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Pulmonary blood flow (PBF) is a critical determinant of oxygenation
during acute lung injury (ALI). PET/CT with '8F-FDG allows the as-
sessment of both lung aeration and neutrophil inflammation as well
as an estimation of the regional fraction of blood (FB) if compart-
mental modeling is used to quantify '8F-FDG pulmonary uptake.
The aim of this study was to validate the use of FB to assess
PBF, with PET and compartmental modeling of '®*0-H,O kinetics
as a reference method, in both control animals and animals with
ALL. For the purpose of studying a wide range of PBF values, supine
and prone positions and various positive end-expiratory pressures
(PEEPs) and tidal volumes (V1s) were selected. Methods: Pigs were
randomized into 3 groups in which ALI was induced by HCI inhala-
tion: pigs studied in the supine position with a low PEEP (5 + 3
[mean = SD] cm of H,O; n = 9) or a high PEEP (12 = 1 cm of
H>O; n = 8) and pigs studied in the prone position with a low PEEP
(6 = 3 cm of H>O; n = 9). Also included were a control group that
did not have ALI (n = 6) and 2 additional groups (n = 6 each) that
had a high V to maintain a transpulmonary pressure of greater than
or equal to 35 cm of H,O and that either received HCI inhalation or
did not receive HCl inhalation. PBF and FB were measured with PET
and compartmental modeling of °0-H,0 and 8F-FDG kinetics in
10 lung regions along the anterior-to-posterior lung dimension, and
both were expressed in each region as a fraction of their values in
the whole lung. Results: PBF and FB were strongly correlated (R? =
0.9), with a slope of the regression line close to unity and a negligible
intercept. The mean difference between PBF and FB was 0, and the
95% limits of agreement were —0.035 to 0.035. This good agree-
ment between methods was obtained in both normal and injured
lungs and under a wide range of V1, PEEP, and regional PBF values
(7-71 mL/kg, 0-15 cm of H,0, and 24-603 mL- min~'-100 mL of
lung~", respectively). Conclusion: FB assessed with '8F-FDG is
a good surrogate for PBF in both normal animals and animals with
ALI. PET/CT has the potential to be used to study ventilation, per-
fusion, and lung inflammation with a single tracer.
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Assessment of lung perfusion is critical for evaluating the
pathophysiology of gas exchange abnormalities and can be per-
formed noninvasively with several imaging tools: SPECT (/), PET
(2—4), 4-dimensional CT (5,6), and MR imaging (7,8). PET is
particularly attractive because of its high sensitivity and ability
to track many other lung pathophysiologic processes (in addition
to perfusion), such as ventilation (9,10), ventilation-to-perfusion
ratio (/1,12), and inflammation (/3,/4). Pulmonary blood flow
(PBF) is usually assessed with PET and compartmental modeling
of 150-labeled water (1>0O-H,0) (2) or '3N-N, (/5) kinetics, with
high reliability when compared with microspheres (2—4). How-
ever, these tracers have been used only for research purposes
and are not readily available in every PET facility because their
short half-life requires a cyclotron on site.

In contrast, '8F-FDG is used widely to quantify lung metabolic
activity. Such activity has been taken as a surrogate for neutrophil
activation during acute lung injury (ALI) (/3,74). In addition to
the net '8F-FDG uptake rate within the lung, some compartmental
modeling techniques (/6,17) estimate the regional fraction of
blood (FB), accounting for the contribution of intravascular '3F-
FDG to pulmonary radioactivity assessed by PET within each
lung region. Because the spatial resolution of PET is relatively
poor, vascular structures are included within lung regions of in-
terest, and FB represents the volume of blood relative to the total
volume of a lung region and is usually expressed in milliliters of
blood per 100 milliliters of lung.

We hypothesized that FB should be the main determinant of
PBE. The aim of this study was to evaluate the reliability of FB for
evaluating PBF with PET; compartmental modeling of >O-H,0O
kinetics assessed with PET was used as the reference method. A
wide range of pulmonary perfusion values was investigated across
measurements obtained in the supine and prone positions and at
various levels of applied positive end-expiratory pressures (PEEPs)
and tidal volumes (Vrs).

