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F-18 fluorodeoxyglucose (FDG) myocardial PET imaging is since more than two decades considered to delineate glucose
utilization in dysfunctional but viable cardiomyocytes. Late gadolinium enhancement (LGE) MRI was introduced more
than a decade ago and identifies increased extravascular space in areas of infarction and scar. Although the physiological
foundation differs, both approaches are valuable in the prediction of functional outcome of the left ventricle, but syner-
gistic effects are yet unknown. We aimed to compare the improvement of LV function after 6 months based on the re-
gional FDG uptake and the transmurality of scar by LGE in patients early after acute myocardial infarction (AMI).

Twenty-eight patients with primary AMI underwent simultaneous PET/MRI for assessment of regional FDG uptake and
degree of LGE transmurality 5—7 days after PCI. Follow-up by MRI was performed in 20 patients 6 months later. Myo-
cardium was defined ‘PET viable’ based on the established threshold of >50% FDG uptake compared with remote myo-
cardium or as ‘MRl viable’ when LGE transmurality of <50% was present. Regional wall motion was measured by MRI.
Ninety-five dysfunctional segments were further analysed regarding regional wall motion recovery. There was a substan-
tial intermethod agreement for segmental LGE transmurality and reduction of FDG uptake (k = 0.65). ‘PET viable’ and
‘MR viable’ segments showed a lower wall motion abnormality score (PET: initial: 1.4 + 0.6 vs. 1.9 + 0.8, P < 0.008;
follow-up: 0.5 + 0.7 vs. 1.5 + 1.0, P < 0.0001; MRI: initial: 1.5 + 0.6 vs. 2.0 + 0.8, P < 0.002; follow-up: 0.7 + 0.8 vs.
1.6 + 1.0, P < 0.0001) and a better regional wall motion improvement (PET: —0.9 + 0.7 vs. —0.4 + 0.7, P < 0.0007;
MRI: —0.8 + 0.7 vs. —0.4 + 0.7,P < 0.009) compared with ‘PET non-viable’ or ‘MRl non-viable’ segments, respectively.
Eighteen per cent of the dysfunctional segments showed discrepant findings (‘PET non-viable’ but ‘MRl viable’). At follow-
up, the regional wall motion of these segments was inferior compared with ‘PET viable/MRI viable’ segments (1.1 + 0.8 vs.
0.5 + 0.7, P < 0.01), had an inferior functional recovery (—0.5 + 0.6 vs. —0.9 + 0.7, P < 0.03), but showed no differ-
ence compared with concordant ‘PET non-viable/MRI non-viable’ segments.

The simultaneous assessment of LGE and FDG uptake using a hybrid PET/MRI system is feasible. The established PET and
MRI ‘viability’ parameter prior to revascularization therapy also predicts accurately the regional outcome of wall motion
after AMI. In a small proportion of segments with discrepant FDG PET and LGE MR findings, FDG uptake was a better
predictor for functional recovery.

PET/MRI e Viability ¢ FDG e Late gadolinium enhancement e Myocardial infarction e Wall motion recovery

* Corresponding author. Tel: +-49 163 7227772; Fax: +49 89 41404841, E-mail: c.rischpler@tum.de; rischpler@gmail.com
T Both first authors contributed equally to this article.

*Both senior authors contributed equally to this article.

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2015. For permissions please email: Journals.permissions@oup.com.

9T0Z ‘ST 42q0320 o 1sanb Aq woly papeojumog



662

C. Rischpler et al.

Introduction

Early after acute myocardial infarction (AMI), the discrimination
between reversible and irreversible myocardial dysfunction is of high
clinical interest. In patients suffering from chronic ischaemic heart
disease, ‘viability’ imaging by PET and late gadolinium enhancement
(LGE) imaging using MRI are established techniques to predict
whether patients will have an improved left ventricular (LV) function
and improved survival after revascularization.™ In the subacute phase
after AMI, however, studies investigating these techniques are scarce.

