@ ESC European Heart Journal Open (2022) 2, 1-11 ORIGINAL ARTICLE

European Society https:/doi.org/10.1093/ehjopen/oeac053 e i i
of Cardiology P g jop Vascular and cardiac imaging

Left-atrial long-axis shortening allows
effective quantification of atrial function
and optimized risk prediction following
acute myocardial infarction
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Aims Deformation imaging enables optimized risk prediction following acute myocardial infarction (AMI). However, costly and
time-consuming post processing has hindered widespread clinical implementation. Since manual left-ventricular long-axis
strain (LV LAS) has been successfully proposed as a simple alternative for LV deformation imaging, we aimed at the val-
idation of left-atrial (LA) LAS.

Methods The AIDASTEMIland TATORT-NSTEM I trials recruited 795 patients with ST-elevation myocardial infarction and 440 with non-

and results ST-elevation myocardial infarction. LA LAS was assessed as the systolic distance change between the middle of a line connecting
the origins of the mitral leaflets and either a perpendicular line towards the posterior atrial wall (LASso) or a line connecting to the
LA posterior portion of the greatest distance irrespective of a predefined angle (LAS). Primary endpoint was major adverse car-
diac event (MACE) occurrence within 12 months. There were no significant differences between LA LAS and LASgq, both with
excellent reproducibility. LA LAS correlated significantly with LA reservoir function (Es, r=0.60, P < 0.001). Impaired LA LAS
resulted in higher MACE occurrence [hazard ratio (HR) 0.85, 95% confidence interval (Cl) 0.82-0.88, P < 0.001]. LA LAS
(HR 0.90, 95% C1 0.83-0.97, P=0.005) and LV global longitudinal strain (GLS, P =0.025) were the only independent predictors
for MACE in multivariate analyses. C-statistics demonstrated incremental value of LA LAS in addition to GLS (P = 0.016) and non-
inferiority compared with FT Es (area under the receiver operating characteristic curve 0.74 vs. 0.69, P=0.256).

Conclusion Left-atrial LAS provides fast and software-independent approximations of quantitative LA function with similar value for
risk prediction compared with dedicated deformation imaging.

Clinical trial ClinicalTrials.gov: NCT00712101 and NCT01612312
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Graphical Abstract
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LA LAS provides fast and software-independent approximations of quantitative LA function with similar value
for risk prediction compared to dedicated deformation imaging following acute myocardial infarction.
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| ntrOduction (AMI)." This technique has also been successfully adopted to cardiac

Coronary artery and ischaemic heart disease represent a substantial
share of cardiovascular disease burden.! Percutaneous coronary
intervention (PCl)**
the treatment of heart failure* have substantially improved the prog-

and a broad spectrum of drugs available for

nosis of ischaemic heart disease. Albeit its limitations, left-ventricular
ejection fraction (LVEF) remains the reference standard® for clinical
decision-making on drug therapy (e.g. spironolactone)* or preventive
interventions such as implantable cardioverter-defibrillator (ICD)
therapy® in ischaemic heart failure. While the sole use of LVEF has
already been challenged,” myocardial deformation imaging has de-
monstrated improved sensitivity for the detection of myocardial dys-
function in the presence of preserved LVEF® as well as superiority for
the prediction of major adverse cardiac events (MACEs) in ischaemic
and non-ischaemic heart disease.”™"" Notwithstanding, introduction
of deformation imaging in clinical routine has been slowed down by
costly post-processing and limited agreement between software so-
lutions without uniform reference standards for strain assessment."?
Manual left-ventricular (LV) long-axis strain (LAS) has been intro-
duced as a simple and reliable approximation of LV global function
with similar predictive prognostic value when compared with LV glo-
bal longitudinal strain (GLS)"® following acute myocardial infarction

magnetic resonance (CMR) left-atrial (LA) longitudinal deformation
assessment in a small heart failure cohort with preserved ejection
fraction (HFpEF)." The aim of the present study was thus the valid-
ation of this approach and the evaluation of its prognostic significance
in a large population of ST-elevation myocardial infarction (STEMI)
and non-STEMI (NSTEMI) patients.

