flow field with non-physiological flow conditions 
has been associated with the occurrence of haemolysis. However, the 
direct relation between the flow field and the haemolysis is often vague 
in the literature and requires further investigation. Computational fluid 
dynamics (CFD) can be utilised to investigate these non-physiological 
flow conditions and predict the occurrence of haemolysis, a key factor in 
the pre-clinical development of VADs. To gain a deeper understanding of 
secondary and turbulent flow structures, high-resolution CFD simula-
tions, such as Large Eddy Simulations (LES), are a suitable method. The 
modified index of haemolysis (MIH) is utilised to evaluate haemolysis in 
experimental and numerical contexts. The numerical MIH is linked to the 
equivalent (shear) stress ττss, the exposure time tt, and empirical con-
stants, with shear stresses frequently associated with turbulent flows. 
The objective of this study is to establish a correlation between flow 
structures and the occurrence of haemolysis in the front side chamber of 
the VAD by using high-resolution LES.

Methods: In this study, VAD simulations of the HeartMate 3 were investi-
gated by utilising the LES WALE model in CFX (ANSYS Inc., Canonsburg, PA) 
with a hexahedral mesh containing approximately 77 million elements and 
maintaining a RMS courant number below 1. The verification parameters, 

Figure 2. Valve timing and flows. Left panel shows timing of cardiac phases in normal adult physiology. Right panel shows aortic 
(red), pulmonary (yellow), mitral (brown) and tricuspid (blue) valve flows. Curve shapes and timing correspond well to established 
normal physiology.

Figure 3. Valve timing and flows. Left panel shows timing of cardiac phases in normal adult physiology. Right panel shows aortic 
(red), pulmonary (yellow), mitral (brown) and tricuspid (blue) valve flows. Curve shapes and timing correspond well to established 
normal physiology.
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including the LES Index of Quality, Kolmogorov length, turbulent kinetic 
energy (TKE) spectrum and the Power-Loss-Analysis (PLA), were all main-
tained within the limits specified in the literature for LES [1,2]. The valida-
tion of the VAD simulation was performed by utilising PTV measurements 
from [3] and the H-Q-Curve from [4]. The numerical MIH calculation was 
validated for three distinct operating points, with experimental results 
from [5]. Five different empirical constants for the MIH calculation, 
obtained from the literature, were tested and compared with the results 
of [5]. Finally, a "typical" operating point was investigated in greater detail 
to analyse the relationship between haemolysis and the flow field in the 
side chamber. To achieve this, the volume integral of the MIH in different 
regions of the pump was calculated to identify the most influential regions 
for haemolysis in the VAD. Furthermore, the volume integral of dissipation 
was calculated. The results of MIH and dissipation were compared and 
correlated. Additionally, unsteady flow patterns were analysed.

Results: The optimal alignment of the five evaluated MIH empirical con-
stants was observed in the constants proposed by Fraser et al. [6], which 
demonstrated the strongest concordance with the findings from experi-
ments [5]. It is important to note that the MIH values vary considerably 
depending on the region of the pump. The front side chambers of the 
pump have been found to cause high level of haemolysis with approx. ¼ 
of the overall haemolysis.
The results correlate with the results of the dissipation analysis. It was 
therefore essential to investigate dissipation as a consequence of 
turbulence.
Flow structures have been identified in various parts of the HeartMate 3 
causing turbulence and dissipation.
The findings demonstrated that the Taylor vortex was the predominant 
flow phenomenon within the axial gap of the front side chamber, result-
ing in increased wall shear stresses and consequent haemolysis.

Discussion: In order to conduct a study of the complex flow phenomena 
in the VAD, it is advantageous to utilise a highly turbulence-resolving 
Large Eddy Simulation (LES). With this method further parts of the VAD 
have to be investigated for a better understanding.
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Introduction: Adsorption therapies have emerged in hemodialysis as an 
innovative approach for removing protein-bound uremic toxins (PBUTs). 
The present work addresses the enhancement of the adsorption capac-
ity of hemodialysis membranes through the incorporation of Metal- 
Organic Frameworks (MOFs) in a cellulose acetate (CA)/silica (SiO2) 
matrix.

Methods: The membranes were synthesized by coupling the phase 
inversion technique with the sol-gel method in acidic conditions that 
assure the covalent bonding of the silica to the CA structure [1]. Two 
types of MOFs, UiO-66 and UiO-66-NH2, are synthesized and character-
ized. Its dispersion in the membrane casting solutions yields two sets of 
membranes, CA/SiO2/UiO-66 [2] and CA/ SiO2/UiO-66-NH2. The MOF 
concentration in the casting solution ranges from 0.5% to 2.5%

Results: All the membranes were characterized by the hydraulic perme-
ability, molecular weight cut-off and rejection coefficients to p-cresyl 
sulfate (pCS), bovine serum albumin (BSA) and pCS+BSA solutions. The 
membranes with UiO-66-NH2 exhibited lower values of hydraulic per-
meability ranging from 5.1 to 8.2 kg m−2 h−1 bar−1 and molecular 
weight cut-off of 4.6 kDa when compared to the membranes with UiO-
66 that have hydraulic permeability ranging from 12.1 to 30.0 kg m−2 
h−1 bar−1 and molecular weight cut-off ranging from 7 to 16 kDa. For 
feed model solutions of 100 ppm pCS and 35 g L-1 BSA, simulating a 
hemodialysis session, membranes without MOF showed pCS rejection 
coefficients of 24.8% and 30.4%. Incorporating MOFs significantly 
improved permeation performance, with rejection coefficients to pCS of 
0.2% for the CA22/SiO2/UiO-66 membrane with 1.5% of MOF and 2.6% 
for the CA22/SiO2/UiO-66-NH2 membrane with 2% of MOF. The removal 
capacity of pCS bound to BSA is 99.8% for the CA22/SiO2/UiO-66 mem-
brane with 1.5% of MOF, and 95.9% for the CA22/SiO2/UiO- 66-NH2 
membrane with 2% of MOF.

