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Detection of subtle left ventricular systolic
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regurgitation and preserved left ventricular
ejection fraction: speckle tracking
echocardiographic analysis
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Aims The aim of this study was to characterize left ventricular (LV)mechanics in symptomatic and asymptomatic patients with
moderate-to-severe or severe aortic regurgitation (AR) and preserved ejection fraction (left ventricular ejection frac-
tion) using two-dimensional speckle tracking echocardiography (2D-STE). The association between baseline LV strain
and development of indications for surgery in asymptomatic patients was also evaluated.

Methods
and results

Atotal of 129patientswithmoderate-to-severeor severeARandLVEF.50%(age55+17years, 64%male, 53%asymp-
tomatic at baseline)were included. Standard echocardiography and2D-STEwereperformedat baseline.Comparedwith
asymptomatic patients, symptomatic patients had significantly impaired LV longitudinal (214.9+3.0 vs.216.8+2.5%,
P, 0.001), circumferential (217.5+2.9 vs. 219.3+ 2.8%, P ¼ 0.001), and radial (35.7+12.2 vs. 43.1+14.7%,
P ¼ 0.004) strains. Among 49 asymptomatic patientswhowere followedup, 26 developed indications for surgery (symp-
toms onset or LVEF ≤50%). These patients had comparable LV volumes, LVEF, and colour Doppler assessments of AR
jet at baseline, but more impaired LV longitudinal (P ¼ 0.009) and circumferential (P ¼ 0.017) strains compared with
patients who remained asymptomatic. Impaired baseline LV longitudinal (per 1% decrease, HR ¼ 1.21, P ¼ 0.04) or cir-
cumferential (per 1% decrease, HR ¼ 1.22, P ¼ 0.04) strain was independently associated with the need for surgery.

Conclusion Multidirectional LV strain was more impaired in symptomatic than in asymptomatic patients with moderate-to-severe
or severe AR, despite preserved LVEF. In asymptomatic AR patients, longitudinal and circumferential strains identified
patients who would require surgery during follow-up.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Aortic regurgitation † Echocardiography † Speckle tracking † Surgery † Ejection fraction

Introduction
Currently, the class I indications for aortic valve (AV) surgery in
severe aortic regurgitation (AR) are when patients are symptomatic
and/or when there is impairment of left ventricular ejection fraction

(LVEF ≤50%).1,2 However, as the LV enlarges with time, and in the
presence of inadequate preload reserve and/or excessive increase
in afterload, impairment of LV function may occur even before the
onset of symptoms.3 Previous studies have also reported that
some indices of LV function (such as myocardial strain and mitral
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33Myocardial strains in chronic AR

annular plane systolic excursion) may be abnormal in asymptomatic
patients with chronic severe AR, despite preserved LVEF.4,5 When
symptoms of heart failure develop in these patients, irreversible
damage to myocardial structure (fibrosis)6 and function may have
already occurred,7 which may preclude the recovery of LV function
following AV surgery.8–10 Thus, accurate detection of subclinical
LV dysfunction before the onset of symptoms and a drop in LVEF
may be clinically helpful to identify asymptomatic severe AR patients
who are at risk, necessitating early referral for surgery.
Strain imaging is a more sensitive technique (when compared

with LVEF) to evaluate the contractile properties of themyocardium
in patients with chronic AR.5,11,12 Recently, myocardial deformation
can be assessed using two-dimensional speckle tracking echo-
cardiography (2D-STE), which allows angle-independent assessment
of LV deformation by tracking the frame-to-frame natural acoustic
markers (the so-called speckles) within the myocardium wall.13–15

Myocardial strain values may indirectly reflect structural changes in
themyocardium including fibrosis.14,15Wehypothesized that impair-
ment in LV strain can be demonstrated in patients with moderate-
to-severe and severe chronic AR, despite being asymptomatic and
having preserved LVEF, and that 2D-STE would be a helpful tool to
identify those asymptomatic high-risk individuals who progress to
requireAV surgery. Therefore, the aims of this studywere as follows:

(1) To evaluate the presence of subtle LV systolic dysfunction, using
2D-STE, in symptomatic and asymptomatic patientswithmoder-
ate-to-severe or severe chronic AR and preserved LVEF, and

(2) Toevaluate thepotential roleofbaselineLVstrain, using2D-STE,
in identifying asymptomatic AR patients who later develop indi-
cations for AV surgery.

