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to age and DM at baseline. Further including EF as a covariate does not improve
the multivariable model (P=0.1)

Univariate Full adjustments

HR (95% CI) P value HR (95% CI) P value

Age 1.1 (1–1.1) <0.01 1.1 (1–1.1) <0.01
Sex 1.2 (0.6–2.6) 0.6 1.1 (0.5–2.6) 0.8
BMI 1.0 (0.9–1.1) 0.6 1.0 (0.9–1.1) 0.4
DM 2.4 (1.2–4.8) <0.02 2.7 (1.2–5.7) 0.01
HTN 1.5 (0.7–3.1) 0.3 1.3 (0.6–2.7) 0.5
Impaired GLS 1.2 (1.1–1.2) <0.01 1.0 (0.9–1.1) 0.6
Impaired GLSR (0.1) 1.4 (1.3–1.5) <0.01 1.4 (1.2–1.5) <0.01
Impaired GCS 1.1 (1–1.2) 0.02 1.0 (0.9–1.1) 0.5
Impaired EF % 1.1 (1–1.1) <0.01 1.0 (1–1.1) 0.1

Conclusion: In inpatients at long-term risk of HF, impaired GLSR is indepen-
dently associated with an approximated 40% increased risk of new onset HF or
mortality over a 4-year period.
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Background: Two-dimensional speckle tracking echocardiography (2D-STE) has
been reported to be useful for the diagnosis of myocardial ischemia by detecting
delay in regional myocardial expansion (diastolic stunning) up to many hours after
an episode of angina. The hypothesis is that 2D-STE improves initial diagnosis
in patients with possible acute coronary syndrome (ACS) who visit emergency
department (ED) complaining of chest pain.
Methods: 388 consecutive patients with acute chest pain and without wall mo-
tion abnormality, who were admitted to an ED at 1 of 12 clinical sites in Japan,
were enrolled and underwent 2D-STE at ED. Left ventricular (LV) longitudinal, cir-
cumferential, transverse and radial strain values at aortic valve closure (A) and
one-third of diastole duration (B) were measured. The strain imaging diastolic in-
dex (SI-DI) was value was determined as: (A-B)/A×100% to assess the regional
LV active relaxation and was used to identify the regional LV delayed relaxation.
All patients underwent coronary CT or coronary angiography to establish the di-
agnosis of ACS. Clinicians were blinded to the 2D-STE results.
Results: Out of 388 patients, 2D-STE analysis was possible in 358 patients
(92%). With assessment of coronary CT or coronary angiography, ACS was diag-
nosed in 114 patients (29%). 2D-STE was obtained at a mean of 5.3 hours after
chest pain episode. SI-DI of longitudinal, circumferential, transverse and radial
strain of ischemic segments were significantly lower than those of non-ischemic
segments (30.4±18.4 vs. 73.1±25.4, 34.9±15.7 vs. 79.8±17.9, 38.7±18.3 vs.
81.3±23.5, 40.2±18.7 vs. 80.3±15.5, p<0.001, respectively), and transverse and
radial SI-DI demonstrated high diagnostic accuracy (area under the curve: 0.83,
0.78, respectively). Sensitivity, specificity, and negative predictive value for ACS
of transverse SI-DI are 80.5%, 67.0%, % and 90.4%, respectively, using a cut-off
value of 65.6 (odds ratio: 9.3, 95% confidence interval: 5.9 to 18.7).
Conclusion: In patients with acute chest pain evaluated at ED, normal SI-
DI could exclude ACS. Detection of diastolic stunning using 2D-STE at ER
is a promising technique for the improvement of the initial diagnosis of ACS
(UMIN000013859).
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Background: Left atrial (LA) reservoir longitudinal strain (LSTR) has been pro-
posed to be strongly dependent on LA volume. Whether LA LSTR predicts out-
comes independently of LA volume index (LAVI) and left ventricular (LV) LSTR is
controversial.
Purpose: We assessed the geometric determinants of LA LSTR and its associ-
ation with death or heart failure (HF) admission, independently of LA geometry
and LV LSTR.
Methods: We prospectively studied 640 adults without HF (n=419), HF with pre-

