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Hence, early detection of chemotherapy-induced cardiac dysfunction may prompt an earlier treatment
modification.
Aim: To evaluate global, longitudinal, radial, and circumferential strain changes in adult patients un-
Cardiotoxicity dergoing anthracycline chemotherapy along with the usefulness of three-dimensional (3D) echocardi-
Doxorubicin ography as the new modality over two-dimensional (2D) echocardiography.
Echocardiography Methods: This was a single centre, prospective, observational study that included asymptomatic patients
Strain imaging free from any cardiac signs and symptoms attributable to heart failure, who underwent potentially
cardiotoxic chemotherapy for malignancy from December 2017 to November 2018 at a tertiary care
centre in India. Baseline demographics were recorded, and 2D and 3D echocardiography was performed
at baseline and after completion of four cycles of chemotherapy.
Results: All the 55 patients received a cumulative dose of doxorubicin of less than 550 mg/m?. Follow-up
period from the beginning of doxorubicin therapy was 108 + 14 days. 9 patients were excluded from the
study due to poor 3D images, so data analysis was done only for 46 patients. In 2D echocardiography,
only global longitudinal strain (GLS) was observed to be significantly reduced (A18.33%; P < 0.001). 2D
ejection fraction (EF) did not show significant change (A0.67%; P = 0.176), while by 3D echo, EF reduced
significantly (A3.55%; P < 0.001). 3D global longitudinal (A29.19%; P < 0.001), circumferential (A30.65%;
P < 0.001), area (A21.61%; P < 0.001), and radial (A29.66%; P < 0.001) strains were observed to be
significantly reduced at follow-up.
Conclusion: Myocardial dysfunction induced by cardiotoxic chemotherapy can be detected earlier by
using 2D GLS, 3D volumetric analysis, and 3D strain analysis by calculating global, longitudinal, radial,
and circumferential strain changes. 3D echocardiographic assessment seems to be more accurate in
picking out small changes in left ventricular functions, but at the cost of slightly poor image quality as
compared to the 2D echocardiography. These newer techniques could potentially improve the ability for
early detection of subclinical abnormalities of LV function in patients undergoing cardiotoxic chemo-
therapy and thus early initiation of treatment could be possible.
© 2019 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction anthracyclines, antimetabolites, alkylating, and anti-microtubule
agents were used in chemotherapy and with recent discoveries of
With advancing research and technology, treatment strategies new classes such as monoclonal antibodies and tyrosine kinase

for various cancers are also getting advanced. Classically, inhibitors have also been utilized.! However, every boon comes
with a bane, that is, the chemotherapy has been associated with
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cardiotoxicity constitutes subclinical myocardial dysfunction, ar-
rhythmias, pericarditis, coronary vasospasm, significant symp-
tomatic heart failure, etc. The extent of cardiotoxicity depends on
the type of treatment utilized and the mechanisms of cardiac
damage involved. Basically, there are two types of cardiotoxicity;
type 1 cardiotoxicity is caused by inhibiting topoisomerase IIf in
cardiomyocytes and inducing deoxyribonucleic acid double strand
breaks and transcription changes, which is permanent and irre-
versible; whereas, type 2 cardiotoxicity is dose-dependent and
reversible, caused by blocking of human epidermal growth factor
receptor 2, which is expressed on cardiomyocytes in addition to
tumour cells. Anthracyclines such as doxorubicin and epirubicin
cause type 1 cardiotoxicity and type 2 is caused by trastuzumab.’

Anthracyclines pose higher risk for long-term cardiac dysfunc-
tion, with increased incidences of morbidity and mortality. The
anthracycline monotherapy results to a 5—10% incidence of car-
diomyopathy or heart failure.> This mandates proper diagnosis and
management of cardiotoxicity induced by anthracyclines. In pre-
vious decades, two-dimensional (2D) and Doppler echocardiogra-
phy were the chief modes of diagnosis of cardiac function.
However, these presented with some limitations such as lower
sensitivity and high variability. The three-dimensional echocardi-
ography (3D)-derived left ventricular ejection fraction (LVEF) and
speckle-tracking echocardiography-derived global longitudinal
strain (GLS) and other related strain measurements are promising
indices that could overcome the limitations of 2D-derived LVEF, by
posing high sensitivity, and detectability even at early stages of
cardiotoxicity, and better accuracy.” Thus, the aim of this study was
to evaluate the global, longitudinal, radial and circumferential
strain changes assessed through 2D and 3D strain echocardiogra-
phy in adult patients undergoing anthracycline chemotherapy
along with usefulness of 3D over 2D echocardiography.

