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Abstract
Background—Changes in the myocardium in acute ischemia are dynamic and complex and the
characteristics of myocardial tissue on cardiovascular magnetic resonance (CMR) in the acute
setting are not fully defined. We investigated changes in edema and late gadolinium enhancement
(LGE) with serial imaging early after acute MI, relating these to global and segmental myocardial
function at 6 months.

Methods and Results—CMR scans were performed on 30 patients with ST elevation MI
(STEMI) treated by primary PCI at each of 4 time points: 12-48 hours (24H); 5-7 days (1W);
14-17 days (2W); and 6 months (6M). All patients showed edema at 24H. The mean volume of
edema (% LV) was 37 ± 16 at 24H and 39 ± 17 at 1W with a reduction to 24 ± 13 (P < 0.01) by
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2W. Myocardial segments with edema also had increased signal on LGE at 24H (kappa = 0.77; P
< 0.001). The volume of LGE decreased significantly between 24H and 6M (27 ± 15 % vs. 22 ±
12 %; P = 0.002). Of segments showing LGE at 24H, 50% showed resolution by six months. In
segments with such a reduction in LGE, 65% also showed improved wall motion (P < 0.0001).
The area of LGE measured at 6M correlated more strongly with troponin at 48h (r = 0.9; P < 0.01)
than LGE at 24H (r = 0.7). The difference in LGE between 24H and 6M had profound effects on
the calculation of salvage index (26 ± 21 % at 24H vs. 42 ± 23 % at 6M; P = 0.02).

Conclusions—Myocardial edema is maximal and constant over the first week post MI,
providing a stable window for the retrospective evaluation of area at risk. By contrast, myocardial
areas with high signal intensity in LGE images recede over time with corresponding recovery of
function, indicating that acutely detected LGE does not necessarily equate with irreversible injury
and may severely underestimate salvaged myocardium.

Keywords
myocardial salvage; myocardial edema; late gadolinium enhancement; magnetic resonance
imaging; acute coronary syndrome

Cardiac magnetic resonance (CMR) is established as a key non-invasive modality for the
evaluation of patients with stable coronary disease. It is the gold standard technique for the
assessment of function (cine CMR) and the quantification of scarred myocardium in patients
with previous myocardial infarction (MI) (late gadolinium enhancement, [LGE]).1

Recently, the development of T2-weighted (T2W) edema-sensitive sequences has enabled
the identification of acutely ischemic myocardium, which is of particular interest in the
evaluation of myocardial status in acute MI.2-5 By comparing the area ‘at risk’, determined
by T2W imaging, and the final infarct size, obtained with LGE CMR imaging, myocardial
salvage following treatment can be derived, and expressed as proportion of myocardial
volume initially presumed at risk.6, 7 A number of clinical trials have used this measure,
assessed in the acute setting, as a primary endpoint.8-10

However, to capitalize fully on these quantitative CMR techniques requires clear
understanding of the dynamic features of each in the context of the rapidly changing
pathological conditions that pertain in the myocardium after acute ischemic injury and
reperfusion.11 Under these circumstances, there are profound changes in perfusion pressure;
small vessel patency and permeability; pH; tissue water content and cellular composition.11

Over time, there is resorption of edema, resolution of inflammation and replacement of
irreversibly injured myocytes with fibrous tissue.12 In the acute setting, although it is known
that CMR edema imaging may identify both infarct and myocardium at risk and LGE
overestimates the infarct zone, acute LGE is still considered a robust prognostic factor
though whether it necessarily always reflects irreversible injury is still debated.13-15

Accordingly, we designed a detailed early time course CMR evaluation in patients within
48h of technically successful percutaneous coronary intervention (PCI) for acute MI. We
quantified (1) myocardial edema at 4 time points post MI (12-48 hours; 5-7 days; 14-17 days
and 6 months) and (2) characteristics of LGE early (12-48 hours) and late (6 months) after
ischemic injury. We relate each of these parameters to temporally matched measurements of
myocardial function at both global and segmental levels.

