Supplemental Data
Kinetic Parameter Estimation

The impulse response function of the adiabatic approximation to the tissue homogeneity

1 t=>a.

(AATH) model (17) can be written in terms of Heaviside step functions, H(t — a) = {0 rea

RAATH(t) = F[H(t) — H(t — T,)] + Kye 2T H (¢t — T,). (S1)

Substituting the above form of R44TH (t) into Equation (4) results in a parametric form of the AATH
time-activity curve:

t

t
QAAT”(t)=FU G (7 — ta) dr — f Cop (& — ta —T,) dt
ta ta+T,

t (52)
+ K; f C(t—tg —TDe E=DH(t — 1) dr
t

a+Te

where C,,;, (t) and C,(t) are the whole-blood and plasma arterial input functions, respectively, and

account for whole-blood flow whereas tracer exchange occurs in plasma. Each integral is zero
when t is less than its respective lower limit of integration. Similarly, the impulse response function

of the standard one-tissue compartment model (S1TC) can be expressed:
RSTC(t) = v, 6(t) + Kje k2t (S3)

where §(t) is the Dirac delta function. The parametric form is then:

t
QSTC(t) = v, C,p (t — tg) + Klf C, (T —tg)e *2t=D g (S4)
tq

We interpreted the C,,, (t) terms as the intravascular distributions of the S1TC and AATH fitted
time-activity curves, and the C,(t) term as the extravascular tissue distribution. Of note, it can be

shown that RS17¢(t) is a special case of R44TH (t) when T, ~ 0. Substituting F = v, /T, in Equation
(S1) and taking the limit as T, approaches zero:
v
lim RA4TH(t) = lim (—b [H(t) — H(t —T,)] + Kye *t-T (¢t — TC)>
T,~0 Te—~0 \ T,

The first term of the limit can be recognized as the derivative of the Heaviside step function, which

is the Dirac delta function. Therefore,

T1C1£n)0 RAATH () = v, 5(t) + K e k2t = RS1TC (1) (S5)
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In this work, we follow the notation used in distributed kinetic models (16,77) and dynamic
contrast-enhanced MRI and CT kinetic modeling conventions (30,37) where the tissue fraction
(1 —v,) has been absorbed into K;. Time-activity curve fitting is not affected but our reported F

and K; values are given per unit voxel volume rather than tissue volume.

All kinetic parameters are estimated using the least-square curve fitting formulation
M R 2
0 =argmin ) wy (Q(tm) — Qt)) (s6)
(4 m=1

where @ includes all unknown kinetics parameters, Q(t) and Q(t) are the measured and fitted
time-activity curves, respectively, M is the number of frames, t,, is the midpoint time of the mth

frame, and w,, is the weighting factor. In this work, we used w,,, = 1.

We used a basis function method (28,29) for solving the least-square fitting problem in
Equation (S6) to estimate all kinetic parameters, including time delay, on time-activity curves of
the dynamic scan’s first two minutes. For the AATH model, basis functions were computed by
using grid searched values of t; from 0 to 50 s, T, from 3 to 50 s, and 100 logarithmically spaced
values of k, between 6x10% to 15 min'. The remaining linear parameters (F, K1) were then
estimated by a non-negative linear least squares algorithm (32). The final set of parameters
(tq, T, F, Ky, k) were the ones that produced the least squared differences between the measured
and fitted time-activity curves. A similar procedure was followed for the S1TC model but without

T, in the grid search and linearly estimating v, and Kj.

For both radiotracers, we assumed that whole-blood tracer activity was equal to that in
blood plasma over the first two minutes of the dynamic PET scan. ""C-butanol rapidly equilibrates
uniformly between blood plasma and erythrocytes (33) and for '®F-FDG, blood plasma is
commonly approximated by the whole-blood image-derived arterial input function. This
approximation may result in a small bias in Ky estimates but otherwise should not affect blood

flow or curve fitting.

The quality of the AATH and S1TC model time-activity curve fits were compared using the
Akaike information criterion (AIC) (43):

M N 2
an (Qtm) ~ 0tm)) 2n(n + 1) (S7)

+2n +

AIC = M1 ST
n M M—-n—1

where n is the number of model parameters. The AATH model comprised n = 5 parameters (t,,
T., F, Ky, k,) while the S1TC had n =4 (t4, vy, Ky, k).
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Tissue Segmentation

The lungs, renal cortex, spleen, and skeletal muscle (splenius capitis, psoas, thigh,
calves), and bone marrow in the pelvis and lumbar vertebrae were manually delineated on 3D
Slicer (Version 5.2) (36) by referencing a combination of the total-body CT, dynamic PET, and 0-
2 minute static PET images. For the brain, we used a deep learning-based '®F-FDG-PET/CT
segmentation tool (37) to delineate the 83 brain regions of the Hammersmith atlas (38), which
were grouped to form masks of the cortical and subcortical grey matter, white matter, brainstem,
and whole cerebellum. The grey and white matter in the cerebrum were distinguished by an Otsu
threshold (39). In participants with both '®F-FDG and "'C-butanol PET, FDG brain masks were
resampled to the "'C-butanol-PET brain space by co-registering (40) the 0-2 minute static '8F-
FDG-PET brain image to that of the ""C-butanol PET. Segmentations were visually inspected and
manually adjusted as needed to avoid large vessels and organ boundaries where motion and

spillover were more prevalent.
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Supplemental Table 1. Range of average blood flow and mean vascular transit time values

reported in literature, mainly for healthy individuals

Blood Flow [mL/min/cm?]

