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ORIGINAL ARTICLE

Absolute and regional cerebral perfusion assessmefgasibility in head-down position
with arterial spin-labeling magnetic resonance.A peliminary report on healthy

subjects.

Purpose: HD-positioning, used in some stroke centers dueady ischemic stroke management, is
empirical but supported by some physiological firgdi.It has been shown by non-MR methods that this
position can increase cerebral perfusion. Thidystumed to investigate magnetic resonance imaditiR))
ability to measure the response to head dowrHIX) challenge in healthy volunteers. Cerebral bloo

flow (CBF) was assessed with arterial spin labe(®§L)in supine and HD (-15°) positions.

Methods: Cerebral perfusion was measured in supine and Hillipws in seven healthy subjects at 1.5 T
with a large magnet bore (70 cm) MR device. 3D-pgsegontinuous arterial spin-labeling (pCASL)
sequences were acquired in both positions and reielbod-flow (CBF) maps were reconstructed. Regio
of interest were: subcortical grey matter struesu{Accumbens nuclei, Amygdala, Caudate nucleus,
Hippocampus, Pallidum, Putamen and Thalamus), wtmtgcal grey matter andwhole white matter.
Results:White matter and subcortical gray matter structlC&f, averaged over the volunteers’ sample,
remained stable from supine to HD position. Accansbnuclei and cortical grey matter CBF decreased b
11.5% (P=0.013) and 11.4% (P=0.018) when headiposvas changed from flat to -15°.

Conclusions. RegionalCBF assessment especially in HDT is chailtgnwith most perfusion techniques
because of ionizing radiations, inherent limitaicend logistical considerations. This preliminaepart
presents a non-invasive technique assessing ré@odabsolute cerebral blood flow changesin respdo

posture change. It can lead to further clinicakstigations for a better understanding of cergiediusion.
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INTRODUCTION

CBF quantification is challenging. Different tecnes have been used to assess cerebral perfusion
directly or indirectly withthe gold standard betr@-PET" ? (positron emission tomography). However,
because of radiation exposure and its high costatailability of this modality is limited.

The most common noninvasive technique for CBF eudirassessment is transcranialDoppler
4(TCD), which provides a good temporal resolutiorithATCD, blood-flow velocity can be continuously
monitored in the main supply arteries, usuallyriddle cerebral artery (MCA). The vessel crossicaet
area is the proportionality coefficient betweemfland velocity. However, TCD can only assess nadadind
hemispheric CBF changes. Moreover velocity is messwnly in the MCA trunk while microvascular
blood flow in deep cerebral parenchyma is poorlseased. Near infrared spectroscopy (NIR&)d more
recently diffuse correlation spectroscOpgre also noninvasive and allow continuous momitprf
deoxyhemoglobin and oxyhemoglobinin cortical regiorLike TCD, NIRS anddiffuse correlation
spectroscopycan assess cerebral perfusion durisigigno changes but, again, it only estimates nedati
changes.Imaging techniques like single photon-eanssomputed tomography(SPECT), positron-emission
tomography (PET)and perfusion computed tomography(CTgan evaluate CBF, but continuous CBF
measurement or repeated assessments within btixivats (<24 hours) are not possible, because of
contrast-agent persistence or potential side sffect
Magnetic resonance (MR)-perfusion techniques visealobal or regional absolute CBF and correlate
positively with TCD and®O-PET °,

However, due to small-bores, MRI was so far restddo supine position anddid not allow position
changes.Moreover, the first MR-perfusion assessreafinique was done through dynamic susceptibility
contrast (DSC)™, requiring an intravenous contrast agent basedgadolinium chelates.Gadolinium
persistence in vessels prevents repeated CBF assmatssat brief intervals. Arterialspin-labeling (ASs an
MR technique providing images of absolute regid@BF without contrast-agent injection, used in pgidn
assessmefft’?

