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Abstract

Background. Late gadolinium enhancement (LGE) imaging overestimates acute
infarct size.

Objective. To investigate if acute ECV-maps can reliably quantify myocardial area at
risk (AAR) and final infarct size (IS).

Methods. 50 patients underwent cardiovascular magnetic resonance (CMR) imaging
acutely (24hrs-72hrs) and at convalescence (3 months). The CMR protocol included:
cines, T2-weighted (T2W) imaging, native T1-maps, 15-minute post-contrast T1-maps
and LGE. Optimal AAR and IS ECV thresholds were derived in a validation group of
10 cases (160 segments). 800 segments (16-per-patient) were analysed to quantify
AAR/IS by ECV-maps (ECV thresholds for AAR: 33% and IS: 46%), T2W-imaging,
T1-maps and acute LGE. Follow-up LGE-imaging was used as the reference standard
for final IS and viability assessment.

Results. The AAR derived from ECV maps (threshold of >33) demonstrated good
agreement with T2W-imaging derived AAR (Bias=0.18, 95% CI -1.6-1.3) and AAR
derived from native T1-maps (Bias=1, 95% CI -0.37-2.4). ECV demonstrated the best
linear correlation to final IS at a threshold of >46%, (R=0.96, 95% CI 0.92-0.98;
P<0.0001). ECV-maps demonstrated better agreement with final IS than acute IS on
LGE (ECV-maps: bias=1.9, 95% CI 0.4-3.4 versus LGE-imaging: bias=10, 95% CI
7.7-12.4). On multiple variable regression analysis, the number of non-viable segments
was independently associated with IS by ECV-maps (beta=0.86, P<0.0001).
Conclusion. ECV-maps can reliably quantify AAR and final IS in reperfused AMI.
Acute ECV-maps were superior to acute LGE in terms of agreement with final IS. IS

quantified by ECV-maps are independently associated with viability at follow-up.



Introduction

Infarct size (IS) and myocardial salvage are important determinants of clinical outcome
after myocardial infarction and are most accurately assessed with cardiovascular
magnetic resonance (CMR)'. The size and extent of myocardial infarction on late
gadolinium enhancement (LGE) CMR has prognostic value in the chronic setting?.
Recent literature however suggests that infarct size on LGE-imaging has limited value
in acute myocardial infarction® and overestimates actual IS compared to
histopathology*®. Separately, T2-weighted (T2W) imaging can be used after acute
myocardial infarction to quantify the myocardial area at risk (AAR) and together with
LGE extent to compute the myocardial salvage index.

Commonly, IS and AAR are derived with semi-automated thresholding methods, but
these methods have important limitations’. Semi-automated thresholding is dependent
on several factors including: 1) windowing by the operator to decide where the region

of interest (ROI) is placed, 2) the variation of signal intensity within the ROI and 3) the
size of ROI can also affect the signal intensity variations®. The cumulative effect of

these factors can significantly influence quantification and intra-/inter-observer
variation of the measurements.

Parametric mapping methods, in particular T1 mapping and the derived parameter of
extracellular volume (ECV), allow an alternative method for quantification of IS and
AAR on an absolute scale (0%-100%). ECV has previously been shown to be increased
in the AAR and infarcted myocardium>®?, but thresholding to define cut-offs of ECV
to quantify AAR and IS has not been investigated.

The purpose of this study was to: 1) determine ECV thresholds for AAR and IS 2)
investigate if acute ECV-maps can be used to quantify the AAR (determined by T2W

images during acute setting); 3) determine if acute ECV-maps perform better than LGE-



imaging to predict actual IS at 3 months; 4) investigate the association of acute ECV-
maps to viability at 3 months'?.

Methods

Study Population

Patients presenting with acute STEMI were prospectively recruited from a single UK
tertiary centre (Study Design: Figure 1). The inclusion criteria were: first-time acute
STEMI revascularized by primary percutaneous coronary intervention (PPCI) within
12 hours of onset of chest pain. Acute STEMI was defined as per current European and
American guidelines!'. Exclusion criteria included: previous MI or coronary artery
bypass grafting, cardiomyopathy, estimated glomerular filtration rate <30 ml/min/1.73
m2, haemodynamic instability (requiring on-going intravenous therapy or respiratory
support) and contraindication to CMR imaging. After PPCI, all patients received
standard post-myocardial infarction secondary prevention therapy'? at the discretion of
the treating physician, and were enrolled in a cardiac rehabilitation programme if they
were deemed suitable.

