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Abstract: Objective – Left  ventricular (LV) ejection fraction (EF) impacts therapeutic options and outcomes in patients with 
chronic aortic regurgitation (AR) who remain asymptomatic for a long time. Despite normal LVEF, subtle LV function abnor-
malities are detected in these patients. We aimed to assess LV mechanics parameters and their time-dependent behavior in 
asymptomatic patients with signifi cant chronic AR. Methods – We prospectively enrolled 50 AR patients with LVEF >50% and 
50 age and gender-matched healthy controls. LV global longitudinal strain (GLS) and LV rotation/torsion parameters were 
assessed by speckle-tracking echocardiography. A subgroup of 26 AR patients was followed-up for 15±6 months. Results – At 
baseline, LVEF was similar in both groups; AR patients had higher LV diameters, volumes, LV mass and sphericity index (all 
p<0.001) and lower GLS (-17.7±2.6 vs -19.8±2,2%, p<0.001), peak LV apical rotation (14.2±6.8 vs 19.4±5.9°, p<0.001), peak 
LV torsion (2.0±0.7 vs 3.0±0.9°/cm, p<0.001) and peak LV untwisting velocity (-124.0±41.8 vs -151.5±56.3°/s , p=0.007). At 
the end of follow-up, all AR patients remained asymptomatic and had similar LV mass, sphericity index and LVEF, while LV 
GLS was lower than at baseline (-16.9±2.3 vs -18.1±2.5%, p=0.012). Peak LV apical rotation and torsion did not signifi cantly 
change, while peak LV untwisting velocity tended to decrease (p=0.05). End of follow-up GLS correlated with baseline LV 
sphericity index, peak LV apical rotation, peak LV torsion, LVEF, and LV GLS. Conclusion – In asymptomatic patients with 
signifi cant AR and normal LVEF, LV mechanics parameters are impaired, thus detecting early subclinical LV dysfunction be-
fore LVEF declines. During short-term follow-up, LV GLS further decreases despite preserved LV geometry and LVEF. 
Keywords: aortic regurgitation, left  ventricular function, left  ventricular shape, left  ventricular mechanics, 2D strain echocar-
diography

Abstract: Obiectiv – Fracția de ejecție (FE) a ventriculului stâng (VS) infl uențează strategia terapeutică și evoluția pacienților 
cu regurgitare aortică (RA) cronică ce rămân asimptomatici pe termen lung. În pofi da FEVS normale, acești pacienți prezintă 
disfuncție VS subclinică. Ne-am propus evaluarea parametrilor de mecanică VS și dinamica acestora pe parcursul urmăririi 
pacienților asimptomatici cu RA cronică semnifi cativă.  Metode – Într-un studiu prospectiv am înrolat 50 pacienți cu RA și 
FEVS >50% și 50 subiecți sănătoși cu distribuție similară în funcție de vârstă și sex. Prin ecocardiografi e speckle-tracking s-au 
evaluat strain-ul longitudinal global (GLS) al VS și parametrii de rotație/torsiune VS. Un subgroup de 26 pacienți cu RA au fost 
urmăriți timp de 15 ± 6 luni. Rezultate – La momentul inițial, FEVS a fost similară în ambele grupuri; pacienții cu RA au avut 
valori mai mari ale diametrelor, volumelor, masei și indicelui de sfericitate VS (toate p<0,001) și mai mici ale GLS (-17,7±2,6 
vs -19,8±2,2%, p<0,001), rotației apicale VS (14,2±6,8 vs 19,4±5,9°, p<0,001), torsiunii VS (2,0±0,7 vs 3,0±0,9°/cm, p<0,001) 
și detorisunii VS (-124,0±41,8 vs -151,5±56,3°/s , p=0,007). La sfârșitul perioadei de urmărire, toți pacienții cu RA au fost 
asimptomatici și au avut valori similare ale masei VS, indicelui de sfericitate și FEVS, dar valori mai mici ale GLS comparativ 
cu momentul inițial (-16,9±2,3 vs -18,1±2,5%, p=0,012). Valorile rotației apicale și torsiunii VS nu au variat semnifi cativ, dar 
detorsiunea VS a scăzut (p=0.05). Valoarea GLS la sfârșitul urmăririi s-a corelat cu valorile inițiale ale indicelui de sfericitate 
VS, rotației apicale VS, torsiunii VS, FEVS și GLS. Concluzii – La pacienții asimptomatici cu RA semnifi cativă și FEVS normal, 
parametrii de mecanică VS sunt modifi cați, permițând detectarea disfuncției VS precoce, înaintea scăderii FEVS. În timpul 
urmăririi pe termen scurt, valoarea GLS scade în condițiile nemodifi cării suplimentare a geometriei VS și a FEVS. 
Cuvinte cheie: regurgitare aortică, funcția ventriculară stângă, geometria ventriculului stâng, mecanica ventriculului stâng, 
ecocardiografi e 2D strain
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Chronic aortic regurgitation (AR) is a condition in 
which patients remain asymptomatic with preserved 
left  ventricular ejection fraction (LVEF) for a long time 
due to the adaptation of the left  ventricle (LV) to a com-
bined volume and pressure overload. Without surgical 
correction, in time, this chronic overload induces LV 
enlargement and systolic dysfunction and progressive 
symptoms of heart failure and even sudden death1. Th e 
onset of symptoms is a defi nite indication for correc-
tion in patients with severe AR, but optimal timing for 
surgery in asymptomatic patients is still a matter of 
debate as aortic valve replacement (AVR) is the most 
frequent choice of treatment and AR patients are oft en 
younger than patients requiring AVR for aortic steno-
sis. On the other hand, when surgery is delayed, irre-
versible myocardial structure damage and dysfunction 
occur and complete LV functional recovery aft er AVR 
is diffi  cult2-4. Frequently, the occurrence of LV dys-
function precedes symptoms onset, thus detection of 
subclinical LV dysfunction is essential for the further 
management of asymptomatic AR patients.

