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Abstract

The combination of early trans-mitral inflow and mitral annular tissue Doppler velocities (E/e’ ratio) is widely applied to
noninvasively estimate left ventricular (LV) filling pressures. However, when E/e’ is between 8 and 14 its accuracy decreases
substantially. Left atrial (LA) deformation analysis by speckle tracking echocardiography was recently proposed as an alter-
native approach to estimate LV filling pressures, but its role when E/e’ is between 8 and 14 has been under-investigated.
We aimed to assess whether LA strain could help to identify elevated filling pressures in patients with E/e’ between 8 and
14. Among consecutive non-selected patients who underwent a comprehensive echocardiographic evaluation, we enrolled
those with E/e’ ratio > 8 and < 14. Exclusion criteria were: organic mitral valve disease or mitral surgery; presence of mitral
regurgitation greater than moderate in severity; diseases associated with pre-capillary pulmonary hypertension; and undetect-
able systolic pulmonary artery pressure (PAP-S). Peak LA longitudinal (PALS) and contraction strain (PACS) values was
obtained by averaging all segments, and by separately averaging segments measured in the 4-chamber and 2-chamber views.
Seventy-six patients had E/e’> 8 and < 14 and formed the study cohort. Mean age 69 + 12 years, LV ejection fraction (LVEF)
54.5+11.2%, mean E/e’ 11.2 £ 1.9, PAP-S 33 +7 mmHg, PALS 31.6+11.7%. PALS was significantly associated to PAP-S
after adjustment for LVEF, E/e’, septal LV longitudinal shortening velocity (s’), LA volume indexed (p=0.002) and also for
ASE/EACVI diastolic dysfunction classification (p=0.0002). Furthermore, PALS but not ASE/EACVI diastolic dysfunc-
tion grading, resulted independently associated to New York Heart Association (NYHA) class (p=0.0004). PALS is able to
predict increased intra-cardiac pressure and NYHA class in patients characterized by E/e’ between 8 and 14. Therefore, we
propose that PALS might be incorporated in a simplified diagnostic algorithm based on E/e’ classes.
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Introduction

Careful estimation of left ventricular (LV) filling pressures
is a clinical key tool to classify the severity of different heart
diseases and to define therapeutic strategies, particularly in
patients with heart failure [1, 2]. Although invasive cardiac
catheterization is the gold standard to measure LV filling
pressure, a good correlation with noninvasive echocardiog-
raphy markers has been demonstrated [2, 3]. In particular,
early trans-mitral flow velocity (E) combined with mitral

P< - A. Rossi
andrea9rossi @ gmail.com
Section of Cardiology, University of Verona, Verona, Italy

Echocardiographic Laboratory, Azienda Ospedaliera
Universitaria Verona, P.le Stefani 1, 37126 Verona, Italy

annular early diastolic velocity (e) derived from tissue Dop-
pler imaging (E/e’ ratio) has been shown to correlate with
invasive capillary wedge pressure, a surrogate for LV fill-
ing pressure, in a wide range of cardiac patients [4-7]. The
accuracy of E/e’ is considerable when it is lower than 8 and
higher than 14 to identify patients with low and high filling
pressures, but when E/e’ ratio value is between 8 and 14, the
diagnostic accuracy decreases substantially [6, 8]. Mainly
for this reason the American Society of Echocardiography
and European Association of Cardiovascular Imaging (ASE/
EACVI) suggested a multiparametric approach to the diag-
nosis and grading of LV diastolic dysfunction [9]. Neverthe-
less, individual patients may still demonstrate a spectrum of
diastolic indices that do not clearly meet the strict definition
of a particular diastolic dysfunction type, thereby making
interpretation challenging at times [10, 11].
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Speckle tracking echocardiography (STE) is a non-Dop-
pler-based method for quantification of myocardial deforma-
tion [12] and in contrast to Doppler-derived indexes, STE
has the advantage of being angle-independent and to be less
affected by artifacts. Recently, some studies have found that
a new left atrial (LA) STE-obtained functional parameter,
LA strain, has a strong correlation to LV filling pressures
and invasive diastolic measurements [13, 14]. Moreover, LA
strain has recently shown additional value over LA indexed
volume (LAVI) for identifying patients with diastolic dys-
function, particularly in early stages when LA size may not
reflect the chronic effect of increased LV filling pressures
[15].