Our aims were to establish the longitudinal changes of myocardial edema by CMR and to
determine the extent to which edema and LGE, obtained in the acute phase, predicted
recovery of global and regional LV function at six months. Clarification of these acute
dynamic changes of edema and LGE is crucial to the correct interpretation of CMR data in
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the acute setting and has important implications for the design and the calculation of sample
size of clinical trials with myocardial salvage as endpoint.

Methods
Patient population

This prospective study was undertaken in a single tertiary centre. The study protocol was
approved by the local ethics committee and all patients gave written informed consent.
Patients with first ST segment elevation MI (STEMI) were eligible if the onset of symptoms
had been < 12 hours before PCI and if they had ST-segment elevation of at least 0.1 mV in ≥
2 contiguous limb leads or at least 0.2 mV ≥ 2 contiguous precordial leads. Patients with
previous MI, previous revascularization procedure (coronary artery bypass grafts [CABG] or
PCI), severe heart valve disease, known cardiomyopathy or hemodynamic instability lasting
longer than 12 hours following revascularization were not enrolled. Further exclusion
criteria were contraindications to CMR, including implanted pacemakers, defibrillators, or
other metallic implanted devices and claustrophobia. Acute clinical management was at the
discretion of the responsible physician, with the intention to reflect contemporary practice
and guidelines (including use of aspiration catheters; glycoprotein IIb IIIa receptor inhibitors
and high-dose clopidogrel loading). Blood samples were collected for Troponin I at the time
of admission and every 12 hours post PCI.

CMR
Four separate 3Tesla CMR scans were performed on each patient at the following time
points post-PCI: 12 - 48 hours (24H); 5 - 7 days (1W); 14 - 17 days (2W); and 6 months
(6M). The first and last CMR scans assessed LV function, edema, and LGE. The second and
third scans acquired function and edema imaging only (Figure 1). Identical short axis images
at matching slice position with functional images were acquired using T2W and LGE
imaging. Edema imaging was performed using a T2 prep-SSFP single shot sequence with
coil signal intensity correction.3 A spine coil and a phased array 6-channel flexible surface
coil were used. If necessary, shimming and center frequency adjustments were performed
before T2W imaging to generate images free from off-resonance artifacts. LGE-CMR was
performed with a T1-weighted segmented inversion-recovery gradient echo-phase sensitive-
inversion recovery (GRE_PSIR) sequence 5 to 10 minutes after the administration of 0.1
mmol / kg contrast agent (Gadodiamide, Omniscan™, GE Healthcare, Amersham, UK). The
inversion time was meticulously adjusted for optimal nulling of remote normal myocardium.
(Refer to online supplement of acquisition parameters for both edema and LGE imaging)

Post-processing analysis
Quantification of LV volumes and wall motion were performed as previously described.16,
17 For objective quantification of edema or LGE, a reference region of interest (ROI) was
placed in remote myocardium. The signal intensity threshold indicating edema / LGE was
imposed 2 standard deviations above the mean intensity of the reference ROI, as previously
described.7 (online supplement)

Statistical Analyses
Values of continuous variables are expressed as mean (± SD). In order to investigate
differences at multiple time points in LV volumes, EF, WMSI, myocardial volume of edema
and LGE assessed by CMR, ANOVA analyses with adjustment for repeated measurements
were performed. The Bonferroni procedure, where the overall Type I error (0.05) is
distributed across multiple hypothesis tests, was used for post-hoc comparisons. For
categorical variables, Wilcoxon signed-rank test was used to compare regional wall motion
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abnormalities with segmental scoring of edema and late gadolinium. A chi-squared test and
a logistic regression model with a repeated-measures variable for the patient (to adjust for
the non-independence of the data) were used to assess the relationship between the
transmural extent of myocardial injury i.e. edema / LGE and improvement in regional
function. The relationship between the improvement in wall motion along 6 months and the
clinical and CMR characteristics were evaluated using linear regression analyses. Bland-
Altman test for continuous T2W measurements and Cohen’s Kappa coefficient for T2W,
LGE and wall motion abnormalities categorical measurements were performed to evaluate
inter-observer variability for edema assessment and for transmurality grading and wall
motion scoring respectively

All statistical tests were two-tailed, and all P values of less than 0.05 were considered
statistically significant.

