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Abstract

Background: Chemotherapy with fluorouracil, adriamycin, and cy-
clophosphamide (FAC) regimen in breast cancer patients may cause 
myocardial injury and necrosis, thereby attenuating global and re-
gional longitudinal strain (GLS and RLS). It is unclear whether the 
first chemotherapy cycle would cause GLS and RLS reduction and 
which segment would be most affected by the chemotherapy. The 
purpose of the study was to investigate the effect of the first chemo-
therapy cycle on GLS and RLS reduction.

Methods: This was a prospective single-center cohort study of pa-
tients with breast cancer who underwent the first chemotherapy cy-
cle with a FAC regiment. The GLS and RLS were measured using 
speckle tracking echocardiography and left ventricular ejection frac-
tion (LVEF) measured with Simpson’s biplane. The echocardiogra-
phy was performed before and 3 weeks after the first chemotherapy 
cycle. We compared the value of GLS, RLS, and LVEF before and 
after chemotherapy using paired t-test analysis.

Results: Thirty-six breast cancer patients were enrolled in the study. 
The GLS and RLS were reduced significantly at 3 weeks compared to 
baseline. The RLS of the basal anteroseptal, basal anterolateral, mid 
anterolateral, mid inferolateral, and all apical segments declined sig-
nificantly from baseline. The largest RLS decline was detected in the 
apicoanterior segment. The post-chemotherapy GLS but not LVEF 
was significantly lower than that before treatment.

Conclusion: The GLS and RLS of patients who underwent first cycle 

chemotherapy with FAC declined significantly than that before treat-
ment, especially at the apicoanterior segment. LVEF was not altered 
after first cycle chemotherapy.
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Introduction

Breast cancer is the most prevalent cancer globally, which ac-
counts for almost a quarter of cancer cases in women [1] and 
is the second most common cancer in Indonesia after cervical 
cancer [2]. The survival rate of breast cancer patients increases 
every year, due to improvements in early detection and treat-
ment [3]. Unfortunately, chemotherapy using anthracycline-
contained regimen, such as fluorouracil, adriamycin, and cy-
clophosphamide (FAC) as the first-line treatment, can cause 
fatal complications such as cardiotoxicity [4].

Chemotherapy with the FAC regiment can lead to injury 
and necrosis of the myocardium, which will decrease subclini-
cal left ventricular systolic function, assessed by global lon-
gitudinal strain (GLS) and regional longitudinal strain (RLS) 
[5]. Early detection of subclinical left ventricular dysfunction 
followed by administration of cardioprotective agents can pre-
vent and decrease the incidence of cardiotoxicity and improve 
the reversibility of left ventricular function if cardiotoxicity 
has occurred [6]. Early detection and administration of car-
dioprotective agents also can reduce morbidity and mortality 
due to cardiotoxicity [3]. The purposes of the study were to 
investigate the effect of the first chemotherapy cycle on the 
GLS and RLS reduction, and also to evaluate the most affected 
segments by the chemotherapy.

Materials and Methods

The study was a prospective cohort, pre-, and post-study, con-
ducted from October to November 2016 at Hasan Sadikin Gener-
al Hospital, Bandung, Indonesia. The Institutional Review Board 
of Hasan Sadikin General Hospital, Bandung has approved this 
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study and all participant have signed the written informed con-
sent. This study was conducted in concordance with the ethical 
standards on human subjects of the Helsinki Declaration.

We studied breast cancer patients over 18 years old who 
indicated to undergo chemotherapy with the FAC regimen, 
either adjuvant or neoadjuvant, and had signed an informed 
consent letter to participate in the study. The patients were 
followed up at 3 weeks after the first cycle and reviewed for 
echocardiography.

The exclusion criteria before chemotherapy were acute and 
chronic heart failure, poor echocardiography window, valvular 
heart disease, congenital heart disease, heart rhythm other than 
sinus rhythm, pulmonary embolism, and chronic kidney dis-
ease. Exclusion criteria during or after the first chemotherapy 
cycle were acute coronary syndromes (ACS), pulmonary em-
bolism, hypertensive emergency, stroke, and acute kidney in-
jury. All subjects had undergone the first chemotherapy cycle 
with the FAC regimen, consisting of fluorouracil 600 mg/m2 
IV, adriamycin 60 mg/m2 IV, and cyclophosphamide 600 mg/
m2 IV. The adriamycin given was doxorubicin hydrochloride, 
and no one received liposomal adriamycin. None of the patient 
received cardio-protectors such as beta-blockers nor angioten-
sin-converting enzyme inhibitor to prevent cardiotoxicity.

