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Abstract: Breast-conserving surgery is a widely used treatment for breast cancer, often followed by adjuvant therapy 
such as adjuvant paclitaxel and trastuzumab (APT). While APT effectively reduces local recurrence and distant 
metastasis, it may also impair left ventricular systolic function. Speckle tracking imaging (STI) is a noninvasive ultra-
sound technique that quantitatively evaluates overall cardiac function. It allows for the assessment of myocardial 
fibrosis, myocardial injury, and overall systolic function, making it a valuable tool in clinical practice. This review 
discusses recent advances in the use of STI for evaluating left ventricular systolic function following APT in breast 
cancer patients.
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Basic principles of speckle tracking imaging 
(STI)

STI is based on tracking natural acoustic mark-
ers within myocardial tissue to measure strain 
and strain rate, thereby assessing myocardial 
deformation and function [1]. By quantifying 
myocardial strain, strain rate, and tissue shear 
stress (TVS), STI can provide an objective 
assessment of myocardial fibrosis [2]. In the 
early stages of fibrosis, TVS values are low and 
show a strong correlation with strain rate. As 
fibrosis progresses, TVS values increase [3]. 
Thus, STI can quantify the extent of myocardial 
fibrosis by analyzing TVS values in myocardial 
tissue [4].

TVS is negatively correlated with overall left 
ventricular (LV) contractile function and posi-
tively correlated with local myocardial contrac-
tility. This means that as overall left ventricular 
function deteriorates, TVS values increase [5]. 
Left ventricular ejection fraction (LVEF) is wide-
ly regarded as a key measure of cardiac func-

tion, with lower values indicating reduced con-
tractility [6]. STI assesses global left ventricular 
function by measuring myocardial stiffness and 
strain rate [2]. Higher myocardial fibrosis results 
in increased myocardial stiffness, which is 
reflected by STI measurements [7]. Since LVEF 
varies across different myocardial regions, STI 
allows for regional peak strain analysis to pro-
vide a more comprehensive assessment.

Following adjuvant paclitaxel and trastuzumab 
(APT), strain rate and strain energy can be mea-
sured to evaluate myocardial injury, with the 
ratio of peak strain rate serving as a key indica-
tor [8]. A significant difference in strain rate 
before and after APT suggests impaired left 
ventricular systolic function (LVSF). Studies 
have shown that in individuals with left ven- 
tricular contractile dysfunction, TVS values are 
significantly elevated compared to healthy indi-
viduals [9]. Conversely, in individuals with nor-
mal LVSF, TVS values in commissural myocar-
dial tissues are notably lower than in healthy 
individuals [10]. These findings suggest that STI 
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provides a quantitative approach for assessing 
global LVSF following APT.

Strain rate

Residual viscosity refers to the ability of cardio-
myocytes to deform under stress. When myo-
cardial tissue is subjected to stress, not all of  
it is uniformly transmitted to cardiomyocytes, 
resulting in an uneven distribution of mechani-
cal forces [11]. Therefore, myocardial strain 
capacity exhibits anisotropic behavior. A higher 
strain rate value indicates a greater ability of 
the myocardial structure to deform under stress 
[12]. Thus, strain rate can quantitatively reflect 
the extent of myocardial injury.

In general, the distribution of strain rate within 
myocardial tissue follows a specific pattern: 
strain rate is higher near the central axis of the 
myocardium and lower in peripheral regions 
[13]. However, as extracellular matrix accumu-
lation increases, myocardial fibrosis worsens, 
and the strain rate difference between fibrotic 
and normal myocardial tissue gradually dimin-
ishes [14].

Due to alterations in the internal environment 
of breast cancer patients and the effects of 
chemotherapy drugs administered before and 
after APT, cardiac function in these patients is 
significantly impaired. Early postoperative eval-
uation is therefore crucial [15]. Studies have 
shown that left ventricular systolic function 
declines progressively over time following APT 
[16]. STI provides a quantitative assessment of 
myocardial contractility impairment:

(1) In the early phase of LV dysfunction (0-1 
week post-APT), STI values are positively corre-
lated with LVEF.

