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ABSTRACT
Aims: Breast cancer is the most common cancer among women, and anthracyclines 

are the most commonly administered drugs for these patients. Cardiotoxicity is one 
of the complications, which limits the success of this therapy. Very few studies have 
evaluated anthracycline toxicities within the first few hours after the first infusion, 
and the majority of published studies were performed in animal models. The present 
study aimed to evaluate changes in echocardiographic parameters in women with 
breast cancer 24 hours after receiving the first dose of an anthracycline.

Materials and Methods and Results: The present study included 75 chemotherapy-
naive female patients without heart failure, who were diagnosed with breast cancer 
and were scheduled to undergo anthracycline-based chemotherapy (epirubicin and 
doxorubicin). During their visits to the Heart Center, the patients underwent detail 
echocardiographic examination, including assessment of systolic and diastolic function 
and longitudinal strain. There were no differences in baseline echocardiographic 
parameters between patients with and those without cardiotoxicity. Cardiotoxicity 
was observed during follow-up in 14 patients (18.7%). Improvements in left 
ventricular ejection fraction and global longitudinal strain were observed at 24 hours 
after administration of the cytotoxic agent in the subgroup of patients without further 
cardiotoxicity. The changes were transient and the assessment of left ventricular 
ejection fraction after completion of chemotherapy revealed similar values to those 
before the treatment.

Conclusions: The findings of our study suggest that transient improvement 
in contractility and systolic and diastolic function might occur 24 hours after 
anthracycline administration, especially in patients who do not develop cardiotoxicity.

INTRODUCTION

Breast cancer is a social problem, and its management 
involves surgery, chemotherapy, and radiotherapy. However, 
many drugs used in chemotherapy for this malignancy are 
cardiotoxic. Anthracyclines have been reported to be the 
most commonly used antineoplastic agents [1]. 

As the cardiotoxicity of chemotherapy drugs 
is dependent on multiple factors [2] and the time to 
cardiotoxicity onset varies, close cardiovascular monitoring 
during cancer treatment is required [3]. Echocardiography 
is the principal modality to establish the presence of drug-
induced cardiotoxicity and to monitor this cardiotoxicity. It is 
a non-invasive, relatively easily accessible, and inexpensive 
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examination that enables the rapid evaluation of left 
ventricular ejection fraction (LVEF) [4]. The past decade has 
seen considerable progress in the field of echocardiographic 
techniques, and although many parameters can currently be 
used to describe systolic function, the assessment of ejection 
fraction remains extremely important in the evaluation of 
cardiotoxicity [5, 6]. 

Previous clinical studies focused on the 
cardiovascular effects of chemotherapy after its completion, 
when the toxic effects are most evident [7–9]. Very few 
studies have evaluated anthracycline toxicities within the 
first few hours after the first infusion, and the majority of 
published studies were performed in animal models.

The present study aimed to evaluate the changes in 
echocardiographic and laboratory parameters in women 
with breast cancer 24 hours after receiving the first dose 
of an anthracycline.

RESULTS

The study included 75 female patients with breast 
cancer. Each patient received anthracycline therapy. 
In addition, the patients received cyclophosphamide 
(82.7%), 5-fluorouracil (17.3%), docetaxel (25.3%), and 
trastuzumab (21.6%), with the latter being started after 
completion of chemotherapy and radiotherapy. The two 
anthracyclines used were doxorubicin (84.0% of the 
patients) and epirubicin (16.0% of the patients). The mean 
anthracycline dose, expressed as doxorubicin dose, was 
267.7 ± 52 mg/m2.

Among the 75 patients who participated in the 
study, 4 patients did not participate in assessments after 
chemotherapy cessation during the follow-up (2 of the 
patients dropped out from the study at this stage and did 
not complete the study). Among the 75 patients, 63 were 
assessed 1 year after chemotherapy cessation.

The mean age of the study patients was 57.2 ± 
9 years. Among the patients, 64.0% had body mass index 
(BMI) ≥ 25 kg/m2 and 30.7% were obese. The mean 
BMI was 27.3 ± 5 kg/m2. The mean cardiovascular risk 
calculated using the SCORE chart was 4.9 ± 3. Among 
comorbidities, hypertension was present in 42 patients 
(56%), diabetes mellitus in 9 (12%), and coronary artery 
disease in 3 (4%). There were 31 patients (41.9%) who 
either were current smokers or had smoked within 5 
years prior to enrolment in the study. Baseline assessment 
revealed dyslipidemia in 51 patients (68.0%). 

The most common concomitant medications in the 
patients were β-blockers (26.8%), followed by angiotensin 
converting enzyme inhibitors (21.3%), diuretics (21.1%), 
angiotensin II receptor blockers (sartans) (19.7%), 
dihydropyridine calcium channel blockers (14.1%), 
hydroxymethylglutaryl-coenzyme A reductase inhibitors 
(statins) (13.9%), sulfonylureas (6.7%), biguanides (5.3%), 
insulin (4.0%), and alpha-glucosidase inhibitors (1.3%).