The gold standard to distinguish patients with reversible from those
with irreversible myocardial dysfunction is F-18 fluorodeoxyglucose
(FDG) PET imaging> The underlying principle is that ischaemically
injured myocardium demonstrates a shift in myocardial metabolism
from the oxidation of free fatty acids towards glucose utilization.*
Hibernating myocardium, a state caused by chronic hypoperfusion
or repetitive stunning, is dysfunctional and metabolizes primarily
glucose. This up-regulation of glucose utilization in myocardium
exposed to ischaemia is associated with poor outcome® and the
amount of hypoperfused but reversible injured myocardium—a
state called mismatch—is of prognostic significance.”® Myocardium
with reduced blood flow but preserved or up-regulated FDG uptake
has the potential to recover after revascularization.”

An alternative imaging method is the late LGE technique by cardiac
MRI. MR imaging is performed 5—20 min after the administration of
gadolinium-DTPA using inversion-recovery prepared T1-weighted
gradient-echo pulse sequences to suppress the signal from remote
myocardium and allows the identification of scarred myocardium
as signal-enhanced areas.®’ Dueto the high resolution of MR, trans-
muralinfarction can be distinguished from non-transmural LGE. Fur-
thermore, even small areas of subendocardial infarction can be
detected which is also known to be of prognostic relevance."®

The specificity for the prediction of functional recovery after
revascularization is—according to a recent meta-analysis—compar-
able for FDG PET and LGE MR imaging (~63%), while PET showed
higher sensitivity (92 vs. 84%).3 However, there are fundamental dif-
ferences for the assessment of reversibly damaged myocardium
between the two imaging modalities: while LGE primarily depicts
increased extracellular space associated with scar tissue, the FDG
uptake represents a true metabolic signal of viable cells.

The ongoing emergence of combined PET/MRI scanners offers the
unique opportunity to directly compare these different but potentially
complementary modalities in a simultaneous imaging session at
identical conditions with best achievable co-registration. So far,
studies investigating FDG PET imaging shortly after revascularization
are scarce, especially with follow-up imaging for the determination
of LV function changes."" In this study, patients were imaged in the
subacute phase after AMI using both FDG PET and MR for LGE, LV
function, and wall motion assessment. We aimed to compare the
improvement of LV function based on the regional FDG uptake and
the transmurality of scar by LGE in patients early after AMI.

Methods

Patient population

Patients suffering from primary AMI between 1 November 2011 and
1 September 2012 who were treated by primary angioplasty of the

infarct-related artery immediately after hospital admission and who had
no contraindications for PET/MRI (pregnancy, haemodynamic instability,
creatinine clearance <50 mL/min, allergy to contrastagent, claustropho-
bia, presence of pacemakers, ICDs, or any other ferromagnetic material
in the body) were included in this study. AMI was defined by chest pain
lasting at least 20 min (onset of symptoms <72 h before PCl) associated
with electrocardiographic (ECG) changes (ST-segment elevation, new-
onset left bundle branch block) and/or elevated cardiac enzyme levels.
The simultaneous FDG PET/MRI scan was performed 5—7 days after
PCl in 28 patients. Follow-up imaging by MRI only was scheduled to
take place ~6 months after PCI. In seven patients, the scheduled follow-
up imaging could not be obtained due to MRI-incompatible pacemaker/
ICD implantation (n = 3) or due to loss to follow-up (n = 4). Further-
more, one patient had to be removed from the final analysis because of
poor image quality of the initial scan. Consequently, the final study popu-
lation consisted of 20 patients who underwent both initial and follow-up
imaging and whose scans showed good image quality.

Simultaneous PET/MR imaging was performed 5.6 + 1.4 days after
hospital admission (baseline), and follow-up imaging by MRl only was per-
formed after 194 + 22 days. In the final study group, there were 11 (55%)
men and 9 (45%) women with a mean age of 59.4 + 15.0 years and
a mean body mass index of 26.7 + 4.8 (range: 18.8—35.1) kg/m> Re-
garding risk factors as defined by published criteria,"*~"* there were 11
(55%) patients with a history of smoking, 14 (70%) subjects suffering
from hypertension, 11 (55%) patients with dyslipidaemia, 2 (10%) sub-
jects with diabetes mellitus, and 3 (15%) patients had a positive family
history of premature coronary artery disease. In 15 patients (75%), an
ST-segment elevation myocardial infarction (STEMI) was diagnosed,
whereas 5 patients (25%) had a non-ST-segment elevation myocardial in-
farction (NSTEMI). The infarct location was anteriorin 13 patients (65%),
inferior in 4 patients (20%), and lateral in 3 patients (15%). PCl was per-
formed on average 11.2 (range: 8.2—13.6) h after onset of symptoms.
Peak level of creatine kinase prior to PCl was 508 (range: 302—-799)
U/L. General patient characteristics and further details on the infarct
properties are given in Table 1.