Methods

Patient population and data collection
Thepatient population comprised 129patientswithmoderate-to-severe
or severe AR who were identified in the echocardiographic database of
the Cardiology Department at the Leiden University Medical Center
(Leiden, the Netherlands). Patients with acute AR, concomitant valvular
diseaseofmore thanmild in severity, known ischaemic heart disease, pre-
vious cardiac or valve surgery, reduced LVEF (≤50%), and inadequate
echocardiographic data for 2D-STE analysis were excluded.
All clinical data were retrospectively retrieved from the departmental

electronic patient dossier information system (EPD-visionw; Leiden, the
Netherlands) and analysed. All patients were followed up by the treating
physicians according to routine clinical practice. A detailed clinical history
was retrospectively retrieved, focusing on patients’ symptoms that were
deemed to be related to AR by the attending physicians. Subsequently,
patients were divided into two groups based on the presence or
absence of symptoms at the time of first echocardiographic examination.
LV myocardial functions (radial, circumferential, and longitudinal strains)
were evaluated using 2D-STE and compared between symptomatic and
asymptomatic patients. In addition, in the group of patients who were
asymptomatic at the initial echocardiographic examination, the clinical in-
formationwas retrospectively analysed to identify thosewho later devel-
oped symptoms or deterioration in LV function (LVEF ≤50%), meeting
the indications for AV surgery (according to the current guidelines).1,2,16

The institutional review board approved this retrospective analysis
of clinically acquired data and waived the need for patients’ written
informed consent.

Echocardiography
Transthoracic echocardiographic images were acquired at rest with the
patient in the left lateral decubitus position using a commercially available
ultrasound system (Vivid-7 and E9, General Electric Vingmed, Horten,
Norway) and were digitally stored for offline analysis (EchoPAC version
110.0.0, GE-Vingmed). Standard 2D, colour, pulsed, and continuous-
wave Doppler echocardiographic acquisitions were performed.16–18 LV
dimensions were obtained from the standard M-mode images at a para-
sternal long-axis view,18 and LV mass index was calculated according to
Devereux et al. and corrected for body surface area (BSA).18,19 In addition,
the relativewall thickness was calculated as a ratio of (2× PWTd)/LVIDd,
where PWTd is the posterior wall thickness and LVIDd is the LV internal
diameter at end-diastole. Next, LV end-diastolic and end-systolic volu-
mes were measured from the apical views (two- and four-chamber)
using biplane Simpson’s method and corrected for BSA.18 LVEF was sub-
sequently calculated and expressed as a percentage.
Detailed examination of the AV, aortic root, and proximal ascending

aorta were performed according to the standard guidelines.16,18 To
assess AR severity, comprehensive, colour, continuous, and pulsed-wave
Doppler recordingswereperformedaccording to the recommendations
that included the measurement of vena contracta width, regurgitant jet
width, pressure half-time, and diastolic flow reversal in the descending
aorta.16,17 The final grading of AR severity required integration of data
from imaging of the aortic root, AV, and LV.16,17

Two-dimensional speckle tracking
echocardiography
Myocardial deformation can be assessed using 2D-STE, performed
ongreyscale imagesof theLVobtained in the apical two-, three-, and four-
chamber views and parasternal mid-ventricular short-axis view.13–15 An
LV longitudinal strain was evaluated in the three apical views, whereas LV
circumferential and radial strains were evaluated in the mid-ventricular
short-axis view. From the 2D images, the endocardial border wasmanu-
ally traced at end-systole, and the region-of-interest width was adjusted
to include the entire myocardial wall thickness. After verification of
myocardial tracking, the software package (EchoPAC version 110.0.0,
GE-Vingmed) automatically tracked themyocardium.Manual adjustment
wasperformed if necessary. In each echocardiographic view, themyocar-
dium was automatically divided into six segments. Thus, global peak sys-
tolic longitudinal strain was calculated by averaging the peak systolic
values of all the 18 segments, derived from the three apical views (six seg-
ments in each apical view).Global peak systolic circumferential and radial
strains were calculated by averaging the peak systolic values of all the six
segments from the mid-ventricular short-axis view. Accordingly, the
global systolic LV performance was evaluated in all the three myocardial
directions using advanced 2D-STE.