Ethics Approval

The study protocol was approved by the National Research Ethics Service
(12/YH/0169) and complied with the Declaration of Helsinki and all patients gave
written informed consent.

Cardiac catheterization

Coronary angiography and revascularisation were performed in a standard fashion
according to current best practice guidelines'2. TIMI flow grades were assessed visually
as described previously after coronary angioplasty'>.

Cardiovascular Magnetic Resonance Imaging



All patients had CMR imaging at either 1.5 Tesla (Ingenia, Philips, Best, Netherlands)
or 3.0 Tesla (Achieva TX, Philips, Best, Netherlands) within 72-hours (median 48-
hours) of their index presentation and were invited to attend for a further CMR study at
3-months follow-up. A dedicated cardiac phased array receiver coil was used (1.5T:
24-channel; 3T: 32-channel).

Image Acquisition and Analysis

In-depth details on CMR acquisition methods and T1-analysis and quality assurance
checks are included in the online ‘Supplemental Material’.

Extracellular volume mapping analysis

ECV-maps were generated for the 3 slices (base, mid and apex) from pre-/post-contrast
T1-maps and haematocrit using standard techniques!*. The endo- and epi-cardial
contours were outlined to define myocardium (Figure 2). Similar to the T2W and the
LGE-imaging, the IS and AAR estimation included any hypo-intense core (MVO
with/without IMH).

Validation of ECV thresholds

Validation of ECV threshold is detailed in the online ‘Supplemental Material’.
Follow-up scans

Follow-up scans were planned at 3-months following the index event. Patients were
scanned at 3-months at the same field strength as the baseline scan. IS was estimated
using the most validated method to estimate chronic infarct size: the FWHM method .

Segmental infarction using a 16-segment model'®

was assessed from LGE images and
a greater than 75% volume of infarction per-segment was considered transmural and
the segment classified as ‘non-viable’!”. The number of non-viable segments was

recorded for each patient. Adverse LV remodeling was defined as an increase in LV

end-systolic volume of >15% at follow-up'®.



Statistical analysis

Statistical analysis was performed using IBM SPSS® Statistics 21.0. Continuous
variables are expressed as mean + SD. Normality of quantitative data was established
using the Shapiro-Wilk test. Demographic comparisons were performed with an
independent samples t-test (continuous variables) and by Chi-Square test (categorical
variables). A repeated-measures analysis of variance (ANOVA) was performed on
demographic and different field strength CMR. Paired sample T-test was used for
validation of ECV thresholding to the reference methods. Scanner field strength was a
covariate in all linear correlation analysis to the reference method. Agreement between
the different tests for IS and AAR are expressed as bias according to the Bland-Altman
analysis!” and intra-class correlation coefficient (ICC). For paired comparison of the
IS, non-parametric Wilcoxon test (paired samples) was used. Univariate analysis was
performed for each variable separately. Step-wise multivariate linear regression was
used for parameters with statistical significance from one-way analysis (p<0.1). All
statistical tests were 2-tailed; p values <0.05 were considered significant.

Results

Patient characteristics

Seventy patients were considered for inclusion, of which 50 had baseline and follow up
CMR (Figure 1). Patient demographics are presented in Table 1.

Validation of ECV thresholds

Validation results are presented in the online ‘Table 2. For the quantification of acute
AAR, all ECV thresholds (32%, 33% and 34%) were very similar when compared to
the reference method of T2W imaging. However, ECV threshold of 33% demonstrated
the least absolute error and coefficient of variability (CoV). For the quantification of

final IS, ECV thresholds of 46% demonstrate the least absolute error of 10.1% when



compared to the final IS on follow-up LGE imaging. Therefore, ECV thresholds of 33%
and 46% were used in the prospective analysis to quantify AAR and IS respectively.
Myocardial area at risk (AAR) characteristics