2. Methods
2.1. Study design and population

This was a single centre, prospective, observational study that
consisted of asymptomatic patients free from any cardiac signs and
symptoms attributable to heart failure, diagnosed with different
malignancies who underwent potentially cardiotoxic chemo-
therapy from December 2017 to November 2018 at a tertiary care
centre in India. A synopsis of the study protocol was submitted to
the Institutional Ethics Committee and approval was obtained. The
study protocol was explained in detail to all subjects. Informed
written consent was taken from all subjects willing to participate in
the study.

Patients of all ages, free from any cardiac signs and symptoms of
heart failure, who underwent cardiotoxic chemotherapy for treat-
ment of cancer were included in the study. Exclusion criteria were:
previous history of treatment by cardiotoxic therapy; non-sinus
cardiac rhythm and post-pacemaker patients; history of myocar-
dial infarction or symptomatic heart failure, or diagnosed coronary
artery disease; previous cardiac surgery, previous thoracic radio-
therapy; significant valvular stenosis or regurgitation, prosthetic
valves, implanted cardiac devices, 2D echocardiographic wall mo-
tion abnormalities, or LVEF <35% in the baseline echocardiography.

Baseline echocardiographic examination was done before the
initiation of chemotherapy. Standard 2D echocardiography was
done for baseline LVEF and speckle tracking for evaluation of
baseline 2D strain. In addition, baseline 3D volumetric analysis and
3D strain analysis were performed. Further follow-up of 2D and 3D
echocardiographic assessment including LV strain analysis was
performed after completion of four cycles of anthracycline-based

chemotherapy. Other associated cardiac risk factors included age,
gender, smoking, diabetes, and hypertension.

2.2. Echocardiographic methods

All patients underwent standard Doppler echocardiographic
examination using a 3.3 MHz M5Sc 2D transducer with harmonic
capability and a 3D volumetric transducer (4 V) for real-time
echocardiographic dataset acquisition of the left ventricle by a
Vivid E9 XDclear ultrasound machine (GE Healthcare, Norway). All
2D and 3D echocardiography was done by the single operator on
the same machine to avoid inter-observer and inter-device vari-
ability and discrepancies in the techniques. Intra-observer vari-
ability has been shown to be <6% for global longitudinal and
circumferential strain, and <9% for global transverse and radial
strain in 2D strain imaging” and relative mean errors of 4.9%—7.3%
for 3D.” In our lab, the intra-observer variation is 5.3%. For each
patient, three readings were taken for all the variables by a single
operator and an average of them were incorporated into the data-
base to minimize the variability which was 4.1%.

A standard 2D echocardiographic examination was done, and
the quantitative analysis of left ventricle was performed according
to the recommendations.® 2D EF was derived from LV end-diastolic
volume (EDV) and end-systolic volume (ESV) which was calculated
according to the modified Simpson rule in apical four- and two-
chamber views.

2D and 3D speckle-tracking echocardiography (STE) were per-
formed on the same machine and were analysed as per standard
protocols.” All the datasets were digitally stored in raw data in the
same ultrasound machine. It was well equipped with the
commercially available software (4D Auto LVQ software, GE
Healthcare) for quantification of 2D-derived GLS, 3D volumetric,
and 3D STE analysis. We calculated 2D GLS as the average of 18
myocardial segments which were recorded in three apical views.

Table 1
Baseline demographic characteristics.