(2) In the mid-stage of dysfunction (1-4 weeks 
post-APT), STI values become negatively corre-
lated with LVEF.

(3) In the late stage of dysfunction (4-12 weeks 
post-APT), STI values again show a positive cor-
relation with LVEF [17].

Additionally, studies have reported a gradual 
decline in myocardial strain rate at different 
time points after APT [18]. These findings sug-
gest that STI enables the quantitative evalua-
tion of myocardial injury across different post-
operative phases.

Strain energy

Strain energy represents the deformation abili-
ty of myocardial elastic fibers, reflecting both 
cardiomyocyte energy states and myocardial 
stiffness. It is an essential indicator of cardiac 
systolic and diastolic function [19]. Under nor-
mal physiologic conditions, higher elastic fiber 
content corresponds to greater strain energy 
[20]. Following APT, myocardial elastic fiber 
content progressively declines, leading to a 
reduction in strain energy. Once elastic fiber 
content falls below a critical threshold, patho-
logical changes, including myocardial fibrosis 
and systolic dysfunction, become evident [21].

Based on this analysis, myocardial elastic fi- 
ber content remains relatively high in the early 
postoperative period. However, with time, elas-
tic fiber content decreases, eventually leading 
to fibrosis and pathological changes. As fibrosis 
progresses, elastic fiber content continues to 
decline. Therefore, myocardial fibrosis can be 
quantitatively assessed by monitoring changes 
in elastic fiber content within the early (≤1 
week) and intermediate (≤1 month) postopera-
tive periods. Strain energy measured by STI 
correlates with strain rate, demonstrating high 
sensitivity and specificity in detecting myocar-
dial impairment.

Peak strain

Peak strain refers to changes in LVEF across 
different myocardial orientations, particularly 
from the LV apex toward the base and other 
myocardial segments. It is considered an es- 
sential index of LVSF [22]. Peak strain primarily 
reflects myocardial fibrosis, which is linked to 
collagen fiber proliferation after APT, leading to 
progressive myocardial stiffening and systolic 
dysfunction [23]. Thus, peak strain serves as a 
valuable marker for evaluating myocardial fibro-
sis and overall left ventricular contractility.

However, peak strain values vary by location. 
Studies indicate that at the LV apex, peak strain 
is positively correlated with LVEF, whereas at 
the right ventricular apex, peak strain is nega-
tively correlated with LVEF at the right ventricu-
lar apex [24]. Peak strain provides a quantita-
tive estimate of global LV systolic function and 
is generally positively correlated with LVEF [25]. 
Therefore, evaluating peak strain values ac- 
ross different myocardial regions can help de- 
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termine the extent of myocardial fibrosis and 
assess global LVSF following APT.

Overall LVSF

LVEF is classified into different impairment lev-
els [26]: (1) Mild impairment: LVEF 40%-49%; 
(2) Moderate impairment: LVEF 30%-39%; (3) 
Severe impairment: LVEF <30%; (4) Under nor-
mal conditions, LVEF 50%-70% indicates good 
overall ventricular function. However, LVEF 
<50% suggests severe impairment of LVSF.

Following APT, overall LVSF declines, with the 
severity depending on patient age, disease 
duration, tumor stage, and whether mitral valve 
replacement was performed [27]. Compared  
to breast cancer patients without recurrence, 
those who experienced relapse within two 
years post-surgery exhibited significantly lower 
LVEF, and those who relapsed within three 
years showed further reduction in LVEF [28]. 
These findings suggest that early detection of 
LVEF post-APT is crucial for assessing overall 
LVSF.

Value of STI in assessing LV contractility

LV dysfunction after APT can be attributed to 
multiple factors, including myocardial fibrosis, 
myocardial injury, and cardiomyocyte loss [29]. 
The decline in LVSF contributes to increased 
cardiac load and reduced cardiac output after 
APT [30].

