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Abstract

Background

We investigated longitudinal right ventricular (RV) function assel using speckle-tracki
strain echocardiography in patient with myocardial infarction)(Mind identified thg
contributing factors for RV dysfunction.

Methods

We retrospectively studied 71 patients with old Ml (the OMI group)4thdormal subject
(the Control group) who underwent a transthoracic echocardiography.|l @lubdree wal
RV peak systolic strains (PSSs) in the longitudinal direction were measuusihly speckle
tracking strain echocardiography. Left ventricular (LV) PS8sre measured in th
longitudinal, radial and circumferential directions. Cardiac hemadiggincluding pea
systolic pulmonary artery pressure was also assessed non-ihwaBlaema brain natriuret
peptide (BNP) levels were measured in all patients.

Results

In the OMI group, 73 % of the patients had a normal estimated ps&kisypulmonary
artery pressure of less than 35mmHg. Global and free walPBS were impaired in tf
OMI group compared with the Control group, and these RV systolic indica®
significantly associated with heart rate, logarithmic tramséd plasma BNP, greater tha
year after onset of MI, Doppler-derived estimated pulmonarywascesistance, LV systol
indices, LV mass index, infarcted segments within a territoth@feft circumflex artery an
residual total occlusion in the culprit right coronary artery. Mattable linear regressidg
analysis indicated that reduced longitudinal LV PSS in the 4-chav&rand BNP level

>500 pg/ml were independently associated with reduced global aedwié RV PSS

Moreover, when patients were divided into 3 groups according to plabiRaevels (BNH
<100 pg/ml; n =31, 10&BNP <500 pg/ml; n =24, and BNP500 pg/ml; n =16), onl
patients with BNP-500 pg/ml had a strong correlation between RV PSS and longitudin
PSS in the 4-chamber view (r =0.78 for global RV PSS and r =0.71lemfall RV PSS,
<0.05).
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Conclusion

Longitudinal RV systolic strain depends significantly on longitudib®l systolic strain
especially in patients with high plasma BNP levels, but not omatdd peak systol|c
pulmonary artery pressure. These results indicate that procBd6 mfyocardial dysfunctio
following Ml may be governed by neurohormonal activation which causimgrigelar
remodeling rather than increased RV afterload.

-
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Introduction

Myocardial infarction (MI) is associated with compensatory raams involving both the
left and right ventricles, and, even if the right ventriclenifally spared, right ventricular
(RV) structure and function can still be altered later on [hjpdrtantly, RV function is a
known predictor of cardiovascular morbidity and mortality in patients LV dysfunction
after MI [2]. However, since myocardial function and structurechrenically modulated by
a complex interplay of multiple factors, such as hemodynamid krad neurohumoral
stimulation, the mechanisms leading to RV dysfunction following Kkl mot completely
investigated in the clinical setting [3,4]. Furthermore, echocaraljdgc evaluation of RV
function has been more challenging than that of left ventricle ynegdause of the complex
structure and asymmetrical shape of the right ventricle. Thentactroduction of speckle-
tracking echocardiography provides objective measures to quaatifyental and global
ventricular function independently of angle of incidence, chamber atensl cardiac
rotation, and ventricular size [5,6]. Accordingly, we investigatedjitadinal RV function
assessed using speckle-tracking strain echocardiographyentpaith old Ml (OMI), and
identified the contributing factors for RV dysfunction.

Patients and methods

Study population

We retrospectively reviewed the consecutive echocardiographibetaen July 2005 and
January 2009, and selected 71 patients with OMI (the OMI group: 67 yedrs) who
underwent complete echocardiography including optimal RV-focused| dpimrachamber
images using Vivid 7 among various echocardiography ultrasound systemmur echo
laboratory at Mie University Hospital, which were available @df-line analysis (GE-
Vingmed Ultrasound AS, Horten, Norway). All patients had experieNdgdr over 1month
and were diagnosed with reference to their personal history, cahyskaminations,
laboratory tests, electrocardiography, echocardiography, corongiygeephy, and cardiac
magnetic resonance imaging. Patients were excluded frostubg if they had suboptimal
images, atrial fibrillation, significant primary valvular hedisease, prosthetic valves, or a
pacer wire in the right ventricle. To minimize the influence affounding factors in the
evaluation of RV function after Ml in the LV myocardium, patienith a coexisting RV
infarction were excluded in the present study. Patients who hawddi@gnosed with non-
ischemic dilated cardiomyopathy before the onset of Ml wise excluded in the present