Methods

Study population

Patients recruited to the AIDA STEMI (Abciximab Intracoronary vs.
intravenously Drug Application in STEMI, NCT00712101)" or
TATORT-NSTEMI  trials (Thrombus Aspiration in  Thrombus
Containing Culprit Lesions in Non-ST-Elevation, NCT0161 2312)17
could participate in an additional CMR substudy if eligible.'® Briefly, the
AIDA STEMI trial enrolled 2065 STEMI patients for randomization to in-
tracoronary (n=1032) or intravenous (n = 1033) abciximab bolus appli-
cation during PCI, 795 of which additionally underwent CMR imaging.
The TATORT-NSTEMI trial enrolled 440 NSTEMI patients for random-
ization to aspiration thrombectomy (n=221) or standard PCl (n=219)
followed by CMR for assessment of microvascular injury. The primary
clinical endpoint of both CMR substudies was the occurrence of
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MACE consisting of all-cause mortality, reinfarction, and hospitalization
due to congestive heart failure within 12 months after AMI. Clinical end-
points reported by each trial site were evaluated by a blinded endpoint
committee. Each patient could account for one MACE only. In the occur-
rence of multiple events, the order of prioritization was first death, se-
cond reinfarction, and third congestive heart failure. The lead ethical
committee at the University of Leipzig and local ethical committees at in-
volved partner sites approved both studies as well as the CMR substudy.
All patients gave written informed consent before randomization. The
studies were conducted according to the principles of the Helsinki
Declaration. The CMR substudy was supported by the German
Centre for Cardiovascular Research (DZHK).

Cardiovascular magnetic resonance imaging
An identical CMR imaging protocol was conducted across all study sites
on dlinical 1.5 or 3.0 Tesla scanners.'® The protocol included balanced
steady-state free precession (bSSFP) long-axis two- and four-chamber
views (CVs) and a short-axis (SA) stack, late gadolinium enhancement
(LGE) for the evaluation of infarct size (IS), and microvascular obstruc-
tion (MO) as well as T,-weighted images for the assessment of the
area at risk and myocardial salvage, respectively. Blinded CMR functional
analyses were performed in a core-laboratory. The presence of mitral re-
gurgitation was assessed visually on steady-state free precession long-axis
cine sequences. LVEF was assessed in SA stacks, left-atrial volume index
LAEF using a biplane approach, respectively LV/LA EF = ((vOlax — VOlmin)/
VOlnax) X 100. LA LAS was assessed between the middle of a line connect-
ing the origins of the mitral leaflets and either a perpendicular line towards
the posterior atrial wall (LA LASso) or a line connecting to the LA posterior
portion of the greatest distance in regards to the middle of the mitral ref-
erence line (LA LAS, Figure 7). LA LAS was calculated as follows:

Lengthendsystole - Lengthendd jastole

LA LAS =
Lengthendsystole

% 100

LA LAS values were based on the average of 2- and 4-CVs. CMR-FT was
performed in identical bSSFP cine images using established and validated
post-processing software (2D CPA MR, Cardiac Performance Analysis,
Version 1.1.2; TomTec Imaging Systems, Unterschleissheim,
Germany'®?) as previously described®’ for the evaluation of LV GLS
and LA reservoir function (Es). Briefly, LV and LA endocardial contours
were manually traced in end-diastole on 2- and 4-CVs. Subsequently, the
software algorithm was applied following image features throughout the
whole cardiac cycle. The contours were manually reviewed, and correc-
tions were made to the manual end-diastolic contours only. Peak LV/LA
strain values were taken from the plotted strain curve of the cardiac cycle.
Final values were calculated based on the average of three independently
repeated measurements.

Statistical analyses

Categorical variables are reported as frequencies and corresponding
percentages. Differences were tested using the le Continuous vari-
ables are reported as median with associated interquartile ranges
(IQRs) after testing for normal distribution using the Shapiro—
Wilk test. Comparisons were performed using the non-parametric
Mann—Whitney U test. Correlations were assessed by the means
of Spearman rank correlation coefficients. Predictors for predefined
endpoints were identified from uni- and multivariable Cox regres-
sion analyses reported as hazard ratios (HRs) with 95% confidence
intervals (Cls) for continuously tested variables, Kaplan—Meier plots
with associated log-rank test, as well as area under the receiver op-
erating characteristic curve (AUC) analyses. AUC comparisons

2CV

4Cv

Figure 1 Left-atrial long-axis strain assessment. The figure illus-
trates the assessment of left-atrial long-axis strain in the two- and
four-chamber view. It was assessed between the middle of a line
connecting the origins of the mitral leaflets and either a perpendicu-
lar line towards the posterior atrial wall (left-atrial long-axis straingg,
blue, perpendicular line) or a line connecting to the left-atrial pos-
terior portion of the greatest distance in regards to the middle of
the mitral reference line (left-atrial long-axis strain, red, non-per-
pendicular line).

