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Abstract 25 

 26 

Aims  27 

Scar tissue from myocardial infarction is best visualized with cardiac magnetic resonance 28 

(CMR) late gadolinium enhancement (LGE). Gadolinium-free alternatives for detection of 29 

myocardial scars are limited. This study investigated the feasibility of myocardial scar detection 30 

in acute infarcts and follow-up CMR using non-contrast cine images.  31 

 32 

Methods 33 

Fifty-seven patients with acute infarcts (15 female, mean age 61 ± 12 years, CMR 2.8 ± 2 days 34 

after infarction) were retrospectively evaluated with follow-up CMR exams available in thirty-35 

two patients (9 female, 35 ± 14 days after infarction). Twenty-eight patients with normal CMR 36 

scans (2 female, mean age 47 ± 8 years) served as controls. Global and segmental strain 37 

parameters (global peak circumferential [GPCS], global peak longitudinal [GPLS], global peak 38 

radial strain [GPRS], segmental peak circumferential [SPCS], segmental peak longitudinal 39 

[SPLS], and segmental peak radial strain [SPRS]) were calculated from standard non-contrast 40 

balanced SSFP cine sequences using commercially available software (Segment CMR, 41 

Medviso, Sweden). Visual assessment of wall motion abnormalities on short axis cine images, 42 

as well as segmental circumferential strain calculations (endo-/epicardially contoured short 43 

axis cine and resulting polar plot strain map) of every patient (acute imaging and follow-up 44 

CMR) were presented for two blinded readers in random order, who were advised to localize 45 

potentially infarcted segments, blinded to LGE images and clinical information.  46 

 47 

Results  48 

While global strain values were impaired in patients with acute infarcts compared to controls 49 

(GPCS p= 0.01; GPLS p= 0.04; GPRS p= 0.01), global strain was similar between first CMR 50 

and follow-up imaging in the subgroup of 32 patients (GPCS p= 0.7; GPLS p=0.8; GPRS 51 

p=0.2). In acute infarcts and in follow-up CMR, patients had reduced mean SPCS in infarcted 52 

segments compared to remote myocardium (acute p= 0.03, follow-up exams p= 0.02).  53 
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SPCS values in infarcted areas were similar in acute infarcts and in follow-up exams (p=0.8). 54 

In acute infarcts 74.6 % of all in LGE infarcted segments (141/189) were correctly localized in 55 

polar plot strain maps compared to 44.4% (84/189) of infarcted segments detected by visual 56 

wall motion assessment only (p < 0.05). In follow-up exams, 81.5 % of all in LGE infarcted 57 

segments (93/114 segments) were correctly localized in polar plot strain maps compared to 58 

51.8 % (59/114) of infarcted segments detected by visual wall motion assessment (p < 0.05).  59 

 60 

Conclusion 61 

Segmental circumferential strain derived from routinely acquired cine sequences detects 62 

nearly 75 % of acute infarcts and about 80% of infarcts in follow-up CMR and can potentially 63 

be used for scar identification based on non-contrast cine images, when gadolinium cannot 64 

be applied or LGE images are non-diagnostic.  65 

 66 

Key Words: cardiac imaging, magnetic resonance imaging, CMR based strain, acute 67 

infarction, ischemic myocardial scars 68 

 69 

 70 

Abbreviations:  71 

AUC   area under the curve 72 

CMR   cardiac magnetic resonance 73 

FT   feature tracking 74 

GPCS   global peak circumferential strain 75 

GPLS   global peak longitudinal strain 76 

GPRS   global peak radial strain 77 

ICC   intraclass correlation coefficient 78 

i.v.   intravenous 79 

LGE   late gadolinium enhancement  80 
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LV   left ventricle/left-ventricular 81 