Results
Patient characteristics are given in Table 1. All patients presented with ST segment elevation
on the ECG and were treated by primary PCI (except for 2 who were transferred from a
different hospital and received thrombolysis and rescue PCI). All PCI took place within 12
hours of chest pain onset, with the mean time from onset of pain to balloon treatment 253 ±
150 minutes. Of 33 patients enrolled, 2 could not complete the first CMR examination due
to claustrophobia, 1 patient was excluded due to urgent re-intervention, 2 did not undergo
third scan due to technical difficulties or because of patient refusal (Figure online data
supplement). The first CMR took place at 29 ± 10 hours from the PCI (24H), the second
(1W) at 6 ± 1.4 days post PCI, the third (2W) at 16 ± 2.7 days post PCI and the fourth (6M)
at 6.2 ± 1 months post PCI.

CMR findings
The total number of successful scans was 112 (30 at 24H and 1W, 28 at 2W and 24 at 6M)
and all were suitable for analysis. In segmental analyses, 8 segments at 24H and 12 at 2W
showed off resonance artifacts in T2W images and were excluded from analyses at all TP
(Table online data supplement). Both Bland-Altman (bias = 2 ± 10%) for continuous T2W
measurements and Cohen’s Kappa coefficient (kappa = 0.8) for T2W, LGE and wall motion
abnormalities categorical measurements indicated excellent levels of agreement for inter-
observer variability assessments.

Time course assessment of global left ventricular function and myocardial edema
All patients had positive findings for myocardial injury assessed by T2W imaging at 24H
except one. In this particular case, the lesion as assessed by LGE and edema, was confined
to the apical segment only. As indicated in Methods, the apical slices were excluded to avoid
partial volume artifacts.

The mean volume of edema was stable over the first week (37 ± 16% of the LV myocardium
at 24H and 39 ± 17 % at 1W) with a reduction by 2W (24 ± 13%; P < 0.01) and near
resolution (7 ± 10%; P < 0.001) by 6M (Figure 2). The ejection fraction (EF) was well
conserved (53 ± 9 %) at 24H and not significantly different at 6 months (59 ± 6 %; P = n.s.)
(Table 2).

Time course assessment of edema and LGE on a segmental level: relations to wall motion
(24H-2W)

At 24H, 151 out of 428 (35 %) segments were positive for myocardial edema; 133 / 428
(31%) showed LGE, and 139 / 428 (32%) segments showed abnormal function (Table
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online data supplement). Segments with evidence of injury assessed by T2W or LGE
imaging and those with wall motion abnormalities were co-localized (location agreement,
Kappa = 0.77; P < 0.001) with 120 / 133 (90%) showing all of edema, LGE and wall motion
abnormalities. Similarly, of 277 segments with no edema, 257 (93%) showed normal wall
motion, while of those with no LGE, 264 (89%) showed no myocardial edema either. Only
31 / 428 (7%) of segments were positive for edema in the absence of LGE.

In order to assess whether or not the extent of the acute myocardial injury determines
regional dysfunction, we examined the relationship between within-segment injury (%
segment affected by edema or LGE) and the presence or absence of wall motion impairment
in that segment. At 24H, the proportion of segments with wall motion impairment increased
in relation to the extent of both myocardial edema (P < 0.01; Figure 3A) and LGE (P < 0.01;
Figure 3B). Of the injured segments (those having either edema or positive for LGE), 75
(17%) had improved motion in the first 2 weeks. This was associated with an improvement
in WMSI (from 1.52 ± 0.3 at 24H hrs to 1.3 ± 0.3 at 2W, P < 0.01) (Table 2).

LGE volume reduction over 6 months
The volume of LGE decreased significantly between the first time point (27 ± 15% of LV
myocardial volume) and the last time point at 6M (22 ± 12%, P = 0.002) (Figure 4A).
Furthermore, on a patient by patient basis, there was considerable variation in the extent of
reduction in LGE. The reduction in LGE from acute to 6M was up to 68%, with 46% of
patients showing some reduction in LGE at 6 months. LGE was also reduced when analyzed
at segmental level. Out of the 336 segments analyzed at 6M, 108 had been positive for LGE
at 24H of which 54 (50%) showed resolution of LGE at 6M(representative examples are
shown in Figure 5).

