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Background: The prognostic value of cardiac magnetic resonance (CMR) derived left atrial (LA) strain,
ejection fraction (LAEF) and indexed volumes (LAVI, . and LAVI, ;) after ST-elevation myocardial
infarction (STEMI) remains controversial. The aim of this study was to assess the relationship between LA
function and major adverse cardiovascular events (MACE) after STEMIL.

Methods: A total of 202 prospectively recruited patients who underwent CMR at median day 4 after
STEMI had complete CMR data for feature tracking assessment. LA reservoir and booster strain were quan-
tified based on the average of three independently repeated measurements.

Results: MACE occurred in 35 patients during a median follow up of 607 days. Patients with MACE had
lower median LA reservoir strain (18.9% vs. 29.4%, P<0.001), LA booster strain (9.4% vs. 13.0%, P=0.002)
and LAEF (41.5% vs. 49.2%, P<0.001) than patients without MACE. Kaplan-Meier analyses demonstrated a
difference in MACE between high- and low-risk groups for LA reservoir strain (cutoff 19.2%, P<0.001), LA
booster strain (cutoff 9.7%, P<0.001) and LAEF (cutoff 38.5%, P<0.001). The AUC increased from 0.713
(95% CI: 0.608-0.818) for LVEF to 0.775 (95% CI: 0.680-0.870) when LA reservoir strain was added to
LVEF (P=0.047). Univariate Cox regression analysis showed that all LA parameters had a significant effect
on MACE, while multivariate analysis found LA reservoir strain was an independent predictor of MACE (HR
0.905; 95% CI: 0.843-0.972, P=0.006).

Conclusions: CMR derived LA reservoir strain independently predicted MACE after STEMI when ad-

justed for standard risk measures.
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Introduction

Left atrial (LA) dilatation is an established marker of adverse
outcomes in a range of cardiovascular conditions including
ischemic heart disease and heart failure (1). Cardiac
magnetic resonance (CMR) is considered the gold standard
for assessing LA volumetric indices given its reproducibility
and high spatial resolution (2). LA ejection fraction (LAEF)
has emerged as a volumetric measure of global LA systolic
function which correlates with left ventricular ejection
fraction (LVEF) and infarct size in ST-elevation myocardial
infarction (STEMI) (3). However, CMR derived LA
volumes and LAEF have not shown additional prognostic
value compared to existing markers of myocardial damage
in predicting major adverse cardiovascular events (MACE)
after STEMI (3,4).

LA strain measures the extent of myocardial deformation
and is less subject to loading conditions than volumetric
indices (5). LA reservoir strain represents the phase of
pulmonary venous return during ventricular systole. LA
booster strain corresponds to active atrial contraction, and
accounts for the late-diastolic augmentation in ventricular
filling which is absent in atrial fibrillation (AF). CMR
feature tracking allows fast and reproducible assessment
of LA strain from routine cine images (6). LA reservoir
strain has been shown as an independent prognostic marker
after acute myocardial infarction (MI) (7), however further
studies are needed to validate these findings. The aim of
this study was to assess whether CMR derived LA strain
and volumetric indices predicted MACE after STEMI. We
hypothesized that impaired LA function would be associated
with worse outcomes.

We present the study in accordance with the MDAR
reporting checklist (available at http://dx.doi.org/10.21037/
cdt-20-879).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Human Research Ethics Committee
at Concord Hospital, Sydney Australia (HREC/11/
CRGH/224; approval CH62/6/2011-151) and informed
consent was taken from all the patients.

Study population

We performed a secondary analysis on a cohort of
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prospectively recruited consecutive STEMI patients from
May 2012 to June 2014 at a large tertiary referral centre
treated with primary percutaneous coronary intervention
(PCI), rescue PCI, or successful thrombolysis followed
by non-emergent PCI (8). Exclusion criteria were age
<18 years or >85 years, severe chronic kidney disease
(eGFR <30 mL/min/1.73 m’ or renal replacement therapy),
previous AF, known cardiomyopathy, prior cardiac surgery,
severe claustrophobia, gadolinium allergy, and ferrous
metallic implants. Patient follow-up was conducted for up
to two years post-STEMI.