AAR characteristics are listed in Table 3. The AAR estimated by T2W-imaging was
not significantly different to the AAR estimated from ECV-maps at a threshold of 33%
(47.4+18% versus 47.2+17.4%, P>0.5) and demonstrated excellent linear correlation to
it (R=0.95, 95% CI 0.90-0.98; P<0.0001) (Figure 3). AAR derived using ECV-maps
also demonstrated excellent linear correlation to AAR derived from quantitative T1-
Maps (R=0.96, 95% CI 0.93-0.98; P<0.0001). The AAR derived from ECV-maps
demonstrated good agreement with T2W-imaging derived AAR (Bias=0.18, 95% CI -
1.6-1.3; ICC=0.97, 95% C10.92-0.97) and AAR derived from native T1-maps (Bias=1,
95% CI -0.37-2.4) (Figure 3). Using Annona statistics, there was no significant
association between AAR methods (T2W-imaging, P=0.77; 33% ECV thresholding
method, P=0.64) and number of days to CMR study.

Myocardial salvage index (MSI)

MSI based on T2W-imaging and T1-mapping demonstrated poor correlation with
follow-up LV EF (R=0.07, P=0.6; R=0.06, P=0.6) (Figure 4). MSI based on ECV-map
demonstrated modest correlation to follow-up LV function (R=0.52, P<0.001).
Infarct Size (IS) characteristics

Baseline infarct characteristics are listed in Table 3 and did not differ between the two
field strengths. IS estimated from LGE images at the acute scan using the 5SD method
overestimated final IS at the follow-up scan (P<0.0001). IS estimated from acute ECV-
maps using a 46% threshold did not differ significantly from LGE-defined IS at follow-
up (P>0.05). The IS on acute ECV-maps demonstrated excellent linear correlation

(R=0.96, 95% CI 0.92-0.98; P<0.0001) to the IS at follow-up. IS estimated by acute



LGE-imaging (FWHM) also correlated with final infarct size but with a lower r value
than ECV maps (R=0.87, 95% CI 0.8-0.9, P<0.01) (Figure 3). Moreover, the ECV-
maps demonstrated superior agreement to final IS (Bias=1.9, 95% CI 0.4-3.4,
ICC=0.91, 95% CI 0.84-0.95) when compared to the acute IS by LGE-imaging
(Bias=10, 95% CI 7.7-12.4, ICC=0.80, 95% CI 0.68-0.88). Acute IS estimated by the
S-standard deviation method on LGE-imaging demonstrated the lowest linear
correlation to IS at follow-up (0.76, 95% CI 0.61-0.86) with worst agreement (Bias=11,
95% CI17.7-14). Using Annona statistics, there was no significant association between
acute infarct size by all methods (LGE-imaging, P=0.33; ECV methods, P=0.69) and
number of days to CMR study.

Per segment viability characteristics

Of the 800 segments 32(4%) were non-viable on follow-up LGE images. On per patient
based analysis, 14(28%) patients demonstrated loss of viability in at least one segment.
There were no statistically significant differences in the area under the curve (AUC) on
receiver operator characterises curve (ROC) analysis for either ECV-maps IS or LGE-
imaging IS to predict viability (AUC=0.94, 95% CI 0.88—1 versus AUC=0.93, 95% CI
0.86-1; P=0.82). The number of non-viable segments per patient correlated with IS by
ECV (1=0.70, P<0.0001) and LGE-imaging (r=0.64, P<0.0001) and demonstrated a
linear trend of rise of these parameters (P<0.0001, Figure 5).

Adverse LV remodeling

Adverse LV remodeling occurred in 8(16%) patients. The IS based on acute ECV-maps
was significantly different in patients with/without adverse LV remodeling (17+13%
versus 30+13%, P=0.01). Differences in IS based on LGE were not statistically
significant (26+£14% versus 37+14%, P>0.05) (Figure 6). Acute ECV-maps

demonstrated slightly higher, not statistically significant AUC than LGE-imaging for



predicting adverse LV remodeling at follow-up (AUC=0.77, 95% CI 0.6-0.9 versus
AUC=0.71, 95% C1 0.5-0.9, P=0.12).

Regression analysis

Regression analysis is presented in Table 4. On multivariable linear regression analysis,
acute IS by ECV-maps was independently associated with follow-up IS (beta 0.92;
P<0.0001) and not acute IS by LGE-imaging (p=0.89). Moreover, the number of non-
viable segments was independently associated with acute IS by ECV-maps (beta=0.70,
P<0.0001) and not with IS by LGE-imaging.