LVEDV  left ventricular end-diastolic volume 82 

LVEF   left ventricular ejection fraction 83 

LVESV  left ventricular end-systolic volume 84 

LVSV   left ventricular stroke volume 85 

MI    myocardial infarction 86 

ms   milliseconds 87 

min   minute(s) 88 

ROC   receiver operating characteristics 89 

s   seconds  90 

SPCS   segmental peak circumferential strain 91 

SPLS    segmental peak longitudinal strain 92 

SPRS   segmental peak radial strain 93 

SSFP   steady- state free precession 94 

T   Tesla 95 

VWMA   Visual wall motion abnormality 96 

Introduction 97 

Upon myocardial infarction (MI), scar tissue is best visualized by cardiac magnetic resonance 98 

imaging (CMR) with late gadolinium enhancement (LGE) [1]. Intravenous application of 99 

gadolinium-based contrast agents is mandatory before acquiring LGE sequences. However, 100 

gadolinium should be used carefully in some patient groups, such as patients with severely 101 

reduced kidney function. Recently, alternative methods of scar detection based on routinely 102 

acquired cine images have gained attention [2,3], but the underlying studies are mostly in a 103 

proof-of-concept stage, require more extensive system integration and are not yet practicable 104 

in the clinical setting.  105 

Myocardial deformation during cardiac contraction can be described by vectors in the radial, 106 

circumferential and longitudinal directions. Negative strain values are measured for 107 
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circumferential and longitudinal direction in normal myocardium, while radial strain provides 108 

positive values due to thickening in the radial direction during systole [4]. MI leads to local 109 

necrosis of myocytes with scar replacement, consecutively disturbing normal global and 110 

segmental strain. Myocardial tagging is the reference standard in CMR for measuring 111 

myocardial strain but needs dedicated sequences [5]. Myocardial feature tracking (FT) has 112 

been introduced as a novel technique for myocardial strain quantification based on routinely 113 

acquired SSFP cine sequences [3,6–8]. Especially FT methods based on non-rigid 114 

registration and segmentation, where not only myocardial borders are traced, but the whole 115 

image content is tracked throughout the cardiac cycle, seem to detect segmental pathologies 116 

in patients after myocardial infarction [9,10]. In this study, global and segmental strain 117 

derived from non-contrast cine images was analyzed in patients with acute infarction and in 118 

follow-up exams and the feasibility of using segmental strain in infarcted segments for scar 119 

detection was investigated.  120 

 121 

 122 

  123 
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Methods 124 

Study population  125 

From April 2016 to December 2020 57 patients (15 female, mean age 61 ± 12 years) with 126 

acute myocardial infarcts in CMR (imaging 2.8 ± 2 days [0-6 days]) were retrospectively 127 

assessed. Thirty-two out of 57 patients had a follow-up CMR (35 ± 14 days, [20-86 days]). 128 

Patients with concomitant primary cardiomyopathies (n= 2) or non-diagnostic LGE images 129 

(n= 3) were not enrolled. Twenty-eight individuals (2 female, mean age 48 ± 10 years) with 130 

normal cardiac MRI examinations during the same time period were also retrospectively 131 

included. CMR referrals in the control group were exclusion of structural heart disease (n= 4) 132 

or exclusion of coronary artery disease (n=24). This study was conducted in accordance to 133 

the Declaration of Helsinki and its later amendments and the institutional review board 134 

approved this retrospective study. All participants gave written informed consent. 135 

Characteristics of patient groups and controls are shown in Table 1. 136 

 137 

CMR data acquisition  138 

CMR data were obtained on a 1.5T MR system (Achieva, Philips Healthcare, Best, the 139 

Netherlands) using a dedicated 5-channel phased array coil. Functional and geometric 140 

assessment of the left ventricle (LV) was performed using cine balanced steady-state free 141 

precession (SSFP) images in standard long-axis geometries (two-, three- and four-chamber 142 

view) as well as in short-axis orientation covering the entire LV (field of view: 350 × 350 mm2, 143 

matrix: 300 × 300, repetition time/echo time: 3.0/1.5 ms, in-plane resolution, 1.2 × 1.2 mm2; 144 

number of cardiac phases: 50, section thickness: 8 mm). Edema-sensitive black-blood T2-145 

weighted images with fat saturation in five short-axis slices were acquired for visualizing 146 

myocardial edema [11]. LGE images (inversion recovery gradient-echo sequence: field of view: 147 

350 × 350 mm2; matrix: 234 × 234 repetition time/echo time: 7.4/4.4 ms; inversion time: 205–148 

255 ms; flip angle: 20°; in-plane resolution: 1.5 × 1.5 mm2; section thickness: 8 mm) covering 149 

the entire LV in short axis view as well as in 2-,3- and 4 chamber view were acquired 15 150 
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minutes after administration of a bolus of 0.2 mmol gadobutrol (Gadovist; Bayer Schering 151 