CMR protocol

A detailed protocol with the specific CMR parameters
used has previously been described (8). Briefly, patients
underwent CMR within 7 days post-STEMI using a
commercially available 1.5T MRI scanner (Siemens
Symphony, Germany). A standard multisequence protocol
was used during breath-hold. A 6-channel body array and
spine coil were used. Retrospective vector ECG gating
was used for cardiac synchronization. Cine images, using a
steady state free precession pulse sequence, were acquired
in standard short- and long-axis views. Late gadolinium
enhancement images were obtained 8 to 10 minutes after
a bolus injection of 0.1 mmol/kg gadoteric acid (Dotarem,
Guerbet, France).

CMR analysis

All CMR analysis was performed offline using commercially
available software (CVI42 version 5.11, Circle Cardiovascular
Imaging, Calgary, Canada). LVEF, infarct scar size,
microvascular obstruction (MVO) and myocardial salvage
index (MSI) were measured as previously reported (8).
Infarct size was defined as the hyper-enhanced area with
signal intensity threshold >5 standard deviation (SD) above
a region of interest of normal ‘nulled’” myocardium and
expressed as a percentage of the total left ventricular (LV)
mass (9-11). MVO was determined by manual contouring
of areas of hypo-enhancement with surrounding hyper-
enhanced myocardium on the delayed enhancement
inversion recovery sequences (9,12). Area at risk was defined
as the volume of hyper-enhanced myocardium (>2 SD of
the region of interest) on T2 short tau inversion recovery
sequences, divided by the total myocardial volume. MSI was
calculated as: (area at risk — infarct scar size)/area at risk (9).

LA volumetric indices were measured by manually
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Figure 1 LA strain by CMR feature tracking. (A) Long axis four-chamber view, (B) long axis two-chamber view and (C) LA strain curve.

The red line is the endocardial curve and the green line is the epicardial curve. €, LA reservoir strain; €,, LA booster strain. LA, Left atrial;

CMR, cardiac magnetic resonance.

tracing the LA endocardial border in end-systole and
end-diastole in long-axis two- and four-chamber views.
Maximum and minimum LA volumes were calculated based
on the biplane area-length method (13) and indexed to body
surface area (LAVI,,, and LAVI, ;). LAEF was defined as:
[((LAVL,,, - LAVI, ;. )/LAVI, .| x100.

LA strain was performed using CVI42 Tissue Tracking
software (Circle Cardiovascular Imaging v5.11, Calgary,
Canada). LA endocardial and epicardial borders were
manually traced in end-systole in long-axis two- and four-
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chamber views. An automated tracking algorithm was
applied, and manual adjustments were performed as needed
to attain optimal wall tracking. The strain values for each
tissue point were automatically derived by the software and
were represented as a strain curve from which LA reservoir
strain and LA booster strain were recorded (Figure I). LA
strain values were calculated based on the average of three
independently repeated measurements.

LA volumetric and strain analysis was performed by one
experienced observer blinded to clinical and CMR data.
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Eligible STEMI patients screened
(n=409)

Excluded (n=144)
72 declined participation
28 non-English speaking
15 died prior to consent
12 chronic kidney disease
5 prior cardiac surgery
12 other causes

Enrolled patients

(n=265)
Excluded (n=63)
29 no CMR
16 incomplete or poor CMR data
12 withdrew consent
6 lost to follow up
Study cohort
(n=202)

Figure 2 Study flowchart. CMR, cardiac magnetic resonance;
STEMI, ST-elevation myocardial infarction.

Inter-observer and intra-observer variabilities were assessed
in 20 random healthy subjects by two investigators, blinded
to the first set of measurements.

Diastolic function assessment

Diastolic parameters were evaluated by contemporaneously
performed transthoracic echocardiography using established
criteria (14,15) to categorise patients to a diastolic function
grade (0= normal, 1= impaired relaxation, 2= pseudonormal,
3= restrictive filling pattern) (16).

Clinical endpoints

The primary endpoint of MACE was a composite of all-
cause mortality, reinfarction, new or worsening heart
failure, stroke, and sustained ventricular arrhythmias. For
patients with more than one MACE, the primary endpoint
was determined as time to first event. Detailed outcome
definitions have been reported previously (16).