The study was approved by the local ethics committee and was
performed in agreement with the ethical standards according to the
Declaration of Helsinki. For all patients written informed consent was
obtained prior to imaging.

Imaging protocol

Imaging was performed in all patients using a hybrid PET/MRI system
(Biograph mMR, Siemens Medical Solutions, Erlangen, Germany) which
allows the simultaneous acquisition of PET and MRI data in a single
session. The MRI component of this scanner consists of a 3-T MRI
scanner, while the PET component is built of LSO crystals equipped
with avalanche photodiodes.'® The performance of the scanner has
been previously evaluated in different studies.'” %'

PET imaging

To standardize the metabolic environment in all patients, the
hyperinsulinaemic-euglycaemic clamp technique was applied as previ-
ously described.?*?* 65 + 18 min after the intravenous injection of
300 + 62 MBq of FDG, a list-mode PET scan in 3D mode was started.
The acquisition was performed applying ECG gating. Correction of
the emission data was performed for dead time, randoms, scatter, and
attenuation. The acquired images were reconstructed using a 3D
attenuation-weighted ordered subsets expectation maximization itera-
tive reconstruction algorithm (AW-OSEM 3D) with three iterations
and 21 subsets, Gaussian smoothing at 4 mm full width at half
maximum, a matrix size of 344 x 344, and a zoom of 1."® Attenuation
correction of the acquired PET data was accomplished using 2-point
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Table I General patient characteristics and further

details on the infarct properties

Variable (n = 20)
Age, years 59.4 + 15.0 [22-79]
Gender

Men 11 (55%)

Women 9 (45%)

Body mass index (kg/mz)

Cardiovascular risk factors

267 + 48[18.8-35.1]

Smoking 11 (55%)
Hypertension 14 (70%)
Dyslipidaemia 11 (55%)
Diabetes mellitus 2 (10%)
Family history 3 (15%)

Infarct location
Anterior 13 (65%)
Inferior 4 (20%)
Lateral 3 (15%)

ECG
STEMI 15 (75%)
NSTEMI 5 (25%)

Cardiac markers (before PCI)
CK, U/L 508 + 475 [302-799]
CK-MB, U/L 57 + 59 [27-96]

Troponin T, ng/mL 0.52 + 0.54 [0.2-0.9]

Time to balloon, h 112 £ 9.1[8.2-13.6]

TIMI flow grade before PCI

0 11 (55%)

1 2 (10%)

2 5(25%)

3 2 (10%)
TIMI flow grade post-PCl

0 1(5%)

1 0

2 1(5%)

3 18 (90%)

EF before angioplasty, % 43 + 6 [40—48]

Patients in this group underwent initial PET/MR imaging 5.6 + 1.4 days after hospital
admission due to AMI. Follow-up imaging by MRI only was performed after 193.8 +
22.8 days.

Dixon MRl sequences as previously described.?* As parts of the body—
especially the arms—are often truncated in the attenuation map by the
MRI due to the relatively small field of view that is also smaller than
the field of view of the PET component, the missing part of the attenu-
ation map was recovered from PET emission data using the so-called
maximum likelihood reconstruction of attenuation and activity (MLAA)
technique as previously described.”®

MR imaging

For the assessment of LGE, phase-sensitive, inversion-recovery prepared
T1-weighted gradient-echo pulse sequences (PSIRS)*® were acquired
10 min after the intravenous administration of 0.2 mmol Gadopentetat-
Dimeglumin (Magnograf®; Marotrast GmbH, Jena, Germany) per kilogram
body weight. For left ventricular wall motion analyses, steady-state free

precession cine sequences were acquired. ECG triggering was applied
for the acquisition of these sequences, and all images—including long-axis
(two-chamber view and four-chamber view) and short-axis views of the
entire left ventricle—were obtained during breath hold. For the entire
scan, phased-array body surface coils were used.

Image analyses

Fortheimage analyses, the 17-segment model according to the American
Heart Association (AHA)?” was applied to the short- and long-axis myo-
cardial tomograms of each acquired data set, namely the LGE images, the
FDG PET images, and the cine sequences and subsequently processed as
follows.