Pharma, Zurich, Switzerland) per kilogram body weight.  152 

 153 

CMR Data analysis  154 

Feature tracking analysis – Global and segmental strain parameters (global peak 155 

circumferential [GPCS], global peak longitudinal [GPLS], global peak radial strain [GPRS], 156 

segmental peak circumferential [SPCS], segmental peak longitudinal [SPLS], and segmental 157 

peak radial strain [SPRS]) were calculated from standard non-contrast balanced SSFP cine 158 

sequences using commercially available software (Segment CMR, Medviso, Sweden) in 159 

accordance with the American Heart Association`s 16 segment model [9]. Image registration 160 

was started separately for the short-axis stack (for calculation of global and segmental 161 

circumferential and radial strain) and for the three long axes (needed for global and segmental 162 

longitudinal strain). After image registration, endocardium and epicardium of every slice of the 163 

short-axis stack (8-12 slices, depending on the length of the LV) and in the 2-,3-,4-chamber 164 

long axis were manually contoured in end-diastole and in end-systole and these contours were 165 

propagated throughout the cardiac cycle calculating myocardial strain. All FT strain analyses 166 

(patients and controls) were performed blinded to patient information and LGE images by one 167 

reader (reader A: 5 years of experience in cardiac imaging). Due to the semi-automatic nature 168 

of FT analyses, twenty-eight random cases were chosen to perform interobserver agreement 169 

(reader B: two years of experience in cardiac imaging), blinded to results of the first reader.  170 

 171 

Localization of potentially infarcted segments in circumferential strain calculations and in cine 172 

images – Reader A and B were advised to detect potentially infarcted segments in segmental 173 

circumferential strain calculations (endo-/epicardially contoured short-axis cine stack with 174 

resulting polar plot strain map, Fig. 1) as well as in the corresponding short-axis cine images, 175 

visually recognizing wall motion abnormalities (VWMA). In both methods, all 16 segments 176 

(basal, midventricular and apical section) were evaluated through a cardiac cycle and 177 

segments were classified in a binary manner (infarcted or not infarcted). Datasets of patients 178 
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(acute imaging and follow-up CMR) and controls were mixed and presented in random order 179 

to the readers. Both readers were blinded to each other, to LGE images and to clinical 180 

information.  181 

 182 

Assessment of infarcted segments in LGE images – In a separate session, both readers had 183 

to select affected segments (short axis stack LGE, black-blood T2-weighted images with fat 184 

saturation) blinded to clinical information. Reference standard was the existing corresponding 185 

report (revised by a cardiologist with over 15 years of experience in CMR). Ventricular volumes 186 

and function were calculated using IntelliSpace Portal, performed by reader A (Philips, Version 187 

8.0.3) (Tab.1). 188 

 189 

Statistical analyses 190 

Statistics were performed using commercially available software (IBM SPSS Statistics, 191 

release 25.0; SPSS, Armonk, NY). Categoric data are expressed as numbers or percentages 192 

and quantitative data are expressed as means ± standard deviations. Normal distribution 193 

was tested by the Kolmogorov–Smirnov test. Two-tailed paired t-tests or Wilcoxon signed 194 

rank were used to compare global and segmental strain values as well as to compare 195 

infarcted segments found in LGE, circumferential strain calculations and by visual wall 196 

motion assessment. Interobserver agreement was investigated using the intraclass 197 

correlation coefficient (ICC). ICC = 0.50- 0.75 was considered moderate, ICC = 0.75- 0.9 was 198 

considered good and ICC > 0.9 was considered excellent agreement [12]. Receiver 199 

operating characteristics (ROC) were calculated to determine the cut-offs of segmental strain 200 

values and area under the curve (AUC) for segmental circumferential strain in order to 201 

differentiate infarcted from remote myocardium. ROC curve analysis was not performed for 202 

segmental longitudinal or radial strain due to lacking significance between strain values in 203 

infarcted and remote myocardium. Statistical significance was supposed at a p-value below 204 

