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Longitudinal, circumferential and radial systolic left ventricular function
in patients with heart failure and preserved ejection fraction

Zdenka Gregorova®*®, Jaroslav Meluzin®®, Radka Stepanova, Jan Sitar*®, Helena Podrouzkova®®, Lenka Spinarova®

Introduction. Heart failure with preserved left ventricular ejection fraction (HFPEF) is an epidemiologically serious
disease. Noninvasive diagnosis of HFPEF remains challenging. The current diagnosis is based on evidence of diastolic
dysfunction, albeit systolic dysfunction is also present but not included in the diagnostic algorithm. The aim of this study
was to analyze the longitudinal (long), circumferential (circ) and radial (rad) component of systolic left ventricular (LV)
function in patients with exertional dyspnea of unexplained etiology and normal left ventricular ejection fraction (LVEF).
Methods. One hundred and twenty-two patients with exertional dyspnea of unexplained etiology and normal LVEF
and 21 healthy controls, underwent echocardiography examination at rest and at the end of symptom-limited exercise.
We analysed the longitudinal, circumferential and radial deformation of myocardium using two dimensional speckle
tracking echocardiography in all subjects.

Results. Patients with exertional dyspnea and preserved LVEF were divided into group A1 (46 patients meeting the
criteria for the diagnosis HFPEF) and group A2 (76 patients without HFPEF). Group A1 had significantly worse longi-
tudinal and circumferential systolic LV function than group A2. Subjects in group A1 compared to group A2 showed
significantly different strain rates during atrial contraction (SR A), circ and ratio of peak early trans-mitral flow velocity
(E) and strain rate E wave (E / SR E) circ. Multivariate logistic regression analysis showed that the SR parameter A circ is
an independent predictor of HFPEF (odds ratio 0.550, 95% confidence interval: 0.370 - 0.817, P value 0.003).
Conclusion. Longitudinal and circumferential LV deformation was significantly more impaired in patients with HFPEF
than in patients with exertional dyspnea without HFPEF. In patients with exertional dyspnea and normal LVEF, the
value of SRA circ appears to be a significant and independent predictor of HFPEF. This parameter may, in the future
complement the diagnostic algorithm for HFPEF.
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ventricular systolic function, heart failure with preserved ejection fraction

Received: October 6, 2015; Accepted with revsion: February 9, 2016; Available online: March 4, 2016
http://dx.doi.org/10.5507/bp.2016.007

“Department of Cardiovascular Diseases, Masaryk University, Brno and St. Anne s University Hospital in Brno, Czech Rrepublic
®Department of Cardiovascular Diseases, International Clinical Research Center, St. Anne s University Hospital in Brno, Czech Rrepublic
‘International Clinical Research Center, ICRC Brno, Czech Republic

Corresponding author: Zdenka Pospisilova, email: gregorovaz@fnusa.cz

INTRODUCTION ential left ventricular systolic functio®. Discrepant results
may be due to varying degrees of LV systolic dysfunction

Heart failure with preserved left ventricular ejection  in patients with HFPEF in the populations studied. As

fraction (HFPEF) is a common disease with a morbid-  shown by Paulus et al.? a noninvasive diagnosis of HFPEF

ity and mortality not significantly different from heart remains challenging with the necessity to combine a num-

failure with depressed left ventricular function (HFREF)  ber of parameters to build a definite diagnosis. The aim of

(ref.!3). Patients with HFPEF have diastolic and systolic  this study was hence to assess the longitudinal, radial and

heart failure despite normal left ventricular ejection frac-  circumferential LV function in patients with exertional

tion (LVEF) (ref.*7). A noninvasive diagnosis of HFPEF  dyspnea and normal LVEF and to determine new key

is based on the evidence of diastolic dysfunction but the  diagnostic parameters for HFPEF.

presence of systolic dysfunction is not currently included

in the diagnostic algorithm®. Evaluation of deformation

(strain, S) and strain rate (strain rate, SR) using 2D speck- METHODS

le tracking echocardiography quantifies the longitudinal,

circumferential and radial component of LV systolic func-  Study cohort

tion. There is substantial evidence for impaired single de- Patients with chronic exertional dyspnea and nor-

formation parameters in patients with HFPEF (ref.!°).  mal LVEF (> 50%) in sinus rhythm were included in the

