Concurrence of significant cerebrovascular events with fNIRS and CT, MRI and histopathology
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INTRODUCTION

Monitoring of cerebral tissue oxygenation via

fNIRS Is widely utilized In experimental and

clinical settingst

CW-fNIRS measurement®f cerebral perfusion

deficitscorrelatesvell with:

- PerfusionweightedMRI in acutestroke?

- Transcranial doppler assessment
microcirculationin carotidarterydisease

- DC-magnetoencephalographymonitoring of

of
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TIME SERIES DATAVIEW FOR Hb STATES (Hb
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RESULTS

We were able to identify, with high

temporalandspatialspecificity:

- Global bilateral increasesin Hb,,, and
Hb,.., levels during diffuse SAH (Figs
7,8).

- Regional decreasein Hb,,, and Hb,,
following cerebralschemiaFigs. 7,8).

- IncreasedHb,,, andHb,, levels,on the
ipsilateralside, resultingfrom verapamil
Injectionsinto the MCA (Fig .9).

- Decreasesn Hby,,, Hbyes,, and Hb,,

neuronahctivity in subacuteschemicstroke*

The sensitivity of CW-NIRS to detectischemic
strokeneeddurthervalidation®
To evaluatethe spatialandtemporalcapabllitiesof
CW-fNIRS 3D diffuse optical tomography(3D-
DOT) we conducted validation studies of
experimentabktrokein 2 BonnetMacaquegsBM-1
andBM-2).

METHODS

Data Collection
Acquisitionchanneldataandreconstructedmages
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\ S1 \_$2 / \_ S:J/ Figure 3. (BM-1). Hemoglobin-state time series for a channel located over the right Figure 4. (BM-1). Hemoglobin-state time series for a channel located over the left
— ~—- A h cerebral hemisphere. The full duration of the fNIRS measurement session is plotted cerebral hemisphere. Significance of purple arrows is the same as in Fig. 3.

Figure 1. (BM-2). Sketch of the layout of sources and detectors. Black numbers
represent detectors and red numbers represent light sources. A — anterior, L — left, P —
posterior, R — right.

on the time axis. Purple arrows indicate time frames highlighted in subsequent
reconstructed image results: 1 (5 min into the measurement) = pre-intervention
baseline; 2 (168 min) = during cerebral ischemia; 3 (198 min) = time of removal of
the occluding microcatheter.

producedby contrastinjectionsinto the

ICA/MCA (Fig. 10).
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cerebral hemisphere. The full duration of the NIRS measurement session is plotted
on the time axis. Times of occurrence of intraoperative events are indicated. Purple
arrows indicate time frames highlighted in subsequent reconstructed image results:
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Figure 5. (BM-2). Hemoglobin-state time series for a channel located over the right Figure 6. (BM-2). Hemoglobin-state time series for a channel located over the left

cerebral hemisphere. Significance of purple colored arrows is the same as in Fig. 5.

1 (20 min into the measurement) = pre-intervention baseline; 2 (60 min) = response

- Concurrencebetween f-NIRS findings
and localization of the acute cerebral
iIschemiaand SAH basedon CT, MRI
andhistopathology

- Increaseddispersionin the postSAH
distributionsof Hb,,, and O, exchange
(HByeoxy — Hb,yy) values[Fig. 14(b)], in
comparisonto the baselinetime interval
[Fig. 14(a)].

- But the Hb,, and O, exchange
variables are negatively correlatedin
the left (ischemia and SAH)
hemisphereand uncorrelatedin the

Figure 2. (BM-1). Photograph of fNIRS optode array secured to the animal’s skull
after dissection of the overlying soft tissues.

to verapamil injection; 3 (72 min) = response to contrast injection; 4 (126 min) = 4
minutes after NIRS detection of SAH and 3.5 min. before occlusion; 5 (166 min) =

right (SAH only).

arerecordedn realtime in BM-1 andBM-2. - The left hemispherehas many more

after 36.5 min of induction of cerebral ischemia.

Equipment points (Image pixels) in the + HM,,
- CWAINIRS 3D-DOT imager used (760nm and 2D SECTIONS OF THE fNIRS 3D-DOT RECONSTRUCTED IMAGES | Qexchangeuadranbf thegraph
830nm)ata 7.96 Hz rate

- 30 detectors9 co-locatedillumination source CONCLUSION

detector sites and 21 detectioronly sites
resultingin 270channelqgFigs 1,2).

- The detectorswere placedover a 4x5 cm area
In the mid frontal-parietalregionon the exposed
skull (Fig. 2).