MRI

Transmurality of LGE and wall motion were assessed as described previ-
ously.>?® Briefly, based on prior studies, transmurality of LGE was deter-
mined in each segment (according to the AHA 17-segment model), and if
the proportion was <50%, the underlying myocardium was defined as
‘MRI viable’ or as ‘MRI non-viable’ if LGE was transmural (proportion
>50%), respectively.”*”*° To analyse identical segments in LGE and
FDG PET images, regions of interest (ROIs) according to the AHA 17
segment model were defined on LGE images and then subsequently
applied to the corresponding PET images (Figure 1A). Also, the degree
of wall motion abnormality in each of the 17 myocardial segments was
evaluated based on the extent of wall thickening using a 5-point scale
as previously described: 0 = normal wall motion, 1 = mild to moderate
hypokinesia, 2 = severe hypokinesia, 3 = akinesia, and 4 = dyskinesia.”
A functional improvement of wall motion was defined as a decrease of
the wall motion score of at least 1 point score. Two experienced obser-
vers performed all analyses. In case of disagreement, a third observer
reviewed the study and the resulting majority judgment was binding
regarding the segmental grading.

To calculate LV function parameters (such as ESV, EDV, and EF), the
contours of the whole left ventricle were outlined on short-axis cine
images using the MunichHeart/MR software. Furthermore, the extent
of LGE in the whole LV myocardium was determined by manual delinea-
tion on short-axis images using the MunichHeart/MR software and
expressed as percentage of the left ventricle.?'

PET

For the assessment of regional FDG uptake, summed FDG PET images
were analysed using the MunichHeart (/NM, /Anima) software, a well-
established custom application that has been previously validated for
quantitative PET analyses.>*® To determine the spatial distribution of
FDG in the LV myocardium, volumetric sampling was performed, and a
static polar map of 460 segments was created. Ina completely automated
process, the software then determined the region with the maximal
uptake of FDG within the left ventricle, which was defined as the refer-
ence ROl and set as 100% (Figure 1B). If the FDG uptake in the respective,
analysed segment was at least 50% of the previously determined thresh-
old, the respective segment was defined as ‘FDG viable’ based on prior
studies.>* Accordingly, in case of an FDG uptake below this threshold,
the respective segment was deemed ‘FDG non-viable’.

Statistics

All results are shown as mean + standard deviation. Obtained P values
<0.05 were considered to indicate statistical significance. To compare
continuous variables, the two-tailed unpaired Student’s t-test was
applied. The association between continuous variables was investigated
using the Pearson correlation coefficient. Categorical intermethod agree-
ment between regional LGE transmurality in MRI and FDG uptake in PET
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Figure I Analysis of segmental FDG uptake and LGE transmurality. Segmental FDG uptake and LGE transmurality were analysed according to the
AHA 17-segment model (A, third column). ROls were first drawn on a basal, a midventricular, and an apical slice and in the apex in LGE images (A, first
column: light blue ROlIs in LGE images) and then automatically transferred to identical slices of ideally fused FDG/LGE images (A, second column).
LGE in these 17 segments was visually judged as transmural (‘MRI non-viable’) or non-transmural (‘MR viable’) if the LGE transmurality proportion
was >50 or <50%, respectively. If the FDG uptake in the assessed segment was >50% or <50%, respectively, compared with an automatically
determined reference ROl encompassing the maximal uptake in the left ventricle, the segment was graded as ‘PET viable’ or ‘PET non-viable’ (B,
the highlighted six sectors in the static polar map represent the reference ROI set as 100%).

was assessed by the Cohen k (k < 0, poor agreement; k = 0—0.20, slight
agreement; k = 0.40—0.60, moderate agreement; k = 0.60—0.80, sub-
stantial agreement; k = 0.80—1.00, very good agreement).

For statistical analyses, MedCalc (version 12.7.2.0; MedCalc Software)
for Windows (Microsoft) was used.

Results

Global left ventricular parameters

LV (ESV, EDV, and SV) volumes of the entire study group did not
change significantly between initial and the follow-up imaging. The
EF early after AMI was 50 + 10% and did not change over time
[52 £+ 11% at follow-up; P > 0.05 (NS)].