Discussion

The present study demonstrates that acute ECV-maps offer a robust and reliable
alternative to acute T2w-imaging and T1-maps to quantify the AAR (at an ECV
threshold of 33%) and to acute LGE-imaging to quantify the final IS at follow-up (at
an ECV threshold of 46%). Secondly, ECV-maps are superior to acute LGE-imaging
in terms of agreement with final IS. Thirdly, IS quantified by ECV maps is strongly
associated with the number of non-viable segments at 3-months follow-up and IS by
ECV-maps is significantly higher in patients with adverse LV remodeling. Fourthly,
MSI derived from ECV-maps better predicts LV function on follow-up than MSI
derived from T2w-imaging and T 1-maps.

Multi-parametric tissue characterisation

In a previous pilot study, we demonstrated that the signal intensity on LGE-imaging
cannot be used to quantify the extent of extracellular matrix expansion’. Native (non-
contrast) Tl-maps are sensitive, among others, to myocardial oedema, protein
deposition and changes in lipid/iron content!#; native T1 maps do not directly inform
us however about the intra-/extra- cellular composition of the myocardium. Moreover,

even though quantification of native T1 is highly reproducible, it varies between field



strengths, vendor platforms and mapping sequences’’. ECV is a measure of
extracellular matrix expansion, which is related to mechanical, electrical and vasomotor

dysfunction'*

. Hence, ECV-maps add incremental diagnostic value to quantify
global/focal myocardial fibrosis, which is mainly a process in the extracellular matrix.
Furthermore, ECV values are independent of the field strength of the CMR scanners?>.
ECV-mapping in acute and chronic myocardial infarction

Previous studies have explored ECV in both acute and chronic myocardial
infarction®®?2*, In a porcine model of acute myocardial infarction, Jablonowski et al
demonstrated that LGE-imaging overestimated infarct size by 23% as compared to
histopathological findings, and that this overestimation is due to higher ECV in the peri-
infarct region, or the border-zone between necrosed and oedematous myocardium
(Figure 7)°. They reported that the ECV in this border-zone was significantly different
to the ECV in the remainder of the AAR region (48.3+4.4% vs. 32.4+3.2%; P<0.01).
The border-zone ECV in the present clinical study (38.6+2.4%) was lower than in this
previous study even though we ran validation tests to define the ECV thresholds
informed by their biopsy findings. This can potentially be explained by the fact that
pigs were imaged far more acutely than our patient cohort (6hrs versus >24hrs). ECV
in the border-zone drops very rapidly in the first few days post-acute myocardial
infarction as oedema regresses®. In a more recent study, Hammer-Hansen and
colleagues® demonstrated that the extent of gadolinium enhancement in acute
myocardial infarction patients is modulated by the extracellular space and the contrast
kinetics in the injured myocardium and consequently contributes to the over-estimation
of IS by LGE-imaging. Another pertinent finding was that the ECV of the infarcted
myocardium, computed using the different post-contrast T1-maps at different time

points, ranging from 5-20 minutes after the contrast injection, remained similar. This



may explain why ECV is more reliable to quantify the IS acutely versus the LGE-
imaging, which heavily depends on timing of the acquisition post-contrast delivery.
Ugander et al explored the utility of ECV in chronic infarct patients and demonstrated
significantly higher ECV (51+8%) in the infarct zone’. Another key finding of their
study was that remote myocardial ECV, where there was no hyper-enhancement on
LGE-imaging, increased concurrently with a decrease in ejection fraction (r=-0.50,
P=0.02), suggesting that ECV provides insights into sub-clinical myocardial pathology.
This study raises the possibility that the pattern of ECV in the infarcted and remote
myocardium changes from the acute to the chronic setting.