-The NAVI®

CW-fNIRS tomography performs real
time monitoring of the Hb oxygenation
status of the brain during and after
occlusion, hemorrhage and
pharmacological interventions enabling
detection of acute cortical pathologies
suchas cerebralischemiaand intracranial

software (NIRx Medical

-1.80e-007 -1 gge.mal 6.0 -007 5 80e-007 6.11e-008 5.50e-007

TeCh n0|og|eS)WaS Used for fN I RS data pre— Figure 7. (BM-1). 2D sections of 3D AHbox images reconstructed from the fNIRS Figure 8. (BM-2). 2D sections of 3D AHb,,, images reconstructed from the fNIRS data collected during Figure 9. (BM-2). 2D sections of 3D AHb,,, images reconstructed from the fNIRS bleed”']g
: : : data collected during the 5t [(a)-(d)], 168t [(e)-(h)] and 198" minutes [(i)-(1)]. 20M [(a)-(e)], 126™ [(f)-()] and 166™ minutes [(k)-(0)]. (a)-(e): baseline, prior to any intravascular data collected during the 20t [(a)-(d)] and 60t [(e)-(h)] minutes. (a)-(d): prior to
prOCESSIngindeD |magereconstruct|on (a)-(d): prior to all intravascular interventions; (€)-(h): approximately 2-1/4 hr. post- intervention; (f)-(j): 4 minutes after NIRS detection of SAH and 3.5 min. before occlusion; (k)-(o0): 37 right MCA verapamil injection; (e)-(h): following the injection. (a),(e): axial section;
_ . _ occlusion; (i)-(): 1 minute after release of the occlusion. (a),(e),(i): axial section; minutes post-occlusion. (a),(f),(k): superficial axial section; (b),(g),(l): deep axial section; (c),(h),(m): (b),(f): coronal section; (c),(g): left-hemisphere sagittal section; (d),(h): right- REFERENCES
_A” S|gn|f|cant eventsand proceduresjunng the (b),(f),(j): coronal section; (c),(g),(K): left-hemisphere sagittal section; (d),(h),(l): coronal section; (d),(i),(n): left hemisphere sagittal section; (e),(j),(0): right hemisphere sagittal section. hemisphere sagittal section. Dotted lines in (a)-(d) indicate the intersections among
: e Iti right-hemisphere sagittal section. Dotted lines in (a)-(d) indicate the intersections DhOtte? lines inf(a)'(et)) inldicite the intersections among the plotted 2D sections. Dotted circles in (k)-(n) the plotted 2D sections. A = anterior, L = left, R = right.
i i i _(a)-(i)- i show location of cerebral ischemia. .
experlmenwerereCOr edn realtime. g:rgg?altir;ihglﬁsd 2D sections. Dotted circles in (e)-(g);(i)-(k) show location of 1 M. Wolf et al. “Progress of near-infrared

spectroscopy and topography for brain and
muscle clinical applications.” Journal of
BiomedicalOptics 12(6):62104,(2007).

2 C. Terborg et al., “Noninvasive assessment

Figure 11. Intraoperative anglography Figure 12. Postoperative coronal FLAIR MRI

Description of the Experiment
- Dissectionof skull musclesand positioning of
the fNIRS probesin directcontactwith the skull

fNIRS optode array

Intraarterial
ICA catheter

undergeneralnesthesia i - y _ of cerebral perfusion and oxygenation in

_fN|RS recording Commenced prior to any anc?iogram Py l acute i1schemic stroke by near-infrared
uring ; 99 . _

interventionandstoppedl hourafterreperfusion procedure i S,'Eppejgo(szzoog' =ur Neurol, 62(6):338-343

(Figs 3-6).

- Multiple injectionsof verapamil(0.35-0.53 mg)
and Iodinated contrast medium (Omnipaque
300) into ICA/MCA. .

- Acute cerebralischemiawas achievedvia 5-Fr
diagnostic microcatheterocclusion of the ICA
and/orMCA.

- Intraoperativeangiographyascertainedarterial

3 SN. Vasdekis et al., “Cerebrovascular
Reactivity Assessment In Patients with
Carotid Artery Disease: A Combined TCD
and NIRS Study.” J. Neuroimaging (2011).

\ ; Figure 11_. (BM-2). Ppst-su_rgical coronal FLAIR MRI sequences confirm presence dOi: 101111/11552'6569 2011. 00595.x.
e e e s ¢ S Leistner et al,  “Non-invasive
— simultaneous recording of neuronal and

of subarachnoid hemorrhage (arrow points). (L — left, R — right)
vascular signals in subacute ischemic stroke.”

Optical Fibers

5.50e-007 5.11e-008 5 80e-007

Figure 10. (BM-2). 2D sections of 3D AHb,,, images reconstructed from the fNIRS
data collected during the 71" minute [(a)-(d)] and 10 seconds later [(e)-(h)].
(a)-(d): prior to right MCA x-ray contrast medium injection; (e)-(h): following the
injection. (a),(e): axial section; (b),(f): coronal section; (c),(g): left-hemisphere
sagittal section; (d),(h): right-hemisphere sagittal section. Section locations are the

BM-2

_ . _ same as in Fig. 6. 2};10'6 | Figure l|4(a) | 2;(10'6 Figure 14(b) Biomed Tech (Berlin), 56(2)85-90EpUb,
perforation with subarachnoid hemorrhage | | | Right (2011).
SAH) (Fia. 11 Figure 13. Gross and Microscopic Pathology = - Left = _ _
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