HD-positioning, used in some stroke centers dueady ischemic stroke management, is empirical
but supported by some physiological findings. latadgschemic stroke patients, this position may$ed to

increase cerebral perfusfoll Most studies dealing with posture influence orebeal perfusion usually



investigate global effect on perfusion and asseksive cortical perfusidtt® The aim of this preliminary
study was to assess the feasibility ofregionalglotdal CBF changes measurements with ASL MRI irdhea

down (HD) position.

MATERIALS AND METHODS

Subjects
Seven healthy subjects (2 women, 5 men) were edrdillean age was 33.4+7.7 (range 26—42) years. They

all underwent a physical examination and gave thérmed consent. All were nonsmokers, normotessiv
without diabetes and none was on medication. Nigic&f or alcohol intake was allowed the day of MRl
and, for women of procreation age, the test watbopeed soon after their menstrual periods. Thequalt
was approved by the local ethics committee andivedeinstitutional review board agreement. Our

procedures were in accordance with the Helsinki&@ation of 1975 (and as revised in 1983).

Head Down Tilt Protocol

Angles of 0° and -15° were sequentially evaluatddasurements at 0° (supine) were considered as the
baseline against which HD position (-15°) angle waspared. Supine position was carried out befdde H
position. To achieve the HD position, the subjeat carefully positioned on a customized foam restr
(with 40° angulation over 20 cm at one end; Figure 1), avoiding neck extension or compression of jugular
veins or carotid arteries, with a mean —15° anglevben the upper thorax and head. The head was
approximately 20 cm below the heart, whereas theeldody remained flat. In each position, a 3D-ASL

sequence was obtained after 4 minutes of equiidirat

Cerebral Blood Flow Measurement

MRI measurements were obtained with a large bddec(@) 1.5-T MR magnet (MR450w, GE, Milwaukee,
WI, USA). We used a standard head—neck—spine érakiannel head coil).
Axial T1 weighted images were acquired using a 3Bdignt echo (GRE) sequence for segmentation

purpose. 3DT1 images were acquired in supine posithcquisition parameters were set as following:



repetition time (TR) / echo time (TE):10.796 mst ms, inversion time (T1): 500 ms, Bandwidth88&,79
kHz , field of view (FOV) : 240 x 240 mm?2, matriize was 256x 288, in plane resolution: 0.94x0.832mm
and slice thickness 1.4 mm for a total acquisitiore of 2 minutes.

3D-FSE (fast spin echo) pseudo-continuous ASL (pOAa&juences were obtained in both positions with
following parametersflip angle, 155°; TR/TE, 4554 ms/10.7mdabeling time, 1525 ms post-labeling delay,
1525 ms Distance between labeling and image plane: ~ 10 E®V, 240x240 mA) matrix, 512 points x 8
arms (spiral acquisition); slice thickness, 4 mm; no gap; 60 images (30 control and 30 labeled), 4 fnm
isotropic resolution, NEX=3, for a total acquisititime of 4 min and 28s. The image acquisition plams

the same in both positions.

Post-processing
For pCASL processingubtracted raw images were post-processed usingRézdyview software on an

Advantage Windows 4.6 workstation (GE Medical Systg generating CBF maps in units of milliliters pe
100 grams per minute.CBF quantification was categlaas follows using a conventional single
compartment model as previously descried

For each subject, T1 skull-stripped images wereegdad by running the FSL Brain Extraction Tool
software (BET, http://www.fmrib.ox.ac.uk/fsl/bet@dex.html) on the high resolution T1 images. 3DT1
sequence was performed only in supine positiorveagithen coregistered with ASL raw data in bothrseip
and HD positions (after proper reorientation).

T1 images were segmented into three tissue clg§sgsre 2) in its original resolution using FMRIB's
Automated Segmentation Tool (FAST, http://www.fmek.ac.uk/fsl).