study. The diagnosis of RV infarction was defined by ST segnhevateon >0.1 mV in lead
V4R in the 12-lead electrocardiography examination. Non-existencebeifous RV
infarction was confirmed by using cardiac MRI and coronaryagrgphy in patients with
silent OMI who did not undergo 12-lead electrocardiography examinatitie anset of MI.
We also studied 45 age-matched and gender-matched normal subg@siitrol group: 66

+ 11 years) who had no history of cardiopulmonary disease, and who hathl nor
electrocardiographic results and normal echocardiographic reslitis protocol was
approved for use by the Human Studies Subcommittee of Mie Univer&tgduate School
of Medicine.

Echocardiography

Arm-cuff blood pressure measurements were performed at thennbeg of the
echocardiographic study for all subjects [6]. Interventricularadegoid LV posterior wall
thickness, LV end-diastolic dimension, end-systolic dimension, and fracshioatening
were assessed from the parasternal long axis view. LV volodiees and ejection fraction
were assessed using biplane Simpson’s rule. LV mass index lgaki on the basis of
the area-length method [6]. The Doppler-derived stroke volume was lmachédy body
surface area. Ratio of peak early to late diastolic trarenflow velocity (mitral E/A) and
the deceleration time (DT) of E velocity was calculated usmgsed Doppler
echocardiography [6,7]. Averaged peak early diastolic mitral anwelacity (Ea) at the
inferior-septal and LV lateral site was used as a markéNodliastolic function. The E/Ea
ratio was calculated as a Doppler parameter reflectingilliNgf pressure [8]. The RV end-
diastolic area (EDA) index, the end-systolic area (ESA) inded the fractional area change
(FAC) from the apical 4-chamber view were also measured [Bugdpid annular plane
systolic excursion (TAPSE) was measured for assessing lomgitudV systolic function
[9]. The RV myocardial performance index (MPI) was calculatedtree sum of the
isovolumic contraction time and isovolumic relaxation time divided H®y ¢jection time
[5,9,10]. Estimated peak systolic pulmonary artery pressure u@adatad from the sum of
the maximal pressure difference between the right ventricle and tetigim, as calculated
by the continuous-wave Doppler flow velocity, and the mean rightl girisssure, as
estimated by the diameter of the inferior vena cava and ifgragsy variation [9].
Pulmonary vascular resistance (PVR) was noninvasively estimaiag echocardiography
[11]. All echocardiographic measurements represent the avefa8ebeats. Blood test
including measurement of plasma brain natriuretic peptide (BNR)slevas performed
within the 2 weeks prior to or after the echocardiography examination.

Speckle-tracking strain and displacement analysis

Speckle-tracking analysis was used to generate regional alpal ghyocardial strain in both
the left and right ventricles (Figure 1). Longitudinal LV straias assessed in the apical 4-
chamber, 2-chamber, and long axis views, and radial and circuntidéreV strains were
assessed in the parasternal short-axis views at the migueV. Longitudinal RV strain was
assessed in the apical 4-chamber view [12]. Average framéoraiee analysis was 64 = 9
Hz. For speckle-tracking echocardiography assessment, routine Bgrendscale images
were analyzed using commercially available software (EBRQPGE Vingmed, Horton,
Norway). Myocardial strain is expressed as the percent elamig the original dimension at
end-diastole, and myocardial thickening or lengthening was repeesasta positive value,
while myocardial thinning or shortening was represented as ativegvalue [5,6]. The
software automatically divided into 6 standard segments in the ditala4d-chamber, 2-



chamber, long-axis, mid-LV short-axis, and RV apical 4-chambersyisespectively (Figure
1). Peak systolic strain (PSS) obtained from time-strain cuvees defined as the indices of
myocardial systolic contraction. Global RV PSS in the 6 segm@adsassessed, and the free
wall RV PSS was obtained by averaging 3-site strain sigialsltaneously (the basal RV
lateral wall, the mid RV lateral wall, and the apical R¥INv Global LV radial PSS was
obtained by averaging 6-site strain signals simultaneously [13].