Current European Guidelines recommend surgery 
in asymptomatic patients with severe AR considering 
LVEF and LV diameters as parameters of LV systolic 
function and overload5. However, the degree of LV 
systolic dysfunction (LVEF <50%) and dilation (LV 
end-diastolic diameter >70 mm or LV end-systolic di-
ameter >50 mm or LV end-systolic diameter indexed 
to body surface area >25 mm/m2) mentioned by the 
guidelines may occur in advanced stages of the dis ease. 
Moreover, volume-derived measures of LV function 
such as LVEF depend on loading conditions and thus 
do not properly detect myocardial contractility impair-
ment. Th erefore, more sensitive parameters able to de-
tect subtle changes in LV function before irreversible 
damage occurs are of real clinical value6,7. 

Several studies recently identifi ed newer echocardi-
ographic parameters of LV systolic function: longitu-
dinal myocardial velocities by tissue Doppler imaging 
(TDI)8, deformation parameters (strain/strain-rate) by 
TDI9, speckle-tracking echocardiography (STE)6,10-12 
or velocity vector imaging13. Moreover, some studies 
assessed the prognostic value of these parameters in 
conservative management or postoperatively in AR 
patients6,7,14. On the other hand, data regarding the 
parameters of LV torsional dynamics (LV rotation, LV 
twisting and untwisting motion) as key components of 
an effi  cient systolic performance15 and diastolic fi lling 
in severe AR are scarce.

We hypothesized that, in patients with hemodyna-
mically signifi cant chronic AR and normal LVEF, ne-

wer parameters of LV systolic function are impaired 
and this impairment further progresses even during 
short-term follow-up. Th us we aimed to assess parame-
ters of LV mechanics using STE and their dynamic be-
havior during follow-up in asymptomatic patients with 
signifi cant chronic AR.

METHODS

Study population
Study population was selected from patients referred to 
our echocardiography laboratories (Euroecolab, “Carol 
Davila” University of Medicine and Pharmacy, Bucha-
rest and Echocardiography Lab, S. Maria degli Angeli
Hospital, Pordenone) for assessment of aortic valve 
dis ease. Inclusion criteria were moderate-to-severe and 
severe chronic AR, adult age (>18 years), asymptomatic 
status, normal LV ejection fraction (LVEF) defi ned as 
resting LVEF >50%5. Th e AR severity was established 
according to the European Association of Cardiovascu-
lar Imaging recommendations16 using a combination of 
quantitative parameters (a regurgitant volume >45 ml 
by PISA method) when feasible, or semi-quantitative 
(vena contracta width >6 mm) and qualitative (holo-
diastolic fl ow reversal in the descending aorta with an 
end-diastolic velocity >20 cm/s) parameters. Exclusion 
criteria included an inadequate acoustic window, the 
absence of sinus rhythm, documented coronary artery 
disease (history of acute coronary syndrome or previ-
ous revascularization procedures, coronary stenoses 
≥50% at coronary angiography when available), seg-
mental LV wall motion abnormalities, cardiomyopa-
thies, more than mild associated valve heart disease, 
val vular prostheses. Th e recruitment of patients occurr-
ed prospectively from October 2010 to November 2013 
and 50 patients were selected according to the above-
mentioned criteria. A baseline echocardiographic exa-
mination was performed in all AR patients. Follow-up 
echocardiograms were performed at every 6 months 
in all patients who agreed to continue the follow-up in 
our centers.

We also enrolled a control group of 50 healthy sub-
jects with similar age and gender distribution and wi-
thout known heart disease or signs of heart disease at 
physical examination and normal electrocardiogram 
(ECG) and echocardiography. All study subjects gave 
their written informed consent to participate in the 
study.

