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Abstract

Chemotherapy contained anthracycline inevitably cause declines of cardiac function. This study evaluated the deterioration
of left ventricular segmental systolic function in patients with lymphoma received anthracycline chemotherapy detected by
echocardiographic three dimensional speckle tracking imaging (3D-STI). Sixty patients with newly diagnosed diffuse large
B-cell lymphoma who received R-CHOP chemotherapy were enrolled. Three dimensional left ventricular global longitudi-
nal strain (3D-GLS), three dimensional left ventricular global circumferential strain (3D-GCS) and three dimensional left
ventricular longitudinal strain of different left ventricular segments (3D-LS) were measured by 3D-STT at baseline, after the
completion of two cycles and four cycles of the regimen respectively. Compared with baseline, 3D-GLS reduced significantly
after four cycles of anthracycline therapy (P <0.001), while 3D-GCS showed no significant variation during the whole pro-
cedure (all P> 0.05). For individual segment, LS of apical anterior and septal walls decreased significantly after two cycles
of chemotherapy (all P <0.05). After four cycles of treatment, 3D-LS of the mid-ventricular level (all P <0.05), apical level
(all P<0.05) and apex (P <0.05) worsened. Serum hs-cTnT levels increased after anthracycline exposure (P <0.05) and
Serum hs-cTnT levels were correlated with 3D-GLS at the end of four cycles (r=0.12, P=0.03). Mean values of involved
segmental 3D-LS of two and four cycles were both correlated with serum hs-cTnT levels at the end of both two and four
cycles (r=0.368, P=0.041; r=0.79, p<0.001). 3D-STT evaluation of the LV provides an understanding of the segmental
impairment of LV wall and the possible process of LV impairment in lymphoma patients after anthracycline chemotherapy.
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Introduction

Anthracycline-based chemotherapy is recommended as a
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nancies and solid tumors [1-3], considering its definite anti-
tumor effect. Unfortunately, the clinical use of these drugs
is hampered because of the dose-dependent cardiotoxicity.
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[5, 6]. With the combination of three-dimensional imaging
and speckle tracking technique, three-dimensional speckle
tracking imaging (3D-STI) is conducted in clinical applica-
tion to analyze the spatial motions of myocardium. Previous
3D-STI studies mainly focused on global left ventricular
function changes during chemotherapy. However, in fact,
many middle-aged and elderly cancer patients with pre-
existing coronary heart disease need to be handled with
extreme caution before significant changes in integral func-
tion exists. Therefore, we designed this research to evaluate
the changes of longitudinal strain of different left ventricular
segments as well as the global longitudinal strain detected by
3D-STI in patients with lymphoma receiving anthracycline.

Methods
Subjects

Sixty patients with newly diagnosed diffuse large B cell
non-Hodgkin lymphoma (DLBCL) between December
2012 and March 2016 at Fudan University Shanghai Cancer
Center were studied retrospectively. The mean age of these
patients was 52 years old, with a range of 20-78 years old.
All patients were treated with R-CHOP contained anthracy-
cline (cyclophosphamide: 750 mg/m?, vincristine: 1.4 mg/
m? up to a maximum dose of 2 mg/m?, epirubicin which is a
typical kind of anthracycline: 50-70 mg/m? on day 1, pred-
nisone: 100 mg/m? on days 1-5 and rituximab: 375 mg/m?).
Cycles were administered every 21 days for a maximum of
eight cycles. None of the patients received other cardiotoxic-
ity agents, radiation therapy or cardiac protective protocols
during the procedure. We excluded patients with: (1) history
of valvular heart disease; (2) any known causes of cardio-
myopathy; (3) serious arrhythmia; (4) history of congenital
heart disease; (5) severe hypertension; (6) a previous history
of heart failure and/or coronary artery disease, patients with
indistinct ultrasound images were also excluded.

