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Abstract

Background: Late Gadolinium Enhancement (LGE) and T2-weighted cardiovascular magnetic resonance (CMR)
provides a means to measure myocardial area at risk (AAR) and salvage. Several T2-weighted CMR sequences are in
use, but there is no consensus in terms of which sequence to be the preferred. Therefore, the aim of the present
study was to: (1) Assess the reproducibility and (2) compare the two most frequently used T2-weighted CMR
protocols for measuring AAR and salvage.

Methods: 91 patients with ST-elevation myocardial infarction treated with primary percutaneous coronary
intervention underwent a CMR scan 1-7 days after initial treatment. Two different T2-weighted protocols, varying in
slice thickness and echo time (TE), were applied covering the entire left ventricle (LV) (protocol 1: TE 65 msec and
slice thickness 15 mm; protocol 2: TE 100 msec and slice thickness of 8 mm). On a second scan performed 3
months later, infarct size was assessed with a standard LGE sequence. The two protocols were compared in terms
of AAR and salvage index. Furthermore, intra- and interobserver reproducibility were assessed.

Results: Protocol 1 measures a larger AAR and salvage index than protocol 2 with a mean difference in AAR of 1 ±
8%LV (p < 0.01) and 6 ± 12 g (p < 0.01) and salvage index of 0.04 ± 0.12 (p < 0.01). Both protocols had a high intra-
and interobserver reproducibility with acceptable limits of agreement (6-8%LV and 6-12 g in AAR and 0.06-0.08 in
salvage index).

Conclusions: We report acceptable reproducibility for AAR and salvage index measured by T2-weighted images.
Thus CMR is a reliable tool for measuring AAR and salvage index. Protocol 2 (8 mm slice thickness and 100 msec
TE) measures slightly smaller AAR than protocol 1 (15 mm slice thickness and 65 msec TE), but the present study
does not allow for a clear recommendation of either of the protocols.

Keywords: Cardiovascular magnetic resonance, area at risk, T2-weighted imaging, ST-segment elevation myocardial
infarction, reproducibility

Background
In patients with acute and chronic myocardial infarction
Late Gadolinium Enhancement (LGE) cardiovascular mag-
netic resonance (CMR) provides an accurate method for
measuring myocardial infarct size [1]. This method has
proven superior to other modalities such as single photon
emission computed tomography (SPECT) in terms of

detection of infarction and reproducibility [2-4]. CMR has
therefore been used increasingly to measure infarct size as
endpoint in clinical trials. However, in order to evaluate
the effect of a given reperfusion therapy in patients with
acute myocardial infarction the assessment of myocardial
area at risk (AAR) and myocardial salvage provides impor-
tant additional information. The AAR is defined as the
part of the myocardium that is endangered during an
acute occlusion of a coronary artery.* Correspondence: Jacoblonborg@gmail.com
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Even short periods of ischemia lead to accumulation of
fluid and edema in the ischemic myocardium [5]. Using a
T2-weighted short tau inversion recovery (T2-STIR)
turbo spin echo sequence it is possible to visualize edema
in the myocardium [6-8], which has been found compar-
able to histopathological [9] and fluorescein measure-
ment of AAR [6]. Recently, Carlsson et al. found that the
AAR size measured on T2-weighted images was compar-
able to the size of AAR measured using SPECT [10].
Thus, CMR has the potential to determine the myocar-
dial infarct size, AAR and salvage myocardium. Today,
different T2-weighted images protocols are in use with
varying times to echo (TE) and slice thickness. The two
most frequently used protocols have been TE 65 ms and
slice thickness 15 mm [11-14], and TE 100 ms and slice
thickness 6-10 mm [15-21]. Quantitative assessment of
the AAR and salvage using T2-weighted images reprodu-
cibility has not been established and currently there is no
standardized T2-weighted CMR protocol for assessing
AAR in patients with acute myocardial infarction.
The aim of the present study was to: (1) Assess the

reproducibility of T2-weighted CMR images and (2)
compare the two most frequently used T2-weighted pro-
tocols in terms of size of AAR and myocardial salvage in
patients with ST-segment elevation myocardial infarction
(STEMI).

Method
Study population
Patients were enrolled if they had a STEMI of less than
12 hours duration from onset of symptoms until arrival
at the Department of Cardiology, Rigshospitalet, and
were ≥ 18 years old. STEMI was defined as ST-segment
elevation in 2 contiguous electrocardiographic (ECG)
leads of > 0.1 mV in V4 - V6 or leads II, III and aVF, or
> 0.2 mV in lead V1 - V3. The patients were not consid-
ered for enrolment if they presented with cardiogenic
shock, previous myocardial infarction, stent thrombosis,
unconsciousness, renal insufficiency (creatinine >
200 μm/l) or previous coronary artery bypass graft sur-
gery. Furthermore, patients in whom biomarkers did not
confirm the diagnosis of acute myocardial infarction
were excluded from the study. Patients, eligible for pri-
mary percutaneous coronary intervention (pPCI), were
pre-treated with aspirin (300 mg orally or 500 mg intra-
venously), clopidogrel (600 mg orally) and heparin
(10.000 units intravenously). At admission coronary
angiography was performed to identify the culprit lesion.
Reflow was established by introducing a guidewire,
thrombectomy and/or inflating a small size balloon (1.5-
2.5 mm). The choice of stent was left to the operator, as
was the decision of direct stenting. Balloon angioplasty
alone was only allowed if a stent could not be deployed
or was considered harmful. Treatment with glycoprotein

IIb/IIIa receptor antagonists was administered if no con-
traindications were present. All patients were treated
with aspirin 75 mg daily lifelong and clopidogrel 75 mg
daily for 12 months.