Discussion: The incorporation of UiO-66 and UiO-66-NH2 in mixed 
matrix membranes leads to the preferential adsorptive character of pCS 
bound to BSA, and envisages their potential application for PBUTs 
removal in hemodialysis.
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Introduction: Septic shock results in multiorgan dysfunction and high 
mortality(1). This is a report on a septic child with cytokine storm and 
acute kidney injury treated with oXiris hemofilter

Case presentation: We report a case of a 9-year-old girl with 
Streptococcus pyogenes bacteremia-mediated septic shock who was 
admitted to the intensive care unit. She had a 3-day history of fever, 
erythema polymorphe and chest pain. With the deterioration of symp-
toms, including dyspnea, severe hypoxia, hypotension and oliguria, she 
was diagnosed with pleural empyema. Drainage of 1.5L of pus was per-
formed, supportive treatment (fluid resuscitation, antibiotic therapy, 
mechanical ventilation, vasopressin, norepinephrine, and dobutamine) 
was applied for four days. The patient developed signs of irreversible 
shock. Due to the severe systemic inflammatory reaction, she developed 
myocarditis and stage 2 acute kidney injury. With the approval of the 
patient's family continuous veno-venous hemodiafiltration was imple-
mented using an oXiris hemofilter to enhance the clearance of cytokines 
and endotoxins (2). The therapeutic dose of 30ml/kg/h was applied, 
blood flow was gradually increased up to 100ml/min, ultrafiltration 
160ml/hour according to hematocrit and lactate level. This blood purifi-
cation protocol was continued for 72 h using three filters which were 
changed every 24h. The inflammatory biomarkers and doses of vaso-
pressors rapidly declined after first 10 hours and AKI recovered by 
48hours. Considering dialysis, the dose of vancomycin was adjusted to 
10 mg/kg/times each 12 h, and the dose of meropenem to 17.5 mg/kg/
times each 12 h. The patient was weaned off mechanical ventilation 
after 20 days and transferred to the general ward several days later with 
a total hospitalization duration of 40 days. Three months later, full recov-
ery was notified.

Conclusion: Significant improvement in hemodynamic measures, 
decreased need of vasoactive drug dosage, reduced lactate level and 
infection measures is associated with oXiris-hemofiltration treatment in 
patients with sepsis or septic shock.

References
1.	 Bauer M, et al, Mortality in sepsis and septic shock in Europe, 

North America and Australia between 2009 and 2019- results from 
a systematic review and meta- analysis. Crit Care. 2020 May 
19;24(1):239

2.	 Siew et al Outcomes of Extracorporeal Blood Purification with 
OXiris® Membrane in Critically Ill Patients: A Systematic Review 
and Meta-Analysis. J. Crit. Care 2024, 83, 154844.

Towards Bioartificial Lung Development – 
Optimization And Individualization Using 3d 
Printing

Sebastian V. Jansen1,6, John Linkhorst2, Michael Pflaum3,4,5, 
Gerrit Sitarz3,4, Kai Barbian1, Lukas Hirschwald2,  
Florian Neuhaus2, Ulrich Steinseifer1, Matthias Wessling2,6, 
Arjang Ruhparwar3,4,5, Bettina Wiegmann3,4,5,6

1Department of Cardiovascular Engineering, Institute of Applied 
Medical Engineering at the RWTH Aachen University, Germany; 
2Chemical Process Engineering and Institute of Process Engineering, 
RWTH Aachen University, Germany; 3Department of Cardiothoracic, 
Transplantation and Vascular Surgery, Hannover Medical School, 
Germany; 4NIFE – Lower Saxony Centre for Biomedical Technology, 
Implant Research and Development, Germany; 5DZL – German Centre 
for Lung Research, Hannover Germany; 6Member of the DFG priority 
program SPP 2014, Germany

Objective: Extracorporeal hollow fiber membrane (HFM) oxygenators, 
currently in clinical use for supporting blood gas exchange of patients 
suffering from a severe lung disease, are afflicted with several limita-
tions, excluding their use as long-term or destination therapy. Irregular 
blood flow patterns and synthetic foreign blood-contacting surfaces  
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provoke blood clot formation and proinflammatory reactions, device 
occlusion and failure, requiring frequent and risky device replacement.
A novel generation of oxygenators based on triply periodic minimal sur-
faces (TPMS) could provide non-detrimental blood flow, while seeding 
all blood- contacting surfaces with an anti-thrombogenic and anti-
inflammatory endothelial cell (EC) monolayer may prevent thrombus 
formation. Additive manufacturing could enable tailor-made implanta-
ble oxygenators, for individual patients. In our study, feasibility was 
assessed via computational fluid dynamics (CFD) of a TPMS- based pro-
totype, featuring shape and size of a rat lung and compared with same-
sized HFM oxygenators. Biocompatibility assays were done for identifying 
3D-printable materials eligible for manufacturing endothelialized 
prototypes.

Methods: Computer tomography data obtained from a rat lung was 
used to model a TPMS oxygenator. CFD models simulated 3 x 2 x 2 unit 
cells of TPMS and HFM. O2 and CO2 gas transfer rates were modeled 
using Hormes' approach evaluating different membrane thicknesses (10, 
100, 400 µm) and at different flow rates (60 to 140 ml/min) under DIN 
ISO 7199 conditions.
Materials intended for 3D printing of membranes (MAP-PDMS, PDMS-
coated FlexaGrey, PorePro and xPDMS) were checked for O2 permeabil-
ity and tested for extract cytotoxicity on ECs using the WST8-assay. 
Thrombocyte binding affinity was tested with BCECF-stained human 
platelets. EC adhesion on fibronectin coated materials was assessed by 
calcein-am staining and activation status of pro-thrombogenic and pro-
inflammatory genes was determined by qRT-PCR. EC confluence and de 
novo basement matrix generation were detected using immuno- fluo-
rescence for CDH5 and Collagen-IV.

