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Abstract
Diagnosis and management of Cancer therapeutics-related cardiac dysfunction is of crucial importance in breast cancer 
(BC) patients. The role of advanced echocardiographic techniques, such as deformation imaging, in the diagnosis and char-
acterization of patients receiving cancer therapy has so far involved relatively small studies in the research setting. There-
fore, we conducted a meta-analysis and systematic review of observational studies evaluating myocardial changes during 
chemotherapy detected through conventional echocardiographic parameters, such as 2D left ventricular ejection fraction 
(2D LVEF), and 2D Speckle tracking echocardiography (STE). The literature search retrieved 487 research works, articles, 
of which 17 were found to be pertinent with this topic. After full article review, 16 studies were considered suitable for the 
present analysis. Two separate analyses, one for the anthracyclines-based therapeutic regimen and one for the trastuzumab 
based therapeutic regimen, were performed. A significant reduction in 2D LVEF and 2D STE parameters during cancer 
therapy was found in both the investigations. Peak systolic global longitudinal strain demonstrated to be the most consistent 
2D STE parameter in detecting early myocardial changes among all the studies. Thus, we confirmed the role of 2D STE for 
the early detection of myocardial damage, suggesting its crucial role in monitoring BC patients and eventually driving the 
introduction of cardioprotective treatment.
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Introduction

Thanks to the new anticancer therapies, breast cancer (BC) 
is now considered a treatable disorder in a significant pro-
portion of patients [1]. However, cardiotoxicity due to 
such treatments, also known as cancer therapeutics-related 

cardiac dysfunction (CTRCD) has become a relevant cause 
of morbidity and mortality not only during the treatment 
period but also life-long for the survivors [2]. The combi-
nation of potential cardiotoxic chemotherapy with molecu-
lar targeted therapy, such as trastuzumab, increases the 
magnitude of this problem [3]. In common practice, rest-
ing left ventricular ejection fraction (LVEF) determined 
by echocardiography is widely used to identify CTRCD; 
however, the reduction in LVEF mainly detects overt left 
ventricular (LV) dysfunction, when it might be too late to 
reverse the clinical course of the ongoing changes, sug-
gesting the need for more sensitive parameters for the 
early detection of cardiac damage [4]. Of note, myocar-
dial function can greatly vary without changing LVEF [5], 
therefore evidences in support of the use of 2D speckle 
tracking echocardiography (2D STE) as a promising tool 
in the early detection of LV function changes, are accumu-
lating. Indeed, recent studies have shown that LV global 
longitudinal strain (GLS) by 2D STE is able to accurately 
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predict a subsequent decrease in LVEF secondary to can-
cer therapy [6, 7]. Nonetheless, the use of this advanced 
echocardiographic measurement is still limited to labora-
tories with adequate expertise performing cardiac safety 
studies. Other 2D STE derived strain parameters, such as 
LV global radial strain (GRS) and LV global circumfer-
ential strain (GCS) still have a controversial and not fully 
established role because of the limited amount of data [7]. 
Thus the aim of this review and meta-analysis of the litera-
ture is two-fold: (1) to describe the prevalence of CTRCD 
in BC patients treated with chemotherapy; (2) to summa-
rize the existing data about detection of early myocardial 
changes during cancer therapy through 2D STE parameters 
in the longitudinal, radial, and circumferential planes of 
the LV walls.

Methods

Search Strategy

An English-language literature review was performed 
through PubMed, Scopus, and Science Direct for any study 
evaluating the changes in 2D LVEF and 2D STE param-
eters in BC patients treated with anthracyclines and/or tras-
tuzumab. Words employed in the search were: ‘echocardi-
ography’, combined with ‘breast cancer’, ‘cardiotoxicity’, 
and ‘cardiac toxicity’. Reference lists of obtained articles 
were checked to retrieve any relevant study on this issue. 
Unpublished data, data reported in abstract only and stud-
ies including < 10 patients were excluded from this analysis. 
Both prospective and retrospective studies published in Eng-
lish language as full-length articles reporting on 2D LVEF 
and 2D STE derived parameters changes during BC therapy 
with anthracyclines and/or trastuzumab were included.

Data Extraction

The authors retrieved data on the study design, study period, 
study size, prevalence of cardiac toxicity, cancer therapy 
schedule, patient demographics, and clinical and echocar-
diographic data. Changes in myocardial indexes observed 
respectively during anthracycline and trastuzumab treatment 
were reported separately, even in the case of subsequential 
treatment. The primary outcome of interest was a signifi-
cant reduction in 2D LVEF, 2D GLS, 2D GRS, 2D GCS 
from baseline values. No attempt was made to get missing 
data from the authors. Any disagreement was solved by con-
sensus of the coauthors. Study quality was assessed by the 
Newcastle–Ottawa criteria. This study was not financially 
supported.

Statistical Analysis

Continuous variables are presented as mean ± 1 standard 
deviation, while categorical variables are reported as propor-
tion and 95% confidence interval (95% CI). Meta-analysis 
was performed using Stata/IC 14 for Windows (Stata Corp—
4905 Lakeway Drive—College Station, Texas 77845 USA). 
Heterogeneity among trials was assessed by Cochran’s Q test 
for heterogeneity, and by Higgins I2. Due to the high hetero-
geneity of most of the variables, a random effects model was 
applied (DerSimonian–Laird). The effect size is reported 
as weighted mean difference (WMD) and 95% confidence 
interval. Pooled overall cardiotoxicity rates were estimated 
as a meta-analysis of binary data using a random-effect 
model. A p < 0.05 was considered statistically significant.

