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ARTICLE INFO ABSTRACT

Keywords: Purpose: Response to cardiac resynchronization therapy (CRT) is reduced in patients with high left ventricular
DYSSYHC"IYOHY (LV) scar burden, in particular when scar is located in the LV lateral wall or septum. Late gadolinium
Heart failure enhancement (LGE) cardiac magnetic resonance (CMR) can identity scar, but is not feasible in all patients. This

Myocardial scar

Late gadolinium enhancement cardiac
magnetic resonance

Glucose metabolism

Positron emission tomography

Strain

Speckle tracking echocardiography

study investigates if myocardial metabolism by '®F-fluorodeoxyglucose positron emission tomography (FDG-
PET) and contractile function by echocardiographic strain are alternatives to LGE-CMR.

Methods: In a prospective multicenter study, 132 CRT candidates (91% with left bundle branch block) were
studied by speckle tracking strain echocardiography, and 53 of these by FDG-PET. Regional myocardial FDG
metabolism and peak systolic strain were compared to LGE-CMR as reference method.

Results: Reduced FDG metabolism (<70% relative) precisely identified transmural scars (>50% of myocardial
volume) in the LV lateral wall, with area under the curve (AUC) 0.96 (95% confidence interval (CI) 0.90-1.00).
Reduced contractile function by strain identified transmural scars in the LV lateral wall with only moderate
accuracy (AUC = 0.77, CI 0.71-0.84). However, absolute peak systolic strain >10% could rule out transmural
scar with high sensitivity (80%) and high negative predictive value (96%). Neither FDG-PET nor strain identified
septal scars (for both, AUC < 0.80).

Conclusions: In CRT candidates, FDG-PET is an excellent alternative to LGE-CMR to identify scar in the LV lateral
wall. Furthermore, preserved strain in the LV lateral wall has good accuracy to rule out transmural scar. None of
the modalities can identify septal scar.

Abbreviations: CRT, Cardiac Resynchronization Therapy; LV, Left Ventricular; EF, Ejection Fraction; LGE, Late Gadolinium Enhancement; CMR, Cardiac Magnetic
Resonance; FDG, 18F—ﬂuorodeoxyglucose; PET, Positron Emission Tomography; LBBB, Left Bundle Branch Block; AVC, Aortic Valve Closure; SD, Standard Deviation;
ROC, Receiver Characteristics Curve; AUC, Area Under the Curve; CI, Confidence Interval.
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Clinical trial registration: The present study is part of the clinical study “Contractile Reserve in Dyssynchrony: A
Novel Principle to Identify Candidates for Cardiac Resynchronization Therapy (CRID-CRT)”, which was regis-
tered at clinicaltrials.gov (identifier NCT02525185).

1. Introduction

Cardiac resynchronization therapy (CRT) is an established treatment
for patients with symptomatic heart failure, reduced left ventricular
(LV) ejection fraction (EF) and broad QRS, preferably with left bundle
branch block (LBBB) morphology. Nevertheless, CRT fails to improve
symptoms in one-third of the patients, and reduced therapeutic response
is related to LV scar burden (1,2). As shown by Bleeker et al., who
evaluated myocardial scar by late gadolinium enhancement cardiac
magnetic resonance (LGE-CMR), patients with transmural scar in the LV
posterolateral wall have markedly reduced clinical response and atten-
uated LV reverse remodeling after CRT (3). Furthermore, as shown
recently by our group in a prospective, multicenter study, septal scar is
associated with poor response to CRT (4). Therefore, identification of
scar in the LV lateral wall and septum may aid in selecting patients who
are likely to respond to CRT.

Cardiac magnetic resonance (CMR) with late gadolinium enhance-
ment (LGE) is the clinical gold standard for myocardial scar (5), but is
not feasible in all patients, and is limited by accessibility. Therefore,
there is need for alternative methods to image myocardial scar. In the
present study, we investigate if myocardial glucose metabolism by
positron emission tomography (PET) with ®F-fluorodeoxyglucose
(FDG) can identify LV myocardial scars in patients with LBBB or other
causes of LV intraventricular conduction delay, who are referred for
CRT. Additionally, we investigate if myocardial contractile function
measured by echocardiographic strain imaging can be used to identify
scar.

