Comparison of Static and Dynamic 3F-FDG PET/CT
for Quantification of Pulmonary Inflammation in Acute

Lung Injury

Anja Braune'-?, Frank Hofheinz?, Thomas Bluth!, Thomas Kiss!, Jakob Wittenstein!, Martin Scharffenberg!,

Jorg Kotzerke*?, and Marcelo Gama de Abreu*!

! Pulmonary Engineering Group, Department of Anesthesiology and Intensive Care Medicine, University Hospital Carl Gustav Carus
at the Technische Universitiit Dresden, Dresden, Germany; ?Department of Nuclear Medicine, University Hospital Carl Gustav Carus
at the Technische Universitit Dresden, Dresden, Germany,; and 3PET Center, Institute of Radiopharmaceutical Cancer Research,

Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany

PET imaging with '8F-FDG followed by mathematic modeling of the
pulmonary uptake rate (Kj) is the gold standard for assessment of
pulmonary inflammation in experimental studies of acute respiratory
distress syndrome (ARDS). However, dynamic PET requires long
imaging and allows the assessment of only 1 cranio-caudal field
of view (~15 cm). We investigated whether static 8F-FDG PET/CT
and analysis of SUV or standardized uptake ratios (SURgtt, uptake
time-corrected ratio of '8F-FDG concentration in lung tissue and
blood plasma) might be an alternative to dynamic '8F-FDG PET/
CT and Patlak analysis for quantification of pulmonary inflammation
in experimental ARDS. Methods: ARDS was induced by saline lung
lavage followed by injurious mechanical ventilation in 14 anesthetized
pigs (29.5-40.0 kg). PET/CT imaging sequences were acquired be-
fore and after 24 h of mechanical ventilation. K; and the apparent
volume of distribution were calculated from dynamic '8F-FDG PET/
CT scans using the Patlak analysis. Static '®F-FDG PET/CT scans
were obtained immediately after dynamic PET/CT and used for cal-
culations of SUV and SURg,. Mean K; values of the whole imaged
field of view and of 5 ventro-dorsal lung regions were compared
with corresponding SUV and SURg,; values, respectively, by means
of linear regression and concordance analysis. The variability of the
18F-FDG concentration in blood plasma (arterial input function) was
analyzed. Results: Both for the whole imaged field of view and
ventro-dorsal subregions, K; was linearly correlated with SURgat
(r? = 0.84), whereas K-SUV correlations were worse (2 < 0.75).
The arterial input function exhibited an essentially invariant shape
across all animals and time points and can be described by an
inverse power law. Compared with K;, SURg;: and SUV tracked
the same direction of change in regional lung inflammation in
98.6% and 84.3% of measurements, respectively. Conclusion:
The Ki-SURgat correlations were considerably stronger than the
Ki-SUV correlations. The good Ki-SURg;.: correlations suggest that
static 8F-FDG PET/CT and SURg;,: analysis provides an alternative
to dynamic '8F-FDG PET/CT and Patlak analysis, allowing the as-
sessment of inflammation of whole lungs, repeated measurements
within the period of '8F-FDG decay, and faster data acquisition.
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Acute respiratory distress syndrome (ARDS) is an inflammatory
condition of the lung and associated with high morbidity and mor-
tality (/). Noninvasive in vivo measurement of the degree and dis-
tribution of pulmonary inflammation can improve understanding of
this syndrome and the impact of mechanical ventilation. PET/CT
imaging of the uptake rate (K;) of '8F-FDG is a valuable method to
determine the pulmonary inflammatory response in ARDS. '8F-FDG
PET/CT measurements are based on the fact that pulmonary inflam-
mation is associated with regionally increased accumulation of in-
flammatory cells, especially neutrophils, which have higher glucose
metabolism than other pulmonary cells (2,3). The more pronounced
regional uptake of '8F-FDG and the associated higher radioactivity
originating from a local inflamed region can therefore be used to
assess the degree and distribution of lung inflammation in ARDS.