Follow-up and end points
Patients who were asymptomatic were divided into two groups: those
who met and those who did not meet indications for AV surgery at
follow-up.1,2,16 Fromtheclinical andechocardiographic variables recorded
at the time of first echocardiographic examination, independent determi-
nants of AV surgery were identified.

Statistical analysis
Continuous variables were presented as mean and standard deviation.
Categorical variables were presented as frequencies and percentages.
Differences in baseline variables between the two groups were analysed
using unpaired Student’s t-tests (for continuous variables) andx2 or Fisher’s
exact test (for categorical variables). In the group of patients who were ini-
tially asymptomatic at the first echocardiographic examination and were

Myocardial strains in chronic aortic regurgitation 993
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34 Chapter 3

followed up conservatively, uni- and multivariate Cox regression analyses
(with an enter method) were performed to identify baseline clinical and
echocardiographic determinants of AV surgery. The independent associ-
ation between LV systolic strains and need of AV surgery, was assessed in
a multivariate Cox regression analysis including known predictors of need
for AV surgery (such as age, gender, LV end-systolic volume index, and AR
vena contracta width)1 into the model. Receiver operating characteristic
(ROC) curve analysiswas performed todetermine the cut-off valueof base-
line LV strain to predict AV surgery at follow-up. All statistical analyses were
performed using SPSS for Windows, version 16 (SPSS, Inc., Chicago, IL,
USA). A two-tailed P-value of,0.05 was considered statistically significant.

Results

Patient population
Atotal of 129patients (age 55+ 17years, 64%male)withmoderate-
to-severe or severe chronic AR were evaluated. Of these, 61 (47%)
patients reported to have symptoms at the time of the first echocar-
diographic examination. Table 1 summarizes the clinical characteris-
tics of patients with and without symptoms recorded at baseline.
Therewere no significant differences in age, gender, and cardiovascu-
lar risk factors between the two groups. In terms of the mechanism
underlying AR, asymptomatic patients were more likely to have
bicuspid AVs but less likely to have inflammatory/infective causes
(Table 1).

Echocardiography in patients
with and without symptoms
Table 2 summarizes the comparison of echocardiographic para-
meters in patients with and without symptoms at baseline. Patients

with symptoms had a significantly larger LV end-diastolic volume
index and a trend towards a larger LV end-systolic volume index
when compared with those without symptoms. Accordingly, the
LVEF was lower in patients with symptoms, although all patients
had by definition a preserved LVEF (.50%). In terms of colour
Doppler assessment of the AR, patients with symptoms had a signifi-
cantly larger vena contracta width, a higher jet to LV outflow tract
width ratio, and a shorter pressure half-time when compared with
those without symptoms (Table 2).

Regarding the assessment of LV performance using 2D-STE,
patients with symptoms demonstrated a significantly larger impair-
ment in myocardial function in all three directions when compared
with those without symptoms (Table 2). Patients with symptoms
had a significant worse longitudinal strain compared with those
without symptoms (214.9+3.0 vs. 216.8+ 2.5%, P, 0.001).
Similarly, circumferential (217.5+2.9 vs. 219.3+ 2.8%, P ¼
0.001) and radial (35.7+ 12.2 vs. 43.1+ 14.7%, P ¼ 0.004) strains
were more impaired in patients with symptoms than in those
without symptoms.

