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ARTICLE INFO ABSTRACT

The purpose of this study was to compare the Infinite Cylinder and Forward Field methods of quantifying global
venous oxygen saturation (Y,) in the superior sagittal sinus (SSS) from MRI phase data, and assess their ap-
plicability in systemic cerebrovascular disease.15 children with sickle cell disease (SCD) and 10 healthy age-
matched controls were imaged on a 3.0 T MRI system. Anatomical and phase data around the superior sagittal
sinus were acquired from a clinically available susceptibility weighted imaging sequence and converted to Y,
using the Infinite Cylinder and Forward Field methods. Y, was significantly higher when calculated using the
Infinite Cylinder method compared to the Forward Field method in both patients (p = 0.003) and controls
(p < 0.001). A significant difference in Y, was observed between patients and controls for the Forward Field
method only (p = 0.006). While various implementations of Y, quantification can be used in practice, the results
can differ significantly. Simplistic models such as the Infinite Cylinder method may be easier to implement, but
their dependence on broad assumptions can lead to an overestimation of Y,, and may reduce the sensitivity to
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1. Introduction

Global venous oxygen saturation (Y,) is a clinical parameter for
interpreting cerebral physiology, and is directly linked to the quantifi-
cation of oxygen extraction fraction and the cerebral metabolic rate of
oxygen [1]. MRI offers various methods that are capable of non-in-
vasive Y, quantification, both regional and global. However, global
measures are currently more practical for clinical protocols due to re-
strictions on image acquisition times, in addition to increased robust-
ness [2]. Of particular interest are global susceptometry methods, as
they enable rapid Y, quantification using data that can be acquired from
clinically available sequences.

MR susceptometry techniques utilize the measured signal phase
shift between intravascular blood and the surrounding tissue to calcu-
late global Y,. This difference in phase is dependent on the in-
travascular susceptibility, which is driven by the concentration of
deoxyhemoglobin and is also a function of the vessel geometry relative
to the main magnetic field. The most commonly used modeling tech-
nique for Y, quantification from susceptibility shift is based on the
Infinite Cylinder approximation [3-5]. This approach is favoured for its

simplicity, as it assumes the vessel of interest can be described by a
straight cylinder with length far greater than diameter. Whilst pre-
viously validated in large vessels such as the superior sagittal sinus
(SSS) [6], it has recently been suggested that this model is not an ap-
propriate representation of the actual vessel shape and orientation [7].
To address this potential oversimplification, Driver et al. [7] recently
proposed an alternative to the Infinite Cylinder approach. The applica-
tion of the Forward Field calculation [8] enables the numerical com-
putation of the magnetic field perturbation arising from an arbitrary
vessel shape such as the volume of the SSS. This technique removes the
assumptions enforced by the Infinite Cylinder approximation and thus
produces a more accurate quantification of Y,. Preliminary results in
healthy adult subjects showed that Y, is consistently higher when
measured with the Infinite Cylinder in comparison to the Forward Field
approach, suggestive of systemic bias, making its validity for applica-
tion in clinical studies uncertain. However, in the absence of a direct
comparison of these two methods in a clinical population, their re-
spective abilities to detect pathophysiological changes in Y, are not
known.

Here, we implement and compare the Infinite Cylinder and Forward
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Field methods for Y, quantification in a clinical population suffering
from systemic cerebrovascular disease and at high risk of ischemic
damage, specifically children with sickle cell disease (SCD). Paediatric
SCD is characterised by chronic hemolytic anemia and microvascular
occlusion, which alters oxygen dynamics in the brain [9] and puts pa-
tients at increased risk of severe neurological complications such as
overt ischemic stroke, silent cerebral infarcts and neurocognitive mor-
bidity [10]. The primary hypothesis is that due to more detailed
modeling of vessel shape and orientation, the Forward Field approach
will provide a quantifiable improvement in the detection of patho-
physiological changes in Y,. A secondary hypothesis is that Y, quanti-
fied with the Forward Field approach will be more strongly associated
with markers of disease severity in patients with SCD, than with the
Infinite Cylinder method.

2. Materials and methods
2.1. Subject recruitment

The study was approved by our institutional Research Ethics Board
and informed written consent was obtained from all subjects prior to
the study, conforming to the standards of the Declaration of Helsinki for
medical research involving human subjects. Fifteen children
(14.4 = 2.4years, 9 male, 6 female) with sickle cell disease (14 HbSS,
1 HbSB*) were recruited from our institution's Haematology clinic and
included in this study. Exclusion criteria included a history of focal
neurologic events lasting > 24 h or blood transfusion therapy (chronic
or emergent) within 3 months of the study. For comparison, ten healthy
age-matched children (13.6 *= 3.7 years, 6 male, 4 female) were in-
cluded. All subjects were asked to abstain from consuming caffeinated
and/or alcoholic beverages on the day of the MR scan.