There are few data about the ability of LA strain to esti-
mate intra-cardiac pressures in the specific setting of patients
in the gray zone defined by the E/e’ value between 8 and 14.
The aim of this study was analyze the association between
peak LA longitudinal (PALS) and contraction (PACS)
functions evaluated by STE, with intracardiac pressure
(as defined by systolic pulmonary artery pressure (PAP-S)
measured by Doppler) and clinical functional classification
in the specific subgroup of patients characterized by E/e’
between 8§ and 14.

Methods
Patient population

Consecutive patients aged > 18 years, with some grade of
tricuspid regurgitation allowing the estimation of PAP-S
level and reported E/e’ measurements, who were referred
to the outpatient echocardiographic laboratory of Uni-
versity of Verona Cardiology Department from January
2018 and March 2018 have been retrospectively enrolled.
Subsequently we selected only patients with E/e’ ratio > 8
and < 14, who formed the study cohort. Exclusion criteria
were: congenital cardiac abnormalities; organic mitral valve
disease or previous valve surgery; presence of mitral regur-
gitation or other valvular diseases greater than moderate in
severity; known pre-capillary pulmonary hypertension or
pulmonary diseases possibly associated with pre-capillary
pulmonary hypertension; inadequate acoustic window to
estimation of PAP-S; presence of atrial fibrillation at the
time of enrollment or history of catheter ablation for atrial
fibrillation; heart rate lower than 60 bpm and > 99 bpm,;
presence of regional asynergy at the level of the anterolateral
and septal wall.

Clinical data included age, gender, New York Heart Asso-
ciation functional class (NYHA), coronary artery disease,
history of hypertension (previous diagnosis of hypertension
or use of anti-hypertensive drugs), hyperlipidemia (use of
lipid-lowering drugs), smoking (current smoking or smoking
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habit in the past 10 years), and diabetes (previous diagnosis
of diabetes mellitus or use of insulin or use of oral diabetic
medication). Patients were included in the valve registry of
our institution, approved by the local review board.

2D standard echocardiography

All patients underwent a complete transthoracic echocar-
diography using HD15 or ie33 ultrasound system (Philips,
The Netherlands) performed by a board certified echo-car-
diologist. Conventional echocardiographic measurement
were performed; LV ejection fraction was calculated with
the Simpson’s biplane method. For the assessment of LA
volume, apical four-chamber were obtained. Maximal LA
volume was measured manually using Simpson’s methods
at the end of ventricular systole and indexed to the body
surface area. Pulsed Doppler echocardiography of the trans-
mitral flow was performed by standard methods. Tissue
Doppler Imaging derived systolic and diastolic velocities
(s, €', a") were recorded from the lateral and septal edge
of the mitral annulus and mean E/e’ ratio was calculated.
The subjects were in the resting state in the left lateral posi-
tion. The left ventricular end-diastolic internal dimension
(LVIDd), end-diastolic septal thickness (IVSd), and poste-
rior wall thickness (PWTd) were measured at end-diastole
by two-dimensional guided M-mode echocardiography.
The left ventricular mass (LVM) was calculated according
to the equation LVM(g)=0.8 x {1.04 x (IVSd+LVIDd+
PWTd)}? — (LVID)? + 0.06. The LVM index was calculated
by dividing the LVM(g) by the height in meters to correct
the LVM for body surface area. The left ventricular hyper-
trophy was defined as LVM index (LVMi) as > 95 g/m? for
female and as> 115 g/m2 for male [16]. LV diastolic func-
tion was graded as recommended in the latest ASE-EACVI
guidelines, taking into account mitral inflow Doppler meas-
urements, tricuspid regurgitation velocity, tissue Doppler
indexes and LAVI [9]. PAP-S was obtained using the fol-
lowing formula: PAP-S =4 X (peak tricuspid regurgitation
velocity)? + right atrial pressure. The tricuspid regurgitation
velocity was carefully assessed from multiple acoustic win-
dows to identify the velocity peak. Right atrial pressure was
estimated by means of the diameter and collapsibility of the
inferior vena cava (3 mmHg if the inferior vena cava diame-
ter was <21 mm, collapsing more than 50% with inspiration;
15 mmHg if it was>21 mm, collapsing < 50% with inspi-
ration; and 8 mmHg in the intermediate situations). In this
study we used a PAP-S cut-off value of 35 mmHg as index of
increased intracardiac pressures, since it was acknowledged
that many authors use the previously proposed upper limit
of normal PAP-S of >30-35 mmHg [17, 18].