The LGE extent of the left ventricle was 22 + 9% early after myo-
cardial infarction and decreased to 19 + 8% at follow-up (P < 0.01).

Regional analyses

Ofthe 20 patients included in the final analyses, a total of 340 myocar-
dial segments (according to the AHA 17-segment model) were
semi-quantitatively evaluated regarding wall motion abnormalities at
baseline as well as at follow-up imaging ~6 months later. Ninety-five

segments (95/340,28%) showed wall motion abnormalities at baseline,
and the mean wall motion abnormality score of these segments
was 1.7 + 0.8. At follow-up, the mean wall motion abnormality
score of these 95 segments decreased significantly to 1.1 + 1.0
(P < 0.0001).

Regional assessment of LGE transmurality and FDG uptake
at baseline

Analysis of LGE transmurality and FDG uptake resulted in the follow-
ing distribution (Table 2):

e PET viable and MRl viable: 34%

o PET non-viable and MRI non-viable: 48%
e PET viable, but MRI non-viable: 0%

o PET non-viable, but MRl viable: 18%.

This results in an overall agreement between LGE transmurality
and FDG uptake of 82% (78 of the 95 dysfunctional segments) with
a substantial intermethod agreement (k = 0.65). Examples illustrat-
ing the different observed LGE transmurality/FDG uptake patterns
are displayed in Figure 2.
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Table 2 Distribution of the dysfunctional segments at baseline and their functional recovery at follow-up based on
segmental FDG uptake and/or LGE transmurality

PET/MRI Number of dysfunctional Wall motion recovery at
segmentsatbaseline (n = 95) follow-up
(n) ............................. (%) (n) ............................. (%)
Separate analysis
MR viable® 49 52 32 65
MRI non-viable® 46 48 15 33
PET viable® 32 34 25 78
PET non-viable® 63 66 22 35
Integrated analysis
PET viable"/MRl viable® 32 34 25 78
PET non-viable¥/MRI non-viable® 46 48 15 33
PET viable/MRI non-viable® 0 0 - -
PET non-viable?/MRI viable® 17 18 7 M1

Ninety-five myocardial segments of the 340 segments (according to the AHA 17-segment model), which were evaluated at baseline, showed wall motion abnormalities. These
segments were investigated regarding LGE transmurality and regional FDG uptake. At follow-up, the presence of functional recovery of these segments was assessed.

MRl viable: LGE < 50%.
®MRI non-viable: LGE > 50%.
PET viable: FDG > 50%.
9PET non-viable: FDG < 50%.

FDG LGE

LGE +FDG

PET viable/ MR viable PET non-viable/ MR non-viable

PET non-viable/ MR viable

Figure 2 Images illustrating different combinations of FDG uptake and LGE transmurality. First column: FDG > 50%/LGE non-transmural (‘PET
viable/MRl viable); second column: FDG < 509%/LGE transmural (‘PET non-viable/MRI non-viable’); third column: FDG < 50%/LGE non-transmural
(‘PET non-viable/MRI viable’). White arrows indicate the respective area of ischaemically affected myocardium.
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Regional wall motion abnormality

Initial imaging

Early after revascularization, the wall motion abnormality score of
MRI non-viable segments was significantly higher than that of MRI
viable segments (2.0 + 0.8 vs. 1.5 + 0.6, P < 0.002) (Figure 3A left).
Also, the wall motion abnormality score was significantly higher in
PET non-viable segments as opposed to PET viable segments
(1.9 £ 0.8 vs. 1.4 + 0.6, P < 0.008) (Figure 3B left).

When comparing the wall motion abnormality scores of the differ-
ent groups of the integrated PET/MRI analyses, the following results
were observed: as expected, the wall motion abnormality score of
the ‘PET viable/MRI viable’ group was significantly lower compared
with the ‘PET non-viable/MRI non-viable’ group (1.4 + 0.6 vs.
2.0+ 0.8, P<0.002). Interestingly, no difference in the wall
motion abnormality score was found between the ‘PET non-viable/
MRI non-viable’ group and the ‘PET non-viable/MRI viable’ group
(20 £ 0.8 vs. 1.6 + 0.7, P = NS). Also, no difference was present
between the ‘PET viable/MRI viable’ and the ‘PET non-viable/MRI
viable’ group (1.4 + 0.6 vs. 1.6 + 0.7, P = NS) (Figure 3C left).