Cardiotoxicity

Cardiotoxicity was observed during the follow-up in 
14 patients (18.7%). The mean duration of follow-up was 
444 ± 101 days, and the median follow-up was 464 ± 64 
days. Cardiotoxicity was observed after a mean of 327 ± 148 
days from baseline. The minimum and maximum follow-up 
durations since the last cycle of drug infusion were 78 and 
631 days, respectively.

Initially, the echocardiographic parameters, 
comorbidities, and concomitant medications did not differ 
between patients with cardiotoxicity and those without 
cardiotoxicity during the follow-up period. Table 1 presents 
a complete summary of echocardiographic variables before 
anthracycline treatment in each of the subgroups.

No differences in BMI and age were observed 
between patients with cardiotoxicity and those without 
cardiotoxicity (median BMI, 25.5 ± 9 kg/m2 vs. 26.1 ± 6 
kg/m2, p = 0.82 and median age, 58 ± 8 years vs. 59 ± 8 
years, p = 0.36). Additionally, there were no differences 
in anthracycline doses (252 ± 67 mg/m2 vs. 245 ± 61 
mg/m2, p = 0.75). Table 2 provides a complete summary 
of comorbidities and concomitant medications before 
anthracycline treatment in each of the subgroups.

During follow-up, after the first cycle of 
chemotherapy, significant changes were observed in some 
of the echocardiographic parameters. Improvement in LVEF 
and longitudinal strain were observed at 24 hours after 
administration of the cytotoxic agent in the subgroup of 
patients who did not develop cardiotoxicity in the remainder 
of the follow-up period. On the other hand, in the subgroup 
of patients diagnosed with cardiotoxicity during the follow-
up, no significant changes in these two key parameters were 
observed after the first cycle of chemotherapy. Additionally, 
when we excluded patients who received hypotensive drugs, 
the improvement was still significant for GLS (subgroups 
with and without further cardiotoxicity, −19.8 ± 3.6% vs. 
−21.5 ± 2.8%, respectively). The changes in the subgroup 
of patients without further cardiotoxicity were transient, and 
the assessment of LVEF after completion of chemotherapy 
revealed similar values to those before the treatment. In the 
subgroup of patients diagnosed with cardiotoxicity, usually 
later in the study, LVEF significantly declined during the 
follow-up (Figure 1).

Assessment of diastolic function parameters 
revealed an improvement in both subgroups. Table 3 
provides a complete comparison of the echocardiographic 
parameters, and Table 4 provides a comparison of the 
echocardiographic parameters between subgroups after 
the first cycle of oncological treatment.

Interestingly, after the first cycle of chemotherapy, 
no significant differences in echocardiographic parameters 
were observed between the subgroups, with the exception 
of GLS, which was significantly worse in the subgroup of 
patients who developed cardiotoxicity than in the subgroup 
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of patients who did not develop cardiotoxicity (−20.4% vs. 
−22.1%, p = 0.023).

We determined the levels of NT-proBNP and 
troponin I. The NT-proBNP level significantly increased 
in both the subgroups 24 hours after anthracycline 
infusion. There were no differences in the NT-proBNP 
level between the subgroups. Additionally, the troponin 
I level was similar between before and 24 hours after 
anthracycline infusion in all the patients (< 0.01 µg/L).

DISCUSSION

There are two types of cardiotoxicity. Type I is 
associated with potentially irreversible myocardial 
damage, commonly observed in cases of breast cancer 

with anthracyclines treatment; whereas type II is 
primarily reversible cardiotoxicity induced by trastuzumab  
[10, 11]. However, type II can trigger irreversible 
cardiac damage in patients with existing heart disease or 
trastuzumab might potentiate anthracyclines cardiotoxicity 
[11]. Apart from anthracyclines patients in this study also 
received other oncological drugs such as: doxorubicin 
(84.0% of the patients) or epirubicin (16.0% of the 
patients). The mean anthracycline dose, expressed as 
doxorubicin dose, was similar to other studies and  
administrated in 4 to 6 cycles. It should be noted that 
during this study none of the patients who received 
epirubicin developed cardiotoxicity. This corresponds 
to larger meta-analysis where epirubicin versus 
doxorubicin had lower incidence of cardiac events [12]. 
Cyclophosphamide cardiotoxicity is relatively rare and 

Table 1: Comparison of echocardiography parameters before anthracycline treatment between 
the subgroups stratified according to cardiotoxicity during follow-up

Characteristic
Without cardiotoxicity

(n = 61)
Mean ± SD (median)

