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Background. Following myocardial infarction, tissue undergoes pathophysiological chan-
ges involving inflammation and scar tissue formation. However, little is known about the
pathophysiology and prognostic significance of any corresponding changes in remote myo-
cardium. The aim of this study was to investigate the potential application of a combined
constant infusion of "*F-FDG and Gd-DTPA to quantitate inflammation and extracellular
volume (ECV) from 3 to 40 days after myocardial infarction.

Methods. Eight canine subjects were imaged at multiple time points following induction of
an MI with a 60-minute concurrent constant infusion of Gd-DTPA and '*F-FDG using a hybrid
PET/MRI scanner.

Results. There was a significant increase in ECV in remote myocardium on day 14 post-MI
(P =.034) and day 21 (P =.021) compared to the baseline. ECV was significantly elevated in the
infarcted myocardium compared to remote myocardium at all time points post-MI (days 3, 7,
14, 21, and 40) (P < .001) while glucose uptake was also increased within the infarct on days 3, 7,
14, and 21 but not 40.

Conclusions. The significant increase in ECV in remote tissue may be due to an ongoing
inflammatory process in the early weeks post-infarct. (J Nucl Cardiol 2022;29:1315-25.)

Key Words: Inflammation - Myocardial ischemia and infarction « Microvascular
dysfunction - MRI » PET + Hybrid imaging

Abbreviations FDG '®E_Fluorodeoxyglucose
10T Infarcted obstructed tissue ECV Extracellular volume
INOT Infarcted not obstructed tissue EF Ejection fraction

RT Remote tissue ESV End-systolic volume
MI Myocardial infarction EDV End-diastolic volume
GBCA  Gadolinium-based contrast agent
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INTRODUCTION

After a myocardial infarction (MI), patients remain
at risk of adverse events, including heart failure.! Risk
factors for these adverse events include infarct size™
and extent of microvascular obstruction.* Both are
independent predictors of left ventricular remodeling.
Inflammation also plays a key role in the response to
infarction, and its evolution will play a key role in
determining how the left ventricle remodels. Both MRI
and FDG-PET may provide insights into the evolution of
myocardial injury and inflammation.

Using MRI, T1 maps can be obtained and used to
measure the extracellular volume, an indicator of tissue
edema, a common accompaniment of inflammation.
ECV is elevated within infarcted tissue post-MI, starting
in the first few hours.’ However, little is known about
the ECV in remote non-infarcted, non-ischemic myo-
cardium as the left ventricle remodels.® In such tissue,
fibrosis, cellular inflammation, and edema may evolve
gradually which would result in a slow increase in ECV,
which might only be measurable over extended periods
of time (months).”®

In addition to defining the extent of irreversible
injury, the delayed enhancement protocol also provides
a volume measure of microvascular obstruction within
the infarct which we designate hereafter as infarcted
obstructed tissue or IOT. IOT has very compromised
blood flow with reduced tracer delivery. As a result,
little is known about the ECV in the IOT and how it
changes in time post-MI.

In order to quantitate ECV in remote tissue (RT),
infarcted tissue excluding any region with significant
microvascular obstruction, infarcted non-obstructed tis-
sue or INOT, and IOT, single-slice breath hold T1 maps
need to be acquired spanning the entire heart.”™"
However, this requires acquisition during which the
concentration of GBCA in the blood and tissue should
not be changing significantly, as it normally would
following a bolus injection.””!' However, it has been
known for some time that a bolus injection followed by
a constant infusion of GBCA, given the correct timing
and dose distribution between the bolus and constant
infusion, achieves relatively rapid constant blood con-
centrations.”'* Despite this, few studies have
investigated just using a prolonged constant infusion to
measure ECV in the RT, INOT, and IOT."