The principle behind FDG-PET to identify scar, is that myocardial
uptake of the radioactive glucose analogue reflects metabolic activity, i.
e. viability of the myocardium. Myocardial shortening by strain imaging
is directly related to viability since non-viable myocardium does not
contract and when only part of the wall is viable, there is reduced
contraction as reflected in reduced systolic strain. In CRT candidates,
however, scar imaging by FDG-PET and strain may be challenging, as
LBBB markedly alters myocardial function and metabolism (6-8). No
previous study has validated scar imaging by FDG-PET against LGE-CMR
in CRT candidates. Scar imaging by strain imaging has been compared to
LGE-CMR in ischemic cardiomyopathy (9-11), but not in non-ischemic
cardiomyopathy, which represent a large fraction of patients who
receive CRT.

The objectives of the present study were to determine if assessment
of myocardial metabolism by FDG-PET and LV systolic function by strain
echocardiography can identify LV scar in patients referred for CRT. As
reference method for scar, we used LGE-CMR.

2. Methods
2.1. Study population

From a prospective, multicenter CRT study, we consecutively
included all patients with QRS width > 120 ms and available LGE-CMR
scan (n = 132). The background for not performing LGE-CMR has been
described previously (4). Criteria for LBBB was according to guidelines
of the European Society of Cardiology (1). Reversible ischemia was
excluded by clinical history taking, supplemented with coronary angi-
ography if considered necessary by the treating physician. Inclusion
criterion was indication for CRT according to 2013 European Society of
Cardiology guidelines. LGE-CMR served as reference standard for scar.
All 132 patients underwent echocardiography and 53 of these were
studied by FDG-PET.
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The study was conducted following the “Good Clinical Practice”
guidelines of the Declaration of Helsinki and was approved by the
Regional Ethical Committees of every participating center. All patients
gave their written informed consent for study participation. The present
study is part of the clinical study “Contractile Reserve in Dyssynchrony:
A Novel Principle to Identify Candidates for Cardiac Resynchronization
Therapy (CRID-CRT)”, which was registered at clinicaltrials.gov (iden-
tifier NCT02525185).

2.2. Cardiac magnetic resonance (CMR)

The CMR imaging was performed as previously described (4). An
experienced radiologist in a designated core lab, blinded to other results,
determined if LGE was present and if so, whether distribution was
consistent with ischemic etiology or not. All LGE, independent of eti-
ology, was quantified with a specific analysis tool (12). Transmural
segmental scar was pre-specified as LGE > 50% of segmental volume,
and non-transmural segmental scar as <50% of segmental volume,
irrespective of wall thickness. Heart failure etiology was considered
ischemic if history of previous myocardial infarction and/or significant
coronary artery disease by angiography, and if LGE pattern with scar
extending from the subendocardium, consistent with previous
infarction.

2.3. Nuclear imaging

Glucose metabolism was assessed by FDG-PET. Scanners were Bio-
graph 64 or 16 HiRez PET/computer tomography (CT) (Siemens,
Erlangen, Germany) and Discovery MI PET/CT (GE Healthcare, Chicago,
Illinois, US). The investigation was performed during resting conditions
and the patients were instructed to avoid exercise the days before. Pa-
tient preparation consisted of a hyperinsulinemic euglycemic clamping
method (13) or an oral glucose loading protocol. After stabilization of
the glucose levels, 370 MBq FDG was administered and a 40-min
acquisition was performed 45 min after injection.

PET-images were reconstructed using ordered-subsets expectation
maximization algorithms (4 iterations and 8 subsets), matrix size 256 x
256, and a 5.0 mm Gaussian filter. Attenuation correction was per-
formed. A trained reader in a designated core lab, blinded to other re-
sults, performed the PET analyses. Segmental values were reported as
percentage of the segment with highest mean tracer uptake.