Figure 1 Six-segmental models were created using a tracking algorithm after maal
delineation of the endocardial border in the LV apical 4-chamber view (léftop) and RV
apical 4-chamber view (right top), and the short axis view for the left ventaular
circumferential and radial functional measurements (left bottom).Right bottom panel
shows time-strain curves RV apical 4-chamber view for the assessmentitfdora)
myocardial systolic function. Solid colored lines indicate corresponding sedrsieaia
curves, and the white dotted line indicates global strain curves.

Clinical outcomes

After echocardiography assessments, patients were followed for2¥ years (median 5.3
years). The study end-point was heart failure hospitalizatiocaatiovascular death. The
causes of death were determined by the attending doctors blinded to the grauperssig

Statistical analysis

The mean of each continuous variable was presented along withatigarst deviation.
Categorical variables were presented as percent freigserBetween-group comparisons
were assessed using analysis of variance for continuous varadadhe Fisher exact test for
categorical data. Bonferroni’s correction was applied for multplaparisons. Associations
between RV PSS and independent variables were examined througbrPeaprrelation
coefficient and linear regression. Multivariate linear regogssinalyses were performed to
examine the independent correlates between RV PSS and cleubaicardiographic and
laboratory parameters. Th@-coefficients were standardized regression coefficients.
Logarithmic transformation was performed to achieve apprdeimarmal distribution for
BNP. Intra-observer variability was determined by having onsemier repeat the
measurement of global RV PSS and free wall RV PSS in 10 rapdsetdcted subjects.
Inter-observer variability was determined by having a second obsemeasure these
variables in the same datasets. Intra- and inter-observabiityi values were calculated as
the absolute difference between the corresponding two measusesiseaitpercentage of the
mean.P values < 0.05 were considered statistically significant. Aealysere performed
using SPSS for Windows, version 19 (SPSS, Inc, Chicago, IL).

Results

Clinical and echocardiographic characteristics

There were a total of 99 culprit territory vessels. Fortypsiients (65 %) had one infarcted
segment within a territory of the left anterior descendingrann =29), the left circumflex
artery (n =8), or the right coronary artery (n =9), and 25 pati@® %) had more than one
infarcted segments. The time interval from the first onset biMsls <1 year in 28 % of
patients,>1 year (range 1-35 years) in 39 % of patients, and was unknown in &2 %



patients mainly because of silent MI. Successful primary ceNaszation early in the course
of AMI was achieved only in 27 patients and 27 % of the all culmibrary lesions
responsible for MI, mainly due to high prevalence of patients wldntsischemia with
multivessel disease. There were 26 vessels with residuabtmtiaision in the culprit lesion
responsible for MI. Table 1 shows the clinical characteristithe study groups. There were
no statistical differences in height, body mass index, blood pressutéieart rate between
the Control and OMI group. Estimated glomerular filtration rate {2d$ lower in the OMI
group compared to the Control group. Plasma BNP levels were ¥eomad to 3000 pg/ml
with median value of 162 pg/ml in the OMI group.

Table 1 Clinical characteristics of the study subjects
The Control group (n = 45) The OMI group (n =71)

Demographics

Mean age (years) 66 +£11 67 £ 11
Male gender (%) 78 85
Height (cm) 162 + 10 162+ 9
Body mass index (kg/f 23+3 23+3
SBP (mmHQ) 123 +13 118 + 23
Heart rate (beats/min) 65+8 68 £ 12
Medical history

Hypertension (%) 0 63*
Diabetes (%) 0 45*
Dyslipidemia (%) 0 63*
Current smoking (%) 2 23*
Obesity (%) 0 1
Medication use

Beta blocker (%) 0 56*
Calcium channel blocker (%) 0 17*
ACEI/ARB (%) 0 89*
Aldosterone blocker (%) 0 31*
Diuretic (%) 0 41*
Measurements

Hemoglobin (g/dl) 129+1.9 12.3+2.0
eGFR (ml/min/1.73 m2) 69+ 19 53 + 20*
BNP (pg/ml) - 343 £519

OMI old myocardial infarctionSBP systolic blood pressur&BP diastolic blood pressure,
ACEI angiotensin converting enzyme inhibitéxRB angiotensin receptor blockeeGFR
estimated glomerular filtration rat8NP brain natriuretic peptide.P*<.05 vs. the Control

group.

