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Abstract
Cardio-oncology is a subspecialty of cardiology that has 

become necessary as a consequence of the favorable impact 
of cancer treatment, which increases patients’ survival rates, 
but makes them more prone to the cardiovascular side effects 
of cancer therapies in the short and long term. The presence 
of predisposing factors such as pre-existing cardiovascular 
disease, cardiovascular risk factors, genetic predisposition, 
previous antineoplastic therapies, and increased patient age 
is associated with a higher risk of cardiotoxicity in cancer 
treatment and may aggravate its complications. The use 
of imaging methods is fundamental in the management 
and detection of complications in cancer treatment. 
Echocardiography is considered the standard method for 
assessing left ventricular function and should be used in all 
patients. Magnetic resonance imaging is the best alternative 
for evaluation in patients with other associated conditions, 
especially advanced coronary disease, and in cases where 
it is difficult to obtain adequate echocardiographic images. 
Nuclear medicine offers options for patients for whom the 
use of echocardiography and magnetic resonance imaging 
is limited and for patients whose clinical and laboratory 
assessments conflict. Judicious use of imaging techniques leads 
to better patient outcomes during cancer treatment.

Introduction
Cardio-oncology is a subspecialty of cardiology that has 

become necessary as a consequence of the favorable impact 
of cancer treatment, which increases patients’ survival rates, 
but makes them more prone to the cardiovascular side effects 
of cancer therapies in the short and long term. The presence 
of predisposing factors such as pre-existing cardiovascular 
disease, cardiovascular risk factors, genetic predisposition, 
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previous antineoplastic therapies, and increased patient age 
is associated with a higher risk of cardiotoxicity in cancer 
treatment and may aggravate its complications.1-3 The new 
European Society of Cardiology guideline defines cancer 
therapy-related toxicity in different stages. The mildest form of 
involvement is identified by the presence of elevated cardiac 
biomarkers (such as cardiac troponin) and/or abnormalities in 
cardiac strain with preserved left ventricular ejection fraction 
(LVEF) in asymptomatic patients. Accordingly, it is possible 
to observe that, for the detection of abnormalities resulting 
from cancer treatment, it is necessary to continuously monitor 
symptoms, biomarkers, and changes in imaging tests. The 
correct understanding of the use of these methods and their 
applicability, advantages, disadvantages, and limitations is 
crucial for good outcomes in cancer treatment.2,4,5

General principles for using cardiovascular imaging 
methods in assessment of cardiotoxicity

There are fundamental points about the use of imaging 
methods in the assessment of cardiotoxicity. Firstly, clinical 
evaluation prior to the beginning of cancer treatment is 
important to identify and treat cardiovascular risk factors and 
pre-existing cardiovascular diseases. Based on this information, 
a strategy involving adequate prevention and monitoring 
of patients should be developed for early identification of 
potential complications of cancer treatment (Figure 1). In 
addition to monitoring complications during cancer treatment, 
a strategy should also be drawn up for long-term patient 
follow-up, as a significant number of complications may 
arise after an active phase of cancer treatment. The use of 
reproducible, easily accessible techniques that have expertise 
and local familiarity and that cause the least number of risks for 
the patient should be taken into account when defining which 
technique should be used in the follow-up of patients.2,3,6

Echocardiogram
Chemotherapy-related cardiotoxicity, despite the recent 

growing interest, was first described in 1967.7 For analyzing 
patients who will begin treatment with potentially cardiotoxic 
drugs, an overvaluation of the ejection fraction as a criterion of 
chemotherapy-related cardiotoxicity has been observed. This 
leads to a loss of diagnostic accuracy, since, depending on the 
treatment performed, the target lesion is unique. Therefore, 
the first Brazilian position statement on the use of multimodal 
cardiovascular imaging considers cardiotoxicity as any injury 
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to the cardiovascular system within a pathophysiological 
plausibility, which could range from pulmonary hypertension 
(desatinib), QT prolongation (arsenic trioxide), venous 
thrombosis (thalidomide), coronary disease (5-fluorouracil), 
myocarditis (checkpoint inhibitors), and others.6

