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Abstract

Background Prognosis in acute myocardial infarction (AMI) depends on the amount of infarct-related artery (IRA)-subtended
myocardium and associated damage but has not been described in great detail. Consequently, we sought to describe IRA-
associated pathophysiological consequences using cardiac magnetic resonance (CMR).

Methods 1235 AMI patients (n =795 ST-elevation (STEMI) and 440 non-STEMI) underwent CMR following percutane-
ous coronary intervention. Blinded core-laboratory data were compared according to left anterior descending (LAD), left
circumflex (LCx) and right coronary artery (RCA) regarding major adverse clinical events (MACE) within 12 months. Left
ventricular (LV) global longitudinal/circumferential/radial (GLS/GCS/GRS) as well as left atrial (LA) total (g,), passive
(e.) and active (g,) strains were determined using CMR-feature tracking. Tissue characterisation included infarct size (IS)
and microvascular obstruction.

Results LAD and LCx were associated with higher mortality compared to RCA lesions (4.6% and 4.4% vs 1.6%). LAD
lesions showed largest IS (16.8%), largest ventricular [LV ejection fraction (EF) 47.4%, GLS —13.2%, GCS —20.8%] and
atrial (e, 20.2%) impairment. There was less impairment in LCx (IS 11.8%, LVEF 50.8%, GLS —17.4%, GCS —25.0%,
g, 20.7%) followed by RCA lesions (IS 11.3%, LVEF 50.8%, GLS —19.1%, GCS —26.6%, €, 21.7%). In AUC analyses, €,
(LAD, RCA) and GLS (LCx) best predicted MACE (AUC > 0.69). Multivariate analyses identified e, (p=0.017) in LAD
and GLS (p=0.034) in LCx infarcts as independent predictors of MACE.
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Conclusions CMR allows IRA-specific phenotyping and characterisation of morphologic and functional changes. These
alterations carry infarct-specific prognostic implications, and may represent novel diagnostic and therapeutic targets fol-

lowing AMI.

Trial registration ClinicalTrials.gov: NCT00712101 and NCT01612312
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Introduction

Percutaneous coronary intervention (PCI) plays a key role in
the management of acute myocardial infarction (AMI) and
ischemic heart failure development [1]. Since the burden
of cardiovascular disease remains high [2], optimized risk
stratification and patient management following AMI are
essential for effective therapy and mortality reduction [3—6].
Anterior AMI with lesions in either the left main (LM) [7-9]
or left anterior descending (LAD) [10-13] is associated with
increased risks for major adverse clinical events (MACE)
and mortality. However, some trials also reported no infarct-
related artery (IRA)-dependant differences in mortality [14,
15]. At present, the underlying pathophysiology has not
extensively been described and there is evidence to suggest
that sheer infarct size is not sufficient to explain differences
in outcome [12]. Cardiovascular magnetic resonance (CMR)
allows for adequate morphologic and functional quantitative
myocardial phenotyping and represents an ideal tool to close
the aforementioned evidence gap [16, 17]. Consequently,
we sought to comprehensively describe pathophysiologi-
cal alterations associated with specific IRA and define their
relative contributions towards disease progression and out-
come in a large prospective multi-center study of STEMI
and NSTEMI patients [18-21].
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Methods
Study population

This sub-study included patients previously enrolled in
two clinical trials (AIDA STEMI, Abciximab Intracoro-
nary versus intravenously Drug Application in STEMI,
NCT00712101 [22] and TATORT NSTEMI, Thrombus
Aspiration in Thrombus Containing Culprit Lesions in
Non-ST-Elevation, NCT01612312 [23]) who further
underwent CMR imaging following AMI treated by
primary PCI. The AIDA STEMI trial randomized 2065
STEMI patients to either intracoronary (n=1032) or
intravenous (rn=1033) abciximab application (0.25 mg/
kg bodyweight) during PCI and recruited 795 patients at
eight study sites across Germany with expertise in CMR
imaging to a CMR substudy. The TATORT NSTEMI trial
prospectively recruited 440 NSTEMI patients to aspira-
tion thrombectomy (n=221) or standard PCI (n=219)
across seven German study sites, all of which underwent
CMR imaging for the investigation of CMR infarct char-
acteristics. The lead ethical committee at the University of
Leipzig as well as all local ethical committees of involved
partner sites approved the studies which were conducted
according to the principles of the Helsinki Declaration. All
patients gave written informed consent before randomiza-
tion. The CMR sub-study was supported by the German
Centre for Cardiovascular Research (DZHK).
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Cardiovascular magnetic resonance imaging
and deformation analyses

