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Background

With the advancement of cancer treatment drugs, the life 
expectancy of cancer patients has increased. Both due to the 
development of drugs and the production of new drugs and due 
to the increased survival of patients, attention should always be 
paid to unwanted side effects caused by treatment, especially 
cardiovascular side effects. The most important traditional che-
motherapy drugs that cause cardiotoxicity are drugs of the an-
thracycline group. Other drugs including Her2 inhibitors, pro-
teasome inhibitors, platinum-based chemotherapeutic drugs, 
antimetabolites, vascular endothelial growth factor inhibitors, 
microtubule inhibitors, thyrosine kinase inhibitors, targeted 

agents and immunotherapies can also have cardiovascular side 
effects [1,2]. 

The most common cardiovascular side effects of these drugs 
can be Left Ventricular (LV) dysfunction, heart failure, hyperten-
sion, cardiac arrhythmia, ischemic heart disease and vascular 
events [2]. 

In the follow-up and investigation of cardiac complications 
of anti-cancer treatments, usually only attention is paid to the 
function of the LV [3]. While the right ventricle (RV) can also be 
impaired, and the cause of the patient’s symptoms (e.g. dys-
pnea) may be the dysfunction of the RV [4]. 
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Figure 1: Transthoracic echocardiography, A, tricuspid annular 
plane systolic excursion; B, tissue Doppler imaging at base of RV 
lateral wall; C, longitudinal strain of RV walls; D, three dimensional 
echocardiography.

In this review, we decided to examine the studies on RV func-
tion in cancer patients, diagnostic methods, and the most im-
portant anticancer drugs that cause RV dysfunction.

Method

In this review, all documents in the field of right ventricu-
lar function of cancer patients undergoing chemotherapy were 
considered as the study population of this research. Search 
using keywords such as: cancer, chemotherapy, anthracycline, 
right ventricle, echocardiography and global longitudinal strain 
in relevant databases, including Medline, Scopus, Embase, Co-
chrane central, register of controlled trials and the Cochrane da-
tabase of systematic reviews (search for word combinations). All 
relevant descriptive, interventional, clinical trials, case-control 
or cohort studies, and case reports were included in this review. 
Reference lists of relevant articles found were also reviewed 
to identify other relevant studies. The search procedures were 
as follows: 1) First, the words cancer and chemotherapy were 
searched. 2) The right ventricle was also added. 3) Then, based 
on MeSH words, advanced chemotherapy and echocardiog-
raphy words were added. All found articles were studied and 
summarized and written in a categorized form.

RV function

The importance of right ventricle (RV) as a predictor of prog-
nosis and symptom occurrence was neglected for several de-
cades [5]. Evaluation of RV is a main part of echocardiography. 
However, it remains challenging due to the complex anatomy of 
the RV. Visual assessment is the simplest and the most common 
method for RV function evaluation. Although, echocardiogra-
phy guidelines suggest at least one quantitative parameter in 
addition to it including tricuspid annular plane systolic excur-
sion (TAPSE), tissue Doppler imaging at base of RV lateral wall 
(RV S’), longitudinal strain of free lateral wall of RV, RV fraction 
area change (RVFAC) and three dimensional estimation of RV 
function [6] (Figure 1). 

TAPSE reveals longitudinal RV contractility (movement of the 
lateral part of the TV annulus toward RV apex). It is assessed 
by M-mode from apical 4 chamber view in Transthoracic Echo-
cardiography (TTE) and is one of the useful methods because 
of simplicity and lower dependency to optimal imaging quality 
[7]. Velocity of tricuspid annulus longitudinal motion is evalu-

ated by tissue Doppler as RV S’ or systolic excursion velocity. 
RV S’ is more accurate than FAC and TAPSE when RVEF by CMR 
is normal or mildly abnormal. The longitudinal strain of the RV 
free wall is also a method of RV assessment and measured by 
speckle tracking imaging in apical 4 chamber view. Cut off of 
-20% correlates with normal RV function. Some studies reveal 
this parameter can predict early stages of RV dysfunction [8]. 
FAC is a common parameter for RV function assessment and re-
flects the volume change during RV systolic and diastolic phases 
based on 2D measurements. RV FAC less than 35% represents 
RV dysfunction [6,8]. Eventually, due to RV structural complex-
ity, 3D echocardiography is currently used as an accurate and 
reliable method for RV function evaluation compared to above 
2D based methods. Studies showed strong correlation between 
3D echocardiography and CMR RV volume and function [9].