Table 2 shows the left-sided echocardiographic data of the studycwmubihe OMI group
had thickened LV wall, large LV chamber size, greater LV gniadex, and reduced LV
ejection fraction compared with the Control group, indicating dilatdtibxfaremodeling in
patients with OMI. Although mitral E/A and DT of the E velocitgne similar in the 2
groups, the OMI group had lower Ea and higher E/Ea compared with theolCgnaup.
Table 3 shows the right-sided echocardiographic data of the studsctsubplthough RV
area indices and FAC were similar in both groups, TAPSE waseeécduad RV MPI was
higher in the OMI group compared with the Control group. In the OMI gr@8p% of
patients had normal estimated peak systolic pulmonary artery pressure loafe35rmmHg.



Table 2 Left-sided echocardiographic data of the study subjects

The Control group (n = 45) The OMI group (n = 74)
IVST (mm) 10+1 11 £+ 2*
PWT (mm) 10+1 11 £+ 2*
LV Dd (mm) 44 + 4 51 +10*
LV Ds (mm) 275 38 £ 12*
LV FS (%) 41+5 26 + 12*
EDV index (ml/nf) 38+7 61 + 27*
ESV index (ml/m) 13+ 4 36 + 24*
LV EF (%) 65+6 45 + 16*
LV stroke volume (ml) 58 £ 11 54 +£15
LV mass index (g/f) 84 + 15 151 + 55*
E/A 1.0+£0.2 1.0+£0.6
DT (msec) 230 £ 65 220+ 77
Ea (cm/s) 6.8+1.7 4.8 +2.4*%
E/Ea 95+3.3 17.7 +10.4*

OMI old myocardial infarction]VST interventricular septal thicknesBWT posterior wall
thickness,LV left ventricular,Dd end-diastolic dimensiorDs end-systolic dimensior;S
fractional shorteningEDV end-diastolic volumeESV end-systolic volumeEF ejection
fraction, E/A ratio of peak early to late diastolic transmitral flow vélgcDT deceleration
time of the mitral peak early diastolic transmitral flowogity, Ea peak early diastolic mitral
annular velocity E/Ea ratio of peak early diastolic transmitral flow velocity ta.EP <.05
vs. the Control group.

Table 3Right-sided echocardiographic data of the study subjects
The Control group (n = 45) The OMI group (n = 74)

RV EDA index (cniym?) 8+3 8+2

RV ESA index (crffm) 4+2 4+2

RV FAC (%) 53+9 51+11
TAPSE (mm) 19+4 16 + 5*
RV MPI 0.30£0.10 0.39 £ 0.21*
Peak PA pressure (mm Hg) - 31+15
PVR (Wood units) - 1.8+0.8

OMI old myocardial infarctionRV right ventricular,EDA end-diastolic areaESA end-
systolic areaFAC fractional area chang@ APSE tricuspid annular plane systolic excursion,
MPI myocardial performance indeX?A pulmonary artery,PVR pulmonary vascular
resistance. *P <.05 vs. the Control group.

Strain measurements

Speckle tracking was possible in 100 % of the 3480 attempted segframtshe 116
echocardiographic studies with technically adequate imagese HBalaind Figure 2 show
comparisons of LV and RV strains between the Control and OMI groujpstréih values in
the left ventricle were significantly reduced in the OMI gragmpared with those in the
Control group. Notably, both global and free wall RV PSS were sigmifiy reduced in the
OMI group compared with those in the Control group (global RV PSS: -18.3*#s. -25.5
+ 4.2 %, and free wall RV PSS: -22.1 + 7.5* vs. -26.9 = 5.0 %, *p <0.05 vLahé&ol
group, Figure 2).



Table 4 Left and right ventricular strain
The Control group (n = 45) The OMI group (n = 74)

LV PSS (L: 4-chamber) (%) -17.6£3.1 -12.0+5.1*
LV PSS (L: 2-chamber) (%) -18.8+3.8 -12.2 + 5.5*
LV PSS (L: long axis) (%) -17.3+£3.5 -11.3+4.7*
LV PSS (R) (%) 52.1+£15.0 31.6 £22.8*
LV PSS (C) (%) -20.4+3.6 -12.3 £ 5.5*

OMI old myocardial infarctionl.V left ventricular;PSS peak systolic strairl, longitudinal,R
radial,C circumferential. P <.05 vs. the Control group.