With cardiotoxicity
(n = 14)

Mean ± SD (median)
p-value

EF (%) 62.1 ± 5 (62) 61.9 ± 6 (60) 0.43
GLS (%) −20.2 ± 2 (−20.1) −20.6 ± 2 (−20.3) 0.89
IVSd (mm) 9.6 ± 2 (9) 9.8 ± 2 (10) 0.68
IVSs (mm) 12.2 ± 2 (12) 12.3 ± 3 (12) 0.62
LVIDd (mm) 45.6 ± 5 (46) 47.7 ± 3 (47) 0.12
LVIDs (mm) 27.4 ± 4 (27) 29.7 ± 7 (28) 0.36
LVPWd (mm) 10.1 ± 2 (10) 10.3 ± 1 (10) 0.45
LVPWs (mm) 13.5 ± 3 (13) 15.3 ± 3 (15) 0.05
Ao (mm) 28.6 ± 3 (29) 30.2 ± 3 (30.5) 0.06
LA (mm) 37.4 ± 5 (36) 37.7 ± 5 (37) 0.86
Vp (cm/s) 54 ± 20 (48) 50.1 ± 11 (49) 0.85
E wave (m/s) 0.73 ± 0.19 (0.70) 0.73 ± 0.16 (0.75) 0.61
A wave (m/s) 0.81 ± 0.17 (0.82) 0.75 ± 0.20 (0.73) 0.24
E/A 0.92 ± 0.29 (0.85) 1.04 ± 0.37 (0.98) 0.15
IVRT (ms) 104 ± 19 (104) 103 ± 17 (99) 0.81
Tei index 0.467 ± 0.11 (0.469) 0.499 ± 0.12 (0.535) 0.38
E′ med. (cm/s) 8.5 ± 3 (8) 8.7 ± 3 (8) 0.81
A′ med. (cm/s) 10.6 ± 2 (11) 9.5 ± 2 (9) 0.12
S′ med. (cm/s) 6.8 ± 2 (6) 6.9 ± 1 (7) 0.52
E′ lat. (cm/s) 10.3 ± 4 (10) 11.6 ± 2 (11) 0.15
A′ lat. (cm/s) 10.2 ± 3 (10) 10.1 ± 3 (10) 0.83
S′ lat. (cm/s) 7.0 ± 2 (6.5) 6.9 ± 1 (7) 0.41
E′/A′ med. 0.84 ± 0.38 (0.77) 1.02 ± 0.49 (0.74) 0.18
E′/A′ lat. 1.11 ± 0.62 (0.91) 1.24 ± 0.43 (1.12) 0.17

Ao, aorta; EF, ejection fraction; GLS, global longitudinal strain; IVRT, isovolumetric relaxation time; IVSd, intraventricular 
diastolic diameter; IVSs, intraventricular systolic diameter; LA, left atrium; LVIDd, end-diastolic left ventricular diameter; LVIDs, 
end-systolic left ventricular diameter; LVPWd, end-diastolic posterior wall diameter; LVPWs, end-systolic posterior wall diameter; 
Vp, velocity propagation.
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seen mostly in patients receiving high doses of this drug, 
usually not given in breast cancer [13]. In our study 82.7% 
of patients received cyclophosphamide with the mean 
dose of 61.3 mg/kg. Among other drugs administrated in 
this group fluorouracil might have induced myocardial 
ischemia rather than heart failure [14]. Symptoms of 
ischemia were not observed during this study. Docetaxel 
was the last chemotherapeutic drug used. Reports about 
docetaxel’s influence on cardiotoxicity are inconclusive. 
According to some research, docetaxel appears to increase 

the rate of heart failure [15], but also some reports suggest 
that taxanes are safer in patients with left ventricle 
dysfunction [16]. During this observation the difference in 
cardiotoxicity incidence was not observed among patients, 
regardless of presence or absence of docetaxel in their 
treatment.

This research was focused on early alterations in 
echocardiographic parameters in breast cancer patients. To 
our knowledge, this is the first study to simultaneously use 
multiple echocardiographic techniques to assess changes 

Table 2: Comparison of concomitant medications and comorbidities before anthracycline treatment 
between the subgroups stratified according to cardiotoxicity during follow-up

Characteristic Without cardiotoxicity
n (%)

With cardiotoxicity
n (%)

p-value
(Fisher’s exact test)

Diabetes 6 (9.8%) 3 (21.4%) 0.35
CAD 3 (4.9%) 0 (0.0%) 0.41
Hypertension 35 (57.4%) 7 (50.0%) 0.77
SCORE risk (mean ± SD) 
(median) 5.2 ± 3.0 (6) 3.4 ± 2.4 (5) 0.04