1235 Patients with Acute Myocardial Infarction
AIDA STEMI - n=795
TATORT NSTEMI - n=440

No CMR available
(n=67)

1168 Patients underwent CMR
AIDA STEMI (n=795)
TATORT NSTEMI (n=373)

Incomplete protocol or
poor image quality (n=56)

1112 LA LAS Analyses
AIDA STEMI (n=768)
TATORT NSTEMI (n=344)

————————— - 12-month follow-up====-=-4----
MACE (n=77) MACE (n=94)
No FU (n=2) No FU (n=3)

Figure 2 Study flow chart.
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Table 1 Baseline characteristics

Variable

All patients
n=1112

Cardiovascular risk factors
Age (years)

Male sex

Active smoking
Hypertension
Hyperlipoproteinaemia
Diabetes

Body mass index (kg/m?)

Previous myocardial infarction

ST-segment elevation

Time symptoms to balloon® (min)

Atrial fibrillation

Mitral regurgitation
Killip class on admission
1

2

3

4

Diseased vessels

1

2

3

Affected artery

Left anterior descending
Left circumflex

Left main

Right coronary artery
Bypass graft

TIMI flow grade before PCl
0

1

2

3

Stent implanted

TIMI flow grade after PCI
0

1

2

3

Time to CMR (days)

64 (53-72)
837/1112 (753)
449/1032 (43.5)
792/1110 (71.4)
421/1104 (38.1)
260/1110 (23.6)
27.5 (25.0-30.4)
76/1110 (6.8)
768/1112 (69.1)
180 (109-315)
64/1108 (5.8)
571/1077 (53.0)

985/1112 (88.6)
88/1112 (7.9)
23/1112 (2.1)
16/1112 (1.4)

555/1112 (49.9)
333/1112 (29.9)
224/1112 (20.1)

454/1112 (40.8)
233/1112 21.0)
5/1112 (0.4)
413/1112 (37.1)
7/1112 (0.6)

558/1112 (50.2)
129/1112 (11.6)
226/1112 (20.3)
199/1112 (17.9)
1085/1112 (97.6)

21/1112 (1.9)
23/1112 (2.1)
83/1112 (7.5)
985/1112 (88.6)
3 (2-4)

MACE No MACE P-value
n=77 n=1033
72 (61-77) 63 (52-72) <0.001
51/77 (66.2) 785/1033 (76.0) 0.055
21/70 (30.0) 427/960 (44.5) 0018
64/77 (83.1) 726/1031 (70.4) 0017
26/77 (33.8) 394/1025 (38.4) 0416
27/77 (35.1) 232/1031 (22.5) 0012
27.3 (25.3-31.1) 27.5 (249-303) 0601
5/77 (6.5) 70/1031 (6.8) 0921
52/77 (67.5) 716/1033 (69.3) 0.744
192 (116-373) 180 (108-310) 0306
11177 (143) 53/1029 (5.2) 0.001
54/75 (72.0) 564/1002 (56.3) 0024
<0.001
50/77 (64.9) 933/1033 (90.3)
18177 (234) 70/1033 (6.8)
5/77 (6.5) 18/1033 (17)
4177 (52) 12/1033 (12)
0.009
28/77 (36.4) 526/1033 (50.9)
24/77 (31.2) 309/1033 (29.9)
25/77 (32.5) 198/1033 (19.2)
0.140
41/77 (53.2) 413/1033 (40.0)
15/77 (19.5) 216/1033 (20.9)
0/77 (0.0) 5/1033 (0.5)
20/77 (26.0) 393/1033 (38.0)
1177 (1.3) 6/1033 (0.6)
0558
44/77 (57.1) 513/1033 (49.7)
6/77 (7.8) 123/1033 (11.9)
14177 (1822) 211/1033 (20.4)
13177 (16.9) 186/1033 (18.0)
75/77 (97.4) 1008/1033 (97.6) 0636
0.154
1177 (1.3) 20/1033 (1.9)
477 (52) 19/1033 (1.8)
8/77 (10.4) 75/1033 (7.3)
64/77 (83.1) 919/1033 (89.0)
3(2-4) 3(2-4) 0024

Data presented as n/N (%) or median (IQR). P-values were calculated for the comparison between patients with and without MACE, continuous variables were tested using the Mann—
Whitney U test, categorical variables were tested using the %% Numbers in bold indicate statistical significance.
CABG, coronary artery bypass graft; MACE, major adverse cardiac event; PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction; CMR, cardiovascular

magnetic resonance.