Some authors stress the longitudinal dysfunction®, oth-  study. Subjects were selected from patients examined at

ers emphasise both longitudinal and circumferential® and 1. Department of Internal Medicine/Cardioangiology of

some report impaired longitudinal, radial and circumfer-  St. Anne’s University Hospital. All patients underwent
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elective invasive coronary angiography and those with sig-
nificant coronary artery disease were excluded. In total,
122 patients (group Al and group A2) and 21 healthy
controls were involved in the study. Group Al (n = 46)
included patients meeting the criteria for the diagnosis
HFPEF. Group A2 (n = 76) included patients without
HFPEF. HFPEF was defined according to the criteria
established by Paulus?, which defines the value of other
parameters used in the diagnosis HFPEF. Also patients
with exercise-induced HFPEF were enrolled in group Al.
The criteria were defined as increase in the ratio of peak
early transmitral flow velocity (E) and peak early diastolic
annular velocity (E")-E / E'>15 or E / E'> 13 while mea-
suring on septal annulus'. The third group consisted of
healthy controls (group B, n = 21). All subjects underwent
complete laboratory blood testing, spirometry, coronary
angiography, electrocardiogram, chest X-ray, echocardiog-
raphy and bicycle ergometry.

Exclusion criteria were as follows: presence of sig-
nificant stenosis of coronary artery (a value up to 40%),
congenital heart disease, valvular heart disease, cardiomy-
opathy, pulmonary disease, liver and renal insufficiency
and anemia. Healthy controls had no risk factors (hy-
pertension, diabetes mellitus or hypolipoproteinemia)
for developing HFPEF. Informed written consent was
obtained from each patient and the study protocol con-
formed to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the St Anne’s
University hospital institutional Review Board.

Laboratory testing

The following serum parameters were measured: re-
nal parameters (urea, creatinine, clearance of creatinine),
ions, liver function parameters (alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, biliru-
bin), blood count and N-terminal fragment of pro-brain
natriuretic peptide (NT-proBNP) in serum as a marker
of heart failure.

Coronary angiography and spirometry

An assessment of coronary artery disease was per-
formed by CT angiography or invasive coronary angiog-
raphy.

Forced expiratory volume in one second (FEV1) and
forced vital capacity (FVC) and their ratio were measured
by standard spirometry. A value below 70% for any of the
three parameters was considered pathological, and these
patients were excluded from the study.

Echocardiography

Echocardiography was performed by the ultrasound
systems Vivid 7 and 9 (GE, Milwaukee, WI, USA with
M3S and MS5S probes). All subjects were examined at
rest and after physical exercise. In resting conditions,
four-chamber(4-CH), two-chamber (2-CH) apical projec-
tion, short parasternal projection (PSAX) at the level of
the mitral valve, papillary muscles and the apex and long
parasternal (PLAX) projection were recorded. From the
apical 4CH view, the Doppler assessment of flow veloci-
ties on the mitral and aortic valves, and also in the pul-

monary vein was obtained. LVEF was determined using
Simpson's method from the 4-CH and 2-CH projection.
Tissue Doppler of mitral annular motion was recorded
in the septal and lateral position. Left ventricular dimen-
sions were measured as recommended by the European
Association of Echocardiography'*.The moment of aortic
valve closure (AVC) was set at the end-systole on the aor-
tic valve Doppler flow for the calculation of endsystolic
strains by speckle tracking assessment. Exercise echocar-
diography was performed immediately after physical ex-
ercise in the same body position as the rest examination.
Measurements were always performed within 90 seconds
following exercise. All data were saved and digitally ana-
lyzed using the system EchoPAC PC versions 6.1.0 and
108.1.5. (GE Medical Systems, Horten, Norway).

Bicycle ergometry

Bicycle ergometry was performed for quantification
of exertional dyspnea and assessment of LV diastolic
function. A bicycle ergometer (Kettler X7S, Siemens,
Germany) was used for the examination. The examination
was performed in sitting position. The initial workload
was set at 25 W and was increased every two minutes by
25 W up to subject tolerance. The examination was dis-
continued when shortness of breath or fatigue of the lower
limbs occurred. Maximal exercise tolerance was measured
in Metabolic Equivalents units (METs) as recommended
by the American College of Sports Medicine'.