Drugs
  β-blockers 16 (28.1%) 3 (21.4%) 0.75
  ACE-I 12 (19.7%) 4 (28.6%) 0.48
  Diuretics 11 (19.3%) 4 (28.6%) 0.48
  Ca-blockers 10 (17.5%) 0 (0.0%) 0.19
  Sartans 13 (22.8%) 1 (7.1%) 0.27
  Sulfonylureas 3 (4.9%) 2 (14.3%) 0.23
  Biguanides 3 (4.9%) 1 (7.1%) 0.57
  Insulin 2 (3.3%) 1 (7.1%) 0.47
  Dexamethasone 15 (24.6%) 5 (35.7%) 0.52
Smoking 27 (45.0%) 4 (28.6%) 0.37

ACE-I, angiotensin-converting-enzyme inhibitor; Ca, calcium; CAD, coronary artery disease; SCORE, systemic coronary 
risk evaluation.

Figure 1: LVEF alterations in the subgroups during the follow-up.
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in the myocardium as early as 24 hours after completion 
of anthracycline infusion. Previous studies, in which the 
subjects were assessed directly after infusion, focused on 
changes in laboratory parameters, particularly troponin [17].

Relatively few studies have reported on the overall 
changes in the myocardium as early as 24 hours after 
anthracycline administration. One of the first such studies 
was conducted in 13 patients and involved performing 
endomyocardial biopsy at the following three time points: 
before treatment, and 4 and 24 hours after infusion 
[18]. This previous study demonstrated depression in 
mitochondrial respiratory activity. Additionally, this 
previous study performed frequent echocardiographic 
measurements within the first 24 hours following 
administration of the cytotoxic agent and demonstrated 
an improvement in left ventricular systolic function. 
Subsequent studies demonstrated that most cellular 
changes (improvement in systolic function) are reversed 
24 hours after infusion and that most cells return to the 
pre-treatment condition [19]. 

Our study also revealed improvements in both 
systolic and diastolic function of the left ventricle. 
However, the improvements were mainly due to the 
improvement in LVEF in the subgroup of patients who 
did not subsequently develop cardiotoxicity. A significant 
improvement was also observed in global longitudinal 
strain; however, it was only noted in the subgroup without 
subsequent cardiovascular complications. Although a 
slight nominal improvement was also found in the other 
subgroup, the difference was not statistically significant. 
This might have resulted from the small number of 
patients in the subgroup with cardiotoxicity. The European 
Association of Cardiovascular Imaging recommends 
cardiology consultation when GLS is lower than the 
normal limit or when the relative percentage reduction 
in GLS is > 15% [20]. However, in relation to our study, 
this recommendation would be difficult to implement 

owing to the fact that at an early stage, only 1 patient had 
a reduction in GLS of > 15%. Nonetheless, no previous 
study has assessed GLS at such an early stage of cancer 
treatment.

It is important to note that in patients undergoing 
chemotherapy in association with docetaxel, high doses 
of corticosteroids were administered, which may improve 
cardiac function [21]. However, in our population, there 
were no significant differences between the subgroup 
receiving dexamethasone and the subgroup not receiving 
dexamethasone as part of the treatment protocol. 

Several conflicting reports have been published on 
the effects of anthracyclines on cardiac myocytes assessed 
directly after dosing. Some studies in animal models report 
a positive inotropic effect [22, 23], while others reported 
a negative inotropic effect [24, 25]. Our study appears to 
indicate positive inotropism. With regard to diastolic function 
assessment, beneficial changes were observed, and they were 
more pronounced and affected a larger number of parameters 
in the subgroup without subsequent cardiotoxicity than in 
the subgroup with cardiotoxicity. This might have resulted 
from a larger number of patients in the subgroup without 
subsequent cardiotoxicity. A positive inotropic effect in 
the absence of changes in heart rate suggests a mechanism 
involving calcium ions [26]. As heart rate was similar in 
both subgroups, the inotropic effect cannot be explained 
by conditions, such as a slower heart rate and the action of 
catecholamines. This is consistent with the findings reported 
by other authors, who demonstrated increased cytoplasmic 
levels of calcium ions, resulting from the opening of calcium 
channels of ryanodine receptors and the release of calcium 
from the sarcoplasmic reticulum [27, 28]. Anthracyclines 
have also been shown to inhibit the sodium/calcium 
exchanger (NCX) and activate L-type calcium channels, 
thereby increasing the cytoplasmic levels of calcium  
[26–29]. All these effects result in calcium overload in the 
cardiac myocytes, increasing their contractile force.