2.4. Echocardiographic analysis

A Vivid E9 or E95 ultrasound scanner (GE Vingmed Ultrasound,
Horten, Norway) was used for two-dimensional (2D) grey-scale echo-
cardiographic acquisitions from the apical views. Average frame rate
was 65 + 10 /s. Ventricular volumes and LV ejection fraction were
calculated by the biplane Simpson’s method. Blood pressure was
measured non-invasively at examination start.

Longitudinal strain was measured by speckle tracking echocardiog-
raphy (Echopac, GE Vingmed Ultrasound, Horten, Norway). Peak sys-
tolic strain was defined as maximum negative value prior to aortic valve
closure (AVC). Post-systolic shortening was measured as shortening
after AVC. Radial strain measurements were attempted, but was often
unsuccessful due to thin LV wall in many patients. Therefore, radial
strain is not part of this study. A trained reader in a designated core lab,
blinded to other results, performed the strain analyses.

An index of segmental myocardial work was calculated by LV
pressure-strain analysis using a semi-automated analysis tool (Echopac,
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version 202, GE Vingmed Ultrasound, Horten, Norway) and a non-
invasive estimate of LV pressure (14).

All investigated parameters (CMR, nuclear and echocardiographic)
were reported on a segmental level using the 17 segment model (15),
where all segments except the apex (segment 17) were analyzed. Ana-
lyses were performed on a segmental level. In total, 2112 segments (132
patients x 16 segments per patient) were available for analysis. In one
patient, we excluded six segments from LGE analysis because of regional
artefacts from pacemaker leads. Of the remaining 2106 segments, 108
were excluded from strain and work analysis due to inadequate echo-
cardiographic image quality. All 848 segments (53 patients x 16 seg-
ments per patient) available for PET analyses were studied. The ratio
between septal metabolism and myocardial work was calculated for
each segment.

Echocardiography was performed within a time range of 24 h and
PET within 5 days from the CMR examination.

2.5. Statistical analyses

Continuous variables are expressed as mean + standard deviation
(SD) if normally distributed, otherwise as median (10, 90% percentile).
Comparisons between groups were made by Student’s t-test or Mann-
Whitney U test, as appropriate. Statistical significance was set at a
two-tailed probability level of p < 0.05. Each parameter’s ability to
detect scar was evaluated by receiver operating characteristic (ROC)
curves with calculation of area under the curve (AUC). SPSS version 25.0
(IBM Corporation, Armonk, NY) was used for analyses.

3. Results
3.1. Study population

Patient characteristics, number of interpretable segments and num-
ber of scarred segments in each LV region are presented in Table 1. Mean
QRS-width was 164 + 17 ms, and 91% had LBBB, with 95% in sinus
rhythm and 5% in atrial fibrillation. Mean LV EF was 30 + 8% and
average NYHA functional class 2.3 + 0.6.

Myocardial scar by FDG-PET.

Table 1
Patient characteristics.

Variable Average + SD

Age (years) 66 + 10

Male sex (%) 67

Heart failure etiology (no)

Ischemic 55 (42%)

Non-ischemic 77 (58%)

Rhythm

Sinus rhythm (%) 95

Atrial fibrillation (%) 5

QRS duration (milliseconds) 164 + 17

QRS configuration (%)

LBBB 91

Non-LBBB 9

Systolic blood pressure (mmHg) 126 + 21

Diastolic blood pressure (mmHg) 70 +12

LV End diastolic volume (milliliter) 201 £ 76

LV Ejection fraction (%) 30+8

Segments available for scar analysis ~ Segments with non-transmural/transmural
(no) scar (no)

Lateral wall (660) 96/44

Septum (657) 170/40

Anterior wall (393) 88/24

Inferior wall (396) 106/34

LBBB = left bundle branch block; LV = left ventricular.
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Fig. 1 shows FDG-PET images from 3 representative patients: one
with no scar, one with scar in the lateral wall and one with septal scar. In
the patient with no scar, the figure shows markedly asymmetric distri-
bution of myocardial glucose metabolism, with hypo-metabolism in the
septum relative to the LV lateral wall. The figure also illustrates that
lateral wall scar was associated with marked reduction in glucose
metabolism in the lateral wall. Numbers are given in Table 2.