Results

The literature search yielded 487 research articles, of 
which 17 were found to be pertinent with this topic 
(Fig. 1) [6, 8–24]. After full article review, 16 studies 
were considered for the present analysis [8–19, 21–24]. 
Three of these articles were included in the anthracy-
clines as well as in the trastuzumab subgroups analysis 
[9, 16, 24]. Thirteen studies were focused on the evalu-
ation of clinical and/or subclinical myocardial damage 
after anthracycline-based chemotherapy. Data extracted 

Fig. 1   Flow chart of the involved studies
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by a comprehensive echocardiographic exam performed 
prior and after chemotherapy, with different time inter-
vals between the two echo-evaluations among the studies, 
were analyzed [8–11, 13, 14, 16, 17, 19, 21–24]. Like-
wise, six studies investigating patients with serial echo-
cardiographic exams performed every 3 months while on 
trastuzumab therapy, mainly for a 12 months follow-up 
or in some cases for a 6 months follow-up, were suitable 
for the analysis [9, 12, 15, 16, 18, 24].

Overall, 1146 patients were included in the final anal-
ysis. Among these, 166 patients (15%) were eventually 
diagnosed with CTRCD and the diagnosis was estab-
lished by transthoracic echocardiography. The estimated 
proportion prevalence of cardiotoxicity was 10% (95% 
CI 3–21%, I2 = 92.8% 10 studies, 91 out of 913 patients) 
in subjects treated with anthracyclines and 25% (95% CI 
1.8–32%, I2 = 50.3% 5 studies, 75 out of 284 patients) in 
subjects included in the trastuzumab subgroup studies.

The included studies were predominantly prospec-
tive and single-center cohort studies focused on BC and 
hematological malignancies (Supplementary files 1 and 
2). Demographic and clinical information regarding 
cardiovascular risk profile of each study population are 
presented in Table 1. Mean age ranged between 47 and 
56 years old and mean 2D LVEF pre-chemotherapy was 
between 58.6 and 67%.

Anthracycline‑Based Chemotherapy Studies

A total of 800 patients (range 27–140) were included in 
twelve studies investigating and reporting changes in 2D 
LVEF after anthracyclines-based therapy compared to 
baseline. Mean LVEF values ranged between 58.6 and 
67.0% pre-anthracyclines and between 54.0 and 64.2% 
post-anthracyclines.

Overall, pooled analysis indicated that mean 2D LVEF 
decreased significantly after the conclusion of anthracy-
clines-based chemotherapy with − 2.48% WMD (95% CI 
− 3.76 to − 1.20%; p < 0.001) using a random-effect model 
(Fig. 2, Panel a). There was a remarkable heterogeneity 
among studies (I2 = 89.5; χ2 = 104.7—p < 0.001).

A total of 835 patients (range 27–140) were selected from 
13 studies evaluating 2D STE variations during chemo-
therapy. Mean 2D GLS values ranged between − 23.1 and 
− 16.5% pre therapy and between − 21.8 and − 16.0% post 
therapy. Pooled analysis showed that after chemotherapy 
a significant reduction in 2D GLS occurred with 1.57% 
WMD (95% CI 1.07 to 2.07%; p < 0.001, Fig. 2, Panel b) 
and considerable heterogeneity among studies (I2 = 74.2%; 
χ2 = 46.6—p < 0.001). Concerning 2D GRS and 2D GCS a 
total of 444 patients (range 40–140) enrolled in 6 studies 
were evaluated. They were found to be both significantly 
altered after chemotherapy (2.33% WMD, 95% CI 4.21 to 
0.44%; p = 0.016, Panel c Fig. 2; and 0.91% WMD; CI 95% 
0.14 to 1.67%; p = 0.020, Panel d Fig. 2, respectively).

Table 1   Summary of the clinical data and 2D LVEF reported in the included studies

Data are presented as mean ± SD or as number (percentages)
LVEF left ventricular ejection fraction

Study Age (years) Female (%) Hypertension (%) Diabetes 
mellitus (%)

Hyperlipidemia (%) Smokers (%) 2D LVEF (%)

Florescu et al. [14] 51 ± 8 40 (100) 0 0 5 (12.5) 11 (28) 60 ± 4
Stoodley et al. [21] 49 ± 9 52 (100) 13 (25) 2 (4) 11 (21) 13 (25) 58.6 ± 2.6
Tang et al. [22] 49 ± 8 86 (100) 11 (13) 5 (6) 16 (19) 8 (9) 64.99 ± 6.36
Cheng et al. [10] 50 ± 11 41 (100) 11 (27) 0 8 (20) 5 (12) 64 ± 6
Santoro et al. [19] 48.6 ± 11.1 100 (100) / / / / 62.6 ± 3.9
Toufan et al. [23] 46.6 ± 10.3 63 (100) 14 (22) 7 (11) / 0 59.7 ± 6.5
Boyd et al. [8] 52 ± 9 140 (100) 31 (22) 8 (6) 26 (19) 36 (26) 60 ± 3
Sawaya et al. [6] 50 ± 10 81 (100) 26 (32) 1 (4) 18 (22) 6 (7) 64 ± 5
Lange et al. [16] 56 27 (100) / / / / 66.19 ± 7.79
Mele et al. [17] 53 ± 11 29 (97%) 9 (30) 2 (7) 9 (30) 6 (20) 63 ± 3
Cadeddu et al. [9] 51,4 ± 9.1 45 (100) 0 0 11 (24) 8 (18) 62.8 ± 2
Fei et al. [13] 46 ± 6 19 (100) / / / / 67 ± 4
Dogru et al. [11] 49 ± 10 35 (100) 14 (40) 1 (3) 5 (14) 0 /
Negishi et al. [18] 50 ± 11 81 (100) 17 (21) 6 (7) 13 (16) 12 (15) 62.3 ± 3.6
Fallah-Rad et al. [12] 47 ± 9 42 (100) 5 (12) 6 (14) 15 (36) 7 (17) 62.4 ± 4.7
Hare et al. [15] 51 ± 8 35 (100) / / / / 59.6 ± 7.3
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Trastuzumab Therapy Studies