Results: CFD predicted uniform blood flow without stagnation in TPMS 
oxygenators, with only slightly elevated velocities around its ports. 
When compared to HFM superior O2 transfer rate at any assessed flow 
rate was found, when TPMS membranes were made from 10 µm thick 
silicone (PDMS). PDMS-coated FlexaGrey and xPDMS possessed excel-
lent O2 permeability, passed biocompatibility and thrombocyte adhe-
sion tests and enabled the cultivation of a non-activated, interconnected 
and confluent EC monolayer, on a self-synthesized basement matrix.

Discussion: These findings support the feasibility of an endothelialized, 
patient-specific, and implantable TPMS-based oxygenator, which could 
finally overcome the current clinical limitations in providing long-term 
support for patients with end- stage lung disease.
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Introduction: Sepsis and septic shock are life-threatening conditions 
characterised by dysregulated immune responses, including cytokine 
storm and immunothrombosis. Efferon LPS is a single-use cartridge 
filled with an adsorbent designed for extracorporeal blood purifica-
tion [1]. The porous polymeric adsorbent selectively binds two differ-
ent molecular targets: cytokines and middle-sized proteins (via 
intrinsic porosity) and lipopolysaccharides (LPS; via surface-immobi-
lized ligand). Building on our previous research that demonstrated the 
effectiveness of heparin- functionalized adsorbents in eliminating 
platelet factor 4 (PF4), histones, and high-mobility group box 1 protein 
(HMGB1) [2], this in vitro study mainly aims to evaluate whether 
Efferon LPS is also efficient in removing these mediators of 
immunothrombosis.

Methods: The blood compatibility and adsorption efficacy of Efferon LPS 
were assessed using an in vitro hemoadsorption model. Key experi-
ments included the depletion of mediators of immunothrombosis, such 
as PF4, histones/nucleosomes, and HMGB1, with levels quantified pre- 
and post-adsorption using ELISA and Western blot. The adhesion of acti-
vated platelets on the surface of the adsorbent beads was evaluated 
using scanning electron microscopy (SEM) and confocal laser scanning 
microscopy (CLSM), while platelet-derived extracellular vesicles (EVs) 
were quantified by flow cytometry (FC) and nanoparticle tracking analy-
sis (NTA). The oxidized-to-native albumin ratio was also measured as a 
marker of oxidative stress using high-performance liquid chromatogra-
phy (HPLC).

Results: Preliminary data focused on the capacity of Efferon LPS to 
deplete PF4, histones, and HMGB1, as well as its impact on platelet acti-
vation and EV capture. Our results will provide insights into how the 
Efferon LPS adsorbent mitigates immunothrombosis and oxidative stress 
in sepsis.

Discussion: Previous generations of anti-cytokine hemoadsorption car-
tridges have yielded controversial results in treating sepsis [3]. A possible 
explanation could be their inability to remove the primary sepsis trigger, 
the LPS molecule. Efferon LPS represents an advancement in blood puri-
fication technologies due to its ability to adsorb both, cytokines and LPS. 
This study investigates how this type of adsorbent can influence immu-
nomodulation by examining its effects on the levels of PF4, histones, 
HMGB1, oxidised albumin, and platelet activation.
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Introduction: The hemodialysis procedure forces the contact between 
blood and an endogenous material constituting the capillary at the 
hemodialyzer. To relate anticoagulation dose with membrane clotting 
and underperformance [1], a subjective assessment of dialyzer appear-
ance score between 0-4 (0;clean, 1;25%, 2;50%, 3;75%, 4;100% fiber 
clogging) is stated by the nursing staff at the end of the session [2,3]. 
However, this subjective measurement might be highly influenced by 
the observer criteria. Herein we explore the potential of image process-
ing software to objectively assess this score.

Methods: This exploratory study included 51 post-treatment hemodia-
lyzer pictures obtained by a conventional mobile-phone camera. Images 
were processed by an in-house developed software, which detected the 
potential clogged fibers to total available pixel ratio, thus assigning the 
score value. In addition, the nursery staff value was also recorded for 
comparison.

Results: Figure 1 depicts the count heatmap for our software predicted 
value and the nursing staff criteria. A strong significant correlation 
(Spearman’s Rho=0.962, p<0.001) was found. However, a moderated 
classification performance was obtained as a substantial quantity of pre-
dicted values did not match nursing staff criteria, only achieving 47% of 
images a satisfactory classification (Fisher’s Exact test=33.633, p<0.001). 
Moreover, the software predicted values tended to overestimate moder-
ately-clogged fibers (30% of analyzed cases).

Discussion: This is the first attempt to validate a software tool to 
quantify hemodialysis membrane clogging status at the end of the 
treatment. Our in-house developed image processing algorithm 
allowed us to explore the potential of an easy-to-implement and 
objective tool aimed at assessing the dialyzer appearance score, usu-
ally carried out by the nursing staff and therefore affected by 
observer bias.
The obtained results suggest the need of an improvement in the pro-
posed model as well as a tailored classification criteria that would 
open a wide range of applications as further developments would be 
able to integrate the automated score obtention to the patient ses-
sion database and foster elaborated AI generated predictive 
models.
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Introduction: An implantable artificial kidney (AK) aims to replace dialysis 
and act as a bridge to transplantation, but achieving sufficient filtration 
rates (~15 ml/min) over three years requires exceptional hemocompatibil-
ity. Protein fouling and coagulation are major barriers to long-term implan-
tation, necessitating highly hemocompatible membranes with hydrophilic 
coatings[1]. The chemical composition and application method of these 
coatings significantly impact membrane performance, requiring rapid opti-
mization and feedback. We present a novel in-vitro test pipeline to evaluate 
membrane coatings under controlled closed-loop blood flow, measuring 
real-time permeability during blood contact and tracking time-to-clot 
under near-physiological conditions to predict in-vivo performance. Typical 
sources of clotting are blood/air interface and changes in tubing dimen-
sions (shear). This pipeline has no blood/air interface and a constant shear 
(tunable between 1-3 Pa) throughout the whole device.