CMR
The patients were screened for contraindications for
CMR, and if none existed a CMR scan was performed
during index admission (from day 1 to day 7 after pPCI).
A second scan was performed 3 months after discharge
(90 ± 21 days after pPCI). The scans were performed on
a 1.5 T scanner (Avanto scanner, Siemens, Erlangen, Ger-
many) using a 6-channel body array coil. In order to
measure edema and AAR two different T2-weighted
sequences were applied on the first scan, in which the TE
and slice thickness were 65 msec and 15 mm (standard
STIR sequence on Siemens systems); and 100 msec and
8 mm (standard STIR sequence on Philips systems). The
other imaging parameters were identical in the two pro-
tocols: Slice gaps were 0 mm, resolution matrix 192 ×
192, field of view 300 - 360 mm, inversion time 180
msec, repetition time 2 R to R intervals. TE and inversion
time were fixed for both protocols and not adjusted dur-
ing the scan. A surface coil intensity correction was
applied prior to both protocols. Multiple slices in the
short-axis image plane were acquired to cover the entire
left ventricle (LV). The first short axis slice was applied at
the base of the heart, defined as the atrioventricular (AV)
plane, in the diastolic time frame in the 4-chamber image
view. Subsequent slices were stacked consecutively from
the AV plane until the apex was imaged. Left ventricular
ejection fraction (LVEF) was assessed by CMR on an
ECG triggered balanced steady-state free procession cine
sequence by applying multiple slices in the short-axis
image plane covering the entire LV.
A second CMR scan was performed 3 months after the

first scan to assess myocardial infarct size using LGE CMR
[22-25]. The images were obtained 8-10 minutes after
intravenous injection of 0.1 mmol/kg body weight gadoli-
nium-diethlenetriamine pentaacetic acid (Gadovist, Bayer
Schering, Berlin, Germany). A standard ECG triggered
inversion-recovery sequence was used (slice thickness
8 mm, slice gap 0 mm, TE 1.4 msec, resolution matrix 192
× 192, field of view 300 - 360 mm). In a single slice the
inversion time was adjusted to null signal from normal
myocardium, after which time multiple slices in the short-
axis image plane was acquired covering the entire LV.

Image Analysis
T2-weighted images were analyzed using ARGUS post-
processing tool (ARGUS, Siemens, Erlangen, Germany).
The endocardial and epicardial borders were manually
traced in each short axis image and the LV myocardial
volume was calculated. Papillary muscles and slow flowing
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blood in the trabeculae were carefully excluded from the
LV myocardial volume. In order to assess the AAR,
defined as a hyperintense area on T2-weighted images, the
signal intensity (SI) in the normal (remote) myocardium
was determined in each slice by tracing a region of interest
(ROI) of at least 10 pixels within the visually normal myo-
cardium. However, to avoid including areas of low SI
(artefacts), several areas (three) were traced in the visually
normal myocardium and the area with the highest SI was
chosen to define normal SI. These ROI’s were traced with
care not to include epicardium or endocardium. A myo-
cardial area was regarded as hyperintensive, when the SI
was more than 2 standard deviations above the SI in the
normal myocardium. The image window was adjusted to
this threshold (normal SI + 2 standard deviations) and the
volume of the hyperintensive areas was manually traced
and added up. Small areas of hyperintensity scattered
throughout the normal myocardium were not considered
a part of AAR. For each patient AAR was expressed as a
percent of total LV myocardial volume (%) and as absolute
mass (g) using a density of 1.05 g/ml. Hypointensive areas
within the AAR (haemorrhage or microvascular obstruc-
tion) were considered a part of AAR [15,18]. Hyperinten-
sity in the blood pool from slow flowing blood adjacent to
the endocardium was carefully excluded. This algorithm
was used for both protocols. Furthermore, the quality of
the images was evaluated and if one or more images were
insufficient for analysis, the whole examination was regis-
tered as insufficient quality for analysis. One observer (JL)
analyzed the images blinded without reviewing the result
from the other protocol.
In order to assess intra- and interobserver reproducibil-

ity, two observers (JL and ABM) blinded to previous
results analyzed the images in 20 patients 7 months after
than the initial analysis. These 20 patients were chosen
arbitrarily as the ones included in the middle of the
inclusion period. Blinding was achieved by presenting the
images to the observers without reviewing the results
from either the same observer (interobserver,) the other
observer (intraobserver) or the other protocol.
LGE CMR images was analyzed using the freely avail-