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of
Université Lyon I for the care of animal subjects and was performed
with 44 female pigs as part of an experimental investigation aimed at
testing various ventilatory strategies and posture with regard to lung
inflammation assessed by '3F-FDG (I8).

Animal Preparation
The pigs were anesthetized with propofol and fentanyl,
tracheotomized, and mechanically ventilated in the volume-controlled
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FIGURE 1. Model selection. For each ROI, lung time-activity curves were fitted by use

of blood time-activity curve as input function and 2 compartmental models: Sokoloff 3-
compartment model with 4 parameters (K1, ko, ks, and FB) (compartment 1: '8F-FDG in
blood; compartment 2: extravascular 8F-FDG in lung tissue; and compartment 3: phos-
phorylated '8F-FDG [FDG-P] entrapped in lung cells) and 4-compartment TEC model
with 6 parameters (K4, ko, ks, ks, ks, and FB) (compartment 1: '8F-FDG in blood; com-
partment 2: extravascular '8F-FDG in lung tissue, constituting precursor pool for '8F-
FDG phosphorylation [precursor compartment]; compartment 3: FDG-P entrapped in
lung cells [metabolite compartment]; and compartment 4: extravascular extracellular
[ee] '8F-FDG not directly available for phosphorylation [extravascular noncellular com-
partment]). Tracer concentration originating from each compartment—Cy(t), Ca(t), Ca(t)
and, eventually Cy(t)—over time was computed by compartmental modeling; sum of
tracer concentrations in compartments over time was equal to tracer concentration in
lung ROI assessed with PET—Cgrg(t). Tracer concentration in blood compartment in lung
ROI—C,(t)—was computed as FB in ROI times tracer concentration in blood (Cgioog) in
left ventricle, as measured with PET, corrected for spillover and partial-volume effects.
TEC model was chosen over Sokoloff model (77) if values computed for both ks and kg
were positive (because negative values are unrealistic) and if Akaike information criterion
(AIC) of TEC model was lower than AIC of Sokoloff model (AIC being tradeoff between
goodness of fit and number of parameters required by parsimony).

mode with a constant inspiratory flow (Vy of 10 mL-kg~!) and an
inspired fraction of oxygen of 21%. Muscle relaxation was obtained
with pancuronium bromide. The right jugular vein was cannulated with
a 3-lumen 8.5-French catheter for drug and tracer administration.

Protocol

The animals were randomized into 3
groups (n = 10 each) in which ALI was in-
duced by HCI inhalation. Also included were
a control group that did not have ALI (n = 6)
and 2 additional groups (n = 9 each) that had
ventilator-induced lung injury (VILI) caused
by injurious ventilator settings and that either
received HCI inhalation or did not receive HCI
inhalation. In the ALI groups and the group
that had VILI and received HCI inhalation,
lung injury was induced by intratracheal instil-
lation of 0.1 M HCI at 3 mL-kg™! and was
considered to have been achieved when the
ratio of PaO, to the inspired fraction of oxygen
was less than 40 kPa (300 mm Hg). Additional
aliquots of 1 mL-kg™! might be administered
until the oxygenation target was reached. The
PEEP was then set at 3 cm of H,O, and
120 min were allowed for stabilization.

Pressure—volume curves were obtained for
the ALI groups and fitted to a sigmoid equa-
tion (/9) to determine the pressure of maxi-
mum decrease in compliance and the pres-
sure at the inflection point. The animals were
allocated to the following groups: 2 low-PEEP
groups, in which the PEEP was set at 2 cm of
H,0 above the pressure at the inflection point
in the supine and prone positions, and 1 high-
PEEP group, in which the PEEP was set at 2
cm of H,O above the pressure of maximum
decrease in compliance in the supine position.
In each group, the plateau pressure of the re-
spiratory system was maintained at less than or
equal to 30 cm of H,O by changing the V-, and
the pH was maintained at more than 7.20 by
increasing the respiratory rate; the animals
were monitored for 2 h.

In the control group, the PEEP was set at
3 cm of H,0, and PET was performed imme-
diately after animals were prepared. In the
group that had VILI and did not receive HCI
inhalation and the group that had VILI and re-
ceived HCI inhalation, the V1 was increased
from a PEEP of 0 cm of H,O to achieve a trans-
pulmonary pressure of greater than 35 cm of
H,O for 2 h immediately after animal prepara-
tion and 2 h after HCl instillation, respectively.