Dynamic '8F-FDG PET/CT acquires time—activity data over a
long period after '8F-FDG injection (typically over 60-75 min).
On mathematic modeling, these data allow the calculation of dynamic
indices such as K;. Such models take into account the transportation
rates between blood and tissue compartments. However, dynamic
PET requires long image acquisition and allows the assessment of
only 1 cranio-caudal field of view (FOV), which usually captures
approximately 15 cm and thus not the whole lung. The captured lung
region has to be defined beforehand, when the degree and distribution
of pulmonary inflammation are not yet known.

Static PET scanning of the decay rate of '8F-FDG allows fast
image acquisition and can cover an unlimited FOV, enabling ac-
quisition of the whole lung. The SUV, a simple and widely used
parameter for quantification of static PET scans, represents the
mean activity concentration within a region of interest (ROI) nor-
malized to the injected dose and body weight. However, SUVs
strongly depend on the '8F-FDG uptake of other organs and tissue,
affecting the amount of '8F-FDG in blood plasma available for
uptake by lung tissue. This effect is of particular importance in
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the lung because of its much lower '®F-FDG uptake than in other
organs such as the kidney, heart, or brain (4) and has potentially
caused a weak K;—SUV correlation in dogs with lung injury (2),
patients with liver metastases (5), and patients with non—small
cell lung cancer (6). van den Hof et al. introduced the standardized
uptake ratio (SUR), which is defined as tissue SUV normalized to
the '®F-FDG concentration in blood plasma available for influx into
the tissue (5). Therefore, SUR takes into account the '8F-FDG up-
take of other bodily tissues and organs. In comparison to the dy-
namic index K;, reflecting the '3F-FDG uptake over time, static
indices such as SUR reveal the amount of '8F-FDG within a ROI
at the time point of a static PET/CT scan.

In this study, we investigated whether SUV or SUR values
derived from static PET scanning can be used as alternative to
dynamic PET for quantification of regional lung inflammation in
experimental ARDS.

MATERIALS AND METHODS

Experimental Protocol

The Institutional Animal Care and Welfare Committee and the Gov-
ernment of the State of Saxony, Germany, approved all animal proce-
dures in accordance with federal law (AZ 24-9168.11-1/2013-53). The
time course of interventions is shown in Figure 1. Briefly, after premed-
ication (1 mg/kg midazolam, 10 mg/kg ketamine, 0.05 mg/kg atropine),
14 juvenile pigs (29.5-40.0 kg) were intravenously anesthetized (5-15
mg/kg ketamine, 0.3—1 mg/kg midazolam, both as bolus), paralyzed
(3 mg/kg atracurium), orotracheally intubated, and mechanically venti-
lated (Evita XL; Drager Medical AG) in the supine position. The lungs
were ventilated in volume-controlled mode using the following settings:
fraction of inspired oxygen, 1.0; tidal volume (Vt), 6 mL/kg; positive
end-expiratory pressure, 10 cmH,0; inspiratory-to-expiratory ratio, 1:1;
constant airway flow, 35 L/min; and respiratory rate adjusted to achieve
an arterial partial pressure of carbon dioxide between 35 and 45 mm
Hg. During preparation, a crystalloid solution (E153; Serumwerk Bern-
burg AG) was infused intravenously at a rate of 10 mL/kg/h via a
peripheral vein. A 8.5-French sheath was inserted in the right internal
carotid artery, and a 7.5-French pulmonary artery catheter was ad-
vanced through another sheath placed in the right external jugular vein.
The lungs were recruited with continuous positive airway pressure of 30
cmH,O for 30 s followed by 15 min of stabilization. Experimental
ARDS was induced using a double-hit model consisting of surfactant
depletion (8 repetitive isotonic saline lung lavages alternating in prone
and supine position) followed by injurious mechanical ventilation with
high V1 (20 mL/kg) until the Horovitz index was less than 100 mm Hg
for at least 30 min. After acquisition of baseline PET/CT imaging
data, the animals were randomly assigned to mechanical ventilation with

either variable volume-controlled ventilation with a mean Vt of 6 mL/kg
and a coefficient of variation in Vy of 30% (n = 7) or volume-controlled
ventilation with nonvariable V1 (n = 7). The fraction of inspired oxygen
was titrated according to the low positive end-expiratory pressure table of
the ARDS network, and the respiratory rate was adjusted to an arterial pH
of more than 7.30. Further mechanical ventilation settings were as follows:
inspiration—expiration ratio, 1:1; maximal plateau pressure, 30 cmH,0O and
45 cmH,0 for variable and nonvariable ventilation, respectively; and mean
plateau pressure, 30 cmH,O in the variable ventilation mode.