2D strain and strain rate assessment

The offline evaluation was performed in two basic ac-
quired projections. Circumferential and radial deforma-
tions were evaluated in PSAX projection at the level of
papillary muscles while the longitudinal deformation
was assessed in the apical 4-CH projection. Four to five
cardiac cycles were recorded in each projection during
echocardiographic examination. Two to three cycles of
myocardial contraction were assessed from each record,
the first and last cycle were not analyzed. The evaluation
was done manually by placing tracing lines of endocar-
dium in endsystole. The software detected automatically
the area of evaluation and myocardium was divided into
6 segments, which were analyzed using speckle tracking.
Global longitudinal peak systolic (syst strain) and end-
systolic strain (endsys strain) and also the value of longitu-
dinal strain rate were assessed from the 4-CH projection.
Peak systolic strain was determined as the maximum
value of strain in systole, endsystolic strain was deter-
mined on the deformation curve at the moment of AVC.
Circumferential endsystolic and systolic strain and strain
rate (SR) and endsys radial strain (strain endsys rad) were
determined from PSAX projection at the level of papillary
muscles. SR rad values and peak systolic strain rad were
not determined because the radial evaluation software did
not create global curve. The curves were not evaluated, in
case of poor image quality in given projections.

Statistical analysis
Basic clinical characteristics and parameters of con-
ventional and speckle tracking echocardiography were
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analyzed and compared between the groups. To describe
the basic data standard statistical measurements were
used: absolute and relative frequencies for categorical
variables, the median with the lower (25%) and upper
(75%) quartile for continuous variables. Most variables
did not present a normal distribution (Shapiro-Wilk test),
and therefore non-parametric tests were used. For com-
parison of all three groups (A1, A2 and B) in continu-
ous parameters, the Kruskal-Wallis test was conducted.
For a detailed comparison between the groups, Mann
Whitney test with Bonferroni correction for multiple com-
parisons was performed. A chi-square test was applied
to compare the groups of categorical data. Correlation
of parameters SR circ A and E / E' was evaluated by cal-
culating Spearman's correlation coefficients. Univariate
and multivariate regression analysis were performed to
determine the predictors of HFPEF and relation of pre-
dictors. Predictors were searched for group Al (patients
with HFPEF) towards the group A2 (patients without
HFPEEF) as a reference. Various multivariate models were
used for parameters with potential predictive power (pro-
viding at least P < 0.1 in univariate logistic regression).
Logistic regression coefficients and standard errors (SE)
and P-values are presented together with the Odds Ratios
(OR) and their 95% confidence intervals. Receiver oper-
ating characteristic curves (ROC) were constructed to

identify the sensitivity, specificity and the area under the
curve (AUC) and optimal cutoff values of independent
predictors of the presence HFPEF. Results with P-values
<0.05 were considered statistically significant.

RESULTS

Basic demographic characteristics of the study popula-
tion are summarized in Table 1.Patients in group A were
significantly older, used more diuretics and beta-blockers
than patients in group A2, however there were no sig-
nificant differences in ACE inhibitor usage between the
groups (Table 1). Serum creatinine levels were generally
lower in the control group compared to group Al and A2.

Systolic blood pressure was significantly higher in pa-
tients (groups Al,2) versus controls.

Parameters of conventional and speckle tracking echo-
cardiography are shown in Table 2. Patients in group Al
differed from group A2 in echocardiographic parameters
important for diagnosing HFPEF, such as left atrial vol-
ume index (Lavi), deceleration time of the E wave (DT),
E', E / E'. Furthermore, patients in group A1 had signifi-
cantly lower absolute values of long peak systolic and end-
systolic strain and SR A circ in comparison to group A2.
On the other hand ratio E / SR E circ was significantly

Table 1. Baseline clinical parameters.