Variable n = 46 patients
Age (mean =+ SD, years) 44.17 + 10.95
Female, n (%) 40 (82.67%)
Heart rate (mean + SD, bpm) 77.52 +7.95
Body mass index (mean + SD, kg/m?) 19.92 +2.48
Systolic blood pressure (mean + SD, mmHg) 118.78 + 15.89
Diastolic blood pressure (mean + SD, mmHg) 74.87 + 8.34
Hypertension, n (%) 5(10.9%)
Type of cancer
Breast cancer, n (%) 40 (82.67%)
Osteosarcoma, n (%) 3(6.52%)
Squamous cell carcinoma, n (%) 2 (4.34%)
Ewings sarcoma, n (%) 1(2.17%)

Table 2
Comparison of 2D echocardiographic parameters during chemotherapy.
Variable  Post- Baseline Mean Mean % P-
chemotherapy (n = 46) Change Change value
(n = 46)
2D EF (%) 6241 +5.28 62.83 +523 -042 —0.67% 0.176
2DEDV  79.09 +13.09  79.59 + 13.50 —0.50 —0.63% 0.531
(ml)
2D ESV 30.30 + 8.66 30.28 + 894 -0.02 —0.07% 0.966
(ml)
2D GLS (%) —13.90 +3.02  -17.02 + 2.46 -3.12 —18.33% <0.001

EF — ejection fraction; EDV — end-diastolic volume; ESV — end-systolic volume; GLS
— global longitudinal strain.
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POST CHEMOTHERAPY

Fig. 1. 2D-derived global longitudinal strain at baseline and after doxorubicin therapy, showing significant reduction in GLS post-chemotherapy.

According to ASE/EACVI Expert Consensus,® a reduction of GLS
between pre- and post-chemotherapy examination of more than
15% was considered to be an indicative evidence of subclinical
cardiotoxicity. By 3D echocardiography, LV EDV and ESV and EF (%,
EDV-ESV/EDV x 100) were obtained. 3D GLS, global circumferential
strain (GCS), global area strain (GAS), and global radial strain (GRS)
were calculated as weighted averages of the regional values from
the 18 myocardial segments. In our study, those patients were

excluded in which there was >3 rejected segments while calcu-
lating the strain, and for them global strain values were not
calculated.

2.3. Statistical analysis

Statistical analysis was done by SPSS package version 16 (SPSS
Inc, Chicago, IL, USA). Continuous data were presented as mean
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Table 3

Comparison of 3D echocardiographic parameters during chemotherapy.
Variable Post-chemotherapy (n = 46) Baseline (n = 46) Mean Change Mean % Change P-value
3D EF (%) 58.48 + 4.89 60.63 + 4.71 -2.15 —3.55% <0.001
3D EDV (ml) 88.02 + 15.24 85.44 + 14.97 2.58 3.02% 0.010
3D ESV (ml) 35.82 +9.80 33.83 +£9.70 1.99 5.88% 0.005
3D GLS (%) -9.85 +2.14 —13.91 + 2.16 -4.06 —29.19% <0.001
3D GCS (%) —9.98 + 3.64 —14.39 + 4.28 -4.41 —30.65% <0.001
3D GAS (%) —15.78 £ 2.91 —20.13 £ 2.73 —4.35 —21.61% <0.001
3D GRS (%) 20.80 + 6.97 29.57 + 5.00 -8.77 —29.66% <0.001

EF — ejection fraction; EDV — end-diastolic volume; ESV — end-systolic volume; GLS — global longitudinal strain; GCS — global circumferential strain; GAS — global area strain;

GRS — global radial strain.

values + standard deviation, and categorical data were represented
as counts and percentages. Pre- and post-chemotherapy results
were compared by Student paired t-test.

3. Results

In our study, 55 patients were enrolled, out of which 9 patients
were excluded due to poor 3D echocardiographic image quality. A
total of 46 patient were included in the study with complete pre-
chemotherapy 2D standard echocardiographic, 3D volumetric, 2D
strain, and 3D strain analysis. All these patients were having
adequate echocardiographic images at baseline. None of the

BASELINE

patients had cardiac symptoms or were on cardiac medication at
the time of baseline evaluation and at follow-up examination. All
the patients received a cumulative dose of doxorubicin of less than
550 mg/m?. Follow-up period from the beginning of doxorubicin
therapy was 108 + 14 days.