CMR imaging was performed on 1.5- and 3.0-Tesla scanners
within the first 10 days following PCI [24]. Exclusion crite-
ria for CMR imaging comprised the established contraindi-
cations [24, 25]. The protocol included balanced steady-state
free precession (bSSFP) sequences for functional cardiac
analyses, T2-weighted sequences for oedema assessment and
inversion-recovery gradient-echo sequences 10-20 min after
the administration of gadolinium-based contrast agents for
the evaluation of myocardial salvage, infarct size (IS) and
microvascular obstruction (MVO) [25]. Left ventricular
ejection fraction (LVEF), as well as global circumferential
(GCS) and radial strain (GRS), were evaluated in the short
axis (SA) stacks, the latter at basal, midventricular and api-
cal locations. Slice positions were predefined according to
imaging standard operating procedures [26]. The apical slice
was required to show end-systolic blood pool, the most basal
slice should not include the outflow tract in any timeframe
and the midventricular slice is chosen halfway in between in
the presence of papillary muscles [27]. Global longitudinal
strain (GLS) and LA strain parameters were assessed in the
two and four chamber view (CV) [28, 29]. LA strain analy-
ses comprised the three physiological functions including
reservoir function (total strain es) defined as the collection
of pulmonary venous return during the ventricular systole,
conduit function (passive strain ee) representing the passive
ventricular filling during early diastole and booster pump
function (active strain ea) responsible for active augmenta-
tion of ventricular filling during late diastole [28, 30]. Strain
analyses were conducted employing CMR-FT on bSSFP
images using dedicated and extensively validated offline
postprocessing software (2D CPA MR, Cardiac Performance

Fig.1 Strain analyses. At the
upper half, exemplary presenta-
tion of end-diastolic two and
four chamber view (CV) as well
as midventricular short axis
(SA) views with endo- and epi-
cardially tracked borders in the
left ventricle (LV). Situated to
the right, corresponding strain
curves of LV global longitudinal
(GLS), circumferential (GCS)
and radial (GRS) strain. At the
bottom half, end-systolic two
and four CV of the left atrium
(LA) with corresponding atrial
strain curves including subse-
quent functional classification
of reservoir (g), conduit (g,)
and booster pump (g,) function

Analysis, Version 1.1.2, TomTec Imaging Systems, Unter-
schleissheim, Germany) in an experienced and blinded
core-laboratory [31-34]. LV borders were tracked endo- and
epicardially, LA borders endocardially. The borders were
manually traced in end-diastole and automatically propa-
gated throughout the cardiac cycle by the software algo-
rithm (Fig. 1). Accuracy was visually reviewed, if necessary,
manual corrections were made to the initial contour only,
prior to reapplying the algorithm. Final strain values were
calculated from the average of three independent measure-
ments [26, 35].

Clinical endpoints

Clinical endpoints were predefined as occurrence of MACE
within 1 year following AMI including all-cause mortality,
reinfarction and readmission due to congestive heart fail-
ure. To avoid statistical interference, each patient could only
account for one specific event graded in the specific order
of death > reinfarction > congestive heart failure. MACE
occurrence was reported by each individual study site; their
relevance and classification were evaluated by a blinded
committee. The exact definition of the individual endpoints
is described elsewhere [22, 23].

Statistical analyses

Statistical analyses compared differences in CMR-derived
infarct characteristics and cardiac mechanics in relation to the
underlying IRA. IRA was classified according to LAD, LCx
and the right coronary artery (RCA) lesions. Categorial vari-
ables are reported in absolute numbers with corresponding
percentage values and were compared using the Chi-square
or, where appropriate, Fisher exact test. Continuous variables
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Booster

Time Frame

@ Springer



342

Clinical Research in Cardiology (2020) 109:339-349

were tested for normal distribution using the Shapiro—Wilk
test, reported in median values with 25% and 75% interquar-
tile range (IQR) and compared using the Mann—Whitney U
test. Impact on MACE and mortality was evaluated using
uni- and stepwise multivariate cox-regression analyses which
are reported by hazard ratio (HR) with corresponding 95%
confidence interval (CI) and are further complemented by
area under the curve (AUC) analyses. Survival was displayed
using Kaplan—Meier plots with associated Log-rank testing
to determine statistical significance. All analyses were con-
ducted using IBM SPSS Statistic Software Version 24 for
Windows (IBM, Armonk, NY, USA). p values provided are
two-sided and considered as significant below 0.05.