*Only assessed in STEMI patients (n="768).

were performed using the method proposed by Delong et al.*

Intra- and interobserver reproducibility was assessed in 40 patients,
including 20 randomly selected patients from the STEMI and
NSTEMI collective. Reproducibility calculations comprised mean dif-
ferences (MDs) and their standard deviation (SD) as well as intra-
class correlation coefficients (ICCs) and coefficients of variation
(CoV) defined as the SD of the differences divided by the mean.

The level of agreement was considered excellent for ICC > 0.90,
good for 0.90-0.75, moderate for 0.5-0.75, and poor for <052
Statistical  calculations were performed using IBM  SPSS
Statistic Software Version 26 for Windows (IBM, Armonk, NY,
USA) and MedCalc version 18.2.1 (MedCalc Software bvba,
Ostend, Belgium). A two-tailed P-value <0.05 was considered stat-
istically significant.
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Table 2 Cardiac magnetic resonance-derived morphological and functional infarct characterization

Variable

All patients

Myocardial infarction

Infarct size (%)

Microvascular obstruction (%)

Area at risk (%)

Myocardial salvage index

Ventricular function

LVEF (%)
LV GLS (%)
Atrial function

134 (54-218)
0.36 (0.00-2.00)
294 (20.3-42.6)
547 (33.7-747)

50.6 (43.5-57.6)

~16.4 (-12.4,-20.1)

LA Es (%) 20.9 (16.3-25.8)
LAEF (%) 53.3 (46.5-59.3)
LA LAS (%) 17.5 (14.5-20.6)
LA LASs0 (%) 19.9 (16.1-23.6)

MACE No MACE P-value
204 (9.8-29.0) 131 (5.3-21.4) 0.001
0.88 (0.00-2.86) 0.33 (0.00-1.93) 0.041
33.6 (24.2-45.9) 29.3 (20.3-42.4) 0.068
445 (23.4-69.1) 55.5 (35.0-74.7) 0.024
400 (33.1-52.4) 51.0 (44.3-57.6) <0.001
~11.6 (-83,-17.1) ~16.6 (-12.9,-203) <0.001
162 (11.6-2123) 212 (16.7-26.2) <0.001
442 (35.2-52.0) 53.8 (47.1-59.5) <0.001
127 (93-17.4) 17.7 (14.8-20.8) <0.001
147 (106-19.0) 20.2 (16.6-23.9) <0.001

Data presented as median with associated interquartile range. P-values were calculated for the comparison between patients with and without MACE using the Mann—Whitney U test.

Numbers in bold indicate statistical significance.

LV, left-ventricle; EF, ejection fraction; GLS, global longitudinal strain; LA, left atrium; Es, reservoir function; LAS, long-axis strain.

Results

Study population

Of the 1235 initially enrolled patients (795 STEMI and 440 NSTEMI),
67 did not undergo CMR imaging and an additional 56 patients were
excluded due to either incomplete or insufficient CMR image quality
for post processing. Around 1112 complete data sets of 760 STEMI
and 347 NSTEMI patients entered the final analysis (Figure 2).
Baseline characteristics are reported in Table 1. CMR imaging was
conducted in median 3 days (IQR 2—4) following AMI, 77 MACE
were recorded during the 12 months follow-up period (STEMI:
death: n=20, reinfarction n=18, HF admission n=14; NSTEMI:
death: n=14, reinfarction n=4, HF admission n=7). Statistically
most distinct differences in patients with MACE compared with pa-
tients without were older age (P <0.001), higher Killip class on ad-
mission (P=0.001) as well as a higher number of diseased
coronary vessels (P=0.009). CMR-derived infarct characteristics
are reported in Table 2. Patients with MACE during follow up had sig-
nificantly larger IS (20.4 vs. 13.1%, P=0.001) and MO (0.88 vs. 0.33%,
P =0.041) with a strong trend for a larger area at risk (33.6 vs. 29.3%,
P=0.068). The myocardial salvage index (44.5 vs. 55.5, P=0.024)
was significantly smaller in patients with MACE during follow up.