A total of 311 patients selected from 6 studies analyzing 
LVEF and 2D STE variations during Trastuzumab treat-
ment were evaluated (range 27–81). Mean 2D LVEF val-
ues ranged between 58.7 and 64.2% before trastuzumab 
administration and ranged between 56.5 and 60.8% 6 
months after trastuzumab starting. Pooled analysis indi-
cated that 2D LVEF was significantly lower after 6 months 
from Trastuzumab therapy introduction than baseline with 
a 3.38% WMD (95% CI − 4.77 to − 2.00%, p < 0.001) 
and significant heterogeneity among studies (I2 = 90.6%; 
χ2 = 52.98, p < 0.001; Panel a Fig. 3). Five of these 6 stud-
ies involving 284 patients, also evaluated the 2D LVEF 
reduction after 12  months of trastuzumab therapy. A 
progressive 2D LVEF reduction was demonstrated (4.83 
WMD, 95% CI − 6.61 to − 3.06, p < 0.001) with a signifi-
cant heterogeneity among studies (I2 = 81.1%; χ2 = 21.13, 
p < 0.001; Panel b Fig. 3).

Mean 2D GLS values ranged between − 20.2 and − 16.0% 
before Trastuzumab administration and between − 19.3 and 
− 15.9% 6 months after the beginning of the treatment. A 
significant decrease in 2D GLS after 6 months of therapy 
occurred with 0.66 WMD (95% CI 0.33 to 0.99, p < 0.001), 
and some heterogeneity among studies (I2 = 51%; χ2 = 10.2, 
p = 0.070; Panel c Fig. 3). Five of the six studies involv-
ing 284 patients also considered 2D GLS at 12 months of 
follow-up; it ranged between − 19.1 and − 14 to 4%, with 
the evidence of a significant reduction (0.99 WMD, 95% CI 
0.31 to 1.66, p = 0.004) and significant heterogeneity among 
studies (I2 = 74.9%; χ2 = 15.93, p = 0.003; Panel d Fig. 3). 
The same five studies assessed 2D GRS; its reduction during 
therapy was significant at 6 as well as 12 months follow-up 
(WMD of − 5.27, 95% CI − 9.13 to − 1.42, p = 0.007; Panel 
e Fig. 3; − 3.57 WMD, 95% CI − 7.04 to − 0.09, p = 0.044, 
Panel f Fig. 3; respectively).

Finally, the survey of 2D GCS was performed in 3 stud-
ies involving 207 patients; mean 2D GCS 6 months after 
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Fig. 2   Forest plot of weighted mean difference (WMD) of the association between LVEF reduction (Panel a), 2D GLS (Panel b), 2D GRS 
(Panel c), 2D GCS (Panel d) and anthracyclines therapy
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trastuzmab starting significantly decreased (1.36 WMD, 
95% CI 0.71 to 2.04, p < 0.001; Panel g Fig. 3) with no 
significant heterogeneity among studies. At 12 months 
follow-up a reduction in mean 2D GCS was shown but 
lacking in statistical significance (1.44 WMD, 95% CI 
− 0.06 to 2.94, p = 0.06), and with significant heterogene-
ity among studies (I2 = 79%; χ2 = 9.52, p = 0.009; Panel h 
Fig. 3).

Discussion

The main results of the present meta-analysis on BC patients 
undergoing chemotherapy are:

(1)	 despite heterogeneity across studies the estimated pro-
portion prevalence of cardiotoxicity is significant;

(2)	 2D LVEF, the widely used method to define systolic 
myocardial function and CTRCD, shows a significant 
decrease during both chemotherapy and trastuzumab, 
although the magnitude of the variations is of little 
entity;

(3)	 the most advanced echocardiographic technique, such 
as 2D STE, presents significant modifications as well, 
in particular GLS significantly decreases after both 
anthracyclines and trastuzumab therapy. The relative 
greater entity of such variations as respect to 2D LVEF 
may enhance its usefulness in the detection of subclini-
cal LV dysfunction.

The estimated proportion prevalence of LVEF reduction 
meeting the definition of CTRCD is in line with the large 
published registries, where a percentage up to 9% of car-
diac dysfunction after anthracycline-based chemotherapy 
was reported and rates of asymptomatic LVEF decline up 
to 19% with combined anthracycline and trastuzumab treat-
ment were observed [25, 26].

2D LVEF changes detected after anthracycline-based 
chemotherapy and during the course of trastuzumab treat-
ment were subtle, as the observed 3–5% variations were of 
little entity and could be often misdiagnosed during routine 
clinical practice.