Echocardiography

All subjects underwent traditional two dimensional echo-
cardiography, tissue Doppler imaging (TDI) as well as
3D-STI at baseline, at the end of two cycles and after the
completion of four cycles. A commercially available sys-
tem (iE33, Philips Medical Systems, Andover, WA, USA)
equipped with S5-1 (1-5 MHz) and X3-1 (1-3 MHz) was
used. Standard two dimensional and three dimensional
echocardiography were performed according to the recom-
mendations of American Society of Echocardiography [7].
Four consecutive cardiac cycles for two dimensional images
and six consecutive cardiac cycles for 3D-STI images were
acquired during a period of stable heart beat using the same
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system. Image parameters such as depth, sector size, angle
and focus were adjusted to optimize the frame rate with a
range of 60—80 FPS (frames per second) for two dimensional
and 30-45 FPS for 3D-STI analysis. The technicians as well
as the offline echo readers were blinded to the clinical data.

Echocardiographic examination

LV end-diastolic diameter (EDD), LV end-systolic diam-
eter (ESD) were measured on the parasternal long-axis
view by M-mode echocardiography. LV volumes and EF
were assessed by means of the biplane Simpson’s rule
using manual tracing of digital images. The pulsed-wave
Doppler-derived transmitral velocity and mitral annular
velocity derived from digital color tissue Doppler imaging
were obtained from apical four-chamber views. The E-wave
deceleration time were measured by means of pulsed-wave
Doppler recording. Mitral annular peak systolic myocardial
velocity derived from color TDI was obtained from the sep-
tal mitral annulus.

Right ventricular end-diastolic area (RVEDA), right ven-
tricular end- systolic area (RVESA) and right ventricular
fractional area change (RVFAC) was obtained from the api-
cal four-chamber view by tracing the RV endocardium both
in systole and diastole from the annulus, along the free wall
to the apex, and then back to the annulus along the interven-
tricular septum.

RV end diastolic area — RV end systolic area
RV end diastolic area %

RVFAC =

TAPSE was acquired by placing an M-mode cursor
through the tricuspid annulus in the apical 4 chamber view
and measuring the amount of longitudinal motion of the
annulus at peak systole.

Three dimensional echocardiographic imaging was per-
formed at the cardiac apex, using a X3-1 (1-3 MHz). Three
dimensional full-volume data sets combining four sub-vol-
umes were captured over four consecutive cardiac cycles. All
three dimensional echocardiographic images were stored for
offline analysis by TomTec software.

Analysis of 3D-STI

TomTec 4D LV analysis (4.6.0.411, TomTec Imaging Systems
GMBH, Germany) was performed for 3D-STI data analysis
based on the data set with the best image quality. LV data
were interpreted with 4D LV-Function (TomTec Imaging
Systems) software by making two reference points at the mid-
dle of mitral valve annulus and the apex respectively in three
long-axis reference planes (apical four-chamber, two-chamber,
and three-chamber views) and orientating one reference points
at the annulus aortic valve in short-axis reference plane. The
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endocardium and epicardium were retraced automatically to
attain suitable tracking and small adjustments would be made
to make the tracking more accurate. Three dimensional left
ventricular global longitudinal strain (3D-GLS), three-dimen-
sional left ventricular global circumferential strain (3D-GCS)
and three-dimensional left ventricular longitudinal strain (3D-
LS) on seventeen left ventricular segments (six basal, six mid,
four apical and apex) were automatically calculated by the
software based on the American Society of Echocardiography
17-segment model [8].

Serum biochemical markers assays

Serial serum samples were collected at baseline, after two
cycles of the regimen and at four cycles of the regimen simul-
taneously. Blood was collected into EDTA tubes, centrifuged
at 3500 x g for 20 min. The serum was drawn off and stored
at—80 °C. High-sensitivity cardiac troponin T (hs-cTnT) was
measured using the hs-cTnT one-step electrochemilumines-
cence immunoassay (Roche cobase 411, Roche Diagnostics,
Penzberg, Germany). Based on manufacturer’s statement, in
the analysis, undetectable hs-cTnT levels were considered to
be <0.002 ng/mL. Technologists recording the hs-cTnT were
blind to the participants of clinical and echocardiography.