0.05. 205 

 206 
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Results 207 

LGE and edema 208 

In patients with acute infarction, 189 out of 896 segments showed LGE (21.1%) and myocardial 209 

edema. Myocardial edema was also detected in 27 segments without LGE. Mean scar burden 210 

per patient was 23.4% ± 6 (range 8 - 59%) and the average amount of infarcted segments per 211 

patient was 3.7 (range: 2-9). 212 

In the subgroup of patients with follow-up exams 118 out of 512 segments showed LGE (23 213 

%). Scar burden at acute imaging timepoint was 25.1% ± 5 per patient (range 12 - 56%) along 214 

with myocardial edema, further 10 segments had myocardial edema without concomitant LGE.  215 

Scar burden decreased in follow-up exams (20.7 ± 4, range 5 - 48%) (Tab.1). No LGE was 216 

found in the control group.  217 

 218 

Global strain 219 

Mean global strain values were reduced in patients compared to controls (GPCS: -10.3% ± 3 220 

vs. 20.1% ± 2, p = 0.01; GPLS: -10.7 % ± 5 vs. 18.6 % ± 2 p=0.04; GPRS: 27.9% ± 5 vs. 221 

39.2% ± 5; p=0.01, Fig.1). Mean global strain was similar between both time points in the 222 

subgroup with follow-up CMR (GPCS: -10.6% ± 2 vs. -9.5 % ± 3, p= 0.7; GPLS -10.2 % ± 5 223 

vs. 10.9 % ± 5 p=0.8; GPRS 26.8% ± 6 vs. 29.8% ± 4; p=0.2; Tab.1). 224 

 225 

Segmental strain 226 

Segmental strain in patients with acute infarction 227 

Mean segmental peak circumferential strain (SPCS) was significantly impaired in infarcted 228 

segments (- 2% ± 2) compared to mean SPCS of remote myocardium in patients with acute 229 

MI (-10.5% ± 1, p= 0.03) (Fig. 2), interobserver agreement was excellent (Tab.2). Mean 230 

segmental peak longitudinal strain (SPLS) and mean segmental peak radial strain in 231 

infarcted segments were mildly impaired (SPLS - 6.5 % ± 8 and SPRS 15.9% ± 7) compared 232 

to SPLS and SPRS of remote myocardium (SPLS -11.8% ± 5 and SPRS 23.4% ± 7, p= 0.7 233 
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and 0.5) (Fig.3). In a blinded comparison, where infarcted segments should be identified by 234 

visual assessment of wall motion abnormalities (VWMA) in native cine images and in 235 

segmental circumferential strain calculations (based on cine images) (Fig.1), 141 from 189 236 

infarcted segments (74,6%) were considered “infarcted” in circumferential strain calculations 237 

and 84 out of 189 in VWMA (44,4%). 30 infarcted segments were not identified in 238 

circumferential strain calculations, but all missed segments belonged to patients already 239 

diagnosed with potential scars. 15 segments were assumed “infarcted” in circumferential 240 

strain calculations without displaying LGE, all those segments had myocardial oedema. No 241 

normal segments (without oedema and LGE) in patients nor segments in controls were 242 

assumed “infarcted” by VWMA or circumferential strain calculations. 243 

 244 

Segmental strain in follow-up MRI 245 

In follow-up exams mean SPCS and SPRS in infarcted segments showed markedly impaired 246 

strain values compared to mean SPCS and mean SPRS of remote myocardium (SPCS -247 

2.4% ± 2 vs.-13.4% ± 2, p= 0.02; SPRS 16.7% ± 4  vs. 32.4% ± 3, p= 0.02; Fig. 3) with 248 

excellent interobserver agreement (Tab. 2). Direct comparison between imaging in the acute 249 

setting and in follow-up CMR revealed no significant differences in segmental strain values 250 

between infarcted segments and remote myocardium, however, a tendency towards lower 251 

segmental circumferential strain of remote myocardium in the acute subgroup was noticeable 252 