Traditional echocardiography and RV function in cancer pa-
tients

In traditional 2D echocardiography in patients with breast 
cancer treated with anthracyclines, RV end-diastolic diameters 
and the index, RVFAC and TAPSE were measured and a signifi-
cant decrease in RV systolic and diastolic function occurred dur-
ing treatment with anthracyclines, although in Esfahani et.al 
study they were in the normal range. This reduction can be a 
predictor of cardiotoxicity in the future [10]. The amount of 
change in RVFAC and TAPSE between before the onset of the 
chemotherapeutic regimen (T1) and after the completion of 
two cures of the regimen (T3) were found to be correlated with 
the amount of change in NT-proBNP measurements between 
T1 and T3. subclinical decrease in right ventricular systolic and 
diastolic echocardiographic indices occurs in a relatively short 
time interval after onset of chemotherapy [11]. 

Advanced echocardiography and RV function in cancer pa-
tients

In some studies, RV myocardial injury occurs simultaneously 
with LV cardiotoxicity by using longitudinal strain with similar 
cutoff percent change [12]. But some studies with advanced 
echocardiography suggest that the Right ventricular global lon-
gitudinal strain (RV-GLS) may be more vulnerable than the left 
ventricle to anthracycline therapy. Significant reduction is seen 
in RV GLS and RV free wall longitudinal strain (RV-FWLS) systolic 
peak in breast cancer patients who were treated with anthracy-
cline [13]. Endocardial and mid-myocardial layer strains of RV 
are more affected than epicardial strain in the cancer patients. 
It is interesting that decreased in RV longitudinal strain associ-
ated with The presence of cancer [14]. Compared to traditional 
parameters, RV Speckle Tracking Echocardiography (STE) and 
3D echocardiography appeared to detect anthracycline-related 
subclinical damage earlier [15]. RV 2D speckle-tracking echocar-
diography is the best modality for detecting early impairment 
of RV function compared to traditional modalities [16]. RV free 
wall strain analysis appears to be more reliable in detecting 
RV systolic dysfunction than clinical examination or common 
echocardiographic indices, such as TAPSE or pulsed doppler S 
wave [17]. One study shows that RV circumferential strain is 
decreased in childhood cancer survivors undergoing anthracy-
cline chemotherapy, but not longitudinal strain and a pattern 
of apical sparing was observed [18]. RV-FWLS was reduced to 
pathological levels in 25% of patients, most likely indicating the 
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effects of anthracyclines on the myocardium. RV dysfunction 
can be brought on by anthracycline treatment. In this clinical 
setting, RV free wall strain demonstrates a strong capacity to 
demonstrate anthracycline-induced myocardial toxicity [19]. 3D 
echocardiography-derived RV strain and volume shows Subclin-
ical changes in RV function and size after anthracycline chemo-
therapy. RV-FWLS and RV end systolic volumes could be useful 
indices evaluate the RVEF in patients receiving anthracyclines. 
This study [20] shows that the decrease in RVEF preceded LVEF 
changes [20]. Longitudinal strain analysis by Three-dimensional 
speckle-tracking echocardiography allows the identification of 
subclinical RV dysfunction when conventional measures of RV 
function are unaffected. In one study, breast cancer women 
who receiving epirubicin therapy 3D RV free wall longitudinal 
strain (FWLS) was superior to other parameters in early detec-
tion of the development of cancer therapy–related cardiac dys-
function (CTRCD) [21].

In Francisco U,et.al. study, following chemotherapy, the 
emergence of abnormal RV GLS was linked to overt heart fail-
ure, a rise in all-cause mortality, and a higher rate of cardio-
vascular death [22]. 2D STE is a reliable predictor of RV systolic 
dysfunction, which identify the subclinical affection, and 3D 
echocardiography is a promising modality in recognizing the 
early changes in RV volumes and alteration in RV function [23]. 

CMR and RV function in cancer patients

Cardiac Magnetic Resonance imaging (CMR) is the gold stan-
dard for assessing RV volumes and RV ejection fraction But due 
to its high cost and lack of access to it in many places, it is usu-
ally not used routinely, and echocardiography is usually used as 
the first line of RV evaluation [24,25]. 

Assessment by CMR shows significant adverse myocardial 
remodeling (reductions in function and mass) occurred in both 
ventricles, increase in RV extracellular volume and decrease in 
cardiomyocyte mass after anthracycline therapy (same as LV) 
[26]. 

In evaluation with CMR, in comparison to comparable LV-
based measures, chemotherapy had a similar effect on RV vol-
umes and function. According to comparable threshold criteria, 
the incidence of RV CTRCD was lower than that of LV CTRCD. 
However, LV function was normal in one-third of those who de-
velop RV CTRCD [27]. 

Through the use of CMR and advanced echocardiographic 
methods, RV functional changes following current chemothera-
py regimens can be identified both early and late [28]. 

CMR can identify a subtle but significant deleterious effect 
on RV structure and function in patients receiving trastuzumab 
without overt cardiotoxicity, which recovers at 18 months [29]. 