2.2. MRI protocol

Image acquisition was performed on a 3.0 Tesla clinical MRI
scanner (Magnetom Tim Trio, Siemens Medical Solutions, Erlangen,
Germany) using a 32-channel head coil. For Y, quantification, magni-
tude and phase data were acquired using a 3D FLASH sequence avail-
able via a clinically available flow-compensated susceptibility-weighted
imaging (SWI) package (TR/TE = 28/20ms; FA =15°; voxel
size = 0.85 X 0.7 X 1.2mm; slices = 72; FOV = 230 X 172mm; ac-
celeration factor = 2; duration = 5min). The slices were prescribed
orthogonal to the main magnetic field (By) with the lowest slice in-
cluding the confluence of sinuses. Phase images were homodyne filtered
as part of Siemen's online SWI post-processing using a Hanning window
size of 64 x 64 [11,12].

Pulsed arterial spin-labeling (ASL) data were acquired using a
clinically available sequence (2D-EPI PICORE Q2TIPS: TI; = 700 ms,
TI, = 1800 ms) [13]. A total of 91 dynamics were acquired, consisting
of a proton-density calibration (M,) image followed by 45 tag-control
image pairs. The cerebral blood flow (CBF) quantification pipeline with
PASL has been previously described in detail [14]; in brief subtracted
perfusion-weighed pairs were fit to a single-compartment kinetic model
[15] on a voxelwise basis, assuming T of arterial blood of 1818 ms for
patients [16], and 1650ms for controls [17]. High-resolution T;-
weighted anatomical images were acquired using a 3D MPRAGE se-
quence (TR/TE = 2300/2.96 ms, FOV = 256 mm, 1.0 mm isotropic re-
solution) for isolation of grey matter (GM) CBF, following nonlinear
registration between images (FNIRT, FSL).

2.3. Haematologic measures

For patients, measures of haematocrit (Hct) were recorded from a
complete blood count acquired from a clinical blood draw taken within
30 days of the MRI scan. For healthy volunteers, Hct values were as-
sumed to be 0.41 for males and 0.39 for females, based on literature
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values [18].
2.4. 'Y, quantification

Global Y, was calculated according to Eq. (1) by considering the
measured phase shift in the vicinity of the superior sagittal sinus (SSS):

—1_ Agy,
Y A-y-TE-By-Het-Ayy, @
where Y is the proton gyromagnetic ratio

(y = 2.675 x 108rads~ T 1), TE is echo time, By is field strength, Hct
is haematocrit and Ayy, is the volume susceptibility difference between
fully deoxygenated and oxygenated hemoglobin (Ayg4, = 0.27 ppm).
A¢yy is the difference between the mean phase measured within the SSS
and the mean phase of the surrounding tissue, and A is a geometric
parameter representing the contribution to the magnetic field distortion
caused by the shape and orientation of the vessel. Both A¢;, and A
parameters are subject specific and are estimated from the MRI data.
Image post-processing and simulations were performed using in-house
code (MATLAB version 2013b, The MathWorks Inc., Natick, MA).

2.4.1. Infinite cylinder method
By modeling the SSS as a sufficiently long and uniform cylinder, the
geometric term A can be simplified to a closed form solution:

A (3cos?6 — 1)’

6 (2

where 6 represents the angle between the longitudinal axis of the cy-
linder and the main magnetic field By, which was measured in the sa-
gittal plane for each subject (Fig. 1) using the Mango Multi-image
analysis GUI (http://rii.uthscsa.edu/mango/).

The phase difference (A¢p) from Eq. (1) corresponding to this
model was calculated by defining appropriate regions of interest (ROI)
in slices representative of this cylinder orientation. First, a ROI of the
SSS was manually drawn on the SWI magnitude image on five con-
tiguous slices in which the SSS was most straight. To minimize potential
confounds from partial volume effects, an intravascular ROI (ROIyy)
was formed by eroding the SSS ROI inward by one voxel. An extra-
vascular ROI (ROIgy) was defined for the surrounding tissue by dilating
the sagittal sinus ROI by seven voxels and then removing the center of
the ROI, leaving a two voxel wide region surrounding the SSS for each
slice. ROIs were subsequently applied to the filtered phase image
(Fig. 1), and intensity-based thresholding applied to the ROIy to re-
move any residual extravascular contributions from smaller vessels
(consistent across all subjects). Mean intravascular and extravascular
phase were calculated, and resulting phase difference values used to
calculate Y, for each slice, all of which were averaged to determine per
subject measures.