Research procedure

We gathered the clinical history, and echocardiography param-
eters such as the subclinical left ventricular function, described 
by GLS, RLS, and left ventricular ejection fraction (LVEF) at 
baseline, around a month before chemotherapy initiation, and 
3 weeks after the first cycle was completed, right before the 
second cycle.

Measurement

GLS and RLS

The GLS and RLS was assessed by speckle tracking echocar-
diography techniques (unit, %). We recorded five cardiac cy-
cles in 2D grayscale images with 50 - 80 frames per second 
and evaluated at the end of the systole phase (right after the 
aortic valve closure). General Electric (GE) Vivid 7 and T-8 
echocardiography was utilized, and then the data were ana-
lyzed offline through the ECHOPAC software version of 113. 
Two echocardiography consultant cardiologists interpreted the 
GLS and RLS, and then an interobserver variability test was 
examined to determine its reliability at our hospital.

Statistical analysis

The analysis of baseline characteristics, including demog-
raphy, cardiovascular risk factors, and cancer type, was pre-
sented as mean and standard deviation in normally distributed 
numeric variables, median and range in not normal ones, and 
percentages for the categoric. The normality of the numeric 

variables was tested using the Shapiro-Wilks. Comparisons of 
GLS, RLS, and LVEF values before and after chemotherapy 
were performed using paired t-test analysis. Statistical calcula-
tions were aided by an IBM software for Statistical Analysis 
Software Package (SPSS) version 16 for Windows operating 
systems. All statistical tests were performed at the 5% signifi-
cance level.

Results

Baseline characteristics

Fifty-six breast cancer patients met the inclusion criteria and 
20 of them were excluded due to poor echocardiography win-
dow. The review of the subjects’ enrolment can be seen in Fig-
ure 1. All of the patients were women and almost everyone had 
invasive ductal carcinoma mammae and underwent adjuvant 
chemotherapy. The average age was 46 ± 9 years old and most 
of them were overweight. The most prevalent cardiovascular 
disease (CVD) risk factors were obesity (33%), followed by 
hypertension (8%) and hypertensive heart disease (8%). None 
of them had left ventricular dysfunction at baseline (LVEF > 
53%), but four patients had baseline GLS less than -18%. The 
mean RLS at baseline was less than -18% at base anterior, an-
teroseptal, inferoseptal, inferior, and inferolateral. The base-
line characteristics are listed in Table 1. Patients were moni-
tored at 3 weeks after the first chemotherapy cycle and nobody 
was excluded at the end of the follow-up.

Subclinical left ventricular dysfunctions, defined by GLS 
absolute number less than -18% or 15% reduction of GLS, 
were already seen in two-thirds of the patients. The GLS was 
reduced to below -18% in 11 patients (30%) and reduced 15% 
in also 11 of them (30%). In total, there were 40.7% of the 
patients having GLS reduction based on both criteria. No sub-
jects were excluded after the first cycle.

The RLS was significantly reduced at base inferoseptal, 
anterolateral, mid inferolateral, anterolateral, apicoanterior, api-
coseptal, apicolateral, apicoinferior, and apical cap segments. 
Even though some segments also reduced non-significantly to 
below -18%. The involved segments are shown in Figure 2.

Interobserver variability

The average difference between the first and second analysts 
based on Bland-Altman analysis was less than 10%. This means 
GLS and RLS examinations conducted at our center were con-
sistent and trustworthy. Figure 3 shows the Bland-Altman study.

GLS and RLS

Based on the t-test analysis, the GLS declined significantly at 
3 weeks after chemotherapy (-20.7±2.4% and -19.1±2.8%, av-
erage reduction -1.63±2.83%, P < 0.05). Whereas the LVEF 
reduction was not significant (67.8±4.5% and 65.8±5.1%, av-
erage reduction 2.0% (-0.2-4.3%), P > 0.05). Table 2 shows the 
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comparison of GLS and LVEF biplane reduction.
The RLS of the basal anteroseptal, basal anterolateral, 

mid anterolateral, mid inferolateral, and all apical segments 

(P < 0.05) was significantly reduced. The most significant 
decline was found in apicoanterior segment (-24.9±5.1% and 
-21±8.1%, mean 3.9% (1.3-6.5%); P < 0.05). The details of the 
RLS alterations are shown in Table 3.

Basal and mid anterolateral segments were reduced to 
below -18% and statistically significant, while the apicoante-
rior segment had the most significant decline of GLS absolute 
value, but still within a normal range.