able software Segment v1.8 http://segment.heiberg.se
[26]. The infarct size, defined as the hyperenhanced myo-
cardium on the LGE images, was determined by a semi-
automatic weighted approach. Endocardial and epicardial
borders were manually traced in each short axis image
and LV myocardial mass was calculated. Papillary mus-
cles were accounted as part of the cavity. Infarct size was
express as a percent of the total LV myocardial mass.
Myocardial salvage index was calculated as follows: (AAR
(g) - infarct size (g))/AAR (g). On cine short axis CMR
images the LV volume was calculated in all 25 phases by
manually tracing the endocardial borders. The diastolic
and the systolic frames were automatically identified

according to the size of the LV blood pool area, and
LVEF was calculated accordingly. Papillary muscles were
included in LV lumen. The analysis was performed with
an ARGUS post-processing tool (ARGUS, Siemens,
Erlangen, Germany).
For each protocol in each CMR examination the T2-

weighted image with the largest area of hyperintensity
were selected for signal-to-noise ratio (SNR) and con-
trast-to-noise ratio (CNR) analyses. On the selected
image the SI was measured in the normal myocardium,
in the region with hyperintensity and outside the body
anterior to the chest wall (noise). CNR was calculated
for each protocol as follows: (SIhyperintensity-SInormal)/
SInoise. SNR was calculated in normal and hyperintensive
myocardium for each protocol as follows: SIhyperintensity/
SInoise and SInormal/SInoise.

Statistical analysis
The total numbers of insufficient examinations were
compared using chi2 test. The two protocols were com-
pared in terms of AAR and salvage index with a paired t-
test and visually by Bland Altman plots. Normal distribu-
tion was assumed for the variables in the Bland Altman
plots. Differences between the two protocols and intra-
and interobserver reproducibility were expressed as mean
difference (± limit of agreement). Limits of agreement
was calculated as 2 * standard deviation of the difference.
CNR and SNR were compared using paired t-test. Con-
tinuous variables are expressed as mean ± standard
deviation unless otherwise indicated. A two-sided p-value
< 0.05 was considered statistically significant. All analysis
was performed with SPSS software version 17 (SPSS inc.,
Chicago, Illinois, USA).

Results
In this study a total of 91 patients were included, of
which 12 patients did not show up for the second scan
and therefore were not evaluated in terms of salvage
index. The patient characteristics are shown in Table 1.

Reproducibility
Intra- and interobserver reproducibility are summarised
in Table 2 and was over-all high. The variability was low-
est for AAR expressed as %LV for both protocols with
mean bias ranging 0-1%LV and limits of agreement ran-
ging ± 6-8%LV. Whereas, variability for both protocols
were higher for AAR expressed as grams with mean bias
ranging 0-6 g with limits of agreement ranging ± 6-12 g.
Salvage index had mean bias of 0.00-0.03 with limits of
agreement limits ± 0.06-0.08. Over-all the protocols have
comparable reproducibility. The patients were further
divided in two groups according to LVEF ≥ 50% (n = 12)
or LVEF < 50% (n = 8). In the patients with normal or
near normal LVEF (≥ 50%) intra- and interobserver limits
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of agreement for AAR ranged ± 4-6%LV and ± 6-10 g
compared to ± 4-8%LV and ± 8-16 g in the patients with
reduced LVEF (< 50%). These findings indicate a slightly
better reproducibility in patients with normal or near
normal LVEF.

Comparison of the Protocols
The image quality was insufficient for analysis using
both protocols in three patients and in four additional
patients using protocol 2, but the difference in the rate
of insufficient scans between the two protocols did not
reach statistical significance (3 in protocol 1 versus 7 in
protocol 2, p = 0.17). AAR expressed as %LV (protocol
1: 32%LV ± 11 versus protocol 2: 31%LV ± 11; p < 0.01)

and as grams (protocol 1: 43 g ± 18 versus protocol 2:
37 g ± 17; p < 0.01) were significant larger measured by
protocol 1 than with protocol 2. In the bland-Altman
plots more marks were above zero that below, indicating
that protocol 1 more frequently measures a larger AAR
that protocol 2 (Figure 1A and 1B). Importantly, this
observation seems to be independent of the size of the
AAR, since the marks in the Bland Altman plot (Figure
1A and 1B) are distributed equally along the x-axis. The
Bland Altman analysis revealed a systematic bias
between protocol 1 and 2 with a mean difference of 1%
LV (limits of agreement ± 8 g) and 6 g (limits of agree-
ment ± 14 g). Examples of images acquired by the two
protocols are illustrated in Figure 2 and 3.
Protocol 1 measured a larger salvage index than proto-

col 2 (protocol 1: 0.76 ± 0.14 versus protocol 2: 0.72 ±
0.16; p < 0.01). The Bland Altman plot revealed a sys-
tematic bias between protocol 1 and 2 in terms of salvage
index with a mean difference of 0.04 and limits of agree-
ment ± 0.12 (Figure 1C).