2.4.2. Forward field method

In the absence of any assumptions about the geometry and or-
ientation of the SSS, the parameter A can only be estimated through
numerical methods. Similar to the Infinite Cylinder method, an ROI for
the SSS was defined from the SWI magnitude image, but extended to
include all slices where a clear cross-section of the vein was visible.
Subsequently, ROIy and ROIgy were defined across these slices by
erosion and dilation, as described earlier.

A was found using the Forward Field calculation [8]. Briefly, the
manually drawn ROI volume representing the SSS was incorporated
into a numerical simulation in which the vessel shape was assigned an
arbitrary susceptibility value of 1 unit and the surrounding uniform
medium was assigned a susceptibility value of O units. Next, the sus-
ceptibility map was padded to centre the SSS ROI in a cubic matrix of
uniform dimensions. The relative perturbation of the magnetic field
pattern was then simulated for this geometric configuration by con-
volving the susceptibility map with the unit dipole field or convolution
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kernel, presented as Eq. (4) of Wharton et al., in order to orient the
magnetic field perpendicular to the image slices [19]. This simulation
was performed in the Fourier domain and took into account the ani-
sotropic voxel dimensions of the image data (MATLAB version 2013b,
The MathWorks Inc., Natick, MA). Inverse 3D discrete fast Fourier
transform was carried out, and the resulting field perturbation map was
unpadded in order to align with the original image. A was calculated as
the difference between the average field perturbation in the ROl and
ROIgy at each image slice. A¢r, was also calculated for each pair of
ROIs, such that A, A¢y, and subsequently Yv, were available for each
subject on a slice-by-slice basis. Upper and lower slices were discarded
due to edge effects, and parameters averaged across remaining slices to
obtain mean values to be used for subsequent analysis.

The SSS diameter was manually measured, and subsequently aver-
aged, across all slices selected for analysis, using the ‘Ruler’ tool in the
Mango Multi-Image Analysis GUI (http://ric.uthscsa.edu/mango/
download.html).

2.5. Statistical analysis

Between-group statistical comparisons were made using a two-
tailed Welch's t-test, and within-group comparisons were made using a
two-tailed paired Student's t-test. Correlations between Y, quantified
with the Forward Field and Infinite Cylinder methods, and Y, with both
Hct and GM CBF, were assessed separately in patients and controls
using the Pearson product-moment correlation coefficient. Statistical
tests were implemented in R [20], and p < 0.05 were considered sig-
nificant.

3. Results

All subjects completed the scan session as planned. Manual in-
spection of EV and IV ROIs showed residual IV contributions in the EV
ROI, and so the EV ROI was re-made by dilating the SSS ROI by nine
voxels, rather than 7.

Haematologic parameters are summarised in Table 1, and overview
of MRI-based parameters used for Y, quantification given in Table 2.
Method choice had no significant impact on A¢yy in either patients or
controls (p=0.083 and p=0.32 respectively). However,
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Fig. 1. Example of region of interest (ROI) selection in the
susceptibility-weighted image (SWI) of a representative
control subject. The superior sagittal sinus (SSS) can be
visualised on an axial slice of the magnitude (A) and
phase (B) images. (C) The location of the selected slice in
the sagittal view is signified by the yellow line, with angle
from By shown in pink. The green region indicates the 5
contiguous slices used for the Infinite Cylinder approx-
imation. (D) Automated segmentation and erosion/dila-
tion generates the intravascular (red) and extravascular
(blue) ROIs, which are overlaid onto the phase image.
(For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of
this article.)

Table 1
Subject characteristics and haematologic variables (mean * SD).

Variable Healthy controls Patients with SCD
Age (years) 13.6 £ 3.7 145 = 24
Sex (M/F) 6/4 9/6
Haematocrit - 0.288 + 0.028
Hemoglobin (g/dL) - 101.3 = 10.1
Reticulocytes (%) - 7.48 = 3.23
Absolute Reticulocytes (K/mm?) - 225.8 + 86.4
Mean corpuscular volume (fL) - 95.2 = 12.6
Sa0, (%) - 99.0 = 0.02
White Blood Cells (x 10°/L) - 10.2 * 4.0
Neutrophils (x 10°/L) - 5.66 + 3.99
Lymphocytes (x 10°/L) - 3.15 + 0.82
Platelets (x 10°/L) - 371.1 + 131.6

Table 2
Quantification of venous oxygen saturation for patients with sickle cell disease
and healthy controls.