Inter-observer and intra-observer variability

Intra- and inter-observer reproducibility were assessed by
calculating the difference between the values of 15 randomly
selected patients measured by one observer twice and by a
second observer.

Statistical analysis

Continuous data were expressed as mean + standard devia-
tion (SD). Differences at baseline, after two cycles of ther-
apy and after four cycles of therapy were determined using
one-way analysis of variance (ANOVA) for continuous data.
Data were analyzed using standard statistical software (SPSS
version 19.0; SPSS, Inc., Chicago, IL, USA). For all statisti-
cal evaluation of the results, values of P <0.05 were consid-
ered significant. Inter- and intra-observer reproducibility of
3D-GLS, 3D-GCS and 3D-LS derived from 3D-STI were
assessed using intraclass correlation coefficients from 10
randomly selected subjects.

Results
Baseline characteristics

After two and four cycles of chemotherapy, LVEDD (mm)
and RVESA (cm?) became larger than baseline (all P <0.05).

RVFAC (%) also increased after two and four cycles (all
P<0.05)

Other clinical characteristics and conventional echocar-
diographic parameters were similar at baseline, at the end of
two cycles and four cycles of the chemotherapy (all P >0.05)
(Table 1).

3D-STI parameters

There was no significant difference between 3D-GLS at
baseline and at the end of the first two cycles of anthracy-
cline chemotherapy (P=0.154), but 3D-GLS decreased after
four cycles of exposure (P <0.001). No significant changes
of 3D-GCS were detected during the whole study (P=0.061;
P=0.058) (Fig. 1).

After two cycles of chemotherapy, decrease of 3D-LS
was observed in only two segments, which were apical ante-
rior and septal wall (—=22.01 £7.99% vs. —17.33 £6.82%,
P=0.014; —24.27+6.74% vs. — 17.91 +£5.42%, P=0.002).
After four cycles of treatment, 3D-LS of all mid segments
(anterior, anteroseptal, inferoseptal, inferior, inferolat-
eral, anterolateral: — 17.85+4.22% vs. —14.72+3.65%,
P<0.001; —19.75+4.47% vs. —17.39+4.02%,
P=0.001; -21.32+4.09% vs. —18.91+3.91%, P=0.006;
—21.49+4.78% vs. —19.29+4.39%, P=0.024;
—20.60+5.84% vs. —17.98 £5.13%, P=0.033;
—18.90+5.02% vs. —15.72+5.71%, P=0.004, respec-
tively), all apical segments (anterior, septal, inferior,
lateral: -22.01+7.99% vs. —15.28 £5.26%, P <0.001;
—2427+6.74% vs. —17.91 £5.42%, P<0.001;
—19.28+3.63% vs. —16.79+2.73%, P<0.001;
—20.98+8.76% vs. —17.07 +5.44%, P=0.026, respec-
tively) as well as apex (—19.28 +3.63% vs. —16.79+2.73,
P <0.001) (Fig. 2) decreased markedly. Mean serum hs-
cTnT levels of all patients increased significantly after
two cycles as well as four cycles (0.003 +0.000 ng/mL vs.
0.013+0.002 ng/mL vs. 0.022+0.001 ng/mL, P <0.05).
Serum hs-cTnT levels were correlated with 3D-GLS of four
cycles (r=0.12, P=0.03). Mean values of involved segmen-
tal 3D-LS were correlated with serum hs-cTnT levels at the
end of two cycles and four cycles. (r=0.368, P=0.041;
r=0.79, P<0.001) (Fig. 3). While, there was no correla-
tion between 3D-GCS and hs-cTnT (P> 0.05).

Reproducibility

The intra-class correlation coefficients for intra-observer
reproducibility of speckle tracking indices were 0.956 for
3D-GLS, 0.963 for 3D-GCS, 0.948 for 3D-LS, while the
corresponding coefficients for inter-observer reproducibility
were 0.936, 0.920 and 0.930, respectively.

