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Abstract: Advances in cancer treatment resulted in augmented patient survival rate. However, anticancer therapy often causes heart 
damage in the form of a progressive systolic heart failure. Echocardiographic parameters of left ventricular function were conventionally 
used to detect early manifestations of cancer therapy cardiotoxicity. Improved diagnosing of the right ventricle condition revealed that it is 
negatively affected by chemotherapy as frequently as the left ventricle, and sometimes even earlier than the latter. Hence, currently, the 
right ventricle function and mechanics assessment techniques are actively developed for the chemotherapy cardiotoxicity diagnostic, 
primarily employing 3D echocardiography and speckle tracking analysis. The presented review provides relevant information on the matter 
and highlights insufficiently developed issues and fields of further research.  
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Introduction  

The personalized medicine, a.k.a. precision medicine, is the 
trend of recent years, involving various aspects of an individual 
approach to patients. Among others, such personalized approach 
includes studying comorbid conditions that may affect the therapy 
and prognosis for patients. One of such comorbid conditions is 
cardiovascular oncology. Essentially, significant progress in 
detection and treatment of oncological pathology has led to a 
substantially improved survival of such patients. On the other 
hand, the improvement in acute cardiac disease treatment is 
accompanied by an increase in the chronic cardiovascular patient 
numbers. As a result, the cohort of patients with a combination of 
oncological and cardiovascular diseases is growing [1]. Hence, 
currently, cardiovascular oncology studies heart tumors, tumor 
invasion detection in the heart tissue, as well as preoperative 
patient assessment in surgical oncology [2]. Nonetheless, major 
attention is paid to the cancer therapy cardiotoxicity – first of all, 
to the development of systolic dysfunction and heart failure. The 
research focus is upon the following issues: pathophysiological 
mechanisms of cardiotoxicity [3], primary prevention of 
cardiotoxicity in high-risk patients, monitoring of early 
manifestations of cardiotoxic effects, secondary cardiotoxicity 
prevention, as well as diagnosis and treatment of other cardiotoxic 
manifestations (coronary artery disease and myocardial ischemia, 
myocarditis, amyloidosis, pericardial disease, peripheral vascular 
disease, and vascular dysfunction) [4].  

Strategies for cardiotoxicity screening and detection 
encompass cardiac imaging (echocardiography, radionuclide 
ventriculography, cardiovascular magnetic resonance imaging) and 
biomarker assessment (troponin, natriuretic peptides). The choice 

of methods depends on local experience and the availability of 
diagnostic procedures [5]. Echocardiography is most frequently 
used for detecting systolic dysfunction and heart failure. The 
conventional cardiotoxicity criteria include a decrease in left 
ventricular ejection fraction (LVEF) >10% below baseline values, 
along with a relative (i.e., percentage) reduction in the left 
ventricular global longitudinal strain (LV GLS) >15% below the 
baseline.  

At the same time, early cardiotoxicity detection allows timely 
initiation of heart failure therapy, which significantly improves the 
prognosis for such patients [5, 6]. That is why, it was proposed to 
additionally evaluate other echocardiography parameters to 
detect early cardiotoxic manifestations (such as diastolic 
dysfunction using tissue Doppler and strain imaging, 3D 
echocardiography, and the right heart assessment). This review is 
focused upon the right ventricle (RV) function evaluation in the 
course of developing cardiotoxicity caused by anticancer medicinal 
drugs. 

 

Essential facts about studies evaluating RV function vs. 
cardiac toxicity diagnosing 

Currently, RV dysfunction is recognized among the most 
important causes of cardiovascular pathophysiology. Besides, it is 
an independent predictor of adverse events and mortality in a 
wide range of ailments: heart failure, valvular pathology, 
pulmonary hypertension, coronary artery disease, and even 
arterial hypertension [7-9]. At present, a widespread opinion 
prevails that there are fewer RV compensatory reserves than 
those of the left ventricle, hence RV dysfunction may occur earlier. 
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However, an accurate evaluation of the RV condition via 
conventional echocardiography remains challenging due to 
intrinsic limitations of this imaging technique, along with complex 
geometry and contraction mechanisms of the RV. Recent 
developments in echocardiography expand the possibilities of 
using the RV parameter assessment in condition of various 
pathologies [10].  