As shown in our analysis, myocardial deformation 
indexes impairment was detected both after anthracyclines 
and trastuzumab treatment. Overall, a significant reduction 
in all the 2D strain derived parameters (GLS, GRS, GCS) 
after ahthracyclines therapy was found. The studies included 
in the analysis mostly showed concordant results, with two 
exceptions: Mele and colleagues who showed an stable 2D 
GLS after anthracyclines therapy and Dogru et al. who dem-
onstrated a decrease in this parameter in the BC subgroup 
of patients, although not significant [11, 17]. A consistent 
reduction of 2D GCS during therapy was found, with the 
only exception for the work of Stoodley and colleagues [21]. 
Furthermore, among the trastuzumab subgroup studies, all 
the tree 2D derived strain parameters were significantly 
reduced after 6 months of therapy. 2D GLS was the only 
parameter significantly modified across the studies after 
12 months, while, overall, 2D GCS was not significantly 
reduced. Concerning 2D GRS, the analysis demonstrated 

Fig. 3   Forest plot of weighted mean difference (WMD) of the asso-
ciation between 2DLVEF reduction and trastuzumab therapy after 
a  6  months (Panel a) and a  12  months (Panel b) follow-up. Forest 
plot of weighted mean difference (WMD) of the association between 
2DGLS reduction and trastuzumab therapy after a 6 months (Panel c) 
and a 12 months (Panel d) follow-up. Forest plot of weighted mean 

difference (WMD) of the association between 2DGRS reduction 
and trastuzumab therapy after a 6 months (Panel e) and a 12 months 
(Panel f) follow-up. Forest plot of weighted mean difference (WMD) 
of the association between 2DGCS reduction and trastuzumab ther-
apy after a 6 months (Panel g) and a 12 months (Panel h) follow-up
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a significant reduction of this parameter, but not all the 
involved studies showed a coherent result after the same 
follow-up time.

As cardiac toxicity is more likely to be a slow, progres-
sive, and continuous phenomenon leading to symptomatic 
heart failure even after several years, early diagnosis and risk 
stratification of patients is mandatory [25]. 3D echocardio-
graphic volumetric assessment has a demonstrated higher 
accuracy than 2D LVEF in detecting subclinical changes 
[27] and also 3D echocardiography derived strain analysis 
has been shown to be significantly altered after chemo-
therapy but, the feasibility of these parameters is poor, and 
significantly limits their routine applicability [19]. As 2D 
strain analysis has a demonstrated lower or at least com-
parable intra and inter-observer variability than 2D LVEF 
[28], a higher sensitivity in detecting LV function subclini-
cal changes [29], and moreover a higher feasibility than 3D 
echocardiography analysis [19], 2D strain parameters may 
represent the cornerstone method in cardiac evaluation dur-
ing cancer therapy.

The present analysis shows early ongoing alterations in 
myocardial deformations indexes in all the tree planes of the 
LV wall (longitudinal, circumferential, regional) suggest-
ing that all myocardial layers can be involved in cardiotoxic 
injury and that, as previously reported [19], the myocardial 
layers deformations are not independent [30]. Of note, 2D 
GCS and 2D GRS show a higher variability between studies 
and are less consistently altered than 2D GLS. This may be 
explained by the lower reproducibility of these measure-
ments [7], by a lack of uniformity between vendor and by 
a more complex software analysis. Moreover, the interpre-
tation of radial and circumferential strain is known to be 
complicated by substantial transmural non-uniformity in 
the normal LV [31]. Such geometrical effects are of less 
magnitude for longitudinal strain although a layer-specific 
strain analysis might increase the diagnostic accuracy. Fur-
thermore the echo-timing may play a role, being the different 
layers of the myocardial fibers presumably involved with 
different time-frame in the cardiotoxic process. Indeed, GLS 
is known to be the first one affected in many physiopatho-
logical processes as the majority of longitudinally-oriented 
fibers lay in the subendocardium, more prone to be damaged 
as a layer [5]. It has been described that when a reduction 
in GLS occurs, GCS, which reflects the circumferentially 
oriented fibers, may compensate in order to preserve the LV 
pump function [32, 33]. Precisely, this mechanism is still not 
fully understood, since in several cases a decrease in both 
GLS and GCS with preserved LVEF was reported [32, 34].

As above mentioned, when a combined therapy of anthra-
cyclines and trastuzumab is administered the incidence of 
2D LVEF drop is higher compared to a single drug regi-
men [26]. According to this statement we found a signifi-
cant reduction in all the strain parameters when a combined 

therapy was performed, therefore a synergic effect of the two 
drugs may be hypothesized. Interestingly, after a few months 
of just trastuzumab treatment, i.e., at 12 months follow-up, 
we found a less consistent drop of the 2D STE, especially 
2D GCS and 2D GRS.

2D GLS seems to be the crucial parameter for a compre-
hensive evaluation of the entire LV systolic function [29], 
even if a segmental pattern of cardiac damage has been 
shown [16]. Hence, Lange et al. [16]., demonstrated a sig-
nificant reduction in regional longitudinal strain for the sep-
tal, anterior and antero-lateral LV walls, in line with other 
reports described in the literature [35]. The explanation of 
this phenomenon could lie in the different share stress forces 
acting at different LV level related to geometrical reasons 
and local activation of signal transduction pathways of path-
ological processes such as fibrosis or apoptosis [36]. Impres-
sively, this regional pathological pattern was also reported in 
patients diagnosed with anthracycline cardiotoxicity through 
cardiac magnetic resonance analysis showing late gadolin-
ium enhancement in well localized areas of the LV wall [37].