More recently, in a study which recruited 131 acute STEMI patients, Carberry et al>*
confirmed that remote zone ECV (assessed by ROI) is inversely related to ejection
fraction (P<0.001) and delta-ECV of the remote zone was associated left ventricle
volume at follow-up. Bulluck et al®® investigated the utility of automated segmental
ECV in acute myocardial infarction and additionally demonstrated that patients with
higher remote myocardial ECV on acute presentation were more likely to have adverse
remodeling of their left ventricle. Moreover, recent evidence from our group suggests
that the actual expansion in the extracellular matrix of the infarct core quantified by
ECV-maps predicts functional recovery better than any other imaging parameter?®.
Therefore, post-acute myocardial infarction, ECV-maps have been shown to measure
the extent of damage within the infarct zone, while AAR and remote-zone predict the
likelihood of functional recovery and adverse left ventricular remodeling.

The present study adds to this existing evidence and shows that acute ECV-maps offer
a new quantitative thresholding tool to quantify both AAR/ IS reliably and accurately.

Limitations



The present study has limitations. The sample size in the present study is not large,
nevertheless is comparable to published research studies in this patient population and
also inter-/intra-observer variations are very low for multi-parametric CMR. Of the 70
patients identified at initial recruitment, 50 patients were recruited, possibly introducing
a selection bias (Figure 1). A key limitation of T1-mapping for clinical application is
the error due to partial volume contamination from blood. MOLLI sequences used in
the present study, have been shown to be precise and reproducible?’. They are widely
available and are relatively mature. However, magnetization transfer significantly
affects inversion recovery sequences. Despite this, the estimate of apparent inversion
recovery time is a sensitive measure, which is established to characterise myocardial
tissue and discriminate disease. Additionally, different T1-mapping schemes were used
to derive ECV on 1.5T and 3T systems. To address this in the study, we investigated
all correlations between the reference method and ECV thresholds while controlling for
scanner type. Finally, the differences in the LV coverage between all the reference
methods and ECV-maps may introduce some bias. Irrespective of the scanner type and
sequences used, the results demonstrated reliability of using ECV thresholding method
over standard LGE.

Conclusion

This study demonstrates that ECV-maps in patients with acute reperfused STEMI
permit reliable quantification of AAR, MSI and final IS at follow-up. Furthermore,
acute IS by ECV-maps is independently associated with the number of non-viable
infarcted segments at follow-up. Acute IS by ECV-maps is significantly higher in
patients who go on to develop adverse LV remodeling. Only ECV-maps derived MSI

were associated to final LV function. Therefore, acute ECV-maps offer enhanced early



tissue characterisation, quantification and clinically relevant prognostic information

over standard LGE-imaging.
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Table 1. Clinical and angiographic characteristics

All patients 1.5 Tesla 3 Tesla

(n=50) (n=32) (n=18)
Age, yrs 59+11 61£12 57+11 0.27
Male 42 26 16 0.49
BMI, kg/m2 28+4 28+4 28+3 0.44
Smoker 30 18 12 0.48
Hypertension 8 6 2 0.49
Hyperlipidaemia 17 10 7 0.59
Diabetes Mellitus 6 4 2 0.89
Family History of Coronary 21 14 7 0.74
Heart Disease
Presenting Characteristics
Systolic  Blood  Pressure, 135+31 138435 130+£21 0.41
mmHg
Heart rate, beats/min 73£15 76+14 68+14 0.06
Time from onset of CP to 228(155-392) 234(144- 222(185- 0.68
reperfusion, min 383) 407)
Heart Failure Killip Class T
I 46 30 16 0.55
II 3 2 1 0.92
I or IV 1 0 1 0.19




Ventricular  fibrillation at

presentation

Angiographic
Characteristics

Number of diseased arteries@

1

2

3

Left Main Stem

Culprit Vessel

Left anterior descending
Left circumflex

Right coronary

TIMI coronary flow pre-PCI
0-1

2-3

TIMI coronary flow post-PCI
0-1

2-3

Laboratory results

Red blood cells, grams/litre

3

31

10

29

17

44

49

146(136-151)

18

21

28

31

144(135-

150)

13

16

18

149(142-

155)

0.92

0.27

0.25

0.93

0.46

0.15

0.64

0.08

0.59

0.29

0.15



White blood cell, x10°/litre 11(10-13) 11(10-13) 11(10.4- 0.40

12.5)

Creatine kinase, U/I 1538(826- 1627(906- 987(553- 0.57
2440) 2485) 2120)

Troponin I, >40,000 37 27 10 0.04

Estimated glomerular filtration = 90(77-90) 90(78-90) 83(80-87)  0.99
rate, ml/min/1.73m?