Contrast-to-noise and signal-to-noise
No statistical difference in CNR was observed between
protocol 1 and protocol 2 (41 ± 43 versus 36 ± 43; p =
0.12). Whereas, protocol 1 had a significant higher SNR
in the AAR (127 ± 108 versus 81 ± 85; p < 0.01) and a
higher SNR in the normal myocardium (86 ± 68 versus
46 ± 46; p < 0.01).

Discussion
To our best knowledge, this is the first study to com-
pare the size of AAR and salvage index and reproduci-
bility of the two mostly used T2-weighted protocols.
The main findings were that both protocols from a clin-
ical perspective had acceptable intra- and interobserver
reproducibility and protocol 1 measures a slightly higher
AAR and salvage index than protocol 2, but despite this

Table 1 Baseline clinical and angiographic characteristics

Patients (n = 91)

Age, y 60 ± 11

Male gender, (%) 72 (79)

BMI, kg/m2 27 ± 4

Diabetes, (%) 6 (7)

Hypertension, (%) 24 (26)

Hypercholesterolaemia, (%) 47 (52)

Previous PCI, (%) 3 (3)

Culprit lesion, (%)

RCA 36 (40)

LAD 35 (39)

Cx 20 (21)

Time to pPCI, minutes 165 (120-275)

Time to CMR 1, days 1 (1-2)

Time to CMR 2, days 90 (85-93)

LVEF, % 53 ± 8

Data are expressed as mean ± standard deviation, median (IQR) or n (%)
unless otherwise is indicated.

BMI, body mass index; CMR, cardiac magnetic resonance; Cx, left circumflex
artery; LAD, left anterior descending artery; LVEF, left ventricular ejection
fraction; pPCI, primary percutaneous coronary intervention; RCA, right
coronary artery.

Table 2 Intra- and interobserver reproducibility

Protocol 1
(TE 65 msec; slice thickness 15 mm)

Protocol 2
(TE 100 msec; slice thickness 8 mm)

Mean difference
(± limits of agreement)

Mean difference
(± limits of agreement)

Area at risk, %LV

Interobserver reproducibility 0 (± 6) 0 (± 8)

Intraobserver reproducibility 0 (± 6) 1 (± 6)

Area at risk, g

Interobserver reproducibility -2 (± 10) -6 (± 6)

Intraobserver reproducibility 0 (± 12) -3 (± 10)

Salvage index

Interobserver reproducibility 0.00 (± 0.08) -0.03 (± 0.06)

Intraobserver reproducibility 0.01 (± 0.06) -0.02 (± 0.08)

Mean difference (± limit of agreement = 2 × standard deviation)

LV, left ventricle; TE, time to echo.
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Figure 1 Bland Altman plot of the mean difference between the two different protocols. This figures shows the mean difference between
protocol 1 (TE 65msec; slice thickness 15 mm) and protocol 2 (TE 100 msec; slice thickness 8 mm) in area at risk expressed as % of the left
ventricle (LV) (A) and in absolute mass (g) (B) and in salvage index (C). The marked line represents the mean difference and the dotted lines
represent upper and lower limits of agreement. LV, left ventricle.

Figure 2 T2-weighted and LGE CMR images. T2-weighted cardiac magnetic resonance (CMR) images acquired by (A) protocol 1 (TE 65msec;
slice thickness 15 mm) and (B) protocol 2 (TE 100 msec; slice thickness 8 mm) and (C) LGE CMR in a 62-years-old male with anteroseptal
infarction due to occlusion of the left anterior coronary artery. The myocardial infarct size was 9%LV (left ventricle). The myocardial area at risk
was 31%LV measured by protocol 1 and 28%LV by protocol 2.
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systematically bias the protocols were overall compar-
able in terms of quantitative assessment of both para-
meters. Thus, T2-weighted images are a reliable method
to measure AAR and salvage index.

Reproducibility
In this study intra- and interobserver reproducibility were
acceptable for both protocols. Reproducibility was higher
for AAR expressed as a relative measure (%LV) compared
to AAR expressed as an absolute measure (g) and proto-
col 2 has smaller limits of agreement for AAR expressed
as absolute size (g) than protocol 1. These findings are
most likely due to AAR as a relative measure is less
dependent on precise and accurate endocardial and epi-
cardial border detection and protocol 1 due to thicker
slices leads to more signal from slow flowing blood in the
trabeculae. Importantly, reproducibility for salvage index
measured using CMR was high, which makes it an excel-
lent surrogate end point in clinical trials. The currently
most used method to detect AAR and salvage index is
SPECT, but this method is limited by the uptake of the
tracer, a tracer is injected intravenously before interven-
tion and the scan can be performed up to 8 hours there-
after. T2-weighted images can on the other hand evaluate
AAR up to 1 week after the ischemic event [10]. The
reproducibility of AAR measured using SPECT is ± 6%
LV, [27,28] which is similar to the reproducibility in the
present study using CMR (± 6-8%LV). Furthermore, to
the best of the authors’ knowledge there exits no pub-
lished data for AAR expressed as an absolute measure (g)
using T2-weighted images or SPECT. Measuring AAR in
grams using T2-weighted images seems to be less repro-
ducible compared to calculating AAR as %LV. However,
AAR is mostly used in relation to infarct size and to cal-
culated myocardial salvage in order to evaluate the effect
of a given intervention. Therefore, using AAR and salvage