Group Al Group A2 Group B P
Demographics
Age (years) 68.5 (7.95) 63.3 (7.90)° 63.1 (7.17)° 0.001
Males 14 (30.4 %) 20 (26.3 %) 8 (38.1 %) 0.566
Hypertension (n) 40 (87.0 %) 68 (89.5 %) NA 0.381
Diabetes (n) 15 (32.6 %) 19 (25.0 %) NA 0.413
Hyperlipidaemia (n) 29 (63.0 %) 35 (46.1 %) NA 0.093
Obesity (n) 23 (50.0 %) 27 (35.5 %) 5(23.8%) 0.092
BMI (kg/m?) 29.5 (4.51) 28.9 (4.91) 27.4 (3.83) 0.186
Medication
Diuretics (n) 27 (58.7 %)* 32 (42.1 %)° NA 0.010
Beta-blocers (n) 34 (73.9 %)* 36 (47.4 %)® NA 0.006
Hypolipidaemics (n) 30 (65.2 %) 40 (52.6 %) NA 0.228
ACEIi/AT I (n) 33 (71.7 %) 50 (65.8 %) NA 0.630
Aspirin (n) 14 (30.4 %) 35(46.1 %) NA 0.068
Laboratory
Creatinine in serum (umol/L) 83.7 (16.58)° 80.8 (16.59)° 72.6 (10.40)° 0.035
NT-proBNP (ng/L) 446.3 (422.12)* 122.5 (88.86)° 99.4 (83.94)° <0.001
Vital signs
Systolic BP (mmHg) 135.9 (19.67)* 131.3 (15.09)2 122.9 (11.02)° 0.036
Diastolic BP (mmHg) 84.7 (9.91) 83.8 (8.45) 81.0 (5.15) 0.214
Heart rate (bpm) 71.5 (12.59)* 74.0 (12.00)*° 79.5 (10.60)° 0.028
NYHA 2.5(0.50)* 2.1(0.33)° NA <0.001

P: statistical test comparing groups Al, A2, B

abe: marks of mutual statistically significant differences between the compared variants Al, A2, B
(i.e.: * for group Al, ® for group A2 and ® for group B in a specific row signifies there is a difference between groups Al and A2, and Al and B,

but no difference between A2 and B.)

NA: not available, BP: blood pressure, BMI: body mass index, ACEi: angiotensin-converting enzyme inhibitor, AT II: angiotensin II receptor

blocker, NT-proBNP: N-terminal pro B-type natriuretic peptide
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higher in group A2. Additionally, there was a significant
difference between the A1 and A2 group in long and circ
SR, circ endsystolic parameters, peak systolic strain and
in ratio E / E SR long. Due to a poor echocardiography
image quality, long S and SR were not evaluated in 6 pa-
tients (4.9%) and circ S and SR S in 17 patients (13.9%).

Importantly, the multivariate analysis revealed that
SR A circ, E’ parameters and N-terminal B-type natri-
uretic peptide (NT-proBNP) were independent predictors
of HFPEF (Table 3 and 4). An increase in the E' param-
eter of 1 reduced the chance of inclusion of the patient in
group Al (patients with HFPEF) by approximately 63%
(0.37x) against inclusion in group A2. NT-proBNP and
E' are already used in the diagnosis of HFPEF. Thus we
were interested in the outcome of SR A circ. An increase
of the parameter SR A circ in 0.1 decreased the chance to

include patients in group Al (patients with HFPEF) by
about half (0.55x) against inclusion in group A2.

In the ROC analysis, SR A circ the cut-off value was
set at 0.7 with a specificity of 70.9% and sensitivity of
64%. Correlation of SR A circ and E / E' ratio, the value
of rs was - 0.252 at P=0.024.

DISCUSSION

In this study, we assessed the longitudinal, circumfer-
ential and radial components of LV systolic deformation
by 2D speckle tracking echocardiography. The main aim
of the study was to determine the potential predictor value
of systolic deformation parameters in the diagnosis of
HFPEF. We showed that the longitudinal and circumfer-

Table 2. Echocardiographic conventional and speckle tracking parameters.