Recovery of function accompanies resolution of LGE
We next examined whether resolution of LGE could be associated with recovery of function
in affected segments. Out of 336 segments analyzed at 6M, 79 had shown abnormal function
at 24H of which 68 (86%) showed recovery of function at 6M.

Importantly, of those segments that showed an improvement in LGE at 6 months 35 / 54
(65%) also showed an improvement in wall motion (P < 0.0001) indicating that LGE at 24H
did not necessarily signify irreversible myocardial injury.

Conversely, only 8% (6/68) of segments with persistent transmural LGE at 6M had
improved function (P < 0.01) (Figure 4B). Furthermore, on multivariate analysis the only
CMR measure that was predictive of functional recovery was the infarct size determined by
LGE CMR (% LVscore) at 6M (P = 0.015). The importance of CMR assessment of infarct
size at 6 months is further emphasized by the strong correlation between the infarct size (%
LVscore) assessed at 6 months and troponin I, assessed at 48 hrs (r = 0.9; P < 0.01); while the
equivalent relationship with LGE measured at 24H was relatively weak (r = 0.7, P < 0.01;
Figure 6).

Effects of timing of LGE measurement on the calculation of salvage index
Calculation of myocardial salvage [index] depends both on (a) the acutely determined area
at risk (T2W image) and (b) the final infarct size (LGE). Given the variation in LGE
described above, we calculated the effect of its assessment early (24H) vs. late (6M) on the
estimation of salvage. Depending on the imaging time for LGE, the salvaged myocardium
index was substantially different: 26 ± 21% at 24H vs. 42 ± 23% at 6M (P = 0.02). Thus,
LGE timing critically determines the calculated salvage index.
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Discussion
Optimal application and accurate interpretation of CMR in acute myocardial ischemia
require that the nature and patterns of change of CMR features are fully defined. We report
the first detailed time course study that examines early changes in myocardial function,
edema and LGE in patients treated with primary PCI for STEMI, and which relates these
early features to late measures of infarct size and functional recovery at global and
segmental levels.

The principal findings are that: (1) edema was present in virtually all cases; the volume of
edema remained unchanged over the first week but decreased significantly by 15 days. (2) A
large majority of segments that were positive for edema also showed evidence of LGE,
assessed at 24H. (3) In 46% of the patients, LGE present on early scans had diminished in
size by 6 months and, in some cases, dramatically. (4) Acute LGE was a weak predictor of
functional recovery compared to chronic LGE, as even segments with transmural LGE at
24H, showed an improvement in contractility at 6 months. (5) The reduction in LGE at the
later time had a profound effect on the calculation of salvage index, which varied by up to
~60%, depending on the time point used. These findings have important implications for the
timing and interpretation of CMR after acute STEMI, including in the estimation of viable
vs. infarcted tissue and on the design and implementation of clinical trials that use salvage
index as an end point.

Acute myocardial ischemia-reperfusion is a dynamic process, involving a complex cascade
of intracellular and interstitial changes that affect: oxygenation and pH in the myocardium;
intravascular pressure, small vessel permeability and patency; tissue water content,
inflammatory cell infiltration and local hemorrhage.18 These changes potentially alter both
the inherent MR characteristics of the tissue and the delivery, distribution and removal of
exogenous contrast agents, compared to the stable setting.19 Specifically, the kinetics of
gadolinium distribution and precise tissue specificity in acute infarction are not fully
understood13-15 and the potential for accumulation of LGE even in viable myocardium has
not been excluded.

Myocardial edema
Both intracellular edema due to decoupling of water molecules from proteins20 and/or tissue
accumulation of water leads to a prolongation of T221 that appears as transmural bright
signal on T2W images.22 In dogs, myocardial edema has been demonstrated after 30
minutes ischemia.5 Previous reports have identified persistence of edema signal for at least
12 days post infarction,3, 6 but the timing of maximal myocardial edema and its early
evolution had not been defined. This information is important in order to establish the
optimal imaging window for the assessment of salvaged myocardium6, 7 and for estimation
of prognosis.23, 24 We demonstrate that edema is maximal and constant during the first
week post MI, reducing thereafter. Therefore, the window for retrospective quantification of
myocardium ‘at risk’ is up to 7 days, with a risk of underestimation after that time.