Cardiac functional evaluation
Cardiac functional parameters are reported in Table 2. Both LV func-
tion as assessed by LVEF (40.0 vs. 51.0%) and GLS (—=11.6 vs. —16.6%)
as well as LA function by LA Es (16.2 vs. 21.2%), LAEF (44.2 vs.
53.8%), and LAS/LASeq (12.7/14.7 vs. 17.7/20.2%) were distinctly im-
paired in patients with MACE during follow up (P <0.001 for all).
LA LAS (median 17.5%, IQR 14.5-20.6) was significantly lower
compared with LA LASy (median 19.9%, IQR 16.1-23.6) which
was significantly lower compared with LA Es (P <0.001 for all). LA
LAS and LA LASq correlated significantly with each other (r=
0.88, P<0.001) as well as with LA Es (r=0.60 and 0.62,

P<0.001) and LAEF (r=0.65 and 0.66, P <0.001). While LA LAS
could be evaluated in 1112 patients, LA Es was more prone to im-
paired image quality and artefacts resulting in a total of 1044 complete
data sets. Reproducibility of LA LAS (intraobserver: ICC 0.94, CoV
12.2%, MD/SD 0.68/2.17; interobserver: ICC 0.91, CoV 9.4%, MD/
SD 0.92/1.84) as well as LA LASy (intraobserver: ICC 0.96, CoV
15.3%, MD/SD 1.00/2.75; interobserver: ICC 0.91, CoV 15.6%, MD/
SD 1.42/3.11) was excellent. Bland—Altmann plots are shown in
Supplementary material online, Figure S1. The complete analysis of
one patient’s data set using LA LAS took in general below 2 min.

Outcome

Uni- and multivariate Cox regression analyses are reported in Tables
3 and 4 as well as Supplementary material online, Tables S1-S5. There
was no difference between LA LAS und LA LASqq and consequently
results are reported for LA LAS only. Univariate Cox regression ana-
lyses revealed LA LAS as a highly significant predictor of MACE with-
in CMR-derived functional parameters (HR 0.85, 95% Cl 0.82-0.88,
P <0.001). After correction for all univariate significant parameters
(LAEF, LA Es, LA LAS90 and LA LAS were not tested in the same
multivariate model due to high colinearity), only LA LAS (HR 0.90,
95% Cl 0.82-0.99, P=0.036) and LV GLS (HR 1.10, 95% CI 1.02—
1.20, P=0.015) remained independent predictors for MACE occur-
rence during 12 months follow up (Table 4). The prognostic value of
LA LAS was independent of the presence of atrial fibrillation (HR
0.85, 95% Cl 0.81-0.89, P <0.001). The presence of MR was asso-
ciated with MACE in univariate (HR =2.18, 95% ClI 1.18-3.91, P=
0.010) analyses but not independently of LA LAS (HR 1.56, 95% ClI
0.86-2.84, P=0.144) in a multivariate model. Results for STEMI
and NSTEMI subgroups are shown in Supplementary material
online, Tables $1-S4. Considering fewer variables in the multivariate
model to address overfitting further underlines the impact of LA LAS
(HR 0.91, 95% ClI 0.85-0.98, P=0.007) independent of GLS and
Killip class  (Supplementary —material online, Table S5).
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Table 3 Predictors of major adverse cardiac event
in univariate Cox regression analysis

Variable Univariable P-value
hazard ratio (CI)
Cardiovascular/clinical risk factors
Age 1.05 (1.03-1.07) <0.001
Male Sex 0.63 (0.39-1.02) 0.058
Smoking 0.55 (0.33-0.92) 0.022
Hypertension 2,03 (1.12-3.68) 0.020
HLP 0.83 (0.52-1.33) 0.430
Diabetes 1.82 (1.14-2.90) 0.012
BMI 1.02 (0.97-1.07) 0.479
Killip class 2,05 (1.62-2.59) <0.001
Atrial fibrillation 2.83 (1.49-5.35) 0.001
Mitral regurgitation 218 (1.21-3.91) 0.010
Angiography
Diseased vessels 1.50 (1.15-1.97) 0.004
Culprit lesion 1.37 (1.10-1.72) 0.006
TIMI pre 0.92 (0.76-1.11) 0.379
TIMI post 0.82 (0.59-1.15) 0.244
CMR-derived morphology
IS 1.03 (1.01-1.05) <0.001
MVO 1.08 (1.02-1.15) 0.005
AAR 1.01 (1.00-1.03) 0.120
MSI 0.99 (0.98-1.00) 0.034
LAVI 1.03 (1.02-1.04) <0.001
CMR-derived function
LVEF 0.94 (0.92-0.96) <0.001
LV GLS 1.14 (1.09-1.19) <0.001
LA Es 0.90 (0.87-0.94) <0.001
LAEF 0.94 (0.93-0.96) <0.001
LA LAS 0.85 (0.82-0.88) <0.001
LA LASy 0.86 (0.83-0.90) <0.001

The table reports univariable Cox regression models to predict a major adverse
clinical event during the 12 months follow-up period following acute myocardial
infarction. Data are presented as hazard ratios with associated 95% confidence
intervals in parentheses. Numbers in bold indicate statistical significance.