FDG-PET identified transmural scars (LGE > 50%) in the LV lateral
wall with high accuracy (AUC = 0.96, 95% CI 0.90-1.00) (Table 3 and 4
, Figs. 1 and 2). By ROC curve analysis, optimal cut off to identify
transmural scar in the LV lateral wall was glucose uptake <70% relative
to the segment with highest uptake. Using this cut off, sensitivity and
specificity for identifying transmural scar was 94% and 91%, respec-
tively. Replacing the statistically optimal threshold value with a cut off
value of 50% FDG uptake, yielded a very high specificity (99%), but at
the expense of a much lower sensitivity (56%).

In septal segments with no scar, glucose metabolism was reduced to
52% (95% CI: 25-86%) relative to the segment with highest uptake,
generally located in the LV lateral wall. In septal segments with trans-
mural scar, metabolism was further reduced to 42% (95% CI: 21-74%),
p = 0.012). As indicated by the confidence intervals, there was sub-
stantial overlap between metabolism in normal septal segments and
those with myocardial scar (Table 2). Therefore, FDG-PET could not
identify septal scar. This is illustrated in Fig. 2, which shows weak as-
sociation between glucose metabolism by FDG-PET and scar by LGE-
CMR.

With regard to non-transmural scars, neither septal nor LV lateral
wall scars were identified by FDG-PET (Table 3).

3.2. Myocardial scar by strain imaging

Peak systolic strain differed markedly between the LV lateral wall
and septum (Table 2). In ventricles with no scar, peak lateral wall strain
was —12.6% (95% CI: —1.3 to —24.7), whereas peak septal strain was
—8.9% (95% CI: —0.4 to —20.1) (p < 0.001). As expected, in both LV
lateral wall and septal segments, transmural scars were associated with
reductions in absolute values of peak systolic strain (Table 2).

Fig. 3 shows individual values of peak systolic strain in LV lateral
wall segments with different degrees of scar. The accuracy to identify
lateral wall transmural scar by peak systolic strain was moderate, with
AUC of 0.77 (95% CI: 0.71-0.84). However, absolute peak systolic strain
>10% identified lateral wall segments without transmural scar with
high sensitivity (80%) and high negative predictive value (96%). Values
of absolute strain <10%, however, were inconclusive with regard to
transmural scar (Fig. 3, Table 4). We also tested if post-systolic strain
could identify myocardial scar, but this parameter provided no added
value compared to measuring peak systolic strain (Table 2).

For the septum, however, there were relatively weak associations
between peak systolic strain and transmural scar, with AUC 0.69 (95%
CI: 0.60-0.78), indicating low accuracy of peak systolic strain to identify
transmural septal scars. With regard to non-transmural scars, they were
not identified by strain imaging in the septum or LV lateral wall.

We also investigated if myocardial work index, as an additional
parameter of myocardial function, could identify segments with
myocardial scar. LV lateral wall segments with transmural scar had
lower (p < 0.001) values for positive work (1020 mmHg-% (95% CI:
85-2348) than lateral segments with no scar (1729 mmHg-% (95% CI:
425-3577). Similarly, in the septum, absence of scar was associated with
increased (p < 0.001) positive myocardial work of 881 mmHg-% (95%
CI: 178-2176), as compared to 583 mmHg-% (95% CI: 127-1532) in
septal segments with transmural scar. When comparing ability to iden-
tify scar, however, septal and lateral wall work indices were not superior
to peak systolic strain and therefore provided no added value.

The asymmetry in FDG metabolism correlated with asymmetry in
workload (r = 0.44, p = 0.001, Fig. 4).
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Fig. 1. Recordings from representative patients: The images are from patients where LGE-CMR shows no myocardial scar (upper panels), transmural scar in the LV
lateral wall (middle panels) and transmural scar in the septum (lower panels). Green and red arrows indicate peak systolic strain for septum and the LV lateral wall,
respectively. The anteroseptal and posterolateral segments are used.