@ Springer



774

The International Journal of Cardiovascular Imaging (2019) 35:771-779

Table 1 Clinical and conventional echocardiography characteristics

Baseline Two cycles P-value Four cycles P-value
Age (years) 52+14
Gender (male/female) 35/25
Mass (kg) 63+14
Heart rate (bpm) 80.6+11.6 83.1+12.7 0.330 82.6+12.3 0.225
Cumulative doxorubicin dose (mg/kg) 0 118+15.3 238+21.8
Left ventricular end-diastolic diameter (mm) 45.8+3.5 45.7+3.2 0.830 45.6+3.6 0.810
Left ventricular end-systolic diameter (mm) 29.2+3.2 289+3.4 0.735 28.7+3.0 0.702
End-diastolic thickness of the interventricular septum (mm) 8.6+1.3 85+14 0.808 85+1.5 0.792
End-diastolic thickness of the posterior wall (mm) 84+1.6 84+1.5 0.989 83+1.3 0.921
Left atrial diameter (mm) 341+1.2 352+2.1 0.865 364+1.8 0.605
Left ventricular end-diastolic volume (ml) 63.9+16.7 66.5+19.0 0.305 66.9+16.6 0.198
left ventricular end-systolic volume (ml) 26.6+9.5 29.8+8.6 0.011* 30.5+10.3 0.024*
left ventricular ejection fraction (%) 57.7+8.5 55.6+8.2 0.193 55.3+6.1 0.052
Mitral annular peak systolic velocity (cm) 11.3+2.3 11.5+3.1 0.072 11.0+2.7 0.069
Deceleration time of mitral inflow E velocity 176.3+32.1 182.4+33.5 0.382 186.5+34.8 0.356
Right ventricular end-diastolic area (cm?) 15.1+3.8 14.7+3.4 0.181 144 0.067
Right ventricular end- systolic area (cm?) 9.0+2.3 8.1+2.1 0.000* 8.1+19 0.000*
Right ventricular fractional area change (%) 40.2+59 44.6+4.2 0.000* 43.4+49 0.001°*
Tricuspid annular plane systolic excusion (mm) 21.6+0.3 21.4+0.2 0.570 21.3+0.2 0.352

Data are presented as mean +SD

*Compared with baseline, left ventricular end-systolic volume showed significant variation after two cycles of chemotherapy (P <0.05)

Discussion

Our study used 3D-STI to evaluate the variation of left ven-
tricular global and segmental systolic function in patients
with lymphoma received anthracycline chemotherapy. Main
findings of this study are (1) 3D-GLS reduced significantly
after four cycles of anthracycline therapy, while no signifi-
cant changes of 3D-GCS were detected during the whole
study. (2) LS of apical anterior and septal wall decreased
after two cycles, and 3D-LS of all mid-ventricular levels,
apical levels and apex dropped after four cycles. (3) Serum
hs-cTnT levels increased significantly after two and four
cycles, and serum hs-cTnT levels were correlated with
3D-GLS as well as 3D-LS. This research may be the earli-
est report about the segmentally different changes of 3D-LS
of left ventricle in patients with lymphoma received anthra-
cycline treatment.

Anthracycline is widely used as anti-cancer chemothera-
peutic agents. However, its application is limited due to the
irreversible cardiotoxicity. Chemotherapy-related cardiac
dysfunction (CTRCD) is one of the anthracycline-induced
cardiotoxicity, occurring in 9% of patients, and 98% of the
cases occurred within the first year [9]. Considering the
serious consequences of cardiotoxicity, early detection of
subclinical myocardial dysfunction as well as prompt initia-
tion of heart failure treatment should be applied to improve
the patients’ survival rate. Echocardiography has been
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recommended as the method of choice for the detection
of myocardial dysfunction before, during and after cancer
therapy [10]. 2D Simpson’s LVEF is widely used in clinic
as the traditional echocardiographic parameter assessing
left ventricular systolic function. However, decreased LVEF
has been proved to be a late phenomenon of chemotherapy-
related cardiotoxicity. Studies showed that although thera-
peutic interventions was taken once the LVEF decreased
markedly (decline in initial LVEF of at least 5% and <55%),
more than 58% of patients still failed to recover systolic
function [11, 12]. Moreover, changes of LVEF might not be
consistent with cardiac biopsy grades. Myocardium could be
severe affected even though LVEF was still within normal
range [13] (Fig. 4).