The long-term implications of the detected changes in 2D 
derived strain parameters during therapy is another impor-
tant issue that still needs to be clarified [7]. Also the absolute 
value of detected 2D GLS per se may have a role. Indeed, Fei 
et al. were able to demonstrate that the 2D GLS value at the 
cardiotoxicity time point itself was independently associated 
to the reversibility of CTRCD after correcting for 2D LVEF 
and left ventricular end-diastolic volume [13].

Cardiovascular imaging has an important role in the early 
identification of cardiac injury: the detected LV function 
subclinical alterations, even if they do not meet the diagnos-
tic criteria of cardiotoxicity [38], may represent the target 
for cardio-oncological multi-disciplinary management of BC 
patients [19].

Several limitations have to be acknowledged for the pre-
sent study. First, this meta-analysis was yielded by papers 
showing significant heterogeneity in the study design and 
cardiotoxicity definition. In particular, the timing of echo-
cardiographic evaluation during and after cancer therapy 
across the studies is not uniform and this may present some 
implications in the detection of the myocardial changes. 
Second, the studies involved patients treated with different 
chemotherapeutic agents and combinations. Furthermore, 
no complete data were available to analyze the association 
between type or cumulative dose of anthracyclines and sub-
sequent development of 2D LVEF and 2D derived strain 
analysis parameters reduction. Third, different software were 
used to analyze 2D STE in the analyzed works. Fourth, the 
changes in 2D STE parameters were more pronounced in 
patients who developed CTRCD, but we didn’t perform a 
separate analysis for these subjects. Therefore, this could 
have influenced the trend of 2D STE parameters in the over-
all population analysis. Finally, a long-term follow-up after 
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the conclusion of chemotherapy is needed to better typify 
the encountered myocardial changes and their prognostic 
impact.

In conclusion, the present study confirms the relative 
frequent prevalence of cardiotoxicity in BC patients dur-
ing chemotherapy. The greater modifications of 2D strain 
parameters after cancer therapy compared to the little entity 
LVEF reduction highlights the importance of such advanced 
echocardiographic technique. Including 2D derived strain 
parameters in the echocardiographic evaluation during can-
cer therapy may allow an early identification of cardiac dam-
age and therefore provide a way to minimize cardiac related 
mortality and morbidity while undergoing chemotherapy 
and afterwards.

Compliance with Ethical Standards 

Conflict of interest  Drs. Corinna Bergamini, Giulia Dolci, Stella 
Truong, Luisa Zanolla, Giovanni Benfari, Elena Fiorio, Andrea Rossi 
and Flavio Luciano Ribichini have no conflicts of interest or financial 
ties to disclose.

References

	 1.	 Sant, M., Allemani, C., Santaquilani, M., Knijn, A., Marchesi, F., 
Capocaccia, R., et al. (2009). EUROCARE-4. Survival of cancer 
patients diagnosed in 1995–1999. Results and commentary. Euro-
pean Journal of Cancer, 45(6), 931–991. https​://doi.org/10.1016/j.
ejca.2008.11.018.

	 2.	 Bird, B. R., & Swain, S. M. (2008). Cardiac toxicity in breast 
cancer survivors: Review of potential cardiac problems. Clinical 
Cancer Research, 14(1), 14–24. https​://doi.org/10.1158/1078-
0432.CCR-07-1033.

	 3.	 Miller, K. D., Siegel, R. L., Lin, C. C., Mariotto, A. B., Kramer, 
J. L., Rowland, J. H., et al. (2016). Cancer treatment and survi-
vorship statistics. CA: A Cancer Journal for Clinicians, 66(4), 
271–289. https​://doi.org/10.3322/caac.21349​.

	 4.	 Jensen, B. V., Skovsgaard, T., & Nielsen, S. L. (2002). Func-
tional monitoring of anthracycline cardiotoxicity: A prospective, 
blinded, long-term observational study of outcome in 120 patients. 
Annals of Oncology, 13(5), 699–709.

	 5.	 Stokke, T. M., Hasselberg, N. E., Smedsrud, M. K., Sarvari, S. I., 
Haugaa, K. H., Smiseth, O. A., et al. (2017). Geometry as a con-
founder when assessing ventricular systolic function: Compari-
son between ejection fraction and strain. Journal of the American 
College of Cardiology, 70(8), 942–954. https​://doi.org/10.1016/j.
jacc.2017.06.046.

	 6.	 Sawaya, H., Sebag, I. A., Plana, J. C., Januzzi, J. L., Ky, B., 
Cohen, V., et al. (2011). Early detection and prediction of cardio-
toxicity in chemotherapy-treated patients. The American Journal 
of Cardiology, 107(9), 1375–1380. https​://doi.org/10.1016/j.amjca​
rd.2011.01.006.

	 7.	 Thavendiranathan, P., Poulin, F., Lim, K. D., Plana, J. C., Woo, 
A., & Marwick, T. H. (2014). Use of myocardial strain imag-
ing by echocardiography for the early detection of cardiotoxicity 
in patients during and after cancer chemotherapy: A systematic 
review. Journal of the American College of Cardiology, 63(25 Pt 
A), 2751–2768. https​://doi.org/10.1016/j.jacc.2014.01.073.

	 8.	 Boyd, A., Stoodley, P., Richards, D., Hui, R., Harnett, P., Vo, 
K., et al. (2017). Anthracyclines induce early changes in left 
ventricular systolic and diastolic function: A single centre study. 
PLoS ONE, 12(4), e0175544. https​://doi.org/10.1371/journ​
al.pone.01755​44.