Results
Study population

In total, 1235 MI patients have been enrolled in the CMR
sub-study and were classified according to IRA (LAD
n=498, LCx n=270 and RCA n=449). Coronary artery
bypass grafts (n=12) and left main coronary arteries (LCA)
(n=06) have been excluded from statistical evaluations due
to their small number. Exclusions from the study were made
due to poor image quality or incomplete study protocols pre-
venting postprocessing analyses. In total 1095 ventricular
and 1035 atrial functional evaluations were incorporated
into final statistical evaluations. Of these, 75 patients expe-
rienced MACE during the 1-year follow-up period (Fig. 2).
CMR imaging was performed in median on day 3 (IQR 2-4)
after symptom onset in all IRA subgroups. Most baseline
characteristics were similar comparing different IRA sub-
groups and are reported in Table 1. Patients with RCA cul-
prit lesions suffered more often from STEMI than NSTEMI
(RCA 76.6%, LAD 69.7% and LCx 35.9%). Patients with
LCx lesions were more frequently hypertensive and on anti-
hypertensive medications. Treatment strategy, frequency of
intervention and stent implantation, treatment success as
defined by post interventional TIMI flow grade were similar
between all subgroups (p > 0.05).

Infarct characteristics and cardiac functional
evaluation

Detailed CMR-derived infarct characteristics and cardiac
functional parameters classified in subgroups according
to IRA are reported in Table 2. In tissue characterisation,
LAD lesions were associated with largest IS and area at risk
(»<0.001 for both) and second largest MVO. LCx lesions
were associated with largest MVO. RCA lesions were asso-
ciated with smallest MVO and IS, the latter not significantly
smaller compared to LCx lesions (p=0.691).

@ Springer
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Fig.2 Study flow chart

LV dysfunction as assessed by impaired LVEF, GLS,
GCS and GRS was most pronounced for LAD followed by
LCx and RCA lesions. Similarly, LA dysfunction as assessed
by reservoir and conduit function was most pronounced in
LAD followed by LCx and RCA lesions, but not significantly
different comparing LAD and LCx lesions. There were no
differences for active booster pump contractility between
IRA. Subgroups of STEMI and NSTEMI are reported in the
supplements, Tables S1 and S2. Differences in IRA-depend-
ent infarct characteristics and cardiac functional parameters
were distinctly less pronounced in NSTEMI compared to
STEMI patients. IS was smaller in NSTEMI as compared to
STEMI patients (p <0.001). LV GLS was the only parameter
differing both in STEMI and NSTEMI patients between all
IRA subgroups.

Outcome
Observed differences

MACE occurrence was numerically highest in LAD lesions
(9.6%), not statistically different from LCx (7.1%, p =0.208)
but significantly higher compared to RCA lesions (4.9%,
p=0.006, Fig. 3a). Mortality was similar in LAD (4.6%)
and LCx lesions (4.4%, p=0.954) and lower in RCA lesions
(1.6%, LAD vs RCA p=0.007, LCx vs RCA p=0.017,
Fig. 3b).