Asymptomatic patients
Of the 68 patients who were initially asymptomatic, 49 patients
had clinical data at follow-up permitting retrospective analysis.
Over a mean follow-up period of 4.2+ 3.2 years (interquartile
range 1.2–6.6 years), 26 (53%) patients progressed to meet indica-
tions for AV surgery (onset of symptoms in 21 patients and LVEF
≤50% in 5 patients). The remaining 23 patients were symptom-free
with preservation of LVEF. Table 3 summarizes the baseline clinical
and echocardiographic data of the 49 asymptomatic AR patients.
Of note, no significant differences in clinical characteristics were

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline clinical characteristics of the study population

Symptomatic (n5 61) Asymptomatic (n 5 68) P-value*

Age (years) 55+16 54+17 0.74

Male, n (%) 42 (69) 40 (59) 0.27

BSA (m2) 1.93+0.21 1.89+0.22 0.26

Heart rate (bpm) 74+13 70+12 0.11

Systolic blood pressure (mmHg) 131+22 134+17 0.50

Diastolic blood pressure (mmHg) 70+14 70+11 0.89

MDRD glomerular filtration rate (mL/min/1.73 m2) 81+24 85+20 0.35

Cardiovascular risk factors

Hypertension, n (%) 41 (67) 40 (59) 0.37

Hypercholesterolaemia, n (%) 21 (34) 19 (28) 0.45

Diabetes, n (%) 7 (11) 4 (6) 0.35

Current smoking, n (%) 23 (38) 18 (26) 0.47

AR aetiology

Degenerative, n (%) 23 (38) 32 (47) 0.38

Bicuspid, n (%) 13 (21) 27 (40) 0.035

Rheumatic, n (%) 3 (5) 2 (3) 0.67

Inflammatory/infective, n (%) 12 (20) 2 (3) 0.003

Annuloaortic ectasia, n (%) 10 (16) 6 (9) 0.29

AR, aortic regurgitation; MDRD, Modification of Diet in Renal Disease.20

*P-values for comparison between symptomatic and asymptomatic patients.
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35Myocardial strains in chronic AR

observed, except that thosewho required surgerywereolder. In par-
ticular, baselineLVvolume indexes, LVEF, andcolourDopplerassess-
ment of the AR were not significantly different between the two
groups (Table 3). However, 2D-STE demonstrated that baseline LV
myocardial strain was significantly more impaired in the longitudinal
(215.7+2.0 vs. 217.6+2.7%, P ¼ 0.009) and circumferential
(218.3+2.4 vs. 220.2+2.9%, P ¼ 0.017) directions in patients
who later required surgery than those who remained symptom-free
without surgery (Table 3).
Next, Cox regression analyses were performed to identify base-

line clinical and echocardiographic determinants of AV surgery.
On univariate analysis, age and LV longitudinal and circumferential
strains were significantly related to AV surgery (Table 4). Table 4
presents thatbesides a largerARvenacontractawidth, both impaired
LV longitudinal and circumferential strains were independently asso-
ciated with AV surgery at follow-up, after correcting for age, gender,
and LV volumes. Importantly, either LV longitudinal or circumferen-
tial strain provided a modest and significant incremental value over
clinical and echocardiographic variables in predicting AV surgery
(Figure 1). By ROC curve analysis, LV longitudinal strain ≥ 217.4%
provided the highest sensitivity (77%) and specificity (57%) to
predict the future need of AV surgery [area under the curve
(AUC) ¼ 0.70, P ¼ 0.008]. Table 5 summarizes the predictive ability
of LV longitudinal strain to identify patients who will require AV
surgery, using several proposed cut-off values. Importantly, LV longitu-
dinal strain ≥ 219.3% provided the highest sensitivity (100%) to
predict AV surgery, with a negative predictive value of 100%. There-
fore, patients with a better longitudinal strain of 219.3% would be
free from symptoms and surgery.

Discussion
The present analysis demonstrated that, despite preserved LVEF,
multidirectional LV strain was more impaired in patients with
moderate-to-severe or severe AR with symptoms than those
without symptoms. Furthermore, in asymptomatic patients with
moderate-to-severe and severe AR, LV strain (in particular, longitu-
dinal strain), as assessed using 2D-STE, appeared to be a valuable
tool to identify patients who are at risk of requiring AV surgery.