Of all the patients included in the study, the mean age was 44.17
years. Most of the patients were in the age group of 36—50 years
(50%), 30.4% were in 51—65 years age group, 15.2% in 18—35 years
age group, and rest 4.3% were of age below 18 years.

Majority of the patients included in study were female (82.6%).
Most of the patients were having breast cancer (40 patients). No
patient in the study group had diabetes mellitus and dyslipidemia.

Global Longitudinal strain %

POST CHEMOTHERAPY

Fig. 2. 3D-derived global longitudinal strain at baseline and post-chemotherapy showing significant reduction post-chemotherapy.
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None of the patients were smoker. Moreover, 5 out of 46 patients
were hypertensive. Baseline demographics are detailed in Table 1.

According to the standard 2D echocardiography evaluation, no
significant difference was observed in pre- and post-chemotherapy
patients, in terms of EF, EDV, and ESV (Table 2). However, there was
significant difference observed in 2D-derived average GLS of LV in
pre- and post-chemotherapy state with a mean percent change of
18.33% and a P-value of <0.001 (Fig. 1) (Table 3).

On 3D volumetric analysis, we found that there was significant
difference in EF, EDV, and ESV in pre- and post-chemotherapy state.
Mean percent change in 3D EF was a decrease by 3.55% with a P-
value of <0.001 which was significant. Mean percent change in EDV
was an increase by 3.02% with a P-value of 0.010 which was sig-
nificant. Mean percent change in ESV was an increase by 5.88% with
a P-value of 0.005 (Table 3).

On 3D STE analysis, it was found that all 3D strain parameters
were significantly reduced after chemotherapy. 3D GLS reduced by
a mean of 29.19% with a P-value of <0.001(Fig. 2). 3D GCS reduced
by a mean of 30.65% and a P-value of <0.001 (Fig. 3). 3D GAS
reduced by a mean of 21.61% and a P-value of <0.001 (Fig. 4). 3D
GRS changed by a mean of 8.77 with a mean percent change of
29.66% and a P-value of <0.001 (Fig. 5).

Of note, no patient had a fall of EF to less than 50% both by
standard 2D echocardiography as well as 3D volumetric analysis
after chemotherapy.

Gilobal Circumferential strain %

BASELINE

4. Discussion

In this study, the diagnostic value of conventional standard 2D
echocardiography, 2D-derived global longitudinal strain, 3D volu-
metric analysis, and 3D-derived strain parameters were tested for
early detection of LV function in malignancy patients who under-
went doxorubicin-based chemotherapy. Major findings of our study
are as follows: on standard 2D echocardiographic examination, 2D-
derived EF is not adequately useful in detecting the early changes in
LV function; by 2D-derived GLS parameters, subclinical alteration of
LV longitudinal function can be detected early in the course; 3D
volumetric assessment for ejection fraction helps in identifying the
EF alterations not identified upon standard 2D EF quantification
techniques; 3D-derived STE clearly demonstrates the alteration of
LV myocardial mechanics including all the strain components.

Cardiotoxicity as an adverse event of chemotherapy includes a
range of cardiac problems, including heart failure, myocardial
ischemia or infarction, hypertension, thromboembolism, and ar-
rhythmias.” Extent of cardiotoxicity depends upon many factors
relating to the chemotherapy used as well as patients, such as type
of drug, dose administered during each cycle, cumulative dose,
schedule of administration, route of administration, combination of
other cardiotoxic drugs, or association with radiotherapy, pre-
existing heart disease, history of hypertension, and age >65
years.'0 Therefore, timely diagnosis of chemotherapy-induced

Global Circumferential strain %

POST CHEMOTHERAPY

Fig. 3. 3D-derived global circumferential strain at baseline and post-chemotherapy showing significant reduction post-chemotherapy.
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Global Area strain %

BASELINE

Global Area strain %

POST CHEMOTHERAPY

Fig. 4. 3D-derived global area strain at baseline and post-chemotherapy showing significant reduction post-chemotherapy.