index as a measurement to evaluate a proof-of-concept it
seems more relevant to focus on the myocardial region
supplied by the occluded coronary vessel. Expressing
AAR in grams compared to in %LV can thus be more
interesting from a scientific perspective, but a lower
reproducibility needs to be taken into account. Further-
more, findings in the present study indicate that the
reproducibility of T2-weighted images is slightly higher
in patients with normal or near normal LV function. This
can be explained by the risk of motion artefacts related to
the underlying segmental LV function, which probably is
more pronounced in patients with LV dysfunction and
reduced LVEF after STEMI. However, this finding must
be taken with precaution due to the small sample size in
each LVEF group and an unequal distribution of patients
between the groups (n = 8 and n = 12).
Despite a high intra-and interobserver reproducibility in

this study for both protocols and acceptable limits of
agreement, the reproducibility was not perfect and not as
high as the one previously reported for measurement of
infarct size using LGE CMR [1,29]. The discrepancy yields
the need for developing an automatic or semi-automatic
approach when measuring AAR with T2-weighted images.

Comparison of the Protocols
Using TE of 65 msec and slice thickness of 15 mm mea-
sured a slightly larger AAR and salvage index than using
TE 100 msec and slice thickness 8 mm. Given infarct size
was measured using a single method the choice of T2-
weighted protocol directly impacted the calculation of
the salvage index through differences in measured AAR.
The discrepancy between the two protocols can be
explained by the following: 1) Slow flowing blood trapped
in the trabeculae, which is more pronounced using
thicker slices and especially in regions of infarction due
to hypokinesia and stunning. Despite that care is taken

Figure 3 T2-weighted and LGE CMR images. T2-weighted cardiac magnetic resonance (CMR) images acquired by (A) protocol 1 (TE 65msec;
slice thickness 15 mm) and (B) protocol 2 (TE 100 msec; slice thickness 8 mm) and (C) LGE CMR in a 64-years-old male with posterior infarction
due to occlusion of the right coronary artery. The myocardial infarct size was 8%LV (left ventricle). Myocardial area at risk was and 31%LV
measured by protocol 1 and 26%LV by protocol 2.
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with regard to this issue, it may still be difficult to pre-
cisely distinguish between edema in the myocardium and
slow flowing blood. Thus, using thicker slices probably
leads to overestimation of the LV mass especially in the
AAR; 2) The same algorithm was used for measuring
AAR, which might disadvantage protocol 2, as a myocar-
dial area had to have a stronger signal, than in protocol
1, to reach the +2 standard deviation threshold from nor-
mal myocardium; 3) The inherent inaccuracy analysing
T2-weighted imaging may be as great as the intrinsic dif-
ference between the two protocols. However, the differ-
ence in AAR between the protocols does not alter
clinical decision-making and given the lack of a relevant
gold standard method for comparison it does not provide
guidance for recommendation of either T2-weighted
protocols.
The longer TE in protocol 2 compared to protocol 1

(100 msec versus 65 msec), gives an increased contrast,
but also images with decreased SNR, which was further
intensified by the choice of a slice thickness of 8 mm
compared to 15 mm. These opposite effects gave a
decreased CNR in protocol 2, but the difference did not
reach statistical significance. Increasing the slice thick-
ness also leads to increased signal from slow flowing
blood in the ventricular lumen, is less sensitive towards
detection of small focal defects and the endo- and epicar-
dial border detection might be less precise. The latter
issue is illustrated in the present study, since the limit of
agreement was slightly larger for protocol 1 compared to
protocol 2 in terms of AAR expressed as an absolute
measurement. Using thinner slices might thus be more
accurate due to less partial volume and less sensitive
towards slow following blood in the trabeculae. Further-
more, CNR was not statistical significantly different
between the two protocols in the present study. Taken
together, due to lack of a gold standard method for com-
parison, findings in the present study do not allow for a
clear recommendation for either of the T2-weighted pro-
tocols. However, the higher rate of insufficient scan
obtained with protocol 2, though not statistically signifi-
cant, may favour protocol 1. On the other hand, the
slightly smaller limits of agreement of protocol 2 may
favour this protocol. Finally, using thinner slices (proto-
col 2) may be preferable in patients with suspected dis-
persed focal pathology such as myocarditis and
sarcoidosis.
As mentioned the detection of edema on T2-weighted

images depends greatly on SI, SNR and CNR and is
affected by cardiac motion. Alternative methods to
detect edema that may overcome some of the problems
regarding SI based assessment and through plane
motion signal loss are emerging e.g. single short imaging
with T2 prepared steady state free precession and T2

mapping [30,31]. However, results from previous studies
using these methods are preliminary.
Previous studies that have used TE 65 msec and slice

thickness 15 mm did only apply 3 slices to cover the LV
(apical, mid and basal) [12-14,32], which might lead to
inaccurate evaluation of the AAR. In the present study
the whole LV was covered with no gaps, which may be
a more accurate method for assessing the AAR.