Follow-up imaging

At follow-up, the wall motion of ‘MRI non-viable’ segments was still
significantly impaired compared with ‘MRI viable’ segments (1.6 +
1.0vs. 0.7 + 0.8, P < 0.0001) (Figure 3A right), and the wall motion
abnormality score of ‘PET non-viable’ segments was higher than
that of ‘PET viable’ segments (1.5 + 1.0 vs. 0.5 £+ 0.7, P < 0.00001)
(Figure 3B right).

Also, the wall motion of the integrated ‘PET viable/MRI viable’
group was still significantly better than the ‘PET non-viable/MRI non-
viable’ group (0.5 + 0.7 vs. 1.6 + 1.0, P < 0.00001). Furthermore,
still no difference in the wall motion abnormality score was found
between the ‘PET non-viable/MRI non-viable’ segments and the
‘PET non-viable/MRI viable’ segments (1.6 + 1.0 vs. 1.1 + 0.8, P =
NS). Interestingly, at follow-up, the wall motion of the ‘PET viable/
MRI viable’ segments was significantly better compared with the
‘PET non-viable/MRI viable’ segments (0.5 + 0.7 vs. 1.1 + 0.8, P <
0.01) indicating that the wall motion of these discordant segments
tend not to improve as predicted by the impaired FDG uptake
(Figure 3Cright).

A 3.0 - ) D 0.0 Change of wall motion score (follow-up — initial)
. i i -0.2
25 O MR viable (n=49)
g o g
|5 MR non-viable (n=46
2.0 s - ( ) 0.6 §
- 2
154 % 08§
I 10 8 O MR viable (n=49)
102 g
= 124 2 @ MR non-viable (n=46)
05 = i
0.0 -16 —
Initial wall motion score  Follow-up wall motion score
B 3.0 . E 0.0 Change of wall motion score (follow-up — initial)
s -0.2
25 2 — i =
= W PET viable (n=32) 04
z Nl
20 § O PET non-viable (n=63) o8 g
= 08 —
35 10§
£ g
10 g 12 &
= et W PET viable (n=32)
K] 1.4
05 = O PET -viable (n=i
-1.6 non-viable (n=63)
0.0 1.8 *
Initial wall motion score  Follow-up wall motion score
C * F Change of wall motion score (follow-up - initial)
. —
30 c . © PET viable/ MR viable {n=32) 0.0
-0.2
2515
= @ PET non-viable/ MR non-viable (n=46) 04 >
£ ]
20 5 06 2
E O PET non-viable/ MR viable (n=17) %
1.5 E 08 7‘; @ PET viable/ MR viable (n=32)
2 10 §
1.0 g -1.2 § @ PET non-viable/ MR non-viable (n=46)
3 a4
0.5 = i & O PET non-viable/ MR viable (n=17)
0.0 -1.8 *

Initial wall motion score  Follow-up wall motion score

Figure 3 Regional wall motion abnormality and functional recovery in the long-term course. The wall motion abnormality early after AMl and at
follow-up as well as the resulting functional recovery of the 95 dysfunctional segments were evaluated regarding different patterns of LGE transmur-
ality and FDG uptake [LGE transmurality (A and D), FDG uptake (B and E), combination of LGE transmurality and FDG uptake (C and F)].
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Functional recovery
At follow-up ~6 months after revascularization, 47 of the initially 95
dyskinetic segments (49%) showed a functional improvement.
Thirty-two of ‘MRl viable’ segments (32/49, 65%) and 15 of ‘MRI non-
viable’ segments (15/46, 33%) had afunctional recovery of at least one
wall motion abnormality point score (Table 2). In contrast, 25 ‘PET
viable’ segments (25/32, 78%) and 22 ‘PET non-viable’ segments
(22/63, 35%) showed a functional improvement (Table 2). The func-
tional recovery evaluated by the improvement of wall motion abnor-
mality score was significantly better in the ‘MRI viable’ group
(=04 +0.7 vs. —0.8+ 0.7, P<0.009) (Figure 3D) and the ‘PET
viable’ group (—0.4 + 0.7 vs. —0.9 £+ 0.7, P < 0.0007) (Figure 3E).
Twenty-five segments of the ‘PET viable/MRI viable’ group (25/32,
78%), 15 segments of the ‘PET non-viable/MRI non-viable’ group (15/
46, 33%), and 7 segments of the ‘PET non-viable/MRI viable’ group
(7/17, 41%) showed an improved function (Table 2). The decrease
of the wall motion abnormality in these three groups was highest in
the ‘PET viable/MRI viable’ group and significantly larger compared
with the ‘PET non-viable/MRI non-viable’ and the ‘PET non-viable/
MRI viable’ group, respectively (—0.9 + 0.7 vs. —04 + 0.7, P <
0.002and —0.9 + 0.7 vs. —0.5 £+ 0.6, P < 0.03), while no difference
was observable between ‘PET non-viable/MRI non-viable’ and
‘PET non-viable/MRI viable’ segments (—0.4 + 0.7 vs. —0.5 + 0.6,
P = NS) (Figure 3F).