Cl, confidence interval; HLP, hyperlipoproteinaemia; BMI, body mass index; TIMI,
thrombolysis in myocardial infarction grade pre/post PCl; PCl, percutaneous
coronary intervention; IS, infarct size; MVO, microvascular obstruction; AAR, area
at risk; MSI, myocardial salvage index; LAVI, left-atrial volume index; LVEF,
left-ventricular ejection fraction; GLS, global longitudinal strain; Es, reservoir
function; LAS, long-axis strain.

Discrimination of low- and high-risk groups for MACE using either
the median of LA LAS or dichotomization according to the
Youden index is demonstrated by Kaplan—Meier curves (P < 0.001,
Figure 3). Furthermore, the LA LAS dichotomized by the means of
the Youden index at 12.23% discriminated low- and high-risk groups
in patients with mildly to moderately (>35%, P <0.001) as well as
highly impaired (<35%, P<0.001) LVEF or LV GLS above (P=
0.019) and below (P < 0.001) the median (—16.4%; Figure 4).
Prognostic accuracy as assessed by AUC analyses is reported in
Table 5. LA LAS emerged as the parameter with the numerically high-
est AUC (0.74, 95% Cl 0.68-0.80) for the prediction of MACE and
was not inferior for MACE prediction compared with FT Es (AUC

0.69, P=0.256). The addition of LA LAS to LVEF (P=0.011), GLS
(P=0.016), or MO/IS (P =10.004) was superior for MACE prediction
compared with these parameters on their own.

Discussion

The results from the present CMR substudy of the AIDA STEMI and
TATORT-NSTEMI trials demonstrate feasibility and clinical value of
LA LAS assessments in a large prospectively recruited patient cohort
undergoing CMR following AMI. Impaired LA LAS is independently
associated with MACE occurrence following AMI when related to
classical risk factors. LA LAS assessments also emerged as non-
inferior to FT deformation imaging parameters of both atrial and ven-
tricular function. LA LAS offers a fast, reliable as well as software- and
vendor-independent approach for atrial functional quantification
suitable for easy clinical routine implementation.

There are many relevant CMR parameters to predict outcome fol-
lowing AMI.** Volume-derived LVEF is still the most established cal-
culation in clinical routine. Impaired LVEF is distinctly associated with
sudden cardiac death (SCD) and absolute risk for SCD increases as
LVEF decreases. However, what may be referred to as the preven-
tion paradox, the majority of patients with SCD were attributed
to the low-risk group because of its larger size, albeit lower individual
risks.> Notwithstanding LVEF <35% is used as the threshold for ICD
implantation® despite more than two-thirds of patients following
AMI having an LVEF of 35% and above.”® The addition of LA LAS
to LVEF offered incremental prognostic value for the prediction of
MACE. Consequently, the singular use of LVEF may be challenged
for adequate risk stratification for SCD in cardiovascular disease.”
Indeed, the sheer existence of HFpEF8 acknowledges the need for
more precise assessments of cardiac pathophysiology in heart failure
for improved risk stratification beyond volumetric analyses.

Cardiac magnetic resonance enables risk assessment for SCD in non-
ischaemic and ischaemic cardiomyopathy by quantification of scar/fibro-
sis tissue?’ as well as peri-infarct zone characterization as an arrhythmo-
genic substrate.?®* The latter may also allow the prediction of
appropriate ICD shocks.>® Assessment of IS and MO by LGE imaging en-
ables precise risk stratification following AMI.2* To date, deformation im-
aging has been added to the product range of CMR. LV GLS
demonstrated superiority in risk assessment following AMI in addition
to either LVEF or IS."® Similar results were found for LV LAS as a simple
and fast approximation of LV function."* Noteworthy, LA LAS emerged
as an independent predictor for MACE in addition to LV GLS.
Furthermore, it offered incremental value for risk prediction as appre-
ciated from c-statistics and Kaplan—Meier curves compared with LV func-
tion (LVEF and LV GLS) and LV myocardial characterization (IS and MO).