Healthy controls Patients with SCD p-Value
Hct 0.402 = 0.1 0.289 =+ 0.26 -
GM CBF (ml/min/100 g) 32.8 = 14,5 59.1 = 11.9 < 0.001
Arc 0.298 + 0.025 0.291 =+ 0.028 0.51
Agp 0.227 =+ 0.022 0.207 =+ 0.03 0.062
Ay ic 0.113 * 0.042 0.0704 = 0.028 0.014
Adrv rr 0.121 * 0.024 0.0591 = 0.018 < 0.001
Yic 0.772 * 0.067 0.805 * 0.074 0.26
Yyer 0.692 =+ 0.049 0.758 =+ 0.057 0.006
Number of Slices;c 5 5 -
Number of Slicesgy 26 + 6 21 =+ 8 0.112
O1c () 14.3 = 5.7 16.1 = 6.6 0.52
SSS Diameter (mm) 78 = 1.4 89 + 1.4 0.07

GM CBF, Grey matter cerebral blood flow, A, geometric parameter; A¢yy,
measured change in intravascular-extravascular phase; Y,, venous oxygen sa-
turation; SCD, sickle cell disease. IC and FF subscripts denote Infinite Cylinder
and Forward Field methods, respectively. Data presented as group
averages = SD.
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Fig. 2. A significant elevation in venous oxygen saturation (Y,) was observed in
children with sickle cell disease (SCD) as measured with the Forward Field
method in comparison to healthy controls (p = 0.006). No significant difference
was observed between patients and controls with the Infinite Cylinder method
(p = 0.26).

quantification of A using the Forward Field method gave values sig-
nificantly lower than for the Infinite Cylinder method (p < 0.001 for
both patients and controls). For both patients and controls, Y,, measured
with the Infinite Cylinder method was significantly higher than it was
when measured with the Forward Field method (p = 0.003 and
p < 0.001 for patients and controls respectively). GM CBF was sig-
nificantly elevated in patients in comparison to healthy controls
(Table 2, p < 0.001). Mean variance in Y, across slices was 0.022 in
patients and 0.019 in controls as measured with the Forward Field
method. For the Infinite Cylinder method, mean variance in Y, across
slices was 0.003 in patients and 0.006 in controls. This through-plane
variance in Y, did not differ significantly between patients and controls
for either method.

Patients with SCD showed a significant reduction in A¢;y, in com-
parison to controls for both methods (p = 0.014 and p < 0.001 for
Infinite Cylinder and Forward Field methods respectively), while there
were no significant between-group differences in measurements of A.
For the Forward Field method, this led to a significant elevation in Y, in
patients with SCD (Fig. 2, p = 0.006). There were no significant dif-
ferences in Y, in SCD patients when the Infinite Cylinder method was
used (Fig. 2, p = 0.26). No significant differences in SSS diameter were
observed (p = 0.07).

1.0 -

Forward Field (Y,)
(=]
[+

0.7 A
O Controls
0.6 ©
EmSCD
0.5 T T T T |
0.5 0.6 0.7 0.8 0.9 1.0

Infinite Cylinder (Y,)

Fig. 3. A significant positive correlation was observed in venous oxygen sa-
turation (Y,) as measured with the Forward Field and Infinite Cylinder method
in both healthy controls (r = 0.88, p < 0.001) and patients with sickle cell
disease (SCD) (r = 0.71, p = 0.003).
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Correlation analysis between Y, quantified using the Forward Field
method and the Infinite Cylinder method (Fig. 3) revealed a strong po-
sitive correlation for both healthy controls (r = 0.88, p < 0.001), and
patients with SCD (r = 0.71, p = 0.003). Correlation analysis between
Y, with Hct in patients with SCD (Fig. 4A) revealed a strong negative
association for both the Infinite Cylinder method (r= —0.64,
p = 0.046), and Forward Field method (r = —0.60, p = 0.018). Hct was
assumed for healthy controls, thus correlation with Y, was not assessed.
Correlation analysis between Y, with GM CBF (Fig. 4B) revealed a
significant negative association for patients with SCD for the Forward
Field (r = —0.66, p = 0.007) and a trend for the Infinite Cylinder
method, which did not reach statistical significance (r= —0.52,
p = 0.12). No significant association was observed between Y, and GM
CBF in healthy controls for either the Infinite Cylinder or Forward Field
method.