In the presence of mitral regurgitation, we performed a
quantitative assessment obtaining the proximal isoveloc-
ity surface area, and Effective Regurgitant Orifice Area
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(EROA) and was measured according to the last Echocar-
diographic Guidelines of the ASE [19]. Since the severity
of mitral regurgitation may be influenced by hemodynamic
conditions, we recorded patient’s blood pressure to bet-
ter estimate the severity. To better evaluated LA function
other than STE-parameters, we measured maximum and
minimum atrial volume during cardiac cycle from api-
cal 4-chamber view to calculate LA emptying fraction
(LAEF), an acknowledged LA functional parameter [20,
21].

2D-speckle tracking echocardiography (2D-STE)

2D-STE analysis of LA function were performed. 2D grey-
scale images were acquired in the standard apical four- and
two-chamber views at a frame rate of at least 40 frames/s.
The off-line analysis was performed by an experienced car-
diologist, using dedicated software (QLab 9, Philips, The
Netherlands). LA strain was semi-automatically traced and
determined as the average value from all segments of the LA
in the apical 4-chamber and 2-chamber views. The PALS,
which corresponds to the end of the reservoir phase, and
the PACS, corresponding to the end of conduit phase in late
diastole, were obtained. To assess reproducibility of LA
strain, 15 randomly selected cases were re-analyzed more
than 30 days later by the same cardiologist and by a second
physician of our echo lab team. In this study we used a PALS
cut-off value of 23% to distinguish patients with a reduc-
tion of LA functions, since this value was demonstrated to
be clearly pathologic according to large studies and to well
characterize LV diastolic dysfunction [15, 22, 23].

Statistical analysis

Analyses were performed using SPSS software release
20.0 (Statistical Package for the Social Sciences, Chicago,
Illinois). Differences between groups were analyzed using
unpaired t-test, Chi-squared test, or analysis of variance, as
appropriate. Correlations between variables were evaluated
with Pearson or Spearman’s coefficients as appropriate.
Associations between variables were evaluated using lin-
ear or logistic regression analysis as appropriate. Multiple
regression analysis was performed in the entire population
to explore for independent determinants of PAP-S; on the
basis of results of univariate correlations, different echo-
cardiographic parameters were considered for multivari-
able analysis. To further investigate the diagnostic perfor-
mances of echocardiographic indices to predict PAP-S, we
performed receiver operating characteristics (ROC) curve

analysis to obtain optimal cut-offs, as defined by the Youden
index. Variables are shown as mean + standard deviation. A
p-value < 0.05 was considered statistically significant.

Results
Population characteristics

One-hundred forty-two patients was retrospectively
included. Among them, 76 patients (54%) showed a mean
E/e’ ratio > 8 and < 14 and formed the study cohort (mean
age 69 + 12 years; 42% female). Mean systolic and dias-
tolic arterial pressure during echocardiographic examina-
tion were respectively 129 + 11 mmHg and 74 + 9 mmHg.
Overall, 27 patients (35%) had no mitral regurgitation, 40
patients (53%) had mild a and 8 patients (11%) had mod-
erate mitral regurgitation. Table 1 presents a summary of
the clinical and echocardiographic data of the study cohort
divided according LVEF and PAP-S.