Discussion

Awareness of cardiotoxicity due to anthracycline chemo-
therapy has increased over time because it is preventable by 
earlier detection and cardio-protective initiation. Therefore, 
detection of subclinical left ventricular dysfunction is crucial 
to ascertain the appropriate timing for prevention commence-
ment. Initial reduction of GLS can predict the advancement of 
cardiotoxicity in the forthcoming [3, 5].

Several studies revealed that GLS less than -18% [7] or 
10-14% GLS reduction can better predict cardiotoxicity [5, 
8-12]. The ACC/AHA consensus determined that myocardial 
dysfunction already occurred at GLS less than -18%. While, 
the ESC position paper agreed that 15% GLS reduction from 
baseline is considered as subclinical dysfunction, and has a 
tendency to become cardiotoxic cardiomyopathy [4, 13].

The essential findings in our study are the first chemo-
therapy cycle is already reducing GLS and RLS at 3 weeks af-
terward. A significant reduction of GLS, through which the ab-
solute value was still within a normal range, was -1.63±2.83%. 
Previous studies showed an average GLS reduction between 
-1.5% at 1 week after completion of chemotherapy and -2.03% 
at 6 weeks after chemotherapy [5]. Other studies have shown 
that the GLS decreased after 1 - 3 months after the chemo-
therapy initiation and continually declined to its completion.

Table 1.  Baseline Characteristics

Baseline characteristics n = 36
Age (years), mean ± SD 46 ± 9
Weight (kg), mean ± SD 56 ± 8
Height (m), mean ± SD 1.54 ± 0.06
BMI (kg/m2), mean ± SD 23.66 ± 3.04
BSA, mean ± SD 1.53 ± 0.12
Cancer type, n (%)
  Invasive ductal carcinoma mammae 34 (94)
  Invasive carcinoma of no specific type 1 (3)
  Clear cell carcinoma mammae 1 (3)
Adjuvant, n (%) 29 (80.6)
Neo-adjuvant, n (%) 7 (19.4)
Cardiovascular risk factors, n (%)
  Obesity 12 (33.3)
  Hypertensive heart disease 3 (8.3)
  Hypertension 3 (8.3)
  Diabetes mellitus 0 (0.0)
  History of anthracycline chemotherapy 0 (0.0)
  History of radiotherapy 0 (0.0)
  Family history of premature CVD 0 (0.0)
  Smoking 1 (2.8)

SD: standard deviation; BMI: body mass index; BSA: body surface 
area; CVD: cardiovascular disease.

Figure 1. Subjects enrolment and assortment.
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Table 2.  Comparative Study of GLS and LVEF at Baseline and 3 Weeks After the First Chemotherapy Cycle Using T-Test

Characteristic Baseline, mean ± SD (%) 3 weeks, mean ± SD (%) Difference, mean (95% CI) (%) P value
GLS -20.7 ± 2.4 -19.1 ± 2.8 -1.6 (-2.6 to -0.7) 0.002*
LVEF biplane 67.8 ± 4.5 65.8 ± 5.1 2.0 (-0.2 to 4.3) 0.067

*The GLS was reduced significantly after 3 weeks. CI: confidence interval; GLS: global longitudinal strain; LVEF: left ventricular ejection fraction; SD: 
standard deviation.

Figure 2. Worsening of RLS during chemotherapy with anthracyclines regiment. The segments shown in dark blue represented 
significant worsening of RLS by the t-test. RLS: regional longitudinal strain.

Figure 3. The Bland-Altman analysis showing that the difference in GLS value was less than 10% in our center. GLS: global 
longitudinal strain.
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The mean GLS decline was 8% compared to baseline; 
however, almost half of the patients had subclinical left ven-
tricular dysfunction [13], which even can be considered as 
mild cardiotoxic using current criteria [14]. This is quite a 
large number, considering that it occurred after receiving very 
low dose anthracycline (60 mg/m2). Other studies usually had 
GLS reduction at a cumulative anthracycline dose of 240 mg/
m2 [3, 4]. The lower amount and a high number of subclinical 
left ventricular dysfunction or mild cardiotoxicity in our study 
encourage us to consider whether the echocardiography should 
be performed after each cycle.

The RLS was also reduced 3 weeks after the first chemo-
therapy cycle, even though most of the absolute value moreo-
ver was within the normal limit. Eight of the 17 segments were 
decreased significantly with the most reduction occurring at 
apicoanterior segment. However, the basal and mid anterolat-
eral segments were significantly reduced to lower than -18%, 
thus reflecting any subclinical deterioration. A different result 
was observed compared to earlier studies that showed septal 
and anterior segments were most affected by chemotherapy [8, 
15]; hence, it suggested that probably no significant predilec-
tion segments complicated.