The Left ventricular end-diastolic volume 
(LVEDV) reflects the left ventricle’s ability to 
maintain diastolic function, and its reduction 
indicates impaired diastolic capacity [31]. A 
higher cumulative APT dose is associated with 
a greater decrease in LVEDV. Therefore, a com-
prehensive evaluation is required to assess the 
decline in LV contractility after APT.

Research has shown that myocardial fibrosis is 
a key contributor to LVEDV reduction post-APT. 
The severity of myocardial fibrosis is directly 
correlated with the extent of LVEDV decline 
[32]. Since myocardial fibrosis is pronounced 
after APT, patients experience a marked re- 
duction in contractility, making STI an effective 
tool for assessing left ventricular function.

Studies have also reported that following APT, 
overall LV contractility declines, while myocar-

dial fibrosis increases [33]. Moreover, STI has 
prognostic value, with research indicating that 
its application post-APT can reduce hospital 
stays by 20% [34]. However, no study has defin-
itively proven that STI is superior to traditional 
echocardiography in predicting postoperative 
LVSF changes. Therefore, a comprehensive 
evaluation combining multiple diagnostic mo- 
dalities is necessary to accurately assess 
patient prognosis.

Routine echocardiography

Conventional echocardiography, based on two-
dimensional imaging, evaluates long-term LV 
remodeling by measuring LVEDV and other  
relevant parameters, such as LVEF [35]. 
Cardiomyocyte loss after APT contributes to 
changes in LVEDV. When cardiomyocyte loss 
exceeds 30%, it is considered indicative of 
myocardial injury [36]. Thus, echocardiogra- 
phy has limitations in assessing post-APT LV 
dysfunction.

Studies have shown that pre-APT, the correla-
tion between overall LVSF and LVEDV is weak 
(r=-0.29, P<0.001) [37]. However, post-APT,  
the correlation between overall LV contractile 
function and LVEDV is not well established. 
Therefore, evaluating left ventricular contractile 
function prior to APT remains challenging. While 
conventional echocardiography provides some 
insight into LVSF, it does not accurately re- 
flect overall myocardial contractility changes 
post-APT.

LV strain measurement

Compared to conventional echocardiography, 
STI provides a more accurate assessment of LV 
contractile function. Studies have shown that 
STI is more sensitive in evaluating global LV 
contractility than traditional echocardiography 
[38]. Due to morphologic and fiber alterations 
in the myocardium following APT, conventional 
strain measures may not reliably assess LVSF. 
However, STI can directly reflect myocardial 
damage through strain measurements, allow-
ing for a more precise evaluation of LVSF [39].

Additionally, STI can assess LV contractility in 
patients with preoperative structural changes 
or dysfunction based on strain measurements 
[2]. Therefore, integrating STI with other diag-
nostic methods is essential for a comprehen-
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sive postoperative evaluation in breast cancer 
patients undergoing APT.

Two-dimensional STI (2D-STI)

STI is a noninvasive echocardiographic tech-
nique that quantitatively evaluates myocardial 
strain and strain rate, providing real-time con-
tinuous imaging across multiple planes. It is 
widely used due to its noninvasiveness, ease of 
application, and high reproducibility [40].

Studies suggest that compared to conventional 
two-dimensional STI, advanced STI methods 
provide more accurate assessments of myo-
cardial deformation. However, these methods 
may require high frame-rate imaging [41]. 
Therefore, conventional echocardiography sh- 
ould be supplemented with STI for a more com-
prehensive evaluation of LV dysfunction in APT 
patients.

Research has shown that after APT, conven-
tional echocardiography may not accurately 
assess myocardial tension and stiffness, whe- 
reas STI can more precisely evaluate these 
measuements [42]. However, there are limited 
studies on the application of STI in assessing 
LVSF post-APT, with most research being cross-
sectional. The role of STI in evaluating car- 
diac function after adjuvant therapy following 
breast-conserving surgery remains controver-
sial. Further studies are needed to explore its 
clinical value.