Methods: A mini hemofilter device was 3D printed (200um internal 
blood channel) to house an aluminum oxide membrane, with one set 
bare and another coated with a PE coating to increase hemocompatibil-
ity. The hemofilter was designed to limit shear stress to 1 Pa to reduce 
platelet activation. Tygon medical tubing (50 cm) was press-fitted to the 
hemofilter, and two PE tubings were connected—one to a pressure sen-
sor and the other to a syringe pump. The system volume was 1.2 ml. The 
syringe pump maintained 100 mmHg pressure and offset fluid loss via 
PID control, allowing additional real time permeability tracking. A mean 
flow rate of 1.5 ml/min was circulated with a peristaltic pump, with 
occlusion calibrated using custom setup to minimize hemolysis.

Results:

Figure 1. Heatmap of the software predicted vs. nurse 
reported values.
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Discussion: Our setup reveals a direct and local measure of blood com-
patibility for hemofiltration membranes, that is the membrane perme-
ability. In this the figures illustrate that the coated membrane 
maintained permeability for a longer length of time, prior to system 
clot. The differences however are not large, with about factor 10 drop 
in permeability, due to fouling compared to buffer, meaning the PE 
coating needs to be further optimized.
Permeability is obtained in real time and is arguably the most critical 
parameter for an artificial kidney. However, other parameters such as 
platelet activation markers, SEM imaging of the membranes after blood 
contact and selectivity changes were also obtained. Lastly, for the first 
time, we show the concurrent use of a syringe pump to control hydro-
static pressure and a peristaltic pump to maintain shear without hemoly-
sis. This is an important milestone for better translation of in-vitro blood 
compatibility testing to the in-vivo situation.
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Introduction: VA-ECMO is a complex critical care therapy associated 
with high mortality partially related to complications in device-patient 
interaction [1]. The blood damaging potential is highly influenced by the 
ECMO circuit's configuration [2]. This study investigates the impact of 
cannula size and pump choice on patient hemodynamics and device per-
formance in an in-silico clinical trial.

Methods: Our in-silico clinical trial consists of a cardiovascular model, 
ECMO component models and clinical data of 30 VA-ECMO patient 
states [3]. ECMO components were modelled based on in- vitro and or 
in-silico data [4]. The system of differential equations was solved to eval-
uate device performance (hydraulic and hemocompatibility metrics) and 
patient hemodynamics, based on user-defined ECMO components, con-
nection schemes, and fitted patient parameters. Three rotary blood 
pumps— Getinge Rotaflow, Deltastream DP3, and LivaNova Revolution—
were included and tested with two cannula configurations: 19 Fr and 15 
Fr for the small configuration, and 29 Fr and 23 Fr for the large configura-
tion, for the drainage cannula and return cannula sizes, respectively. A 
total of 180 virtual patient states were evaluated.

Results: Figure 1 A shows the pumps’ operation conditions and reveals 
that for each patient state, elevated pump pressures were observed with 
the small cannula configuration, with differences increasing up to two-
fold at higher flow rates. B shows the respective pump speed distribu-
tions. Increased and broader distributed rotary speeds are required to 
maintain flow rates for smaller cannula configurations. C depicts the 
blood damage distribution of the pumps and cannulas. Pumps’ hemoly-
sis levels increase up to threefold with smaller cannulas, while the can-
nulas' contribution to the circuit’s hemolytic potential remains negligible 
in comparison to the pump.

Discussion: Our in-silico clinical trial revealed up to a threefold increase 
in pump-induced blood damage with small cannula configurations, 
requiring higher rotary speeds, while the cannulas themselves had 
negligible impact, highlighting the importance of low ECMO circuit 
resistance.

Figure 1. (Left) Permeate volume for polyelectrolyte coated (PE) and bare membrane shown for recalcified (RC) and citrated blood 
(C). (Right) permeate volume normalized to TBS (buffer) output expected in that time.
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Introduction: Loss of soft tissue, such as the stomach or intestine, is a 
common problem in clinical medicine after resection for tumour removal 
[1]. Stable polymeric fibre materials are a promising choice for stimulat-
ing tissues that function under harsh environmental conditions (low or 
high pH). Such materials can be used as extracellular substrates or scaf-
folds to enable proliferation and differentiation of cells in damaged tis-
sue [2]. However, there are several important conditions: the material 
has to present interconnected porosity to allow tissue integration and 
vascularisation; it must encourage cell adhesion, differentiation and pro-
liferation through appropriate surface chemical properties and finally, it 
must be biocompatible [3]. The aim of this study was to obtain elec-
trodeposited fibre membranes based on the stable polymer polyvi-
nylidene (PVDF). Mechanical properties, i.e. breaking strength and 
durability at low pH conditions, were investigated. The physicochemical 
properties of the membrane materials and their porosity and micro-
structure were checked. The biocompatibility of the membranes in the 
presence of human fibroblasts was confirmed and their metabolic activ-
ity in terms of collagen secretion was investigated.