One pig in each of the low-PEEP groups, 2
pigs in the high-PEEP group, and 3 pigs in
each of the VILI groups died during the study
and were excluded from analysis, leaving 44
animals available for analysis.

PET Imaging Protocol

PET measurements were obtained with an
ECAT EXACT HR+ scanner (Siemens).
First, PET transmission scans were performed
with a rotating °8Ge positron source for tissue
attenuation map determination. '30-H,O

emission scans were performed after intravenous injection of
the tracer at 362 = 21 (mean = SD) MBq over 1 min (2). Finally,
I8F_-FDG emission scans were performed after intravenous injection of
the tracer at 178 = 25 MBq over 30 s. From the start of '3F-FDG
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[Fig. 1

[Fig. 2

[Fig. 3

injection, twenty 5-s PET images, six 30-s images, six 60-s images,
four 120-s images, and eight 300-s images were acquired serially. Two
milliliters of blood were taken serially through a systemic arterial line
during '8F-FDG image acquisition. The plasma radioactivity was mea-
sured in a well counter cross-calibrated with the PET camera, and the
plasma activities of samples taken at 3 and 50 min after the start of 8F-
FDG injection were used to calibrate the blood-pool region of interest
(ROI) located in the left ventricle and to obtain an image-derived input
function taking into account partial-volume and spillover effects (/7).

PET Data Processing

ROIs were drawn around both lungs on transmission scans, super-
imposed onto '>O-H,O equilibrium images, and then refined to include
poorly ventilated dependent lung areas. Refined ROIs were superim-
posed onto emission images to obtain a lung time-activity curve for
each tracer. Ten lung regions with the same vertical height (bins) in
the ventral-to-dorsal direction were defined for regional analyses.

PBF was assessed in each lung region by fitting 'YO-H,O time—
activity curves to a single-compartment model (2,3). Lung regional '®F-
FDG kinetics and the '8F-FDG image—derived input function were fitted
to both the Sokoloff 3-compartment model (/6) and a 4-compartment
model incorporating an extravascular noncellular compartment (TEC
model) (Fig. 1) (/7). The TEC model may be more relevant than the
Sokoloff model for edematous lung regions because the former accounts
for an (additional) extravascular noncellular compartment spatially
disconnected from cells trapping 'SF-FDG. However, the Sokoloff
model is more appropriate for lung regions lacking an extravascular
noncellular '8F-FDG pool (presumably nonedematous lung regions).

Model parameters were estimated with a generalized least squares
algorithm and an autoregressive Laplacian filter (/7,20). For each time—
activity curve, model rate constants and FB were computed from the
model with the best fit across the data (Appendix). The best model was
selected as the model with the lowest Akaike information criterion (/7).

Data and Statistical Analysis

Because regional PBF and FB values are expressed in different
units (mL-min~!'-100 mL of lung™! and mL of blood-100 mL of
lung ™1, respectively), they were normalized on the basis of the sum
of their 10 regional values in each experimental condition, so that
normalized values represented the fraction of PBF or FB in a particular
region relative to the whole lung.

Values are expressed as mean * SD. Correlation between measure-
ments was tested by linear regression. Agreement between PBF
assessed on 'O-H,O scans and FB assessed on '8F-FDG scans as
a surrogate for lung perfusion was tested with the Bland—Altman
method for repeated measurements (27). The level of statistical sig-
nificance was set at less than 0.05.

RESULTS

Absolute values of PBF and FB (i.e., before normalization)
were correlated (R? = 0.63; P < 0.001; data not shown). After
normalization, the correlation increased (R = 0.90; P < 0.001);
the slope of the regression line was close to unity, and the intercept
was negligible (Fig. 2). Bias was 0, limits of agreement were
—0.035 to 0.035 (i.e., £3.5% of total lung PBF), and the pattern
of residuals exhibited no evidence for heteroscedasticity (Fig. 3).