Figure 2 Plots shows comparisons of global (left) and free wall (right) RV peak systoli
strain (PSS) between the Control (open circle, n = 45) and OMI groups (grayrcle, n =
71). *p < 0.05 vs. the Control group.

Determinants of RV strain

Successful primary revascularization was not statisticabp@ated with global or free wall
RV PSS. We assessed the potential impact of infarctednsiteeaidual total occlusion in the
culprit lesion responsible for MI on RV function. When patients weredédiinto two
groups according to median value of the global RV PSS: -19.1 %, pawéhtseduced
global RV PSS (-13 £ 4 %) had a higher prevalence of residahlaotlusion in the culprit
right coronary artery than those with preserved global RV P3% £-3 %) (Table 5). There
were 31 patients (44%) who received beta blockers. No staligtgignificant differences
were observed in the values of global and free wall RV PSS éetywatients with and
without beta-blocker therapy.

Table 5Comparison of clinical and echocardiographic data between patients with
preserved and reduced free-wall RV PSS

Reduced Global RV PSS (n = 35) Preserved Global RV PSS (n = 36)

Culprit lesions responsible for Ml

Single LAD (n) 11 18
Single LC (n) 6 2
Single RCA (n) 3 6
Multi-vessels (n) 15 10
Residual total occlusion of the culprit lesions

LAD (n) 3 7
LC (n) 3 1
RCA (n) 10 2*

RV right ventricular,PSS peak systolic strainyil myocardial infarctionLAD left anterior
descending artery,C left circumflex arteryRCA right coronary artery.P <.05 vs. patients
with reduced global RV PSS.

Since the time interval between the acute MI onset and the edlumraphic evaluation
varied individually in the present study, we investigated the poteinfiaence of the
chronicity of Ml on RV function. Patients <lyear after onset dhsld much more impaired
global and free wall RV PSS than theskeyear after onset of Ml among the 3 groups (global
RV PSS: -21 + 6 % in patients <lyear, -17 + 6* % in patiefitgear, and =18 £ 6 % in
patients with unknown duration, and free wall RV PSS: -25 + 7 @atrents <lyear, -20 +
8* % in patients >lyear, and -22 + 7 % in patients with unknown duration *p<v8.05



patients <lyear) although age, gender, log-transformed plasma @MPongitudinal LV
PSS in the 4-chamber view were similar.

Tables 6 and 7 show the univariate correlation coefficients forcali characteristics and
echocardiography variables with global and free wall RV PB8&tze results of the stepwise
multivariate regression analyses in the OMI group. Both global r&edwall RV PSS were
associated with heart rate, plasma BNP levels, chronicitlptV mass index, PVR, LV
PSS, and infarcted territories and the presence of residuabt¢otasion. Multivariable linear
regression analysis indicated that longitudinal LV PSS in thkamber view, BNP>500
pg/ml, and residual total occlusion in the culprit right coronamgranvere the independent
determinants of global RV strain. Longitudinal LV PSS in the 4-deawiew, BNP>500
pag/ml, Ml in the territory of the left circumflex artery veethe independent determinants of
free wall RV PSS. When patients were divided into 3 groups accaaliplgsma BNP levels
(BNP <100 pg/ml; n =31, 108BNP <500 pg/ml; n =24, and BNF500 pg/ml; n =16), only
patients with BNP-500 pg/ml had a strong correlation between RV strains and longatudi
LV PSS in the 4-chamber view (Figure 3) although global R&irsthad modest correlation
with longitudinal LV PSS patients with 106BNP <500 pg/ml. Figures 4 and 5 and
Additional files 1, 2, 3, 4, 5, 6: Movies1-6 show typical examples ofnstraaging (top) in
the LV apical 4-chamber views (Figure 4) and RV apical 4-chamiears (Figure 5), and
corresponding time-strain curves (bottom) in a normal subject,ienpatith OMI and low
plasma BNP level, and a patient with OMI and high plasma BNR. [Elie normal subject
had preserved LV and RV regional strains through a cardiac dyigerés 4A and 5A, and
Additional files 1 and 2: Movies for the LV and RV strain imagespectively). The patient
with OMI in the territory of left anterior descending artenyd low plasma BNP level (39
pg/ml) had mildly reduced segmental longitudinal LV strain in kbt apical and apical
anterolateral segments and normal free wall RV strain (sgdB and 5B, and Additional
files 3 and 4: Movies for the LV and RV strain images, respegjivéhe patient with OMI
in the all 3 coronary artery territories and high plasma B&NRII(955 pg/ml) had severely
reduced LV and RV strain (Figures 4C and 5C, and Additional filsds6: Movies for the
LV and RV strain images, respectively). Notably, this patient f@ddilated RV, normal
FAC, and normal estimated peak systolic pulmonary artery pressure of 25.mmHg