After randomization, the crystalloid solution infusion rate was
changed to 4 mL/kg/h to maintain intravascular volume. Colloid so-
lution (6% hydroxyethyl starch; Fresenius Kabi Deutschland GmbH)
was administered as necessary to keep the hemoglobin concentration in
the blood approximately constant. After 24 h of mechanical ventilation
in variable or nonvariable ventilation mode, PET/CT imaging was
repeated. Respiratory mechanics, gas exchange, and hemodynamics
were assessed before and after induction of ARDS (injury), before the
start of mechanical ventilation, and at 6 h intervals thereafter. At the end
of the experiments, the animals were killed by intravenous injection of
thiopental (2 g) followed by potassium chloride (1 M, 50 mL).

Lung Imaging Protocol and Image Processing

After induction of lung injury and before the start of 24 h of
mechanical ventilation, as well as after 24 h of mechanical ventilation,
imaging data were acquired according to the imaging protocol
illustrated in Figure 1. Briefly, low-dose helical CT scans of the thorax
were obtained during mechanical ventilation and used for attenuation
correction of the following PET images (Biograph 16 HiRez PET/CT;
Siemens). '8F-FDG (198.6 = 42.3 MBq) was injected intravenously
over 60 s. Starting at the beginning of '8F-FDG infusion, sequential
PET frames (6 X 30s, 7x 60 s, 15%x 120s, 1 X 300 s, and 3 X 600 s)
were acquired over 75 min. The 15 cm cranio-caudal FOV of the
dynamic PET scans was set above the diaphragmatic dome to reduce
artifacts due to motion of the diaphragm. Pulmonary arterial blood
was sampled during the time course of the dynamic PET scans (12 X
155s,4%305s,5x60s, 11 x300 s, and 75 min). The concentration of
8F-FDG in 1 mL of blood plasma was measured in a y-counter cross-
calibrated with the PET scanner. Immediately after dynamic PET and
77-81 min after '8F-FDG injection, static '8F-FDG PET/CT scans were
obtained at 3 bed positions assessing the whole lung.

Attenuation-correction CT scans were reconstructed with 2.0 mm
slice thickness, yielding matrices with 512 x 512 pixels (1.37 X 1.37 mm).
Static and dynamic PET scans were reconstructed with 2.0 mm slice
thickness, yielding matrices with 168 x 168 pixels (2.03 X 2.03 mm).
The reconstruction was performed iteratively (ordered-subset expecta-
tion maximization, 6 iterations, 4 subsets, 5 mm Gauss postfiltering) with
correction for scatter and attenuation.

| 8h | 2h | 22h 2h |
. [
Premedication, Start of therapy
surgical Induction of Euthanasia,
preparation ARDS Randomization organ harvest
’ AY /
7/ A ’ AY
7’ A s Ay
/ AY 4 A
s/ A / AY
1 min 75 min 9 min 41 min 75 min 9min
ACCT Dynamic PET Static PET ACCT Dynamic PET Static PET
8F-FDG injection '8F-FDG injection
(190 + 23 MBq) (206 + 23 MBq)

FIGURE 1.
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Time course of interventions. ACCT = CT-based attenuation correction.
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Analysis of Blood Plasma Samples

For each animal and imaging sequence, the activity measurements
of '8F-FDG in blood plasma were interpolated to the mean frame time
points of the dynamic PET scans, giving a subject-specific arterial input
function (C,(#)). For each animal and time point, an inverse-power law
(Eq. 1) was fitted to the input function using the data at # = 10 min after
I8F-FDG injection:

C,(t) =Axt0. Eq. 1
The resulting input function was extrapolated to the time after injection
of the respective static PET scan. The extrapolated C, values were
used to compute the SUR of the static PET scans, for which no blood
samples were available.

