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Abstract 
Due to advances in modern tumor treatments, patients can survive long-
term. However, cardiotoxicity caused by tumor therapy poses a significant 
challenge to both physicians and patients. Early detection and accurate as-
sessment of cardiovascular toxicity from tumor therapy are crucial for guid-
ing clinical treatment and improving patient prognosis. A noninvasive my-
ocardial workup can monitor and assess the development of tumor chemo-
therapy-related cardiotoxicity. In monitoring oncology chemotherapy-related 
cardiac injury, a significant decrease in left ventricular ejection fraction (LVEF) 
of left ventricular systolic function (LVSCF) often indicates severe cardiac in-
jury, making it challenging to monitor early cardiac injury. 3D-STI (three-di-
mensional speckle tracking imaging) can evaluate early cardiac injury, but its 
load dependence reduces the accuracy of myocardial function evaluation. In 
contrast, the noninvasive evaluation of myocardial work using left ventricular 
pressure-strain loops (PSL), which considers both myocardial deformation 
and left ventricular pressure, avoids the effect of load dependence on myocar-
dial contractile function and improves the accuracy of myocardial function 
evaluation. This article reviews the noninvasive evaluation of myocardial 
work to assess cardiotoxicity associated with tumor chemotherapy. 
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1. Clinical Features of Chemotherapy-Related Cardiotoxicity 

Cardiotoxicity in tumor patients is mainly affected by three factors: 1) the patient’s 
own cardiovascular disease risk factors, such as age, diabetes, and hypertension; 
2) the tumor’s direct or indirect effects on the cardiovascular system; and 3) car-
diovascular injuries caused by chemotherapy, targeted therapy, and radiotherapy. 
Currently, the diagnosis of cancer therapy-related cardiac dysfunction (CTRCD) 
is mainly based on cardiac systolic dysfunction. Measurement of left ventricular 
ejection fraction (LVEF) reflects the overall contractile function of the left ventri-
cle (LV), and a decrease in LVEF indicates impaired cardiac systolic function. The 
latest guidelines from the British Society of Echocardiography and the British So-
ciety of Cardiac Oncology define definitive cardiotoxicity as a 10% to 50% de-
crease in LVEF [1]. However, a decrease in LVEF is a late manifestation of chem-
otherapy-related cardiotoxicity, often resulting in irreparable cardiac damage be-
fore it is detected [2]. Tumor-related cardiovascular toxicity (cancer therapy-re-
lated cardiovascular toxicity, CTR-CVT) encompasses a wide range of cardiovas-
cular diseases (CVD), classified into several major categories: heart dysfunction 
caused by cancer treatment, including cardiac injury, cardiomyopathy, and heart 
failure; myocarditis; vasculotoxicity; arterial hypertension; and arrhythmias. 
CTRCD can be divided into two categories: 1) asymptomatic CTRCD, which can 
be subdivided into a) mild: left ventricular ejection fraction (LVEF) ≥50% with 
a >15% decrease in global longitudinal strain (GLS) from baseline and/or elevated 
cardiac biomarkers; b) moderate: ≥10% reduction in new LVEF to 40% - 49% or 
a 15% reduction in new LVEF from baseline or new elevations in cardiac bi-
omarkers; c) severe: reduction in new LVEF to <40%; and 2) symptomatic 
CTRCD (i.e., heart failure), categorized as mild, moderate, severe, or very severe 
based on symptoms and the need for treatment and/or hospitalization [3]. 

The pathogenesis of anthracycline-associated cardiotoxicity has been exten-
sively studied, with the most widely accepted mechanism being the “oxidative 
stress theory” [4]: increased production of reactive oxygen species (ROS) and pe-
roxidation of membrane lipids lead to the destruction of the collagen fiber net-
work and cardiomyocytes, affecting myocardial energy metabolism and cardiac 
diastolic function. Additionally, the role of 2β-topoisomerase (TOP2β) in an-
thracycline-mediated cardiotoxicity has been widely recognized in recent years 
[5]: blockade of the TOP enzyme by anthracyclines leads to DNA double-strand 
breaks and transcriptome alterations, followed by mitochondrial biosynthesis dis-
orders and increased production of oxygen free radicals. Pathologically, this re-
sults in mitochondrial swelling, sarcoplasmic reticulum breakage, cellular vacu-
olization, myofibrillar arrangement disorder, cardiomyocyte apoptosis, myofibril-
lar lysis, and myocardial fibrosis in the late stage. The occurrence of trastuzumab-
related myocardial toxicity is associated with the blockade of epidermal growth 
factor receptors in cardiomyocytes, resulting in reduced ATP synthesis and de-
creased myocardial contractile function. Some chemotherapeutic drugs and the 
effects of radiotherapy can also cause atherosclerosis and myocardial ischemia and 
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infarction by promoting vasospasm, damaging vascular endothelial cells, or caus-
ing long-term lipid metabolism abnormalities. Chemotherapeutic agents gener-
ally do not directly damage valves, but valve fibrosis and calcification can occur in 
those treated with combined radiotherapy. Inflammation in the heart may also 
lead to microvascular injury, as anthracycline therapy has been shown to activate 
inflammatory cells such as macrophages and neutrophils, which can damage small 
arteries and capillaries [6]. 