Indeed, beyond the value of LV function, the role of atrial function has
come to the fore*'addressing on the one hand intrinsic atrial dysfunc-
tion®" and on the other hand atrial impairment as a reflection of ven-
tricular disease." FT deformation imaging allows post processing of
routinely acquired CMR cine sequences.’” FT enables the assessment
of the three atrial functional phases reservoir, conduit, and booster
pump function.'” Their detailed assessment allows the differentiation
of atrial mechanics, pathophysiological changes, and compensatory me-
chanisms. Onset of diastolic dysfunction precedes systolic failure during
the ischaemic cascade.® Following STEMI, a compensatory increase of
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Table 4 Multivariate predictors of major adverse cardiac event

Variable 1. Multivariate 2. Multivariate 3. Multivariate 4. multivariate
hazard ratio (CI) hazard ratio (CI) hazard ratio (CI) hazard ratio (CI)

Cardiovascular/clinical risk factors
Age
Smoking
Hypertension
Diabetes
Killip class
Atrial fibrillation
Angiography
Diseased vessels
Culprit lesion
CMR-derived morphology
IS
MVO
MSI
LAVI
CMR-derived function®
LVEF
LV GLS 1.11 (1.02-1.20) 1.11 (1.02-1.20) 1.10 (1.02-1.20) 1.11 (1.03-1.20)
P=0.013 P=0.011 P=0.015 P=0.010
1LAEs
2 LAEF 0.96 (0.92-0.99)
P=0.017
3 LA LAS 0.90 (0.82-0.99)
P=0.036
4 LA LASq 0.92 (0.84-1.00)
P=0.050

The table reports multivariable Cox regression models (based on the enter method) to predict a major adverse clinical event during the 12 months follow-up period following acute
myocardial infarction. Data are presented as hazard ratios with associated 95% confidence intervals in parentheses. Variables with univariate significance (P < 0.05) were included in
multivariable Cox regression models and are presented if they emerged as statistically significant (P < 0.05).

Cl, confidence interval; HLP, hyperlipoproteinaemia; BMI, body mass index; IS, infarct size; MVO, microvascular obstruction; MSI, myocardial salvage index; LVEF, left-ventricular
ejection fraction; LAVI, left-atrial volume index; GLS, global longitudinal strain; Es, reservoir function; LAS, long-axis strain.

LA Es, LAEF, and LAS/LASg, were considered in separate multivariate models due to their high correlation (Models 1-4).

LA LAS Median LA LAS Youden
p<0.001 p<0.001
50 | [Dichotomised LA LAS 50 |- Dichotomised LA LAS
—— LA LAS <median 17.48% (59/555) —— LA LAS <Youden 12.23% (37/159)
— 40| | — LA LAS >median 17.48% (18/555) —~ 40 1 | A LAS >Youden 12.23% (40/951)
o 30+ 3
Q
20 - <
3 2
10 +
0 1 I L 1 1 L
0 2 4 6 8 10 12
Time Time
Number at risk Number at risk
Group: LA LAS <median 17.48% Group: LA LAS <Youden 12.23%
549 512 503 498 493 491 138 157 135 129 126 126 125 32
Group: LA LAS >median 17.48% Group: LA LAS >Youden 12.23%
551 543 540 534 533 531 147 943 920 914 906 900 897 253

Figure 3 Left-atrial strain for major adverse cardiac event prediction. The graphs show the association of left-atrial long-axis strain dichotomized
at the median of 17.48% as well as according to the Youden index at 12.23% on the rate of major adverse clinical events including associated 95%
confidence intervals as well as the patients’ number at risk.
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e
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Figure 4 Incremental value of left-atrial long-axis strain. The graphs demonstrate the impact of additional left-atrial long-axis strain analysis over
(top) left-ventricular ejection fraction above and below a cut-off at 35% as well as (bottom) left-ventricular global longitudinal strain above or below
the median of 16.4%. The cut-off for left-atrial long-axis strain was identified with the Youden index at 12.23%. The graph shows the rate of major
adverse clinical events including associated 95% confidence intervals as well as the patients’ number at risk.