Echocardiography
At baseline and during follow-up, two-dimensional 
(2D), conventional Doppler echocardiography and 



Roxana Enache et al.
LV mechanics in aortic regurgitation

Romanian Journal of Cardiology
Vol. 25, No. 1, 2015



speckle-tracking echocardiography (STE) was perfor-
med in all study subjects using commercially available 
cardiac ultrasound machines (Vivid 7 Dimension and 
Vivid E9, GE Healthcare, Horten, Norway). Offl  ine 
analysis of all echocardiographic examinations was 
performed by a single observer using the same version 
of a dedicated soft ware (EchoPAC PC version 12.1.1, 
GE Healthcare). For all measurements, the average of 
3 heart cycles was used. Biplane Simpson’s method was 
used to calculate LV volumes and LVEF. LV mass was 
estimated by the Devereux method17 and indexed to 
body surface area (BSA). Linear LV dimensions were 
measured and endocardial LV fractional shortening 
(LVFS) was calculated according to the American Soci-
ety of Echocardiography/European Association of Echo-
cardiography recommendations18. Also, LV relative wall 
thickness (RWT) was calculated as 2 x PWT/ LVEDD, 
where PWT is the LV posterior wall thickness at end-
diastole and LVEDD is the LV end-diastolic diameter. 
In order to evaluate the LV chamber shape we used a 
sphericity index (SI) calculated as the ratio between the 
LV end-diastolic volume (LVEDV) and the volume of 
a sphere whose diameter was equal to the end-diasto-
lic LV longitudinal diameter in apical 4-chamber view 
(Figure 1)19.

Pulse-wave Doppler was used to assess mitral dias-
tolic fl ow. Peak systolic (S) and peak early diastolic (e’) 
mitral annular velocities at septal site were obtained 
by pulse-wave tissue Doppler imaging (TDI) from the 
apical 4-chamber view. Th e ratio of peak early-diastolic 
mitral fl ow velocity E to e’20 was calculated in order to 
estimate LV fi lling pressures. Left  atrial (LA) volume 
was measured from the apical 4-chamber view using 
the area– length method.

Analysis of LV strain by STE was performed on the 
4-chamber, 2-chamber and long-axis apical views. For 
each view, 2 basal and 1 apical anchor points were ma-
nually marked and the endocardial contour was auto-
matically tracked, generating a region of interest divi-
ded into 6 segments. Global longitudinal strain (GLS) 
was assessed as the average of 17 segmental values21.

For rotation and torsion analysis, 2D images of three 
consecutive beats were acquired during end-expiratory 
breath-hold at a frame rate of 50-90 frames/s from two 
LV short-axis planes at the basal (at the tips of the mi-
tral valve leafl ets) and apical levels. For the apical plane, 
the transducer position was modifi ed to obtain a cir-
cular short-axis view of LV apex, as previously descri-
bed22. Soft ware-generated tracking, if acceptable, was 
manually approved. Averaged apical and basal rotation 
parameters were measured and then used for calcula-

tion of LV twist and torsion. LV twist was calculated 
as the absolute apex-to-base diff erence in LV rotati-
on. LV torsion was defi ned as LV twist normalized to 
end-diastolic LV longitudinal length measured in the 
apical 4-chamber view. LV untwisting was assessed by 
measuring peak LV untwisting velocity on the torsional 
velocity curve. Th e LV rotational parameters measured 
were: peak basal and apical LV rotation, peak LV twist 
and torsion, peak LV torsional velocity, peak apical and 
basal diastolic rotation rates, peak LV untwisting ve-
locity. Time intervals to each of the above-mentioned 
parameters were normalized to the duration of systole 
and diastole, respectively.

Statistical analysis
Continuous data are expressed as mean ± SD and ca-
tegorical variables as percentages. Diff erences in mea-
surements between groups and during follow-up were 
assessed using Student’s t test (independent-samples t 
test for comparisons between study groups at baseli-
ne and paired-samples t test for comparisons be tween 
baseline and the end of follow-up) for continuous va-
riables and chi-square test for categorical variables. 
Associations between variables were assessed by linear 
regression. Standardized  coeffi  cients are reported. A 
2-tailed p value <0.05 was considered statistically sig-
nifi cant. Statistical analysis was performed using SPSS 
version 22.0 (SPSS, Inc., Chicago, IL).

Measurement variability was assessed for LV torsio-
nal parameters in a randomly selected subgroup of 10 
AR patients. Th e recorded images used for the second 
set of measurements were also randomly chosen. For 
intraobserver variability, the second set of measure-
ments was performed by the same observer, one month 
apart. For interobserver variability, measurements were 

Figure 1. LV sphericity index calculated by dividing the LV end-diastolic 
volume by the volume of a sphere whose diameter was equal to the end-
diastolic LV longitudinal diameter. LV, left  ventricle.
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(S), a parameter of LV longitudinal myocardial functi-
on, was similar in both groups (7.6 ± 1.2 cm/s vs 8.0 ± 
1.3 cm/s, p = 0.12). Instead, LV fractional shortening 
(LVFS), another parameter of global LV systolic func-
tion, was signifi cantly lower in AR patients (Table 2). 
Conventional and TDI-derived parameters of LV dias-
tolic function were impaired in AR patients (Table 2). 
Also, E/e’ ratio, used to estimate LV fi lling pressures, 
was higher in the AR group (8.9 ± 3.5 vs 7.6 ± 1.7, p = 
0.019).

Parameters of left  ventricular mechanics at baseline
Left  ventricular GLS, a parameter of global LV contrac-
tility, was signifi cantly lower in AR patients compared 
to healthy subjects (-17.7 ± 2.6% vs -19.8 ± 2.2%, p 
<0.001). Moreover, at baseline, parameters of LV tor-
sional dynamics were impaired in AR patients when 
compared to the control group. Left  ventricular apical 
rotation, LV twist, and torsion parameters were reduced 
in AR patients (Table 3). Peak LV systolic torsion was 
decreased (2.0 ± 0.7 °/cm vs 3.0 ± 0.9 °/cm, p <0.001) 
and also delayed (time to peak LV twist: 0.95 ± 0.10 vs 
0.99 ± 0.09, p = 0.02) in AR patients. Peak LV apical 
diastolic rotation rate and peak LV untwisting velocity 
were signifi cantly lower in AR patients (Table 3).