PET/CT scan and RV function in cancer patients

The management of oncology patients benefits greatly from 
the use of FDG PET/CT. An assessment for the detection of car-
diotoxicity during or after treatment in patients with malignan-
cy may be made possible by an understanding of the changes 
in FDG uptake within the myocardium after cardiotoxic drug ad-
ministration. In breast cancer patients who underwent anthra-
cycline or trastuzumab, RV wall uptake and the increase of the 
SUV of RV wall on post-therapy PET/CT were associated with 
cardiotoxicity [30].

Anthracyclines and RV function

In a dose-dependent manner, anthracycline-based therapy 
was linked to subclinical RV dysfunction [31]. In Chang W-T et 
al. Study, RV diastolic parameters, and RV-FWLS significantly 
changed post epirubicin therapy at the earliest stage and RV-
FWLS significantly correlated with the development of dyspnea 
[4]. In Planek M. et al. study(a cohort of adult lymphoma pa-
tients), at a cumulative dose of 200 mg/m2, doxorubicin-based 
therapy was linked to subclinical RV dysfunction but not LV 
dysfunction [32]. Despite not exhibiting overt signs of anthra-
cycline-associated cardiotoxicity, patients receiving chemother-
apy experience a decrease in right ventricular filling rates [33]. 

In lymphoma patients receiving anthracycline chemothera-
py, assessments of the percentage changes in RV ejection frac-
tion (RVEF) and RV end-systolic volume using three-dimensional 
echocardiography were significantly linked to cardiovascular 
adverse events [34]. In Wang Y. et al. study three-dimensional 
speckle tracking echocardiography (3D-STI) may provide a reli-
able new approach for early detection of changes in RV myocar-
dial mechanical properties associated with pirarubicin chemo-
therapy in breast cancer patients [35]. 

HER-2 inhibitors and RV function

In one study in patients receiving trastuzumab therapy, LV 
GLS and RV GLS have a similar temporal pattern, regardless of 
whether anthracyclines were previously administered or tax-
anes were being used concurrently. At six months after the start 
of treatment, trastuzumab has the greatest effect on ventricular 
strain. Additionally, the relative percent change of the RV GLS 
was best cut-off at 14.8 percent to predict cardiotoxicity, which 
is nearly identical to the established LV GLS cut-off [36]. 

In Calleja A. et al. Study Reduced recovery of LVEF during 
follow-up was associated with concurrent RV dysfunction at 
the time of LV cardiotoxicity, though this was not statistically 
significant. When patients with breast cancer are treated with 
trastuzumab, RV dysfunction at the time of LV cardiotoxicity is 
common. At follow-up, the majority of patients still had LV dys-
function despite appropriate management [37]. 

In one study after receiving trastuzumab treatment, they 
noticed a trend of RV deterioration. TAPSE, myocardial perfor-
mance index (MPI) derived from RV tissue Doppler imaging, 
and E/e’ ratio parameters from echocardiography were used to 
show these preliminary RV changes [38]. 

Tyrosine Kinase Inhibitors (TKI)

Tyrosine Kinase Inhibitors (TKI) such as Imatinib and Dasat-
inib are a group of anti-cancer drugs which made primarily to 
treat cancers with Philadelphia chromosome (Ph) with BCR-ABL 
fusion gene like Chronic Myeloid Leukemia (CML) and also as a 
human epidermal growth factor receptor antagonist in treat-
ment of Renal Cell Carcinoma (RCC) and breast cancer [39-41]. 
In addition to success of TKIs in treatment of cancer, they may 
cause several adverse effects such as gastrointestinal illness, 
thyroid dysfunction, bone marrow suppression, hand-foot and 
mouth disease, and cardiotoxicity [40]. 

Cardiotoxicity of TKIs may include hypertension, QT prolon-
gation, right and left ventricular dysfunction, and Pulmonary 
Arterial Hypertension (PAH), which the mechanism of these 
adverse effects is different in different drugs and are drug spe-
cific for example fluid retention is common in dasatinib treat-
ment, hypertension in sorafenib, and reduced LVEF in lapatinib 
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[39-41]. Although rare but dasatinib may cause severe and life-
threatening PAH, right ventricular (RV) failure and mortality, but 
pulmonary artery pressure may improve by discontinuation of 
the drug [43]. Progressive increase in pulmonary vascular re-
sistance could be the cause of RV failure [44]. Gradual increase 
in Rv Systolic Pressure (RVSP) may be induced by dasatinib and 
trans-thoracic echocardiography (TTE) could be a good moni-
toring tool for early detection of Dasatinib induced PAH [45]. 

