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Abstract
Background: To examine the subclinical myocardial injury shortly after epirubicin exposure 
in asymptomatic patients with large B-cell non-Hodgkin lymphoma using 2-dimensional (2D)
speckle tracking echocardiography.
Methods: Sixty-seven patients aged 52.58 ± 13.86 years with large B-cell non-Hodgkin lymp-
homa treated with epirubicin were studied. Echocardiography was performed at baseline and 
1 day after completion of the therapy. Global and regional longitudinal (LS), circumferential 
(CS) and radial strain (RS), standard deviation of time to peak LS (TLS-SD), CS (TCS-SD), RS 
(TRS-SD) were calculated using 2D speckle tracking echocardiography.
Results: Despite normal left ventricular ejection fraction, global LS (–18.30 ± 1.87% vs. 
–16.18 ± 1.92%; p < 0.01), CS (–20.37 ± 2.89% vs. –18.25 ± 2.40%, p < 0.01) and RS 
(39.95 ± 5.79% vs. 36.15 ± 5.79%, p < 0.01), were remarkably reduced compared to baseli-
ne values. However, TLS-SD, TCS-SD and TRS-SD showed no significant difference after epirubicin 
exposure. Hypertension was an independent predictor of reduction of global LS, CS and RS.
Conclusions: Subtle abnormalities in myocardial systolic function were present in asymp-
tomatic patients shortly after anthracycline exposure, which could be detected by 2D speckle 
tracking echocardiography. (Cardiol J 2013; 20, 6: 592–599)
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Introduction

Anthracyclines, such as doxorubicin and epi-
rubicin, remain the preferred cytotoxic agents 
for a wide variety of malignancies. However, 
anthracyclines are also frequently associated with 
adverse effects, of which the most important is car-

diotoxicity, predominantly manifested as a dilated 
cardiomyopathy [1, 2]. With the increasing number 
of long-term survivors resulting from successful 
antitumor treatment, identifying reliable non-
-invasive methods for the detection of myocardial 
dysfunction is therefore crucial. In clinical practice, 
serial monitoring of left ventricular ejection fra-
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ction (LVEF) using noninvasive cardiac imaging is 
the most important clinical diagnostic tool in early 
recognition of cardiac dysfunction [3, 4]. However, 
they are somewhat insensitive in detecting early 
signs of cardiac stress, myocardial injury, and 
changes in myocardial compliance. A reduction in 
LVEF usually occurs in the later stage of chronic 
pathology, followed by a course of progressive ir-
reversible myocardial damage with poor outcomes.

Currently, two-dimensional (2D) speckle tra-
cking echocardiography, based on tracking local 
image details from frame to frame throughout 
the cardiac cycle, is most frequently used for the 
assessment of LV mechanics [5–8]. It has allowed 
more accurate measurements of regional myocar-
dial systolic performance.

In this study we sought to assess the subcli-
nical myocardial dysfunction in patients before and 
after receiving epirubicin treatment with speckle 
tracking echocardiography.

Methods

Study population  
A total of 73 patients with newly diagno-

sed, histopathologically confirmed large B-cell  
non-Hodgkin lymphoma in our hospital were 
enrolled in this study between March 2011 and 
May 2012. Exclusion criteria were: uncontrolled  
hypertension, significant valvular disease, conge-
-nital disease, a widened QRS complex on surface 
ECG, arrhythmia, a previous history of heart failure 
and/or coronary artery disease. All patients were tre-
ated with R-CHOP (cyclophosphamide 750 mg/m2,  
vincristine 1.4 mg/m2 up to a maximum dose of  
2 mg, epirubicin 50–70 mg/m2 on day 1, prednisone 
100 mg on days 1–5), and rituximab 375 mg/m2. 
All therapy was given intravenously, except for 
prednisone, which was administered orally. Cycles 
were administered every 21 days for a maximum 
of 8 cycles. Rituximab was administered before 
the chemotherapy. Patients were restaged after 
cycle 3, and those with disease progression were 
withdrawn from the treatment of R-CHOP. No pa-
tient received other cardiotoxic agents or radiation 
therapy during this study. Echocardiography was 
performed at baseline and 1 day after completion 
of the therapy. All subjects gave informed consent, 
and the Zhongshan Hospital Research Ethics Com-
mittee approved the protocol.