Dynamic changes in echocardiographic parameters 
of systolic and diastolic left  ventricular function in 
patients with aortic regurgitation
From the AR group of 50 patients with a baseline echo-
cardiographic examination, 26 patients were followed-
up for a mean period of 15 ± 6 months, during which 

performed by a second observer on previously acqui-
red images. Variability was calculated as the absolute 
diff erences between two measurements divided by the 
mean of the two measurements.

RESULTS
Study population
As per study design, there was no signifi cant diff er-
ence between patients with AR and healthy controls in 
terms of age (46 ± 16 vs 45 ± 14 years, p = 0.56) and 
gender (41 vs 39 males, p = 0.80). Th e most common 
AR etiology was bicuspid aortic valve (58%), followed 
by idiopathic dilatation of the aortic root or ascending 
aorta (22%). Other causes of AR were less frequent in 
our study population (Table 1). Also, according to the 
study design, all AR patients were asymptomatic.

Parameters of left  ventricular geometry and function 
at baseline
Patients with AR had signifi cantly higher LV diame-
ters and volumes when compared with healthy subjects 
(Table 2) and they displayed a more spherical LV sha-
pe than healthy controls (LV sphericity index of 0.38 
± 0.08 vs 0.33 ± 0.07, p = 0.001). Also, as expected, LV 
mass was higher in AR patients (152 ± 39 g/m2 vs 91 
± 15 g/m2, p <0.001). Conversely, RWT was similar in 
both study groups.

According to the inclusion criteria, AR patients had 
a normal LVEF. Moreover, in our study, both groups, 
AR patients and healthy subjects, had similar LVEF (60 
± 4% vs 61 ± 3%, p = 0.12). Also, tissue Doppler ima-
ging (TDI)-derived peak systolic velocity at septal site 

Table 1. Demographic and clinical characteristics of the entire study population

AR patients
(n = 50)

Healthy controls
(n = 50)

p value

Age (yr) 46 ± 16 45 ± 14 0.56
Gender (male) 41 39 0.80
Body mass index (kg/m2) 26.0 ± 3.7 25.7 ± 3.3 0.68
Body surface area (m2) 1.94 ± 0.19 1.91 ± 0.16 0.52
Heart rate (bpm) 68 ± 11 68 ± 10 0.91
Systolic blood pressure (mmHg) 131 ± 17 126 ± 10 0.22
Diastolic blood pressure (mmHg) 71 ±11 76 ± 11 0.11
Hypertension (n) 23 -
AR etiology (n)

Idiopathic dilation of the aortic root or ascending aorta 
Bicuspid aortic valve
Other congenital aortic valve defect
Previous endocarditis
Rheumatic heart disease
Aortic valve prolapse 
Calcifi c degeneration 

11
29
2
1
1
1
5

AR, aortic regurgitation.
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fi cantly decreased during follow-up (Table 4). Conver-
sely, the parameters of diastolic LV function seemed to 
be more frequently impaired during follow-up in AR 
patients, with a reduction in E and septal e’ velocities 
(Table 4). 

When analyzing the changes in LV mechanics, we 
found that, despite similar LVEF at the end of follow-
up (60 ± 3% vs 60 ± 4%, p = 0.72), there was a signifi -
cant reduction in LV GLS (-16.9 ± 2.3% vs -18.1 ± 2.5%, 
p=0.012) during follow-up (Table 5). Among parame-
ters of LV torsional motion, peak LV apical rotation and 
peak LV torsion also decreased during follow-up with-
out reaching a statistical signifi cance (Table 5), while 
peak LV untwisting velocity tended to signifi cantly 
decrease (-106.7 ± 49.9°/s vs -128.3 ± 39.7°/s, p=0.05). 

As LV GLS emerged as the parameter of LV global 
systolic function with the most signifi cant impairment 
during follow-up in the AR patients group, correlations 
between end of follow-up LV GLS and baseline echo-
cardiographic parameters of LV geometry and function 
were assessed. Baseline LV sphericity index (r = 0.46, p 
= 0.02), peak LV apical rotation (r = -0.67, p <0.001), 
peak LV torsion (r = -0.59, p = 0.002), LVEF (r = 0.67, 
p < 0.001) and LV GLS (r = 0.67, p <0.001) signifi cantly 
correlated with end of follow-up LV GLS (Figure 2). 
At multivariable analysis, in a model including baseline 
peak LV apical rotation, LVEF and LV GLS, the base-
line parameters that emerged as independent determi-
nants of end of follow-up LV GLS were peak LV apical 
rotation (β = - 0.41, p = 0.024) and LV GLS (β = 0.40, 
p = 0.031).

all patients patients remained asymptomatic and only 
one patient reached a severe LV dilation requiring sur-
gery. In addition, 2 patients underwent surgery due to 
ascending aorta aneurysm (>55 mm).