4. Discussion

The present study demonstrates the application of two clinically
feasible MR susceptometry techniques for measuring global Y, in pa-
tients with cerebrovascular disease. Importantly, we highlight the
limitations of using the Infinite Cylinder model in comparison to the
more recent Forward Field method when assessing a clinical population,
at the potential cost of more demanding acquisition (pre-requisite of 3D
field map, with associated time penalty) and computational load. Only
for the Forward Method was a significant increase in Y, observed in
patients with SCD in comparison to healthy controls, in line with
findings of a recent TRUST MRI study, optimised for application in SCD
patients [9]. However, earlier TRUST MRI studies have reported a
conflicting reduction in Y, in patients with SCD [21,22], however this
plausibly reflects inappropriate calibration method in this disease po-
pulation, rather than actual pathological changes [9].

Previous research comparing quantification strategies in healthy
volunteers reported similar within-group results [7]. Modeling the SSS
as a long and uniform cylinder parallel to B, assumes the maximal value
for the geometric parameter A and will ultimately lead to an over-
estimation of Y, compared to other analysis methods. Nonetheless, the
Infinite Cylinder model has previously been considered an appropriate
strategy in clinical studies on brain injury [23,24]. However, in a group
of patients with traumatic brain injury, Ragan et al. report the need to
exclude those with moderate disease severity due to wide variability in
measured values [23]. It was not possible for the authors to distinguish
methodological error from disease variability, highlighting the need for
a global quantification method to better account for individual varia-
bility associated with vessel geometry and orientation. In an effort to
maximise the accuracy of the Infinite Cylinder method, we relaxed the
common assumption that the SSS is perpendicular to BO, thus also the
assumptions that such 6 = 0°, and A = 1/3. Instead, © was measured
on an individual basis, slightly increasing the complexity of this ap-
proach, but not dramatically so. Nonetheless, Y, remained significantly
higher in comparison to the Forward Field approach, in line with the
more simplistic implementation of the Infinite Cylinder [25]. Without a
gold standard for comparison, it is difficult to objectively ascertain
whether Y, is truly overestimated with the Infinite Cylinder approach;
whilst both analysis methods produce Y, values within the physiolo-
gically plausible range of 60-80% [26], the Forward Field method is
more in line with the reported range (63-73%) in previous MRI studies
of healthy volunteers [4,5,27-29].

Both methods compared in this study are based on susceptometry
principles, which assume a fixed susceptibility difference between
blood and tissue (Ayxq,)- Recent in-vitro research has indicated potential
susceptibility changes in the red blood cells of SCD patients [30], but
the overall impact on the quantification has not yet been verified. In
addition, blood samples were not collected from healthy volunteers,
thus Hct values were estimated based on known literature values. These
assumptions, however, were common to both methods, and as such are
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A) B) Fig. 4. . A) A significant negative correlation was observed
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unlikely to significantly bias the comparison. Due to the anaemic nature
of the disease, it is highly likely that the variability in Hct is greater for
patients with SCD than for healthy controls, which may contribute to
the increased variability in Y, in patients in comparison to controls, for
both analysis methods.

In addition to the two methods presented here, a wide range of
alternative MRI techniques for both global and regional Y, quantifica-
tion have been developed [29,31-33]. However, in terms of clinical
relevance, global susceptometry methods are currently preferable as the
SWI sequence is readily available on clinical scanners and the data
acquisition time is appropriate for clinical practice. Furthermore, these
methods do not require prior calibration to scanners, sequences, field
strength or haematologic values, making them more feasible for multi-
centre or longitudinal trials [2].

It has been previously shown that there may be a loss of phase in-
formation if the Hanning window size is too large for the vessel of in-
terest [34]. Here, a window size of 64 x 64 was utilised, as filtering was
performed as part of Siemen's standard on-line processing of SWI data
[12]. Given the measured diameter of the SSS, the use of this window
size may have led to an overestimation in Y, for both the Forward Field
and Infinite Cylinder methods. This was observed in Driver et al.'s in-
travascular measurements of Y, in healthy volunteers, particularly
when the Infinite Cylinder method was applied [7]. However, no sig-
nificant differences in the SSS diameter were observed between patients
and controls. Thus, while absolute Y, may have been impacted, any
between-group differences should remain unaffected.