Grey matter (GM) and white matter (WM) binary magksth a 0.9 threshold) were obtained for further
guantitative analyzes on CBF maps thus limitingtipavolume effects. Deep subcortical grey matter
(scGM) structures segmentation was performed wih FIRST (FMRIB's Integrated Registration and
Segmentation Tool). Accumbens nuclei, Amygdalajdagée nucleus, Hippocampus, Pallidum, Putamen and
Thalamus volumes of interest (VOIs) were obtainBdyre 2) and converted into binary masks for
coregistation with CBF maps in supine position. Role cortical GM (cGM) mask was also computed from

those structures. The same processing protocoapglged for CBF maps in HD position.



Statistical Analysis

Non normal data distribution was assumed and rsdédeowing to the low number of data. CBF changes
were analyzed using nonparametric Wilcoxon rankstesth Statview software (SAS Institute v5.0, Gary
NC, USA). Following T1 images segmentation and gisteation with ASL, mean right-and-left subcortica
GM (scGM), whole WM and whole cortical GM (cGM) V®Were obtained.

Corresponding absoluteregional CBF valueswere cosdpaéetween supine and HD positiofs:0.05

defined significance for all tests.

RESULTS

The HD position was clinically well-tolerated by alibjects.

In supine position, CBF was higher in cortical G8GM) than in subcortical GM (scGM) and WM
(respectively P=0.028 and P=0.018). CBF in scGM sigsificantly higher than in WM (P=0.018).

From supine to HD position (Table 1), CBF declirsgghificantly by 11.4+0.3 %in cGM (P=0.018)
and 11.5+0.3% in accumbens nuclei (P=0.013). CBEegaremained stable in all other subcortical GM
structures and WM. Among subcortical GM, pallidumdhthe lowest CBF values. Figure 3 illustrates

significant cortical CBF variations in one subject.

DISCUSSION

ASL technique is a noninvasive tool to assess abesaind regional CBF. In supine position, CBF in
WM was very low compared to other ROIs, but it i®wn that CBF varies among WM regions, from 33 to
45 mL/100 g/minute according to Tarumt al**. Higher CBF values were observed in cortical GM in
comparison to subcortical GM regions as reportedvehere in literatufé The lowest GM perfusion was
found in pallidum as reported elsewhere due thiih concentration of iron shortening the local’T1

Recently, Favilla and &lmeasured with diffuse correlation spectroscopjnarease in cortical CBF
associated with lower head of bed angle in acuieeimic stroke patients. It is generally assumetltthia
position may increase CBE® ¢

The current study demonstrates that measuring atlesagional CBF changes with head down tilt is



feasible with ASL MRI. From supine to HD positioBBF remained steady in white matter and in most
subcortical GM regions while simultaneously decdmgasignificantly in cortical GM (—(11.4+0.3) %) dn
accumbens nuclei (-(11.5+0.3)%) when averaged sacteealthy volunteers. Decreased perfusion in
accumbens nuclei may be explained by anxiety acaogipg the exam. It is welldocumented that those
nuclei are involved in emotional and key-rewardgessing regior$

This diminished CBF was also observed by Lue@s, who measured a lowercortical oxygenationafter
pharmacologically inducedchanges in mean bloodspres

Unchanged perfusion in subcortical GM structures$ ahite matterwith posture change can be explayed
cerebral auto regulation processes as suggest@dlinas et al.stud¥ In this study, 21 healthy volunteers
were randomly exposed to 90° HD and 90° head-ugipos. Theyobserved that MCA blood flow velocity
remained stable, while mean arterial pressure ase@ significantly. They concludedthat perfusiors wa
remarkably well-maintained.

Two quite recent MRI technological advances enaltherl design of our study. First, ASL MR
perfusionallows noninvasive repeated (but not caatus) cerebral perfusion measurements with refjiona
absolute and reproducible CBF quantification. Sd¢@nlarge 70-cm magnet bore, available in comrakrci
MR devices since 2005, allows moderate changebeotibject’'s position. HD positioning, despite mino
discomfort, was well-tolerated by all subjects arelwere able to acquire MR images.