CMR-derived tissue characterisation as well as cardiac
functional parameters classified according to IRA and
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Table 1 Baseline characteristics
Variable Primary lesion p value
LAD n=498 LCX n=270 RCA n=449 LAD vs LCx LCx vs RCA RCA vs LAD
Age 65 (53,73) 66 (54,74) 63 (52,72) 0.262 0.013 0.109
Sex (m) 366/498 (73.5%) 208/270 (77.0%) 336/449 (74.8%)  0.281 0.505 0.638
Cardiovascular risk factors
Active smoking 179/459 (39.0%) 107/251 (42.6%) 204/418 (48.8%)  0.346 0.121 0.003
Hypertension 360/495 (72.7%) 201/269 (74.7%) 308/449 (68.6%)  0.551 0.080 0.164
Hyperlipoproteinemia 173/495 (34.9%) 107/268 (39.9%) 177/449 (39.4%)  0.173 0.968 0.126
Diabetes 117/496 (23.6%) 741268 (27.6%) 88/449 (19.6%)  0.220 0.013 0.137
Body mass index (kg/m?) 27.7 (25.3, 30.9) 27.4 (24.8,30.2) 27.2 (24.8,30.1)
Previous myocardial infarction 25/498 (5.0%) 22/269 (8.2%) 34/448 (7.6%) 0.082 0.776 0.103
Previous PCI 32/498 (6.4%) 22/269 (8.2%) 47/449 (10.5%)  0.365 0.314 0.025
Previous CABG 6/498 (1.2%) 5269 (1.9%) 9/449 (2.0%) 0.467 0.891 0.325
ST-segment elevation 347/498 (69.7%) 97/270 (35.9%) 344/449 (76.6%)  <0.001 <0.001 0.016
Systolic blood pressure (mmHg) 136 (120, 150) 140 (120, 153) 131 (118, 150) 0.618 0.027 0.026
Diastolic blood pressure (mmHg) 80 (71, 90) 80 (70, 90) 80 (70,88) 0.893 0.035 0.006
Heart rate (beats/min) 78 (70, 87) 77 (69, 87) 74 (65,85)  0.822 0.012 0.001
Time symptoms to balloon® (min) 190 (114, 348) 191 (113, 330) 159 (100, 285) 0.733 0.116 0.004
door-to-balloon time* (min) 29 (21, 39) 34 (24, 45) 29(22,44)  0.026 0.179 0.271
Killip class on admission
1 422/498 (84.7%) 239/270 (88.5%) 414/449 (92.2%)  0.133 0.394 <0.001
2 56/498 (11.2%) 22/270 (8.1%) 23/449 (5.1%)
3 16/498 (3.2%) 4/270 (1.5%) 5/449 (1.1%)
4 4/498 (0.8%) 5270 (1.9%) 7/449 (1.6%)
Coronary artery disease
1 272/498 (54.6%) 120/270 (44.4%) 220/449 (49.0%)  0.026 0.098 0.045
2 144/498 (28.9%) 97/270 (35.9%) 127/449 (28.3%)
3 82/498 (16.5%) 53/270 (19.6%) 102/449 (22.7%)
TIMI flow grade before PCI
0 230/498 (46.2%) 137/270 (50.7%) 242/449 (53.9%)  0.090 0.672 0.031
1 62/498 (12.4%) 26/270 (9.6%) 48/449 (10.7%)
2 122/498 (24.5%) 50/270 (18.5%) 79/449 (17.6%)
3 84/498 (16.9%) 57/270 (21.1%) 80/449 (17.8%)
Stent implanted 484/498 (97.2%) 2571270 (95.2%) 440/449 (98.0%)  0.293 0.275 0.344
TIMI flow grade after PCI
0 12/498 (2.4%) 5270 (1.9%) 8/449 (1.8%) 0.926 0.992 0.790
1 10/498 (2.0%) 5270 (1.9%) 7/449 (1.6%)
2 41/498 (8.2%) 20/270 (7.4%) 33/449 (7.3%)
3 435/498 (87.3%) 240/270 (88.9%) 401/449 (89.3%)
Medication
Glycoprotein IIb/IITa inhibitor 355/498 (71.3%) 109/270 (40.4%) 350/449 (78.0%)  <0.001 <0.001 0.019
Aspirin 497/498 (99.8%) 267/270 (98.9%) 449/449 (100%) 0.094 0.025 0.342
Clopidogrel/prasugrel/Ticagrelor 498/498 (100%) 270/270 (100%) 449/449 (100%) - - -
Betablocker 481/496 (97.0%) 253/270 (93.7%) 422/449 (94.0%)  0.031 0.878 0.026
ACE-inhibitor/AT-1 antagonist 467/496 (94.2%) 231/270 (85.6%) 412/449 91.8%)  <0.001 0.009 0.149
Aldosterone antagonist 95/496 (19.2%) 45/270 (16.7%) 25/449 (5.6%) 0.395 <0.001 <0.001
Statin 473/496 (95.4%) 255/270 (94.4%) 430/449 (95.8%)  0.576 0.418 0.763
Time to MRI (days) 32,4 3(2,4) 32,4 0.232 0.035 0.181

Data presented as n/N (%) or median (IQR). p values were calculated for the comparison of infarct-related arteries (1 =LAD vs LCX, p2=LCx
vs RCA and p3=RCA vs LAD), continuous variables were tested using the Mann—Whitney U test, categorial variables were tested using the
Chi-square test of Fisher exact test as appropriate. p values in bold type indicate a significant difference

CABG coronary artery bypass graft, MACE major adverse cardiac event, PCI percutaneous coronary intervention, 7/MI thrombolysis in myocar-

dial infarction

#Only assessed in STEMI patients (n=795)
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Table 2 Cardiac performance

Parameter Primary lesion p value
LAD (n=498) LCX (n=270) RCA (n=449) Overall LADvs LCX LCxvs RCA RCA vs LAD