Group Al Group A2 Group B P

Conventional echocardiography

EDVi (mL/m?) 46.8 (11.54) 45.0 (8.75) 44.3 (8.39) 0.528
ESVi (mL/m?) 16.8 (5.89) 15.1 (4.29) 13.8 (3.94) 0.154
LV EF (%) 64.7 (6.35)* 66.6 (5.96)*° 69.5 (3.91)° 0.008
LV mass index (g/m?) 103.5 (26.65)* 83.5 (17.15)° 84.2 (17.70)* <0.001
LAVi (mL/m?) 35.4 (9.36)° 28.0 (6.48)° 28.2 (5.33)° <0.001
Ard-Ad (ms) -12.0 (20.17) -15.1 (17.30) -9.5(17.87) 0.534
E (cm/s) 79.6 (18.08)* 72.2 (15.47)° 70.8 (11.64)° 0.026
A (cm/s) 89.1 (16.98)* 77.7 (13.07)° 72.6 (10.64)° <0.001
DT (ms) 191.8 (40.38)* 179.9 (28.55)° 166.6 (21.18)° 0.013
E/A 0.9 (0.26) 0.9 (0.22) 1.0 (0.13) 0.235
E’(cm/s) 7.6 (2.13) 9.1 (1.93)®° 9.6 (1.29)"° <0.001
E/E’ 10.9 (2.64) 8.2 (1.93) 7.5 (1.65)° <0.001
A’(cm/s) 9.5 (1.95) 10.8 (2.15)° 11.0 (1.63)° 0.005
E’/A’ 0.8 (0.24) 0.9 (0.25) 0.9 (0.20) 0.055
S’ (cm/s) 7.3 (1.09) 8.8 (1.48)° 8.7 (L1.11)° <0.001
Speckle tracking

SR S long (L/s) -0.9 (0.21)* -1.0 (0.22)? -1.2 (0.24)° 0.002
SR E long (L/s) 1.1 (0.47) 1.2 (0.39) 1.4 (0.30)° 0.013
SR A long (L/s) 0.8 (0.33)* 0.9 (0.25)** 1.0 (0.26)° 0.048
Syst. Strain long (%) -16.1 (5.56)* -18.5 (3.71)° -20.7 (3.26)¢ 0.001
Endsys. Strain long (%) -15.9 (5.63)° -18.3 (3.72)° -20.7 (3.26)° 0.001
SR S circ (L/s) -1.0 (0.32)* -1.2 (0.31)° -1.2 (0.28)° 0.021
SR E circ (L/s) 1.2 (0.36)* 1.4 (0.50)° 1.5(0.41)° 0.020
SR A circ (L/s) 0.7 (0.28)° 1.0 (0.33)° 0.9 (0.25)° 0.001
Syst strain circ (%) -17.8 (5.57) -20.8 (4.37)° -20.5 (4.65)*° 0.034
Endsys strain circ (%) -17.7 (5.65) -20.5 (4.46)° -20.1 (4.38)° 0.049
E/SR E long 84.2 (43.72) 71.0 (27.21) 55.6 (12.42)° 0.018
E/SR E circ 76.3 (26.15) 57.0 (22.67)° 52.5 (17.00)° 0.001
Endsys. Strain rad (%) 38.6 (14.14) 42.0 (16.52) 36.3 (18.89) 0.398

abe: marks of mutual statistically significant differences between the compared variants A1, A2, B
(i.e.: * for group Al, ® for group A2 and ° for group B in a specific row signifies there is a difference between groups Al and A2, and Al and B,

but no difference between A2 and B.)

iA: peak late transmitral flow velocity, A “: peak late diastolic annular velocity, DT: deceleration time of E wave, E: peak early transmitral flow
velocity, E “: peak early diastolic annular velocity, S ": peak systolic annular velocity

EDVi: end-diastolic volume index, ESVi: end-systolic volume index, EF: ejection fraction, LAVi: left atrial volume index, LV: left ventricular, Ad:
duration of late transmitral filling wave, Ard: duration of atrial reversal flow

SR: strain rate, long: longitudinal, circ: circumferencial, rad: radial, syst: systolic, endsyst: endsystolic
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ential systolic left ventricular function was significantly
reduced in patients with HFPEF. HFPEF patients had sig-
nificantly lower values of longitudinal peak systolic, end-
systolic strain and SR A circ in comparison to group A2
(patients with exertional dyspnoea). On the other hand
ratio E / SR E circ was significantly higher in HFPEF
patients than in the patients without HFPEF.

Previous research is not consistent in terms of impair-
ment in single deformation parameters in patients with
HFPEF (ref.”). Animal model have shown that decrease
in the longitudinal strain is a sensitive marker of HFPEF
progression'é. Moreover, patients with peak global longi-
tudinal strain < 15 have greater morbidity and mortality
in both HFPEF and HFREF (ref.”). Speckle tracking
echocardiography can be used as an indicator of treat-

ment outcomes in patients with heart failure’. The lon-
gitudinal component of systolic myocardial function is
often affected before development of circumferential or
radial impairment®. Other work indicates deterioration of
circumferential and longitudinal deformation at the end
of systole in patients with HFPEF compared to healthy
subjects!®!.