Regional PBF and FB values remained correlated in each
experimental group (P < 0.001), with R? of 0.76 in the group
that had VILI and received HCI inhalation, 0.86 in the low-
PEEP group in the prone position, 0.95 in the high-PEEP group
in the supine position, and 0.96 in the other 3 groups (data not
shown). In each experimental group, bias was 0, and the limits of
agreement were —0.02 to 0.02, —0.03 to 0.03, or —0.07 to 0.07
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(Fig. 4). This good agreement F
between methods was obtained
in both normal and injured
lungs and over wide ranges of
1 Vr (7-71 mL-kg 1), PEEP (0-
1 p 15 cm of H,0), and regional
] absolute PBF (6-623
mL-min~—'-100 mL~") values
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and FB were similar in the 6
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FIGURE 2. Relationship be-
tween regional PBF and FB.
PBF and FB in each region were
expressed as fractions of their
values in whole lung. Each sym-
bol represents lung region. Ten
lung regions were studied in each
of 44 pigs, for total of 440 lung
regions. Solid line is regression
line. Broken lines are 95% confi-
dence intervals of predicted
values.

DISCUSSION

The main findings of the
present study were that assess-
ment of FB by compartmental
modeling of 8F-FDG kinetics
provides an unbiased and pre-
cise estimation of PBF and
that this method is reliable in
both normal animals and ani-
mals with lung injury and over wide ranges of Vi and PEEP
values. Taken together, these findings encourage the use of this
technique to assess PBF when '8F-FDG PET is performed.

The present study has several strengths. First, the method that
we used as the reference method (PET with 'SO-H,O) can be
considered to be the gold standard for quantifying PBF in living
subjects. Indeed, to our knowledge, PET with '>O-H,O is the only
imaging technique that has the potential to quantify PBF and
that has been formally validated against radioactive microspheres
(2,3). Furthermore, the present study is the first to attempt to quantify
PBF with '8F-FDG. Mullani et al. (22) previously compared PBF
assessed with 150-H,O and '8F-FDG in solid tumors in various
organs using a simple single-compartment model under the as-
sumption of complete first-pass tracer extraction during the first
2 min after tracer injection.
The authors found a good cor-
relation (R?> = 0.74) between
°%s methods but excluded regions
with blood flow greater than
. /| 70  mLmin"'100 g7!
(whereas PBF may exceed
2,000 mL-min~'100 g~!
4 ° (23,24)). For locally advanced
breast cancer, Tseng et al. (25)
found significant correlations
(R? values of 0.38 and 0.66
before and after chemother-
apy, respectively) between
PBF assessed with '50-H,O
and the '8F-FDG transport
rate constant from blood to
tissue (K;) when they used
a 3-compartment model with
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FIGURE 3. Assessment of bias
between regional PBF and FB
with Bland-Altman representa-
tion. PBF and FB in each region
were expressed as fraction of
their values in whole lung. Each

(Table 1). Finally, the pat- [Table 1]

experimental groups (Fig. 5). [Fig. 5]

symbol represents lung region.
Solid line and broken lines are
mean and 95% confidence inter-
val limits of difference between
PBF and FB, respectively.
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a fixed FB (4 mL of blood-100
mL of lung™!). This approach
is not suitable for the lung
because blood volumes are
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the present study are the extremely wide

SP-high PEEP range of regional PBF values achieved (2
orders of magnitude) (Table 1) and the high
reliability of PBF assessment.

I 7 2 Sl Nevertheless, the present study has lim-
A S itations. First, FB is not a direct estimate of
e ml PBF but may be more related to regional
—A005-003] blood volume. However, FB should be
005 005 015 025 viewed as the main determinant of PBF,

because 90% of PBF variance in the present
study could be explained by variations in

(PBF + blood fraction)/2

VILI-HCL FB as a consequence of an R? of 0.90.
Should other parameters influence PBF,

| Lo their contributions would be minor and
o AT+ should not alter significantly the relation-
_%”#’i_ ship between PBF and FB. Because the
""""" T central volume principle states that PBF
: IEL?STTOOID?-IOD‘T] . equals blood volume divided by mean
005 005 045 025 transit time, the good correlation between

normalized FB and PBF in the present
study suggested that mean pulmonary

(PBF + blood fraction)/2

FIGURE 4. Assessment of bias between regional PBF and FB in each experimental group
with Bland-Altman representation. PBF and FB in each region were expressed as fractions
of their values in whole lung. Each symbol represents lung region, and lung regions in same
animal are represented by same symbol in each experimental group. Solid line and broken
lines are mean and 95% confidence interval limits of difference between PBF and FB, re-
spectively. LA = limits of agreement; PP = prone position; SP = supine position, VILI = VILI

group without HCI; VILI-HCI = VILI group with HCI.