Echocardiographic imaging
Images were obtained in the left lateral decu-

bitus position with a commercially available system 

(iE33, Philips Medical Systems, N.A., Bothell, WA, 
USA) equipped with S5-1 transducer. Standard 2D 
images were acquired according to recommenda-
tions of the American Society of Echocardiography 
[9]. Depth was minimized to optimize the frame 
rate. At least 3 beats were digitally stored for offline 
analysis. LVEF was calculated using the modified 
Simpson’s biplane method. LV end-diastolic di-
mensions, LV end-systolic dimensions, transmitral 
peak early (E) and peak late (A) diastolic filling 
velocities were also measured.

Speckle tracking echocardiography
Gray scale images for offline speckle tracking 

analysis were acquired at frame rate of 53 to 72 MHz.  
QLAB version 8.1 (Philips Medical System, N.A., 
Bothell, WA, USA) was used for strain analyses. 
The automatic tracking analysis was performed 
in the apical 4-chamber, 2-chamber, apical LV lon-
gitudinal view for longitudinal strain (LS) and in 
the parasternal short-axis view at basal and mid-
-papillary level for circumferential (CS) and radial 
strain (RS) according to the vendor’s instructions. 
The endocardial border was manually traced at end-
-diastole. Tracking was automatically performed, 
and if tracking was suboptimal, the endocardial 
border was retraced. If satisfactory tracking was 
not accomplished within 5 min, the non-tracking 
segments were excluded from analysis (Fig. 1).

Peak LS measurements were obtained from 
the basal, mid-segments of the anterior, inferior, an-
teroseptal, anterolateral, inferoseptal, inferolateral 
walls, apical segments of anterior, inferior, septal, 
lateral walls and apex, totally 17 segments. Peak 
CS and RS measurements were obtained from the 
basal, mid-segments of the anterior, inferior, ante-
roseptal, anterolateral, inferoseptal, inferolateral 
walls, totally 12 segments. Regional strain values 
were averaged to determine global LS/CS/RS.

Standard deviation of the time to negative 
peak value of LS for 17 segments (TLS-SD), of the 
time to negative peak value of CS for 12 segments 
(TCS-SD) and of the time to positive peak value of 
RS for 12 segments (TRS-SD) were calculated to 
evaluate LV dyssynchrony. TLS-SD, TCS-SD and TRS-SD 
were expressed as a percentage of the duration of 
the cardiac cycle.

Reproducibility
Intra- and inter-observer reproducibility was 

assessed by calculating the difference between the 
values of 10 randomly selected patients measured 
by 1 observer twice and by a second observer.
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Statistical analysis
Continuous variables were expressed as the 

mean ± standard deviation. Nominal variables were 
expressed as percentages. Differences before and 
after chemotherapy were determined using paired 
sample t test for continuous variables and Fisher’s 
exact test for categorical data. Multiple linear 
regression analyses to determine the predictors 
of LS, CS, RS were carried out, examined with 
age, hypertension, cigarette smoking, epirubicin 
dose during each session and cumulative dose. 
Because of a small group of diabetes, this cardiac 
co-morbidity was not included in the model. In-
ter- and intra-observer reproducibility of global 
LS, CS, RS, TLS-SD, TCS-SD and TRS-SD were assessed 
using intraclass correlation coefficients (ICCs). 
Data were analyzed by SPSS version 16.0 (SPSS, 
Inc, Chicago, IL, USA). A value of p ≤ 0.05 was 
considered significant.

Results

Four patients were excluded from the ana-
lysis because of poor image (defined as > 2 non-
-visualized segments). Two died before completion 
of chemotherapy due to pneumonia and secondary 
respiratory failure. A total of 67 patients, 36 ma-
les, ranging in age from 18 to 76 years (mean age 
52.58 ± 13.86 years) were finally included in the 
statistical analysis. Eleven patients had a history 
of hypertension and 3 diabetes, which were well-
-controlled by medication. Nineteen patients had 
a history of smoking or were current smokers. 
Cumulative dose of epirubicin was 254.15 ±  
± 95.29 mg/m 2 (ranging from 149.03 to  
561.69 mg/m2). After treatment of R-CHOP, no 
patient complained of cardiovascular related symp-
toms. EKG remained normal in all patients. In  
1139 segments from 67 patients analyzed by means  