Methods: The polyvinylidene fluoride (PVDF, Sigma-Aldrich, Mw~275 
kDa) solution was prepared using system of solvents: dimethylforma-
mide (DMF, POCH) and acetone (Ac, Sigma-Aldrich). An electrospinning 
machine able to stabilize humidity and temperature was used to obtain 
the fibers.
Microstructure of the fibrous materials was observed with scanning 
electron microscope (Apreo 2 SEM, ThermoFisher Scientific). Wettability 
was measured using a goniometer (DSA 25, KRÜSS). Porosity was deter-
mined by gravimetric method. The nonwovens were subjected to a static 
tensile test (RetroLine ZwickRoell). Biocompatibility was tested using the 
BJ fibroblasts line. Viability and cytotoxicity were tested after 3 and 7 
days of incubation of cells with the materials.

Results: Based on SEM images, fibers were measured and their average 
thickness was found around 120 nm.
Non-wovens were highly porous, with porosity above 90%.
The obtained material was highly hydrophobic (contact angle above 
100˚) and had high surface free energy, consisting mainly of disperse 
component. During the tensile testing, the material elongated up to 75% 
in elastic range and no further plastic deformation was observed before 
destruction. Tensile strength value of Rm=7,75 MPa was measured. 
Studied material showed biocompatibility in in vitro conditions.

Discussion: PVDF is a polymer from which a stable solution can be 
obtained, allowing to produce nanofibers using electrospinning method. 
In effect, highly porous, hydrophobic substrates can be effectively 

produced. PVDF non-woven proved to be a brittle material with high 
tensile strength – however, small range of elastic deformation may limit 
its applications to tissues not subjected to high deformations. The mate-
rial is biocompatible, with high porosity promoting cells growth.
The results of study indicate that the tested material has the potential to 
be used as a substrate to promote soft tissue regeneration.
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Figure 1. PVDF non-woven microstructure (magnification x50 000).
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Introduction: Soft robotics is gaining traction in the medical field with 
applications ranging from wearable assistive devices [1] to total artificial 
hearts (TAH) [2]. We are developing the LIMO (Less In, More Out) TAH, 
aimed as a compact device with an efficient fluidic transmission system 
[3]. The design consists of a cylindrical ventricle surrounded by pouch 
motors. These pouch motors are soft actuators made by sealing two 
materials together, forming an airtight chamber [4]. As the pouches 
inflate, they displace volume within the ventricle, pumping out blood. 
Different than a membrane pump, the primary pumping force results 
from the circumferential shrinkage of the ventricle, caused by the inex-
tensibility of the material. Our previous work demonstrated that the 
ratio of input to output volume can exceed 1, enabling a compact design. 
In this study, we build upon these findings by conducting in vitro experi-
ments using a single- sided mock circulatory loop (MCL) to evaluate dif-
ferent materials with the aim to evaluate performance.

Methods: The design is fabricated by heat-sealing layers of thermoplas-
tic polyurethane (TPU) using a customized 3D printer. After sealing, 
3D-printed TPU air inlets and valve holders with mechanical valves are 
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placed. Multiple material configurations are tested including nylon-
coated TPU, transparent pure TPU, and a combination of both. A proto-
type made entirely of the transparent TPU is shown in Fig. 1A.
The designs are assessed in a MCL (Fig. 1B) consisting of two chambers 
representing preload and afterload, connected by a manually adjustable 
resistance. Pressure in both chambers, as well as inflow and outflow, is 
recorded throughout the experiments. The opening and closing of the 
valves are monitored using cameras. The pouch motors are pneumati-
cally actuated through a driveline that connects them to either a pres-
sure regulator or a vacuum, enabling controlled inflation and deflation. 
Key performance metrics, including stroke volume, heart rate, and car-
diac output are calculated. This setup enables testing under both pulmo-
nary and systemic conditions, both of which are examined in this study.

Results: Preliminary results show a cardiac output of 6.1 L/min under 
pulmonary conditions for the transparent TPU design, 6.8 L/min for the 
nylon- coated TPU design, and 5.1 L/min for the design using both mate-
rials. The pulmonary conditions included an afterload of approximately 
33/5 mmHg, a preload of 5 mmHg, and a heart rate of 56 beats per min-
ute. Additional testing will assess the performance of these designs 
under various conditions including systemic.

Discussion: Initial results suggest that the choice of material has a nota-
ble impact on the performance of the LIMO ventricle. However, addi-
tional experiments are needed to assess whether this effect persists 
under varying experimental conditions.
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Introduction: Reducing newborn mortality, particularly in pre- mature 
infants (born < 37 weeks) with lung and kidney complications, remains 
critical [1]. Current solutions like mechanical ventilation and artificial 
organ support systems often fail this vulnerable population due to high 
blood priming volume and separate vascular access requirements. To 
address this, we are developing an artificial placenta device (ArtPlac), 
designed to connect to the umbilical vessels, mimicking the natural 
placenta in utero [2] [Fig.1].
ArtPlac integrates oxygenator and dialysis hollow fibers (HF) in one fiber 
bundle, working in Outside- in flow (OIF) mode. In this configuration,blood 
flows around the fibers, while oxygen or dialysate fluid flows inside the 
lumen of the fibers [3] [Fig.1].

Methods: OIF-HF were prepared using a polymer solution with different 
ratios of polyethersulfone, polyvinyl- pyrrolidone and N-methylpyrrolidone, 
by dry-wet spinning set-up via solvent/nonsolvent exchange. The HFs 

Figure 1. Design and experimental setup. (A) Prototype made from transparent TPU, mechanical valves, and yellow TPU holder. (B) 
Mock circulatory loop with the transparent design during systole, showing inflated pouch motors.
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were fabricated via large spinning set-up with collecting spool and com-
pared to Micro- PES10TF commercial fibers (3M Membrana- Ger- many). 
The HFs were soaked in glycerol for 24h and then air-dried. Scanning 
Electron Microscopy (SEM) was employed for fiber morphology 
characterization.