served ejection fraction (HFpEF, n=101), or HF with reduced ejection fraction
(HFrEF, n=120). We measured LA and LV LSTR using feature-tracking MRI.
Results: HFrEF was characterized by greater absolute LV cavity, wall and epi-
cardial volume, whereas HFpEF was characterized by abnormal relative LV and
atrio-ventricular geometry (higher LA/LV maximum volume ratio and LV wall-to-
cavity volume ratio). Both groups demonstrated LA enlargement. LAVI was asso-
ciated with LA-LSTR (β=-0.29; P<0.0001), but this association was entirely based
on relative LA-to-LV geometry, rather than absolute LV or LA volumes. Further-
more, LAVI was associated with LA strain independently of LV strain only in HFrEF
(but not in HFpEF or subjects without HF). Although the LA/LV volume ratio was
the key geometric determinant of LA-LSTR (β=-0.25; P<0.0001) in all groups, it
was not itself predictive of incident death or HF admission over a median follow-
up=37.1 months. In contrast, for any given LA size and global LV-LSTR, LA-LSTR
was independently associated with incident death or HF admission (Hazard Ra-
tio [HR]=0.63; 95% CI=0.47–0.84; P=0.0017). In analyses adjusted for clinical
factors, LAVI, and LV ejection fraction, LA-LSTR was associated with incident
adverse events (HR=0.70; 95% CI=0.51–0.96; P=0.0291; Figure), whereas LV-
LSTR was not (HR=1.15; 95% CI=0.84 to 1.56; P=0.37).

Conclusions: LA-LSTR is closely associated with the relative atrioventricular ge-
ometry, rather than LA size per se. LA-LSTR is predictive of incident adverse
events independently of LA size and LV LSTR.
Funding Acknowledgements: NIH grants R56HL-124073-01A1 (JAC), R01 HL
121510-01A1 (JAC), 5-R21-AG-043802-02 (JAC) and a VISN-4 grant (JAC).
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Background: Color Tissue Doppler imaging (TDI) M-mode through the mitral
leaflet is an easy and precise method to obtain cardiac time intervals. Our aim was
to investigate if increased isovolumic contraction time (IVCT) as an early marker
of systolic dysfunction could predict heart failure (HF) in the general population.
Methods: A total of 1,915 participants from the general population underwent a
general health examination including TDI echocardiography. The IVCT was mea-
sured. The primary endpoint was HF. Prevalent HF was excluded (n=23).
Results: During a median follow-up time of 11 years, 123 (6.4%) participants
were diagnosed with HF.
The risk of HF increased incrementally with increasing tertiles of IVCT, being
approximately two-fold higher in the 3rd tertile as compared to the 1st tertile (HR
2.53; 95% CI (1.62–3.97), p<0.001) (figure). Assessing the association between
IVCT and incident HF the risk increased with 29% per 10ms increase in IVCT
(per 10 ms increase: HR 1.29; 95% CI (1.18–1.42), p<0.001). The association
remained significant after adjusting for age, gender, hypertension, diabetes, body-
mass index, previous ischemic heart disease, systolic blood pressure, heart rate,
pro-BNP, eGFR, ejection fraction <50%, left ventricular mass index, E/e’, E/A and
the deceleration time (DT), (per 10ms increase: HR 1.19; 95% CI (1.03–1.37),
p=0.022).

Figure 1
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Conclusion: In a low risk general population, the IVCT provides novel prognostic
information on the long-term risk of HF.
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Introduction: The determinants of cardiac stroke volume (SV), which is the final
output of ventricular function, have been incompletely established. In particular
it is unclear whether right ventricular function contributes to cardiac output inde-
pendently of left ventricular (LV) and valves function.
Methods: Unselected consecutive patients were prospectively enrolled in multi-
ple Italian centers.
A comprehensive echocardiographic evaluation was performed. LV volumes and
ejection fraction (EF) were measured by means of biplane Simpson meth-
ods. Right ventricular function was measured by tricuspid annulus displacement
(TAPSE). SV was measured at left ventricular outflow tract level. Tissue Doppler
was performed and systolic (S’) and diastolic tissue velocities registered. Aver-
aged E/E’ was measured. Mitral (MR), tricuspid (TR) and aortic (AR) regurgita-
tion were semi-quantitatively evaluated. Systolic pulmonary pressure (sPAP) was
measured by TR velocity.
Results: 1253 patients (mean age 65.5±15.1; male 54.5%) were included. Pa-
tient presented an EF of 56.2±10.9% (18.8% with an EF below 50%), mean
TAPSE of 21.4±4.2 mm and E/e’ of 10.2±6.3. At univariate analysis, EF, S’, E/E’,
EDV, AF, TR, AR and TAPSE were associated with SV (p<0.0001 for all). After
adjustment for confounders, TAPSE maintained an independent association with
SV (OR 1.4; 95% CI 1.1–2.2; p<0.0001). The role of TAPSE is maintained even
in the subgroups of EF impairment, diastolic dysfunction and pulmonary hyper-
tension (Table).