Post-MI cellularly mediated inflammatory processes
clear out myocardial cellular debris and stabilize the
region of infarction with scar tissue. When using FDG to
image macrophage-mediated cardiac inflammation, an
important consideration is effective suppression of the
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glucose uptake by cardiomyocytes to get an accurate
picture of inflammation, without the confounding effect
of myocardial glucose uptake. This is generally achieved
with one or more of: fasting, a high-fat diet, heparin
injection, and in animals, a lipid infusion.'* In addition
to the concern regarding suppression of myocardial
glucose uptake, an additional concern with FDG-PET
imaging in acute MI is the potential effect of IOT on the
apparent inflammation profile: lower FDG activity in the
center of the infarct (i.e., the IOT) may be primarily the
result of reduced delivery of this tracer as a result of the
severely compromised flow. Since myocardial infarction
patients with IOT have poorer outcomes, it is imperative
to be able to accurately quantitate the inflammatory
processes within this region (without the confounding
effects of compromised tracer delivery), in order to plan
future interventions to improve prognosis. Previously, a
constant infusion has been used in the brain to penetrate
the ischemic region post-stroke.'””> We propose that a
constant infusion of Gd-DTPA and FDG would allow
penetration of the IOT to allow better characterization of
the inflammatory response, both macrophage mediated,
and that associated with tissue fibrosis and edema,
without the constraints of compromised tracer delivery.
Here, we have investigated the potential application
of a simple combined constant infusion of Gd-DTPA
and FDG to quantitate inflammation, ECV and function
in RT, INOT, and IOT in a canine model of permanent
coronary artery occlusion from 3 to 42 days post-ML.

METHODS

Animals and Surgical Preparation

This study was approved by the Animal Care Committee
of Western University. Eight adult, female, bred-for-research
hounds were used. Anesthesia for surgery and imaging was
induced using propofol and maintained with 1.5% to 2%
isoflurane. Animals underwent imaging at baseline (n = 5), 3-4
(n=6),7t08 (n=7),14to 15 (n=06),21 to 22 (n=8), and 38 to
44 (n = 8) days post-MI (Figure 1). Due to technical difficulties,
not all animals were imaged at all time points. MI was induced
by permanently placing a snare ligature around the left anterior
descending coronary artery during left thoracotomy.

PET Imaging

Animals were fasted between 16 and 21 hours before the
start of imaging. To further suppress myocardial glucose
uptake, twenty minutes before the constant infusion of FDG,
2000 units of heparin were administered intravenously, and an
infusion of 20% lipid (Intralipid; Baxter Healthcare Corpora-
tion) at a rate of 0.25 mL/min/kg was administered
intravenously over a 50-minute period starting immediately
after the administration of heparin (see figure S3 for a sample
image). Note that whereas, in humans, diet and heparin are
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sufficient for 95% suppression,'* in canines, intralipid infusion
is also needed as we have previously reported.'®

A 60-minute constant infusion of both FDG (0.17 MBgq/
min/kg; fludeoxyglucose (‘*F) injection, produced in-house at
the Lawson Cyclotron Facility) and Gd-DTPA (0.004 mmol/
min/kg for a total dose of 0.24 mmol/kg, Magnevist; Bayer
Inc.) was started simultaneously with the beginning of the list-
mode PET acquisition. In addition to the 60-minute infusion,
the PET acquisition was extended to a further 10-minute
washout in 3 dogs and a 30-minute washout in 5 dogs. The
PET data were reconstructed in 3-minute frames using a 3D
ordered-subset expectation maximization reconstruction (3
iterations, 21 subsets, 172 x 172 x 127 matrix size, zoom
of 2 and 4 mm Gaussian filter). MR-based attenuation
correction was achieved using a two-point Dixon MRI
sequence and segmented into water, fat, lung, and air with
constant attenuation coefficients for each tissue.'” The PET
voxel size was 2.09 x 2.09 x 2.03 mm.

Cardiac MR Imaging

MR imaging was started 60 minutes prior to beginning of
the constant infusion. Sequences included short-axis cine
stacks of the left ventricle synchronized to the ECG signal
(true fast imaging with steady-state free precession (True-
FISP), slice thickness 6 mm, 256 x 216 voxels, voxel size 1.09
x 1.09 mm, ~ 12 second acquisition time, based on heart rate)
where each slice was acquired during a breath hold; a 3D T1-
weighted image (ECG-triggered inversion recovery sequence
with navigator echo for respiratory gating, 256 x 200 x 112
voxels, voxel size 0.625 x 0.625 x 0.9 mm, ~ 4 minute
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acquisition time, based on heart and respiratory rate); T1 maps
(ECG-triggered modified look-locker inversion recovery
sequence, slice thickness 6 mm, 256 x 144 voxels, voxel size
1.09 x 1.09 mm, ~ 12 second acquisition time, based on heart
rate) in a single breath hold to acquire 2-chamber and 4-
chamber views of the heart (Siemens Work In Progress). In 7
animals, T1 maps and 3D T1-weighted images were acquired
in 10 minute intervals. In the other animal, 4-chamber view T1
maps were acquired every 3 minutes and a 3D T1-weighted
image was acquired 70 minutes into the PET scan (i.e., 10
minutes after the infusion was stopped). See Figure 1 for
details on the timing of both the MRI and PET data
acquisitions.