Table 3: Changes in echocardiographic parameters after the first cycle of chemotherapy

Characteristic

The entire group Without cardiotoxicity With cardiotoxicity

n
Before treatment

mean ± SD 
(median)

After the first cycle 
of chemotherapy

mean ±SD (median)
p-value

Before treatment
mean ± SD 
(median)

After the first cycle 
of chemotherapy

mean ± SD 
(median)

P-value
Before treatment

mean ± SD 
(median)

After the first cycle 
of chemotherapy

mean ± SD (median)
p-value

EF (%) 75 62.1 ± 5 (62) 63.8 ± 5 (64) 0.01 62.1 ± 5 (62) 64.3 ± 5 (65) < 0.01 61.9 ± 6 (60) 61.6 ± 7 (61) 0.55

GLS (%) 41 −20.1 ± 2 (−20.2) −21.8 ± 2 (−21.8) < 0.01 −20.2 ± 2 (−20.1) −22.1 ± 2 (−22.0) < 0.01 −20.6 ± 2 (−20.3) −20.4 ± 2 (−20.7) 0.16

Vp (cm/s) 69 53 ± 18 (48) 66 ± 25 (62) < 0.01 54 ± 20 (48) 67 ± 26 (62) < 0.01 50 ± 11 (49) 62 ± 24 (66) 0.06

E/A 74 0.95 ± 0.3 (0.87) 1.06 ± 0.3 (0.97) < 0.01 0.92 ± 0.3 (0.85) 1.04 ± 0.3 (0.95) 0.04 1.04 ± 0.4 (0.98) 1.14 ± 0.4 (1.05) < 0.01

E′/A′ med. 71 0.87 ± 0.4 (0.77) 0.98 ± 0.4 (0.90) < 0.01 0.84 ± 0.4 (0.77) 0.98 ±0.4 (0.90) 0.19 1.02 ± 0.5 (0.74) 1.00 ± 0.4 (0.88) < 0.01

E′/A′ lat. 70 1.13 ± 0.6 (0.93) 1.24 ± 0.5 (1.13) < 0.01 1.11 ± 0.6 (0.9) 1.28 ± 0.5 (1.16) 0.46 1.23 ± 0.4 (1.11) 1.08 ±0.4 (1.03) < 0.01

IVRT (ms) 72 104 ± 18 (104) 91 ± 19 (90) < 0.01 104 ± 19 (104) 90 ± 18 (89) < 0.01 104 ± 17 (99) 94 ± 20 (93) 0.09

Tei 68 0.473 ± 0.11 (0.472) 0.437 ± 0.12 (0.412) < 0.01 0.468 ± 0.11 (0.469) 0.435 ± 0.12 (0.405) 0.02 0.499 ± 0.12 (0.535) 0.446 ± 0.14 (0.414) 0.04

E/E′ 72 9.0 ± 2 (8.9) 9.2 ± 3 (9.1) 0.81 9.1 ± 2 (8.7) 9.2 ± 3 (8.9) 0.97 9.0 ± 3 (9) 9.3 ± 3 (9.3) 0.79

Ca2+ (mmol/L) 66 2.45 ± 0.1 (2.48) 2.42 ± 0.1 (2.43) 0.11 2.46 ± 0.1 (2.48) 2.42 ± 0.1 (2.43) 0.03 2.41 ± 0.1 (2.45) 2.45 ± 0.1 (2.41) 0.27

HR (beats/min) 58 73 ± 10 (73) 73 ± 12 (70) 0.31 74 ± 10 (76) 72 ± 11 (70) 0.19 69 ± 9 (70) 75 ± 16 (76) 0.72

EF, ejection fraction; GLS, global longitudinal strain; HR, heart rate; IVRT, isovolumetric relaxation time; NT-proBNP, N-terminal pro-brain type natriuretic 
peptide; Vp, velocity propagation.
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In the subgroup that did not develop cardiotoxicity 
during the follow-up, a significant decrease from baseline 
in the calcium concentration was observed after a single 
cycle of chemotherapy. This decrease might have resulted 
from the translocation of calcium ions into the cells 
as a result of the opening of L-type calcium channels 
and inhibition of the NCX, which has been confirmed 
in a recent study [30]. However, no such change in the 
concentration of calcium ions in the body was observed 
in the other subgroup. A previous study in an animal 
model reported an increase in the diffusion of calcium 
ions from the extracellular space into cardiac myocytes 
during administration of doxorubicin [31]. On the other 
hand, in another study, administration of multiple doses of 
chemotherapy caused desensitization of calcium channels 
and resulted in a decrease in the calcium ion concentration 
[32], which would explain the effects observed after 
completion of chemotherapy in our study, i.e., a return 
of contractility to pre-treatment levels in the subgroup 
without cardiotoxicity and a further decline in systolic 
function in the other subgroup. Other authors have also 
confirmed that repeated dosing of doxorubicin eventually 
decreases calcium release from the sarcoplasmic reticulum, 
which explains the transient nature of the improvement in 
contractility after the first cycle of chemotherapy in our 
study [33]. The first dose of anthracyclines’ influence on 
calcium channels is presented in Figure 2.