Results and Discussion: Figure 2 presents typical SEM images of HF for 
OIF, with sponge-like pores, an outer selective blood contacting layer, 
and an inner porous layer in contact with the dialysis fluid. The fibers’ 
ultra- filtration coefficient is 11 mL/(m2∙h∙mmHg). Table 1 compares the 
mechanical properties of the OIF-HF to MicroPES10TF. Glycerol enhances 
the elasticity of the produced OIF-HF by increasing elongation before 
break. Further studies are underway to assemble the HF to the Artplac 
device and to investigate the removal of uremic toxins from human 
plasma and full blood.
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Figure 1. ArtPlac – one device attached to the umbilical cord, combining lung and kidney support (Left), Right: configuration of 
hollow fiber mats.

Figure 2. SEM images of the produced OIF-HF.The arrow indicates the outer selective layer.

Table 1.  Mechanical properties of the HF.

Hollow fibers Young’s 
modulus 
(MPa)

Max. force 
before
break (MPa)

Max. elongation
before break 
(%)

OIF-HF 59 ± 17 2 ± 0.1 3 ± 0.4
OIF-HF (gly)
MicroPES10TF

27 ± 3
46 ± 5

2 ± 0.1
3 ± 0.5

23 ± 6
26 ± 8
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Introduction: Optimizing direct cardiac compression (DCC) devices 
poses challenges due to their complex interaction with heart tissue. As 
DCC devices drive the flow in the circulation with compressing the heart, 
their optimization requires information on the mechanical properties 
and behavior of the tissue. Currently, computationally expensive finite 
element models (FEM) or experiments provide the only framework for 
device optimization.

Methods: We propose a lumped parameter model (LPM) that character-
izes the heart through compliances. Unlike existing 0D models, ours 
employs a general compliance model, eliminating the need for prede-
fined time-varying pressure [1], compliance [2] parameters, or coupling 
with higher- dimensional models [3]. We introduce a predefined actua-
tion displacement boundary condition, which our compliance model 
translates into a source term to generate pressure and flow in the 
circulation.
Considering a simple relation between the volume change in the ventri-
cles and the pressure inside them (p), and displacement of the patches 
(ω), we define the following model: from an FEM model [3] with experi-
mental data, using data-driven approaches.

dV
dt

=ll dp
dt

lr dp
dt

ll d
dt

1 ω

However, obtaining a robust ventricular compliance model is challenging 
due to limited heart compliance data and the interactions with the DCC 
device. We address this by combining results

Results: Our model can produce similar results to already existing 0D 
models. Figure 2 shows results in agreement with pre-clinical DCC stud-
ies [4] without coupling the LPM with higher dimensional models or 
using time-varying parameters. Our approach also highlights the sensi-
tivity of models that rely on time-varying parameters. Our framework 
offers detailed insights into pressure, flow rate, volume, and valve states 
throughout the circulatory system. Using optimization algorithms in 
combination with our compliance model, we can optimize the DCC 
device developed in our lab.

Discussion: This compliance-based lumped parameter approach pro-
vides a powerful tool for optimizing DCC devices for improved patient 
outcomes. Characterizing the heart through compliances provides a 
novel approach for 0D models and understanding the macro-mechanical 
properties of the heart alike.
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Introduction: Patients requiring short-term ventricular assistance have 
limited options. While resuscitation, organ perfusion, bridge-to-deci-
sion, and cardiac recovery do not necessarily require blood-contacting 
support, all current devices are invasive and interact with the blood-
stream. Direct cardiac compression (DCC) devices offer a potential solu-
tion by providing mechanical circulatory support (MCS) without contact 
with the blood stream [1].

Figure 1. Lumped parameter model using a compliance-based 
displacement-driven approach.

Figure 2. Simulated pressure-volume curves using constant 
heart compliances. The results are in agreement with DCC 
device publications [4].
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There is no single MCS or DCC solution solving every problem of patients 
with heart failure or cardiac arrest [2]. We created an accessible DCC 
device concentrating on emergency scenarios and short-term circulatory 
support [3].

Methods: This proof-of-concept study compares a novel DCC patch system 
for short-term MCS to cardiac hand massage (CHM) using an ex vivo cardiac 
arrest ovine heart model. Performance is evaluated by assessing pressure, 
flow rate, and valve functionality, as well as any damage to the tissue.
The DCC patch device consists of two patches, shaped like the cups of a 
hand, a driveline, and a vacuum line. Figure 1 shows the DCC patch 
device on a porcine model. The patches are in direct contact with the 
epicardium, compressing directly on the ventricles. The shape of the two 
patches is different as the LV patch has less curvature than the RV patch. 
This design difference should help in balancing the pressure in the LV 
and RV, a feature that is unmatched by other DCC devices [4].

Results: The DCC patch system demonstrates comparable performance 
to the standard CHM technique. In Figure 2, the system achieves 1.5 L/
min cardiac output (CO) and a mean aortic pressure (MAP) of 55 mmHg. 
Despite direct epicardial compression, the DCC patch system maintains 
effective valve function.

Discussion: This ex vivo proof-of-concept study demonstrates that the 
DCC patch system achieves comparable performance to CHM, support-
ing previous in vitro findings [3]. The results suggest the potential for this 

novel DCC patch system to be applied across a range of short-term 
mechanical circulatory support scenarios, potentially replacing CHM.
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Introduction: Poor hemocompatibility of artificial materials is still a bot-
tleneck in medical engineering. A current approach is the micro-struc-
turing of substrate surfaces to reduce platelet adhesion as an initialization 
of thrombus formation. Although the advantage has already been dem-
onstrated [1-12], the underlying mechanism is still not fully understood. 
The aim of this review is to provide an overview of studies that been 
carried out to date and the methods used for in vitro testing and quanti-
fication of hemocompatibility.