Table 6 Univariate and multivariate linear regression analysis of variables assaatied

with global RV PSS

Univariate Multivariate

Coefficients p Value B-coefficients p Value
Heart rate 0.29 0.02 - ns
Log BNP 0.43 <0.01 - ns
BNP>100 pg/ml 0.27 0.02 - ns
BNP >500 pg/ml 0.47 <0.01 0.25 0.02
Ml >1 year 0.26 0.03 - ns
PVR 0.39 <0.01 - ns
LV mass index 0.29 0.01 - ns
LV PSS (L: 4-chamber) 0.54 <0.01 0.30 <0.01
Infarction in the LAD territory -0.06 0.61
Infarction in the LC territory 0.30 0.01 - ns
Infarction in the RCA territory 0.19 0.12
Multi-vessel infarction 0.24 0.04 - ns
Residual total occlusion in the culprit LAD -0.03 0.81 - ns
Residual total occlusion in the culprit LC 0.18 0.13
Residual total occlusion in the culprit RCA 0.41 <0.01 0.26 0.01

RV right ventricular,PSS peak systolic strairBNP brain natriuretic peptidévil myocardial
infarction, LV, left ventricular,L longitudinal, LAD left anterior descending arteryC left
circumflex arteryRCA right coronary artery.

Table 7 Univariate and multivariate linear regression analysis of variables assaied

with free wall RV PSS

Univariate Multivariate

Coefficients p Value p-coefficients p Value
Heart rate 0.24 0.04 - ns
Log BNP 0.38 <0.01 - ns
BNP>100 pg/ml 0.23 0.06 - ns
BNP>500 pg/ml 0.40 <0.01 0.28 0.02
MI >1 year 0.23 0.06 - ns
PVR 0.30 0.01 - ns
LV mass index 0.28 0.02 - ns
LV PSS (L: 4-chamber) 0.45 <0.01 0.26 0.03
Infarction in the LAD territory -0.11 0.37
Infarction in the LC territory 0.31 <0.01 0.26 0.01
Infarction in the RCA territory 0.13 0.29
Multi-vessel infarction 0.13 0.29
Residual total occlusion in the culprit LAD -0.11 0.37
Residual total occlusion in the culprit LC 0.13 0.28
Residual total occlusion in the culprit RCA 0.36 <0.01 - ns

RV right ventricular,PSS peak systolic strairBNP brain natriuretic peptidévil myocardial
infarction, LV left ventricular,L longitudinal,LC left circumflex arteryRCA right coronary
artery.



Figure 3 Scatter plots depicting the correlation between global RV PSS and globiaV/
PSS in the apical 4-chamber view (left) and between free wall RV PSS agidbal LV
PSS in the apical 4-chamber view (right) in patient with BNP <100 pg/ml (top, A 31),
100<BNP <500 pg/ml (middle, n = 24), and BNB500 pg/ml (bottom, n = 16).

Figure 4 Examples of LV strain imaging in the apical four-chamber view (top) and
corresponding time-strain curves (bottom) from a normal subject (A)a patient with
OMI in the territory of left anterior descending artery and low plasma BNPlevel (B),
and a patient with OMI in the all 3 coronary artery territories and high plasma BNP
level (C).

Figure 5 Examples of RV strain imaging in the apical four-chamber view (top) and
corresponding time-strain curves (bottom) from the same subjestshown in the Figure
4.