Data Analysis

Regions of interest Regions of interest (ROIs)
were manually drawn onto the final Gd-enhanced T1 map
which was then automatically transferred to all other T1 maps.
The ROIs outlined were the IOT, the INOT, two samples of
RT, and the blood pool. Note that the IOT only included tissue
with microvascular obstruction, and the INOT was all other
infarcted tissue, excluding the IOT. The 2D ROIs were then
also transferred to the corresponding slice of PET data.
Figure 2 shows the selection of the three regions of interest
(RT, INOT, and IOT) and the selection of the blood pool
region within the left ventricular cavity all taken 10 minutes
after the 60-minute constant infusion. Manual adjustment of
some images in the series was applied to offset changes in
heart position. Edges were also avoided when drawing ROIs to
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Figure 1. Experimental Protocol: After the subject was setup in the MR scanner, MRAC,
localizers, pre-contrast images, and cine images were acquired. During this time, heparin was
injected and lipids were infused. Then, a constant infusion of Gd-DTPA and FDG was started, and
T1 maps and 3D T1-weighted images were acquired in conjunction with FDG list-mode data.
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minimize partial volume averaging from voxels at the myocar-
dial-blood pool border.

Glucose metabolism FDG concentration curves of
all ROIs were fit to the Patlak model'® using the following
equation:

t

[FDG(1)],= K; [[FDG(x)],dz + (vf + v,’j) [FDG(1)],
0

where [FDG(#)]; is the concentration of FDG in tissue i,
including corrections outlined below, K; the influx constant is
proportional to the rate of glucose metabolism in tissue i, and
[FDG(#)], is the arterial plasma concentration input function,
defined as the blood pool ROI in the left ventricular cavity
corrected for the hematocrit (assumed to be 0.45).19 VP is the
equilibrium space of the extravascular exchangeable region
and v§ the plasma space.

The influx constant, K;, is the slope of the plot of
[FDG()),  J,[FDG()] dr
[FDG)], vs [FDG()],
minutes after the start of the constant infusion. [FDG(t)], was
corrected by the glucose plasma:whole blood ratio (P) of
1.375*" and the haematocrit (Het), i.e., [FDG(#)], = [FDG(1)],
(P/(1—Hct)), where [FDG(?)], is the blood concentration. The
tissue concentration was corrected for the spillover effect
based on object size in PET using a recovery coefficient (RC)
of 0.7 determined for the myocardial wall in our PET/MRI
imaging system, i.e., [FDG(#)]; = [FDG(?)]/RC — (I—RC)
[FDG(1)],/RC,>""** where [FDG(?)], is the uncorrected tissue
concentration.

Extracellular volume fraction ECV maps cal-
culated at the 60-minute time point in the constant infusion
were used to compare changes over time. For the estimation of
ECV, equilibrium was assumed to be reached when the
difference in ECV between acquisitions was less than 5%, as
done by White et al,”® 76 out of 868 T1 maps could not be
analyzed due to excess noise and were excluded. ECV was
calculated using the formula:

, once the slope is constant, at 12

1 _ 1
posicontrast7imyo ~ native 71myo

ECV = (1 — het) x

1 _ 1 :
postcontrastriblood  nativeriblood

Volumes of IOT and INOT To determine the
volume of the IOT and INOT, gadolinium-enhanced 3D T1-
weighted images were segmented by a single observer using
the 3D Slicer Segment Editor (http://www.slicer.org/).>*
Thresholds were determined for IOT, INOT, and RT and
drawn using the threshold paint function. This threshold
approached insured that the INOT did not include 10T.