As shown by Cioffi et al."® circumferential and longitu-
dinal dysfunction and its combination are present in up to
one quarter of patients with HFPEF while radial systolic
LV function remains preserved'"". This is consistent with
our results as we found no significant difference in radial
function between patients with HFPEF and healthy con-
trols. This may be explained by the frequent occurrence
of left ventricular hypertrophy in patients with hyper-

Table 3. Echocardiographic conventional and speckle tracking parameters, selected demographic parameters, median and
quartile in addition.

(25% percentile-75% percentile) (25% percentile-75% percentile)

Group A2
Median

Group B
Median
(25% percentile-75%percentile)

Group Al
Median

Parameter
A (cm/s) 88.00 (76.00 - 105.00)
A’ (cm/s) 9.60 (8.00 - 11.00)
Ard-Ad (ms) -10.00 (-28.00; -1.00)
BMI (kg/m?) 29.50 (26.00 - 33.00)
DT (ms) 188.00 (166.50 - 209.50)
E (cm/s) 78.00 (67.00 - 91.00)
E/A 0.82 (0.68 - 1.10)
E/E’ 10.45 (9.20 - 12.40)
E/SR E circ 70.00 (56.92 - 87.27)
E/SR E long 65.08 (55.79 - 107.50)
E "(cm/s) 7.15 (6.30 - 8.70)
E'/A” 0.74 (0.59-0.89)
EDVi (mL/m?) 45.00 (39.00 - 55.00)

Endsys strain circ (%)
Endsys. Strain long (%)
Endsys. Strain rad (%)
ESVi (mL/m?)
Creatinine in serum
(umol/L)

LAVi (mL/m?)

LV EF (%)

LV mass index (g/m2)
NT-proBNP (ng/L)
NYHA

S’ (cm/s)

SR A circ (L/s)

SR A long (L/s)

SR E circ (L/s)

SR E long (L/s)

SR S circ (L/s)

SR S long (L/s)

Syst strain circ (%)
Syst. Strain long (%)
Heart rate (bpm)
Diastolic BP (mmHg)
Systolic BP (mmHg)
Age (years)

-18.00 (-21.70 -14.20)
-16.50 (-20.10; -12.00)
36.50 (30.60 - 45.20)
16.00 (12.00 - 21.00)
83.50 (71.00 - 98.00)

36.50 (31.00 - 41.00)

64.00 (60.00 - 69.00)

99.50 (85.00 - 118.00)
268.00 (178.00 - 681.00)

2.00 (2.00 - 3.00)

7.45 (6.70 - 7.90)
0.60 (0.50-0.90)
0.70 (0.50 - 1.00)

1.10 (0.90 - 1.30)

1.00 (0.60 - 1.30)
-1.00 (-1.30; -0.80)
-0.90 (-1.10; -0.80)

-18.00 (-21.70; -14.20)
-16.80 (-20.20; -12.00)
70.50 (62.00 - 79.00)
82.50 (80.00 - 90.00)

130.00 (120.00 - 150.00)
69.50 (62.00 - 73.00)

76.00 (68.00 - 89.00)
10.60 (9.30 - 11.75)
-14.00 (-25.00; -3.00)
28.00 (26.00 - 31.00)
176.00 (158.00 - 198.00)
71.00 (62.00 - 81.50)

0.92 (0.81 - 1.08)

7.85 (6.85-9.25)
53.13 (43.57 - 64.00)
65.00 (51.67 - 82.73)

9.05 (7.85 - 10.55)

0.86 (0.67 - 1.03)
43.50 (38.00 - 51.50)
-20.50 (-23.20; -17.50)
-18.25 (-21.40; -15.35)
41.50 (30.80 - 52.40)
15.00 (12.00 - 18.00)
83.00 (67.00 - 93.00)

28.00 (24.00 - 33.50)
66.00 (63.00 - 71.00)
82.00 (70.00 - 97.50)
96.65 (67.00 - 150.75)