Discussion

To the best of our knowledge, this is the first study that aimed to
assess the regional FDG uptake and transmurality of LGE using a
fully integrated PET/MRI scanner in the subacute phase after myocar-
dial infarction and compared the recovery of the ischaemically
affected myocardium at a 6-month follow-up scan. A regional FDG
uptake of >50% compared with remote myocardium is a generally
accepted marker for dysfunctional myocardium, which has the po-
tential to improve after revascularization. We aimed to compare
the regional FDG uptake with regional LGE transmurality as a
marker for functional recovery. LGE transmurality of <50% is
another established and generally accepted marker for myocardium
tending to recover after revascularization. We found a substantial
intermethod agreement for these two parameters in the studied dys-
functional segments, and both parameters were able to differentiate
those segments with higher regional wall motion abnormalities. At
follow-up, those segments still had a higher mean wall motion abnor-
mality score, and—more important—the change of the wall motion
abnormality score as a measure of functional recovery of the seg-
ments was significantly higher in the ‘MRl viable’ or ‘PET viable’ seg-
ments. When the analysis was performed using both LGE
transmurality and FDG uptake in an integrated approach, we found
that ~18% of the analysed dysfunctional segments showed discrep-
ant results—meaning that these segments were ‘PET non-viable’ but
‘MRl viable’. Our results indicate that these discrepant segments have
a wall motion impairment which is comparable to ‘PET non-viable/
MRI non-viable’ segments both early after revascularization as well
as at 6-month follow-up and that these segments tend not to
improve as good as ‘PET viable/MRI viable’ segments. In fact, only
41% of these discrepant segments showed an improved wall

motion after 6 months, and the mean score of functional recovery
was significantly lower than in ‘PET viable/MRI viable’ segments.

Our results confirm observations, which were made in prior
studies. Kim et al.? performed LGE MRl in patients prior to revascu-
larization therapy and observed the following: 365 of 509 segments
(72%) with a LGE transmurality of <25% and only 14 of 182 segments
(8%) with a LGE transmurality of >50% showed an improved wall
motion after revascularization. However, 46 of 110 segments
(42%) with an LGE transmurality of 26—50% showed an improved
wall motion after revascularization, which illustrates the difficulties
to predict the outcome of intermediate segments. In a study by
Kihl et al,”® LGE and FDG PET/””™Tc-sestamibi SPECT were com-
pared regarding the assessment of reversible myocardial dysfunction
in chronic heart disease. After coronary artery bypass grafting
(CABG) or percutaneous coronary intervention, segments that
showed LGE transmurality of <50% improved function in 77%,
while only 7% of the segments with LGE transmurality >50% and
none of the segments with LGE transmurality >75% demonstrated
functional recovery. In this study, the pattern of non-transmural
LGE but abnormal FDG PET/*™Tc-sestamibi SPECT was also
observed, and the authors found an improvement of wall motion in
only 42% of the segments. Also, Schvartzman et al.>® investigated
the LGE technique in patients with chronic heart disease and left ven-
tricular function who underwent CABG. In patients who had no evi-
dence of scar, 82% of the segments improved function, whereas only
18% with LGE > 50% recovered.