MRI measurement of heart function Using
Slicer to analyze the ECG-triggered short-axis TrueFISP image
series, the blood pool can be segmented. A single operator
defined the blood pool throughout the series and determined
the phases of the cardiac cycle with the highest and the lowest
blood volume. These were defined as the end-diastolic volume
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Remote Tissue
(RT)

Infarcted,
obstructed
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Figure 2. Glucose metabolism and extracellular volume
(ECV) measurements were calculated at four separate regions
(two in remote tissue (RT), one in infarcted not obstructed
(INOT), excluding tissue with microvascular obstruction, and
one in infarcted obstructed tissue (I0T)).

(EDV) and end-systolic volume (ESV). The ejection fraction
(EF) was calculated using the equation:

_ EDV - ESV
~ EDV

These results were compared to the automatic segmenta-
tion generated with commercial cardiovascular image analysis
software, circle cvi42 (Circle Cardiovascular Imaging Inc,
Calgary), and were found to be within 5% when the same
number of short-axis slices were used. As circle cvi42 failed in
a number of sets of data, we report values from Slicer. Slices
were excluded due to poor image quality, if the aorta was
visible or if they were past the apex.

Statistics Statistical analysis was performed using
GraphPad Prism (GraphPad Software, La Jolla, CA). All data
are presented as mean + standard error of the mean. Repeated-
measures analysis of variance (ANOVA) were performed on
the days post-MI prior to washout and following washout.
Comparison of differences in RT, INOT, and IOT as well as
during washout of Gd-DTPA was assessed with paired and
unpaired two-tailed ¢ tests. A P value of < .05 was considered
to be statistically significant. Corrections for multiple compar-
isons were performed using a Bonferroni multiple comparison
test.

EF - 100%.

RESULTS

Volume of 10T and INOT

Figure 3 shows the T1 maps determined every 10
minutes for one dog. Penetration over time into the IOT
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can be seen. ROIs were drawn on the 70-minute map to
allow for some washout from the blood pool. Measuring
the volume of the INOT showed a decrease over time in
all animals with a mean starting value of 15174 mm® at
day 3 and a final value of 4939 mm® at day 43, as shown
in Figure 4. Statistical differences were observed start-
ing at day 14 (P = .014) and then also on day 21 (P =
.0031) and day 43 (P = .0003).

Extracellular Volume

There was a significant increase in RT at minute 60
on day 14 (P =.0336) and day 21 (P = 0.0205) post-MI
compared to the baseline healthy myocardial ECV as
shown in figure 5. There was no significant difference in
RT ECV on day 3 (P = .50), day 7 (P = .086), and at day
40 post-MI (P = .0597) relative to the baseline myocar-
dial ECV.

As shown in Figure 6, ECV was significantly
elevated in the INOT myocardium at minute 60 com-
pared to RT myocardium at all time points post-MI
(days 3, 7, 14, 21, and 40) (P < .001).

In the INOT at day 3, there was a significant
increase at minute 60 compared to minute 50 (P = .024).
At all other days post-MI, there was no significant
difference between minute 60 and minute 50 (day 7: P =
.062; day 14: P = .39; day 21: P = 47; day 40: P = .11).

In the IOT, there was no significant difference in
ECV at day 3 at minute 50 and minute 60 (P = .17).
There was a significant difference between minute 50
and 60 at day 7 (P < .01); however, at all other time
points, there were an insufficient number of canines with
an IOT to do proper analysis (N = 3 for day 14, N = 1 for
day 21, N = 0 for 40 days).

Figure 7 shows ECV values for the INOT tissues
for all canines post-MI as a function of 60-minute
constant infusion followed by 30 minutes of washout.
The measured ECV is significantly increased during the
washout period of Gd-DTPA (see figure S1 in the
supplemental data). This was also seen for the IOT
tissue at day 3 at 70, 80, and 90 minute of washout and
at day 7 at 90 minute while at days 14, 21, and 40, there
were insufficient data for analysis as the IOT tended to
resolve into INOT.

Patlak Parameter Estimates

Figure 8 shows the Ki for all 8§ animals in remote
myocardium as a function of time post-MI. Although it
appears that there was an increase in some animals early
post-MI, no significant changes were seen (day3: P =
.38;day 7 P =.32;day 14: P=.11; day P =21: 0.19; day
43: P = .63).
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Figure 9 shows the glucose metabolism for the
INOT, Ki, as a marker of glucose metabolism signifi-
cantly exceeds baseline (0.00514 + 0.00045) at all points
other than day 43, when glucose metabolism returns to
the baseline value. While day 3 is not significantly
different from day 7, it is higher than all other values,
showing that the inflammatory response appears largest
within the first week of infarct. This decrease over time
appears to be linear with an r value of 0.918 (P =.0278).