Area at risk 34.2 (25.0, 48.7) 23.2(18.1,31.6) 27.6 (18.6,39.1) <0.001 <0.001 0.002 <0.001
Infarct size 16.8 (6.80, 26.3) 11.8 (5.20, 19.2) 11.3 (5.20, 19.0) <0.001 <0.001 0.691 <0.001
MS index 54.1 (32.8,74.6) 47.7(27.9,70.1) 58.5(39.1,78.9) 0.002 0.112 0.001 0.021
MVO 0.63 (0.00, 2.49) 1.20 (0.00, 3.20) 0.00 (0.00, 1.14) <0.001  0.020 <0.001 <0.001
LVEF 474 (40.2,55.1) 50.8 (43.8,57.1) 53.6 (47.5,59.2) <0.001  0.001 <0.001 <0.001
LV GLS —132(-16.5,-10.1) —17.4(-20.5,-13.8) —19.1(-22.2,-16.0) <0.001 <0.001 <0.001 <0.001
LV GCS -20.8(=25.2,-169) —-25.0(-29.6,—19.2) —26.6(-30.2,-23.0) <0.001 <0.001 0.002 <0.001
LV GRS 18.2 (14.2,22.6) 20.4 (14.8,27.6) 229 (18.1,27.5) <0.001 <0.001 0.004 <0.001
LA reservoir 20.2 (15.5,25.3) 20.7 (15.2,25.2) 21.7 (17.6, 26.3) 0.004 0.744 0.024 0.001
LA conduit 8.25(4.79, 11.0) 8.40 (5.60, 11.5) 9.47 (6.44, 12.8) <0.001 0.381 0.006 <0.001
LA booster 11.6 (8.81, 15.5) 11.3 (7.80, 15.4) 11.6 (8.76, 15.3) 0.677  0.729 0.405 0.538

Data presented as median (IQR) for the entire study collective. p values were calculated using the Mann—Whitney U test for the comparison of
two infarct-related arteries and the Kruskal-Wallis test for the comparison of all three groups. p values in bold type indicate a significant differ-
ence. Functional parameters as well as area at risk, IS and MVO are reported in %

MS myocardial salvage, MVO microvascular obstruction, LVEF left ventricular ejection fraction, LV GLS/GCS/GRS left ventricular global longi-

tudinal/circumferential/radial strain, LA left atrium

Fig.3 IRA-associated risk 201 A MACE 201 B Mortality
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MACE occurrence are reported Table 3. LV tissue charac-
terisation (IS and MVO) only differed between patients with
and without MACE in LAD (IS p =0.004, MVO p=0.046),
but not LCx or RCA lesions. The area at risk did not differ
between MACE and no MACE for any IRA. Cardiac func-
tional parameters differed between patients with and without
MACE and were most severely impaired in LAD lesions
with MACE (p <0.003 for all) followed by LCx and RCA
lesions. GLS and atrial reservoir function (g,) were the only
parameters that differed significantly between patients with
and without MACE amongst all IRA. Differences in tissue
characterisation and cardiac function comparing patients
with and without MACE were less pronounced in NSTEMI
compared to STEMI patients (Supplement Tables S3 and
S4).
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Risk stratification