At the end of follow-up, AR patients had higher LV 
volumes (LV end-systolic volume 33.0 ± 9.8 ml/m2 vs 
29.6 ± 7.8 ml/m2, p=0.007, LV end-diastolic volume 
82.5 ± 20.5 ml/m2 vs 74.6 ± 17.9 ml/m2, p=0.004) but 
similar LV mass, sphericity index and RWT. Among 
parameters of systolic LV function, LVEF, LVFS and 
TDI-derived S wave velocity at septal site did not signi-

Table 2. Echocardiographic parameters in the entire study 
population

AR patients
(n = 50)

Healthy controls
(n = 50)

p value

LVESDi (mm/m2) 19.6 ± 2.4 15.7 ± 2.0 <0.001
LVEDDi (mm/m2) 30.1 ± 3.4 25.8 ± 2.1 <0.001
LVESVi (ml/m2) 31.1 ± 11.0 19.5 ± 3.9 <0.001
LVEDVi (ml/m2) 77.2 ± 23.2 50.3 ± 10.1 <0.001
LV mass index (g/m2) 152 ± 39 91 ± 15 <0.001
LV sphericity index 0.38 ± 0.08 0.33 ± 0.07 0.001
RWT 0.40 ± 0.05 0.40 ± 0.04 0.99
LVFS (%) 35 ± 3 39 ± 6 <0.001
LVEF (%) 60 ± 4 61 ± 3 0.12
Septal S (cm/s) 7.6 ± 1.2 8.0 ± 1.3 0.12
E (cm/s) 63 ± 17 75 ± 16 0.001
EDT (ms) 201 ± 41 174 ± 35 <0.001
Septal e’ (cm/s) 7.5 ± 2.2 10.0 ± 2.2 <0.001
E/e’ at septal site 8.9 ± 3.5 7.6 ± 1.7 0.019
LAVI (ml/m2) 33.1 ± 12.5 29.2 ± 6.3 0.05
AR, aortic regurgitation, LV, left ventricle; LVEDDi, left ventricular end-diastolic diameter 
indexed to body surface area (BSA); LVESDi, left ventricular end-systolic diameter indexed to 
BSA; LVEDVi, left ventricular end-diastolic volume indexed to BSA; LVESVi, left ventricular end-
systolic volume indexed to BSA; RWT, relative wall thickness; LVFS, left ventricular fractional 
shortening; LVEF, left ventricular ejection fraction; EDT, E-wave deceleration time; LAVi, left 
atrial volume indexed to BSA.

Table 3. Parameters of left ventricular mechanics in the entire study population

AR patients
(n = 50)

Healthy controls
(n = 50) p value

LV GLS (%) -17.7 ± 2.6 -19.8 ± 2.2 <0.001
Peak LV apical rotation (°) 14.2 ± 6.8 19.4 ± 5.9 <0.001
Peak LV basal rotation (°) -4.9 ± 3.4 -6.1 ± 3.1 0.07
Peak LV twist (°) 18.0 ± 6.7 24.5 ± 7.4 <0.001
Peak LV torsion (°/cm) 2.0 ± 0.7 3.0 ± 0.9 <0.001
Peak LV systolic torsional velocity (°/s) 107.4 ± 37.3 137.8 ± 40.1 <0.001
Peak LV apical diastolic rotation rate (°/s) -84.1 ± 39.8 -114.9 ± 47.4 0.001
Peak LV basal diastolic rotation rate (°/s) 61.2 ± 28.8 62.3 ± 24.0 0.84
Peak LV untwisting velocity (°/s) -124.0 ± 41.8 -151.5 ± 56.3 0.007
Time to peak LV apical rotation 0.98 ± 0.14 1.01 ± 0.10 0.30
Time to peak LV basal rotation 0.84 ± 0.25 1.01 ± 0.20 <0.001
Time to peak LV twist 0.95 ± 0.10 0.99 ± 0.09 0.02
Time to peak LV untwisting velocity 0.80 ± 0.15 0.79 ± 0.16 0.81
Time to peak LV apical diastolic rotation rate 0.87 ± 0.17 0.83 ± 0.19 0.21
Time to peak LV basal diastolic rotation rate 0.81 ± 0.15 0.77 ± 0.16 0.26
AR, aortic regurgitation; LV GLS, left ventricular global longitudinal strain; LV, left ventricle.
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DISCUSSION
In the present study, we aimed to describe the systolic 
and diastolic LV mechanics in terms of longitudinal de-
formation and rotational and torsional motion assessed 
by 2D-STE in chronic AR with normal LVEF and dyna-
mic changes of these parameters during short-term 
follow-up. Our main results are that both longitudi-
nal deformation measures expressed by LV GLS and 
parameters of LV rotation/torsion are impaired even 
in asymptomatic patients with hemodynamically sig-
nifi cant AR and normal LVEF. Left  ventricular GLS 
is lower, peak LV apical systolic rotation and diastolic 
rotation rate, peak LV twist and torsion and peak LV 
untwisting velocity are all reduced, and peak LV twist 
is also delayed in these patients. During short-term 
follow-up of these AR patients, despite maintaining the 
asymptomatic status and a normal LVEF, LV GLS, as 
parameter of global LV contractility, decreased signifi -
cantly, compared to baseline, along with conventional 
(E and e’ velocities) and newer (LV untwisting velocity) 
parameters of LV diastolic function. Baseline values of 
LV GLS and peak LV apical rotation emerged as inde-
pendent parameters of end of follow-up LV GLS. 