Study limitations
Scans were all performed on the same system and at a
single centre, therefore results performed on another
system and centre might be different. Another limitation
is that the T2-weighted images from protocol 1 and 2
were analyzed consecutively, but also blinded to the
final results from the other scan. Furthermore, reprodu-
cibility was assessed on images obtained from the same
CMR examination. Thus, data in the present study does
not take potential variances between two difference
CMR examinations into account e.g. slice position, slice
angling, heart rate and TI. In addition, this study only
compares the T2-weighted protocols that to the authors
best knowledge are the two most frequently used, but
other protocols are in use; i.e. TE = 80 msec and slice
thickness = 8 mm [33,34], and TE = 65 and slice thick-
ness 10 mm [35]. Thus, the two used T2-weighted pro-
tocols in the present study are not truly representative
of the field. Finally, the present study was performed
under the assumption that edema on T2-weighted ima-
ging represents AAR, which is based on previous valida-
tion studies [6,9,10]. However, these studies have their
own inaccuracies, which warrants the need for compari-
son of T2-weighted imaging and edema with the gold
standard method Evans Blue. Nevertheless, the purpose
of the present study was not to validate T2-weighted
imaging, but merely to look for consensus of the
sequences and determine reproducibility.

Conclusions
We report acceptable reproducibility for both T2-
weighted protocols in terms of measuring AAR and sal-
vage index. Thus CMR is a reliable tool for measuring
AAR and salvage index. Protocol 2 (8 mm slice thick-
ness and 100 msec TE) measures slightly smaller AAR
than protocol 1 (15 mm slice thickness and 65 msec
TE), but the present study does not allow for a clear
recommendation of either of the protocols.

Acknowledgements and funding
The authors thank the staff at the Department of Radiology for skillful
assistance. Danish Heart Foundation and Rigshospitalet Research Foundation
financially supported the making of this study.

Lønborg et al. Journal of Cardiovascular Magnetic Resonance 2011, 13:50
http://www.jcmr-online.com/content/13/1/50

Page 7 of 9



Author details
1Department of Cardiology, Rigshospitalet, Copenhagen, Denmark.
2Department of Radiology, Rigshospitalet, Copenhagen, Denmark.
3Department of Cardiology, Gentofte Hospital, Copenhagen, Denmark.

Authors’ contributions
All authors contributed to report writing, trial design, and the review of
published work. JL contributed to writing of the study protocol, conceptual
design, data quality control, and general data analysis; contributed to
recruitment and enrollment of patients; carried out the magnetic resonance
examinations and imaging analysis; and drafted the report and figures. NV
contributed to conceptual design and data analysis; and magnetic
resonance examinations and imaging analysis. ABM contributed to magnetic
resonance examinations and imaging analysis. CT contributed to conceptual
design; and magnetic resonance imaging analysis. JSJ contributed to
conceptual design. TE was principal investigator; contributed to conceptual
design; and contributed to recruitment and enrollment of patients, data
quality control, and angiographic and general data analysis.

Competing interests
The authors declare that they have no competing interests.

Received: 10 March 2011 Accepted: 15 September 2011
Published: 15 September 2011

References
1. Thiele H, Kappl MJ, Conradi S, Niebauer J, Hambrecht R, Schuler G:

Reproducibility of chronic and acute infarct size measurement by
delayed enhancement-magnetic resonance imaging. J Am Coll Cardiol
2006, 47:1641-1645.

2. Ibrahim T, Bulow HP, Hackl T, Hornke M, Nekolla SG, Breuer M, et al:
Diagnostic value of contrast-enhanced magnetic resonance imaging and
single-photon emission computed tomography for detection of
myocardial necrosis early after acute myocardial infarction. J Am Coll
Cardiol 2007, 49:208-216.

3. Lund GK, Stork A, Saeed M, Bansmann MP, Gerken JH, Muller V, et al: Acute
myocardial infarction: evaluation with first-pass enhancement and
delayed enhancement MR imaging compared with 201Tl SPECT
imaging. Radiology 2004, 232:49-57.

4. Wagner A, Mahrholdt H, Holly TA, Elliott MD, Regenfus M, Parker M, et al:
Contrast-enhanced MRI and routine single photon emission computed
tomography (SPECT) perfusion imaging for detection of subendocardial
myocardial infarcts: an imaging study. Lancet 2003, 361:374-379.

5. Jennings RB, Murry CE, Steenbergen C Jr, Reimer KA: Development of cell
injury in sustained acute ischemia. Circulation 1990, 82:II2-12.

6. Garcia-Dorado D, Oliveras J, Gili J, Sanz E, Perez-Villa F, Barrabes J, et al:
Analysis of myocardial oedema by magnetic resonance imaging early
after coronary artery occlusion with or without reperfusion. Cardiovasc
Res 1993, 27:1462-1469.

7. Nilsson JC, Nielsen G, Groenning BA, Fritz-Hansen T, Sondergaard L,
Jensen GB, et al: Sustained postinfarction myocardial oedema in humans
visualised by magnetic resonance imaging. Heart 2001, 85:639-642.