While a significant correlation between Infinite Cylinder and Forward
Field measures of Y, was observed for both patients and controls, the
association was considerably stronger for controls. The weaker corre-
lation in patients highlights the importance of performing validation in
a clinical population. Our results suggest that accurate modeling of the
entire vessel shape may be necessary for reliable clinical evaluation of
Y,, particularly in patients with known vasculopathy. Furthermore, for
both subject groups, a lower coefficient of variation is observed for the
Forward Field method, nonetheless, a reproducibility study is warranted
to assess potential differences in robustness between the two methods.
In patients with SCD, correlation analysis between Y, and GM CBF re-
vealed a significant inverse association for the Forward Field method
only, with oxygenation reducing as CBF increases. This trend was also
observed for the Infinite Cylinder method, but did not reach significance,
further supporting the notion that the Forward Field method is more
sensitive to pathological alterations. No association was observed in
healthy controls, for either method. This relationship has not previously
been assessed in a paediatric SCD population, but is in contrast to
previous reports in adults with SCD, where both no association, and
positive associations have been reported, depending on patient
grouping [21,35]. Such differences could arise from both technical and/
or physiological sources. Firstly, Bush et al., [35], with whom our
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results most closely align, implemented phase-contrast MRI measures of
total brain blood flow, whereas we measure tissue-level perfusion. It
has previously been established that bulk flow may not be indicative of
tissue-level perfusion in SCD [36], thus direct comparison is challen-
ging. Secondly, patient demographics differed significantly between
this study and previous work, where adults (including those undergoing
transfusion therapy) were imaged. Adult and paediatric physiology and
pathophysiology, and degree of impairment, likely differ in SCD
[10,37], as such our results may reflect more intact haemodynamic
compensatory mechanisms in children with SCD. Thirdly, the majority
of patients in this study (10/15) were undergoing treatment with hy-
droxyurea, which is known to manipulate CBF. While this makes phy-
siological interpretation more challenging, it accurately reflects current
demographics in paediatric patients with SCD.

It is likely that our reported CBF values are slightly underestimated
in this specific patient group, given the range of technical challenges in
both acquisition and analysis of ASL in SCD [38-40]. We have pre-
viously discussed the challenges posed by our current ASL im-
plementation [36], and given recent findings, agree with recent SCD-
specific recommendations that future ASL studies in this population
should ideally implement multiple post-label delays, such that arterial
transit time can be quantified and kinetic modeling expanded to a two-
compartment model [40,41]. Furthermore, a pseudo-continuous rather
than pulsed labeling scheme would likely maximise inversion efficiency
in this high flow environment [35,38,42]. Despite these technical lim-
itations, given that CBF has been reported in this study to allow for
correlation analysis against the Infinite Cylinder and Forward Field
measures of Yy, our conclusions are unlikely to be significantly im-
pacted.

A significant inverse association between Hct and Y, exists for both
analysis methods, interestingly, the association was marginally stronger
for the Infinite Cylinder method, which could be attributed to the larger
range in Y, in the Infinite Cylinder approach (0.67-0.85 for Forward
Field, and 0.67-0.92 for Infinite Cylinder) [43]. Nonetheless, it appears
that both approaches show reasonable agreement with Hct, with in-
creased venous oxygenation with increasing anemia, in line with the
recent findings of Bush et al. [44] with HbS specific calibrated TRUST
MRI, but in contrast to findings using the standard TRUST MRI cali-
bration method [21,44]. While TRUST MRI is often posited as the most
feasible method for quantification of venous oxygenation, findings in
patients with SCD are significantly impacted by choice of calibration
model. This is problematic in a patient group where an array of be-
tween-group differences may already arise due to age, clinical history,
and therapeutic intervention. Thus, the correlations we observe be-
tween Y, and Hct, in this study provide further support for the HbS
calibration model in TRUST MRI. However, further comparisons with
TRUST MRI are warranted, within the same patients.
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5. Conclusions

In conclusion, the results presented in this study reveal the benefits
of adopting the Forward Field analysis method for measuring Y, using
MRI. Our findings are not limited to global quantification strategies, as
the Infinite Cylinder approximation has previously been implemented in
regional analysis around smaller veins [24]. By further developing
these techniques, rapid and reliable assessment of oxygen delivery and
consumption will become clinically feasible, providing valuable insight
into the mechanisms associated with cerebral metabolic dysfunction.
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