Low sensibility of LVEF in monitoring early stage of
cardiac systolic disfunction after anthracycline therapy and
the rapidly emerging ultrasound technologies have resulted
in a series of studies focusing on the application of new
ultrasonic tools in early detection of cardiotoxicity. Three-
dimensional (3D) echocardiographic (3DE) imaging repre-
sents a major innovation in cardiovascular ultrasound imag-
ing. It can provide real-time 3D images of cardiac structures
from any spatial point of view and evaluate cardiac chamber
volumes and mass, which avoids geometric assumptions.
The value of 3DE in assessment of regional left ventricular
wall motion and quantification of systolic dyssynchrony has
been demonstrated [14].The speckle tracking image is an
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3D-GCS

Peak Global Circumferential Strain(%)

3D-GLS

Peak Global Longitudial Strain(%)

Fig.1 Bar graphs of 3D-GCS and 3D-3D-GLS. 3D-GLS after
four cycles showed significant difference compared with baseline
(P=0.000), 3D-GCS showed no significant variation during the
whole procedure

image-processing algorithm which can analyze motion by
tracking natural acoustic reflections and interference pat-
terns within an ultrasonic window, which resolves angle-
independent of tissue Doppler Imaging [15]. As the combi-
nation of 3DE and STI, three dimensional speckle tracking
imaging (3D-STI) can be used to analyze the spatial motion
of myocardium in three-dimensional level and can provide
novel deformation parameters (3D-strain, rotation, twist,
etc.) that have the potential to carry out more accurate evalu-
ation of global and regional cardiac function. The reliability
and feasibility of 3D-STI have been validated and the utility
of 3D-STT have been increasingly explored in cardiovascular
imaging centres [16]. In the past five years, researches on
using 3D-STI to evaluate impairment of cardiac function
caused by chemotherapy has never been stopped. Among
several novel parameters of 3D-STI, although controversial,
global longitudinal strain (GLS) remains to be the best meas-
ure in early detection of cardiotoxicity [17, 18] and has been

accepted in position papers and expert recommendations
[10, 19]. Our previous research analyzed 3D global strain of
LV in patient received anthracycline and got the same con-
clusion [20]. The number of cancer survivors is increasing
and the survival period of them is prolonged [21]. Some of
them are patients with cardiovascular disease who develop
cancer, while others can develop new myocardial ischemia
like coronary heart disease as they grow older. Moreover,
chemotherapy as well as radiotherapy are both risk factors
for coronary heart disease [22, 23]. Therefore, for chemo-
therapy, it is far from enough to evaluate the overall left
ventricular function only. Segmental myocardial situation
should be monitored regularly in cancer patients. Kapusta’s
research showed that anthracycline therapy might cause left
ventricular regional wall motion abnormalities and mechani-
cal dyssynchrony [24]. However, their research was based
on 2D-tissue doppler imaging and the motion abnormalities
were only described in LV free wall. Therefore, we hypoth-
esized that the impairment of different ventricular segments
resulted from anthracycline could be detected by 3D-STI.
In order to explore the possible sequence of anthracycline-
induced segmental impairment, we made a detailed segmen-
tal function analysis of different left ventricular segments
and found that 3D-LS of apical anterior and septal walls
decreased significantly after two cycles of chemotherapy,
and 3D-LS of apical and middle segment dropped after four
cycles of chemotherapy, while 3D-LS of basal segments
remained stable (Fig. 5). These findings suggest that anterior
and septal walls of the LV are more sensitive to drug toxicity
than basal wall and the development of cardiotoxicity may
start from apical segment to basal.