highly variable across lung regions (ranging from 0-25 mL of
blood-100 mL of lung~!) (Table 1) and are influenced by mechan-
ical ventilation settings. Zasadny et al. (26) found a significant cor-
relation (R? = 0.71) between blood flow assessed with 130-H,O and
I8E.FDG K, when they used a 3-compartment model for breast
cancer; that result was not replicated in the present study (R?> =
0; data not shown).

Although the underlying cause of this discrepancy remains
speculative, it could be explained by the fact that K| may be used
only as a surrogate measurement for blood flow if the tracer
permeability—surface area product is large relative to blood flow
(27). Although the distribution of water and, hence, '>O-H,O has
repeatedly been shown to be flow limited rather than diffusion
limited, even at high blood flow (28,29), the tracer permeability—
surface area product for glucose and, hence, '8F-FDG is substan-
tially lower than that of water (29,30). The latter data suggest that
IBE-FDG is a diffusion-limited tracer, even at relatively low blood
flow (2040 mL-min~'-100 g~!) (29). Furthermore, because PBF
may exceed 2,000 mL-min~1-100 g~1, it may largely overcome the
blood flow of other organs (23,24), whereas myocardial blood flow
at exercise in humans amounts to 200-250 mL-min~'-100 g~ ! (31).
Therefore, the 3F-FDG diffusion problem may be even more prom-
inent in the lung when K is to be used to quantify PBE.

First-pass '8F-FDG uptake is another option for quantifying
blood flow with PET and the simple blood-flow model (32) and has
been shown to correlate well with blood flow assessed with °O-H,O
in tumors (22). However, low first-pass '8F-FDG extraction, signif-
icant venous egress, and trapping of phosphorylated '®F-FDG during
image acquisition are well-known limitations of this model (22),
among others, and may explain the mild correlation between
first-pass '8F-FDG uptake and PBF assessed with °O-H,O in
the present study (R? = 0.56; data not shown). Other strengths of

transit times were not significantly differ-
ent among lung regions. Whether this
phenomenon exists in patients with ALI
remains speculative, but it was previously
observed in healthy people during exer-
cise (33). Interestingly, the same excel-
lent correlation (R? = 0.84) between
blood flow and blood volume was recently
found in anesthetized, mechanically ventilated pigs (34). A weaker,
although significant, correlation between lung perfusion and pul-
monary blood volume (R? = 0.50) assessed with MR imaging
was also found in 23 patients (35). These data might suggest
that our findings can be extrapolated to patients.

Another limitation of the present study is that FB had to be
normalized to improve the correlation with PBEF, suggesting
significant variability among the animals in the study. Neverthe-
less, absolute values for regional PBF can be easily obtained by
combining relative PBF measurements with a noninvasive esti-
mation of absolute cardiac output by use of echocardiography
(36) or bioimpedance (37,38). Furthermore, PBF normalization is
often required to control for changes in cardiac output between
subjects or between time points when multiple measurements are
successively obtained in the same subject. Finally, the ventilation-
to-perfusion ratio cannot be assessed directly with '®F-FDG scans,
but this technique would be feasible with PET/CT and quantitative
evaluation of Vr distribution by density analysis (39).

A final limitation is that multicompartmental modeling requires
extensive computer resources, precluding a voxel-by-voxel analysis
of FB and, hence, lung perfusion; however, this problem may be
overcome in the near future.

The clinical implications of using FB to quantify PBF may be
important. First, this new method could be used in all PET facilities,
eliminating the need for a dedicated cyclotron on site. Second, this
method makes it possible to study ventilation, perfusion, and lung
inflammation with a single tracer (i.e., '8F-FDG) and with a single
PET/CT acquisition. In the specific context of ALIL such studies
would allow the regional quantification not only of alveolar recruit-
ment but also of functional recruitment (alveolar recruitment of
perfused lung regions) in combination with an evaluation of neutro-
phil-related lung inflammation.
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TABLE 1
Characteristics of Lung Injury, Ventilatory Settings, and PET Measurements in Experimental Groups
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Characteristic
SP = supine position; PP = prone position; Pplat,rs = plateau pressure of respiratory system.