The LVEF determined cardiotoxicity due to chemotherapy 
occurrence, and its value was also reduced in our study, but 
not significant. No one had cardiotoxicity after the first cycle 
(LVEF reductions > 10% to an absolute value of LVEF to < 
53%) due to a very low dose of anthracycline. The result was 
in line with former reports that showed the inclination of car-
diotoxicity incidence with cumulative dose. A previous study 

showed that cardiotoxicity can occur at 3, 6 months, and a year 
after [4].

Even though recent reports and international position pa-
per endorsed speckle tracking echocardiography technique to 
assist cardiotoxicity prevention [4], the utilization of the meth-
od is still sparse in our daily procedure. The outcomes of our 
study are aligned with prior studies and emphasize the usage 
of longitudinal strain as early as possible, perhaps after each 
cycle, to evaluate for subclinical left ventricular dysfunction 
and recognize the cardiotoxicity onset.

Some limitations in our study were a relatively small num-
ber of patients due to a pilot study. We also did not conduct 
a long-term follow-up, thus we cannot see the prevalence of 
cardiotoxicity and validate the used cutoff.

Conclusion

The first chemotherapy cycle has already resulted in GLS and 
RLS reduction, especially in the apicoanterior, basal, and mid 
anterolateral segments, however, not the LVEF. The GLS and 
RLS are necessary examinations in breast cancer patients dur-
ing chemotherapy as an early detection to prevent cardiotoxic-
ity occurrence.
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Table 3.  Comparison of the RLS Value at Baseline and 3 Weeks After the First Chemotherapy Cycle Using T-Test Analysis

Segment Baseline, mean ± SD (%) 3 weeks, mean ± SD (%) Difference, mean (95% CI) (%) P value
Basal anterior -16.8 ± 6.7 -17.1 ± 6.2 -0.3 (-2.8 - 2.2) 0.805
Basal anteroseptal -15.0 ± 4.8 -12.1 ± 6.4 2.9 (0.7 - 5.2) 0.013*
Basal inferoseptal -15.8 ± 3.7 -15.6 ± 3.4 0.2 (-1.2 - 1.6) 0.749
Basal inferior -17.5 ± 3.6 -17.3 ± 3.6 0.2 (-1.4 - 1.7) 0.828
Basal inferolateral -17.9 ± 7.1 -16.8 ± 6.4 1.1 (-1.8 - 4.1) 0.433
Basal anterolateral -19.5 ± 3.9 -17.0 ± 5.7 2.5 (0.6 - 4.4) 0.013*
Mid anterior -19.3 ± 4.4 -18.1 ± 4.8 1.2 (-0.6 - 3.0) 0.186
Mid anteroseptal -19.6 ± 4.7 -18.0 ± 4.2 1.6 (-0.3 - 3.6) 0.092
Mid inferoseptal -21.1 ± 3.6 -19.9 ± 3.0 1.3 (-0.1 - 2.6) 0.062
Mid inferior -20.8 ± 2.9 -20.3 ± 3.6 0.4 (-0.8 - 1.7) 0.472
Mid inferolateral -21.5 ± 3.2 -19.4 ± 3.2 2.1 (1.0 - 3.3) 0.001*
Mid anterolateral -18.9 ± 3.9 -16.7 ± 5.0 2.2 (0.5 - 3.9) 0.012*
Apicoanterior -24.9 ± 5.1 -21.0 ± 8.1 3.9 (1.3 - 6.5) 0.004*
Apicoseptal -26.3 ± 5.3 -23.9 ± 4.6 2.3 (0.1 - 4.5) 0.038*
Apicoinferior -26.9 ± 4.6 -24.0 ± 5.9 3.0 (0.7 - 5.2)) 0.010*
Apicolateral -24.7 ± 4.5 -21.4 ± 5.3 3.3 (1.0 - 5.5) 0.005*
Apical cap -25.9 ± 4.2 -22.6 ± 5.3 3.3 (1.2 - 5.3) 0.003*

The RLS of the basal anteroseptal, basal anterolateral, mid anterolateral, mid inferolateral, and all apical segments (*P < 0.05) were significantly 
reduced with the significant decline being found in apicoanterior, basal, and mid anterolateral segments. RLS: regional longitudinal strain; CI: confi-
dence interval; SD: standard deviation.
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