Univariate cox regression analyses are reported in Table 4.
LV tissue characterisation did not allow for IRA-inde-
pendent risk stratification. In addition to clinical Killip
class scoring, cardiac functional parameters (LVEF, LV
GLS and LA &) were associated with MACE occurrence
independent of IRA. Based on AUC analysis, es (LAD,
RCA) and GLS (LCx) best predicted MACE (AUC > 0.69).
Multivariate cox regression models considered IRA-
specific univariate significant baseline characteristics,
ventricular (LVEF and GLS) as well as atrial function
(e,) that demonstrated significance of cardiac functional
parameters amongst all IRA (LVEF, GLS and ¢,). In LAD
lesions, the number of diseased vessels (HR 1.75, 95%
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Table 3 Cardiac performance-MACE
Parameter Primary lesion
LAD LCX RCA
No mace (n=450) Mace (n=48) P No mace (n=249) Mace (n=19) P No mace (n=426) Mace (n=22) P
Area at risk 34.1 (24.4,48.4) 39.5(27.8,57.1)  0.200 23.2(18.1,31.5) 25.0 (18.4,33.5) 0.656 27.3 (18.4,39.0) 36.1(23.3, 42.6) 0.203
Infarct size 16.1 (6.15, 25.3) 244 (11.4,34.4)  0.004 11.4 (5.10, 18.8) 15.8 (9.75, 28.7) 0.079 11.0 (5.00, 18.6) 17.3 (5.60, 22.4) 0.421
MS index 55.4 (33.5,74.8) 41.8 (24.5,58.5)  0.069 49.6 (30.0, 70.3) 23.4(10.5, 55.5) 0.031 58.5(39.1, 78.6) 64.2 (35.0, 80.6) 0.894
MVO 0.48 (0.00, 2.31) 1.65 (0.00,5.19)  0.046 1.20 (0.00, 3.20) 1.38 (0.38, 5.59) 0.593 0.00 (0.00, 1.13) 0.00 (0.00, 1.52) 0.768
LVEF 47.9 (41.7,55.5) 39.1(32.2,48.2) <0.001 51.1(44.6,57.1) 41.5 (32.1, 59.0) 0.077 53.8 (48.4,59.2) 44.5 (38.0, 55.7) 0.006
LV GLS —13.5(-16.7, -10.7 (- 13.0, <0.001 —17.4 (-20.5, -9.41(-20.6, 0.013 —19.2 (=223, -16.6 (=19.0,  0.009
—-10.5) —-7.89) —14.1) —7.50) -16.1) -12.7)
LV GCS —21.0 (=254, -17.2(-21.9, <0.001 —25.7(-29.9, —15.7(-25.0,  0.003 —26.7 (-30.2, -21.0(=32.0, 0.116
—-17.4) —14.5) -20.1) —9.54) —23.2) -15.9)
LV GRS 18.5 (14.6, 22.8) 15.2(11.4,19.8)  0.002 20.5 (15.3,27.8) 14.7 (9.82, 22.4) 0.037 23.1 (18.1, 27.6) 222 (16.4,27.2) 0.503
LA reservoir 20.4 (16.2,25.7) 14.7 (11.3,20.4) <0.001 20.9 (15.8,26.3) 17.8 (10.5, 22.0) 0.048 22.0(17.9, 26.7) 17.4 (13.2,22.2) 0.004
LA conduit 8.47(5.27,11.2) 4.55(2.57, 8.80) <0.001 8.47 (5.44,11.6) 8.28 (6.52, 8.90) 0.706 9.68 (6.60, 12.9) 6.50 (4.02, 8.71) 0.003
LA Booster 11.8 (8.98, 15.8) 10.0 (5.90, 12.3)  0.003 11.5 (8.19, 15.6) 6.77 (2.86, 12.4) 0.004 11.7 (8.82, 15.5) 10.8 (7.87, 13.6) 0.157

Data presented as median (IQR) for the entire study collective. p values were calculated using the Mann—Whitney U test for the comparison of
patients with and without mace in each infarct-related artery. p values in bold type indicate a significant difference. Functional parameters as
well as area at risk, IS and MVO are reported in %

MS myocardial salvage, MVO microvascular obstruction, LVEF left ventricular ejection fraction, LV GLS/GCS/GRS left ventricular global longi-
tudinal/circumferential/radial strain, LA left atrium

Table 4 Risk for MACE

Variable

Univariate hazard
ratio (CI) LAD

Infarct size

MVO

MS index

Number of diseased vessels
Killip class

TIMI flow pre
TIMI flow post
LVEF

LV GLS

LV GCS

LV GRS

LA reservoir strain
LA conduit strain
LA booster strain

1.00 (1.00-1.01)
1.08 (1.01-1.15)
0.99 (0.98-1.00)
1.69 (1.20-2.39)
1.83 (1.28-2.61)
0.97 (0.76-1.24)
0.96 (0.61-1.53)
0.93 (0.91-0.96)
1.14 (1.06-1.22)
1.09 (1.04-1.14)
0.93 (0.88-0.98)
0.89 (0.85-0.94)
0.85 (0.78-0.92)
0.89 (0.83-0.96)

P Univariate hazard P Univariate hazard p
ratio (CI) LCx ratio (CI) RCA
0.630 1.04 (1.00-1.09) 0.082 1.01 (0.97-1.06) 0.581
0.032 1.09 (0.96-1.23) 0.194 1.00 (0.77-1.30) 0.985
0.104 0.98 (0.95-1.00) 0.042 1.00 (0.98-1.02) 0.932
0.003 1.41 (0.79-2.50) 0.242 1.21 (0.73-2.01) 0.447
0.001 2.25(1.50-3.37) <0.001 2.02(1.31-3.13) 0.002
0.815 0.82 (0.56-1.22) 0.330 1.00 (0.71-1.42) 0.989
0.878 0.58 (0.35-0.97) 0.039 0.67 (0.39-1.15) 0.147
<0.001 0.95 (0.91-1.00) 0.031 0.94 (0.90-0.98) 0.001
<0.001 1.17 (1.07-1.28) 0.001 1.12 (1.03-1.22) 0.006
0.001 1.12 (1.05-1.20) <0.001 1.05 (0.99-1.12) 0.124
0.006 0.92 (0.85-1.00) 0.044 0.99 (0.93-1.05) 0.723
<0.001 0.93 (0.86-1.00) 0.038 0.91 (0.85-0.97) 0.005
<0.001 0.99 (0.88-1.13) 0.985 0.86 (0.77-0.97) 0.010
0.001 0.84 (0.74-0.95) 0.004 0.93 (0.84-1.02) 0.111