The extravascular exchangeable volume in the
INOT, calculated with the Patlak model, also undergoes
significant changes post-MI, where days 7 (P = .0199),
14 (P = .0015), 21 (P = .0001), and 42 (P < .0001) are
significantly higher than day 3 as shown in Figure S2.

Glucose metabolism in the IOT is increased at days
3 (P =.0332) and 7 (P = .0042) relative to baseline.
There were not enough values for subsequent days to
test significance, although in the remaining animals, it
does appear to stay elevated.

Measurements of Cardiac Function

Figure 10 shows the ejection fraction (EF), end-
diastolic volume (EDV), and end-systolic volume (ESV)
for all animals. A sharp decrease in ejection fraction is
visible at day 3 (P = .0013) before it returns to a baseline
value at day 7. The end-diastolic volume on the other
hand does not show a difference while the ESV
increases on day 3 (P = .0127).

DISCUSSION

In this study, we have applied PET/MR using a
combined infusion of a gadolinium-based contrast agent
and FDG to assess cell-based inflammation, myocardial
fibrosis, and edema, in multiple regions of potential
myocardial injury following an acute myocardial infarc-
tion. Accurate assessment of these processes can be
compromised by issues of reduced tracer delivery,
particularly within the central core of an infarction,
where microvascular obstruction can markedly reduce
blood flow. A single bolus injection of either tracer may
not allow adequate penetration of these tracers into these
areas of markedly compromised flow.

Although our group has previously demonstrated
that concurrent constant infusions of Gd-DTPA and
FDG can provide valid measures of ECV and '*F-FDG
in normal myocardium,13 this is the first time that this
injection strategy has been used to investigate RT,
INOT, and IOT post-MI, and sequentially over several
weeks. It is evident from Figure 5A that identical ECV
values in RT can be measured after 20 to 30 minutes
after the onset of a constant infusion until 30 minutes
after terminating the constant infusion implying that the
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Figure 3. 2-chamber T1 maps throughout the constant infusion at day 7 show the influx of tracer
into the IOT (blue arrows) and INOT (yellow arrows).

Change in INOT Volume over Time
20000+

15000
10000

5000

Volume (mm3)

Time (Days)

Figure 4. The INOT volume starts at its highest at day 3 and
decreases over 42 days in all 8 animals.

GBCA must be being cleared similarly from the RT and
blood.

The ECV in the INOT reached equilibrium between
50 and 60 minutes of onset for days 7 to 40 and likely
did at the 60-minute time point for day 3 (see Figure 6),
demonstrating that even with reduced blood flow in the
INOT tissue, a 60-minute wash in was sufficient to
obtain accurate values of ECV. However, the 60 min
constant infusion in the IOT appears to not have reached
equilibrium within the tissue, and hence, it is unlikely
that the estimate of ECV is accurate. The data presented
in Figures 4 and 6 at 7, 14, and 21 days suggest that
ECV of IOT may actually be similar to that of INOT at
the end of the 60 min infusion. However, in the early
days following infarction, at day 3, the IOT-measured
ECV was comparable to RT and much lower than the

A ECV vs time (RT post-MI)
0.5+
BLRT
0.4 Day 3 RT
—— Day 7RT
03{ .
3 | s Day 14 RT
A 5
o2y i~ : — Day21RT
0.1- —— Day 40 RT
0.0 T T T T 1
0 20 40 60 80 100
Time (mins)
B
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< *'b *'\ > a ©
o&é‘ N 0’* 06\ °'$\
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Figure 5. A ECV (mean + SEM) varies in the days following
MI in the RT over the duration of the scan using the constant
infusion protocol. B ECV values for each canine at each
respective day post-MI in RT 60 min into the scan, at
equilibrium, prior to washout of Gd-DTPA. * represents a
significant difference of (P < .05).
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Figure 6. ECV measurements calculated in eight canine subjects measured every 10 minute for up
to 90 minute after starting the constant infusion of Gd-DTPA. ECV was calculated in RT, INOT,
and IOT at days 3, 7, 14, 21, and 40 post-MI and prior to MI. Data represented are mean + SEM.
Constant infusion of Gd-DTPA was terminated at 60 minute followed by 30 minute of washout.
Only one canine showed an IOT at day 21, and no IOT was seen for any canines 40 days post-MI.
Figure 6 shows how the measured ECV varies with time for RT, IOT, and INOT. Clearly RT
reaches equilibrium as quickly as seen in the normal myocardium measured at baseline with no
change during washout. The measurement in the INOT reaches equilibrium well within the 60-
minute constant infusion at all days except at day 3. The measurement in the IOT does not reach
equilibrium except perhaps at day 7, though there was still a significant difference between the 50-
minute and 60-minute time points. It is clear that the measurement of ECV is not accurate during
washout for either INOT or IOT, independent of time, post-MI.