atrial active contractility for deteriorated passive conduit function asso-
ciated with LV diastolic dysfunction has been described.>* The loss of
which might indicate disease severity and is strongly associated with
MACE following AMI.>" However, the value of atrial functional altera-
tions lies beyond the link to LV function, and passive conduit function
is associated with exercise capability in HFpEF independently of LV stiff-
ness and relaxation. > Despite incremental diagnostic and prognostic va-
lue, clinical implementation of deformation imaging has been
complicated by costly post processing, limited intervendor agreement

and undisclosed technical properties.’**¢ While the importance of LA
function following myocardial infarction has repeatedly been demon-
strated,?"*” 3 the significance of longitudinal shortening approximation
using LA LAS had yet to be defined. Importantly, the results of the pre-
sent study demonstrate that LA LAS as approximation of LA function is
equally potent as dedicated deformation imaging for risk assessment fol-
lowing myocardial infarction. While reproducibility of LA LAS was simi-
lar compared with FT Es,”' LA LAS is universally available and cheaper
and not prone to intervendor variability.
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Table 5 C-statistics for major adverse cardiac
event and mortality

Variable AUC Confidence ROC comparison
interval

MACE

LVEF 0.69 0.61-0.76

LA LAS 0.74 0.68-0.80 0.092

LVEF+LA LAS 0.74 0.68-0.81 0.011

MO +1S 0.65 0.58-0.73

LA LAS 0.74 0.68-0.80 0.011

MO +IS+LAS 0.76 0.69-0.83 0.004

GLS 0.69 0.63-0.76

LA LAS 0.74 0.68-0.80 0.247

GLS +LAS 0.75 0.69-0.81 0.016

Mortality

LVEF 0.66 0.54-0.78

LA LAS 0.77 0.68-0.85 0.030

LVEF + LA LAS 0.76 0.68-0.85 0.018

MO +IS 0.62 0.49-0.74

LA LAS 0.77 0.68-0.85 0.002

MO +IS+LAS 0.81 0.71-0.90 0.002

GLS 0.73 0.63-0.83

LAS 0.77 0.68-0.85 0.568

GLS +LAS 0.79 0.70-0.87 0.141

P-values were calculated for the AUC comparisons of left-atrial (LA) long-axis strain
(LAS) compared with as well as in addition to the following parameters:
Left-ventricular ejection fraction (LVEF), microvascular obstruction (MO), infarct
size (IS), as well as global longitudinal strain (GLS). Calculations were performed
using the method proposed by de Long et al. for MACE and mortality occurrence
separately. Numbers in bold indicate a statistical significance.

Since LV LAS only represents an approximation of LV function, it
does not provide information on strain rates and regional myocardial
deformation. Notwithstanding, LV LAS has been successfully demon-
strated as a reliable surrogate of LV deformation with similar prog-
nostic value compared with dedicated deformation imaging'* while
representing a fast, easy, and software-independent alternative.'
Furthermore, the loss of information caused by simple measurement
of LV length might increase reliability being less susceptible to
through-plane motion.> In the present study, we validated a similar
approach for approximation of LA LAS. Two methods were applied,
one relying on observer discretion to visually define the long axis and
identifying the correct distal LA posterior portion, and the second
method thought to compare a predefined approach by a standing
definition of long-axis measurement perpendicular to a line connect-
ing the origins of the mitral leaflets. While the perpendicular ap-
proach benefits from a clear definition, it is prone to anatomic
variations of the atrium which might need adjustments of the longi-
tudinal direction. Since they were similar in reproducibility and diag-
nostic accuracy, LA LAS emerges as a reliable parameter for the
approximation of LA longitudinal shortening.

Limitations
Cardiac magnetic resonance imaging was conducted on scanners
from different vendors with field strengths of 1.5 or 3.0 Tesla.

However, all CMR systems are clinically well established and per-
formed a standardized protocol, and CMR deformation imaging has
shown to be reproducible independent of field strength.>* On the
one hand, a selection bias may have occurred with unstable patients
following AMI being excluded from CMR imaging, and on the other
hand, preserved statistical significance in stable patients with lower
event rates indicates reliability of the test. Conclusions on simple man-
ual software-independent atrial longitudinal functional assessment rely
on LA LAS assessment only, while MAPSE has not been assessed in this
population. A penalized statistical model based on shrinkage has not
been employed.*® The presence of mitral regurgitation was evaluated
on bSSFP cine sequences only without severity grading.

Conclusion

Left-atrial LAS provides fast and software-independent approxima-
tions of quantitative LA function. LA LAS is non-inferior for MACE
prediction compared with dedicated FT deformation imaging ap-
proaches and an independent parameter for risk stratification.
Consequently, it combines clinical feasibility with high accuracy and
reproducibility available for the introduction to clinical routine
assessments.
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