The three patients illustrate typical spatial non-uniformities in distributions of LV myocardial metabolism and strain in patients with different locations of LV scar.
The patient with no scar has markedly reduced septal strain and metabolism relative to the LV lateral wall. In the patient with lateral wall scar there is reduction in
both metabolism and strain in the lateral wall relative to septum. In the patient with septal scar, there are reductions in both septal metabolism and strain. Please note
that the patient with no septal scar has approximately similar reduction in peak systolic strain as the patient with septal scar, and both patients have reductions in
septal metabolism relative to the lateral wall.

LV = left ventricular, LBBB = left bundle branch block, LGE-CMR = late gadolinium enhancement cardiac magnetic resonance, FDG-PET = ®F-fluorodeoxyglucose
Positron Emission Tomography, AVC = aortic valve closure. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

Table 2
Strain and glucose metabolism in segments with varying degree of scar.
Variable Lateral wall Septum
No scar Non-transmural scar Transmural scar No scar Non-transmural scar Transmural scar
Peak negative systolic strain (%) -12.6 —9.0* —6.2%7 -8.9 —-8.4 —5.6%1
(—1.3 to —24.7) (0.0 to —22.8) (—0.0 to —15.8) (—0.4 to —20.1) (—0.7 to —19.7) (—0.1 to —14.6)
Post systolic strain (%) -2.0 —2.5% —4.0%f —4.0 —2.9*% -3.1
(0.0 to —8.1) (0.0 to —8.0) (0.0 to —14.0) (0.0 to —11.5) (0.0 to —8.6) (0.0 to —13.3)
Glucose metabolism (%) 86.5 81.7* 48.4*f 51.5 54.2 41.8*t
(63.9 to 100.0) (46.2 to 100.0) (26.0 to 85.8) (25.0 to 85.7) (19.3 t0 98.3) (21.1 to 73.7)

Values are given in average (95% confidence interval). * = p < 0.05 compared to segments without scar. { =p < 0.05 compared to segments with non-transmural scar.

4. Discussion
Table 3

The ability of strain and metabolism to identify scarred segments by receiver

. " . From this prospective multicenter study, we present the novel
operating characteristic curve analysis.

finding that FDG-PET identifies LV lateral wall scar with high accuracy

Area under the curve (95% confidence interval) in patients with LBBB. These results imply that FDG-PET represents an

Non-transmural scar Transmural scar alternative to LGE-CMR for scar imaging in CRT candidates. The other

Lateral wall novel finding is that preserved peak systolic strain (>10%) in the LV

Peak negative systolic strain 0.67 (0.61-0.73) [94] 0.77 (0.71-0.84) [44] lateral wall excludes transmural scar with high accuracy. A more

Glucose metabolism 0.58 (0.49-0.67) [54] 0.96 (0.90-1.00) [16] marked reduction in systolic strain was nonspecific regarding scar
Septum detection.

Peak negative systolic strain 0.53 (0.48-0.58 [165] 0.69 (0.60-0.78) [39] I tud lati th ked reducti . tal

Glucose metabolism 0.53 (0.48-0.61) [77]  0.68 (0.57-0.79) [21] T our study population, there were marked reductions in septa

metabolism and function caused by the abnormal electrical activation.

Only the parameters that best identified scars in each region are included in the Patients with septal scarring had additional reductions in function and

table. Number of scarred segments for each analysis in square brackets.
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Table 4
The ability of peak systolic strain and glucose metabolism to identify segmental transmural scars (LGE > 50%) in the lateral wall and septum, and their derived optimal
cut offs.
Cut off Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Peak negative systolic strain %
- Lateral wall -10.2 80 61 18 96 78
- Septum -7.1 69 58 11 96 69
Glucose uptake %
- Lateral wall 69.6 94 91 41 100 91
- Septum 44.1 76 64 16 97 65

LGE = late gadolinium enhancement; PPV = positive predictive value; NPV = negative predictive value.

Glucose metabolism

Peak systolic strain

1.0 1.0
Ij \
0.8 \\ 0.8
- Sensitivity 94%, specificity 91% -
LV ‘é‘ 0.6 g 06
lateral wall 2 g
§ o4 9 o4
0.2 0.2
35% Cl: 0.90-1.00 95% Cl: 0.71-0.84
0.0 - L - L 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity 1 - Specificity
Glucose metabolism Peak systolic strain
1.0 1.0
0.8 0.8
2 2 06
Septum 3 °° S
§ 0.4 § 0.4
. AUC=0.68 - AUC=0.69
95% Cl: 0.57-0.79 95% Cl: 0.60-0.78
0.0 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity 1 - Specificity

Fig. 2. ROC curves of the ability of peak systolic strain and glucose metabolism to identify transmural scars (LGE >50%) in the LV lateral wall and septum.