The cardiotoxicity assessment is no exception, which can be 
deduced from the increased number of publications in the 
PubMed database yielded by the search using the keywords right 
ventricular and cardiotoxicity (Figure 1). The studies of the RV 
structure and function in patients with antineoplastic treatment 
disclose the conflicting results. For example, the review by Tadic et 
al. [11] included the data of ten studies involving a limited number 
of enrolled patients (9-60). Evaluation of the RV systolic function 
was undertaken in all ten published studies: against the 
background of chemotherapy, it declined in five cases, while it 
remained unchanged in other five. RV diastolic function was 
assessed in five studies; in the course of treatment, it declined in 
two cases, and remained unchanged in other three. Just three 
studies investigated the RV mechanics against the background of 
antineoplastic treatment, and in all cases, a decline in the right 
ventricular global longitudinal strain (RV GLS) was observed. 
Apparently, the RV shape, its geometry and position in the ribcage 
may be the causes of the difficulties in assessing its size and 
function.  

In addition, the attention was drawn to various imaging 
techniques (echocardiography, radionuclide diagnostic, and 
magnetic resonance imaging), and also to the set of various 
indicators characterizing the RV systolic and diastolic functions. 
Accordingly, it was problematic to interpret the results of such 
studies (whether there was no impact on RV – or there was no 
effect on the selected indicator for assessing the RV function). For 
example, our experience in studying the RV diastolic function in 
pulmonary hypertension implied the necessity to study a set of 
indicators that could change in different ways with the disease 
progress [12]. At the same time, the conventional indicator (E/A 
ratio on the tricuspid valve) was most closely associated with the 
development of postoperative heart failure in coronary artery 
bypass grafting, while other parameters of RV diastolic function 
were not [13].  

 

The newest reviews highlighted the expediency of using 
recently developed imaging techniques, such as 3D 
echocardiography and speckle tracking analysis in diagnosing RV 
dysfunction. The combined results obtained via various 
echocardiographic methods allow obtaining a deeper 
understanding of the RV pathology, which, in our opinion, would 
lead to a more accurate diagnosis and better clinical management 
of patients with cardiovascular diseases in general [10], as well as 
during their anticancer therapy [14].  

A recently published review [14] was devoted to studies on 
using the RV myocardial deformation to detect cancer therapy 
cardiotoxicity. It included the data from eight research projects 
undertaken in 2015-2019. Indeed, all these studies showed a 
decrease in the RV movement mechanics in conditions of the 
antineoplastic treatment cardiotoxicity development. Possible 
clinical significance of RV (vs. LV) function assessment was 
emphasized. The study by Chang WT et al [15] demonstrated that 
the value of the RV free wall longitudinal strain after the first 
course of epirubicin in patients with breast cancer was significantly 
reduced and was associated with the onset of dyspnea symptoms, 
which was not observed for other echocardiographic parameters. 
The independent prognostic value of this parameter was also 
shown in patients with non-small cell lung cancer of stage III 
during the ongoing chemo-radiation therapy; the worst prognosis 
was in patients with a decrease of ≥10.1% from the baseline value 
prior to the therapy [16]. Nevertheless, we conclude with some 
reservation that it is advisable to study the RV strain parameters in 
cancer patients to assess the cancer therapy cardiotoxicity [14]. A 
more definitive conclusion is difficult to draw, since most studies 
included in our review involved the methods that were more 
informative for RV function assessment versus the LV function 
evaluation. Therefore, a comparison of diagnostic efficacy, if any, 
could not be considered correct. 

It is clear that current ongoing studies should close this evidential 
gap: if RV changes occur earlier than in the LV, this would allow 
detecting cardiotoxicity at the earliest stage of its development. 
Early diagnostic of cardiotoxicity may have a beneficial effect on 
the patient’s prognosis, thus emphasizing the significance of 
studying the RV function. 

 

 

 

 
Figure 1. Number of publications in the PubMed database yielded by the ‘right ventricular’ and ‘cardiotoxicity’ queries 
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Recent studies on RV function in detecting cardiotoxicity 

Recent published sources provided additional information on 
this issue. Cherata DA et al. [17], in the course of a six-month 
follow-up treatment of 68 patients with anticancer therapy, 
established that cardiotoxicity manifestations have developed in 
20 patients. Ninety percent of patients from this group received 
anthracycline-based treatment: doxorubicin and 
cyclophosphamide, followed by bleomycin or vincristine and 
monoclonal antibody rituximab: R-CHOP, R-FCM, R-BEACOP 
regimens, whereas just 10% of patients were treated with 
bortezomib. In this study, in the whole group of examined 
patients, there was a statistically significant (p<0.0001) decline in 
the values of three parameters (LVEF, left ventricular LGS, and free 
wall strain of the RV). At the same time, in patients with 
cardiotoxicity development, a decline in LV indicator values was 
more pronounced than in the RV parameters (p<0.0001 and 
p=0.005, respectively). Hence, the authors of the article proposed 
to evaluate the RV longitudinal strain to identify its subclinical 
lesion in conditions of LV dysfunction development, associated 
with antineoplastic treatment. It is difficult to say how useful this 
recommendation is for clinical practice, because it is entirely 
unclear how such subclinical RV dysfunction could somehow affect 
the treatment tactics or prognosis in case of obvious LV 
dysfunction.  