One possible interpretation of this heterogeneity may be
related with the blood supply of myocardium. Anterior and
septal walls are fed by middle-distal coronary. Compared
with proximal coronary, middle-distal coronary has smaller
vessel diameter and its blood supply can be affected by
proximal vessel [25, 26]. The blood supply of anterior and
septal segments is notably more insufficient than the basal
part. Moreover, the blood flow will exert pressure on vessel
wall, including the wall shear stress (WSS) which is paral-
lel to the flow direction and the compressive stress which is
perpendicular to the flow direction [27]. Studies have shown
that WSS would generally decrease as the coronary extend
from proximal to distal part [28, 29]. Low WSS would trig-
ger local inflammatory responses and vascular injury cul-
minating in endothelial dysfunction and make endothelial
cells higher susceptibility to toxic chemicals [30]. Hence,
apical and middle segments are particularly vulnerable to
anthracycline-induced cardiotoxicity.

In addition, this segmental difference may also be
related to myocardial mechanics of the left ventricle.
Previous study had analysed time-twist sequence of left
ventricular (twist is referred to the rotation of a short-axis
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Fig.2 Bar graphs of segmental
3D-LS of the left ventricle.
*Compared with baseline, LS
on apical anterior and apical
septal walls showed signifi-
cant variation after two cycles
of chemotherapy (P <0.05).
**All LS on middle and apical
segments showed significant
decrease after four cycles
anthracycline chemotherapy
(P<0.05)
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Fig.4 Example of left ventricule three-dimensional strain analysis
using TomTec offline analysis software (4.6.0.411, TomTec Imaging
Systems GMBH, Germany). Tracing of left ventricular end-diastolic

Fig.5 Seventeen segment bull’s
eye maps of left ventricule

after two cycles (left) and

four cycles (right) of chemo-
therapy. The segments’ 3D-LS
which decreased significantly
(P <0.05) has been highlighted
in orange

Anterior

Septal

Inferior

sections of left ventricle) and found that rotation of the
basal segment is significantly lower than apical segment
in magnitude [31]. Moreover, compared to the base, myo-
cardium shortening in the apical and middle wall is higher,
observed as a strain gradient in the base-apex axis [32].
Based on this we presumed that the myocardium of apical
and middle wall does more work and requires more oxygen
than basal part, which can be another interpretation of
the susceptibility of apical and middle wall. Therefore, a

and end-systolic endocardial borders in the apical four-chamber, two-
chamber, and three-chamber view as well as short-axis view respec-
tively

Anterior

[e191e]
[eoe|

Septal

Inferior

long-term follow-up of lymphoma patients should be done
to explore the change of the basal wall. This finding may
help physician to adjust the antitumor regimens and may
suggest a need for early cardiac protections individually.

Increase of serum hs-cTnT levels is the gold diagnostic
standard of myocardial injury [33]. The hs-cTnT levels
increased after two and four cycles of chemotherapy which
further testified the decrease of 3D-LS of left ventricular
segments.
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Limitations of the study

Several limitations to this study warrant comments. First,
our study investigated a small number and short follow-up
of patients in single-center. Further studies is needed to
verify our findings. Second, accuracy of 3D-STI analy-
sis depends on the definition of the image. To ensure the
image quality, we told patients to hold the breath and kept
still, adjusting an appropriate gain, changing the probe
position to make the structure of interest be perpendicu-
lar to the ultrasound beam. Despite this, quality of a part
of images is still imperfect and the accuracy of analysis
would be affected slightly. Third, patients in this study also
be treated with other chemotherapy drugs such as cyclo-
phosphamide, which may also cause cardiotoxicity that is
indistinguishable from anthracyclines. However, according
to the literature, anthracycline is more cardiotoxic than
these chemotherapy drugs.

Conclusion

Despite preserved left ventricular ejection fraction, sub-
clinical LV systolic dysfunction was present in anthra-
cycline-chemotherapy patients. Segmental longitudinal
strain decreased at the early phase of myocardial injury
and the preferential impairment occurred in the apex.
3D-STI evaluation of the LV provides an understanding
of the segmental impairment of the LV wall and the pos-
sible process of LV impairment in lymphoma patients after
anthracycline chemotherapy.
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