cardiotoxicity becomes helpful as it allows to modify dose,
administration rate, time, or use of analogous drugs which may
reduce the extent of cardiotoxicity without any need for discon-
tinuation of chemotherapy cycles.!" Thus, in this study, we exam-
ined the presence of any cardiotoxicity after completion of four
cycles of chemotherapy, which would help in further management
of chemotherapy patients accordingly. We measured strains from
various perspectives and observed significant changes in all pa-
rameters of strains through 3D echocardiography. The literature
states that in addition to longitudinal strain, the reductions in radial
strain, circumferential strain, or area strain are also found to get
reduced after chemotherapy; however, these depict higher vari-
ability and lower reproducibility as compared to GLS. Parallel to
this, a meta-analysis also stated that a relative reduction of 10—15%
of GLS may be applied to predict subsequent cardiotoxicity in
chemotherapy patients.'? Similarly, in this study, we have found a
change of 29.19% in GLS through 3D echocardiography, which
predicts the prognostic cardiotoxic effects of chemotherapy. Pre-
viously, Baratta et al studied 36 breast cancer patients who had
received trastuzumab or doxorubicin with echocardiography done
at baseline, 2, 3, 4 and 6 months after initiation of therapy and
reported a GLS decline of >15% at 3 months."”® In another study,
Sawaya and colleagues included 43 patients with breast cancer
under the treatment of anthracycline or trastuzumab. On per-
forming echocardiography at baseline and at 3 and 6 months, a

fall in GLS >10% at 3 months was observed.'# Hence, it can be taken
into consideration that GLS by STE is the most useful parameter for
predicting subsequent global LV chamber dysfunction and EF
reduction.

In addition to early diagnosis using strain imaging, modification
of treatment regimen or combining chemotherapeutic treatment
with prophylactic drugs can be applied. Emerging evidence, like a
study by Cardinale et al'® suggests that certain medications, such as
the initiation of enalapril or carvedilol early during the chemo-
therapy, may slow the progression of LV dysfunction and thereby
lower the incidence of heart failure and mortality."> The SUCCOUR
trial is an ongoing randomized control trial which will define the
place of GLS measurement for surveillance of patients receiving
cardiotoxic chemotherapy.'®

4.1. Study limitations

The major limitations of our study were a short follow-up
duration and relatively small number of study subjects. This led
to obvious reflections on the absence of clinical events as well as
lack of development of overt cardiotoxicity and low rate of reduc-
tion in LV systolic function which could be revealed by 2D and 3D EF
evaluation. A longer follow-up period with a greater number of
patients would point out even a small change in strain or EF as
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Global Radial strain (VoIC) %

BASELINE

Global Radial strain (VoIC) %

POST CHEMOTHERAPY

Fig. 5. 3D-derived global radial strain at baseline and post-chemotherapy showing significant reduction post-chemotherapy.

shown in this study will be of more clinical importance. Due to this,
it was not possible to establish the predictive value of the identified
2D or 3D signs of subclinical cardiac damage. However, in this
study, we intentionally studied the effect of doxorubicin cycles
which have a well-defined time duration and can predispose to
subsequent cardiotoxicity due to trastuzumab. 3D echocardiogra-
phy was able to detect small changes in ejection fraction which was
not detectable by 2D echocardiography. In addition, the image
quality as obtained by 3D echo was not of that quality as expected
which led to the baseline and post-chemotherapy discrepancies in
3D strain parameters, due to which out of 55 patients enrolled for
study complete data of only 46 patients were analysed.

5. Conclusion

Myocardial dysfunction induced by cardiotoxic chemotherapy
can be detected earlier by using 2D GLS, 3D volumetric analysis, and
3D strain analysis by calculating GLS, GCS, GRS, and GAS. These
newer techniques could potentially improve the ability for early
detection of subclinical abnormalities of LV function in patients
undergoing cardiotoxic chemotherapy. Overall, our findings
confirm the ability of advanced echocardiography techniques in
detecting subclinical cardiotoxicity, a possible advantage for pre-
vention of overt LV dysfunction through timely initiation of car-
dioprotective therapy along with 3D echocardiography standing
out to be at advantage in detecting small changes in left ventricular

functions over 2D echocardiography at the cost of slightly poorer
image quality acquisition.
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