8. Simonetti OP, Finn JP, White RD, Laub G, Henry DA: “Black blood” T2-
weighted inversion-recovery MR imaging of the heart. Radiology 1996,
199:49-57.

9. Aletras AH, Tilak GS, Natanzon A, Hsu LY, Gonzalez FM, Hoyt RF Jr, et al:
Retrospective determination of the area at risk for reperfused acute
myocardial infarction with T2-weighted cardiac magnetic resonance
imaging: histopathological and displacement encoding with stimulated
echoes (DENSE) functional validations. Circulation 2006, 113:1865-1870.

10. Carlsson M, Ubachs JF, Hedstrom E, Heiberg E, Jovinge S, Arheden H:
Myocardium at risk after acute infarction in humans on cardiac
magnetic resonance: quantitative assessment during follow-up and
validation with single-photon emission computed tomography. JACC
Cardiovasc Imaging 2009, 2:569-576.

11. bdel-Aty H, Zagrosek A, Schulz-Menger J, Taylor AJ, Messroghli D, Kumar A,
et al: Delayed enhancement and T2-weighted cardiovascular magnetic
resonance imaging differentiate acute from chronic myocardial
infarction. Circulation 2004, 109:2411-2416.

12. Friedrich MG, bdel-Aty H, Taylor A, Schulz-Menger J, Messroghli D, Dietz R:
The salvaged area at risk in reperfused acute myocardial infarction as

visualized by cardiovascular magnetic resonance. J Am Coll Cardiol 2008,
51:1581-1587.

13. Larose E, Rodes-Cabau J, Pibarot P, Rinfret S, Proulx G, Nguyen CM, et al:
Predicting late myocardial recovery and outcomes in the early hours of
ST-segment elevation myocardial infarction traditional measures
compared with microvascular obstruction, salvaged myocardium, and
necrosis characteristics by cardiovascular magnetic resonance. J Am Coll
Cardiol 2010, 55:2459-2469.

14. Phrommintikul A, bdel-Aty H, Schulz-Menger J, Friedrich MG, Taylor AJ:
Acute oedema in the evaluation of microvascular reperfusion and
myocardial salvage in reperfused myocardial infarction with cardiac
magnetic resonance imaging. Eur J Radiol 2009.

15. Ganame J, Messalli G, Dymarkowski S, Rademakers FE, Desmet W, Van
de WF, et al: Impact of myocardial haemorrhage on left ventricular
function and remodelling in patients with reperfused acute myocardial
infarction. Eur Heart J 2009, 30:1440-1449.

16. Kellman P, Aletras AH, Mancini C, McVeigh ER, Arai AE: T2-prepared SSFP
improves diagnostic confidence in edema imaging in acute myocardial
infarction compared to turbo spin echo. Magn Reson Med 2007,
57:891-897.

17. Masci PG, Ganame J, Strata E, Desmet W, Aquaro GD, Dymarkowski S, et al:
Myocardial salvage by CMR correlates with LV remodeling and early ST-
segment resolution in acute myocardial infarction. JACC Cardiovasc
Imaging 2010, 3:45-51.

18. Mather AN, Fairbairn TA, Ball SG, Greenwood JP, Plein S: Reperfusion
haemorrhage as determined by cardiovascular MRI is a predictor of
adverse left ventricular remodelling and markers of late arrhythmic risk.
Heart 2010.

19. O’Regan DP, Ahmed R, Neuwirth C, Tan Y, Durighel G, Hajnal JV, et al:
Cardiac MRI of myocardial salvage at the peri-infarct border zones after
primary coronary intervention. Am J Physiol Heart Circ Physiol 2009, 297:
H340-H346.

20. Weaver JC, Ramsay DD, Rees D, Binnekamp MF, Prasan AM, McCrohon JA:
Dynamic Changes in ST Segment Resolution After Myocardial Infarction
and the Association with Microvascular Injury on Cardiac Magnetic
Resonance Imaging. Heart Lung Circ 2011, 20:111-118.

21. Wright J, Adriaenssens T, Dymarkowski S, Desmet W, Bogaert J:
Quantification of myocardial area at risk with T2-weighted CMR:
comparison with contrast-enhanced CMR and coronary angiography.
JACC Cardiovasc Imaging 2009, 2:825-831.

22. Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O, et al: The use of
contrast-enhanced magnetic resonance imaging to identify reversible
myocardial dysfunction. N Engl J Med 2000, 343:1445-1453.

23. Mahrholdt H, Wagner A, Holly TA, Elliott MD, Bonow RO, Kim RJ, et al:
Reproducibility of chronic infarct size measurement by contrast-
enhanced magnetic resonance imaging. Circulation 2002, 106:2322-2327.

24. Rehwald WG, Fieno DS, Chen EL, Kim RJ, Judd RM: Myocardial magnetic
resonance imaging contrast agent concentrations after reversible and
irreversible ischemic injury 167. Circulation 2002, 105:224-229.

25. Wu E, Judd RM, Vargas JD, Klocke FJ, Bonow RO, Kim RJ: Visualisation of
presence, location, and transmural extent of healed Q-wave and non-Q-
wave myocardial infarction. Lancet 2001, 357:21-28.