Methods: PubMed and Google Scholar were searched for original arti-
cles in English-language journals with the following keywords: *struc-
ture*, topograph*, *pattern* in combination with: surface and 
*adhesion. 43 papers were found and analyzed with the help of the AI 
research assistant Elicit (https://elicit.com/) for the prompts: dimension 
microstructure, structural shapes, material, adhesion, static or dynamic, 
wettability. If no answer was found for 3 or more categories, the articles 
were excluded after manual confirmation. 21 papers resulted, 14 of 
which focus on the adhesion of blood platelets.

Results: The modification of artificial surfaces to influence the adhesion 
behavior of cells is also known in other areas, whereby the areas of appli-
cation are characterized by different methodologies. When investigating 
the survival rate of bacteria, for example, the vitality is determined after 
several days of incubation [13-15]. For the ingrowth of implants, the mor-
phology of the cells after days/weeks of incubation is often used to deter-
mine whether the surface structuring has an effect [16,17].
In studies of adhesion of blood platelets, 75% used the area of deposi-
tion as the key criteria, although vitality and morphology were also 
included in some cases. The studies that measured metabolic activity, 
which is a standard test to measure the vitality of cells, were the only 
ones to show a drop in hemocompatibility in the modified samples com-
pared to unstructured samples [18,19].

Discussion: The systematic review of existing work can help in the plan-
ning of future studies and thus save costs and time. For the current 
approach of micro- structuring substrate surfaces to reduce platelet 
adhesion, the underlying mechanism is still not fully understood. The 
standard methods of in vitro testing and quantification of the hemocom-
patibility could be determined in this review. To assess the influencing 
factors of surface structuring, a systematic study must be performed.
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Figure 1. DCC patch device. The patches are in direct contact 
with the heart and are actuated through the driveline.

Figure 2. Main indicators of performance: CO, MAP, and mean 
pulmonary artery pressure.
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Introduction: The hemocompatibility of medical devices that come into 
contact with blood is a major challenge in development and approval. 
Thrombogenicity tests, which are usually performed in animal studies, 
raise ethical concerns, are costly and often inefficient. This highlights the 
need for standardized in vitro methods to assess thrombogenicity at an 
early stage. Blood from pig abattoirs offers an ethically acceptable alter-
native to human donor blood, but its suitability is questioned due to 
possible pre-activation during the slaughter process and species-related 
differences in blood composition.
In this study, hemocompatibility parameters according to DIN EN ISO 
10993-4 were investigated in both porcine and human blood. By focus-
ing on species-specific differences, particularly in complement pre-acti-
vation, we aim to assess the feasibility of using porcine blood for 
standardized in vitro thrombogenicity assays.

Methods: Porcine blood was collected directly at the slaughterhouse 
after a cut in the jugular vein of the animals. Blood from one animal was 
separated in two blood bottles and immediately anticoagulated with 
2000 IU/L enoxaparin (Clexane) and sodium citrate, (3.13 %, ratio 1:10) 
respectively. Human blood was collected at the Medical Center of the 
RWTH Aachen University (EK 23-092) and divided into two separate por-
tions anticoagulated as the porcine blood.
After arrival at the lab, blood, blood gas analysis, thromboelastometry, 
fluorescence activated cell sorting with CD61, CD62P, CD45 markers and 
impedance aggregometry, were measured in whole blood from both 
species. Plasma samples were frozen at -80 °C for further ELISA analysis. 
The ELISA test comprises the analysis of plasma parameters including 
serotonin, adrenalin, cortisol, PMN Elastase, soluble C5b-9, C3a, and 
thrombin- antithrombin-complex.

Results: The analyses include all parameters described in DIN EN ISO 
10993-4: Hematology, complement activity, platelet activation and 

coagulation. In hematology, the initial values for both species were 
within the normal range, but showed significant differences. Platelet 
activation showed pre- activated but still functional platelets in pig 
blood. With regard to complement activity, the concentration of the acti-
vated C3a fragment was low in both species, while SC5b-9 levels were 
increased. Significantly higher values were found in porcine blood 
(Figure 1).
For coagulation, measurements showed that the maximum clot firmness 
and the thrombin- antithrombin complex values were significantly 
higher in pig blood than in human blood.

Discussion: The results show that although coagulation has already been 
initiated in slaughterhouse blood, it is still functional for further tests. Of 
particular importance are the significantly increased sC5b-9 values in pig 
blood, which indicate increased terminal complement activation. Future 
material tests will investigate whether pig blood still reacts to materials 
due to the already partially completed coagulation. Taking species-spe-
cific differences into account and using the various markers can help to 
assess the biocompatibility of materials more precisely and optimise the 
development of medical devices.
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The Emboless® venous chamber extensively 
reduce air contamination passing into HD 
patients’ blood

Introduction: Hemodialysis (HD) is a life sustaining treatment for patients 
with end-stage renal failure, and ongoing efforts aim to enhance both its 
efficiency and safety. In terms of safety, the precautionary principle has 
been applied. The quality of the water used in dialysis and the biocom-
patibility of dialysis filters has been significantly improved, while preven-
tion of air contamination of the bloodline lacks behind. Dialysis machines 
are equipped with air detectors that shall trigger alarms if larger amounts 
of air enter the venous side.
However, air bubbles larger than 500µm diameter can bypass these 
detectors without activating alarms. Air is foreign to the bloodstream 
and contains inert gases, which can cause severe complications such as 
emboli and tissue damage, confirmed by case reports and autopsy stud-
ies. No data exist of the air volumes contaminating the blood during 
regular HD and difference in air elimination.
The objective of this interventional clinical study was to ascertain 
whether the elimination of air entering the patients can be more 
efficacious.