In our study, patients who did not demonstrate 
improvement of left ventricle function were more likely 

to be diabetic; however, coronary artery disease was 
not frequently diagnosed in this subgroup. Both risk 
factors were not statistically significant for predicting 
cardiotoxicity in this study. Interestingly, the SCORE 
risk was significantly low in the group with further 
cardiotoxicity. Therefore, we could not use standard risk 
factors to predict further left ventricle function impairment. 
Patients’ age also did not differ between groups with and 
without further cardiotoxicity. The whole group of patients 
in this study were women, hence it is difficult to relate 
potential results of this research to gender. 

This study suggests that stimulation of the healthy 
myocardium with anthracyclines causes an increase of the 
calcium level in myocardial cells and eventually a good 
inotropic response, while in hearts that are more prone to 
cardiotoxicity, this response is not possible with a lower 
inotropic reserve [34]. Similar situation can be observed in 
pathophysiology of heart failure. Lower activation efficiency 
of L-type calcium channel and higher expression of NCX 
channel are observed in patients with heart failure, hence it is 
not possible to accumulate higher concentration of calcium 
ions in smooth endoplasmatic reticulum. According to these 
findings, cancer survivors with a good inotropic response 24 
hours after anthracycline infusion are considered to have a 
low probability of cardiac events [35, 36].

Our study demonstrated improvements in diastolic 
function parameters mainly in the subgroup without 
subsequent cardiotoxicity. In the literature, we did not 
identified similar measurements performed at such an 

Table 4: Comparison of echocardiography parameters and laboratory test results 24 hours after 
anthracycline infusion between the subgroups stratified according to cardiotoxicity during follow-up

Characteristic Without cardiotoxicity
 (n = 61) Mean ± SD (median)

With cardiotoxicity (n = 14) 
Mean ± SD (median) p-value

EF (%) 64.3 ± 5 (65) 61.6 ± 7 (61) 0.16
GLS (%) −22.1 ± 2 (−22.0) −20.4 ± 2 (−20.7) 0.02
Vp (cm/s) 67 ± 26 (62) 62 ± 24 (66) 0.63
E/A 1.04 ± 0.3 (0.95) 1.14 ± 0.4 (1.05) 0.48
IVRT (ms) 90 ± 18 (89) 94 ± 20 (93) 0.44
Tei index 0.435 ± 0.12 (0.405) 0.446 ± 0.14 (0.414) 0.53
E′ med. (cm/s) 9.6 ± 2.5 (9) 8.5 ± 3.2 (9) 0.39
A′ med. (cm/s) 10.2 ± 2.3 (10) 9.3 ± 1.8 (9) 0.17
S′ med. (cm/s) 7.5 ± 1.6 (8) 7.2 ± 1.6 (8) 0.59
E′ lat. (cm/s) 10.6 ± 3.0 (11) 10.4 ± 2.5 (11) 0.71
A′ lat. (cm/s) 9.8 ± 3.0 (10) 10.4 ± 2.4 (10) 0.46
S′ lat. (cm/s) 7.6 ± 1.8 (7) 8.0 ± 2.4 0.66
E′/A′ med. 0.98 ± 0.38 (0.90) 1.00 ± 0.42 (0.88) 0.95
E′/A′ lat. 1.28 ± 0.54 (1.16) 1.08 ± 0.41 (1.03) 0.22
NT-proBNP (pg/mL) 255 ± 171 (239) 236 ± 138 (241) 0.91

EF, ejection fraction; GLS, global longitudinal strain; IVRT, isovolumetric relaxation time; NT-proBNP, N-terminal pro-brain-
type natriuretic peptide; Vp, velocity propagation.
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early period, i.e., no studies assessing subjects 24 hours 
after administration of chemotherapy have been published. 
Hence, there are gaps in the scientific information, although 
it is established that the contraction and relaxation of 
cardiac myocytes are associated with calcium ions and their 
movement through ion channels, as described above. 

In the present study, we noted that the troponin I level 
was within the normal range in all patients. However, this 
finding is in contrast to the finding of a previous study [7]. 
This difference might be attributable to the fact that we did 
not assess high-sensitivity troponin [37]. On the other hand, 
the NT-proBNP level significantly increased just after the 
first cycle of chemotherapy in the subgroup that developed 
cardiotoxicity and the subgroup that did not develop this 
condition; however, there was no difference between the 
subgroups. Natriuretic peptides have been reported to be 
closely correlated with heart failure, even in oncological 
patients [38, 39]. In our study, the level of this marker was 
significantly high 24 hours after anthracycline infusion; 
however, the median value was only two times higher 
than the normal value and was far from the value observed 
in cases of heart failure. Some papers have mentioned 
the protective role of β-adrenergic receptors against 
cardiotoxicity. A previous study in an animal model showed 