When ASE/EACVI 2016 diagnostic algorithm for diag-
nosis and grading of diastolic dysfunction (DD grade) was
applied in the 76 patients forming the study cohort, 22
patients (29%) had an indeterminate diastole; normal-
filling/grade I diastolic dysfunction (normal LA pres-
sure) was found in 36 (47%) patients, grade Il in 16 (21%)
patients, grade III in 2 (3%) patients.

Relation between PAP-S and echocardiographic
parameters

Mean PAP-S was 33 +7 mmHg, and 22 patients (29%) had
PAP-S > 35 mmHg. In the overall population, patients with
higher PAP-S were characterized by higher E/e’ and LAVI
and by lower LVEF, septal s’, PALS and PACS (p <0.05
for all). After adjustment for LVEF, septal s’, E/e’ and
LAVI, PALS (p=0.002) (Fig. 1) and PACS (p=0.003)
remained significantly associated with PAP-S.

As expected, ASE/EACVI DD grade was significantly
associated with PAP-S (R? 0.58; p <0.0001) but in a
bivariate model, PALS provided incremental information
compared with ASE/EACVI DD increasing R? up to 0.69
(p=0.0002).

Using receiver operating characteristic (ROC) curves,
PALS demonstrated the highest diagnostic accuracy in
predicting PAP-S higher than 35 mmHg (AUC 0.78 (95%
CI 66-90), p<0.0001); the cut-off value of 23% showed
an excellent specificity of 90% with a sensibility of 60%.
ROC curves for other variables were: PACS (AUC 0.71
(95% CI 0.65-0.85), p<0.0001), mean E/e’ (AUC 0.70
(95% CI 0.60-0.82%), p=0.007), EROA (AUC 0.70
(95% C1 0.57-0.82), p=0.06), LAVI (AUC 0.68 (95% CI
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Table 1 Clinical and

) . Variables
echocardiographic

LVEF<50% (n=19)

P value LVEF>50% (n=57) P value

characteristics of the study PAP-S>35 PAP-S<35 PAP-S>35 PAP-S<35

cohort divided according PAP-S (n=10) (n=9) (n=12) (n=45)

in patients with reduced and

preserved EF Age (years) 69.4+10.5 623+104 NS 728+11.1 689+125 NS
Women (%) 1 (10%) 1 (11%) NS 10 (83%) 21 (47%) <0.05
Body surface area (m?) 1.9+0.1 1.8+£0.2 NS 1.7+£0.2 1.8+0.2 NS
Hypertension (%) 4 (40%) 9 (100%) <0.05 8(67%) 36 (80%) NS
Diabetes mellitus (%) 2 (20%) 5 (56%) NS 5 (42%) 14 (31%) NS
Dyslipidemia (%) 7 (70%) 4 (44) NS 8 (67%) 25 (56%) NS
Smoking habit (%) 5 (50%) 7 (78%) NS 1 (8%) 15 (33%) NS
Coronary heart disease (%) 6 (60%) 5 (56%) NS 2 (16%) 7 (16%) NS
NYHA>II 6 (60%) 8 (89%) NS 9 (75%) 18 (40%) <0.05
Mild MR (%) 8 (80%) 5 (56%) NS 8 (67%) 19 (42%) NS
Moderate MR (%) 2 (20%) 0 (0%) NS 1 (8%) 5(11%) NS
EROA (cm?) 0.12+£049  0.05+0.06 <0.05 0.09+0.10 0.07+0.11 NS
LVEF (%) 374+7.1 39.7+3.0 NS 60.8+6.6 59.8+6.3 NS
E/A 14+1.0 0.8+0.3 NS 09+0.4 09+0.3 NS
E (cm/s) 71.8+25.7 70x23.5 NS 85.1+23.1 84.5+262 NS
Mean E/e’ 13.0+1.3 109+1.7 <0.05 12.0+1.8 10.7+1.7 <0.05
s’ septal (cm/s) 45+09 6.3+0.8 <0.05 6.8+23 7.1+1.3 NS
s’ lateral (cm/s) 59+13 6.7+1.3 NS 8.6+1.3 8.6+2.1 NS
LAVI (ml/m?) 49.2+12.0 37.2+49 <0.05 403+114 375+148 NS
PALS (%) 18.7+8.1 29.4+5.8 <0.05 282+102 358+112 <0.05
PACS (%) 82+5.5 14.7+5.6 <0.05 123+46 16.8+6.3 <0.05
LVMI (g/m?) 143.3+40.0 150.1+6.2 NS 1243+42.8 120.5+41.6 NS
LV hypertrophy (%) 7 (70%) 6 (67%) NS 8 (67%) 26 (58%) NS
NYHA New York Heart Association, MR mitral regurgitation, EROA Effective Regurgitant Orifice Area,
LAVI left atrial volume indexed, LVEF left ventricular ejection fraction, PALS peak atrial longitudinal
strain, PACS peak atrial contraction strain, LVMI left ventricular mass indexed, NS not significant