measured value in INOT. Nevertheless, compared to a
bolus injection, significant penetration does occur with
the 60 min constant infusion.'''®?

Unlike RT, measurements of ECV during washout
in the INOT and IOT should not be used as they were
significantly elevated at all washout time points as

shown in Figures 6, 7, and S1. This is presumably
because the blood flow is lower in the IOT and INOT
and thus dramatically reduces Gd-DTPA clearance in
the myocardium compared to blood, meaning that
measured ECV appears artificially elevated.”® This is
the opposite to the beginning of the scan, where the ECV
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ECV vs time (INOT post-MI)
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Figure 7. Shows ECV values for the INOT tissues for all
canines post-infarction as a function of 60-minute constant
infusion followed by 30 minute of washout. Measured ECV is
increased during the washout period of Gd-DTPA.
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Figure 8. Remote Ki shows no significant difference over
time though it appears as though there may be a rise over the
first week. This plot shows the mean and interquartile ranges
(box) and the maximum and minimum values (whiskers).
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Figure 9. INOT Ki decreases linearly over time, returning to
pre-infarct values (0.00514 + 0.00045) at day 43. Ki in the
INOT is significantly different from day 3 at day 14 (P =
.0143), day 21 (P = .0031), and day 42 (P = .0003).

is underestimated as the tracer entering the INOT lags
behind Gd-DTPA concentrations in the blood. Note that
these observations regarding achieving equilibrium in
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RT, INOT, and IOT for GD-DTPA imply that FDG,
which was concurrently injected with Gd-DTPA, would
behave similarly.

Figure 10 shows that the functional assessments
have a similar timeline for evolution of heart function as
human patients post-MI with reduced ejection fraction.*’
There is a sharp decrease in ejection fraction at day 3
and recovery over the subsequent time points.

We found a significant increase in ECV in the RT at
days 14 and 21 post-MI, but not at days 3 and 7.
Increases in ECV in RT may reflect more generalized
but less intense tissue edema and/or an early fibrotic
response, not just limited to the area of acute ischemic
injury, a pattern that has been shown in rats.®®
Cleutjens et al. have shown increased collagen protein
deposition in rats in both infarcted and non-infarcted
areas through upregulation of type 1 and type 3 collagen
mRNA transcription.® This could potentially lead to the
ECV increases that we observed post-MI.%*® At day 40,
there was a p value of 0.06 for ECV in remote
myocardium,, .A larger sample size could potentially
have shown elevated ECV, 40 days post-MI. ECV
calculation provides important, non-invasive insight into
the pathophysiological mechanisms of cardiac remodel-
ing post-MI and may serve as an important source of
diagnostic, therapeutic, and prognostic decision mak-
ing.'?3" Specifically, the change in ECV in remote
non-infarcted tissue provides strong evidence that there
is a pathological process evolving in the early weeks
post-infarct.g’zg’32 Future work is needed, such as val-
idating this through measuring amount of fibrosis in
histological tissue samples taken from RT and compar-
ing it to tissue from sham-treated animals.

The decrease in the INOT volume using the 3D T1-
weighted images (Figure 4) has underscored a long-
standing debate. This decrease likely does not represent
a degree of tissue repair but rather reflects permanently
damaged myocardial tissue, in essence, shriveling over
the days and weeks post-infarct. Note these data were
taken while the blood and tissue concentrations were
kept constant in the RT and to a large extent in the INOT
tissue due to the constant infusion.