(acute CMR -10.6% ± 1 vs. follow-up -12.9% ± 2, p= 0.07; Fig.3).  253 

Since segmental circumferential strain appeared to be suitable for identifying segments with 254 

ischemic scars, we performed ROC analysis to detect the optimal cut-off values for SPCS for 255 

discrimination of scar tissue and remote myocardium (AUC 0,89 [0,878 – 0,923). In our 256 

patient group we calculated, that below a SPCS value of -5,9 % (sensitivity of 86,2 %, 257 

specificity of 83,5%; [Fig.4]) segments are considered infarcted.  258 

Localization of potentially infarcted segments based on segmental circumferential strain 259 

calculations revealed 93 out of 114 infarcted segments (81,6%). Fifty-nine segments with 260 

wall motion abnormalities were found in cine images (51,8%). No false positive findings were 261 
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detected in circumferential strain calculations by any reader, however one patient with small 262 

subendocardial infarction (1 segment) was missed in segmental circumferential strain 263 

calculation.  264 

Discussion 265 

This study analyzed global and segmental strain derived from non-contrast cine images in 266 

acute infarcts and follow-up exams and the feasibility of using segmental circumferential 267 

strain for detection of ischemic myocardial scars. 268 

Intravenous application of gadolinium-based contrast agents is necessary to perform LGE 269 

sequences, the gold standard for scar imaging after MI. However, patients with recent MI 270 

may suffer from acute renal failure and application of gadolinium should be used restrictively 271 

in those cases. In the clinical setting, established alternatives for scar detection in native 272 

CMR sequences are limited. With native T1 mapping, scar and remote myocardium can be 273 

differentiated due to different tissue relaxation times [13]. However, additional mapping 274 

sequences need to be acquired and to achieve accurate measurements, standardized 275 

parameters for healthy myocardium need to be defined separately for every scanner. 276 

Moreover, while acute infarcts can be reliably detected in native T1 maps, T1 values of 277 

infarcted areas normalize after acute infarction with resulting lower specificity for chronic 278 

infarcts [14].  Some artificial intelligence-based techniques successfully detected scar tissue 279 

in non-contrast cine CMR sequences [2,15], but these methods are mostly still in a proof-of-280 

concept stage and are not yet practicable in clinical use.  281 

Myocardial feature tracking (FT) was introduced as a novel technique for myocardial strain 282 

quantification based on routinely acquired cine sequences. Infarcted tissue leads to altered 283 

global and segmental myocardial strain due to reduced contractility of fibroblasts, that 284 

gradually replace necrotic myocardium after MI [16]. Impairment of global strain in patients 285 

with acute and chronic infarcts have been reported by various studies [17,18]. Accordingly, 286 

GPLS, GPRS and especially GPCS was impeded in our patient cohort compared to healthy 287 

controls. Studies analyzing segmental strain in patients with infarcts in the last decade 288 
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revealed heterogenous results, in particular problems with accuracy and reproducibility of 289 

segmental strain values have been reported [19]. Newer algorithms for strain quantification 290 

based on non-rigid algorithm for image registration and segmentation with tracking of the whole 291 

image content - instead of tracking myocardial borders only- seem to identify scarred 292 

myocardium in segmental circumferential strain more sufficiently [10,20,21]. 293 

In our patient group, mean SPCS in infarcted tissue was impaired compared to SPCS of 294 

remote myocardium and this was observed in both acute imaging as well as in follow-up CMRs; 295 

in ROC analyses cut-off value was -5.9%, below which segments were considered infarcted.  296 

Also direct comparison of wall motion and segmental circumferential strain calculations of 297 

every patient in a blinded dataset revealed markedly more “infarcted” segments in segmental 298 

circumferential strain calculations than by looking at cine images only and this was true for the 299 

acute timepoint (74.6% vs. 44.4%) as well as in follow-up exams (81.5% vs. 52 %). Imaging in 300 

the early phase after MI is challenging due to complex pathophysiologic processes of the 301 

acutely infarcted myocardium and compensatory mechanisms of adjacent remote tissue [22], 302 

nevertheless segmental circumferential strain is able to detect nearly 75% of acutely infarcted 303 

segments. Although some infarcted segments were not found by segmental circumferential 304 

strain calculations, not even one patient with acute infarction was missed and only one patient 305 

with small subendocardial scar was missed in the follow-up exam.  306 

In the follow-up exams, we noticed reduced scar burden (25.1 % vs. 20.7%), most probably 307 

due to subsided edema [23]. More infarcted segments were detected by VWMA in the follow-308 

up exam (52%) than in the first CMR (44.4%), possibly due to more evident wall motion 309 

abnormality as myocardial thinning of infarcts starts in the subacute stage [24]. This transitional 310 

stage from acute to subacute infarct did not influence global strain, all global strain values were 311 

similar in acute exam and in follow-up CMR. Furthermore, direct comparison of segmental 312 

strain values in infarcted segments between both time points showed interchangeable values. 313 