Late gadolinium enhancement
Late gadolinium enhancement occurs following myocardial infarction. In the context of
established MI and scar formation, the area of myocardial fibrosis is very closely linked to
the extent and distribution of LGE.1, 12 Furthermore, the extent of LGE can be used to
predict recovery of myocardial function after revascularization,1, 25 with the transmural
segmental extent of LGE / scar inversely correlating with the probability of functional
recovery. Reduction in LGE has been previously reported from the acute phase to a chronic
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stage, and attributed to “shrinking of the scar”, together with compensatory hypertrophy of
adjacent myocardium.26, 27

Although LGE occurs in context of acute MI, this cannot reflect tissue fibrosis, which takes
several weeks to develop. In a dog model, Fieno et al showed that fibrosis increased 11-fold
between 3 and 60 days after permanent coronary artery occlusion.28 Conversely, in a model
of acute MI, LGE can be positive within 1 hour of injury.29 Given the variant tissue
composition between acute and chronic states, it cannot be assumed that the presence of
LGE necessarily always implies irreversible injury. We found that the overall volume of
LGE decreased by 22% between the first time point and six months and, that on a patient by
patient basis, there was considerable variation in the extent of reduction in LGE.
Importantly, of those myocardial segments showing reduction in LGE at 6 months, 68% also
showed an improvement in wall motion (P < 0.0001). Using a technique based on
differential signal intensity threshold analysis, Yan et al identified an peri-infarct ‘border
zone’ on the periphery of the LGE area.30 However, recovery confined to a putative ‘border
zone’ is unlikely to account for the observations in the current study, since 51% of segments
showing improved function had transmural (or near-transmural) LGE extent when imaged <
48 hours after primary PCI. These findings indicate that LGE within this time frame does
not necessarily reflect irreversible injury. Our findings do not identify the tissue correlate of
LGE at early time points, but do stress the important possibility of resolution, even of
transmural LGE, in association with recovery of myocardial function in that area.

LGE and recovery of function
The ability of LGE obtained in the acute setting to predict later functional recovery is
contentious.31-34 Choi et al found that improvement in segmental contractile function
between < 7 days post infarct and 8-12 weeks later was inversely related to the transmural
extent of infarction on the first scan.32 That work differs from the current study in several
important respects. Most importantly, the second CMR scan did not include assessment of
LGE, making it impossible to know if LGE had changed between scans. While early
assessment of LGE will, on average, indicate injured tissues, our work demonstrates that
LGE early after an event does not always reflect irreversibly injured, non-viable tissue, and
even transmural LGE early after acute ischemia can be associated with recovery of function
in that segment. In keeping with these findings, Beek et al reported that 25 % of segments
with transmural hyperenhancement 7 ± 3 days post MI had the potential for functional
improvement after 13 weeks.33

Our findings of resolving LGE are further consistent with a recent clinical study showing
that LGE diminishes within one week of acute MI.35 The authors speculated that reduction
in LGE may have reflected initial LGE in reversibly injured myocardium. By incorporating
edema imaging, to demonstrate the extent of the ischemia zone, and combining this with (a)
early and late phase LGE and (b) functional assessment at a segmental level, the current
study demonstrates conclusively that this is indeed the case — and that early LGE does not
always lead to late scar. Our findings cannot determine mechanisms of ‘shrinkage’ of the
LGE area or whether there is hypertrophy of adjacent viable myocardium in the long term36,
37 which may contribute to recovery of function at a later stage.

Salvage index
The difference between volume of myocardium at risk and of that eventually infarcted gives
a measure of myocardial salvage that can be indexed to the area at risk to provide the
salvage index.6 In clinical trials, this indexed measure should reduce the inter-patient
variability associated with measures of absolute infarct size, with a consequent reduction in
sample size38 needed to assess therapies intended to reduce infarct size.9
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Our data suggest that, given the tendency to reduction in LGE over time, studies
incorporating imaging time points as early as 12 hours23 will markedly overestimate the area
of irreversible injury in some patients. Based on our findings the magnitude of the
underestimate of salvage that could be introduced in assessment < 48 hours post MI (vs. 6
months) is 38 % ± 14%, with important implications for trial design and implementation.

