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ABSTRACT

Purpose: To evaluate potential relationships between different components of left ventricular (LV) func-
tion and histopathological evidence for myocardial fibrosis in patients undergoing heart transplantation.
Methods: The study population included patients with advanced heart failure, referred for an echocardiographic
examination before heart transplantation. Traditional LV function measurements and global longitudinal
strain (GLS) by speckle tracking echocardiography, averaging all LV segments in 4-, 2-, and 3-chamber
views were obtained in all subjects. LV tissue samples were obtained from all patients who underwent heart
transplantation. Myocardial fibrosis was assessed using Masson’s staining.
Results: Of 106 patients referred for cardiac transplantation, 47 underwent cardiac transplantation and were
enrolled in the study. LV myocardial fibrosis and its grade strongly correlated with GLS (r = 0.75, P = .0001),
modestly with global circumferential strain and LV torsion (r = 0.61, P = .001 and r = 0.52, P = .01, re-
spectively) and weakly with mitral S′ wave (r = −0.41; P = .01) and mitral annular plane systolic excursion
(r = −0.35; P = .05) but did not correlate with LV ejection fraction (r = −0.12; P = NS). GLS had the stron-
gest accuracy for detecting LV fibrosis (area under the curve, 0.92). None of the echo parameters correlated
with patient’s exercise capacity.
Conclusion: Global longitudinal strain is the most accurate LV global function measure that correlates
with the extent of myocardial fibrosis in patients with advanced systolic HF requiring heart transplantation.
(J Cardiac Fail 2016;■■:■■–■■)
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Background

The role of myocardial fibrosis in the development and pro-
gression of cardiac failure has recently been highlighted1,2 and
shown to worsen ventricular function, particularly diastolic,
contribute to cavity remodelling and increase stiffness and
overall pump failure.3–5 Patients with advanced heart failure

(HF) have been shown to have extensive myocardial fibro-
sis irrespective of the etiology of cardiomyopathy.6–8

In vivo assessment of myocardial fibrosis is difficult to
achieve. However, cardiac magnetic resonance (CMR), using
late-enhancement technique has proven to be the gold stan-
dard for assessment of the presence and extent of myocardial
fibrosis. However, monitoring its mechanism of contribu-
tion to systolic dysfunction remains challenging.9 On the other
hand, echocardiography based assessment of myocardial fi-
brosis in the form of “tissue characterization” has previously
been studied but proved unsatisfactory. Recently developed
2-dimensional speckle-tracking echocardiography (STE) has
proved superior in assessing regional myocardial function,
being widely available, highly reproducible, and easily ap-
plicable, and thus potentially overcoming known CMR
limitations.10 In addition, the technique allows excellent as-
sessment of the left ventricular (LV) deformation profile
during the entire cardiac cycle11 and has been recently
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demonstrated to correlate with myocardial fibrosis in other
clinical settings, such as hypertrophic cardiomyopathy.12

The aim of this study was to investigate the impact of myo-
cardial fibrosis on regional myocardial deformation in a cohort
of patients with advanced systolic HF requiring heart trans-
plantation, hypothesizing that STE can indirectly assess
function disturbances related to myocardial fibrosis.

Methods

A total of 106 consecutive patients with advanced sys-
tolic HF requiring heart transplantation were followed up by
the Department of Cardiovascular Diseases of the Universi-
ty of Siena from March 2008 to May 2014.

Echocardiography

All patients underwent serial cardiological assessments in-
cluding echocardiographic examinations. Patients who
subsequently underwent cardiac transplantation were en-
rolled in this study and those who underwent cardiac
transplantation more than 1 month after the last cardiology
visit had an echocardiogram just a few hours before surgery.
Patients were excluded if they had unsatisfactory imaging
quality of the LV endocardial border.

All subjects gave written informed consent to participate
in the study, which complied with the declaration of Hel-
sinki, and was approved by the local ethics committee.