2. Inspection Methods 

The current non-invasive screening methods for cardiotoxicity include biomarker 
tests, CMR, and Speckle Tracking Echocardiography (STE). The main imaging 
tests are echocardiography (UCG), CMR, and radionuclide angiography (MUGA). 
The 2022 ESC Guidelines for Cardiac Oncology recommend [7]: for the diagnosis 
and management of asymptomatic CTRCD during cancer treatment, TTE (in-
cluding 3D-LVEF and GLS assessment) is the preferred technique for detecting 
and confirming cardiac dysfunction. Although 3D speckle-tracking echocardiog-
raphy has made progress in assessing cardiotoxicity, it is highly affected by after-
load. In contrast, noninvasive myocardial work-up techniques are not limited by 
afterload and are superior for the early detection of cardiotoxicity. 

2.1. CMR 

CMR has excellent precision and accuracy in measuring LVEF and is considered the 
gold standard for screening [8]. CMR effectively compensates for the lack of sound 
window and resolution in ultrasound examinations. Magnetic resonance myocar-
dial labeling (myocardial tagging) technology was first used to study myocardial 
strain, but it is challenging to use widely in clinical practice due to the need for spe-
cific sequences, complex post-processing, and long breath-holding times. The new 
generation of tissue feature tracking technology makes measuring stress parameters 
more automated, stable, and less time-consuming, with promising clinical applica-
tions. Existing studies have reported the feasibility of continuously monitoring sub-
clinical myocardial functional changes in chemotherapy patients. [9] The CMR late 
gadolinium enhancement (LGE) sequence has long been considered the “gold 
standard” for detecting myocardial fibrosis and scar tissue. Although anthracycline-
based chemotherapeutic agents cause significant changes in cardiac structure, they 
are not easily detected in LGE imaging, whereas trastuzumab-induced CTRCD is 
relatively obvious in LGE imaging. Using MR to evaluate cardiac function in oncol-
ogy patients who received anthracycline-based chemotherapy in childhood (after an 
average of 7.8 years), one investigator found that approximately 18% of patients had 
an LVEF of less than 45%, and about 27% had abnormal right ventricular function 
[10]. Although CMRI is more sensitive and accurate than echocardiography in 
LVEF assessment, it is still not sensitive enough for CTRCD screening. Wadhwa 
[11] and others have shown that anthracycline-induced CTRCD is characterized by 
diffuse fibrosis with a relatively low probability of LGE. 
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2.2. 3D-STE 

Before the advent of 3D-STI, some scholars used two-dimensional speckle track-
ing imaging (2D-STI) to monitor anthracycline-induced cardiotoxicity and found 
that 2D-STI could detect subclinical cardiotoxicity at an early stage [12]. In con-
trast, 3D-STI can track the motion of endocardial borders in three dimensions, 
allowing for better quantitative identification of normal and abnormal myocar-
dium, especially for minor segmental motion abnormalities [13]. A study showed 
that the left ventricular global area strain (GAS), global longitudinal strain (GLS), 
and right ventricular global longitudinal strain (GLS), global circumferential 
strain (GCS), and global radial strain (GRS) were significantly reduced after chem-
otherapy compared to those before chemotherapy (P < 0.05), which was negatively 
correlated with the cumulative dose of anthracyclines. Another study evaluated 
LV strain after different doses of anthracycline chemotherapy. The results showed 
that, compared to the pre-chemotherapy period, patients’ LV global longitudinal 
strain (LVGLS), LV global circumferential strain (LVGCS), and left atrial global 
longitudinal strain (LAGLS) were significantly reduced (P < 0.001). Compared to 
the low-dose group, the rate of change in LVGCS at the end of chemotherapy was 
significantly higher in the high-dose group [21.12 (6.52, 35.37) vs. 5.49 (−14.73, 
27.01); P = 0.03] [14]. However, 3D-STI suffers from load dependence, reducing 
the accuracy of myocardial function evaluation. 