Kaplan-Meier analysis

Kaplan—Meier event-free survival curves for the composite endpoinheaft failure

hospitalization and cardiovascular death were constructed, andcathtigterences between
patients with preserved and reduced indices of RV function weresassby the Log-rank
test. During the follow-up periods, there were 6 events (17 %) ienstivith preserved
global RV PSS above the median value, and 19 events (54 %) in thoseduted global

RV PSS. As shown in Figure 6, patients with reduced global RVaR8$hose with reduced
free wall RV PSS had a higher risk for composite heart failuspitalization and
cardiovascular death whereas conventional indices of RV functiondingllRV FAC and

TAPSE did not reach statistical significance probably because of samgllessize.

Figure 6 Kaplan—Meier event-free survival curves for the composite endpoint ofdart
failure hospitalization and cardiovascular death Patients are stratified by global RV PSS
(left top), free wall RV PSS (right top), RV FAC (left bottom), and TAPSEh{ripttom).

Inter-observer and intra-observer variability were 5.7 + 4.4 and 3.6 %3& global RV
PSS and 5.4 + 3.6 and 3.8 £ 3.7 % for free wall RV PSS.

Discussion

The major findings of our study include the following: 1) longihadiRV strain was reduced
in patients with OMI in the absence of RV infarction, and 2) R¥istdepends highly on
longitudinal LV strain especially in patients with high plasmaPBNvels. Although LV
dysfunction is considered a major mechanism underlying the develbmhéeart failure,
several studies have shown the pivotal importance of RV function. Recerveral
experimental and clinical studies have demonstrated that longitdaivcdilon mainly reflects
global RV systolic function [5,15,16] and is associated with patient outcome [17,18].

The mechanisms leading to RV dysfunction following Ml in the inyocardium are not
completely clear [19], but it is frequently assumed that LMufai causes pulmonary
hypertension and increased RV afterload leading to RV remodelingdgsidinction.
However, the results obtained in the present study suggest thainfpogtion RV
dysfunction is not solely governed by RV afterload. Optimal oedin therapy including



diuretics successfully prevented pulmonary hypertension, enlargemdre afht ventricle
and reduction of FAC in the majority of the study population. Nevedbgehoth longitudinal
RV strain and TAPSE were reduced in patients with OMI, as showkdditional file 6:

Movie. Toldo et al. assessed changes in LV and RV dimensions andofuactd their
association with the presence and degree of pulmonary hypertehsieek following

experimental acute Ml involving the LV free wall in 10 mice [ZDhey found that RV FAC
and TAPSE declined by 33% and 28% respectively; however, invasivehsured RV
systolic pressure was within the normal values and unchanged follogutey MI. Therefore,
they concluded that RV dysfunction develops independent of changes in RV afterload.

Infarction or ischemia of the RV and/or the septum are commortienggawith Ml and can
also contribute to abnormal RV systolic function. Residual totalusmst in the right
coronary artery was one of the independent contributors of reduced BgbBES in the
present study, indicating that residual ischemia in the right coraréery may affect RV
function. Contraction of the interventricular septum contributes to ef@étion [21] and
efficient RV performance is determined by the proper functiortaligcof the free wall and
the interventricular septum [22]; therefore, RV functional detation may progress in part
through infarcted myocardium in the septal segments that arellgasupplied by the right
coronary artery. The present study demonstrated that Ml in titertgof the left circumflex
artery negatively affects longitudinal free wall RV systolunction. The posterolateral
branches of the left circumflex artery supply a portion of théegpios RV free wall in <10%
of hearts [9]. Therefore, LV infarction in the territory oftlefrcumflex artery may cause
occult RV infarction. Nevertheless, our study demonstrated thatlisystrain in the RV free
wall segments reduced significantly and was independently atssbeveh longitudinal LV
function as assessed by using speckle-tracking strain echocardiography.