*Assessed with PET and compartmental modeling of '8F-FDG kinetics.
Data are reported as mean + SD (range), unless otherwise indicated.

PBF (mL-min=".100 mL of lung=")t
TAssessed with PET and 150-H,0.

FB (mL of blood-100 mL of lung=")*

HCl-induced ALI
Protective ventilation
Vr (mL-kg™")

PEEP (cm of H,0)
Pplat,rs (cm of H,0)

CONCLUSION

Estimating PBF from FB measured with '3F-FDG PET has been
demonstrated to provide results comparable to those obtained with
the current, noninvasive gold standard (PET with O-H,0). This
new method is reliable in both normal animals and animals with
ALIL Hybrid devices combining PET and CT have the potential
to allow the study of ventilation, perfusion, and lung inflammation
with a single tracer.

APPENDIX

TEC Model (Fig. 1)

Changes in '8F-FDG concentrations over time in blood
[Cgiooa(t)], precursor [C.(t)], metabolite [C,,(t)], and extravascular
noncellular [C,.(t)] compartments may be described with the fol-
lowing differential equations:

Co(t) = K1 - Chiooq (1) — (ko + k3 + ks) - Co(t) + ke - Cee (1), Eq. 1
Coo(t) = k3 - C.(1), Eq. 2
Cou(t) = ks - C(t) — ke - Coo(1), Eq. 3

Furthermore, the sum of tracer concentrations in the compart-
ments is equal to the tracer concentration in a lung ROI assessed
with PET [CROI(t)]

Croi(t) = FB - Cpigoa (1) + C,(t) + Coo(t) + Ci (1), Eq. 4

Substituting, applying Laplace transformation, and rearranging
yields (with initial conditions assumed to be 0):

$3Cror () = ay - 5% Croy (s) + az - s Cror (s) + a3 - 5> Chiooa (5)
+ dy - 5* Chiood (5) + @s - 5 Chiooa(s) + as - Chiooa(s),
Eq. 5

with a; = *(k2+k3 +k5+k6), a, = *kﬁ-(k2+k3),a3=
FB, a4:(k2+k3+k5+k6)~FB+K1,a5:K1~(k3+k5+k6)
+FB-k6-(k2+k3), anda6:K1-k3 -k6.

Applying inverse Laplace transformation and integrating 3
times with initial conditions assumed to be 0 yields:
t. t. T
CROI(t) =a - JCROI('T)d'T + ap - J JCROI(S)dS dT + as - CBloua’(t)

0 00
t

CBlm)d ( )dT+615 J CBlood )dS dt
00

+ay -

s

J CBloud du ds dT
00

+ ag -

OEN o_,N

Eq. 6
Estimates of a; and a; (a@; and @) are obtained by solving
Equation 6 with a linear least squares method (/7,40). These
estimates are biased because the errors in Equation 6 are corre-
lated (40).
An autoregressive filter (s> — d;- s> — @, -s) is then defined
by rearranging Equation 5:
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RGB

Control SP-low PEEP
o | *PEF o | =PeF
& - * Blood fraction & — * Blood fraction
o o
=
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=] T T T T T
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Bin Bin
PP-low PEEP VILI
o |- eeF o | ePeF -
&~ - * Blood fraction &~ — * Blood fraction ~
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11
}
0.10
I
0.10

Bin Bin

Solving Equation 8 with the generalized

SP-high PEEP . . .
" linear least squares algorithm yields un-

e Pee
* Blood fraction

biased estimates of ay, a,, a3, a4, as, and ag.
Once the macroparameters are obtained,

the rate constants may be obtained as

follows:
FB = as, Kl =a4+a1 - as,
as + aj - as
ky = — - ap,
ay-az +ay
Bin
k> - as
VILI-HCL ky = —

ae + K] -ap

e Per L ag + Ky -ap and
* Blood fraction 6 K] K kz
k5 = *(k2+k3 +k6+611).