TAPSE and SV in different subgroups

Odds Ratio 95% CI p value

EF ≥50% 1.47 1.02–1.91 <0.001
EF <50% 1.41 0.68–2.15 <0.001
E/e’ ≥14 2.32 1.20–3.44 <0.001
E/e’ <14 1.29 0.77–1.82 <0.001
sPAP ≥35 mmHg 1.82 1.25–2.39 <0.001
sPAP <35 mmHg 1.46 0.55–2.37 0.002

Discussion: SV is the final product of a complex interplay of multiple factors. Our
data shows that TAPSE has an important independent and incremental role in
its determinations. The present study underlies that a careful evaluation of right
ventricular function is crucial in understanding cardiac dynamics.
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Background: Subtle impairments in left ventricular (LV) function and geometry
are common findings in diabetic individuals. However, whether these impairments
precede the development of Diabetes Mellitus (DM) is not entirely clear.
Methods: Echocardiograms from 1694 individuals from the general population
free of prevalent diabetes mellitus or heart failure were analyzed by conventional
and tissue Doppler imaging methods. Left ventricular (LV) concentric geometry
was defined as either LV concentric remodeling or LV concentric hypertrophy
as directed in contemporary guidelines. The severity of LV concentricity was as-
sessed by relative wall thickness (RWT) calculated as posterior wall thickness
(PWT) indexed to left ventricular internal diameter at end diastole (LVIDd) (RWT
= 2*PWT / LVIDd). End point was incident DM.
Results: Median follow-up time was 12.6 years (IQR: 12.0–12.8 years). Follow-
up was a 100%. A total of 55 participants (3.3%) developed DM during follow-
up. At baseline, the prevalence of a concentric LV geometric pattern was signifi-
cantly higher (41.8% vs 20.3%, p<0.001) in individuals who developed DM dur-
ing follow-up. In a final multivariable model adjusting for age, sex, systolic blood
pressure, smoking status, total cholesterol levels, triglyceride levels, BMI, blood
glucose, HbA1C levels, prevalent ischemic heart disease and A wave velocity,
LV concentric geometry and RWT remained significantly associated with incident
DM (LV concentric geometry: HR 2.06, 95CI 1.15–3.71, p=0.016) (RWT: HR 1.43,
95CI 1.08–1.90, p=0.012, per 0.1 increase). This association remained despite
adjustment for established risk factors for DM.

Incident diabetes and LV concentricity

Conclusion: Altered LV geometry may precede the development of DM. LV con-
centric geometry determined by echocardiography and the severity of LV concen-
tricity evaluated as RWT are associated with incident DM in the general popula-
tion.
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Background: Assessment of global longitudinal strain (GLS) is superior to ejec-
tion fraction (EF) in evaluation of left ventricular (LV) dysfunction in patients with
stabile coronary artery disease (CAD). However, the role of mechanical disper-
sion (MD) in this context is unresolved.
Objectives: We aimed to evaluate the potential role of MD as marker of subtle
LV dysfunction and long-term prognosis in patients with stable CAD.
Methods: EF, GLS and MD were assessed in 160 patients with stable CAD, one
year after successful coronary revascularization. Serum levels of high-sensitivity
cardiac troponin I and amino-terminal pro B-type natriuretic peptide were quanti-
fied as markers of LV dysfunction. The primary end point was defined as all-cause
mortality, whereas the secondary end point was defined as the composite of all-
cause mortality and hospitalization for acute myocardial infarction or heart failure
during follow-up.
Results: MD was successfully quantified in 98% of the patients (46±14 ms,
[mean±SD]). There were no significant associations between EF and the bio-
chemical markers of LV dysfunction, while both MD and GLS correlated with hs-
cTnI (R=0.450 and R=0.307, p<0.01) and NT-proBNP (R=0.379 and R=0.202,
p<0.05). During a mean (±SD) follow-up of 8.5±0.4 years, 14 deaths and 29 sec-
ondary events occurred. Only MD was significantly increased in nonsurvivors,
and also associated with both the primary and secondary end point in a Cox
regression model, after adjustment for EF and GLS.
Conclusions: In patients with stable CAD, MD may be a promising marker of
subtle LV dysfunction and adverse prognosis.

CLINICAL USEFULNESS OF CARDIAC CT
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Background: Ablation above pulmonary sinus of Valsalva (PSV) becomes in-
creasingly common in certain ventricular outflow arrhythmia. Understanding of
the regional anatomy is intensively concerned to avoid procedure complications.
Purpose: To describe the anatomic relationships of pulmonary sinus of Valsalva
(PSV) to its adjacent structures using analysis of computed tomographic coronary
angiograms (CTCA).
Methods:We studied 145 patients investigated for chest pain with CTCA. The re-
lationships between the PSV and adjacent structures were described by analysis
of 2-dimensional images and 3-dimensional reconstructions.
Results: The left adjacent sinus (LAS) located within 5 mm of the left main coro-
nary artery (LMCA) in 67% (within 2 mm in 19%) and from the LAD in 87% (within
2 mm in 36%). The anterior sinus (non-adjacent sinus) was within 5 mm of the
left anterior descending coronary artery (LAD) in 1% and out of 5 mm from LMCA
in all cases. 93% LAS was within 5 mm of the left aortic sinus of Valsalva (within
2 mm in 27%), remaining 80% right adjacent sinus (RAS) within 5 mm from as-
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