Glucose metabolism by FDG-PET predicted transmural scars in the LV lateral wall with high accuracy, with glucose uptake of 70% as optimal cut off. Myocardial
strain and work by echocardiography were less precise. Neither FDG-PET (glucose metabolism) nor echocardiographic parameters identified transmural septal scars.
ROC = receiving operating characteristic; LGE = late gadolinium enhancement; LV = left ventricular; FDG-PET = '®F-fluorodeoxyglucose Positron Emission To-

mography; AUC = area under the curve; CI = confidence interval.

metabolism, and neither FDG-PET nor strain imaging could differentiate
between changes in metabolism and function due to scarring and elec-
trical dyssynchrony. This was evident as marked overlap between values
for glucose metabolism and strain in patients with and without trans-
mural septal scars. Therefore, none of the imaging modalities FDG-PET
and systolic strain could identify scar tissue in the septum.

4.1. Nuclear imaging

In the present study, optimal cut-off for FDG uptake to identify

transmural scar in the LV lateral wall was 70% calculated relative to the
segment with highest uptake. Previous studies in patients with coronary
disease have found somewhat lower cut-offs (16). This apparent
inconsistency may be related to the abnormal distribution of myocardial
metabolism in LBBB, with relative hypo-metabolism in the septum
compared to the LV lateral wall. Our results shows that a lower cut off
(50% FDG uptake) identifies transmural lateral wall scar with lower
sensitivity. Hence, clinically relevant scars is likely to go unrecognized
using this lower cut off in the present patient population. Of note, our
results only suggest using the threshold of 70% FDG uptake to identify
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Peak absolute strain <10% was nonspecific with regard to scar extension by
late gadolinium enhancement. As indicated by the green-enhanced area, ab-
solute peak systolic strain >10% correctly classified segments with regard to
transmurality in a majority (n = 356) of segments and incorrectly in only a few
(n =10). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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Fig. 4. Correlation between asymmetry in work and metabolism between
septum and the lateral wall.

The asymmetry in metabolism between septum and LV lateral wall correlated
significantly with the asymmetry in workload. One outlier was excluded.

transmural lateral wall scars, not to identify less extensive scarring or
scarring in other myocardial region.

We have previously shown that high glucose metabolism in the LV
lateral wall (relative to septum) predicts CRT response (17).

Inability to detect septal scars by FDG-PET is most likely related to
altered mechanical function in the septum, which impacts metabolism.
As proposed by Prinzen et.al (6), reduced septal work in the dyssyn-
chronous ventricle reduces metabolic demand, which explains the
reduced glucose metabolism in septum relative to the lateral wall (7).
These experimental data are supported by our observations of a signif-
icant association between asymmetry in work and asymmetry in meta-
bolism between septum and the LV lateral wall. As suggested by our
study in dyssynchronous ventricles, FDG-PET cannot differentiate be-
tween reductions in glucose metabolism caused by septal scar and
reduced metabolic demand due to reduction in septal work load.

4.2. Echocardiographic strain imaging

The demonstration that preserved strain in the LV lateral wall could
rule out transmural scar is consistent with observations in previous
studies of radial strain that were limited to ischemic cardiomyopathy
(11). In the present study, however, reduced lateral wall strain (<10%)
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was nonspecific with regard to the presence of lateral wall scar. This is in
apparent conflict with previous studies limited to ischemic cardiomy-
opathy, which have shown a strong association between radial (10,18)
and longitudinal (9) strain in the LV lateral wall and transmural scar.
However, not all studies used LGE-CMR as reference standard for scar
and suggested cut offs for strain varies between studies. In patients with
non-ischemic cardiomyopathy, there is typically reduction in LV short-
ening in all or most segments regardless of tissue viability. This probably
explains why low values of lateral wall strain had no diagnostic value as
marker of myocardial scar in our patient group. Taken together, the
observations in the present study show that preserved myocardial strain
in the LV lateral wall can be used to rule out transmural scar, which may
be useful when considering LV electrode placement in the LV lateral wall
in CRT candidates.