To validate whether Equation 1 can be used to adequately describe
the input function, the time course of C, was normalized to its mean
value over the period of the dynamic PET scan to account for differing
amounts of injected '®F-FDG and for differing body weights (blood
volume). The time-averaged C, was compared between imaging se-
quences and animals by graphical illustration and by fitting Equation 1
to the time-averaged C, data at ¢ > 3 min and = 10 min.

Image Analysis

Attenuation-correction CT scans and static PET scans were coregistered
to the dynamic PET scans. Segmentation of the lung was performed on
coregistered attenuation-correction CT scans to define ROIs, from which
major airways and vessels were excluded. The acquired 15 cm cranio-
caudal lung fields of view of the dynamic PET scans were divided into 5
isogravimetric subregions reaching from ventral to dorsal. The ROIs were
applied to dynamic and static PET scans and were used to compute the
corresponding concentration of 8F-FDG in lung tissue (Cpgr).

I8F.FDG K; and the apparent distribution volume of '8F-FDG in
blood plasma as a fraction of tissue volume (Vg;s) were derived from
the Patlak graphical analysis of the dynamic PET frames acquired 10—
75 min after '8F-FDG injection using the following equation:

Ceer (1)
Cy(1)

f(; Cp(7) x dr
G

= K x B(t) + Vaise  Wwith e(t) . Eq. 2

where 0(¢) is the so-called Patlak time and 7 is the integration variable.
K; and Vg were averaged for each ROI and for the whole FOV.
SUV was calculated from static PET scans as:

SUV(T) = Cper(T)

= . Eq. 3
injected dose/body weight 4

SUR was computed for the data of the dynamic PET scans acquired
40-75 min after injection (SURgyy,) and the static PET scans (SUR,,)
as the uptake time—corrected ratio of tissue concentration and blood
concentration, as previously described (7):

To _ Cper(T)

SUR(TQ) = ? X W,

Eq. 4

where T is the actual scan time after injection and 7y is the chosen standard
scan time to which SURs are normalized. By definition, the uptake time of
SURgy, is the same for all measurements; therefore, Ty = T was chosen
(i.e., no scan time correction). The mean frame time point of the static PET
scans ranged from 80.0 to 83.4 min. The mean value of the scan times was
chosen as reference time 7, = 81.0 min after injection. Mean values of
SUV and SUR were calculated for the same
ROIs as used for the Patlak analysis (thus cov-

Dynamic PET: K (102 mL/min/mL) Static PET: SUV
| |

0 2.7 0 23

Static PET. SUR

ering only the 15 cm cranio-caudal FOV) and for
the whole FOV.
23 For PET measurements before and after 24 h

FoV of dynamic PET scan

of mechanical ventilation, respectively, Ki-SUV,

3D lung contour

Ki—SURy, and Ki—SURyy, correlations were
investigated by means of linear regression and
comparison of the coefficients of determination
(%) for regional values and the whole FOV.
The ability of static PET scanning and SUV

and SURy,, analysis, respectively, to track the

direction of change in regional lung inflamma-
tion induced by 24 h of mechanical ventilation
and determined by dynamic PET scanning and
Patlak K; analysis was assessed by concor-
dance analysis and calculation of the Cohen k.

Statistics
A sample size calculation was not performed.

After 24 h ventialtion | Before 24 h ventilation

Data are presented as mean and SD if not stated
otherwise. Wilcoxon tests were used for compar-
isons between measurement time points. For
the analysis of hemodynamics, gas exchange,
and lung mechanics, differences between and
within groups (group effect, time X group effect)
were tested with general linear model statistics.