Figure 1. Mid-papillary level of parasternal short-axis view, speckle tracking-derived circumferential strain. Custom 
software calculates circumferential strain by tracking multiple acoustic speckles in the myocardium. It is divided into 
6 segments: anterior, anteroseptal, inferoseptal, inferior, inferolateral and anterolateral. Time-strain curves of indivi-
dual segments are represented in the bottom panel. Peak circumferential strain value for each segment is calculated 
automatically.
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of LS, 48 (4.21%) segments were considered 
uninterpretable, and were primarily located in 
the anterior wall and apex (87.50% of all uninter-
pretable segments). In 804 segments for CS and 
RS analysis, 16 non-trackable segments (1.99%) 
were excluded, primarily located in the lateral wall 
(93.75% of all non-trackable segments).

Conventional echocardiographic parameters
Table 1 summarizes the echocardiographic 

findings in patients before and after chemotherapy. 
Conventional parameters of systolic and diastolic 
function, including LVEF, fraction shortening,  
E velocity, A velocity, E/A ratio, deceleration time 
and isovolumic relaxation time showed no signifi-
cant difference after epirubicin treatment.

Two-dimensional speckle tracking  
echocardiography

The peak longitudinal systolic strains of base, 
mid- and apical segments were significantly redu-
ced after chemotherapy from –16.57 ± 2.42% to 
–15.34 ± 2.62% (p < 0.01), –19.34 ± 3.23% to 
–17.62 ± 4.28% (p < 0.01), –18.72 ± 3.54% to 
–17.33 ± 3.15% (p = 0.01), respectively. The peak  
circumferential systolic strains of base, mid-seg-

ments (–19.88 ± 2.96% vs. –18.64 ± 2.91%, –20.50 ±  
± 3.74% vs. –18.33 ± 2.91%, p all < 0.01) and peak 
radial systolic strain of base and mid-levels (38.72 ±  
± 5.96% vs. 35.38 ± 6.58%, 40.71 ± 7.45% vs. 
37.28 ± 7.16%, p all < 0.01) were markedly lower 
than those values before treatment.

With regard to the deformation of all the 
regional segments, global LS (–18.30 ± 1.87%  
vs. –16.18 ± 1.92%, p < 0.01), CS (–20.37 ±  
± 2.89% vs. –18.25 ± 2.40%, p < 0.01), RS (39.95 ±  
± 5.79% vs. 36.15 ± 5.79%, p < 0.01) were sta-
tistically different compared with the baseline 
values (Figs. 2, 3).

Taking into account the dyssynchrony para-
meters of LV, TLS-SD, TCS-SD and TRS-SD showed no 
significantly difference before and after chemothe-
rapy (Table 2).

Determinants of peak myocardial strain
On multivariate analysis, among age, hyper-

tension, cigarette smoking, epirubicin dose during 
each session and cumulative dose, hypertension 
was the only independent predictor of reduction of 
global LS (beta 0.27, 95% CI 2.68–0.16, p = 0.03),  
global CS (beta 0.26, 95% CI 4.25–0.14, p = 0.04) 
and global RS (beta 0.26, 95% CI 8.94–0.34, p = 0.04).

Table 1. Conventional echocardiographic parameters before and after chemotherapy.

Before After P

Left ventricular ejection fraction [%] 63.56 ± 2.38 63.78 ± 3.02 0.67
Fraction shortening [%] 34.30 ± 2.76 34.61 ± 2.61 0.45
E velocity [m/s] 64.00 ± 13.78 63.24 ± 15.04 0.82
A velocity [m/s] 70.80 ± 15.39 66.78 ± 15.09 0.09
E/A ratio 0.95 ± 0.33 0.99 ± 0.32 0.33
Deceleration time [ms] 191.78 ± 44.37 183.09 ± 40.07 0.30
Isovolumic relaxation time [ms] 87.69 ± 15.94 88.30 ± 13.58 0.34

Figure 2. Peak systolic strain values before and after chemotherapy of individual patient.
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Inter- and intra-observer variation
Inter-observer measurement showed ICC =  

= 0.85 for LS, 0.82 for TLS-SD, 0.92 for CS, 0.96 
for TCS-SD, 0.89 for RS, 0.87 for TRS-SD. Similarly, 
intra-observer measurement showed ICC = 0.89 
for LS, 0.86 for TLS-SD, 0.98 for CS, 0.96 for TCS-SD, 
0.94 for RS, 0.92 for TRS-SD, indicating satisfactory 
reproductivity by 2D speckle tracking (Fig. 4).