Immune checkpoint inhibitors

Immunologic risk factors contribute to endothelial dysfunc-
tion and development of pulmonary vascular disease. Immune 
checkpoint inhibitors, used as immunotherapies for malignan-
cies, have a wide range of reported immune-related adverse 
events. Twenty-four of 389 patients treated with immune 
checkpoint inhibitors at a single academic center between 2015 
and 2019 were evaluated. Thirteen (54%) patients were treated 
with anti-programmed cell death receptor 1 (PD-1), 8 (33%) 
with anti-programmed death receptor ligand 1 (PD-L1) therapy, 
and 3 (13%) with combination anti-PD-1 and anti-cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4) therapy. At a median 
of 85 days of immune checkpoint inhibitor therapy, RVfwLS sig-
nificantly increased from –20.6% to –16.7% (p = 0.002). After 
a median of 59 days of immune checkpoint inhibitor therapy, 
median pulmonary artery to aorta ratio worsened from 0.83 
to 0.89 (p = 0.03). There was an correlation of duration of im-
mune checkpoint inhibitor therapy (β = –0.574, p = 0.003) with 
percent change in RVfwLS. Patients who received anti-PD-1 
therapy (β = –0.796, p = 0.001) showed the greatest correlation 
of duration of immune checkpoint inhibitor therapy with per-
cent change in RVfwLS. Exposure to immune checkpoint inhibi-
tors are associated with RV dysfunction and vascular changes 
as measured by strain and computed tomography, respectively 
[46]. 

ICIs may negatively affect RV and pulmonary circulatory 
function. More research is needed to understand whether ICIs 
increase the risk of RV dysfunction and pulmonary vascular dis-
ease. Biopsy and autopsy results from the six patient case series 
revealed lymphocytic myocarditis affecting the interventricu-
lar septum and right ventricle. All patients with autopsies had 
RV dilation, and five of the six patients had RV dysfunction on 
imaging during their hospitalization. In the melanoma/RCC co-
hort, tricuspid regurgitation velocity was significantly increased 
post-ICI versus pre-ICI [mean 2.42, SD 0.51 m/s vs. mean 2.16, 
SD 0.48 m/s, p=0.03]. Right ventricular systolic pressure (RVSP) 
pre-ICI [mean 24.00, SD 8.26 mmHg] was decreased compared 
to post-ICI [mean 31.93, SD 12.93 mmHg, p=0.05]. In the second 
cohort, RVSP was significantly increased post-ICI [median: 30.5, 
IQR: 26.7-38] as compared to pre-ICI [median: 27.5, IQR: 24.6-
35, p=0.03] [47]. 

Discussion and conclusion

In this review, most of the studies evaluated the effect of an-
thracycline group drugs and HER2 inhibitors on right ventricular 
function [4,31-37]. Echocardiography is an accurate and acces-
sible method to evaluate RV function in patients undergoing 
chemotherapy. Checking RV function using RV GLS and RV FWLS 
is more accurate than other echocardiography methods. 3D 
echocardiography has been a great development for cardiovas-
cular examinations, including the examination of the function 
and structure of the right ventricle [10,12-23]. Considering the 
specific anatomy of the RV, CMR is an accurate diagnostic meth-
od to check the function of the RV, but in many centers its cost is 

high and it is not covered by insurance, so its use is not possible 
for everyone [24-29]. In most of the studies, following chemo-
therapy, RV function reduction occurred. The first reduction in 
RV GLS and RV FWLS and then a reduction in RVEF occurred 
[15-17,19,21-23]. According to the results of some studies, RV 
toxicity may occur with a lower dose of anthracycline than LV 
toxicity [13,32]. The important and practical point that was ob-
tained from the reviewed studies was that the decrease in RV 
function can occur before the decrease in LV function [13,20]. 
This point can help in the early diagnosis of cardiotoxicity. And 
another important point that should be taken into account is 
that the cause of some of the patient’s symptoms, such as dys-
pnea, may be the dysfunction of the right ventricle, not the left 
ventricle [4,22]. 

Based on the results of the reviewed articles, we come to 
the conclusion that the right ventricle, like the left ventricle, can 
be damaged by chemotherapy especially anthracycline class 
medications. Even in some studies, subclinical damage of the 
right ventricle occurred earlier than the left ventricle, and even 
right ventricular dysfunction can be the cause of the patient’s 
symptoms, including dyspnea. Therefore, it is recommended to 
pay attention to the right ventricle when investigating cardio-
toxicity caused by chemotherapy. It is recommended that pa-
tients refer to specialized Cardio-Oncology clinics for follow-up 
of cardiotoxicity caused by chemotherapy and anticancer drugs 
and evaluate with advanced echocardiographic techniques. It is 
recommended to study the effect of other anticancer drugs on 
right ventricular function in future studies.
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