a significantly higher mortality rate in mice deprived of 
the β-adrenergic receptor than in mice with this receptor 
after administration of doxorubicin [40]. Additionally, this 
previous study indicated that the effect was caused by down-
regulation of the expression of pro-survival kinases, such 
as εPKC. We did not observe any changes in heart rate in 
the study population after one cycle of chemotherapy. Such 
changes could occur if the number of β-adrenergic receptors 
changes. Additionally, the percentage of patients taking 
β-adrenergic receptor blockers in each of the two subgroups 
was similar. It is therefore impossible to definitely conclude 
that this is the underlying mechanism of the very early 
changes in patients after a single cycle of chemotherapy. 
Moreover, when we excluded patients who received 
hypotensive drugs, the effect of contractility improvement 
persisted and remained statistically significant.

This study presents a mechanism in which the 
first dose of anthracyclines affects cardiac cells. It helps 
clinicians predict probable cardiac complications in a 
group of patients, especially those without a good inotropic 
response at a very early stage – 24 hours after the first 
infusion of anthracyclines. 

Thus, this research suggests the necessity of 
additional echocardiography exam in the mentioned time 

Figure 2: The first dose of anthracyclines’ influence on calcium channels.
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and paying special attention to global longitudinal strain 
assessed by means of speckle tracking. Longitudinal 
strain measures after the first cycle of drug infusion has 
a special value for clinicians, for an increase of more 
than 10% from baseline significantly decreases the risk 
of further cardiotoxicity. Ejection fraction at this stage 
has lower usefulness, because mean increase was just 
over 2 percentage points. On the other hand, the lack of 
improvement in GLS at the very early stage helps clinicians 
find a group of patients more liable to cardiac complications 
who need further thorough observation. Hence global 
longitudinal strain assessed by means of speckle tracking 
24 hours after the first dose of anthracycline is a good 
parameter for clinicians, allowing to predict further cardiac 
complications and, on the other hand, making it easier to 
find a group with lower risk of such incidences.

Limitations

The present study had some limitations. The number 
of patients in the subgroups was limited, especially in the 
subgroup with cardiotoxicity. For confirmation of our results, 
further studies with a larger population should be performed. 

MATERIALS AND METHODS

This prospective observational clinical study included 
75 chemotherapy-naive female patients without heart 
failure, who were diagnosed with breast cancer and were 
scheduled to receive anthracycline-based chemotherapy. 
The exclusion criteria were as follows: atrial fibrillation, 
previous chemotherapy or radiotherapy irrespective 
of indication, age > 75 years, valvular regurgitation or 
stenosis that was more severe than a mild condition, an 
implanted artificial cardiac valve, and an implanted cardiac 
pacemaker. Each patient provided written informed consent 
to participate in the study, and the study was performed in 
accordance with the Declaration of Helsinki.

During their visits to the Heart Center, the 
patients underwent echocardiography. The schedule of 
echocardiographic monitoring was as follows: before 
treatment (up to 7 days before dosing), 24 hours after 
completion of the first cycle of chemotherapy, 24 hours 
after chemotherapy cessation, at the end of radiotherapy, 
and 6 and 12 months after chemotherapy cessation.

Echocardiography was performed by an experienced 
echocardiographer using Vivid E9 (GE Medical Systems, 
Milwaukee, WI) and the 4V-3D transducer (1.5–4.0 
MHz; GE Medical Systems). At each stage of the study, 
patients underwent medical examination and were asked 
detailed questions about symptoms, particularly symptoms 
indicative of heart failure.

Full transthoracic echocardiography was performed 
in the left lateral decubitus position. The images were 
acquired in the parasternal, apical four-chamber, and 
substernal views. LVEF was assessed in the two- and four-

chamber views with the Simpson method, as recommended 
by the European Society of Echocardiography [41]. The 
measurements were performed in real time, without 
reference to previous results. The cardiotoxicity endpoint 
was defined as a decline in the ejection fraction (EF) of 
≥ 5% to < 55% accompanied by clinical manifestations 
of heart failure assessed at the Heart Center or a decline 
in the EF of ≥ 10% to < 55% unaccompanied by clinical 
manifestations of heart failure [6].

Left ventricular end-diastolic and end-systolic 
diameters, interventricular septum thickness in diastole 
and systole, and posterior wall thickness in diastole 
and systole were assessed in the parasternal long-axis 
view just below the mitral valve leaflets. The left atrial 
anteroposterior diameter was measured in early diastole, 
and the aortic diameter was measured in late diastole. 

