Venous effect in spinal cord fMRI

insights from intrinsic optical imaging and laser speckle

J. Cohen-Adad' 26, C. Gauthier?3, J.C.W. Brooks*, H. Leblond?, R.D. Hoge3->6, J. Fisher’,

E. Beaumont?®, S. Dubeau>, F. Lesage?°%, J. Doyon3°, H. Benali®, S. Rossignol?°

Université l’”’l

de Montréal

1 Athinoula A. Martinos Center for Biomedical Imaging, Massachusetts General Hospital / Harvard Medical School, Charlestown, MA 02129 ; 2 GRSNC, Department of Physiology, Université de Montréal, Montreal, QC,
Canada ; 3 MIC/UNF, Université de Montréal, Montreal, QC, Canada ; 4 PalN Group, FMRIB, University of Oxford, UK ; 5 Ecole Polytechnique de Montréal, Département de génie-électrique and Institut de génie biomédical,
Montreal, QC, Canada ; 6 INSERM U678, Univ Paris 6, LINeM, Paris, France ; 7 Department of Anaesthesiology, University Health Network, Department of Physiology, University of Toronto, Toronto, ON ; 8 Centre de
recherche, Hopital du Sacré-Coeur de Montréal, Département de chirurgie, Université de Montréal, Montreal, QC, Canada. Contact: julien.cohenadad@imed.jussieu.fr