4.3. Alternative methods to image scar in dyssynchronous ventricles

Studies in patients with coronary disease show that PET perfusion
imaging, and single photon emission computed tomography (SPECT) are
comparable to FDG-PET in viability diagnostics (16). However, it re-
mains to be tested how accurate these imaging modalities are for
assessment of LV scar in patients with heart failure and LBBB. A previous
study in patients with LBBB indicates that resting SPECT images may
show fixed perfusion defects that may be misinterpreted as septal scar
(19). Importantly, several studies confirm the utility of applying
myocardial perfusion imaging by SPECT to predict response to CRT
(20-22). Furthermore, SPECT is less expensive and more available than
PET, which, like CMR, is limited by accessibility.

In the present study, we used longitudinal strain to evaluate LV
function. In principle, LV radial strain should give similar results since
deformation in the long axis is always accompanied by deformation in
the short axis (conservation of mass). In the present study, however, we
found longitudinal strain easier to perform, probably due to markedly
dilated ventricles with wall thinning.

Traditional echocardiographic parameters such as LV wall thickness
and wall motion score may also be used to evaluate myocardial scar, but
these methods are challenging to use in the dyssynchronous heart.

4.4. Clinical implications

Selecting patients for CRT based on scar characterization in the LV
lateral wall and septum may improve responder rates to the therapy. Our
findings that FDG-PET is a good alternative to LGE-CMR to identify
transmural LV lateral wall scar in these patients, is clinically relevant,
for example in patients where LGE-CMR is contraindicated. Further-
more, well-preserved LV lateral wall strain indicates that transmural
scar in this region is unlikely. Reduced LV lateral wall strain, on the
other hand, is not conclusive of scar and should be interpreted with
caution. Recent studies have demonstrated that septal scar by CMR
combined with information on either LV workload by echocardiography
(4) or glucose metabolism by FDG-PET (17), accurately identifies CRT
responders. Both approaches rely on LGE-CMR to identify septal scar, in
line with findings from the present study that neither echocardiography
nor PET can reliably assess scars in septum.

4.5. Limitations

The PET imaging part of the study was of moderate size, and a larger
study population may have provided additional information, in partic-
ular for assessment of non-transmural scars. Increased FDG uptake due
to reversible ischemia may affect the number of LV lateral wall segments
with FDG uptake <70%. However, included patients had no history of
reversible ischemia, were instructed to avoid exercise the days before,
and the investigations were performed under resting conditions.
Furthermore, patient preparation was performed to ensure globally high
glucose uptake within the myocardium, minimizing the potential effect
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of this confounder. In total, with regard to transmural scars in the LV
lateral wall, the data were convincing and clearly showed the utility of
FDG-PET as an alternative to LGE-CMR. It does not seem likely that a
larger study would have given different results for FDG-PET imaging of
septal scars since differentiation between reduced metabolism due to
reduced septal work caused by dyssynchrony, would not be easy to
separate from reduced metabolism due to reduced mass of viable
myocardium.

The present study did not include nuclear perfusion imaging which
could potentially provide additional information regarding septal scar.
In principle, however, a similar limitation as for FDG-PET may apply to
perfusion imaging since myocardial microvascular flow is autoregulated
and determined by metabolism.

5. Conclusions

We present the novel finding that FDG-PET is an excellent modality
to identify scar in the LV lateral wall in CRT candidates, and is therefore
an alternative to LGE-CMR. Myocardial strain imaging by speckle
tracking echocardiography also provides important diagnostic infor-
mation as preserved strain in the LV lateral wall has good accuracy to
rule out transmural scar. None of the modalities could identify septal
scar because reductions in metabolism and strain due to abnormal
electrical activation, overlapped with reductions due to scar. Therefore,
currently LGE-CMR is the only clinical method to identify septal scars in
CRT candidates.
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