	 9.	 Cadeddu, C., Piras, A., Dessi, M., Madeddu, C., Mantovani, G., 
Scartozzi, M., et al. (2017). Timing of the negative effects of tras-
tuzumab on cardiac mechanics after anthracycline chemotherapy. 
The International Journal of Cardiovascular Imaging, 33(2), 
197–207. https​://doi.org/10.1007/s1055​4-016-0987-9.

	10.	 Cheng, K. H., Handschumacher, M. D., Assuncao, B., Sebag, I. 
A., Halpern, E. F., & Scherrer-Crosbie, M. (2017). Contraction 
timing patterns in patients treated for breast cancer before and 
after anthracyclines therapy. Journal of the American Society of 
Echocardiography, 30(5), 454–460. https​://doi.org/10.1016/j.
echo.2016.12.013.

	11.	 Dogru, A., Cabuk, D., Sahin, T., Dolasik, I., Temiz, S., & Uygun, 
K. (2013). Evaluation of cardiotoxicity via speckle-tracking echo-
cardiography in patients treated with anthracyclines. Onkologie, 
36(12), 712–716. https​://doi.org/10.1159/00035​6850.

	12.	 Fallah-Rad, N., Walker, J. R., Wassef, A., Lytwyn, M., Bohonis, 
S., Fang, T., et al. (2011). The utility of cardiac biomarkers, tis-
sue velocity and strain imaging, and cardiac magnetic resonance 
imaging in predicting early left ventricular dysfunction in patients 
with human epidermal growth factor receptor II-positive breast 
cancer treated with adjuvant trastuzumab therapy. Journal of the 
American College of Cardiology, 57(22), 2263–2270. https​://doi.
org/10.1016/j.jacc.2010.11.063.

	13.	 Fei, H. W., Ali, M. T., Tan, T. C., Cheng, K. H., Salama, L., 
Hua, L., et al. (2016). Left ventricular global longitudinal strain 
in HER-2 + breast cancer patients treated with anthracyclines and 
trastuzumab who develop cardiotoxicity is associated with subse-
quent recovery of left ventricular ejection fraction. Echocardiog-
raphy, 33(4), 519–526. https​://doi.org/10.1111/echo.13168​.

	14.	 Florescu, M., Magda, L. S., Enescu, O. A., Jinga, D., & Vinere-
anu, D. (2014). Early detection of epirubicin-induced cardiotoxic-
ity in patients with breast cancer. Journal of the American Soci-
ety of Echocardiography, 27(1), 83–92. https​://doi.org/10.1016/j.
echo.2013.10.008.

	15.	 Hare, J. L., Brown, J. K., Leano, R., Jenkins, C., Woodward, N., & 
Marwick, T. H. (2009). Use of myocardial deformation imaging 
to detect preclinical myocardial dysfunction before conventional 
measures in patients undergoing breast cancer treatment with tras-
tuzumab. American Heart Journal, 158(2), 294–301. https​://doi.
org/10.1016/j.ahj.2009.05.031.

	16.	 Lange, S. A., Jung, J., Jaeck, A., Hitschold, T., & Ebner, B. (2016). 
Subclinical myocardial impairment occurred in septal and anterior 
LV wall segments after anthracycline-embedded chemotherapy 
and did not worsen during adjuvant trastuzumab treatment in 
breast cancer patients. Cardiovascular Toxicology, 16(2), 193–
206. https​://doi.org/10.1007/s1201​2-015-9328-9.

	17.	 Mele, D., Malagutti, P., Indelli, M., Ferrari, L., Casadei, F., Da 
Ros, L., et al. (2016). Reversibility of left ventricle longitudinal 
strain alterations induced by adjuvant therapy in early breast can-
cer patients. Ultrasound in Medicine and Biology, 42(1), 125–132. 
https​://doi.org/10.1016/j.ultra​smedb​io.2015.09.008.

	18.	 Negishi, K., Negishi, T., Hare, J. L., Haluska, B. A., Plana, J. C., 
& Marwick, T. H. (2013). Independent and incremental value of 
deformation indices for prediction of trastuzumab-induced cardio-
toxicity. Journal of the American Society of Echocardiography, 
26(5), 493–498. https​://doi.org/10.1016/j.echo.2013.02.008.

	19.	 Santoro, C., Arpino, G., Esposito, R., Lembo, M., Paciolla, I., 
Cardalesi, C., et al. (2017). 2D and 3D strain for detection of sub-
clinical anthracycline cardiotoxicity in breast cancer patients: A 
balance with feasibility. European Heart Journal-Cardiovascular 
Imaging, 18(8), 930–936. https​://doi.org/10.1093/ehjci​/jex03​3.