!nserm

4 )
- s BoLD
Introduction P e
. o o o o o £ 05 7T & AN
Venous effect in fMRI Intrinsic optical imaging
5 ol o _ b N
Venous effects in functional magnetic resonance imaging (fMRI) using blood oxygenation level Intrinsic optical imaging is a means to investigate the dynamics of vascular compartments with : | VR A
dependent (BOLD) contrast refer to dilution of deoxyhaemoglobin (HbR) in the venous compartment,  high spatio-temporal resolution. It has already been implemented by Lesage et al. to quantify . - '
resulting in higher activation detection sensitivity in larger veins [Duong 2003]. Venous effects are  variations of HbR, HbO2 and total blood volume in a model of rats with spinal cord injury [Lesage CNSNIRS TEOMte GORSA SUBTEON: ()
likely to be an important factor compromising our ability to localize sensory or motor activations in the ~ 2009]. Blood flow was also recorded in the same preparation by means of laser speckle imaging. Figure 1. Venous effect in the rat spinal cord. BOLD signal from
spinal cord, notably due to the relative size of the cord and veins [Zhao 2008], as shown in Figure 1. In this study we report results of fMRI, intrinsic optical imaging (I0l) and laser speckle, providing gradient echo EPI is more sensitive to larger vessels located at
Therefore, it is crucial to identify vascular compartments where functional responses are recorded. measurements of HbR and HbO concentration, blood volume (HbT) and blood flow (BF). the surface of the cord. Adapted from Zhao et al., [Zhao 2008].
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Methods Methods Methods
Functional MRI studies were conducted on cats (N=9) in a 3T A second fMRI study was conducted on humans (N=9) using the same MRI system. The optical imaging study was conducted in A ‘ B
MRI system (Siemens Medical Systems) using standard array Hypercapnic and motor (ball squeezing) tasks were caried out to compare the spatial rats (N=9) anaesthetized with alphachloralose. m ™ ::::, o
coils and a multishot gradient echo echo planar imaging (EPI) location of BOLD responses. In both cases, the task was administred using a block- Following laminectomy, left sciatic nerves were = . Q. VvV Vv
sequence. TR/TE/alpha = 2000ms/30ms/45°, matrix = 96x96, design and lasted nine minutes. Gradient-echo EPI were recorded in axial plane stimulated every 19s during 9min. One stimulus ) V% *‘5?\ o B
voxel size = 2x2x2 mm3, bandwidth = 1630 Hz/pixel. Electrical using TR/TE/alpha = 3000ms/30ms/70°. A susceptibility weighted image (SWI) was consisted of a 1s pulse train (10 square current & ¢ \ o P o
stimuli were applied in hindlimb nerves following a block also acquired to further correlate detected responses with a venogram in the spinal pulses of 64 yA). At that intensity, most A-fibres - . \ - e CaYe:
design. Runs were repeated ten times to investigate the cord. More details of the methods can be found in Posters #247, #628. (Aa, AB) giving rise to non-noxious stimuli were K /q/ @
reproducibility of responses in terms of spatial location and activated. We also expected few noxious C- : ‘A/\/\ﬂ fll.::ﬂ:ﬁ:.n
amplitude. More details can be found in [Cohen-Adad 2009]. Resu/ts fibres and Ad fibres to be activated. o
A digital camera was positioned over the exposed spinal cord at the lumbar level (see picture on the
ReSUItS In both hypercapnic and motor tasks, significant BOLD responses were detected at right). Multiple wavelengths (525, 590, 637nm) were used to account for HbR and HbO absorption
the spinal level. Similar to the results found in our study with cats, there was a high rate. After 1Ol recording, experiments were reproduced with laser speckle (780nm) to measure BF as
Focal BOLD responses were detected in seven out of nine cats inter-subject variability with highest responses observed at the periphery of the cord, done in [Briers 2001]. Electrophysiological measurements were subsequently conducted to spatially
at the L4-L5 vertebral level, which corresponds to the region to but a low intra-subject variability in terms of spatial location of responses (Figure 3). delineate the site of neuronal activity.
where the stimulated nerves project. T-maps for five cats are Most hypercapnia-induced responses were located in the subarchnoid space (Figure
shown in Figure 2. Apart from the relatively low number of false 4). The venous effect hypothesis is supported by the SWI, showing good agreement Results
positives, the main observation is the poor robustness of the between the location of these responses and large veins (Figure 4). A quantitative
lateralization and the antero-posterior location of peak analysis of mean signal percent change in the paremchyma and subarachnoid space HbR and HbO concentrations as well as blood flow exhibited an early focal response within the cord
activations, as summarized in Table 1. is provided in Figure 5. followed by a vascular response spreading over several millimetres from the neuronal activation site
along large spinal veins (Figure 6). Electrophysiological measurements confirmed the presence of
Figure 5 Axial Zomaps Hypercapnia Motor neuronal activity in regions where early vascular responses occurred in capillaries (Figure 7).
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Figure 2. Activation maps in cats #1-5 (same numbering as in 0.12 F N
Table 1) showing axial (left) and sagittal (right, no threshold) = !
views. Electrical stimulations of hindlimb nerves induced = 0.08 :
neuronal activation at L4-L5 levels. Activation peaks are seen 5 :
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Cat Significant R-L A-P Structure 0 & 5 i &
activation location location Time (s)
1 yes ipsi ventral subarach Figure 6. Spatio-temporal distribution of hemodynamic response for HbO (A), HbR (B), BV (C) and BF
2.0 (E) measurements in one rat. Time course of HbO, HbR and BV (D) and BF (F) responses averaged
2 yes contra dorsal  spinal cord Z-score map (zoomed) SWI in ROI for all rats.
3 yes ipsi dorsal subarach Figure 4. Axial Z-maps covering the cervical cord in one subject who experienced 1.3sec x 107
hypercapnic challenge. Zoomed panels highlight the spatial correspondance
4 yes contra ventral spinal cord between highest BOLD responses and large veins.
5 os Iosi Ventral subarach Figure' 7. A: Electrophysiological _measurgments
y P e e e e overlaid on an anatomical image.
5 os contra dorsal spinal cord _ - 0.45 . , . _ . . Elect_ro,z_)hySIOIog/.cal measurements were conducted
y P Figur ‘19 5.hD/str ’bUt’Ol” of per Cz?hnt o4 _gﬁg‘;'a‘;‘:]fd! at similar locations between rats (N=4). These
, : slginel GnkligEe WREE Y e ' = locations — indicated by small squares — have been
7 yes medial ventral  spinal cord spinal cord, spinal subarachnoid 035 e centered at the expeycted epicz:enter of neuronal
8 no i ) ) space (subgr ach.) and brain gray £ 44 activity, i.e., L4 vertebral level, which corresponds to
matter. This histogram clearly £ 025l the level of sciatic afferents in the rat. Values were
9 no , - - shows that, in proportion, lowest :g' ‘ averaged and coded in greyscale, following an
signal change (0-2%) occurs in 3 02 arbitrary unit (white values stands for higher
- the brain and spinal cord 5015 activity). B: Intensity values for HbR (arbitrary unit).
Table 1. Summary of BOLD response characteristics in terms of paremchyma, whereas highest S o _ Significant decrease can be observed at the site of
lateralization (R-L location), antero-posterior (A-P) location. The change (3-7%) occurs in the f neuronal activity.
compartment where the activation peak lies is indicated in the subarchnoid space where large Lt
last column. ‘subarach’ stands for the subarachnoid space. veins are located.
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Conclusion References
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In both sensorimotor fMRI studies, significant BOLD responses were detected at the periphery of the cord, with substantial inter-subject Briers JD Physiol Meas 22:R35-66 (2001) Govers N et al. Neuroradiology 49:73-81 (2007)
variability and lack of lateralization. Additionally to the two fMRI studies presented here, other groups also reported BOLD responses at Brooks JC et al. Neuroimage 39, 680-692 (2008) Lesage F et al. Neurosci Lett 454, 105-109 (2009)
the periphery of the cord in animals [Zhao 2008, 2009] and humans [Bouwman, 2008 ; Govers, 2007]. The largest BOLD responses may Cohen-Adad J et al. Neuroimage 44:328-339 (2009) Zhao F et al. Neuroimage 40:133-147 (2008)
be located at the periphery of the spinal cord due to a venous effect, since in most mammals large draining veins are located along the
spinal cord. This hypothesis is further supported by results from optical imaging, where early focal response within the cord followed by a
vascular change spread over several millimetres from the neuronal activation site along large spinal veins have been observed (Figure 6). ACkn OWI ed g eme ntS
Despite difficulties raised apove, our resullts confirm that BQLD responses can be recorded (pr measu.red).in the spinal cord usir!g This work was supported by the Canada Research Chair on the Spinal Cord (Rossignol), Multidisciplinary Team in
gradlent—e'cho sequences, with a percent S|gnalichang'e that is comparablg to the.one observed in the praln (Figure 5). Yet, as for brain Locomotor Rehabilitation (Rossignol) and the French Multiple Sclerosis Research Society (Cohen-Adad)
fMRI studies, one needs to be careful when trying to infer about the spatial location of neuronal activation based on vascular changes.
Appropriate noise modelling is also crucial here due to the high variance in spinal cord time series [Brooks 2008]. For more details on Ganadia Ressarch  Ghairas o recharohe il (e |
hypercapnia and motor responses, see Poster #628 and Poster #247. I+l du Ganada CIHR IF (ﬁr'"s'e p
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