Analyzing values for remote myocardium in acute infarcts, segmental circumferential strain 314 

was slightly more impaired compared to remote myocardium in follow-up exams and further 315 
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analyses revealed, that edematous segments were mainly responsible for strain impairment, 316 

suggesting influence of myocardial edema on segmental circumferential strain. 317 

In summary, segmental circumferential strain based on non-contrast cine images detects most 318 

ischemic scars in the acute timepoint and in follow-up exams in contrast to visual evaluation 319 

of cine images and can potentially be used for scar identification. Since CMR based strain is 320 

increasingly established in clinical use, this method might be a promising problem solver in 321 

patients with ischemic heart disease who cannot receive or reject gadolinium or when LGE 322 

images are non-diagnostic. 323 

 324 

Limitations 325 

Some limitations must be mentioned. This is a small retrospective study of 57 patients with 326 

follow-up CMR exams of 32 -mostly male- patients and possible gender differences were not 327 

taken into account. The mean interval of 5 weeks between initial imaging and follow-up CMR 328 

is presumably not long enough to measure remodelling, because of still ongoing 329 

pathophysiologic processes and distant time points should be investigated for that matter in 330 

further studies.  331 

Segmental circumferential strain calculations derived from short axis cine images use the 16 332 

AHA segment model, so infarction of the apex (segment 17) cannot be diagnosed in SPCS 333 

calculations.  334 

Although definition of scar transmurality is important in clinical setting, transmurality 335 

assessment in acutely infarcted myocardium might be challenging and was not performed in 336 

our study.  337 

Finally, we analyzed global and segmental strain with only one software. Recent studies show, 338 

that strain values are not interchangeable between different vendors, thus vendor-specific 339 

threshold values need to be defined for infarcted and remote myocardium [10]. 340 

 341 



 14 

Conclusion 342 

Segmental circumferential strain derived from routinely acquired cine sequences detects 343 

nearly 75 % of acute infarcts and about 80% of infarcts in follow-up CMR in contrast to visual 344 

evaluation of cine images alone and can potentially be used for scar identification, when only 345 

native cine sequences are available. Since CMR based strain is increasingly established in 346 

clinical use, this method might be a promising approach in patients with ischemic heart 347 

disease who cannot receive or reject gadolinium or when LGE images are non-diagnostic. 348 
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Figures & Figure legends   445 

Figure 1a 446 

 447 

 448 

 449 

Fig.1a – 48 year old patient with RIVA infarction (2 days after acute infarction) 450 

Left column: LGE in segment 8, 13,14 (red arrows); middle column: concomitant edema extends 451 

additionally into segments 2,7,16 (white arrows). Right colum: Endo- and epicardially contoured basal, 452 

midventricular and apical cine short axis slices prepared for circumferential strain calculations with 453 

polar plot strain map.  454 

 455 

 456 

 457 

 458 

 459 

 460 

 461 

 462 

 463 

 464 

 465 

 466 

 467 

 468 
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Figure 1b 469 

 470 

 471 

Fig.1b – 48 year old patient with RIVA infarction (35 days after acute infarction) 472 

Left column: LGE in segment 8, 13,14 (red arrows); middle column: no concomitant edema; right 473 

colum: Endo- and epicardially contoured basal, midventricular and apical cine short axis slices 474 

prepared for circumferential strain calculations with polar plot strain map.  475 

 476 

 477 

 478 

 479 

 480 

 481 
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 484 

 485 

 486 
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Figure 2 490 

 491 

 492 

 493 

 494 

Fig.2 – Global strain values in patients and healthy controls  495 

While GPCS, GPLS and GPRS values were very similar comparing both imaging time points, they 496 

were significantly impaired compared to healthy controls.   497 

GPCS = global peak circumferential strain, GPLS = global peak longitudinal strain, GPRS = global 498 

peak radial strain   499 

 500 

 501 

 502 

 503 

 504 

 505 
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Figure 3  506 

 507 

 508 

 509 

Fig.3 – Segmental strain values for scar tissue and remote myocardium in acute and follow-up 510 