Differences between groups at the time of

FIGURE 2. Three-dimensional (3D) lung contour and 2-dimensional (2D) transversal slices of 1
representative animal obtained before and after 24 h of mechanical ventilation. '8F-FDG K; was
derived by dynamic PET/CT, whereas SUV and SURg,: were derived from static PET/CT. Loca-
tion of 2D transversal slices is shown in 3D contours. Caudal lung regions that were not assessed
by dynamic PET scan because of its limited FOV are highlighted in 3D contours.
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injury and at the final assessment were tested
with Mann—Whitney U tests. Significance was
accepted at a P value of less than 0.05. Statis-
tical analysis was performed with SPSS (ver-
sion 23; IBM).
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stronger after 24 h of mechanical ventilation
(whole FOV, 2 = 0.73; 5 ventro-dorsal
ROIs, > = 0.75; Fig. 3). The K,-SUV cor-

® Ventral
a  Mid-ventral relation was worse than the K,—SURy,, cor-
4 Middle relation (Figs. 3 and 4). Before and after 24
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were correlated both for the whole FOV
(* = 0.94 and 0.97, respectively; Supplemen-
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(r* = 0.84 and 0.97, respectively; Fig. 4). The
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FIGURE 3. K-SUV correlation obtained from PET/CT imaging data acquired before and after 24 h
of mechanical ventilation and divided into 5 isogravimetric ventral (non—gravitation-dependent)-
dorsal (gravitation-dependent) regions. Red lines represent linear regression lines. Note differing

axis scales, for which slope and intercept are specified.

RESULTS

Hemodynamics, gas exchange, and lung mechanics data are
shown in Supplemental Table 1 (supplemental materials are avail-
able at http://jnm.snmjournals.org). There was no group effect or
time X group effect for any of the variables. Variables regarding
hemodynamics and gas exchange were comparable between groups
at the time of injury and at the final assessment (Supplemental
Table 1).

Maps of pulmonary inflammation of a representative animal
obtained by static and dynamic '8F-FDG PET/CT scanning before
and after 24 h of mechanical ventilation are shown in Figure 2.
The 15 cm cranio-caudal FOV assessed by dynamic PET scanning
covered 76.43% = 9.61% of the volume of the whole lung and
65.58% * 5.96% of the cranio-caudal lung expansion (Fig. 2). In
comparison, static PET scans covered the whole lung. Static PET
scans were acquired 81.0 = 0.81 min after injection of 'F-FDG
and 11.0 = 0.81 min after the mean time point of the last dynamic
PET frame. Dynamic PET scans were acquired over 75 min,
whereas acquisition of static PET scans lasted 9 min.

The 24 h period of mechanical ventilation was associated with a
127.2% =+ 79.4%, 63.2% =+ 68.0%, and 99.2% =* 76.5% increase
in regional K;, SUV, and SUR,,, respectively (Figs. 3 and 4).

Before the 24 h ventilation period, the K;—SUV correlation was
weak, both for the whole FOV (2 = 0.08) and for the 5 ventro-
dorsal ROIs (> = 0.12, Fig. 3). The K;~SUV correlation was

tion increased substantially (Fig. 4).

Static PET scanning and SURg,, and
SUV analysis, respectively, were able to
predict the direction of change in regional
lung inflammation, as determined by dy-
namic PET and K; analysis, in 98.6% and 84.3% of measurements
(Fig. 5). The smallest change in K; that was still detected as an
increase in SURg,, was 0.0006 mL/mL/min (Fig. 5). The agreement
between changes in K; and SURg,, induced by 24 h of mechanical
ventilation was good (Cohen k, 0.66), whereas there was no agree-
ment between changes in K; and SUV (Cohen k, —0.027).

Figure 6A shows the time course of the time-averaged C, of all
animals and both imaging sequences. The very small SD of C, at mean
frame time points beyond ¢ > 3 min after '®F-FDG injection and the
excellent agreement of the interpolation function with time-averaged C,
(* = 0.99) illustrates the small inter- and intrasubject variability of the
mean normalized activity of '8F-FDG in blood plasma, despite much
higher inflammatory values after 24 h of mechanical ventilation. The
low variability is especially true at late time points, which are the
relevant ones for the Ki-SURg, correlation. As a consequence, 0 fea-
tured a relatively low inter- and intrasubject variability (low relative SD,
e.g., at t = 70 min: 8.7%) and was linearly correlated with time for
each animal and measurement time point (Fig. 6B).