Sokoloff Model (Fig. 1)
Changes in '8F-FDG concentrations
over time in blood [Cgjeeq(t)], precursor

2 4 6 8 10

FIGURE 5. Anterior-to-posterior distribution of PBF (blue circles) and FB (red circles) in
each experimental group. PBF and FB in each region were expressed as fractions of their

[C.(D)], and metabolite [C,(t)] compart-
ments may be described with the follow-
ing differential equations:

values in whole lung. Circles represent means, and bars represent standard deviations. Bins

are lung regions with same vertical heights along ventral-to-dorsal direction. Lower bins are
more ventrally located, and higher bins are more dorsally located. PP = prone position; SP =
= VILI group with HCI.

supine position; VILI = VILI group without HCI; VILI-HCI

s> Cror (s)
($* —ay-s> —ay-s)
_ ap -s*> Cror (5)
($* —ay;-s> —ap-s)
+ az - s CROI (S)
($* —ay-s> —ar-s)
a3 - 5° Cglood (5)
($* —ay-s> —ay-s)
as 5% Cilood (5)
(s —ay-s2 —ap-s)
4G5S CBlood (5)
($* —ay-s> —an-s)
n ag - CBiood ($) Eq. 7
($3—a)-s2 —ap-s)

Rearranging and applying inverse Laplace transformation yields:

Cror (1) +ay -, ® Crop (t) +da- P, ®Cror (f)
=a; -y, ®Cror(t) +ay
Y, ® Croi (1) + a3 - [Criood(t) +é1 - Uy - ® Ciood(?)
+ az - Y, ® Chiooa ()] + aa-
U ® Ciood (1) + as - U ® Ciiood () + ag - U3 ® Ciooa (1),

ay*y/ay +4a, 1
b =

Eq. 8

with )\]_]2 = ()\ze)‘zt - )\1e}‘"),

2 TN T )
1 Aot At € hot 1
— (™ = ,and {3 = ————— + -
b2 = (N — )\l) (e e) ¥ N —N) NN
ex.z
M —N)

Ce(l’) =K - CBlood(t) — (kz + k3) . Ce(l‘)7

Eq. 9

Eq. 10

The sum of tracer concentrations in the compartments is equal
to the tracer concentration in a lung ROI assessed with PET
[Cror(D]:

CROI(I) = FB- CBlood(t) + Ce(l‘) + Cm(l), Eq. 11

Substituting, applying Laplace transformation, and rearranging
yields:

5% Croi(s) = ar 5% Ciood(s) + a2+ 5 Chiood(s)

Eq. 12
+ a3 - Cgiood(s) + a4 - s Croi(s),

with a; = FB,
a = — (k2 +k3).

Applying inverse Laplace transformation and integrating 2
times with initial conditions assumed to be 0 yields:

a2:(k2+k3)-FB+K1, a3:K1'k3, and

t

Croi(t) = ai - Chiooa(t) + az - JCBlood(T)dT

0 Eq. 13

t

JCROI dr,
0

hm

T
JCBload Yds dt+ as -
00

An estimate of a4 (a4) is obtained by solving Equation 13 with
a linear least squares method (40).
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An autoregressive filter (s> — @, - 5) is then defined by rearrang-
ing Equation 12:

$’Cror (s) _ a1-5* Chiooa(s) , @ -5 Chiooa(s)
2 _ 4y 2 _ 4y 2y
(s2 —ay-s) (s —ay-s) (s —ag-s) Eq. 14
R Chiood (s) 448 CROI(S)7
(s> —ag-s) (s —dg-s)

Rearranging and applying inverse Laplace transformation
yields:

Croi (1) + as-U;®Cror (1) = a1 - Cpipoa(t) +ai - a4
Uy ® Cigoa(t) T a2 -1 ® Chioou(t) + a3 - By @ Chiooa(t) + a4
Yy ® Cror (1),
Eq. 15
R dast _ 1
with §; = e, = ——
ag
Solving Equation 15 with the generalized linear least squares
algorithm yields unbiased estimates of ay, a,, a3, and ay.
Once the macroparameters are obtained, the rate constants may
be obtained as follows:

FB = da, K1 = a -a4+a2, k2 = - (L> — dg, and
ay-aq +a
k3 = - (k2+(14).
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