Univariate cox regressions were performed in each subgroup of infarct-related artery separately. p values in bold type indicate a significant dif-
ference. Functional parameters as well as IS and MVO are reported in %

CI confidence interval, MS myocardial salvage, MVO microvascular obstruction, 7IMI thrombolysis in myocardial infarction, LVEF left ven-
tricular ejection fraction, LV GLS/GCS/GRS left ventricular global longitudinal/circumferential/radial strain, LA left atrium

CI 1.12-2.74, p=0.014) and atrial function es (HR 0.92,

Discussion

95% C10.86-0.99, p=0.017) were independently associ-

ated with MACE occurrence, in LCx lesions Killip class
(HR 2.06, 95% CI 1.24-3.40, p=0.005) and ventricular
function GLS (HR 1.12,95% CI 1.01-1.25, p=0.034) and

none in RCA lesions.

The present study confirms increased mortality for LAD and
LCx as compared to RCA lesions and reports IRA-specific
underlying morphologic as well as functional differences fol-

lowing AMI. LV dysfunction was highest in LAD followed
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by LCx and RCA lesions; similarly, LA function was
impaired in either LAD or LCx compared to RCA lesions.
GLS and es were associated with outcome independent
of IRA. Multivariate analyses revealed independent value
beyond baseline confounders and LVEEF for atrial strain (g,)
in LAD and GLS in LCx lesions. These observations are
likely to reflect underlying pathophysiology accounting for
the observed differences in MACE rates and may have impli-
cations in disease management beyond risk stratification.

IRA-associated outcome and underlying
pathophysiology

Discussions about IRA-associated prognosis are still ongo-
ing; however, there is convincing evidence suggesting lower
mortality in RCA lesions [10—15] which was confirmed by
the present study. Cardiac functional analyses revealed
IRA-dependent pathophysiological differences following
AMI, which may explain these observations. LV dysfunc-
tion differed between all IRAs, being highest in LAD, fol-
lowed by LCx and RCA lesions. The LV is mainly supplied
by the LAD, with four [36] to eight [37] segments being
exclusively subtended by the LAD. The LCx supplies parts
of the lateral and the RCA parts of the posterior wall [36].
Importantly, the inferolateral region has the greatest overlap
in myocardial perfusion, supplied by either RCA or LCx.
Similarly, the inferoseptal region may be supplied by either
of all three coronary arteries. There is evidence to suggest
that RCA-supplied myocardium possesses most commonly
high degrees of collateral blood supply [36]. Reduced blood
flow in RCA and LCx lesions and their effect on cardiac
mechanics may, therefore, be compensated by collaterals
more easily, potentially limiting the impact of LCx and RCA
lesions on LV function as opposed to LAD lesions. It is
important to note that GLS but not LVEF, GCS, GRS or IS
revealed differences between all IRA including STEMI and
NSTEMI subgroups. GLS has shown superiority over LVEF
in outcome prediction following myocardial infarction [19,
29] and may, thus, be the most sensitive parameter to detect
subtle changes within myocardial contractility between dif-
ferent IRA as opposed to sheer IS. The reason for the superi-
ority of GLS over simple assessments of myocardial damage
(IS) may well lie in its ability to assess infarct and remote
myocardial areas allowing a comprehensive quantification
of LV function. In fact, impairment and diagnostic value of
myocardial tissue beyond infarcted areas is confirmed by
tissue characterisation by means of T1 mapping of remote
myocardium showing incremental prognostic value over
LVEF following STEMI [38] and in patients with coronary
artery disease [39]. In the present study, IS was largest in
LAD lesions thus also resulting in a large gray zone which
is subject to microvascular dysfunction leading to adverse
ventricular remodeling [40] and may explain in part why
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anterior AMI is prone to ventricular arrhythmia [41] which
is further associated with mortality [42].