Our pCASL sequence employed adiabatic labeling lzexckground suppression pulses, a fast spin echo
(FSE) acquisition, and a quantification approackedaon a separate reference image to minimize, non-
uniformities of the radiofrequency transmit andeige fields and the static magnetic field contribnt

Caution was made to place labeling plane orthodpnallarge tagged arteries direction for similar
labeling efficiency in both positions. Influence béad tilt on labeling efficiency could beinteragty
studied in future investigations.

Ourstudy is nevertheless only a preliminary repoat should be completed on several axes. First,
cerebral perfusion was evaluated only few minutess &D-positioning, corresponding to an early teat
autoregulation stage. Moreover, we studied hewgleer small sample while CBF can be modified byeoth
parameters such as age or sex.Supine positionysesrstically carried out before HD position whioly

represent a bias. This study may be completediget series considering individual variability amduld



also benefit from cerebrovascular reactivity coeistigation® to establish correlations with CBF regional
changes. Concerning regions of interest, we stuteaverall cortical GM perfusion with HD positiag.
Cortical segmentation, in order to distinguish eaohtical territory specific response would be atfar

interesting topic.

CONCLUSION

We present a preliminary study that reports thesibgidly of measuring CBF changes with HD
positionbyMRI. White matter and subcortical graytteastructures perfusion remained unchanged with H
positioning whereas accumbens nuclei and cortical gnatter perfusion decreased significantly. The
present study represents an initial step to expleggonal and absolute cerebral blood flow changes
response to posture change with ASL. It could bgreft interest for a better understanding of gateb

perfusion in physiologic and pathologic conditions.
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Table 1 Regional cerebral blood flows (in mL/100 g/min)simpine and head-down positions

VOIs:
Subcortical Grey matter
structures:

Accumbens nuclei
Amygdala

Caudate

Hippocampus

Pallidum

Putamen

Thalamus

Subcortical Grey matter
Cortical Grey matter
White matter

Position pP
Supiné® Head Dowrf
49.98:6.62 44.2%6.75 0.013
40.359.04 39.944.64 0.64
36.92+4.83 35.524.45 0.43
40.13:3.72 39.795.04 0.43
36.334.84 35.464.29 0.98
41.446.42 40.165.31 0.88
41.045.74 39.626.61 0.76
40.88+5.04 39.25+4.66 0.76
49.4+5,54 43.767,98 0.018
29.97+3.45 29.69+4.96 0.75

%All values are means = s.d. of left-and-right sides
PPvalues were obtained by testing the mean of diffezs from 0 for paired series.



Titles and legends to figures

Figure 1. Subject on the MRI table in a supine position é&) after adding the customized foam mattress
to raise the body and obtain a —15° head-downipagiB).

Figure 2. Binary masks derived for coregistration with CBRpa (A)WM ; (B) subcortical GM structures
(clear blue: caudate; blue: pallidum; pink: putamen; green : thalamus); (C) cGM in native T1’s space subject.
Figure 3. Example of cerebral blood-flow variations betweaepine position (A) and head-down re-aligned
to supine position (B) positions in a 26-year-adhle subject.

The visual color scale indicates CBF (mL/min/100ggrease in cortical GM (- 23%).



Figure 1. Subject on the MRI table in a supine position (A) and after adding the customized foam mattress

to raise the body and obtain a —15° head-down position (B).

Figure 1. Subject on the NRI table in a supine position (A) and after adding the customized

foam mattress to raise the body and obtain a ~15° head-down position (B).

Figure 2. Binary masks derived for coregistration with CBF maps (A) WM ; (B) subcortical GM structures

(clear blue: caudate; blue: pallidum; pink: putamen; green : thalamus); (C) cGM in native T1’s space subject.