Statistical analysis

Continuous data with normal distribution are presented as
mean = SD. Non-normally distributed variables are reported
as median and interquartile range (IQR). Categorical
variables are presented as frequencies and percentages.
Comparison between groups was performed using the
Student’s #-test (normally distributed) and the Mann
Whitney U-test (non-normally distributed) continuous
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variables, and the Chi-squared test for categorical variables.
Correlation of normally distributed parameters was
evaluated by Pearson’s correlation coefficient and non-
normally distributed parameters with Spearman’s rank
correlation coefficient.

Receiver operator characteristic analyses were performed
and area under the curve (AUC) calculated and compared
using the De Long test. For evaluating the primary
endpoint, Kaplan-Meier survival analysis was performed,
and differences were assessed by the log-rank test. Cutoffs
for high-risk groups were determined by the Youden
index (17). Univariate and multivariate Cox proportional
hazards regression models were performed to calculate
hazard ratios (HR) with corresponding 95% confidence
intervals (CI). The multivariate model comprised variables
with P<0.05 at univariate analysis. Inter-observer and intra-
observer variabilities were assessed by intraclass correlation
coefficients (ICC) and coefficients of variation (COV).

A P value of <0.05 was considered statistically significant.
Statistical analyses were performed using SPSS version 24.0
(IBM SPSS, IBM Corporation, Armonk, NY, USA) and
MedCalc version 19.2.0 (MedCalc Software Ltd., Ostend,
Belgium).

Results

Four hundred and nine consecutive STEMI patients were
screened during the study period, of which 265 were
enrolled; 29 patients could not undergo CMR, 16 had
incomplete CMR data or poor image quality for feature
tracking assessment, 12 withdrew consent, and 6 were lost
to follow-up, resulting in 202 patients being included in this
study (Figure 2).

The clinical characteristics of the study group are shown
in Table 1. There were 174 (86.1%) males in the cohort
with mean age 56+11 years. CMR was performed at median
day 4 (IQR day 2-7). Over a median follow up 607 days
(IQR 438-730 days), there were 42 primary endpoint
events (death n=3, reinfarction n=16, readmission due to
congestive heart failure n=10, ventricular arrhythmia n=9
and stroke n=4) in 35 (17.3%) patients.

Patients with MACE were older (62 vs. 56 years,
P<0.001) and more frequently had diabetes (40% wvs. 16%,
P=0.001), prior MI (20% vs. 6%, P=0.007), three-vessel
disease (31% wvs. 3%, P<0.001) and anterior MI (71% uvs.
49%, P=0.019) compared to patients without MACE. TTMI
risk score and peak high sensitivity troponin T (hsTnT)
were higher in patients with MACE than patients without
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Table 1 Baseline characteristics

Variable Total study group (n=202) MACE group (n=35) No MACE group (n=167) P value
Age’, years 56.4+10.6 61.6+£11.8 56.3+10.2 0.007
Male gender 174 (86%) 27 (7T7%) 147 (88%) 0.090
BMI°, kg/m® 26.8 [24.7-29.9] 27.0 [24.3-30.1] 26.8 [24.8-29.7] 0.908
eGFR®, mL/min/1.73 m’ 85.9 [74.0-99.8] 82.7 [66.6-105.0] 87.2 [76.0-99.7] 0.293
Presentation
Primary PCI 161 (80%) 29 (83%) 132 (79%) 0.610
Successful thrombolysis 28 (14%) 3 (9%) 25 (15%) 0.319
Rescue PCI 13 (6%) 3 (9%) 10 (6%) 0.517
Prior Ml 17 (8%) 7 (20%) 10 (6%) 0.007
Diabetes mellitus 41 (20%) 14 (40%) 27 (16%) 0.001
Hypertension 94 (47%) 19 (64%) 75 (45%) 0.312
Hypercholesterolemia 94 (47%) 17 (49%) 77 (46%) 0.790
Smoker 116 (57%) 18 (51%) 98 (59%) 0.430
Family history of IHD 51 (25%) 7 (20%) 44 (26%) 0.432
Anterior Ml 108 (54%) 25 (71%) 83 (49%) 0.019
TIMI risk score” 2 [2-5] 6 [3-7] 2[1-4] <0.001
Medications on discharge
DAPT 202 (100%) 35 (100%) 167 (100%) 1.000
Beta-blockers 192 (95%) 35 (100%) 157 (94%) 0.138
Statin 198 (98%) 35 (100%) 163 (98%) 0.355
ACE-I/ARB 172 (85%) 32 (91%) 140 (84%) 0.251
No. of diseased vessels®
1 132 (65%) 16 (46%) 116 (70%) 0.007
2 54 (27%) 8 (23%) 46 (28%) 0.569
3 16 (8%) 11 (31%) 5 (3%) <0.001
Culprit vessel
LAD 108 (54%) 25 (71%) 83 (50%) 0.019
LCx 29 (14%) 5 (14%) 24 (14%) 0.990
RCA 65 (32%) 5 (14%) 60 (36%) 0.013
Peak hsTnT®, ng/L 3,788 [1,896-7,106] 5,022 [2,796-9,737] 3,605 [1,758-6,700] 0.029
Diastolic grade
0: normal 45 (22%) 2 (6%) 43 (26%) 0.010
1: impaired relaxation 75 (37%) 11 (31%) 64 (38%) 0.443
2: pseudonormal 65 (32%) 15 (43%) 50 (30%) 0.137
3: restrictive filling 17 (8%) 7 (20%) 10 (6%) 0.007

