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Abstract
The blood-brain barrier (BBB) is a critical determinant of CNS drug transport, safety, and efficacy. 
Conventional models often fail to capture its complexity, leading to translational gaps. SynVivo’s 
SynBBB™ platform recreates physiologically relevant, vascularized microfluidic channels digitized 
from real microvasculature, enabling dynamic studies of drug transport under flow. The model is 
currently being used across multiple applications, including antibody and gene therapy vector 
transcytosis, small molecule permeability, cytokine-induced barrier disruption, and evaluation of 
novel CNS-targeted therapeutics. A key requirement for predictive assay performance is complete 
lumen formation and barrier integrity. Incomplete lumens or leaky barriers introduce technical 
variability and bias in permeability assays. To address this, we developed a deep learning AI/ML  
AI/ML pipeline to automatically assess lumen quality. Phase contrast images taken pre-dosing are 
analyzed on the IKOSA platform (KOLAIDO GmbH, Switzerland), where a trained neural network 
models detects subtle morphological patterns in the vascularized channel to and classifies them 
as good, acceptable, or bad. By combining these predictions, a readiness score (0-1) is 
generated, penalizing poor features and enabling an early, yet sensitive,  quality gating. 
Preliminary results confirm correlation between higher readiness scores and lower permeability 
values (0-100%), while poor scores associate with barrier leakiness (e.g., Score: 0.0055, 
Permeability: 35.6%; vs. Score: 0.9510, Permeability: 5.0%). Results were stable across a 5-fold 
cross-validation, suggesting the model generalizes beyond any single split of the dataset. A fully 
data-driven pipeline, it can be trained for other applications. Importantly, this approach also 
suggests predictive utility post-dosing. By reapplying the same scoring pipeline, we can 
non-invasively detect drug-induced barrier disruption without relying solely on destructive 
fluorescence assays. This opens new possibilities for continuous, label-free monitoring of BBB 
integrity and permeability dynamics over time.
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Higher scores correlate with lower permeability

Reproducible and 
standardized BBB modeling
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AI-enhanced data integrity

At a Glance
Conventional BBB models lack physiological realism, resulting in poor translation to human 
outcomes.
SynBBB™ recreates vascularized human BBB-on-chip with AI-enhanced quality gating and 
predictive monitoring. High precision for intact BBBs and strong sensitivity for defective 
ones, ensuring reliable identification of both high-quality and compromised models. 
Delivers standardized, reproducible, and human-relevant data for CNS drug discovery - with 
less variability and fewer animal tests.

A complete lumen indicates strong barrier integrity and a good 
permeability performance which is physiologically relevant to a BBB 
in vivo. To ensure consistent performance and predictive value 
across studies, we introduced AI/ML-based quality gating and 
monitoring, making BBB assays more standardized, reproducible, 
and translationally meaningful for CNS drug discovery.

Conventional blood-brain barrier (BBB) models lack physiological relevance and reproducibility. SynBBB™ model 
is an advanced organ-on-chip model designed to study drug transport, toxicity and efficacy of compounds. 
It recreates a human-relevant, vascularized BBB by co-culturing endothelial cells, astrocytes, and pericytes under 
controlled fluid shear stress to promote complete lumen formation and robust barrier integrity. 
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Phase-contrast images were analyzed on the IKOSA 
platform, where a deep learning AI model was trained to 
detect the vascularized channel region of interest (ROI). 

Lumen quality patterns are learned by a deep learning AI 
model as good, acceptable, or bad (n=327). Predictions are 
combined into a suitability score (0-1). Penalizing poor image 
features favors a high score for good devices, and a low score 
for bad devices. We applied a 5-fold cross-validation to assess 
AI model generalizability and compared to a standard method.

The final classifier is based on a score 
threshold learned from the validation dataset 
(n=82) by ROC analysis (AUC=0.966).

Device suitability classification (test dataset, n=45) SynBBB radial designSynBBB linear design

Classifier performance metrics, overall accuracy 88.9% (test dataset, n=45)

Class Sensitivity / Recall Precision Specificity

        good 87.9% 96.7% 91.7%

        bad 91.7% 73.3% 87.9%

Q: “How reliably does the model recognize intact, functional BBBs?”
A: Sensitivity / Recall for “good” = 87.9%
Useful when you care about keeping high-quality samples in 
downstream analysis.

Q: “How well does the model exclude leaky or incomplete barriers?”
A: Specificity for “bad” = 87.9%
You care about this because excluding poor models improves assay 
reproducibility.

Q: “When the model says ‘good,’ how often is it truly good?”
A: Precision for “good” = 96.7%
Relevant if you want to trust model-based quality gating before 
experiments.

FAQ

SynBBB™ supports more predictive CNS drug discovery while minimizing 
reliance on animal testing.

Fully data-driven AI pipeline that can be easily retrained for other 
microphysiological systems or assay types, enabling broad reuse and rapid 
adaptation across applications. 

Challenge 

Our contribution 

Impact 

SynBBB™ provides a consistent, human-relevant in vitro BBB platform validated 
across transport, safety, and efficacy studies.

Scoring can be reapplied post-dosing to detect drug-induced barrier disruption, 
enables continuous label-free monitoring over time.

Integrated quality gating and predictive monitoring improve experimental reliability 
and reduce variability. Stable performance across a 5-fold cross-validation, the 
model generalizes beyond single splits of the dataset.

Translational and ethical 
impact

Scalable, data-driven quality 
control
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Leukocyte Adhesion Assay To 
Detect Inflammation

Quantifiable Neutrophil Rolling, Adhesion, and Migration
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SynBBB allows collection and quantification of 
transcytosed compounds across the BBB via 
automated WES and qPCR

SynBBB allows visualization of CAR-T 
cell extravasation across blood-brain 
tumor barrier

Adherent
neutrophils across 

the vessel

mailto:support@synvivobio.com
http://www.synvivobio.com
https://app.ikosa.ai/auth/signup
http://www.kolaido.com