CMR 511 

Significantly different values between infarcted and remote myocardium can be detected in SPCS for 512 

both imaging time points as well as in SPRS in the follow-up exams.   513 

SPCS = segmental peak circumferential strain, SPLS = segmental peak longitudinal strain, SPRS = 514 

segmental peak radial strain 515 

 516 
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Figure 4 524 

 525 

 526 

                          527 

 528 

Fig.4 – ROC curve for distinguishing infarcted and remote myocardium based on strain 529 

parameters   530 

Below a SPCS value of -5,9 % (sensitivity of 86,2 %, specificity of 83,5%) segments are considered 531 

infarcted. ROC= Receiver operating characteristic, SPCS= segmental peak circumferential strain 532 

 533 

 534 

 535 
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Figure 4 545 

 546 

 547 

Fig. 5 Localization of infarcted segments showed in segmental circumferential strain 548 

calculations  549 

Segmental strain calculations showed significantly more infarcted segments than visual assessment of 550 

wall motion abnormalities in cine images and this was significant in both imaging time points. 551 

In follow-up exams more infarcted segments were found in visual assessment of wall motion 552 

compared to acute infarcts (52% vs. 44.4%).  553 

LGE = late gadolinium enhancement, SPCS = segmental peak circumferential strain, VWMA = visual 554 

wall motion assessment    555 

 556 

 557 

 558 

 559 

 560 

 561 
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Tables 562 

Table 1 – Demographic characteristics: patients vs. controls 563 

 564 

BMI= body mass index, LVEDV= left ventricular end-diastolic volume, LVESV= left ventricular end-565 

systolic volume, LVSV= left ventricular stroke volume, LVEF= left ventricular ejection fraction; 566 

GPCS/GPLS/GPRS = global circumferential/longitudinal/radial strain; values in round brackets are 567 

standard, cohort specific LV values; values in square brackets represent the value range 568 

 569 

 570 

 571 
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Table 2 – Interobserver agreement 578 

 579 

 580 

GPCS/GPLS/GPRS = global circumferential/longitudinal/radial strain; SPCS/SPLS/SPRS= segmental 581 

circumferential/longitudinal/radial strain, ICC = intraclass correlation coefficient 582 

. 583 



Figures

Figure 1

1a – 48 year old patient with RIVA infarction (2 days after acute infarction) Left column: LGE in segment
8, 13,14 (red arrows); middle column: concomitant edema extends additionally into segments 2,7,16
(white arrows). Right colum: Endo- and epicardially contoured basal, midventricular and apical cine short



axis slices prepared for circumferential strain calculations with polar plot strain map. 1b –48 year old
patient with RIVA infarction (35 days after acute infarction) Left column: LGE in segment 8, 13,14 (red
arrows); middle column: no concomitant edema; right colum: Endo- and epicardially contoured basal,
midventricular and apical cine short axis slices prepared for circumferential strain calculations with polar
plot strain map.

Figure 2

Global strain values in patients and healthy controls While GPCS, GPLS and GPRS values were very
similar comparing both imaging time points, they were signi�cantly impaired compared to healthy
controls. GPCS = global peak circumferential strain, GPLS = global peak longitudinal strain, GPRS =
global peak radial strain



Figure 3

Segmental strain values for scar tissue and remote myocardium in acute and follow-up CMR Signi�cantly
different values between infarcted and remote myocardium can be detected in SPCS for both imaging
time points as well as in SPRS in the follow-up exams. SPCS = segmental peak circumferential strain,
SPLS = segmental peak longitudinal strain, SPRS = segmental peak radial strain



Figure 4

ROC curve for distinguishing infarcted and remote myocardium based on strain parameters Below a
SPCS value of -5,9 % (sensitivity of 86,2 %, speci�city of 83,5%) segments are considered infarcted. ROC=
Receiver operating characteristic, SPCS= segmental peak circumferential strain



Figure 5

Localization of infarcted segments showed in segmental circumferential strain 548 calculations
Segmental strain calculations showed signi�cantly more infarcted segments than visual assessment of
wall motion abnormalities in cine images and this was signi�cant in both imaging time points. In follow-
up exams more infarcted segments were found in visual assessment of wall motion compared to acute
infarcts (52% vs. 44.4%). LGE = late gadolinium enhancement, SPCS = segmental peak circumferential
strain, VWMA = visual wall motion assessment