Myocardial dysfunction in chronic aortic regurgita-
tion
Chronic AR has usually a slow rate of progression 
that leads to LV adaptation to the combined volume 
and pressure overload by eccentric hypertrophy. Th e 
forward ouput is maintained by increasing preload. In 
the compensated phase of severe AR, the LV elastance, 
expressed as the slope of the LV pressure-volume re-
lationship assessed invasively and a load-independent 
parameter of myocardial function, is normal. As se vere 
AR progresses, due to LV dilation and development 
of systolic hypertension, there is an increase in systo-
lic wall stress and LV elastance decreases, indicating 
subclinical myocardial dysfunction as LVEF is preser-
ved due to increased preload. If AR progresses further, 
myocardial fi brosis increases, LV compliance decrea-
ses, LV end-diastolic pressure rises. Consequently, the 
mechanism of hypertrophy becomes maladaptive with 
further increase in systolic wall stress. Th is aft erload 
mismatch combined with a limited preload results in 
impaired LVEF23-25.

Longitudinal deformation in chronic aortic regurgi-
tation
In the early phases of severe chronic AR, the LV dila-
tion associated with increased LV wall stress induces a 
subclinical impairment in LV function that starts in the 

Reproducibility
Interobserver variability values for the LV torsional pa-
rameters were: 0.5 ± 7.2% for peak LV apical rotation; 
6.7 ± 19.4% for peak LV twist; 3.6 ± 20.0% for peak LV 
torsion; 5.2 ± 23.0% for peak LV apical diastolic rotati-
on rate; and 5.1 ± 29.4% for peak LV untwisting velo-
city. Intraobserver variability for the same parameters 
was 0.3 ± 3.8%, 7.0  ± 15.6%, 5.6 ± 15.4%, 0.9 ± 8.0, and 
5.6 ± 11.2%, respectively.

Table 4. Changes in conventional parameters of systolic and 
diastolic LV function during follow-up in AR patients

Baseline 
(n = 26)

End of follow-up
(n = 26) p value

LVESDi (mm/m2) 19.1 ± 2.2 19.3 ± 2.3 0.51
LVEDDi (mm/m2) 29.7 ± 3.3 29.3 ± 3.4 0.30
LVESVi (ml/m2) 29.6 ± 7.8 33.0 ± 9.8 0.007
LVEDVi (ml/m2) 74.6 ± 17.9 82.5 ± 20.6 0.004
LV mass index (g/m2) 146 ± 40 148 ± 40 0.77
LV sphericity index 0.38 ± 0.08 0.37 ± 0.09 0.53
RWT 0.40 ± 0.05 0.40 ± 0.05 0.68
LVFS (%) 36 ± 3 34 ± 4 0.07
LVEF (%) 60 ± 4 60 ± 3 0.72
Septal S (cm/s) 7.5 ± 1.1 7.4 ± 1.2 0.86
E (cm/s) 68 ± 18 61 ± 18 0.05
EDT (ms) 202 ± 42 203 ± 34 0.86
Septal e’ (cm/s) 7.9 ± 2.4 7.0 ± 2.1 0.005
E/e’ at septal site 9.3 ± 4.2 9.2 ± 2.6 0.76
LAVI (ml/m2) 29.7 ± 10.0 31.3 ± 13.4 0.44
AR, aortic regurgitation, LV, left ventricle; LVEDDi, left ventricular end-diastolic diameter 
indexed to body surface area (BSA); LVESDi, left ventricular end-systolic diameter indexed to 
BSA; LVEDVi, left ventricular end-diastolic volume indexed to BSA; LVESVi, left ventricular end-
systolic volume indexed to BSA; RWT, relative wall thickness; LVFS, left ventricular fractional 
shortening; LVEF, left ventricular ejection fraction; EDT, E-wave deceleration time; LAVi, left 
atrial volume indexed to BSA.

Table 5. Changes in parameters of left ventricular mechanics 
during follow-up in AR patients

Baseline
(n = 26)

End of follow-up
(n = 26)

p 
value

LV GLS (%) -18.1 ± 2.5 -16.9 ± 2.3 0.012
Peak LV apical rotation (°) 14.3 ± 7.7 13.8 ± 9.0 0.67
Peak LV basal rotation (°) -4.9 ± 3.7 -7.4 ± 13.2 0.34
Peak LV twist (°) 18.3 ± 7.8 17.8 ± 10.1 0.67
Peak LV torsion (°/cm) 2.0 ± 0.8 1.9 ± 1.0 0.22
Peak LV systolic torsional 
velocity (°/s) 

106.7 ± 38.7 105.2 ± 41.8 0.81

Peak LV apical diastolic 
rotation rate (°/s) 

-86.0 ± 37.4 -80.3 ± 41.5 0.48

Peak LV basal diastolic 
rotation rate (°/s) 