Vaise Was lowest in ventral regions and increased along the grav-
itational gradient at both imaging time points (Fig. 7). The 24 h
period of mechanical ventilation was associated with a 23.2% =
25.0% increase in mean regional V.

K; and SURy,, were strongly correlated (r> = 0.78 before and
0.97 after 24 h of mechanical ventilation, Supplemental Fig. 3).
Although the Ki—-SURgy, correlation was similar to the Ki—SURq
correlation for higher inflammatory values obtained after 24 h
of mechanical ventilation, Ki-SURg,,, was
worse than K;—SUR,, before 24 h of me-

Before 24 h ventilation

1.254

1.00

SURgtay

=084
slope = 118.6 min
intercepti= 0.12

0.254

After 24 h ventilation

=097
islope =
lintercepti=-0.16

chanical ventilation (lower 2, Supplemen-
tal Fig. 3).

Ventral
Mid-ventral
Middle

DISCUSSION

Mid-dorsal

The main results of this study on an
Dorsal

experimental model of ARDS were that,
first, agreement between K; and SURgy,
was stronger than that between K; and
SUV at different K; levels; second, K; and

e ¢ + m

135.3 min
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K; * 100 (mL blood/mL lung/min)

K; * 100 (mL blood/mL lung/min)

& 50 SURy,: were strongly correlated at differ-

ent levels of lung inflammation; third, the

FIGURE 4. K-SURg;.: correlation obtained from PET/CT imaging data acquired before and after
24 h of mechanical ventilation and divided into 5 isogravimetric ventral (non—gravitation-depen-
dent)-dorsal (gravitation-dependent) regions. Red lines represent linear regression lines, for which

slope and intercept are specified. Note differing axis scales.
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arterial input function had an essentially
invariant shape across all animals and time
points; and fourth, compared with Kj, SUR
and SUV tracked the same direction of
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change in regional lung inflammation in 98.6% and 84.3% of
measurements, respectively.

SUV is a widely used parameter for quantification of 'F-FDG
uptake. However, SUV is dependent on factors such as body mass,
injected dose of '3F-FDG, and other confounding variables (8,9). We
found a weak K;-SUV correlation, despite a similar weight of the
pigs (35.3 = 3.6 kg), only a small variation in the injected dose of
I8E_FDG (198.6 * 42.3 MBq), and acquisition of the static PET/CT
scans at a similar time after '8F-FDG injection (78.4 = 0.9 min).
The Ki—SUV correlation was especially weak at low levels of lung
inflammation, for which variations in body mass and injected '8F-
FDG dose have a comparatively high impact on SUV.

The K;—SUR correlation was much stronger than the Ki—-SUV
correlation at different levels of lung inflammation. Similarly,
Chen et al. showed in an experimental ARDS study on dogs that
K, determined from compartment modeling of dynamic '3F-FDG
data, strongly correlated with tissue-to-plasma activity ratios (cal-
culated from the last frame of a dynamic '®F-FDG scan) whereas
K;-SUV correlation was weak (2).

A prerequisite for the good K;—SUR correlation is the shape
invariance of the arterial input function of '®F-FDG. This shape