Discussion

Anthracyclines, such as doxorubicin and epi-
rubicin, have been used extensively and continue 
to be some of the most active cytotoxic agents 
available to treat a wide spectrum of hematologic 
malignancies and solid tumors, including acute 
myeloid, lymphoid leukemia, lymphoma and breast 
cancer. As a result of advances in the treatment of 
cancers, the number of survivors will fortunately 
continue to increase.

Unfortunately, despite their success in treating 
cancer, anthracyclines are limited by their serious 
toxic effects on the myocardium. Life altering car-
diac sequelae from anthracyclines remain a prob-
lem, with a range of 5–23% of patients developing 
late-onset heart failure secondary to anthracycline-
-induced cardiotoxicity [10]. Reliable, sensitive  
and non-invasive method in detecting cardiac fun-
ction is of vital importance during anthracycline 
administration.

Strain is a dimensionless parameter represen-
ting deformation of a myocardial segment relative 
to its original dimensions within a systolic time-
-frame. With standard 2D echocardiographic gray-
-scale imaging, reflected ultrasound gives rise to 
speckles of bright signal within the myocardium. 
Frame-by-frame tracking of the movement of these 
natural acoustic markers throughout the cardiac 
cycle allows assessment of temporal displacement 
between neighboring markers and quantification 

Table 2. Strain values and standard deviation of time to peak strains before and after chemotherapy 
administration.

Before After P

Global LS [%] –18.30 ± 1.87 –16.18 ± 1.92 < 0.01
Global CS [%] –20.37 ± 2.89 –18.25 ± 2.40 < 0.01
Global RS (%) 39.95 ± 5.79 36.15 ± 5.79 < 0.01
TLS-SD 4.96 ± 0.95 5.38 ± 1.86 0.47
TCS-SD 4.64 ± 1.26 4.94 ± 1.65 0.65
TRS-SD 5.27 ± 1.86 5.08 ± 1.36 0.92

CS — circumferential strain; LS — longitudinal strain; RS — radial strain; TCS-SD — standard deviation of time to peak circumferential strains 
of 12 segments; TLS-SD — standard deviation of time to peak longitudinal strains of 17 segments; TRS-SD — standard deviation of time to peak 
radial strains of 12 segments

Figure 3. Circumferential strain curves of mid-papillary level before (left panel) and after (right panel) chemotherapy 
in the same patient. Peak circumferential strain reduced from –27.57% to –18.50% after epirubicin administration. 
However, time to peak strain showed no significant difference.
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Figure 4. Bland-Altman analysis for intra-observer and inter-observer reliability.

of myocardial deformation. With the advantages 
of angle independence, speckle tracking echocar-
diography, allowing comprehensive assessment of 
both regional and global LV myocardial deforma-
tion, may provide reliable and sensitive parameter 
for early cardiotoxicity detection.

In a cross-sectional study, Ho et al. [11] found 
that compared with normal volunteers, subclinical 
systolic myocardial abnormalities were present 
in asymptomatic breast cancer survivors up to  
6 years after anthracycline treatment using speckle 
tracking echocardiography, which was proved by 