Study limitations
Our data suggest almost complete resolution of edema at 6 months. However, in small
number of cases persistently increased T2 signal intensity was identified at 6 months. From
experimental studies, resolution of myocardial edema occurs within 2 months of acute MI.39

While accumulation of lipid may occur in the very early phases post acute MI,40 this would
not contribute significantly to T2 relaxation properties. A further possibility may relate to
the threshold for edema quantification. While efforts were made to impose a recognized and
objective segmentation protocol, it is possible that an alternative segmentation strategy or
the measurement of absolute myocardial relaxivity values may provide additional benefit.
The use of new CMR techniques as T2 mapping should provide a better understanding of
tissue composition both in acute stage and chromic stage; however further research will be
needed to validate these techniques. The patients in this study were subject to an intensive
sequence of MR scans, including 3 CMR scans within 15 days of acute MI. For reasons of
safety, gadolinium was not given at each time point, but reserved for the first and last. For
this reason, we were unable to define the precise time course of resolution of LGE. Although
LGE resolution was associated with improved myocardial segmental function, we did not
undertake any additional evaluation of myocardial viability, specifically no comparative
study using positron emission tomography (PET), nor, in this clinical study, were
histological samples available to define precisely the tissue correlates during each MR time
point. Finally, the patients included in the study were mostly white and men and therefore
further investigation will be needed in order to establish potential application of these data to
those of other race and gender.

Conclusions
Edema of the myocardium occurs in almost all cases of STEMI and primary PCI. It is
maximal and constant over the first week post MI, providing a stable window for the
retrospective evaluation of area at risk. By contrast, LGE, while present early in acute MI,
recedes over time and acutely detected LGE does not necessarily equate with irreversible
injury. These findings have important implications for the interpretation of CMR early after
acute MI and the design of clinical research studies using CMR-derived infarction or salvage
index as endpoints.