Table 1 (continued)
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Variable Total study group (n=202) MACE group (n=35) No MACE group (n=167) P value
Mitral regurgitation
None 165 (82%) 24 (69%) 141 (84%) 0.027
Mild 32 (16%) 9 (26%) 23 (14%) 0.079
Moderate 4 (2%) 1 (83%) 3 (2%) 0.682
Severe 1 (0%) 1 (8%) 0 (0%) 0.029
CMR characteristics
LVEF®, % 46.1+9.9 39.0+11.2 47.6+8.9 <0.001
Presence of MVO 91 (45%) 22 (63%) 69 (41%) 0.020
MVO size®, % 0.00 [0.00-0.48] 0.12 [0.00-1.04] 0.00 [0.00-0.42] 0.026
Infarct scar size®, % 9.0 [5.3-13.8] 13.7 [8.2-22.8] 8.4 [4.6-12.6] <0.001
MSI® 77 [66-86] 68 [562-78] 77 [69-87] <0.001

? mean = SD; °, median [interquartile range]; °, coronary artery stenosis =70%. BMI, body mass index; eGFR, estimated glomerular
filtration rate; PCI, percutaneous coronary intervention; Ml, myocardial infarction; IHD, ischemic heart disease; DAPT, dual antiplatelet
therapy; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; TIMI, thrombolysis in myocardial infarction;
LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right coronary artery; hsTnT, high sensitivity troponin T, LVEF, left
ventricular ejection fraction; MVO, microvascular obstruction; MSI, myocardial salvage index; MACE, major adverse cardiovascular events.

MACE (P<0.001 and P=0.029, respectively). Patients with
MACE more frequently had grade 3 diastolic dysfunction
than patients without MACE (20% wvs. 6%, P=0.007).
Patients with MACE had lower LVEF (39.0% vs. 47.6%,
P<0.001) and MSI (68 vs. 77, P<0.001), and larger MVO
size (0.12% wvs. 0.00%, P=0.026) and infarct scar size (13.7%
vs. 8.4%, P<0.001) than patients without MACE.

Patients with MACE had lower LA reservoir strain
(18.9% wvs. 29.4%, P<0.001), LA booster strain (9.4% uvs.
13.0%, P=0.002) and LAEF (41.5% wvs. 49.2%, P<0.001),
and higher LAV, (43.5 vs. 38.6 mL/m’, P=0.019) and
LAVI,,, (23.7 vs. 19.3 mL/m’, P<0.001) compared to
patients without MACE. Patients with LVEF <40% had
significantly lower LA reservoir strain (21.4% wvs. 30.0%,
P<0.001), LA booster strain (11.3% wvs. 13.1%, P=0.021)
and LAEF (43.3% vs. 50.3%, P<0.001), and higher LAVI, ;,
(21.4 vs. 19.5 mL/m’, P=0.003) than patients with LVEF
>40%. Patients with MVO had significantly lower LA
reservoir strain (26.1% vs. 31.0%, P<0.001), LA booster
strain (11.7% vs. 13.0%, P=0.021) and LAEF (44.8% uvs.
51.2%, P<0.001), and higher LAVL,;, (21.3 vs. 18.9 mL/m’,
P=0.012) than patients without MVO. Patients with
diastolic dysfunction had significantly lower LA reservoir
strain (27.4% wvs. 30.3%, P=0.028) than patients with normal
diastolic function.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

LA reservoir strain and LAEF had a weak to moderate
positive correlation with LVEF and MSI, and inverse
correlation with infarct scar size and peak hsTn'T (Table 2).