It needs to be pointed out that the aforementioned studies were
performed before revascularization. In this study, however, we mea-
sured simultaneously the regional FDG uptake and the transmurality
of LGE in a small group of patients early after AMI using a hybrid PET/
MRI system. Consequently, these parameters were compared
regarding changes of regional wall motion at a MRI follow-up scan
after 6 months. In general, studies that aim to predict the improve-
ment of regional wall motion after AMI are rare. Beek et al>*
imaged 30 patients ~7 days after AMI| using a 1.5-T clinical scanner.
They found that LGE may be used for the prediction of regional
wall motion recovery in patients after AMI and that there is an
inverse correlation between the transmurality of LGE and the likeli-
hood of regional function improvement. This finding is in accordance
with two further studies: Gerber et al.> scanned 25 patients at 4 days
after AMI and Choi et al.*’” imaged 24 patients within 7 days of AMI.
Also, the number of publications on the utilization of FDG PET for
the prediction of LV function outcome in the acute phase of myocar-
dial infarction is low. In a study by Shirasaki et al,"" 28 patients were
imaged using ** ™ Tc-tetrofosmin SPECT and FDG PET at ~2 weeks
after AMI. Segments that were defined as ‘viable’ in the acute phase
demonstrated a significant improvement of regional wall motion
after 6 months while the regional wall motion score showed no dif-
ference in segments that were defined as ‘non-viable’ by FDG PET.
So far, to the best of our knowledge only one study exists which
solely compares the techniques of LGE or FDG uptake as assessed
by simultaneous PET/MRIin patients early after AMI.* In this descrip-
tive publication, however, only the feasibility of the technique was
tested and modalities were compared. Furthermore, no follow-up as-
sessment was performed in these patients.

Our study has some limitations: first, only a relatively small group of
patients who all underwent reperfusion and had mainly small infarcts
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was analysed. Consequently, most patients showed a high EFand only
minor wall motion abnormalities. Second, for safety reasons patients
were imaged when being in a stable health condition, which was
at about Day 5—7 after myocardial infarction, and therefore, the
regional wall motion might already have been recovered to a
certain degree at this time point.

However, our study allows some important conclusions. First of
all, we were able to prove that the simultaneous assessment of
LGE transmurality and regional FDG uptake—which was standar-
dized in all patients applying the intravenous hyperinsulinaemic-
euglycaemic clamp technique—using a hybrid PET/MRI system is
feasible. Only one patient had to be removed from the analysis
because of poor image quality. Furthermore, we found that both
techniques are capable to distinguish those segments, which show
a better regional wall motion both post-intervention and at
6-month follow-up. Also, both techniques identified those segments
with a significantly better recovery of regional wall motion at follow-
up. In the integrated PET/MRI analysis, however, we found a small
proportion of segments, which showed discrepant results—
meaning that they had a markedly reduced FDG uptake of >50%
in comparison to normal myocardium but showed only non-
transmural LGE. Only 41% of these segments improved the regional
wall motion at follow-up, and furthermore, the functional recovery
of these segments was low and comparable to concordant ‘PET
non-viable/MRI non-viable’ segments. This indicates that in these
segments, FDG PET is a better predictor for functional recovery
regarding a long-term course.

In conclusion, our results suggest that the extent of ‘viable’ myo-
cardium as assessed by the established thresholds for regional
glucose utilization by PET and scar transmurality by MRI are also
valid for the prediction of regional wall motion improvement in the
subacute phase after myocardial infarction. However, in a small sub-
group of segments with discrepant results regarding these para-
meters, FDG PET might be superior. A possible explanation for
this observation might be the fact that the used PET/MRI scanner is
equipped with a 3-T MRI component, while the LGE transmurality
criteria for the reversibility of wall motion abnormalities were estab-
lished on a 1.5-Tesla MRl scanner.? In general, there is a good agree-
ment in the assessment of LGE between 1.5-T and 3-T MRI;*’
however, significant variation in individual patients has been
reported.4° The main reason for our observation, though, may lie
in the fact that the established criteria were—as discussed
before—obtained by imaging patients before the elective revascular-
ization in patients suffering from chronic coronary artery disease and
not in the subacute phase after revascularization for myocardial
infarction.

Last not least, our study indicates that there might be no additional
value in the combination of both techniques—LGE MRI and FDG
PET—in this specific setting. However, the simultaneous acquisition
of PET/MRI for the assessment of FDG uptake and LGE allows to
cross-validate both techniques that might also be valuable for
future studies.
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