CLINICAL PERSPECTIVE

Late gadolinium enhancement (LGE) and edema imaging are used to assess acute
myocardial injury, area at risk and salvaged myocardium post reperfusion. Late
gadolinium enhancement (LGE) is currently considered the gold standard for myocardial
infarct visualization both in acute and chronic myocardial infarction and an accurate
predictor of recovery of wall motion post revascularization. The present study shows that
CMR features of acute myocardial infarction are dynamic and change for both LGE and
edema. Following revascularization, edema is shown to peak within the first week post
reperfusion. LGE performed in the first 24H does not necessarily indicate irreversible
injury; our results show that 51 % of the segments with transmural LGE at 24H post
reperfusion recovered function at 6 months. A detailed knowledge of the early dynamic
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changes of both LGE and edema imaging is crucial in assessing final infarct size and
myocardium salvage, especially when designing clinical trials using CMR.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study protocol
Imaging time points (TP) in relation to the acute myocardial infarction (MI) and primary
percutaneous coronary intervention (PPCI). For each TP, the CMR data acquired is given.
CMR = cardiovascular magnetic resonance; LGE = late gadolinium enhancement.
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Figure 2. Time course of edema
A Mean percentage of LV volume positive for myocardial edema at each time point. The
volume of edema remained stable in the first week post event with a significant decrease at
15 -17 days with near resolution by 6 months. B. The time course of edema and resolution is
given for each patient. There was a large range of LV % volume of edema (0 to 60%). This
analysis on an individual level confirms the constancy of edema measured in the first 5-7
days, that is suggested in Panel A, with marked variation thereafter. Using the objective
thresholding methods described in the text, a small number of patients had a substantial
volume of apparent residual edema at 6 months.
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Figure 3. Impaired segments (% affected) as a function of the extent of segment positive for (A)
edema and (B) LGE at 24H
Segments with acute myocardial injury as identified either by presence of late gadolinium
(LGE) and/or edema. For both edema and LGE, the probability of segmental dysfunction
increased with the fraction of segment affected. For unaffected segments, as expected, a
large majority showed normal function.
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Figure 4. (A) Myocardial LGE early (12-48hrs) vs. late (6 months) and (B) wall motion
improvement abnormalities
A. The myocardial volume (mean % ± SD) positive for LGE, decreased significantly from
12 - 48 hrs to 6 months. The change in extent of LGE is also shown for each patient. Patients
with unchanged LGE at 6 months are shown in red while those with decreased LGE in
black. Eleven patients out of 24 (46%) who underwent CMR at 6 months time, showed a
reduction in LGE volume (of 38 ± 14%). In the remaining 13 patients, no reduction in size
of the LGE volume was identified (23% ± 14% vs. 23% ± 14% respectively). B. Segments
with improved function at six months (n = 68) broken down by extent of LGE within that
segment LGE (none; 1-75% = partial thickness and 76-100% = full thickness) at both 24H
and 6M. Across categories, the extent of LGE, measured at 12 - 48 hours (dark bars) was a
poor predictor of functional recovery. Significantly, even segments showing full thickness
LGE were associated with functional recovery. By contrast, LGE extent at 6 months (light
bars) was strongly inversely correlated with improved function in that segment.
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Figure 5. Representative CMR images
Edema images (left column), acute LGE images (center), chronic LGE (right column) are
displayed. Three separate patients (rows A to C) representing alternative patterns of acute
vs. chronic CMR features are shown. A. Edema is present in inferior wall; the appearance of
LGE is unambiguous as high signal zone that corresponds to the area of edema, but there is
no LGE present at 6 months. B. T2W image, on the left, shows edema in the anterior wall;
the acute LGE shows compact enhancement, which is reduced in size by 6 months. C. The
edema imaging confirms acute injury. In this example LGE present early persists without
significant alteration to the 6 month time point.
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Figure 6. Relationship between the extent of late gadolinium (LGE) and the Troponin I at 48 hrs
The correlation between the LV % of LGE (% LVscore) assessed at 6 months and troponin I
assessed at 48 hrs (r = 0.9; P < 0.01) is shown in comparison to the equivalent relationship
with LGE measured at 12 - 48 hours (r = 0.7, P < 0.01).

Dall’Armellina et al. Page 17

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2011 November 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Dall’Armellina et al. Page 18

Table 1

Variable Value (mean ± SD)

Age (yrs) 56 ± 9

Sex (M:F) 26:4

Ethnicity (Caucasian: Asian) 29:1

BMI 29 ± 6

Risk Factors [No (%)]

   Smoking 16 (53)

   Hypertension 11 (37)

   Diabetes 3 (10)

   Family history 9 (30)

   Hyperlipidemia 11 (37)

Troponin I (12 hours post PCI) (mg / mL) 40 ± 16

Pain to balloon time (mins) 253 ± 150

Door to balloon Time (mins)[median (interquartiles)] 44 (30; 62)

Culprit coronary artery [No (%)]

   LAD 15 (50)

   LCx 2 (6)

   RCA 13 (43)

Number of vessels diseased [No (%)]

   1 20 (67)

   2 6 (20)

   3 4 (13)

TIMI FLOW pre PCI [No (%)] 0.6 ± 1

   0 21 (70)

   1 3 (10)

   2 4 (13)

   3 2 (6)

TIMI FLOW post PCI [No (%)] 2.5 ± 0.6

   0 0

   1 2 (6)

   2 10 (33)

   3 18 (60)

Medications during PCI [No (%)]

   GP IIb/IIIa inhibitor 23 (76)

   Clopidogrel 30 (100)

   Heparin 28 (90)

   Aspirin 30 (100)

Concomitant medications on admission [No (%)]

   Beta-blockers 1 (3)

   Ace-inhibitors 6 (20)

   Statins 4 (13)
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Variable Value (mean ± SD)

Medications post infarct

   Beta-blockers 28 (93)

   Ace-inhibitors 30 (100)

   Statins 30 (100)

   Aspirin 30 (100)

   Diuretic 3 (10)

   Nitrates 8 (27)
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