Strain rate imaging technology

Strain rate imaging is a noninvasive echocar-
diographic technique based on tissue elasticity 
and is applicable in various organs, including 
the heart, brain, liver, and lungs [43, 44]. 
Currently, there are two primary principles for 
measuring strain rate:

Elasticity-based measurement: Studies have 
shown that when the compression strain rate 
exceeds the elasticity rate of myocardial tissue, 
the reduction in LVEDV is significantly greater 
than the decline in elasticity rate [45].

Strain-based measurement: Barber et al. [46] 
found that when myocardial tissue undergoes 
tensile stress, myocardial contraction strain 
rate changes significantly, leading to a greater 
reduction in LVEDV than in elastic rate.

Research has also indicated a significant ne- 
gative correlation between LVEDV and LVEF  
in breast cancer patients receiving APT [9]. 
Post-APT, myocardial damage increases, while 
LVEDV decreases. Therefore, LVEDV and LVEF 
are closely associated with the extent of apop-
tosis-induced myocardial damage, which can 
be quantitatively assessed using strain rate 
imaging.

Effect of APT on left ventricle

APT is a systemic treatment aimed at reducing 
local relapse and metastasis while improving 
the quality of life of breast cancer patients. 
However, APT can also lead to myocardial dam-
age, reduced LVSF, and other cardiac adverse 
effects. Recent studies have shown that APT 
induces myocardial fibrosis and fibrosis-relat- 
ed myocardial injury, which can impact patient 
prognosis [47].

The National Comprehensive Cancer Network 
(NCCN) guidelines recommend LVEF as the  
gold standard for assessing cardiac function. 
LVEF is commonly evaluated using two param-
eters: the left ventricular end-diastolic volume 
index (LVEDVI) and the left ventricular end-sys-
tolic volume index (LVESVI) [48]. However, these 
parameters do not always provide an accurate 
assessment of overall LV function, particularly 
in APT-treated patients. Specifically, they may 
not precisely reflect LVEF changes or the extent 
of myocardial injury. Therefore, there is a need 
for advanced techniques that can accurately 
evaluate LVSF before and after APT, with STI 
emerging as a promising tool for this purpose.

Several studies have explored the relationship 
between myocardial fibrosis and LVEF in APT-
treated patients. Research has shown that 
myocardial fibrosis progressively worsens in 
breast cancer patients receiving APT, corre- 
lating with a decline in LVEF [49]. One study 
found that as LVEDVI increased, both LVEDV 
and LVESVI also increased, suggesting a possi-
ble link between decreased LVEF, myocardial 
fibrosis, and impaired LVSF during APT therapy. 
However, another study comparing pre- and 
post-APT LVEF in breast cancer patients report-
ed a decline in LVEF following APT, though the 
difference was not statistically significant [50].

Some researchers argue that there is no clear 
correlation between APT-induced myocardial 
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fibrosis, cardiomyocyte damage, and the sever-
ity of LV systolic dysfunction [51]. Therefore, 
when evaluating LVEF before initiating APT, it is 
essential to consider the degree of myocardial 
fibrosis and cardiomyocyte damage. It remains 
uncertain whether these pre-existing condi-
tions worsen after APT or if they are directly 
associated with a poor prognosis.

Clinical application of STI

STI has been widely adopted in clinical practice 
and has demonstrated value in evaluating LV 
function following APT [52]. Studies have sh- 
own that STI assessments conducted over six 
months postoperatively can better predict the 
risk of postoperative decline in LVSF [34]. 
Additionally, STI can predict a reduction in 
LVEDVI, although its predictive value for long-
term prognosis remains statistically insignifi-
cant [53]. These findings highlight some limita-
tions in using STI for assessing LVSF after 
breast cancer surgery.

Nevertheless, some researchers believe that 
STI provides a more accurate representation of 
overall LV function and can reflect long-term 
postoperative changes in LVSF [32]. Extensive 
studies have demonstrated that incorporating 
STI into routine echocardiographic testing after 
breast-conserving surgery allows for a more 
precise evaluation of changes in LVSF [19].

STI also serves as an effective diagnostic  
tool for assessing LV diastolic dysfunction in 
patients undergoing breast-conserving surgery 
for early-stage breast cancer [19]. In patients 
with decreased LVSF, STI has demonstrated 
strong clinical predictive value.