AUC analyses showed LA reservoir strain (AUC 0.769;
95% CI: 0.676-0.861), LA booster strain (AUC 0.684;
95% CI: 0.558-0.810), LAEF (AUC 0.698; 95% CI:
0.596-0.800), LAVL,,.. (AUC 0.626; 95% CI: 0.518-0.734)
and LAVI;, (AUC 0.695; 95% CI: 0.591-0.799) provided
accurate prediction of MACE. The addition of LA reservoir
strain to LVEF resulted in a significant increase in AUC
from 0.713 (95% CI: 0.608-0.818) for LVEF alone to 0.775
(95% CI: 0.680-0.870) for LVEF and LA reservoir strain
(P=0.047) (Figure 3).

Kaplan-Meier analysis showed a difference in MACE
between high- and low-risk groups for LA reservoir strain
(cutoff 19.2%, P<0.001), LA booster strain (cutoff 9.7%,
P<0.001), LAEF (cutoff 38.5%, P<0.001), LAVIL_ (cutoff
47.5 mL/m’, P=0.001), and LAVI,;, (cutoff 22.6 mL/m’,
P<0.001) (Figure 4).

Univariate Cox regression analysis showed all LA
parameters had a significant effect on MACE (Table 3)
including LA reservoir strain (HR 0.892; 95% CI:
0.852-0.935; P<0.001), LA booster strain (HR 0.838;
95% CI: 0.745-0.944; P=0.004), LAEF (HR 0.938; 95%
CI: 0.909-0.967; P<0.001), LAVI,. (HR 1.041; 95%
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Table 2 Correlation coefficient analysis
LA reservoir strain LA booster strain LAEF LAVI oy LAV in

Variable

r P value r P value r P value r P value r P value
LVEF 0.454 <0.001 0.158 0.029 0.373 <0.001 -0.074 0.298 -0.206 0.003
MSI 0.470 <0.001 0.217 0.003 0.383 <0.001 -0.148 0.035 -0.280  <0.001
Infarct scar size -0.488 <0.001 -0.226 0.002 -0.399 <0.001 0.161 0.022 0.298 <0.001
Peak hsTnT -0.339 <0.001 -0.206 0.004 -0.243 <0.001 0.176 0.012 0.247 <0.001

LVEF, left ventricular ejection fraction; MSI, myocardial salvage index; hsTnT, high sensitivity troponin T; LA, left atrial; LAEF, left atrial
ejection fraction; LAVI,,,, maximum indexed left atrial volume; LAVI;, minimum indexed left atrial volume.
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Figure 3 Receiver operator characteristic curve evaluating LVEF
compared to LA reservoir strain in addition to LVEF in predicting
major adverse cardiovascular events. LVEF, left ventricular ejection
fraction; LA, left atrial.

CI: 1.012-1.072; P=0.005) and LAVL, (HR 1.059; 95%
CI: 1.027-1.093; P<0.001). Multivariate Cox regression
modelling demonstrated that LA reservoir strain (HR 0.920;
95% CI: 0.873-0.969; P=0.002), LA booster strain (HR
0.872; 95% CI: 0.774-0.983; P=0.025), LAEF (HR 0.959;
95% CI: 0.928-0.992; P=0.015) and LAVL,,, (HR 1.040;
95% CI: 1.007-1.073; P=0.016) were predictors of MACE
independent of LVEF (1able 4). LA reservoir strain was also
adjusted for all variables with P<0.05 at univariate analysis
including age, previous MI, diabetes mellitus, anterior MI,
three-vessel disease, TIMI risk score, peak hsTn'T, LVEE,
infarct scar size and diastolic dysfunction. MSI was excluded
because it demonstrated collinearity with infarct scar size.
This multivariate model showed that LA reservoir strain
(HR 0.905; 95% CI: 0.843-0.972; P=0.006), three-vessel
disease (HR 22.987; 95% CI: 4.256-124.158; P<0.001) and
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TIMI risk score (HR 1.497; 95% CI: 1.113-2.013; P=0.008)
were independent predictors of MACE.