Figure 2. Binary masks derived for coregistration with CBF maps (A) WM; (B) subcortical

GM struc tures (clear blue: caudate; blue: pallidum; pualke putamen; greea : thalamus); (C)

<GM in native T1's space subject



Figure 3. Example of cerebral blood-flow variations between supine position (A) and head-down re-aligned
to supine position (B) positions in a 26-year-old female subject.

The visual color scale indicates CBF (mL/min/100g) decrease in cortical GM (—23%).
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Figure 3. Example of cerebral blood flow variations betweeen supine (A) and
head-down realigned to supine position (B) positions in a 26 years-old female
subject.

The visual colorbar indicates CBF(mL/min/100g) decrease in cortical GM(-23%).



ANNEXE

Table 2 Individual results for each VOI expressedn meanzstandard deviation (sd) CBF (in mL/100g/min)n both supine and HD positions.

Accumbens| Amygdala | Caudate | Hippocampus| Pallidum | Putamen | Thalamus | Cortical GM | White matter

Subject 1 Supine 52.820.62 | 40,320.05| 38,11%0.47| 43,16+0,07 | 35,02+0,7810,43+4,11 45,69+2,41 57,06+13,22 | 30,84+10,45
Head Down | 52.112.86 | 43,480.78| 39,40.25| 42,60+0,80 | 39,06+2,9144,47+0,99 45,78+0,57 54,43+14,47 | 32,78+11,14

Subject 2 Supine 43.154.29 | 32,7#4,47 | 32,1 #1.41| 34,82+1,84 | 31,89+0,485,10+1,19 36,42+2,21 41,9412,61 | 25,34+9,33
Head Down | 36.781.94 | 34,8t4,21 | 27,53%1.63| 33,52+2,61 | 30,08+3,2432,86+2,80 32,35+1,1Q 35,9%11,30 | 22,95+8,94

Subject 3 Supine 49.4%4.53 | 38,981,411 |36,93+0,73 | 42,16+0,66 | 37,61+4,041,97+2,77 41,12+1,61 53,7%14,17 | 30,93+10,75
Head Down | 48.45:0.83 | 39,430,85 | 37,48+0,47 | 40,00+1,81 | 39,47+2,3243,92+0,26 42,18+0,73 52,16:14,67 | 29,75+10,85

Subject 4 Supine 46.0%0.01 | 35,0x2,94 | 32,31+0,02 | 39,02+0,65 | 35,33+2,8%41,18+3,73 36,68+2,11 46,0%12,76 | 27,01+9,68
Head Down | 47.8(2.36 | 40,5%0,18 | 38,95+3,01 | 38,74+1,37 | 38,90+0,4//44,61+0,79 38,45+1,83 42,1517,49 | 36,91+16,02

Subject 5 Supine 61.7%9.51 | 60,02+6,50 | 46,85+2,09 | 41,72+8,97 | 46,06+3,9153,85+8,39 46,97+1,85 44.3320,46 | 36,06+12,42
Head Down | 46.16:8.64 | 45,54+0,03 | 36,31+0,88 | 36,50+1,15 | 33,43+3,2640,05+6,54 36,73+2,26 33,7315,91 | 27,3349,43

Subject 6 Supine 49.44:2.07 | 36,704£0,35 | 37,02+1,85 | 40,88+0,51 | 33,13+1,7739,57+1,99 44,67+0,17 53,19+13,57 | 30,86+12,42
Head Down | 43.92:2.50 | 45,4240,37 | 38,04+0,62 | 49,08+2,98 | 36,76+1,7/41,95+0,95 50,09+1,1Q 48,04+13,74 | 33,23+11,94

Subject 7 Supine 47.220.01 | 38,65+2,64 | 34,73+0,07 | 38,96+0,71 | 35,30+1,1537,99+0,13 35,71+1,22 49,3812,70 | 28,76+10,44
Head Down | 35.52:0.01 | 33,3444,50 | 30,95+0,28 | 38,12+3,21 | 30,52+0,6633,25+0,55 31,79+0,14 39.8211,88 | 24,92+9,64