63.2 ± 31.4 53.7 ± 17.3 0.19

Peak LV untwisting velocity 
(°/s) 

-128.3 ± 39.7 -106.7 ± 49.9 0.05

AR, aortic regurgitation; LV GLS, left ventricular global longitudinal strain; LV, left ventricle.
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trast to LV elastance. Several studies reported impair-
ment of myocardial deformation parameters (assessed 
by TDI or STE) in asymptomatic patients with chronic 
moderate and severe AR with preserved LVEF9,26, re-
sults similar to those from the our study with signifi -
cantly lower LV GLS in AR patients at baseline.

subendocardium, where the longitudinal myocardial 
fi bers have a longitudinal orientation. Consequently, 
assessment of longitudinal LV function by GLS seems 
to be a sensitive parameter for detecting early LV dys-
function due to aft erload mismatch in patients with 
AR, with the advantage of being noninvasive in con-

Figure 2. Correlations of end of follow-up LV GLS with baseline parameters of LV geometry and function: LV sphericity index (A), peak LV apical rotation (B) 
peak LV torsion (C), LVEF (D) and baseline LV GLS (E). LV, left  ventricle; LV GLS, left  ventricular global longitudinal strain.
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LV remodelling and sphericity with no further increase 
in apical rotation12.

In our study, peak LV apical rotation and peak LV 
torsion did not signifi cantly decrease during short-term 
follow-up, as opposed to LV GLS, suggesting possibly a 
slower progression of subepicardial dysfunction com-
pared to subendocardial dysfunction in patients with 
signifi cant chronic AR. Among baseline parameters of 
LV function and geometry signifi cantly correlated with 
the progressive decrease in LV GLS, baseline peak LV 
apical rotation, together with baseline LV GLS emerged 
as independent determinants of end of follow-up LV 
GLS.

Diastolic left  ventricular torsional mechanics in aor-
tic regurgitation
Left  ventricular diastolic dysfunction is a frequent fea-
ture in chronic AR patients that may persist or even 
progress aft er AVR29. In our study population, param-
eters of diastolic LV function such as E wave and TDI-
derived septal e’ were decreased and E wave decele-
ration time (EDT), LA volume index, and LV fi lling 
pressures estimated by E/E’ ratio were increased in 
AR patients compared with healthy subjects. A newer 
STE-derived parameter of LV diastolic function is LV 
untwisting. Systolic LV twist is followed by rapid LV 
untwisting in early diastole. Rapid diastolic untwisting 
induces an early diastolic intraventricular pressure gra-
dient that contributes to diastolic suction30. 

A decreased untwisting leads to impaired LV fi lling, 
LV end-diastolic volume, and stroke volume31. In-
creased preload is known to delay and slow untwisting 
in the absence of contractility abnormalities32. In the 
present study, peak LV untwisting velocity was decrea-
sed in AR patients at baseline and tended to signifi -
cantly decrease during short-term follow-up. Th ese fi n-
dings from our study suggest that diastolic parameters 
are more sensitive markers of LV dysfunction in chro-
nic AR progression, refl ecting changes in myocardial 
structure (fi brosis)33.

Clinical implications
Optimal timing for surgery in asymptomatic patients 
with chronic AR is still a challenge for the clinician 
due to the fact that these patients may display a normal 
LVEF for many years, yet many of them develop irre-
versible myocardial dysfunction inducing an increased 
risk for unfavorable post-operative outcomes. Th ere-
fore, identifying parameters of early LV dysfunction, 
before LVEF declines, may have a key role in closer 
monitoring and even early surgery in these patients.

Moreover, myocardial deformation parameters 
show ed signifi cant prognostic value in diff erent studies 
in AR patients. Olsen et al. demonstrated that reduced 
LV GLS was associated with disease progression or im-
paired outcomes aft er surgery in patients with mode-
rate-to-severe AR6. Results from other studies showed 
that LV GLS, assessed by velocity vector imaging or 
STE, was independently associated with the need for 
AVR in asymptomatic patients with moderate-to-se-
vere and severe AR13,14. In our study, LV GLS, already 
impaired at baseline, compared to healthy controls, 
decreased further during follow-up, despite non-signi-
fi cant change in LVEF or LV geometry, suggesting an 
intrinsic progression of subendocardial dysfunction. 
Due to short-term follow-up (an average of 15 months) 
during which all patients remained asymptomatic and 
only one of them required surgery due to severe LV 
dilation, the prognostic value of an impaired LV GLS 
could not be assessed.

