
Faculty of Science and Engineering

Extending Dynamic Causal Modelling with Interlaminar Connectivity for Laminar fMRI

Alicia Gonsalves1; Ryszard Auksztulewicz2; Michelle Moerel1,3

1 Maastricht Centre for Systems Biology and Bioinformatics, Faculty of Science and Engineering, Maastricht University
2 Department of Neuropsychology and Psychopathology, Faculty of Psychology and Neuroscience, Maastricht University
3 Department of Cognitive Neuroscience, Faculty of Psychology and Neuroscience, Maastricht University

Background

❖ Laminar fMRI provides a noninvasive window into cortical microcircuits but interpreting BOLD 

signals is challenging as they reflect hemodynamic rather than neuronal activity directly. 

❖ Physiologically informed Dynamic Causal Modelling (P-DCM) (Havlicek et al., 2015) addresses 

this by pairing an adaptive neuronal model with a hemodynamic model that explicitly accounts 

for ascending vein effects in laminar BOLD signals (Havlicek & Uludağ, 2020).

❖ Current P-DCM work (Faes et al., 2025) models each neuronal layer independently, omitting 

interlaminar connectivity fundamental to cortical information processing.

Objective

This study extends the P-DCM framework to include interlaminar neuronal connections to 

capture the directional flow of information across cortical depths.

Results

Forward simulations confirm plausible layer-specific dynamics and distinct BOLD depth profiles 

(Fig. 2). 

✓ Following driving input, 𝑚𝑖𝑑 layer responded earliest and strongest (Fig. 2A, and solid lines in 

Fig. 2D), with activity propagating to 𝑠𝑢𝑝 and 𝑑𝑒𝑒𝑝 layers via interlaminar connections.

✓ Inhibitory activity mirrored excitatory responses with a slight delay (Fig. 2B, and dashed lines in 

Fig. 2D), reflecting intralaminar 𝐸 → 𝐼 coupling.

✓ Modulatory input increased neural responses across all layers (Fig. 2A-B).

✓ BOLD amplitude largest near the cortical surface, consistent with ascending vein drainage (Fig. 

2C, 2E).

Conclusions

These findings support the feasibility of the extended laminar DCM framework and reveal clear 
boundaries of parameter identifiability.

❖ The framework reliably captures core circuit dynamics — 𝐴/𝐵 feedforward connectivity, driving 
input 𝐶, and neuronal dynamics parameters 𝜎 and 𝜇 recovered well. 

❖ Feedback connectivity 𝐴/𝐵 (𝐷𝑒𝑒𝑝 → 𝑀𝑖𝑑) and 𝜆 showed constrained identifiability. To improve 
recovery, future exploration will include testing multi-parameter recovery, and changing TR and 
stimulus duration settings.

❖ Next steps: multi-parameter recovery followed by empirical 7T laminar fMRI validation and 
extension to a multi-region framework to study auditory microcircuit dynamics.
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Methods

Model

Hemodynamic model — K=7 vascular compartments receives blood flow at each depth 𝑓𝑎,𝑘(𝑡). The 

model tracks blood volume 𝑣(𝑡) and deoxygenation 𝑞(𝑡) across microvasculature (𝑣) and 

ascending vein (𝑑), yielding depth-dependent BOLD signals with surface bias. 

Validation

Forward simulations → face validity of layer-specific dynamics and BOLD depth profiles

Parameter recovery from 30 noise-free simulations → identifiability of 𝐴, 𝐵, 𝐶, 𝜎, 𝜇, 𝜆
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Parameter recovery from noise-

free simulations revealed partial 

identifiability (Fig. 3). 

✓ 𝐶, feedforward connectivity 

𝐴𝑚𝑖𝑑→𝑠𝑢𝑝, 𝐴𝑠𝑢𝑝→𝑑𝑒𝑒𝑝, 𝜎 and 𝜇

recovered well. 

✓ Feedforward modulatory 

connectivity 

𝐵𝑚𝑖𝑑→𝑠𝑢𝑝 recovered well, 

whereas 𝐵𝑠𝑢𝑝→𝑑𝑒𝑒𝑝 showed 

compressed recovery.

✓ Simulations exhibited numerical 

instability at the lower range of 

𝜎. 

✓ The recovery for the 𝜆 was 

range-dependent with poor 

recovery beyond a threshold.

✓ The feedback interlaminar 

𝐴𝑑𝑒𝑒𝑝 →𝑚𝑖𝑑 and modulatory 

𝐵𝑑𝑒𝑒𝑝 →𝑚𝑖𝑑  connectivity 

exhibited shrinkage towards the 

prior.

Single-region P-DCM model (Fig.1) comprising:

• Neuronal model — N=3 cortical layers: superficial (𝑠𝑢𝑝), middle (𝑚𝑖𝑑), deep (𝑑𝑒𝑒𝑝)

• each with coupled excitatory (𝐸) and inhibitory (𝐼) populations governed by 𝝈 (𝑬 self-

decay), 𝝁 (𝑰 to 𝑬 connection), and 𝝀 (𝑰 gain)

• Interlaminar neuronal structural connectivity (𝑨) captures feedforward and feedback 

information flow, with condition-dependent modulation (𝑩) changing the strength of 
the connectivity, and driving input to the middle layer (𝑪).

• Neurovascular coupling (NVC) — translates layer-specific excitatory activity 𝑥𝐸(𝑡) into blood 

flow 𝑓(𝑡) via vasoactive signal 𝑎(𝑡)

Figure 1. Schematic of the integrated P-DCM framework

Figure 2. Face validity of forward simulations

Figure 3. Parameter recovery
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