Values are mean+SD, n (%), median (IQR). T Killip classification of heart failure after
acute myocardial infarction: class I=no heart failure; class II=pulmonary rales or
crepitations, a third heart sound, and elevated jugular venous pressure; class IlI=acute
pulmonary edema; and class IV=cardiogenic shock.

@ Multi-vessel coronary artery disease was defined according to the number of stenoses
of at least 50% of the reference vessel diameter by visual assessment and whether or
not there was left main stem involvement.

Abbreviations: BMI, body mass index; CMR, cardiac magnetic resonance; ECV,
extracellular volume; IQR, interquartile range; PCI, percutaneous coronary
intervention, STEMI, ST-segment elevation myocardial infarction; TIMI,

Thrombolysis In Myocardial Infarction.



Table 2. Validation of ECV thresholding informed by the histo-pathological biopsy

data from®.
Mean SD
32 | 387 204
g 33 359 19.7
34 | 333 19.0
Acute ECV
44 | 158 12.6
45 147 12.0
46 | 13.2 11.2
47 122 104
2 48 | 11.2 9.8
49  10.1 9.1
50 | 9.1 8.5
51 82 7.9
52 173 7.3

Mean SD
37.6 15.1
37.6 15.1
37.6 15.1
LGE IS
(Day 90)
12.9 9.8
12.9 9.8
12.9 9.8
12.9 9.8
12.9 9.8
12.9 9.8
12.9 9.8
12.9 9.8
12.9 9.8

Mean

-1.1

1.7

4.3

1.8

2.9

3.8

4.8

5.7

SD

7.2

6.8

6.5

4.0

3.8

2.9

2.5

23

24

2.7

3.2

3.6

95% CI

-6.2t04.0

-3.2t0 6.5

-0.3t0 8.9

-5.7t0-0.1

-4.4t00.9

-23t01.8

-1.0t0 2.5

0.1to3.4

1.1t0 4.6

1.8t05.7

2.6t0 7.0

32t083

P o0
0.64
0.45*

0.06

0.05
0.18
0.80"
0.36
0.04
0.00
0.00
0.00

0.00

12.8
12.8"

15.0

23.6
20.4
15.0
14.0
16.5
22.6
29.6
37.8

46.5

* P-values for paired sample T-Test for each thresholding technique.

Median
12.0%
11.5%"

11.6%

30.4%
17.0%
10.1%"
19.8%
25.5%
25.9%
34.6%
43.4%

49.9%

" Values on which decision to choose the AAR and IS ECV thresholding values.

95% CI

2.2t028.5

3.8t028.5

4.8t0359

20.7 to 74.4

12.6 to 74.1

5.1t070.7

3.8t0 56.5

8.1to41.5

9.3t049.2

9.4 t0 56.7

19.2 to 64.4

28.6t0 72.5

Abbreviations:AAR=area at risk; CoV=coefficient of variability (%); CI=confidence

interval;

ECV=extracellular

enhancement.

volume;

IS=infarct

size;

LGE=late gadolinium



Table 3. Baseline infarct characteristics.

All

patients

(n=50)

1.5 Tesla

(n=32)

3 Tesla

(n=18)

LVEDVi, ml/m2 81+17.7 82+14.7 79.4£22.6  0.65
LVESVi, ml/m2 44+12.6 45.5+14.5  41.3+8.1 0.27
LVMi, grams 58+12.8 59.4+13.8 55.3+10.8 0.27
Ejection Fraction, % 44.6+10 45+11.1 44+7.6 0.72
MVO size, volume in % 4448 49+54 2.343 0.06
Border-zone ECV, % 38.6£2.4  38.2+2.3 39.4£2.5 0.11
AAR Volumes by different techniques
AAR (T2W), volume (%) 47.4+18 473+19.2  47.5+¢16.2 | 0.96
AAR (T1-Maps), volume (%) 46.2+17 45.4+18 47.5+16 0.67
ECV >33%, volume (%) 4724174 46.8+18.7 47.9+15.5 0.82
Infarct Volumes by different techniques
Acute LGE IS (FWHM), volume (%) 27.5+14.5 | 28.8+15.7 2524122 0.4l
Acute LGE IS (5SD), volume (%) 28.3+16.7  28.1£17 28.6+16.5 0.92
Acute ECV >46%, volume (%) 19.4+13.4 | 20.4+13.7 17.6+13 0.49
Follow-up LGE IS (FWHM), volume (%)  17.4£11.4 18.3+11.4 16=£11 0.51

n=50. Values are mean+SD. LV measurements are indexed to body surface area (BSA),
infarct volumes are unindexed. LVEDVi=left ventricular end diastolic volume
(indexed), LVESVi=left ventricular end systolic volume (indexed), LVMi=left

ventricular mass (indexed).