Echocardiographic studies were performed using a high-
quality echocardiograph (Vivid e9, GE), equipped with a 3.0-
MHz transducer, with the subject in the left lateral recumbent
position. Measurements of LV and left atrial dimensions, LV
ejection fraction, and diastolic filling velocities were made
in accordance with the current recommendations of the Amer-
ican Society of Echocardiography and European Association
of Echocardiography.13 LV ejection fraction, measured by
Simpson’s method, was used as a standard index of global
systolic function. The ratio between peak early (E) and late
(A) diastolic LV filling velocities was used as standard index
of LV diastolic function.14 Left atrial volumes were mea-
sured using the area-length method from the apical 4- and
2-chamber views. Left atrial volumes were subsequently
indexed to body surface area. The time interval between the
onset of the QRS on the electrocardiogram and the aortic and
mitral valve opening and closure were measured using pulsed-
wave Doppler from the LV outflow and inflow, respectively.

LV longitudinal function was studied using pulsed tissue
Doppler imaging by placing the sample volume at the level
of lateral mitral annulus angle from the apical 4-chamber
view.15 Peak systolic (S′), early diastolic (E′), and late dia-
stolic (A′) annular velocities were measured. S′ was considered
as a relatively load-independent index of LV longitudinal sys-
tolic function. E′ and E′/A′ ratio were used as load-independent
markers of myocardial relaxation.16 The E/E′ ratio was also
calculated and used as a reliable index of LV filling pressures.17

M-mode measurements of mitral annular plane systolic ex-

cursion (MAPSE) were performed by placing the cursor
perpendicular to the lateral site of the annulus.18

Longitudinal LV cavity dyssynchrony was quantified using
pulsed tissue Doppler imaging. In 4- and 2-chamber apical
views, the tissue Doppler sample was positioned in the middle
of the basal segment of each of the 4 walls septal, lateral, in-
ferior, and anterior of the left ventricle. In each of the walls,
the interval between the beginning of the QRS complex on
the surface electrocardiogram and the beginning of the sys-
tolic wave (S′) on the pulsed wave Doppler signal was
measured. This interval corresponds to the electromechani-
cal delay, and the mean of 3 separate measurements in
consecutive cardiac cycles was used for the analysis. The dif-
ference between the maximum and minimum interval
measured in the 4 walls of the left ventricle was used to quan-
tify the degree of left intraventricular dyssynchrony (Q-S′
index).19

A longitudinal tissue Doppler dyssynchrony of ≥32 ms was
considered significant.20

Myocardial speckle-tracking analysis was made from the
apical 4-chamber, 2-chamber, apical long-axis, and apical and
basal short-axis view images using conventional 2-dimensional
grayscale echocardiography, during a brief breath-hold and
with a stable electrocardiogram recording. Care was taken to
obtain true apical images using standard anatomic land-
marks in each view without foreshortening the left ventricle,
allowing a more reliable delineation of the endocardial border.
Three consecutive heart cycles were recorded and aver-
aged. The frame rate was set between 60 and 80 frames per
second.

The analysis of the recorded images was performed
off-line by a single, experienced, and independent
echocardiographer, who was not directly involved in the image
acquisition and had no knowledge of the histopathological
findings, using a commercially available, semiautomated,
2-dimensional strain software (EchoPac, GE, Milwaukee, WI).
As previously described,11 LV endocardial border was man-
ually traced in 4-chamber, 2-chamber, and apical long-axis
views, thus delineating a region of interest, composed of 6
segments. After segmental tracking, quality analysis and
manual adjustment of the region of interest, the longitudi-
nal strain (LS) curves were generated by the software for each
LV segment. As shown in Fig. 1, peak LV LS, measured at
the end of systole, was calculated by averaging values ob-
tained from all LV segments in the 17-LV-segment model
(global LS [GLS]) and by separately averaging values ob-
tained in the 4-chamber, 2- chamber, and apical long-axis views
(4-chamber, 2-chamber, and apical long axis, average LS, re-
spectively). The time to peak LS (TPLS) was also measured
as the average of all 18 segments (global TPLS) and by sep-
arately averaging values obtained from the 3 apical views.
In patients in whom some segments were excluded because
of the difficulty in achieving adequate myocardial tracking,
GLS and TPLS were calculated by averaging values mea-
sured in the remaining segments. Global circumferential strain,
obtained by averaging basal and apical circumferential strain
values, and LV torsion were also measured as previously
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