Mean Vascular Transit Time [s]

Tissue Literature Range References Literature Range References
Grey Matter 0.44-0.83 (4,6,18,45-47)* 2.8-5.5 (45,59)**
White Matter 0.16-0.32 (4,6,18,45,47)" 3.5-7.1 (45,59)***
Cerebellum 0.41-0.56 (45,48,49) 3.3-5.7 (45,59)**

Brainstem 0.31 (50)** N/A
Bone Marrow 0.10-0.18 (4,51)* 35.3 (60)**
Skeletal Muscle 0.03-0.05 (4,52)* 40.8 (61)**

Spleen 1.3-1.7 (4,53,54)* 8.1-10.7 (62,63)**
Renal Cortex 1.6-2.0 (4,55)* 6.6-7.4 (64,65)**

Lungs 1.2-1.7 (4,56-58)" 4.7 (66)**

* PET ** MR perfusion *** CT perfusion

Supplemental Table 2. Practical identifiability analysis of the adiabatic approximation to the

tissue homogeneity (AATH) model

. Noise Mean (Standard Deviation) Error [%]
Tissue / Scale
Parameter (27) Blood Flow Ki E Vb Te
Cortical GM 24 -0.6 (3.3) 0.1(0.8) 0.9 (3.5) 0.0 (1.4) 0.9 (4.5)
s”b‘(’;“;t'ca' 11.8 3.7 (12.6) -0.5 (2.9) 6.1 (14.7) 2.9(7.7) 12.0 (25.2)
White Matter 4.1 0.7 (6.1) 0(1.9) 0.2 (5.5) 0.0 (4.0) 0.1(8.8)
Cerebellum 33 -0.3 (5.3) 0.0 (1.3) 0.6 (5.1) 0.2 (2.6) 1.0 (7.3)
Brainstem 10.0 0.6 (14.2) -0.3 (3.4) 1.3 (13.3) 1.3 (8.5) 4.2 (21.8)
Bone Marrow 3.2 2.5 (4.2) 1.3 (5.5) 3.5 (4.6) 3.0 (21.8) 3.1(23.6)
Sreletal 47 6.4 (8.7) 0.8 (6.7) 4.4(73) 4.8 (50.9) 3.6 (53.2)
Spleen 14.6 -0.8 (8.3) 2.6 (9.1) 1.4 (8.6) 11.6 (23.2) 15.8 (33.0)
Renal Cortex 15.3 0.4 (4.3) 0.2 (5.5) -0.1(5.9) -0.1 (3.4) 0.2 (6.2)
Lungs 71 0.0 (2.7) 1.3 (11.0) 1.4 (11.3) 0.0 (1.4) 0.1(2.5)

A negative error indicates that the predicted value underestimated the true value. K; indicates the

blood-to-tissue transport rate; E, extraction fraction; vy, blood volume; T, mean vascular transit

time; GM, grey matter
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Supplemental Figure 1. Difference in the Akaike Information Criterion (AIC) between the
adiabatic approximation to the tissue homogeneity (AATH) and standard one-tissue compartment
(S1TC) models for high-temporal resolution (60x1 s, 30x2 s) "C-Butanol regional time-activity

curves. Anegative AIC indicates a preference towards the AATH model. GM indicates grey matter.
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Supplemental Figure 2. Regional blood flow comparisons between our proposed '®F-FDG
method and the 'C-butanol reference in six participants scanned with both radiotracers. (a)

Including all six participants and (b) excluding the participant shown in Supplemental Figure 4.
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Supplemental Figure 3. Correlation (left) and Bland-Altman (right) plots comparing '8F-
fluorodeoxyglucose (FDG) blood flow with our proposed method against "'C-butanol reference in

the same subjects and stratified by (a) brain regions, (b) high blood flow tissues, and (c¢) low blood
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Supplemental Figure 4. Representative parametric image of the mean vascular transit time, T.
(units: seconds), from a healthy volunteer scanned with total-body dynamic '®F-FDG PET. Note
that T¢ is low in large blood pools like the aorta, cardiac chambers, and cerebral arteries because
of the high blood flow rates in the arterial system. A near-constant value is seen at the blood pools
because the minimum T, allowed in the parameter estimation algorithm was 3 s based on the
used frame rate. Our work did not correct for spillover in the myocardium and as such there is

poor contrast of this structure versus adjacent blood pools.
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Supplemental Figure 5. ''C-butanol and '®F-FDG cerebral blood flow parametric images showed
substantial differences in one participant scanned with both radiotracers. The correlation plot
compares blood flow estimated with "'C-butanol and "®F-FDG across the 83 Hammersmith brain
atlas regions.” This participant self-reported having claustrophobia. Claustrophobia and anxiety
(67,68) among other physiological and methodological factors may have contributed to this

discrepancy and thus warrants a future test-retest study.
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Supplemental Figure 6. Correlation (left) and Bland-Altman (right) plots comparing "'C-butanol

blood flow and '®F-fluorodeoxyglucose (FDG) standard one-tissue compartment (S1TC) model

Ki. Plots are stratified by (a) brain, (b) high extraction fraction, and (c) low to moderate extraction

fraction (Table 1).
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Supplemental Figure 7. Regional '®F-fluorodeoxyglucose (FDG) extraction fractions estimated

with the proposed method.
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