Early prediction of LVSF decline after breast-
conserving surgery

With advancements in ultrasound technology, 
STI has become a more precise tool for as- 
sessing LV function, particularly in early-stage 
patients. Multiple factors contribute to the 
decline in LVSF following breast-conserving  
surgery, necessitating a thorough understand-
ing of these causes for effective prevention. 
Studies have demonstrated that the risk of 
postoperative LV systolic dysfunction is associ-
ated with patient age, tumor size, histologic 
grade, and differentiation degree. Specifically, 
older age, larger tumor size, higher histologic 

grade, and lower differentiation are linked to a 
greater risk of postoperative LV function decline 
[54].

Moreover, impaired LVSF may contribute to 
tumor recurrence and reduced survival follow-
ing breast-conserving surgery [55]. Studies 
have shown that a decline in LV contractility 
after surgery correlates with reduced 5-year 
survival, particularly in cases where tumors 
exhibit rapid growth [56]. Therefore, early de- 
tection of LVSF decline after breast-conserving 
surgery may help assess the risk of tumor 
recurrence and postoperative survival, allowing 
for timely intervention to mitigate surgical risk.

Currently, prospective studies investigating the 
decline in LVSF after breast-conserving surgery 
are limited. However, early assessment and 
intervention are critical in high-risk patients. 
Conventional echocardiography can be used  
to monitor LVSF through key indicators such as 
LV end-diastolic volume (LVEDV), LV end-systol-
ic diameter (LVESD), and LV end-diastolic vol-
ume index (LVEDVI). These measuements help 
differentiate between localized LV dysfunction 
and a global decline in LVSF. It is important to 
note that global LV systolic dysfunction is not 
an inevitable consequence of breast-conserv-
ing surgery and should be considered only 
when routine echocardiography detects a sig-
nificant decline.

Assessment of postoperative long term LV 
function

Studies have shown that LV dysfunction follow-
ing APT is closely associated with the onset and 
progression of cardiac insufficiency. The diag-
nostic sensitivity and specificity of the LV global 
performance index (PI) measured by conven-
tional echocardiography range from 86.4% to 
95.5% and from 97.5 to 99.3%, respectively 
[31]. While these values indicate high accuracy, 
they do not show statistical significance in diag-
nosing myocardial performance index. There- 
fore, conventional echocardiographic measure-
ments alone may not be sufficient for accu- 
rately assessing long-term LV function after 
surgery.

STI provides a more precise assessment of 
global LV function. In particular, STI enables the 
quantitative evaluation of global LV function, 
making it valuable for long-term postoperative 
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monitoring. Extensive studies have demon-
strated that STI better reflects long-term LV 
function changes postoperatively. Research 
suggests that STI assessments conducted 
three months after surgery can predict the 
reduction of LV performance in patients receiv-
ing adjuvant radiotherapy [57]. Additionally, STI 
has been found to be more sensitive than con-
ventional echocardiography in detecting altera-
tions in global LV performance following adju-
vant radiotherapy [58].

Following adjuvant radiotherapy, the global LV 
performance decreases, and STI provides a 
more accurate assessment of this decline. 
Furthermore, studies have indicated that STI 
offers higher sensitivity and specificity than 
conventional echocardiography in measuring 
LVEF [59]. After adjuvant radiotherapy, LVEF 
declines, whereas STI provides a more con- 
sistent and reliable measurement of LVSF. 
Following adjuvant radiotherapy, the global LV 
performance decreases, and STI provides a 
more accurate assessment of this decline. 
Furthermore, studies have indicated that STI 
offers higher sensitivity and specificity than 
conventional echocardiography in measuring 
LVEF [59]. After adjuvant radiotherapy, LVEF 
declines, whereas STI provides a more consis-
tent and reliable measurement of LVSF.