Alongside ventricular function, LA function and dilata-
tion have proven independent prognostic value in addition to
LVEF [43] including after MI [44, 45]. Interestingly, besides
GLS, only es was associated with outcome independent of
IRA. Initially mainly attributed to be the result of LV dys-
function [46], novel data also provide evidence for impact
of atrial infarction on dilatation and dysfunction [47]. In the
present study population, LA function was equally impaired
in both LAD and LCx but distinctly less in RCA lesions. The
LA is most commonly supplied by a branch coming from
the LCx [48]. Potentially, the extent of LA dysfunction may,
thus, be first the result of ischemia in proximal LM and LCx
lesions impacting the branch supplying the LA, and second
the result of LV dysfunction in LAD lesions, both of which
impact outcome.

The degree of transmurality is most commonly used for
risk assessment following MI [49] but despite differences in
LV tissue characterisation, such as largest IS in LAD or larg-
est MVO in LCx-related infarction, tissue characterisation
was not generally applicable for risk stratification as dem-
onstrated by uni- and multivariate cox regression analyses
in the present population.

Interestingly, IRA-dependent differences in prognosis
seem to be reversed if patients go into cardiogenic shock
(CS), with mortality being no longer dependent on IRA [14].
Although some existing studies report worsened outcome in
LM lesions [7, 50] in CS patients, it is important to note that
within these studies, TIMI flow post PCI was significantly
lower in LM lesions and the rate of PCI remained undis-
closed, both of which may represent major confounders in
data interpretation. Noteworthy, in the present study, stent
implantation was performed in 97.2% of all cases, and not
differing between IRA with similar TIMI flow grades after
PCIL.

Risk stratification

Accounting for the tremendous variability of coronary
artery distribution patterns [36, 37] and the clinical demand
for standardized functional assessments, it is noteworthy
that amongst all cardiac functional parameters, LV, GLS
and LA es were the most reliable parameters. First, they
were the only parameters which were decreased in patients
with MACE compared to patients without, independent of
IRA. Second, given the fact that the degree of LV and LA
dysfunction was distinctly lower in NSTEMI compared to
STEMI patients, LV GLS (in LCx lesions) and LA es (in
LAD and RCA lesions) continuously discriminated patients
with and without MACE both in STEMI and NSTEMI. The
excellent diagnostic value of GLS is further confirmed in
cox regression analyses for all IRA both in STEMI and
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NSTEMI patients. AMI hits the endocardial myocardium
first and may thus affect these regions more severely. Con-
sidering longitudinal fiber orientation is most pronounced in
the endocardial region, GLS may indeed be the most global
and precise parameter for risk evaluation independent of the
culprit vessel [21, 29, 51]. In multivariate cox regression
considering clinical parameters as well as ventricular and
atrial function, atrial peak strain €s is independently associ-
ated with outcome in LAD lesions, whilst GLS is indepen-
dently associated with outcome in LCx lesions. Considering
coronary artery distribution patterns [37, 48], it is interesting
to speculate about compensatory features of cardiac cham-
bers with an impact beyond the lesion itself.

Patients with RCA lesions had the most preserved LV and
LA function as compared to other IRA. Differences in car-
diac function comparing patients with and without MACE
were predominantly pronounced for LVEF, GLS and Es.
Multivariate regression revealed neither of these parameters
independent for risk assessment.

Limitations

In a multi-center setting, CMR scanning was conducted on
different clinically established scanners from different ven-
dors. Nevertheless, a standardized protocol was employed,
and imaging results were evaluated in a blinded and experi-
enced core-laboratory. Although the optimal timepoint for
imaging following infarction is unknown, timepoints were
similar for different culprit vessels, thus not influencing the
comparison of these subgroups. Despite the detailed evalu-
ation of IRA and resulting impaired LA and LV function,
the study lacks data on the location of the culprit lesions
within each vessel and on the supply pattern of coronary
arteries. Furthermore, there is no information on ischemia
in the remote territories in multi-vessel disease. On the one
hand, unstable critically ill patients were not subjected to
CMR imaging, which represents a selection bias. On the
other hand, deformation imaging already enables reliable
risk stratifications in this potentially lower risk collective.
Whether it would achieve even higher diagnostic accuracy in
the presence of more MACE remains speculative. Subgroup
analyses result in lower numbers tested impacting statistical
reliability. On the one hand, some parameters tested might
lose significance; on the other hand, remaining significant
parameters are likely to be very robust.

Conclusions

CMR allows for IRA-specific phenotyping and characterisa-
tion of morphologic and functional impairments following
AMI. Quantitative mechanical (but not volumetric) atrial

and ventricular alterations strongly depend on the culprit
artery and provide pathophysiological correlates of observed
differences in patient outcome. These observations may pave
the way for novel diagnostic and therapeutic targets follow-
ing AMI which need to be further investigated in future pro-
spective trials.

Funding German Centre for Cardiovascular Research (DZHK).
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