3. Advances in the Application of Noninvasive Myocardial  
Work to Assess Cardiac Injury Associated with  
Tumor Therapy 

PSL was more objectively reflective of myocardial mechanics than GLS and LVEF. 
To obtain the myocardial work index, brachial artery blood pressure was meas-
ured at rest. The patient was then positioned on the left side and connected to an 
electrocardiogram, while maintaining calm breathing. In practice, the quality of 
images and blood pressure are crucial to the data. The software performs auto-
matic frame-by-frame depiction of the epicardium and endocardium. Check for 
issues in the endocardial and outer membrane boundaries depicted by the system, 
as a more accurate heart contour can be obtained with reasonable manual adjust-
ment. After that, it will automatically calculate the overall area strain of the GAS, 
GLS, GRS, and GCS. In addition, the 17-segment bullseye map and the corre-
sponding strain-time image can be obtained. In the bullseye chart, the system in-
dependently divides the left ventricular myocardium into 17 segments in the same 
plane. Different segments will show the actual strain parameters and color, allow-
ing for the assessment of ventricular wall movement. 

LVEF obtained by conventional echocardiography and LV longitudinal strain 
(GLS) obtained by STI technology can assess ventricular changes in patients un-
dergoing oncologic chemotherapy, but both have certain limitations. PSL is a 
widely used technology in recent years. It combines peripheral brachial artery 
pressure with the cardiac cycle to mimic the cardiac pressure-volume ring and 
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construct the LV pressure and myocardial strain area ring. The area of the ring 
represents the work of the heart muscle. GWI represents the total work done by 
the myocardium since the mitral valve closure interval. GCW represents the work 
contributing to ventricular ejection done by myocardial systolic shortening and 
diastolic lengthening of cardiac fibers. GWW represents the futile work done by 
the myocardium during systolic lengthening and isovolumetric diastolic shorten-
ing. GWE represents the useful work. Non-invasive PSL based on the STI tech-
nique includes both GLS and LV pressure to obtain myocardial function parame-
ters, objectively evaluating changes in LV systolic function in terms of myocardial 
motion and work. It is also suitable for monitoring cardiac function after chemo-
therapy with anthracyclines, where the PSL area is reduced compared to the pre-
chemotherapy area, indicating reduced LV myocardial work. 

3.1. Monitoring of Chemotherapy-Related Early Cardiac Injury  

The time window for the onset of myocardial toxicity varies among different 
chemotherapeutic agents, with anthracycline-related cardiotoxicity being the 
most studied. With anthracyclines, injury can occur at the onset of chemotherapy, 
but symptoms may not appear immediately due to the heart’s compensatory 
mechanisms. Although the incidence of significant ventricular dysfunction and 
heart failure in patients is less than 5%, the incidence of subclinical left ventricular 
dysfunction is as high as 42%. The parameter of left ventricular myocardial work 
(LVMW) can be a useful indicator for determining early myocardial toxicity [15] 
[16]. Studies by KE [17] et al. and Galli [18] et al. have indicated that myocardial 
do-it-yourself is a more sensitive method for detecting left ventricular dysfunction 
in cardiomyopathic patients compared to LVEF dysfunction. It also detects sub-
clinical dysfunction in chronic kidney disease with normal LVEF. Noninvasive 
myocardial work is also suitable for monitoring cardiac activity with other chemo-
therapeutic agents. Liu Xi [19] and Deng [20] have shown that paclitaxel can in-
duce severe lipid peroxidation, nitroxide stress, and cationic metabolites that 
damage mitochondrial DNA. This directly affects cardiac protein metabolism, 
leading to abnormal cardiac conductivity and excitability, resulting in arrhyth-
mias, acute myocardial infarction, chronic cardiomyopathy, and myocarditis. 
Liao Yuanyuan [21] et al. studied the left ventricular functional changes in 28 na-
sopharyngeal carcinoma patients receiving paclitaxel combination chemotherapy 
using the stress-strain loop technique. They found that changes in work parame-
ters were correlated with GLS, GWI, and GCW, which were positively correlated, 
while GWW was negatively correlated with GLS. This further indicated that the 
myocardial work parameters obtained by the PSL technique could be more sensi-
tive in detecting the damage of chemotherapy drugs on myocardial function. 