The FDG results that we observed were not as
consistent as the ECV results. This is partially
attributable to the lower spatial resolution of cardiac—
FDG-PET in comparison to GBCA MRI, leading to
potential partial volume issues in the discrimination of
IOT from INOT. However, there should be a minimal
partial volume effect from the left ventricular blood pool
when assessing RT as myocardial edges were not
included. As shown in Figure 8, there is a trend of an
increase in Ki from baseline at days 3, 7, 14, and 21,
though no significant changes were observed: day 3: P =
.38;day 7 P = .32; day 14: P = .11; day 21: P = .19; day
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Figure 10. Ejection fraction over time: As in human patients, there is an initial drop in ejection
fraction (P = .0013) which then recovers in the following week and remains near baseline. This
initial decline can be explained by an increased ESV (P = .0127) with steady EDV.

43: P = .63. These values are also similar to what was
found by Herrero et al in normal canine myocardium
during suppression.”® Figure 5B shows increases in
ECV at days 7, 14, and potentially 43 days. Despite
not large effects, this suggests that increases in ECV
(potentially edema and fibrosis) are accompanied by
cell-based inflammation in RT. Note how both results
(Figures 5B and 8) suggest that by 43 days, both are
proportionately reduced. If fibrosis had developed, it
would seem unlikely that it would have resolved,
suggesting that perhaps edema associated with the '®F-
FDG-detected inflammation may have started to resolve.

Glucose metabolism in INOT decreased with time
as shown in Figure 9, with Ki highest at 3 days (0.0125
mL/min/g) decreasing to approximately normal tissue
values by day 43. In contrast, the Patlak analysis for
INOT (see Figure S2) showed a significant increase in
the extravascular exchangeable volume. This decrease in
glucose metabolism in the INOT suggests that the
number of metabolically active macrophages is decreas-
ing or is being converted into M2-like macrophages,

which take up less FDG than M1-like macrophages.*® It
appears that the INOT experiences the highest level of
inflammation within the first week following which it
declines and returns to baseline by day 43. The IOT
glucose metabolism was also significantly increased for
the first week but could not be evaluated as a separate
region distinct from the surrounding INOT after that due
to the decreasing number of animals with an IOT at the
later time points as there is apparent recovery from the
initial microvascular injury. This strengthens the notion
that anti-inflammatory treatment not only would be most
effective within the first two weeks, but it also shows
that the IOT may be an important factor influencing the
perseverance of inflammation, especially since glucose
metabolism in that region is probably underestimated.
As we have shown here, even after the 60 min constant
infusion, Gd-DTPA concentration was still increasing.
This would suggest a corresponding increase in FDG
concentrations within the IOT and that the methodology
used in the experiments reported here underestimated
the true glucose metabolic rate in the IOT.
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Limitations of this study include the small number
of animals, but even more so, the small number of
animals with an IOT that was sustained through the
period of observation, although this pattern of resolution
of the regions of microvascular obstruction is by itself
noteworthy. Another limitation is that not all animals
could be imaged at every time point. While most
animals had an IOT at day 3 and day 7, they disappeared
at day 14, for all but two animals. More animals would
also let us study the RT in more detail, since there is an
increase in ECV on days 14 and 21 which may
correspond to an inflammatory response. We have also
found that ECV may be affected by myocardial glucose
uptake suppression, i.e., larger by 13% in healthy
myocardium.'® Since all of these animals were sup-
pressed equally, the trends found should not be affected,
but actual ECV values may be slightly lower.

NEW KNOWLEDGE GAINED

We have found evidence of a pathological process
involving inflammation in the early weeks post-myocar-
dial infarction. Increased ECV in the remote tissue
suggests a pathological process in the RT. This research
shows that a 60-minute constant infusion can be used to
evaluate ECV and inflammation in the RT and INOT
longitudinally but cannot be used to estimate the ECV in
the IOT as the measured value does not reach equilib-
rium during the 60 minute.

CONCLUSION

Here, we have shown rigorous longitudinal mea-
surements of inflammation and ECV, measured during a
combined infusion of FDG and GBCA. ECV in remote
myocardium at 14- and 21-day post-MI was significantly
greater than at baseline. The change in ECV in remote
non-infarcted tissue provides strong evidence that there
is a pathological process evolving in the early weeks
post-infarct. As the concentration of FDG in the 10T
continues to rise by the end of the constant infusion, it
stands to reason that a bolus injection of FDG would
underestimate the glucose metabolism in the IOT.
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