Multidirectional myocardial strain
in chronic AR
ChronicARoftenprogresses slowlyover theyears, and theLVadapts
by replication of sarcomeres in series in the presence of chronic
volume overload. This allows for elongation of myocytes, thereby
increasing LV volume to generate a larger stroke volume to maintain
forward output.21–23 The gradual LV enlargement is followed by
LV wall thickening, resulting in the development of eccentric hyper-
trophy. This is an adaptive process in the early course of the disease,
normalizingwall stress andpermittingnormalfillingpressuresdespite
a substantial increase in LV volume overload.22 In addition, LVEF is
normally preserved during the compensated phase of chronic AR,
and many patients may remain asymptomatic for years. With time,
however, the combination of progressive LV enlargement and the
increase in LV pressure will reach a point when it is no longer
offset by an adequate increase in LV wall thickness and will result in
an increase in systolic LV wall stress.21 This afterload mismatch,
together with a limited preload reserve in dilated ventricles, marks

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Baseline echocardiographic parameters of the study population

Symptomatic (n 5 61) Asymptomatic (n5 68) P-value*

Conventional echocardiography

LV end-diastolic diameter (mm) 57+8 55+8 0.11

LV end-systolic diameter (mm) 36+9 34+7 0.25

Relative wall thickness 0.39+0.09 0.40+0.06 0.30

LV end-diastolic volume index (mL/m2) 95+33 83+27 0.034

LV end-systolic volume index (mL/m2) 40+16 34+17 0.064

LVEF (%) 59+6 61+5 0.012

LV mass index (g/m2) 134+36 130+37 0.50

LV outflow tract (mm) 24.1+3.2 24.1+3.4 0.97

Aortic sinus (mm) 38.1+6.1 37.5+6.3 0.55

Sinotubular junction (mm) 32.9+6.4 31.6+6.7 0.27

Ascending aorta (mm) 37.2+9.5 34.6+7.1 0.083

Vena contracta width (mm) 6.2+1.1 5.5+1.0 ,0.001

Jet to LV outflow tract width ratio (%) 58+11 50+10 ,0.001

Pressure half-time (ms) 278+95 367+90 ,0.001

Two-dimensional speckle tracking echocardiography

LV longitudinal strain (%) 214.9+3.0 216.8+2.5 ,0.001

LV circumferential strain (%) 217.5+2.9 219.3+2.8 0.001

LV radial strain (%) 35.7+12.2 43.1+14.7 0.004

*P-values for comparison between symptomatic and asymptomatic patients.

Myocardial strains in chronic aortic regurgitation 995
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36 Chapter 3

the onset of impairment in LV performance in patients with chronic
AR.23,24 When the LV adaptive mechanisms fail or are inadequate,
symptoms generally occur and LVEF becomes reduced. This,
however, is an insidious process. Although LVEF is a widely accepted
and utilized method for the assessment of LV systolic function, it is a
reflection of the global ejection performance of the LV, which is
derived from volume-based parameters. Given that it is calculated
using geometric assumptions and it is affected by loading conditions,
LVEF alone may not reflect the true LV performance.18

New parameters such as strain imaging are more sensitive techni-
ques than LVEF to assess LV function and to detect subtle changes in
myocardial performance, particularly early in the disease process. In
fact, several studies reported that impairment of myocardial deform-
ation (thickening or shortening) was observed in asymptomatic patients
with chronicmoderate and severeARwith preserved LVEF.11,12 In con-
trast to studies assessing myocardial deformation with tissue Doppler
imaging-derived strain, novel 2D-STE was employed in the present
study. 2D-STE overcomes the angle insonation dependency of tissue
Doppler imaging and permits the assessment of myocardial strain in all
directions (longitudinal, circumferential, and radial).13,14 Importantly,

the present study showed that LVmyocardial strain wasmore impaired
in all the three directions in symptomatic patients with moderate-
to-severe and severe AR when compared with asymptomatic patients,
although all patients had a preserved LVEF by virtue of the inclusion
criteria.