2.00 (2.00 - 2.00)

8.55 (7.60-9.70)
0.90 (0.70 - 1.20)
0.90 (0.70 - 1.10)

1.40 (1.10 - 1.70)

1.20 (0.80 - 1.35)
-1.20 (-1.40; -1.00)
-1.05 (-1.20; -0.80)

-20.80 (-23.20; -17.90)
-18.25 (-21.65; -15.75)
73.50 (65.00 - 83.50)
80.00 (80.00 - 90.00)

130.00 (120.00 - 140.00)
64.00 (58.50 - 69.00)

73.00 (67.00 - 79.00)
11.20 (9.70 - 12.50)
-11.00 (-20.00 - 5.00)
28.00 (25.00 - 29.00)
161.00 (151.00 - 188.00)
70.00 (62.00 - 79.00)
0.99 (0.92- 1.03)
7.20 (6.30 - 8.80)
46.92 (40.50 - 62.31)
53.85 (47.65 - 58.18)
9.30 (8.80 - 10.30)
0.86 (0.78 - 0.99)
45.00 (41.00 - 49.00)
-21.20 (-23.20; -17.30)
-20.90 (-23.60; -19.00)
33.50 (22.90 - 46.80)
14.00 (11.00 - 16.00)
74.00 (67.50 - 79.50)

28.00 (24.00 - 32.00)
70.00 (67.00 - 73.00)
91.00 (72.00 - 94.00)
84.70 (41.00 - 120.00)
NA
8.70 (7.70 - 9.20)
0.90 (0.80 - 1.10)
1.00 (0.80 - 1.20)
1.30 (1.20- 1.90)
1.40 (1.10 - 1.60)
-1.30 (-1.40; -1.00)
-1.20 (-1.30; -1.10)
-21.30 (-23.50; -17.40)
-20.90 (-23.80; -19.10)
81.00 (72.00 - 84.00)
80.00 (80.00 - 85.00)
120.00 (120.00 - 130.00)
64.00 (59.00 - 66.00)
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tension or HFPEF (ref.!').Our results indicate, that the
study population was in the middle stage of the disease
as circumferential and longitudinal systolic function was
already impaired, whereas the radial function remained
preserved. The lack of consistency in studies on HFPEF
may be explained by various phases of HFPEF captured
in different studies. According to Petersen et al.'®, the
value of longitudinal, radial and circumferential strain cor-
relates with the patient's exercise tolerance.

Two-dimensional speckle tracking echocardiography is
an imaging method for measuring myocardial deformation
parameters "strain (S) and strain rate (SR)." These param-
eters describe systolic and diastolic myocardial function in
three mutually perpendicular planes?'?2. Speckle tracking
echocardiography imaging may be used for early detec-
tion of regional systolic and diastolic LV dysfunction®?**
in patients with preserved LVEF and cardiovascular risk
factors. It also may be used for detection of a variety of
heart pathologies reflected in myocardial function such
as ischemia, valvular disease or abnormal substances for
example proteins deposition.

The endocardium is sensitive to ischemia and is pref-
erentially affected by fibrosis, which increases with age
even in clinically asymptomatic individuals*%. The endo-
cardium consists mainly of longitudinal fibers. Therefore
it is not surprising that the longitudinal strain gradually
decreases with age?'. Longitudinal strain also decreases
with diminished myocardial perfusion?’, with isolated LV
non-compaction cardiomyopathy?® and cardiac amyloi-
dosis?. Impaired longitudinal systolic strain is associated
with an increased risk of serious cardiovascular disease
and atrial fibrillation®.

In the present study we focused on the assessment of
LV systolic function using 2D speckle tracking echocar-
diography. Diagnosis of early phase of HFPEF is often
difficult. Sometimes even the combination of non-invasive
tests is not sufficient to detect all patients with HFPEF
(ref’') and exercise testing is necessary to diagnose the
disease’?3. In patients with HFPEF a deterioration of
longitudinal systolic function detected by 2D speckle
tracking echocardiography is a far more accurate indica-
tor of abnormal LV systolic function than reduced sys-
tolic mitral annular velocity evaluated by the Doppler
echocardiography*. A new predictive factor is needed to
help in the diagnosis of early HFPEF stages; according
to our research SR A circ parameter seems to be a good
example. The lower the value of the SR A circ parameter,
the higher was the probability of HFPEF diagnosis. The
negative correlation of SR A circ and E / E' shown in our
study demonstrated a relationship between SR A circ and
LV filling pressures. The independent predictive value of
SR A circ in diagnosis of HFPEF needs to be confirmed
by other studies. Whether a positive SR A circ parameter
can complement the existing Doppler parameters for a
diagnosis HFPEF needs to be determined.