26. Heiberg E, Ugander M, Engblom H, Gotberg M, Olivecrona GK, Erlinge D,
et al: Automated quantification of myocardial infarction from MR images
by accounting for partial volume effects: animal, phantom, and human
study. Radiology 2008, 246:581-588.

27. Gibbons RJ, Verani MS, Behrenbeck T, Pellikka PA, O’Connor MK,
Mahmarian JJ, et al: Feasibility of tomographic 99mTc-hexakis-2-methoxy-
2-methylpropyl-isonitrile imaging for the assessment of myocardial area
at risk and the effect of treatment in acute myocardial infarction.
Circulation 1989, 80:1277-1286.

28. Schomig A, Kastrati A, Dirschinger J, Mehilli J, Schricke U, Pache J, et al:
Coronary stenting plus platelet glycoprotein IIb/IIIa blockade compared
with tissue plasminogen activator in acute myocardial infarction. Stent
versus Thrombolysis for Occluded Coronary Arteries in Patients with
Acute Myocardial Infarction Study Investigators. N Engl J Med 2000,
343:385-391.

29. Heiberg E, Engblom H, Engvall J, Hedstrom E, Ugander M, Arheden H:
Semi-automatic quantification of myocardial infarction from delayed
contrast enhanced magnetic resonance imaging. Scand Cardiovasc J
2005, 39:267-275.

Lønborg et al. Journal of Cardiovascular Magnetic Resonance 2011, 13:50
http://www.jcmr-online.com/content/13/1/50

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/16631003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16631003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17222732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17222732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17222732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15166320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15166320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15166320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15166320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12573373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12573373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12573373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2394018?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2394018?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8297415?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8297415?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11359743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11359743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8633172?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8633172?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16606793?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16606793?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16606793?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16606793?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19442942?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19442942?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19442942?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15123531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15123531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15123531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18420102?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18420102?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19346229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19346229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19346229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17457880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17457880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17457880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20129530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20129530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19429834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19429834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20943440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20943440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20943440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19608131?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19608131?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11078769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11078769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11078769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12403661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12403661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11197356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11197356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11197356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18055873?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18055873?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18055873?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2530004?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2530004?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2530004?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10933737?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10933737?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10933737?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10933737?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16269396?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16269396?dopt=Abstract


30. Verhaert D, Thavendiranathan P, Giri S, Mihai G, Rajagopalan S,
Simonetti OP, et al: Direct T2 quantification of myocardial edema in
acute ischemic injury. JACC Cardiovasc Imaging 2011, 4:269-278.

31. Kellman P, Aletras AH, Mancini C, McVeigh ER, Arai AE: T2-prepared SSFP
improves diagnostic confidence in edema imaging in acute myocardial
infarction compared to turbo spin echo. Magn Reson Med 2007,
57:891-897.

32. bdel-Aty H, Zagrosek A, Schulz-Menger J, Taylor AJ, Messroghli D, Kumar A,
et al: Delayed enhancement and T2-weighted cardiovascular magnetic
resonance imaging differentiate acute from chronic myocardial
infarction. Circulation 2004, 109:2411-2416.

33. Eitel I, Desch S, Fuernau G, Hildebrand L, Gutberlet M, Schuler G, et al:
Prognostic Significance and Determinants of Myocardial Salvage
Assessed by Cardiovascular Magnetic Resonance in Acute Reperfused
Myocardial Infarction. J Am Coll Cardiol 2010, 55:2470-2479.

34. Raman SV, Simonetti OP, Winner MW, Dickerson JA, He X, Mazzaferri EL Jr,
et al: Cardiac magnetic resonance with edema imaging identifies
myocardium at risk and predicts worse outcome in patients with non-
ST-segment elevation acute coronary syndrome. J Am Coll Cardiol 2010,
55:2480-2488.

35. Larose E, Tizon-Marcos H, Rodes-Cabau J, Rinfret S, Dery JP, Nguyen CM,
et al: Improving myocardial salvage in late presentation acute ST-
elevation myocardial infarction with proximal embolic protection.
Catheter Cardiovasc Interv 2010, 76:461-470.

doi:10.1186/1532-429X-13-50
Cite this article as: Lønborg et al.: Myocardial area at risk and salvage
measured by T2-weighted cardiovascular magnetic resonance:
Reproducibility and comparison of two T2-weighted protocols. Journal
of Cardiovascular Magnetic Resonance 2011 13:50.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Lønborg et al. Journal of Cardiovascular Magnetic Resonance 2011, 13:50
http://www.jcmr-online.com/content/13/1/50

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/21414575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21414575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17457880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17457880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17457880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15123531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15123531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15123531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20510215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20506154?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20506154?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Method
	Study population
	CMR
	Image Analysis
	Statistical analysis

	Results
	Reproducibility
	Comparison of the Protocols
	Contrast-to-noise and signal-to-noise

	Discussion
	Reproducibility
	Comparison of the Protocols
	Study limitations

	Conclusions
	Acknowledgements and funding
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