One way ANOVA showed no significant difference in
mean LA reservoir strain between normal diastolic function
(29.4%+7.8%), grade 1 diastolic dysfunction (27.1%=8.3%)
and grade 2 diastolic dysfunction (27.9%+9.4%), however
were significantly higher than patients with grade 3 diastolic
dysfunction (15.8%+9.1%, P <0.001 for all).

Intra-observer reproducibility was excellent for LA
reservoir strain (ICC 0.976 and 0.989, COV 7.1% and
6.9%) and LA booster strain (ICC 0.951 and 0.948, COV
6.2% and 8.8%) for both investigators. Inter-observer
reproducibility was excellent for LA reservoir strain (ICC
0.948, COV 11.7%) and LA booster strain (ICC 0.977,
COV 8.1%).

Discussion

Our study shows that impaired LA reservoir strain and LA
booster strain are associated with worse outcomes after
STEMI. There was a significant increase in MACE for
high-risk groups with LA reservoir strain below 19.2%
and LA booster strain below 9.7%. This may be because
preserved LA function initially compensates for the
increased LV chamber stiffness and filling pressures post-
MI (18), and loss of this compensatory mechanism from
atrial non-compliance results in impaired LV filling (19,20).
We found that LA reservoir strain and LA booster strain
predicted MACE independent of LVEF. Whilst identifying
the possibility of model overfitting, we found that LA
reservoir strain was also an independent predictor of MACE
after adjusting for established clinical and imaging risk
measures which were significant at univariate analysis.
Furthermore, AUC analysis demonstrated a significant
improvement in MACE prediction when LA reservoir strain
was added to LVEEF. This is an important finding considering
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Figure 4 Kaplan Meier survival curves for (A) LA reservoir strain, (B) LA booster strain and (C) LAEF with major adverse cardiovascular

events after dichotomisation, as calculated by the Youden index. LA, left atrial; LAEF, left atrial ejection fraction.

LVEF is currently the most widely used risk predictor post
STEMI in guiding heart failure therapy. By comparison,
Ledwoch ez 4l. found that LAEF did not have an additive
value in terms of MACE prediction after acute MI over and
above LVEF (3), highlighting the utility of phasic measures
such as LA reservoir strain over volumetric indices.

Our study provides external validation to the findings of
Schuster ez 4/. (7) in a patient cohort with a higher MACE
rate and longer follow up duration. One limitation of the
study by Schuster er /. was that assessment of diastolic
function was not performed, and hence the authors could
not assess the effect of diastolic dysfunction on LA strain
or exclude the possibility that changes in atrial function
reflected ventricular diastology (7). By comparison, our
study is novel because we have assessed diastology with a
paired CMR and transthoracic echocardiogram for each
patient and have adjusted for diastolic dysfunction and
mitral regurgitation severity. This is particularly important

© Cardiovascular Diagnosis and Therapy. All rights reserved.

because recent studies have demonstrated a linear decrease
in LA reservoir strain with increasing grades of diastolic
dysfunction (21,22), and significant diastolic dysfunction
has been shown to be an independent predictor of adverse
outcomes post MI (23). We found similar cutoff values for
LA reservoir strain (19.2% vs. 18.8%) and LA booster strain
(9.7% ws. 10.1%) to Schuster et al. despite using different
vendors for feature tracking analysis (CVI42 vs. TomTec
Imaging Systems) (7), demonstrating the robustness of
the derived strain values. In contrast to LA strain, which
is relatively independent of atrial size, LAV, was not an
independent predictor of MACE when adjusted for LVEE.
LA reservoir strain also demonstrated a stronger correlation
with established markers of myocardial damage including
LVEEF, infarct scar size, MSI and peak hsTnT compared to
LAVI,; and LAVI . Similar to Ledwoch et al., we found
that there was a modest positive correlation between LAEF
and LVEF (r=0.373), and a modest inverse correlation
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Table 4 Multivariate Cox regression modelling of left atrial
variables adjusted for left ventricular ejection fraction