60 0.56-0.81), p=0.005), deceleration time of E wave (AUC
o 0.65 (95% CI 0.55-0.85), p=0.01).
R -0.55
° p=0.002

Systolic PAP

Left PALS

Fig. 1 Graphic showing the significative correlation between peak
atrial longitudinal strain and systolic pulmonary artery pressure.
PALS peak atrial longitudinal strain; PAP pulmonary artery pressure
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PALS and NYHA classification

Overall, 41 patients (54%) had heart failure symptoms
(NYHA >2): symptomatic patients were characterized
by older age (71 +10 vs 66 + 13 years, p=0.048), higher
PAP-S (35+8 vs 31 +5 mmHg, p=0.018), larger LAVI
(45 + 14 vs 33 +9 ml/m?, p <0.0001) and LV diastolic
volume indexed (74 + 17 vs 65+ 19 ml/m?, p=0.028),
higher mean E/e’ (12+2 vs 10+2, p=0.02), lower PALS
(27+11vs37+10%, p<0.0001), PACS (1246 vs 18 +6%,
p<0.0001). After adjustment for LVEF, LAVI and E/E’,
PALS was the only variable independently associated with
NYHA (p=0.0045). Comparing ASE/EACVI DD with
PALS in a bivariate model, only PALS was able to predict
NYHA (p=0.0004). Subdividing symptomatic patients
using a cut-off value of LVEF >50%, 19 patients (46%)
had reduced LVEF and 22 patients (54%) had preserved
LVEF. In both groups, at univariate analysis, PALS was
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significantly associated to PAP-S, even if the correlation was
slightly stronger in patients with reduced LVEF (r=— 0.66,
p=0.01 vsr=—0.44, p=0.02).

Reproducibility of LA strain

Inter-observer agreement was 0.98 and 0.95 for PALS and
PACS respectively; the coefficients of variations were 5.1%
(3.1-7.2%) for PALS and 15.2% (9.5-22.9%) for PACS.
The intra-observer agreement was 0.97 for PALS and 0.96
PACS; the variations were 4.5% (2.5-6.3%) for PALS and
16.7% (10.1-24.6%) for PACS.