Symptomatic vs. asymptomatic patients
and baseline predictors of AV surgery
In the present study, it is not surprising that the group of patientswith
symptoms exhibited features of more severe AR when compared
with the group of asymptomatic patients. Symptomatic patients
showed larger vena contracta width and LV dimensions, and lower
LVEF. Despite significant differences in LVEF, both groups of patients
had preserved LVEF (.50%). However, when LV function was eval-
uated using 2D-STE, symptomatic patients had significantly more
reduced LV performance when compared with asymptomatic
patients. In a recent longitudinal study of 64 patients who had
moderate-to-severe AR with a wide range of LVEF,25 Olsen et al.25

showed that global LV longitudinal systolic strain was lower in
patients with symptoms of heart failure (n ¼ 26) when compared

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Baseline characteristics of asymptomatic patients with clinical and echocardiographic data at follow-up

Need AV surgery (n5 26) No need AV surgery (n 5 23) P-value*

Age (years) 55+16 42+15 0.006

Male, n (%) 16 (62) 15 (65) 1.00

BSA (m2) 1.91+0.17 1.89+0.25 0.75

Heart rate (bpm) 69+15 70+11 0.82

Systolic blood pressure (mmHg) 129+14 133+18 0.47

Diastolic blood pressure (mmHg) 68+12 70+9 0.60

MDRD glomerular filtration rate (mL/min/1.73 m2) 84+19 86+23 0.83

Cardiovascular risk factors

Hypertension, n (%) 15 (58) 11 (48) 0.57

Hypercholesterolaemia, n (%) 8 (31) 4 (17) 0.33

Diabetes, n (%) 3 (12) 1 (4) 0.61

Current smoking, n (%) 8 (31) 4 (17) 0.33

Conventional echocardiography

LV end-diastolic diameter (mm) 55+7 55+6 0.90

LV end-systolic diameter (mm) 35+7 33+6 0.28

LV end-diastolic volume index (mL/m2) 81+30 83+18 0.84

LV end-systolic volume index (mL/m2) 32+15 35+22 0.54

LV ejection fraction (%) 61+5 62+5 0.50

LV mass index (g/m2) 131+33 130+32 0.93

LV outflow tract (mm) 23.6+2.7 24.8+3.5 0.20

Ascending aorta (mm) 35.4+7.7 33.4+5.6 0.30

Vena contracta width (mm) 5.5+1.2 5.3+1.0 0.37

Jet to LV outflow tract width ratio (%) 52+10 48+10 0.24

Pressure half-time (ms) 367+118 374+69 0.83

Two-dimensional speckle tracking echocardiography

LV longitudinal strain (%) 215.7+2.0 217.6+2.7 0.009

LV circumferential strain (%) 218.3+2.4 220.2+2.9 0.017

LV radial strain (%) 38.6+13.8 43.5+13.2 0.22

Abbreviations as listed in Table 1.
*P-values for comparison between patients who developed indications for surgery and those who remained asymptomatic during follow-up.
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37Myocardial strains in chronic AR

with patients without symptoms (n ¼ 38). Our findings extend this
observation to a larger cohort of chronic moderate and severe AR
patients with preserved LVEF.
More importantly, the present study showed that among asymp-

tomaticpatientswithmoderate-to-severeorsevereARandpreserved

LVEF, the group of patientswhowould later requireAV surgery during
follow-up had more impaired LV longitudinal and circumferential
strains when compared with patients who remained asymptomatic.
Very often in clinical practice, the distinction between the onset of
mild symptoms and the total absence of symptoms is challenging,
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Table 4 Uni- andmultivariate determinants of AV surgery in asymptomatic patientswith clinical and echocardiographic
data at follow-up (n5 49)

Variable Univariate Multivariate

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

Model included longitudinal strain

Age (years) 1.03 (1.00–1.05) 0.023 1.02 (1.00–1.05) 0.059

Male gender 1.16 (0.51–2.64) 0.725

LV end-systolic volume index (mL/m2) 0.97 (0.98–1.02) 0.706

Vena contracta width (mm) 1.31 (0.89–1.94) 0.173 1.61 (1.02–2.52) 0.041

Longitudinal strain (per 1% worsening) 1.21 (1.02–1.45) 0.030 1.20 (1.01–1.44) 0.044

Model included circumferential strain

Age (years) 1.03 (1.00–1.05) 0.023 1.02 (1.00–1.05) 0.094

Male gender 1.16 (0.51–2.64) 0.725

LV end-systolic volume index (mL/m2) 0.97 (0.98–1.02) 0.706

Vena contracta width (mm) 1.31 (0.89–1.94) 0.173 1.50 (0.95–2.37) 0.079

Circumferential strain (per 1% worsening) 1.18 (1.02–1.36) 0.025 1.22 (1.01–1.46) 0.039

CI, confidence interval; LV, left ventricular; HR, hazard ratio.