Figure 1. C3a and sC5b-9 concentrations of pig and human 
blood anticoagulated with enoxaparin.
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Methods: Twenty chronic HD patients participated in a randomized cross-
over study comparing the Emboless® and F5008 venous chambers. Each 
patient underwent four dialysis sessions divided into two paired series, 
resulting in 80 analysed sessions. The same dialyzers, blood pump speeds, 
HD settings, and ultrafiltration parameters were used within each pair.
The cumulative volumes of air bubbles (>20 µm in diameter) were 
measured at the inlet and outlet line of each venous chamber using an 
adapted ultrasound device (BCC200, GAMPT). The measurement dura-
tion was 30 minutes, extended if fewer than 1000 detections were 
recorded at the Inlet. The percentage of air volume passing through the 
venous chamber and reaching the patient was calculated (Mann-
Whitney U- test).

Results: The median air Inlet volume of 80 dialyses was 20.5 mL (IQR 
12.2–38.4 mL), with no significant difference in air inflow between the 
two venous chambers. The median (IQR) proportion of volumes of air 
leakage passing to the patient was lower with the Emboless® (8.7%) 
compared to the F5008 chamber (25.9%, p<0.001, Fig. 1).

Discussion: The Emboless® venous chamber is the preferred choice for 
minimizing potentially harmful air contamination during hemodialysis. 
Air leakage to patients was reduced to one-third when using the 
Emboless® compared to the F5008 venous chamber, making it a safer 
option for clinical use.
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Introduction: End Stage Kidney Disease patients are commonly receiving 
dialysis therapy. During this therapy, patient’s blood is filtered using a 
hollow fiber (HF) membrane-based dialyzer, to remove uremic toxins 
present in the blood [1]. Often these HF are made from hydrophobic 
polymers, such as polyethersulfone (PES), and hydrophilic polymer addi-
tives, such as polyvinylpyrrolidone (PVP) [2]. It has been shown that PVP 
can be eluted from HF during dialysis, leading to decreased hemocom-
patibility of the filters [3,4]. To achieve extended dialysis and, therefore, 
increased toxin removal [5], there is a need for fibers that do not release 
hydrophilic additive throughout the dialysis therapy session. It has been 
shown by other researchers [6,7] and our group [8] that alternative poly-
mers are a promising solution. Here, we investigate the application of 
copolymer PEO-PES as hydrophilic additive in HF dialysis membranes. 
We hypothesize that this copolymer will result in high flux membranes 
with low hydrophilic additive leakage during prolonged therapy, leading 
to increased dialysis efficiency.

Methods: The polymer dopes consisted of PES and a PEO- PES, dissolved 
in N-Methyl-2-pyrrolidone (NMP). To fabricate HF membranes, wet spin-
ning using liquid induced phase separation was applied. Various spinning 
conditions were investigated. The produced membranes were washed 
and air dried at room temperature. Scanning electron microscopy (SEM) 
was used to investigate their morphology. Clean water flux measure-
ments were performed for all HF membranes to determine their ultrafil-
tration coefficient (KUF). For selected membranes, we investigated the 
albumin transport properties.

Results - Discussion: Figure 1 presents typical SEM image of a HF 
obtained by blending PES and PEO-PES (PES/PEO-PES). The fibers have 
finger-like macrovoid structure with selective layer on the fiber lumen. 
Inner diameter of the fibers is 271 ± 12 µm and wall thickness is 88 ± 16 
µm. The obtained dimensions are higher than commercial fibers that 
usually have 180 to 200 µm inner diameter and 35 to 50 µm wall thick-
ness. PES/PEO-PES fibers have KUF = 50 ± 9 mL/(m2*h*mmHg) and 
protein sieving coefficient (SC) of 0.15 ± 0.05. Similar values can be 
found for commercial fibers in high flux range.
Future studies will focus on investigating toxin removal from human plasma 
as well as long term membrane stability / hydrophilic additive elution.
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Introduction: NyokAssistTM is a commercially developed transvalvular 
micro-axial flow blood pump optimized for supporting patients during 
high-risk PCI [1]. The pump folds down to 9 Fr diameter during insertion 
and self-expands in the descending aorta into 24 Fr diameter, working in 
parallel with native cardiac function. Accurate pump hydraulic perfor-
mance measurements are critical for design improvement, care delivery 
and quality control, and is the subject of this study.

Methods: Measuring static and dynamic hydraulic performance is rela-
tively straightforward for conventional rigid VADs as they can easily be 

Figure 1. NyokAssist™ pVAD foldable pump structure, 9Fr 
folded insertion state (top) and 24Fr expanded operation state 
(bottom).

connected to fixed tubing either directly in the case of extracorporeal 
VADs (Centrimag, MoyoAssist, etc.), or via trivial adaptors (Heart Mate 3, 
etc., or Impella series). For expandable VADs, making representative 
connections is much more difficult because the connections impact on 
the performance of the pump, for example by influencing the blade tip 
clearance or shape of the flow path, or causing leakage flows in the 
measurement equipment. Device connections were carefully designed 
to enable accurate testing, both to minimize external force impact on 
pumps and to test application performance through bioequivalent 
valves (19-29 mm). Recommended configurations and tolerance require-
ments will be presented.

Results: Prototypes for an early expandable pVAD were tested. Results 
showed that fixture dimension changes in the order of 20μm had a sig-
nificant impact on measured pressures. Figure 2 shows when testing the 
catheter sets with bioequivalent valves, the sizing of the valve itself 
resulted in a 10% influence on the measured pressure, emphasizing the 
importance of standard conditions when comparing alternative pumps. 
Valve dimensions and contact position between the pump have effects 
on both pump hydraulic and hemolysis performance.

Discussion: Measurement methods that properly represent operating 
conditions within patients are critical for the accurate characterization of 
expandable pVADs. Considerations for proper testing methodology are 
design-dependent and should be developed according to the specific 
technology architecture and performance.
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Figure 2. Impact of valve diameter when an early pump design 
is tested for operated in conjunction a bioequivalent aortic 
valve.

Figure 1. Cross-section of PES/PEO-PES fiber: a) whole fiber, 
x180, b) fiber wall, x1000.