Other potential mechanisms underlying RV free wall dysfunctiotudiec neurohumoral
activation or inflammation [23]. We found that plasma BNP levelassociated with
longitudinal RV dysfunction. Interestingly, a strong correlatiotwieen LV and RV function
was observed only in patients having plasma BNP levels above 500 pgWhl. i8
synthesized predominantly in the left ventricle as a reactiomrdiac wall distension and
stretching, and elevated plasma BNP level correlated dirggtty NYHA score, intra-
ventricular pressure, pulmonary pressure, and prognosis [24]. Shahegtoaied that BNP
levels >500 pg/ml at discharge was a stronger predictor of mpitalpatients hospitalized
with acute HF [25]. Vogelsang et al. demonstrated a negativelation between RV
systolic function and BNP levels in patients affected with gastemic cardiomyopathy [26]
and suggested that circulating BNP might be synthesized ingtieventricle if the RV is
exposed to excessive pressure and/or volume loading. However, in seatpseudy, the
majority of patients had normal RV size and normal peak systolqnary artery pressure,
indicating that the elevated BNP levels were primarily ugynthesized BNP in both infarct
and non-infarct sites in the left ventricle. Therefore, our dataatelicthat process of RV
myocardial dysfunction following MI may be governed by neurohormaotation which
causing ventricular remodeling [27] response to altered LV wastrather than increased
RV afterload.

RV function provides strong prognostic information in patients witf2yg8]. Antoni et al.
demonstrated that indices of RV function including RV strain weong predictors of the
composite end point all-cause mortality, reinfarction, and hosptializéor heart failure in
patients with acute MI treated with primary percutaneous coronagrvention [28].
Similary, reduced RV strain is strongly associated with poadi@asscular outcomes in



patients with OMI in the present study although conventional indiceR\offunction
including RV FAC and TAPSE did not reach statistical sigaifie probably because of
small sample size.

Study limitations

Limitations of this study include the small sample size anmbspéctive nature of data
collection. For example, although no significant relationships between aR LV
longitudinal functions both in patients with BNP <100 pg/ml and patietit &0 <BNP
<500 pg/ml were observed, these results can be due to type .2Fembiermore, there was a
heterogeneous distribution of RV function in our study population. Invasiessyne
measurements were not used in this study. Therefore, peak sgatolinary artery pressure
and PVR estimated by using Doppler echocardiography were recastenarkers of the
severity of RV pressure overload. However, Doppler-derived estinsatof these
hemodynamic indices are widely recognized to work well witlhuianeous catheter-derived
measurements and are widely used clinically. Quantitativessssmt of myocardial
infarction size was not involved in the present study. Although wesssd the potential
impact of residual total occlusion in the culprit lesion responstsi® on RV function, the
presence and severity of stress-induced myocardial ischemiaotvasaluated in our study.
Finally, three dimensional myocardial tracking in both the left igiat ventricle would be
warranted for the precise understanding of the pathophysiologezianism responsible for
RV functional impairments after Ml.

Conclusion

Speckle-tracking echocardiography effectively quantified andackenized the RV systolic
function and its association with the LV myocardial impairment trepts with OMI. Our
data showed that longitudinal RV systolic strain depends highly aitlminal LV systolic
strain, especially in patients having high plasma BNP levels.eTitessilts may indicate that
longitudinal RV dysfunction following MI does not owe fully to exceesafterload but also
due to neurohormonal activation which causing ventricular remodeling resporadtered
LV wall stress. Application of speckle-tracking echocardiograpgioy conventional
measurements of ventricular function could provide a more thorough and afamtit
pathophysiological characterization of functional RV adaptation followihg M
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Additional files

Additional_file_1 as AVI
Additional file 1: Movie 1 Left ventricular (LV) longitudinal strain image in the apical four-
chamber view from the same normal subject shown in the Figure 4A.

Additional_file_2 as AVI
Additional file 2: Movie 2 Right ventricular (RV) longitudinal strain image in the apical
four-chamber view from the same normal subject shown in the Figure 5A.

Additional _file_3 as AVI
Additional file 3: Movie 3 Left ventricular (LV) longitudinal strain image in the apical four-
chamber view from the same patient with old myocardial infarction shown in theeHg.

Additional _file_4 as AVI
Additional file 4: Movie 4 Right ventricular (RV) longitudinal strain image in the apical
four-chamber view from the same normal subject shown in the Figure 5B.

Additional _file_5 as AVI
Additional file 5: Movie 5 Left ventricular (LV) longitudinal strain image in the apical four-
chamber view from the same patient with old myocardial infarction shown in theeHg.

Additional _file_6 as AVI

Additional file 6: Movie 6 Right ventricular (RV) longitudinal strain image in the apical
four-chamber view from the same patient with old myocardial infarction shove iRigure
5C.
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