https://doi.org/10.1016/j.ejca.2008.11.018
https://doi.org/10.1016/j.ejca.2008.11.018
https://doi.org/10.1158/1078-0432.CCR-07-1033
https://doi.org/10.1158/1078-0432.CCR-07-1033
https://doi.org/10.3322/caac.21349
https://doi.org/10.1016/j.jacc.2017.06.046
https://doi.org/10.1016/j.jacc.2017.06.046
https://doi.org/10.1016/j.amjcard.2011.01.006
https://doi.org/10.1016/j.amjcard.2011.01.006
https://doi.org/10.1016/j.jacc.2014.01.073
https://doi.org/10.1371/journal.pone.0175544
https://doi.org/10.1371/journal.pone.0175544
https://doi.org/10.1007/s10554-016-0987-9
https://doi.org/10.1016/j.echo.2016.12.013
https://doi.org/10.1016/j.echo.2016.12.013
https://doi.org/10.1159/000356850
https://doi.org/10.1016/j.jacc.2010.11.063
https://doi.org/10.1016/j.jacc.2010.11.063
https://doi.org/10.1111/echo.13168
https://doi.org/10.1016/j.echo.2013.10.008
https://doi.org/10.1016/j.echo.2013.10.008
https://doi.org/10.1016/j.ahj.2009.05.031
https://doi.org/10.1016/j.ahj.2009.05.031
https://doi.org/10.1007/s12012-015-9328-9
https://doi.org/10.1016/j.ultrasmedbio.2015.09.008
https://doi.org/10.1016/j.echo.2013.02.008
https://doi.org/10.1093/ehjci/jex033


492	 Cardiovascular Toxicology (2019) 19:485–492

1 3

	20.	 Stoodley, P. W., Richards, D. A., Boyd, A., Hui, R., Harnett, P. 
R., Meikle, S. R., et al. (2013). Left ventricular systolic function 
in HER2/neu negative breast cancer patients treated with anthra-
cycline chemotherapy: A comparative analysis of left ventricular 
ejection fraction and myocardial strain imaging over 12 months. 
European Journal of Cancer, 49(16), 3396–3403. https​://doi.
org/10.1016/j.ejca.2013.06.046.

	21.	 Stoodley, P. W., Richards, D. A., Hui, R., Boyd, A., Harnett, P. R., 
Meikle, S. R., et al. (2011). Two-dimensional myocardial strain 
imaging detects changes in left ventricular systolic function imme-
diately after anthracycline chemotherapy. European Journal of 
Echocardiography, 12(12), 945–952. https​://doi.org/10.1093/
ejech​ocard​/jer18​7.

	22.	 Tang, Q., Jiang, Y., Xu, Y., & Xia, H. (2017). Speckle tracking 
echocardiography predicts early subclinical anthracycline cardio-
toxicity in patients with breast cancer. Journal of Clinical Ultra-
sound, 45(4), 222–230. https​://doi.org/10.1002/jcu.22434​.

	23.	 Toufan, M., Pourafkari, L., Ghahremani Nasab, L., Esfahani, A., 
Sanaat, Z., Nikanfar, A., et al. (2017). Two-dimensional strain 
echocardiography for detection of cardiotoxicity in breast cancer 
patients undergoing chemotherapy. Journal of Cardiovascular 
and Thoracic Research, 9(1), 29–34. https​://doi.org/10.15171​/
jcvtr​.2017.04.

	24.	 Sawaya, H., Sebag, I. A., Plana, J. C., Januzzi, J. L., Ky, B., Tan, T. 
C., et al. (2012). Assessment of echocardiography and biomarkers 
for the extended prediction of cardiotoxicity in patients treated 
with anthracyclines, taxanes, and trastuzumab. Circulation: Car-
diovascular Imaging, 5(5), 596–603. https​://doi.org/10.1161/
CIRCI​MAGIN​G.112.97332​1.

	25.	 Cardinale, D., Colombo, A., Bacchiani, G., Tedeschi, I., Meroni, 
C. A., Veglia, F., et al. (2015). Early detection of anthracycline 
cardiotoxicity and improvement with heart failure therapy. Cir-
culation, 131(22), 1981–1988. https​://doi.org/10.1161/CIRCU​
LATIO​NAHA.114.01377​7.

	26.	 Slamon, D., Eiermann, W., Robert, N., Pienkowski, T., Martin, M., 
Press, M., et al. (2011). Adjuvant trastuzumab in HER2-positive 
breast cancer. The New England Journal of Medicine, 365(14), 
1273–1283.

	27.	 Thavendiranathan, P., Grant, A. D., Negishi, T., Plana, J. C., Popo-
vic, Z. B., & Marwick, T. H. (2013). Reproducibility of echocar-
diographic techniques for sequential assessment of left ventricular 
ejection fraction and volumes: Application to patients undergoing 
cancer chemotherapy. Journal of the American College of Cardi-
ology, 61(1), 77–84. https​://doi.org/10.1016/j.jacc.2012.09.035.

	28.	 Farsalinos, K. E., Daraban, A. M., Unlu, S., Thomas, J. D., 
Badano, L. P., & Voigt, J. U. (2015). Head-to-head comparison 
of global longitudinal strain measurements among nine differ-
ent vendors: The EACVI/ASE inter-vendor comparison study. 
Journal of the American Society of Echocardiography, 28(10), 
1171–1181. https​://doi.org/10.1016/j.echo.2015.06.011.

	29.	 Potter, E., & Marwick, T. H. (2018). Assessment of left ventricu-
lar function by echocardiography: The case for routinely adding 
global longitudinal strain to ejection fraction. JACC Cardiovas-
cular Imaging, 11(2 Pt 1), 260–274. https​://doi.org/10.1016/j.
jcmg.2017.11.017.

	30.	 Sarvari, S. I., Haugaa, K. H., Zahid, W., Bendz, B., Aakhus, 
S., Aaberge, L., et al. (2013). Layer-specific quantification of 

myocardial deformation by strain echocardiography may reveal 
significant CAD in patients with non-ST-segment elevation acute 
coronary syndrome. JACC Cardiovascular Imaging, 6(5), 535–
544. https​://doi.org/10.1016/j.jcmg.2013.01.009.