Discussion

The main result of the present study is that PALS is highly
and independently correlated with intracardiac pressure
level, as assessed by PAP-S, in a population of patients
characterized by E/e’ ratio between 8 and 14. This result
is corroborated by the finding of a strong and independent
association between PALS and heart failure symptoms. We
believe that these results might support the use of PALS in
filling pressure determination and in simplifying the diag-
nostic algorithm proposed by echocardiographic societies.
Noninvasive estimation of LV filling pressures is funda-
mental to decide therapeutic strategies and to predict the
severity of many heart diseases [24]. Early trans-mitral flow
velocity (E) combined with mitral annular early diastolic
velocity (e) derived from tissue Doppler imaging (E/e’ ratio)
has been shown to correlate with invasive measurements in
different cardiac patients [3]. In patients with normal LVEF,
an E/e’ ratio > 14 implies a high probability of elevated LV
filling pressures, and a value < 8 is associated to normal LV
filling pressures [10]. However, when E/e’ ratio is between 8§
and 14, LV filling pressures remain undefined and also there
is a lack of data about correlations and meaning of E/e’ ratio
in this range of values. Some studies found a good correla-
tion between LA STE-derived functional parameters and LV
filling pressure [13, 14, 25]. Moreover, different studies with
large populations, provided important insights regarding the
usefulness and clinical relevance of adding LA strain to clas-
sical algorithms, in the detection of LV diastolic dysfunction
[15]. However actually, there are no specific studies about
the role of PALS in patients with E/e’ ratio between 8 and
14, which represent a consistent portion of population where
a diagnosis of diastolic dysfunction may be missed. Accord-
ingly, in our total population 54% of patients had an E/e’
ration between 8 and 14 and in this specific cohort 29% of
patients showed an indeterminate diastolic pattern applying

DD grade. According to our data, there is a correlation
between intracardiac pressure and LA functional morpho-
functional parameters. This is not surprising since the onset
of high pulmonary pressure represents the natural history
of left-sided heart diseases, preceded by morpho-functional
changes of left-sided chambers. Among variables associated
to PAP-S, PALS had the highest correlation and degree of
accuracy in identifying patients with pulmonary hyperten-
sion, even in comparison with DD grading. These data are
corroborated by the demonstration of a strong and independ-
ent association with heart failure symptoms. Taken together
these findings, we might suggest to incorporate PALS in the
2009 ASE/EAE recommendations for filling pressure esti-
mation, which were based on the three E/e’ classes, limiting
PALS in the subgroup of patients with E/e’ between 8 and 14
(Fig. 2). This could simplify the application of the diagnostic
algorithm and consequently enhance the evaluation of left
ventricular diastolic dysfunction.

In conclusion, PALS is a measure of LA function strongly
and independently associated with intracardiac pressure in
the subgroup of patients characterized by E/e’ between 8
and 14. Our data suggest that PALS could be used together
with E/e’ ratio to better characterized diastolic dysfunction
categorization. This could simplify the diagnostic algorithm
and would help to improve patients care.

Limitations

This was a single-center study with a limited number of
patients. The major limitation of the study is that we could
not perform invasive measurements of left ventricular filling
pressures. However, we have to acknowledge that right and
left cardiac catheterization for the purpose of measuring cap-
illary mean pressure or end-diastolic left ventricular pressure
are nowadays relatively rare and limited to specific patents
populations. The use of PAP-S as a surrogate of intracardiac
pressure should be used with cautions. Although patients
with previous diagnoses of pre-capillary PH were specifi-
cally excluded, a combined pre-capillary component can-
not be ruled out in some patients. However, the 2009 and
2016 ASE/EACVI algorithms for classification of diastolic
function share the same limitation, given the fact that they
used tricuspid regurgitation velocity or PAP-S as one of the
cornerstone to diagnose and grade diastolic dysfunction. It
is possible that excluding patients with misdiagnosed pre-
capillary hypertension, PALS may show even better correla-
tions in this setting.
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Elevated
>14 |—— left ventricular

filling pressure

’ ratio | ——————————p| >8and< 14 | —» Measure
left atrial strain

<8 Normal
- = | |cft ventricular

filling pressure

L

PALS <23%

PALS >23%

Fig.2 Algorithm showing the possible application of peak atrial longitudinal strain, using a cut-off of 23% on estimation of left ventricular fill-
ing pressure in patients with E/e’ ratio between 8 and 14. PALS peak atrial longitudinal strain
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