Table 4. Predictors of follow-up IS and per-patient number of non-viable segments in

uni-/multi-variable regression analysis.

Follow-up IS Number of non-viable segments
MV Variable B SE uv B MV B SE uv B MB
Age -0.1 | 0.14  0.53 0.002 0.02 = 0.92
Gender 1.8 4 0.69 0.58 049 0.24
Current Smoker -7 3 0.03 -0.8 0.3 0.04 -0.08 | 0.50
Hypertension -0.1 4 0.98 028 049 0.57
Hypercholesterolemia -1.4 3 0.69 -0.17 038 @ 0.66
Diabetes -3.8 5 0.44 -0.35  0.55 0.53
Family history of CAD -2.4 3 0.47 -0.53 036 | 0.15
Systolic BP -0.05 0.05 0.29 0 0.06 0.96
Heart Rate 0.1 0.1 022 -0.01  0.01 = 0.76
TIMI flow pre-PCI <0.01 037 -038 024 0.12
TIMI flow post-PCI 0.96 0.03 0.5 0.95
Door to Balloon time -0.01  0.01 0.20 0 0.001 0.53
LVEDV 0.11  0.04 0.01 098  0.002  0.005 0.74
LVESV 022 0.05 <0.01 091 0.01 0.006 0.04 -0.18 0.16
LV Mass 0.07  0.05 0.16 0.001 0.006 0.89
Ejection Fraction -0.67 0.14 <0.01 037 -0.05 0.01 <0.01 0.05 0.68
MVO 13 3  <0.01 0.71 1 03 <0.01 -0.04 0.75
Acute IS (LGE FWHM) 0.65 0.06 <0.01 0.89 0.06 0.01 <0.01 0.1 0.68

Acute IS (ECV >46%) 0.79 005 <0.01 09 <001 0.07 001 <0.01 070 <0.01

Abbreviations: B=beta, SE=standard error, MV=multivariate, UV = univariate.



Figures

Figure 1. Study Design.

Figure 2. AAR quantification: Case 1: Anterior AMI by T2W-imaging (applying
FWHM thresholding), native T1-maps (applying 2SD thresholding) and ECV-maps
(applying greater than 33% threshold). The AAR quantified by all three methods is
comparable. Case 2: IS quantification (non-transmural infarction): Demonstrates, acute
IS by LGE-imaging appears to be transmural whereas acute ECV-maps demonstrate
less transmurality (red-zone is above 46%) and follow-up LGE-imaging confirms
viability in the inferior segments (<50% transmural). Case 3: IS quantification (near
transmural infarction): Demonstrates near transmural infarct acutely on LGE-imaging
and ECV-maps and also on follow-up LGE-imaging.

Figure 3. Comparison of established quantification methods and ECV-maps.

Figure 4. Scatter-plot of MSI estimated by all methods against LV function at follow-
up.

Figure 5. Panel A: Dot and line diagram comparing paired IS by acute ECV-maps and
LGE-imaging to actual (follow-up) IS on LGE-imaging (FWHM). Panel B: Bar chart
demonstrating trend of increase in IS with increase in number of non-viable segments.
The trends for both, acute ECV-maps and LGE-imaging are statistically significant.
Figure 6. Box-and-whiskers plot of IS by both methods in patients with/without
adverse LV remodeling.

Figure 7. Short-axis illustration of the LV demonstrating acute infarct size is
overestimated using acute LGE-imaging. On ECV-maps, it is possible to differentiate
three zones in the territory of AMI: the AAR, the border-zone (zone with extensive

peri-infract oedema and possible islets of cell injury, which recovers over-time) and the



actual infarcted zone (necrosed myocardial tissue, which does not recover on follow-

up).