3.2. Monitoring of Local and Global Myocardial Activity 

The 17 segments of the left ventricle typically produce very little ineffective work 
due to high contraction synchronization. However, when cardiac function is 
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impaired, causing desynchronization of myocardial contraction in different seg-
ments, a large amount of ineffective work is produced. This occurs when some 
segments of the myocardium are prolonged during systole or shortened during 
diastole [22]. In healthy individuals, MW parameters vary in a gradient from ap-
ical to basal levels; specifically, GWI (global work index), GCW (global construc-
tive work), GWE (global work efficiency), and GWW (global wasted work) in-
crease progressively from basal to apical levels [23]. One study of myocardial al-
terations in 27 patients undergoing anthracycline-based chemotherapy for breast 
cancer found that the basal, intermediate, and apical myocardial work indexes 
(MWI-B, MWI-M, and MWI-AP) and myocardial work efficiencies (MWE-B, 
MWE-M, and MWE-AP) were lower in the case group than in the pre-chemo-
therapy group after 4 cycles of chemotherapy (P < 0.05). MWI and MWE at T0 
(pre-chemotherapy), T1 (2 cycles of chemotherapy), and T2 (4 cycles of chemo-
therapy) in both healthy control and case groups showed an increase from the 
base of the heart toward the apex [24]. The results showed that the overall cardiac 
function of patients with early breast cancer receiving anthracycline chemother-
apy was mainly characterized by a reduction in left ventricular longitudinal myo-
cardial fiber strain and a decrease in overall myocardial work index and efficiency. 
Another study indicated that the decrease in myocardial work was primarily in 
the apical segment [25]. This suggests that noninvasive myocardial work can not 
only monitor myocardial injury at an early stage but also reflect myocardial 
changes in various segments of the ventricle. 

Abnormal myocardial electromechanical activity caused by anthracycline chemo-
therapeutic drug cardiotoxicity and ventricular wall motion dyssynchrony affects 
ventricular systolic function [26], leading to wasted myocardial work, inefficient 
pumping, and an increase in myocardial GWW, consistent with the findings of 
Russell [27] et al. Increased useless work further affects the efficiency of myocar-
dial work in the left ventricle. In contrast, the study by Moya [28] et al. showed 
that the reason for decreased MWE in patients with moderate CTRCD is not 
higher waste work (WW) but lower useful work (constructive work, CW). Pa-
tients with normal preexisting GLS but lower CW are at higher risk of developing 
CTRCD. In addition to lower baseline CW, patients with moderate CTRCD had 
significantly higher WW at follow-up. Therefore, MW assessment may be an ad-
ditional validated marker for patient risk stratification and subsequent CTRCD 
detection. Myocardial work index (PSI) is a new assessment parameter based on 
a 2D speckle tracking technique that considers deformation and afterload by in-
terpreting strain associated with noninvasive LV pressures. 

4. Conclusion and Discussion 

In conclusion, with the continuous progress of noninvasive myocardial work-up 
technology in studying tumor chemotherapy-related cardiotoxicity, noninvasive 
myocardial work can measure various functional and structural parameters more 
accurately and sensitively. It can also identify changes in myocardial activity at an 
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early stage, providing comprehensive information for diagnosing, monitoring, as-
sessing efficacy, and prognosing tumor-related cardiotoxicity. This has important 
clinical value and application prospects. On the other hand, myocardial work is 
developed based on two-dimensional STI. Under the influence of STI, the imaging 
quality is poor when the heart rate is high, making it difficult for the software to 
clearly depict the endocardial boundary in a high heart rate state [29]. Compared 
to GLS, PSL excludes the artifact of altered myocardial contractile function due to 
changes in afterload, allowing for a more accurate assessment of myocardial con-
tractile function. PSL does not consider myocardial curvature thickness but only 
represents an index of work, rather than directly measuring the value of work [30]. 
The current domestic and foreign studies on myocardial work technology to eval-
uate cardiac injury mostly target the left ventricle, with few studies on right ven-
tricular injury. The PSL, provided by the supplier and specifically designed to as-
sess LV myocardial work, may be less accurate for the RV due to its complex ge-
ometry. In the future, it may be necessary to verify with the invasive right ventric-
ular pressure-volume ring and design professional analysis software for the right 
ventricular myocardium. In conclusion, PSL obtains left ventricular myocardial 
work parameters—GWI, GCW, GWW, GWE—and each parameter, combined 
with GLS analysis, can quickly, effectively, non-invasively, and accurately quantify 
the early detection of breast cancer using anthracycline chemotherapy drugs. Sub-
clinical myocardial toxicity provides advanced information for cancer-related car-
diac dysfunction and contributes to early clinical protection and treatment. 
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