In this regard, the outcomes of the study by Planek et al. are 
more interesting [18]. They examined 35 adult lymphoma patients 
treated with doxorubicin. Prior to the therapy, all patients had a 
normal LVEF and no cardiovascular pathology. When re-examined 
six months later, the entire examined patient cohort had slightly 
reduced LVEF (63.3±6.2% versus 61.6±11.1%, p=0.374), while 
studied RV indicators have changed for worse. E.g., the authors 
observed the reduction in RV FAC from 47.3±4.4% to 43.7±3.9%; in 
RV FWS from -24.9±3.3 to -22, 2±2.9; and in RV GLS from -22.4±4.1 
to -20.6±3.4 (in all cases, p<0.01). Besides, it was established that 
the RV function reduction occurred exclusively in patients with a 
cumulative dose of doxorubicin exceeding 200 mg/m2 [18]. 
Despite the persuasiveness of the data, it is noteworthy that while 
the authors used sufficiently modern and informative assessment 
methods for the RV, including myocardial strain investigation, the 
left ventricle was evaluated solely via monitoring of its ejection 
fraction, which undoubtedly represented the limitation of this 
study. 

In another recent study, Zhao R et al. [19] investigated the 
dynamics of 3D echocardiography in 74 patients with diffuse large 
B-cell lymphoma who received six courses of anthracycline-based 
treatment (R-CHOP therapy). This research is interesting for 
several reasons. First, the authors used indicators of the right 
(rather than left) ventricle as cardiotoxicity criteria: a relative 
reduction in the RV ejection fraction >10%, or its relative reduction 
>5% given the absolute values <45%. Second, in order to reveal 
early cardiotoxicity signs, they compared the parameters of both 
ventricles, which could help in the future selecting the optimal set 
of signs implying the occurrence of cardiotoxicity. By the end of 
the fourth course, the authors observed an increase in end-
diastolic and end-systolic volumes of the RV, along with a decline 
in the RV longitudinal free wall strain in 3D mode and in LV GLS 
(for all cases, p<0.05). Upon completion of six therapeutic courses, 
the cardiotoxicity (according to the RV criteria) has developed in 
27 patients, while no reduction in LV systolic function was 
observed. Among the studied parameters after four therapeutic 

courses with subsequent cardiotoxicity development, only two 
indicators of RV function were independently associated: the 
dynamics of the RV end-systolic volume and a decline in the RV 
longitudinal free wall strain in 3D mode (both compared with their 
initial values) [19]. One could say, of course, that the LV 
parameters did not work due to the fact that reduction in right 
ventricular ejection fraction was the cardiotoxicity criterion here. 
Indeed, there was no significant reduction detected in the LVEF 
(only by 5%, while the guidelines recommend over 10% [5]), and 
the authors did not assess cardiotoxicity via some other LV 
parameter. As for the latter, the authors did not evaluate its GLS, 
even though, according to their data, the reduction in this 
indicator after six courses has reached a significant level (by 21%, 
whereas the guidelines recommend over 15% [5]).  

Since an assessment of LV longitudinal strain is considered 
more sensitive cardiotoxicity sign than LVEF, this fact implies the 
study limitation. Whether RV indicators are more sensitive in this 
regard is still unclear, especially since there are virtually no 
established diagnostic RV criteria for cardiotoxicity. However, 
there is a theoretical background for employing RV parameters to 
evaluate the chemotherapy cardiotoxicity. For example, there is 
some evidence that anthracycline therapy primarily affects the 
subendocardial layers of the LV, while the preserved function of 
subepicardial layers allows maintaining the LV pumping function 
for relatively long time [20]. Since the RV wall is significantly 
thinner, its pumping function decompensation occurs earlier than 
in the LV [19]. At the same time, the use of 2D speckle tracking 
technology, permitting separate assessment of deformation in the 
subendocardial vs. subepicardial layers, could also solve the 
problem of identifying subclinical signs of cardiotoxicity in LV 
assessment [20].  

