The possibility to image
functional changes in cortical
laminae using fMRI

Average laminar GE-BOLD activation in human V1
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Probing laminar circuitry

A The laminar level is a relevant level to address
Important neuroscience questions (next talks and
references below)

A This scale of spatial resolution is difficult to obtain in
humans but was reliably obtained in animal
experiments

A First studies show that non-invasive experiments can
be performed in vivo using BOLD fMRI in the human
brain

Self M. W., varKerkoerle T.,Super H., &RoelfsemaP. R. (2013). Distinct Roles of the Cortical
Layers of Area V1 in Figu@round SegregatiorCurrent Biology

Constantinople, C. M., & Bruno, R. M. (2013). Deep cortical layers are activated directly by
thalamus.Science
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Animal Studies
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Laminar fMRI has been successfpiyformed in animal studies usingrious
methods, such as blood volume (CBV), perfusion, SE and GE BOLD fMRI:

Bissigand Berkowitz, 2009Chen et al, NI 2018 o0enseand Logothetis MRI 2006
Harelet al, NI 2006 Lu etal, 2004; Silva an#oretsky 2002;Shih et al, NI 2013;
Smirnakiset al, JCBFM 200Zappeet al, JCBFM 200&hao etal, NI 2006
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DeMartino et al,PloSOne 2014; Koopmans et al, HBM 2010 and NI 20irhanPloS
One 2012Polimeniet al, NI 2010Res<t al, 2007 Sieroet al, JCBFM 2011 and MRM
2014
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Proof of principle:
High resolution "functional MR v enogr apl

A Large veins cause degradation of
the spatial localisation of activation
in fMRI

A We aimed to identify the veins
directly in the functional scans and
remove them from analysis
(manually or automatically) to
increase specificity of BOLD signal

A We used parallel imaging to obtain
a temporal resolution compatible
with a functional block design

Single slice @ 1 mm resolution (left) and
0.75 mm resolution (right); white arrows
depict veins

Barth & Norris, NBM 2007
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Before elimination of veins

ect 1: 1 mm

Subject 2: 1 mm Subject 2: 0.75 mm

Barth & Norris, NMR in Biomedicine 2007
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After elimination of veins

ect 1: 1 mm

Subject 2: 1 mm Subject 2: 0.75 mm

Barth & Norris, NMR in Biomedicine 2007
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3 Tesla 7 Tesla

Average laminar GE-BOLD activation in human V1

7 Tesla, laminar GE-BOLD activation in human V1
20%

18%
16% |
14% |
12% |
10% |
8%
6% |
4% |
2%
0%
-2%

Before vein removal
After vein removal

10%

8%

6% |

Signal change
Signal change

4%

WM-GM Cortical depth GM-CSF

Cortical depth

Signal change versus cortical depth. The gray shading
depicts the approximate cortical thickness. The red
shading depicts standard error of the mean.
Koopmans et al, HBM 2010

Koopmans et al, NI 2011



) or quransian Why should laminar BOLD fMRI be possible?

Due to venous architecture: Blood drains within a layer first

Duvernoy HM, The Human
Brain. 2nd Edition, 1999