Mitral inflow velocity was recorded in the apical 
four-chamber view at the tip of the mitral valve leaflets 
using pulsed-wave Doppler (recording of E-wave 
deceleration time and A-wave velocity). Mitral inflow 
propagation velocity (Vp) was also measured in the four-
chamber view using color Doppler in M-mode along 
the central portion of the mitral annulus. Vp defined the 
slope of the signal contour line. The apical five-chamber 
view was used to measure isovolumetric relaxation time 
(IVRT), mitral valve closure time (MCOT), and left 
ventricular ejection time (LVET). For these assessments, 
the continuous-wave Doppler sample gate was placed 
at the anterior leaflet of the mitral valve to record left 
ventricular outflow, approximately halfway between the 
mitral and aortic valves. The Tei index was calculated 
automatically by the device using the following formula: 
Tei index = (MCOT − LVET)/LVET, where MCOT 
signified time from mitral valve closure to opening. 
Tissue Doppler was used in the four-chamber view to 
assess E′-, A′-, and S′-wave velocities in both the medial 
and lateral positions. The Doppler sample gate was placed 
approximately 1 cm towards the apex from the medial and 
lateral portions of the mitral annulus each time. For all 
the Doppler measurements, the velocity of scanning was 
adjusted individually to achieve maximum accuracy of the 
measurements (filling the screen with the cardiac cycle).

The scanning depth and diagnostic window width 
were adjusted such that the left ventricle filled the window 
to the fullest extent possible, and two-,three-, and four-
chamber views were recorded. The frame rate ranged 
between 50 and 80 frames per second. Based on the 
views recorded at examination (with the patient present), 
global longitudinal strain (GLS) was analyzed using an 
application included in the device for the assessment of 
speckle tracking strain. Left ventricular systole was defined 
as the interval between aortic valve opening and closure. 
During the examination, electrocardiography (ECG) tracing 
(one lead) was simultaneously performed. Regions used 
for the analysis of left ventricular global longitudinal strain 
were selected manually. The regions were selected by first 
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marking the endocardial border in two basal segments and 
in the apex of the views in late diastole and then manually 
correcting the tracking speckles from each of the segments 
to confirm the correct marking of each of the regions. At 
this point, if necessary, the thickness of the marked regions 
was corrected using the included application (region of 
interest). If two or less unacceptable segments remained, 
the echocardiographer considered the quality of the 
recording sufficient, and the speckle tracking reflected the 
actual movements of the myocardium, the examination 
was approved and the GLS assessment was considered 
complete. Images with more than two unacceptable 
segments due to poor image quality were rejected from 
the final analysis, and for such an examination, the GLS 
value was neither provided nor included in further analysis. 
Global longitudinal strain was calculated after the final 
approval of segments from the three views mentioned 
above. In the final step, the application included in the 
device calculated the mean value for all 18 segments.

Laboratory tests were performed. N-terminal pro-
brain-type natriuretic peptide (NT-proBNP) levels were 
assessed using the electrochemiluminescence method and 
troponin I (standard troponin I and not high-sensitivity 
troponin I) levels were assessed using immunochemical 
techniques.

Administration of anthracyclines

Anthracyclines were administered at the Oncology 
Center. Doses of anthracyclines (doxorubicin and epirubicin) 
were calculated from the dose levels expressed in mg/m2 
using the Cato® system (Quality Management for Oncology 
Therapy). For the purpose of statistical calculation, in 
order to unify anthracycline doses, we used the following 
commonly available formula to convert epirubicin doses: 
epirubicin dose × 0.6 = doxorubicin dose equivalent [42].

Statistics

The study variables are expressed as means and 
standard deviations (SD) or medians and interquartile 
ranges (IQR), as appropriate. Changes during treatment 
were assessed and subsequently analyzed using the 
Wilcoxon signed-rank test. To compare patients who 
developed cardiotoxicity with those who did not develop 
cardiotoxicity, the Mann-Whitney U test was used for 
quantitative variables and the chi-square test with Fisher’s 
correction for nominal values was used for qualitative 
variables. Statistical calculations were performed using the 
Statistica 12 software (StatSoft Inc., Tulsa, OK). A p-value 
< 0.05 was considered statistically significant.

CONCLUSIONS

In conclusion, to our knowledge, this study is 
the first research that demonstrated echocardiographic 

changes occurring within 24 hours after administration 
of chemotherapy. The findings of our study fill the gap in 
information on the early stage of oncological treatment. 
Additionally, our findings suggest that transient improvement 
in contractility and systolic and diastolic function might 
occur 24 hours after anthracycline administration, especially 
in patients who do not develop cardiotoxicity. The observed 
alterations were independent from concomitant drugs, 
diseases and patients’ age. Earlier evaluation of patients 
during chemotherapy is worth considering, because 
those without a good inotropic response to anthracycline 
infusion are more prone to develop cardiotoxicity and the 
improvement of GLS after 1st cycle allows to find a group 
of patients with lower risk of further cardiotoxicity.
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