Systolic left  ventricular torsional mechanics in aortic 
regurgitation
In the LV myocardial wall, due to the change in myofi -
bers geometry from a right-handed helix in the suben-
docardium to a left -handed helix in the subepicardium, 
there is a twisting motion induced by the opposite ro-
tations of LV apex and base. When both layers contract 
simultaneously, a larger radius of rotation for the outer 
epicardial layer induces mechanical predominance of 
the epicardial fi bers in the overall direction of rota-
tion27. Physiological variables such as preload, aft er-
load, and contractility impact LV twist: twist increases 
with preload and decreases with aft erload. Th e eff ect of 
preload on twist is about two-thirds as great as that of 
aft erload28. In our patients with chronic AR we found 
a reduced peak LV apical rotation and a decreased and 
delayed peak LV systolic twist and torsion, suggesting 
a complex eff ect of the interaction between preload, af-
terload and subtle LV systolic dysfunction on LV tor-
sional mechanics in this setting. Conversely, peak LV 
basal rotation was similar in healthy subjects and in AR 
patients in our study. In a recent12 study, LV rotation 
and torsion were assessed in patients with modera-
te and severe AR and the results showed that patients 
with moderate AR and without arterial hypertension 
had increased LV apical rotation, while LV torsion was 
lower in the severe AR group compared with modera-
te AR group, but there was no diff erence in the apical 
rotation compared with moderate AR and control pa-
tients. In severe AR group, LV dimensions were higher 
than in moderate AR patients, indicating progressive 



Roxana Enache et al.
LV mechanics in aortic regurgitation

Romanian Journal of Cardiology
Vol. 25, No. 1, 2015



conservative management and aft er surgery. JACC Cardiovasc Ima-
ging 2011;4:223-30. 

7. Onishi T, Kawai H, Tatsumi K, et al. Preoperative systolic strain rate 
predicts postoperative left  ventricular dysfunction in patients with 
chronic aortic regurgitation. Circ Cardiovasc Imaging 2010;3:134–41.

8. Vinereanu D, Ionescu AA, FraserAG. Assessment of left  ventricu-
lar long axis contraction can detect early myocardial dysfunction in 
asymptomatic patients with severe aortic regurgitation. Heart 2001; 
85:30–6.

9. Marciniak A, Sutherland GR, Marciniak M, et al. Myocardial defor-
mation abnormalities in patients with aortic regurgitation: a strain 
rate imaging study. Eur J Echocardiogr 2009;10:112–9. 

10. Mizariene V, Grybauskiene R, Vaskelyte J, et al. Strain value in the 
assessment of left  ventricular function and prediction of heart failure 
markers in aortic regurgitation. Echocardiography 2011;28:983-92.

11. Smedsrud MK, Pettersen E, Gjesdal O, et al. Detection of left  ventricu-
lar dysfunction by global longitudinal systolic strain in patients with 
chronic aortic regurgitation. J Am Soc Echocardiogr 2011;24:1253-9.

12. Mizariene V, Bucyte S, Zaliaduonyte-Peksiene D, et al. Left  ventricular 
mechanics in asymptomatic normotensive and hypertensive patients 
with aortic regurgitation. J Am Soc Echocardiogr 2011;24:385-91.

13. Kusunose K, Agarwal S, Marwick TH, et al. Decision making in 
asymptomatic aortic regurgitation in the era of guidelines: incremen-
tal values of resting and exercise cardiac dysfunction. Circ Cardiovasc 
Imaging 2014;7:352–62.

14. Ewe SH, Haeck ML, Ng AC, et al. Detection of subtle left  ventricular 
systolic dysfunction in patients with signifi cant aortic regurgitati-
on and preserved left  ventricular ejection fraction: speckle tracking 
echocardiographic analysis. Eur Heart J Cardiovasc Imaging 2015 
Mar 1 [Epub ahead of print].

15. Kim WJ, Lee BH, Kim YJ, et al. Apical rotation assessed by speckle-
tracking echocardiography as an index of global left  ventricular con-
tractility. Circ Cardiovasc Imaging 2009;2:123-31.

16. Lancellotti P, Tribouilloy C, Hagendorff  A, et al. Recommendations 
for the echocardiographic assessment of native valvular regurgitation: 
an executive summary from the European Association of Cardiovas-
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transthoracic 3D echocardiography. Eur Heart J 2004;25:680-7.

20. Ommen SR, Nishimura RA, Appleton CP, et al. Clinical utility of 
Doppler echocardiography and tissue Doppler imaging in the estima-
tion of left  ventricular fi lling pressures: a comparative simultaneous 
Doppler-catheterization study. Circulation 2000;102:1788–94.
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echocardiography. J Am Soc Echocardiogr 2008;21:895–8.
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Study limitations
Th e study groups have a relatively small number of 
patients due to the strict inclusion criteria. Th e prog-
nostic value of LV mechanics parameters could not 
be assessed due to the short-term follow-up (15 ± 6 
months) during which all patients remained asymp-
tomatic with a normal LVEF and only one developed 
severe LV dilation requiring surgery so an event-driven 
analysis was not possible. LV shape was assessed using 
a sphericity index derived from the LV end-diastolic 
volume that was calculated by Simpson biplane method 
and not by 3D echocardiography. However, we ensured 
that the LV end-diastolic longitudinal diameter in api-
cal 4- and 2-chamber views did not vary by more than 
10%. 

CONCLUSION
In asymptomatic patients with signifi cant AR and nor-
mal LVEF, noninvasive parameters of LV intrinsic con-
tractility, such as LV global longitudinal strain, LV api-
cal rotation and torsion, assessed by speckle-tracking 
echocardiography, are impaired, thus detecting early 
subclinical LV dysfunction before LVEF declines. 
During short-term follow-up, LV global longitudinal 
strain further decreases despite preserved LV geome-
try and LVEF. Th ese fi ndings suggest a potential role of 
these parameters in closer monitoring for asymptomat-
ic AR patients.
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