Figure 1 Incremental value of LV peak systolic longitudinal (or circumferential) strain over clinical and echocardiographic variables in predicting
AV surgery in asymptomatic patientswith clinical and echocardiographic data at follow-up (n ¼ 49).Model 1 included clinical variables (age andmale
gender). Model 2 included clinical and echocardiographic variables (LV end-systolic volume index and vena contracta width of the AR jet). Model 3
included clinical and echocardiographic variables and advanced speckle tracking strain imaging-derived LV peak systolic longitudinal strain. Corre-
sponding values for peak systolic circumferential strain are given in parentheses.
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38 Chapter 3

and if the decision to proceed with corrective surgery is based exclu-
sivelyonLVEForsymptomsonsetalone, it ispossible that significantLV
dysfunction has already developed, thereby precluding full benefit of
AV surgery. In a series of 52 patients with chronic severe AR undergo-
ing surgery, Onishi et al.26 demonstrated that preoperative LV radial
strain rate had the largest AUC among other parameters (including
LVEF or LV dimensions) in predicting postoperative LV dysfunction
at 12 months.26 A recent study by Kusunose et al.27 also showed
that resting global LV strain, using velocity vector imaging, was inde-
pendently associated with the need for early valve surgery in asymp-
tomatic patients with moderately severe-to-severe AR. In line with
this, the present study demonstrated that the presence of subtle
myocardial changes occurring early in the disease process could be
detected by 2D-STE, when other conventional parameters remain in-
distinguishable during the follow-up of asymptomatic patients with
chronicAR. In fact, amoremarked impairment in both the longitudinal
and circumferential strains was already noted at the time of first echo-
cardiography inpatientswho later requiredAVsurgerycomparedwith
patientswhodid not need surgeryon follow-up. This is also consistent
with the findings ofOlsen et al.,25 who demonstrated that impaired LV
longitudinal strainwasassociatedwithdiseaseprogressionor impaired
outcomes after surgery in 62 patients with moderate-to-severe AR,
although nomultivariate analysis was performed in that study. Import-
antly, the present study showed that either LV longitudinal or circum-
ferential strainprovideda significant incremental valueoverclinical and
established echocardiographic predictors of poor outcome, including
LV volume and parameters of AR severity (vena contracta width),1 in
predicting those who would require AV surgery. Moreover, when
applying the LV longitudinal strain cut-off value of 219.3% (which
has a negative predictive value of 100%), it is capable of ruling out
the risk of developing indications for AV surgery and thus, watchful
waiting should be recommended. Accordingly, LV longitudinal strain
may be viewed as a sensitivemarker for detectionof subtlemyocardial
changes andmayserve asapotential screening tool inclinical risk strati-
fication of asymptomatic patients with chronic moderate-to-severe
AR and preserved LVEF. It has the ability to identify those at risk,
when the longitudinal strain was more impaired, in whom more
aggressive follow-up and early intervention should be considered.

We acknowledge that, due to the relatively small population, the
present study should be considered as a hypothesis-generating study
to examine the ability of LV strain in the predictionofAV surgery. Add-
itional prospective studies including a larger patient population are
warranted to further validate the usefulness of LV longitudinal strain
for accurately predicting the need for AV surgery in asymptomatic
AR patients with preserved LVEF.

Conclusions
Multidirectional LV strain was more impaired in patients with
moderate-to-severe or severe AR who had symptoms than those
without symptoms, although LVEF was still preserved. Furthermore,
subtle impairment in myocardial function, detectable with 2D-STE,
can be used to identify asymptomatic patients who progress to
require AV surgery during follow-up.
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