invariance across different subjects and time points has been
shown in patients with liver metastasis (5) and colon cancer
metastatic to the liver (/0). van den Hoff et al. showed that, when
the arterial input function can additionally be described by an
inverse power law, the shape invariance translates into the same
exponent b but a different scale factor A in Equation 1 (7). As a
direct consequence, the Patlak time 6(7) does not depend on the
individual arterial input function but, rather, is proportional to
real time . Therefore, the Patlak time is comparable between
subjects at any time point after an initial period of about 3 min
(7). van den Hoff showed that these theoretic considerations are
approximately fulfilled in measurements obtained from patients
with liver metastases (7). The investigation of the arterial input
function performed in this study demonstrates that both the
shape invariance of the '8F-FDG input function across different
animals and imaging time points and the description of the
arterial '8F-FDG time—-activity curve by an inverse power law
are also valid in pigs with ARDS. However, the exponent of the
power law seems to be notably larger in pigs than in humans
(0.52 compared with 0.31). In general, a shape-invariant arterial
input function (as indicated by the constant exponent) is likely a
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FIGURE 6. Arterial input function of '8F-FDG (A) and Patlak time 6 (B) at mean frame time points of dynamic PET scans. Courses are shown for
14 animals before (blue) and after (black) 24 h of mechanical ventilation. Red lines and error bars represent averages and SD of each frame. In
A, interpolation was performed using the following power function: g%’t‘) =Axtb,
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FIGURE 7. Regional V4t of 14 animals before and after 24 h of mechanical ventilation.

result of a constant systemic glucose metabolism (4). Therefore, the
differing shape of the arterial input function between pigs and hu-
mans reflects differences in systemic metabolism. However, further
investigations are necessary to confirm this hypothesis.

The slightly worse K;—SUR correlation directly after induction
of lung injury than after 24 h of mechanical ventilation might be
caused by the lower inflammatory values and the resultingly
higher contribution of the variability of V. The rather high
intrasubject variability of Vy; might be explained by a substantial
increase in lung perfusion from ventral to dorsal regions in supine
animals (//-13), potentially increasing the fractional blood
volume.

The 24 h period of mechanical ventilation and the associated
ventilator-induced lung injury were associated with a 127.2% =+
79.4% increase in regional K;, whereas regional Vy; increased by
23.2% * 25.0%. Therefore, the contribution of the variability in
regional Vg, was much lower after the 24 h of mechanical ven-
tilation. This might, at least partly, explain the better K;—SUR
correlation at higher levels of pulmonary inflammation obtained
after 24 h of mechanical ventilation.

The K;—SUR correlation was performed using 2 different static
PET images for SUR computation: the static PET scan measured
after dynamic data acquisition (covering the whole lung, giving
SURy,,) and the image generated from the last frames of the
dynamic PET scan (giving SURgy,). The latter was analyzed be-
cause the analysis of a static PET scan has 2 artificial sources of
errors: first, there were no blood samples taken at the time point of
the static PET scan. Instead, the measured arterial input function
was extrapolated to this time point. Second, because of the differ-
ent FOV, the image data had to be coregistered to the correspond-
ing dynamic PET scan. Both aspects introduce an additional small
error, which would not be present in a study designed accordingly.
Therefore, the accuracy that can be expected when K; is replaced
by SUR is given by the results for the generated static image
(SURgyp), not by the measured static image (SURg).

A limitation of the current study is the lack of blood sam-
ples at the time point of the static whole-lung PET scan. A
second limitation is the low number of investigated subjects.
Further investigations with a larger sample size have to be
performed before these results can be transferred to patient
investigations.

CONCLUSION

In this model of experimental ARDS, the SUR analysis provided
an alternative to dynamic PET scanning and Patlak modeling of the
K; of 8F-FDG, allowing the assessment of inflammation of whole
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KEY POINTS

QUESTION: Can static '8F-FDG PET/CT and analysis of SUV or
SUR.: be used as an alternative to Patlak K; values derived from
dynamic '8F-FDG PET/CT for quantification of regional lung in-
flammation in experimental ARDS in pigs?

PERTINENT FINDINGS: An experimental study on 14 anesthe-
tized pigs with ARDS revealed a weaker K—SUV and a strong
K—SUR correlation at 2 separate imaging time points. The good K-
SUR,: correlation can be explained by the shape invariance of the
arterial input function of 18F-FDG across all animals and time points.

IMPLICATIONS FOR PATIENT CARE: The findings suggest that
SUR4g;.: derived from static 18F-FDG PET/CT provides an alter-
native to dynamic 18F-FDG PET/CT and Patlak K; analysis,
allowing the assessment of inflammation of whole lungs, repeated
measurements within the period of 18F-FDG decay, and faster
data acquisition.
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