	31.	 Smiseth, O. A., Torp, H., Opdahl, A., Haugaa, K. H., & Urheim, 
S. (2016). Myocardial strain imaging: how useful is it in clinical 
decision making? European Heart Journal, 37(15), 1196–1207. 
https​://doi.org/10.1093/eurhe​artj/ehv52​9.

	32.	 Geyer, H., Caracciolo, G., Abe, H., Wilansky, S., Carerj, S., Gen-
tile, F., et al. (2010). Assessment of myocardial mechanics using 
speckle tracking echocardiography: Fundamentals and clinical 
applications. Journal of the American Society of Echocardiogra-
phy, 23(4), 351–369. https​://doi.org/10.1016/j.echo.2010.02.015. 
quiz 453–355.

	33.	 Mor-Avi, V., Lang, R. M., Badano, L. P., Belohlavek, M., Cardim, 
N. M., Derumeaux, G., et al. (2011). Current and evolving echo-
cardiographic techniques for the quantitative evaluation of cardiac 
mechanics: ASE/EAE consensus statement on methodology and 
indications endorsed by the Japanese Society of Echocardiogra-
phy. European Journal of Echocardiography, 12(3), 167–205. 
https​://doi.org/10.1093/ejech​ocard​/jer02​1.

	34.	 Ng, A. C., Delgado, V., Bertini, M., Antoni, M. L., van Bommel, 
R. J., van Rijnsoever, E. P., et al. (2011). Alterations in multidi-
rectional myocardial functions in patients with aortic stenosis and 
preserved ejection fraction: A two-dimensional speckle tracking 
analysis. European Heart Journal, 32(12), 1542–1550. https​://
doi.org/10.1093/eurhe​artj/ehr08​4.

	35.	 Ho, E., Brown, A., Barrett, P., Morgan, R. B., King, G., Kennedy, 
M. J., et al. (2010). Subclinical anthracycline- and trastuzumab-
induced cardiotoxicity in the long-term follow-up of asympto-
matic breast cancer survivors: A speckle tracking echocardio-
graphic study. Heart, 96(9), 701–707. https​://doi.org/10.1136/
hrt.2009.17399​7.

	36.	 Rosen, B. D., Edvardsen, T., Lai, S., Castillo, E., Pan, L., Jerosch-
Herold, M., et al. (2005). Left ventricular concentric remodeling 
is associated with decreased global and regional systolic function: 
The Multi-Ethnic Study of Atherosclerosis. Circulation, 112(7), 
984–991. https​://doi.org/10.1161/CIRCU​LATIO​NAHA1​04.50048​
8.

	37.	 Perel, R. D., Slaughter, R. E., & Strugnell, W. E. (2006). Subendo-
cardial late gadolinium enhancement in two patients with anthra-
cycline cardiotoxicity following treatment for Ewing’s sarcoma. 
Journal of Cardiovascular Magnetic Resonance, 8(6), 789–791. 
https​://doi.org/10.1080/10976​64060​07376​64.

	38.	 Zamorano, J. L., Lancellotti, P., Rodriguez Munoz, D., Aboyans, 
V., Asteggiano, R., Galderisi, M., et al. (2017). 2016 ESC Position 
Paper on cancer treatments and cardiovascular toxicity developed 
under the auspices of the ESC Committee for Practice Guidelines: 
The Task Force for cancer treatments and cardiovascular toxicity 
of the European Society of Cardiology (ESC). European Heart 
Journal, 19(1), 9–42. https​://doi.org/10.1002/ejhf.654.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.ejca.2013.06.046
https://doi.org/10.1016/j.ejca.2013.06.046
https://doi.org/10.1093/ejechocard/jer187
https://doi.org/10.1093/ejechocard/jer187
https://doi.org/10.1002/jcu.22434
https://doi.org/10.15171/jcvtr.2017.04
https://doi.org/10.15171/jcvtr.2017.04
https://doi.org/10.1161/CIRCIMAGING.112.973321
https://doi.org/10.1161/CIRCIMAGING.112.973321
https://doi.org/10.1161/CIRCULATIONAHA.114.013777
https://doi.org/10.1161/CIRCULATIONAHA.114.013777
https://doi.org/10.1016/j.jacc.2012.09.035
https://doi.org/10.1016/j.echo.2015.06.011
https://doi.org/10.1016/j.jcmg.2017.11.017
https://doi.org/10.1016/j.jcmg.2017.11.017
https://doi.org/10.1016/j.jcmg.2013.01.009
https://doi.org/10.1093/eurheartj/ehv529
https://doi.org/10.1016/j.echo.2010.02.015
https://doi.org/10.1093/ejechocard/jer021
https://doi.org/10.1093/eurheartj/ehr084
https://doi.org/10.1093/eurheartj/ehr084
https://doi.org/10.1136/hrt.2009.173997
https://doi.org/10.1136/hrt.2009.173997
https://doi.org/10.1161/CIRCULATIONAHA104.500488
https://doi.org/10.1161/CIRCULATIONAHA104.500488
https://doi.org/10.1080/10976640600737664
https://doi.org/10.1002/ejhf.654

	Role of Speckle Tracking Echocardiography in the Evaluation of Breast Cancer Patients Undergoing Chemotherapy: Review and Meta-analysis of the Literature
	Abstract
	Introduction
	Methods
	Search Strategy
	Data Extraction
	Statistical Analysis

	Results
	Anthracycline-Based Chemotherapy Studies
	Trastuzumab Therapy Studies

	Discussion
	References