Guiding antitumor therapy after breast-con-
serving surgery

The primary goal of adjuvant radiotherapy and 
chemotherapy following breast-conserving sur-
gery is to reduce tumor recurrence and improve 
patient survival rates [60]. However, there is 
currently no standardized protocol for antitu-
mor therapy in breast cancer patients post-sur-
gery. Studies have consistently shown that 
patients undergoing radiotherapy and chemo-
therapy after breast-conserving surgery ex- 
perience a greater decline in LVSF [61]. 
Furthermore, patients with poorer LVSF at the 
start of chemotherapy tend to have worse prog-
noses [62].

Accurately assessing the effects of antitumor 
therapy on LV function is crucial for optimiz- 
ing postoperative treatment strategies. Some 
researchers have suggested that STI can be 
used to evaluate the impact of radiotherapy 
and chemotherapy on LV function. Studies indi-
cate that STI can effectively track changes in 

LVSF in patients undergoing radiotherapy and 
chemotherapy and is inversely correlated with 
LVEF [63]. In chemotherapy-treated patients, 
STI can also reflect changes in LV systolic func-
tion and has a positive correlation with LVEF. 
However, some studies have raised concern 
that STI assessment before initiating antitumor 
therapy may induce psychological stress in 
patients [64].

Guiding postoperative health management in 
breast cancer patients

With advancements in STI technology, its appli-
cation in cardiovascular disease monitoring 
and health management is expanding. Studies 
suggest that STI can serve as a prognostic  
indicator for breast cancer patients postopera-
tively [40]. Early STI assessment after breast-
conserving surgery has been shown to pre- 
dict more accurately long-term postoperative 
outcome.

Additionally, some researchers advocate for STI 
as a simple yet effective method for guiding 
postoperative health management in breast 
cancer patients [65]. Regular STI monitoring 
and evaluation can help improve long-term 
health outcomes in patients undergoing breast-
conserving surgery.

Integration with other technologies

With ongoing technological advancements, STI 
is expected to provide greater benefits when 
combined with other imaging modalities, par-
ticularly in predicting long-term LV function 
post-surgery. Currently, the combination of STI 
with conventional echocardiography is the pri-
mary approach for assessing long-term LV func-
tion [66].

Studies have found that STI results are highly 
consistent with conventional echocardiogra-
phy, enabling a more precise prediction of long-
term LV function in postoperative patients [67]. 
However, STI has some limitations, such as its 
reduced sensitivity to cardiac volume changes 
and inability to capture certain myocardial 
strain alterations. Additionally, STI has limita-
tions in older patients due to age-related 
changes in myocardial compliance.

In summary, numerous studies have highlight-
ed the clinical value of STI in predicting LV func-
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tion after breast-conserving surgery for breast 
cancer. However, due to limitations in study 
populations, sample sizes, and analytical meth-
ods, there is still insufficient evidence to con-
firm the high specificity, sensitivity, and accu-
racy of STI in this context.

Summary and future prospects

APT plays a crucial role in improving survival 
outcomes in breast cancer patients following 
breast-conserving surgery, but its effect on 
overall cardiac function remains a significant 
concern. As a quantitative, noninvasive ultra-
sound technique for evaluating global cardiac 
function, STI offers valuable insight into LVSF 
after APT. However, research in this area re- 
mains limited.

Preliminary studies have confirmed the fea- 
sibility of STI in assessing global LVSF after 
APT, but further validation of its accuracy is 
needed. Existing research on STI-based LVSF 
assessment post-APT is limited by small sam-
ple sizes, with most studies conducted in 
Chinese populations. Therefore, the sensitivity, 
specificity, and accuracy of STI in evaluating  
LV function after APT in breast cancer patients 
require further investigation.

With technological advancements and the 
emergence of new studies, STI is expected to 
become a standard tool for assessing LV func-
tion changes post-APT. However, current re- 
search on STI’s numerical evaluation of LVSF is 
constrained by small sample sizes, inconsis-
tent inclusion criteria, and limited case num-
bers, affecting the accuracy and reliability of 
STI-based assessments. Future studies sh- 
ould focus on addressing these limitations to 
enhance STI’s clinical utility in evaluating LV 
function after APT.
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