It seems that the data of Zhao R. et al. [19] have benefited so 
far to the most significant progress in substantiating the need of 
assessing the RV function for identifying cardiotoxic manifestations 
of antineoplastic therapy. However, certain limitations of this 
study could not be ignored: lack of comparison between the 3D 
echocardiography data versus cardiac MRI or computed 
tomography data, relatively small sample size and a short follow-
up period. Likewise, it is impossible to completely exclude the 
effect of preload changes on such RV preload-dependent 
parameters as its volume and strain [19]. Further studies 
undertaken on large samples and with a longer follow-up period 
are required to confirm the results of this research, as well as to 
develop standardized clinically significant criteria for cardiotoxicity 
developed in the RV [21]. 

In our review, we did not consider the potential cellular 
mechanisms of RV remodeling during chemotherapy, since they 
have already been discussed in detail in previous reviews by 
international and Russian authors [3, 11]. Other existing methods 
for assessing RV function during the chemotherapy (MRI, 
radionuclide ventriculography, positron emission and computed 
tomography) were not considered as well. The fact is that they 
have already been discussed in earlier reviews [4, 11]. Besides, 
these methods are still less available in actual clinical practice.  

However, the routine use echocardiographic indicators of the 
RV function could also encounter certain difficulties due to 
sonographer inertia. In this regard, the study by Schneider M et al. 
is very indicative [22]: the authors have evaluated the current use 
of clinical standards for RV function quantification in a clinical 
practice. Because many parameters are time-consuming and 
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require specific computer appliances, most of RV markers are not 
widely used. The total of 1150 participants from 109 countries 
participated in the survey. They were asked to indicate the RV 
parameters (visual assessment, tricuspid annular plane systolic 
excursion – TAPSE, s' in tissue Doppler mode, fractional area 
change, myocardial performance index, 3D echocardiography, 
dp/dt, longitudinal strain), which they have actually used in their 
clinical practice. Despite existing guidelines on necessity to use at 
least one quantitative marker in addition to visual grading in the 
assessment of RV function [23], 39% of the participants used only 
one method in their daily clinical practice, 35% used two methods, 
and 26% used three or more methods. Visual assessment was used 
as the only parameter by 23% of participating sonographers [22]. 
Such approach cannot be considered acceptable, which was 
confirmed by the subsequent research conducted by the same 
authors. In an anonymous test via Internet, sonographers were 
assessing RV systolic function in 10 patients with varying 
dysfunction degrees using purely visual RV assessment. Two skills 
were evaluated: (1) the ability to discriminate between normal and 
reduced RV systolic function; and (2) the ability to identify the 
correct degree of RV systolic dysfunction (against the background 
of MRI data). For detecting reduced RV systolic function, sensitivity 
ranged from 95.8% to 97.1%, depending on a participant’s 
experience, while specificity ranged from 42.5% to 55.7%. When 
determining the degree of RV dysfunction, even experienced 
physicians came up with a diagnosis that did not match MRI 
findings in >40% of cases. This finding implied that visual 
evaluation should be combined with the assessment of other RV 
echocardiographic parameters [24]. According to the above-
mentioned survey, the most frequently used techniques included 
visual assessment (72% of cases), TAPSE (69%), and s' in tissue 
Doppler imaging (31%). What is especially distressing, an 
assessment of longitudinal strain and 3D echocardiography were 
rarely used, regardless of the region and economic factors (3% and 
1% of cases, respectively) [22]. Moreover, nearly all recent studies 
emphasized the lack of information content in traditionally used 
indicators of RV systolic and diastolic functions in identifying RV 
cardiotoxicity, especially at the early stages [11, 17-19]. 

 

Conclusion 

In the cancer therapy cardiotoxicity diagnosis, the main trend 
over recent years involved using contemporary echocardiographic 
research methods (3D echocardiography and assessment of 
myocardial strain). First of all, they were developed for the 
detailed assessment of the LV function and mechanics. However, 
the improvement of diagnostic procedures has also affected the 
right ventricle investigation techniques: the obtained results 
implied that its damage due to chemotherapy cardiotoxic effects is 
simultaneous with the LV damage, and may even precede it.  

Accordingly, adequate assessment of RV function and 
mechanics should be a mandatory component of each 
echocardiographic study, since solely visual assessment of RV 
function is obviously insufficient. To monitor cardiotoxic effects on 
the RV myocardium, it is desirable to use indicators of its 
mechanics and 3D echocardiography data. To confirm the 
possibility of RV assessment for early detection of subclinical 
cardiotoxicity manifestations, clarification of their prognostic 
value, and development of standardized criteria for cardiotoxic RV 
damage detection, further larger (and, preferably, multicenter) 
studies are required.  
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