other speckle tracking echocardiography-derived 
study [12]. However, there was a limited study 
demonstrating early subclinical cardiotoxicity in 
patients receiving anthracycline. Importantly, this 
non-cross-sectional study showed evidence of 
reduced 2D speckle tracking echocardiography-
-derived global and regional systolic function in 
asymptomatic individuals shortly after epirubicin 
administration. Cardiotoxicity that occurs soon 
after anthracycline administration may be a har-
binger of later toxicity. Thus, early detection of 
cardiotoxicity will enable to balance between the 
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cardiac risk and the potential cancer treatment 
benefits in an individual patient. Our study may 
present a paradigm shift in the monitoring of 
anthracycline cardiotoxicity from conventional 
assessment of changes in the LV cavity dimension 
to direct assessment of myocardial deformation.  
A recent study showed that even children who have 
received a cumulative doxorubicin dose as low as 
45 mg/m2 had reduced LV mass, implying the ab-
sence of a safe dose that was free of cardiotoxicity 
[1]. We also found that though the mean cumulative 
dose of epirubicin in our study was only 254.15 ±  
± 94.15 mg/m2 (ranging from 561.69 to 149.03 mg/m2),  
quite lower than the recommended maximum 
lift time cumulative dose [13], subclinical cardiac 
systolic dysfunction was still observed in those 
patients, in accordance with the demonstration 
that anthracycline damage to all cardiac structures 
may begin with the first anthracycline dose [14]. 
Stanton et al. [15] concluded that in patients with 
LV dysfunction, global LS measured by 2D strain 
was superior to ejection fraction and wall motion 
score index for the prediction of long-term outcome 
in a large, clinical population. Thus, we believed 
that these strain parameters in early echocardio-
graphic surveillance during the administration of 
anthracycline might facilitate the early detection 
of myocardial dysfunction for timely intervention.

In our study, the RS, as well as LS and CS 
showed significant reduction after chemotherapy, 
which was in concordance with some previous 
studies [12, 16], however, discordant with others 
[11, 17]. Ho et al. [11] demonstrated that there 
was no significant difference in RS between the 
chemotherapy and control groups. There are many 
reasons accounting for the discordance. Some of 
those studies used tissue Doppler imaging-derived 
parameters of deformation, where global radial car-
diac performance was only assessed by fractional 
shortening [17]. Secondly, it was recently published 
that peak RS differed largely between different 
software and algorithms, small changes in width 
can change large RS differences [18]. Hence, it was 
believed that different modalities, machines and 
algorithms may account for the discordant results.

In spite of a considerable interest in identifying 
risk factors for subclinical cardiotoxicity, findings 
have often been conflicting. Hypertension, which 
was associated with LV remodeling and dysfun-
ction, was an independent predictor of myocardial 
strain in our group. The exact mechanisms of 
anthracycline-induced cardiotoxicity have not yet 
been fully elucidated, however, oxidative stress 
may have a central role [13]. It has been estab-

lished that hypertension is associated with high 
levels of oxidative stress [19], which may poten-
tially augment anthracycline-induced myocardial 
dysfunction. It emphasizes the importance of life-
-long control of cardiac risk factors especially in 
those long-term survivors. Established methods to 
prevent and modulate anthracycline cardiotoxicity 
include adding angiotensin-converting enzyme in-
hibitors prior to anthracycline exposure in patients 
with hypertension [20].

Cheung et al. [12] proved that dyssynchronous 
LV contraction was documented using real-time 3D 
echocardiography in children after anthracycline 
therapy. However, in our study, we found no sig-
nificant difference shortly after epirubicin admini-
stration evaluated by TLS-SD, TCS-SD and TRS-SD in adult 
patients. Speckle tracking echocardiography and 
real-time 3D echocardiography provide distinctly 
different measures of ventricular timing and cannot 
be considered directly comparable for assessing 
intraventricular dyssynchrony [21]. Furthermore, 
the cardiac damage induced by anthracycline pro-
gresses with time and young children are more 
susceptible to the injury. In our study we demon-
strated the early effect of epirubicin on adults, 
which may explain the contradistinction between 
these 2 studies. Long-term large-scale study is 
required to evaluate the effect of anthracycline on 
LV mechanical dyssynchrony.

Limitations of the study
Several limitations to this study warrant 

comment. The present study does not provide in-
formation on the value of myocardial deformation 
parameters in prognostication. Further out-come 
studies with hard clinical end points will be requi-
red to determine the clinical significance of our 
findings. Secondly, although speckle tracking echo-
cardiography allows interrogation of global strain, 
these parameters are not entirely load-dependent 
and need to be interpreted with caution when an 
alteration of cardiac status with acute changes in 
load is anticipated.

Conclusions

Despite normal LVEF, subtle abnormalities 
in myocardial systolic function were present in 
patients shortly after anthracycline exposure. 
Speckle tracking echocardiography, a potential non-
-invasive tool for the early detection of subclinical 
anthracycline-induced myocardial abnormalities, 
might facilitate the early intervention of myocardial 
dysfunction in these patients.
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