SRA circ parameter reflects the function of the left
atrium. It is well established that left atrial dysfunction is
associated with the development of HFPEF. An abnormal
strain of the left atrium in patients with sinus rhythm
may be associated with clinical manifestations of HFPEF.

Table 4. Asociation of potencial predictive factors with heart
failure with preserved ejection fraction, Univariate logistic
regression.

Parameters included ;445 Ratio (95% CI) P

in model

A (cm/s) 5 1.05 (1.02 - 1.08) <0.001
A’(cm/s) 1 0.74 (0.60- 0.92) 0.005
E (cm/s) 5 1.03 (1.00 - 1.05) 0.021
E/E 1 1.72 (1.38 - 2.15) <0.001
E/SR E circ 1 1.03 (1.01 - 1.05) 0.004
E (cm/s) 1 0.68 (0.55-0.84)  <0.001
E/A 0.1 0.16 (0.03-0.90) 0.037
Endsys strain circ (%) 0.1 1.13(1.02-1.25) 0.023
Endsys strain long (%) 0.1  1.13 (1.02-1.24) 0.014
LAVi (mL/m?) 5 1.13 (1.07 - 1.20) <0.001
LVmass index (g/m?) 5 1.05 (1.02 - 1.07) <0.001
NT-proBNP (ng/L) 20 1.01 (1.00 - 1.01) <0.001
NYHA 1 6.07 (2.45-15.03) <0.001
S’ (cm/s) 1 0.39 (0.26-0.59)  <0.001
SR A circ (L/s) 0.1 0.03(0.00-0.24) <0.001
SR E circ (L/s) 0.1 0.23(0.07-0.80) 0.02
SR S circ (L/s) 0.1 8.71(1.48-51.26) 0.017
SR S long (L/s) 0.1 18.12(2.29-143.35) 0.006
Syst strain circ (%) 0.1 1.14(1.02-1.27) 0.016
Syst strain long (%) 0.1 1.13(1.02-1.24) 0.017
Age (years) 5 1.09 (1.03 - 1.15) 0.001

Table 5. Asociation of potencial predictive factors with heart
failure with preserved ejection fraction, Multivariate logistic

regression.
Parameter Unit P Odds Ratio (95% CI)
NT-proBNP (ng/L) 20 0.001 1.208 (1.078 - 1.355)
E’(cm/s) 1 0.003 0.368 (0.192-0.708)
SR A circ (L/s) 0.1 0.003 0.550(0.370-0.817)

A decreased strain of the left atrium and left ventricle was
recently described in patients with HFPEF (ref.3+%¢). The
function of the left atrium (using strain rate) is highly
predictive of a final diagnosis of heart failure. The dys-
function of the left atrium may be one mechanisms for the
initial development of symptoms in patients with HFPEF
(ref.3*). A deterioration of the left atrium strain and hence
left atrium dysfunction is associated with increased left
ventricle end-diastolic pressure and increased NT-proBNP
levels¥.

Study limitations

Several limitations of the study need to be ac-
knowledged. Firstly, global longitudinal, radial and
circumferential S and SR were evaluated only in one
echocardiographic projection, it would be more accurate
to assess them using 3D echocardiography?®. The evalua-
tion software limited us to assess the global peak systolic
strain rad and rad SR. For this reason, we do not have
the results to compare with the longitudinal and circum-
ferential components. Further, the results may have been
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influenced by the different stages of disease in n the study
population used.

CONCLUSION

The parameters quantifying circumferential and longi-
tudinal deformation are significantly reduced in patients
with HFPEF compared to patients with exertional dys-
pnea without HFPEF. In patients with exertional dyspnea
having normal LVEF SR A circ value seems to be a sig-
nificant and independent predictive factor of HFPEF. SR
A circ may be in combination with other parameters used
in the diagnosis of HFPEF.
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