Variable Univariable hazard ratio P value Variable Multivariable hazard ratio P value
Age 1.051 (1.013-1.091) 0.008 LA reservoir strain 0.920 (0.873-0.969) 0.002
Male gender 0.459 (0.184-1.149) 0.096 LA booster strain 0.872 (0.774-0.983) 0.025
Diabetes 3.457 (1.566-7.631) 0.002 LAEF 0.959 (0.928-0.992) 0.015
Hypertension 1.457 (0.701-3.028) 0.314 LAVI,., 1.030 (0.999-1.061) 0.055
Smoking 0.745 (0.359-1.548) 0.431 LAVI,,, 1.040 (1.007-1.073) 0.016
Anterior Ml 2.530 (1.144-5.595) 0.022 Data in parentheses are 95% confidence intervals. Each hazard

) ratio is derived from a separate model containing the LA
Previous Ml 8.925 (1.379-11.174) 0.010 parameter and left ventricular ejection fraction. LA, left atrial;
Three-vessel disease 14.850 (4.746-46.467) <0.001 LAEF left atrial ejection fraction; LAVI,.,,, maximum indexed left

. atrial volume; LAVI,,,,, minimum indexed left atrial volume.
TIMI risk score 1.717 (1.413-2.085) <0.001
Peak hsTnT 1.125 (1.038-1.219) 0.004
Diastolic dysfunction 5.722 (1.317-24.856) 0.02 chronically elevated LV filling pressure, whereas LAVI,;,
Mitral regurgitation 3.313 (0.533-20.609) 0.199 is more sensitive to changes in atrial afterload and.atrlal
elastance (1). Lonborg er /. showed that LAVI, is not

LVEF 0908 (0.869-0.948) <0.001 associated with acute LV function but determined by pre-
MVO size 1.208 (0.996-1.464) 0.054 existing conditions, whilst LAVI,;, is determined by acute
Infarct scar size 1.101 (1.049-1.156) <0.001 changes in LV function such as acute stunning and infarct
MS| 0.958 (0.935-0.981) <0.001 size as well as pre-existing conditions (4).

LA reservoir strain 0.892 (0.852-0.935) <0.001

LA booster strain 0.838 (0.745-0.944) 0.004
LAEF 0.938 (0.909-0.967) <0.001
LAV, 1.041 (1.012-1.072) 0.005
LAVI i 1.059 (1.027-1.093) <0.001

Data in parentheses are 95% confidence intervals. Diastolic
dysfunction included impaired relaxation, pseudonormal and
restrictive filling patterns. Mitral regurgitation included moderate
and severe mitral regurgitation. MIl, myocardial infarction; TIMI,
thrombolysis in myocardial infarction; hsTnT, high sensitivity
troponin T; LVEF, left ventricular ejection fraction; MVO,
microvascular obstruction; MSI, myocardial salvage index; LA, left
atrial; LAEF, left atrial ejection fraction; LAVI,..,, maximum indexed
left atrial volume; LAVI;,, minimum indexed left atrial volume.

between LAEF and infarct scar size (r=-0.399) (3). This may
be because volumetric indices are subject to geometrical
assumptions and are load dependent, and LA reservoir strain
better reflects intrinsic LA function (20,24). LA reservoir
strain reflects atrial compliance and to a lesser extent, atrial
contractility and relaxation, modulated by descent of the LV
base during systole (1,18). Volumetric indices may also be
limited by lower sensitivity in early disease states compared
with LA strain (25). LAVI,,, is predominantly a marker of

© Cardiovascular Diagnosis and Therapy. All rights reserved.

We postulate that LA reservoir strain may potentially have a
role in improving risk stratification post-STEMI in the future,
although further validation studies are needed. It is promising
that the technique does not require additional CMR scanning
time and offline analysis can be performed efficiently with high
inter-observer and intra-observer reproducibility.

The limitations of our study include the relatively small
number of primary endpoint events which makes it difficult
to develop a comprehensive risk prediction model. Second,
we included patients who were able to tolerate CMR and this
may have excluded some of the most critically ill patients,
which has implications on MACE rates. Third, the cutoff
values for high-risk groups for each LA parameter were not
compared to a control group. Fourth, the assessment of
diastolic function was performed based on previous criteria,
which have subsequently been updated. Finally, the exclusion
of patients with AF may have limited the prognostic role of
LA booster strain which is absent in AF.

In conclusion, impaired LA function predicted MACE
independent of LVEF and may have a future role in
improving risk stratification after STEMI.
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