The knowledge acquired in recent decades has allowed 
for changes in some important paradigms, including 
the classification of type I and type II cardiotoxicity. In 
the latter, the myocardial injury is said to be reversible 
(trastuzumab, for example), whereas, in the former, it 
is irreversible (anthracyclines). In 2010, Cardinale et al. 
demonstrated that, among patients with cardiotoxicity due 
to anthracyclines undergoing pharmacological intervention 
during the first 2 months, 64% had lesion reversibility.8 
Therefore, the aforementioned classification is in disuse. The 
first echocardiographic definition of chemotherapy-related 
cardiotoxicity in a clearer and more objective manner was 
proposed in 2014, described as an absolute drop in LVEF by 
10 percentage points to values below 53%, assessed by the 
modified Simpson’s biplane method, for example, a reduction 
of LVEF from 61% to 50%. Reassessment of LVEF after 2 to 
3 weeks is recommended.4 The rationale for recommending 
this reassessment is associated with two main points: a) 
the intrinsic temporal variability of the method, which can 
vary by up to 10 percentage points using the 2-dimensional 
technique;5 b) the clinical conditions of patients with cancer, 
who usually present great variability of left ventricular (LV) 
preload and afterload, for example, dehydration, tachycardia, 
polypharmacy, anemia, infections, surgeries, diarrhea, 
vomiting, bleeding, exacerbated inflammatory response, 
etc. Accordingly, an attempt is made to minimize the effects 
of method variability. There is a concept that every systolic 
dysfunction presents associated diastolic dysfunction and 
that this precedes the reduced ejection fraction, mainly due 
to the pathophysiological model of the ischemia cascade. 
However, to the surprise of imaging specialists, the use of 
diastolic classification to assess cardiotoxicity according to the 
latest guideline of the American Society of Echocardiography 
remains controversial to this day, probably due to the clinical 
dynamics of these patients, in which there is constant lability 
of LV preload and afterload during treatment, as mentioned 
above.9 Recently, in a cohort with breast cancer, it was 

demonstrated that a persistent change or worsening of diastolic 
dysfunction had little association with the subsequent risk 
of developing systolic dysfunction.10 In 1998, the clinical 
application of myocardial strain analysis was demonstrated for 
the first time.11 Only after the first decade of the 2000s, the first 
studies supported the use of LV global strain as a tool capable 
of diagnosing subclinical myocardial injury and predicting a 
drop in LVEF.12,13 The CECCY Trial demonstrated that the use 
of beta-blockers to prevent cardiotoxicity was associated with 
an incidence of cardiotoxicity of 13.5% to 14.5%. Although 
carvedilol did not lead to a reduction in the early incidence 
of reduced LVEF, there was a significant reduction in troponin 
levels and in diastolic dysfunction.14 On the other hand, in 
the first randomized, multicenter study evaluating the clinical 
impact of guiding therapy by 2-dimensional longitudinal 
strain in one arm and by the drop in ejection fraction using 
the 3-dimensional method in the other (SUCCOUR Trial), 
the patients who were treated in the strain arm had more 
pharmacological intervention and higher ejection fraction at 
the end of the study.12

In the Brazilian context of positions and guidelines, we have 
the Second Brazilian Guidelines on Cardio-oncology6 and the 
First Brazilian Position Statement on the Use of Multimodal 
Imaging in Cardio-oncology.2 Both documents agree on 
the criteria for follow-up during chemotherapy; they differ, 
however, on the cutoff point for subclinical cardiotoxicity. 
The guideline maintained the 15% relative drop in LV global 
longitudinal strain, while the position statement adopted a 
cutoff point of 12%, in line with the SUCCOUR Trial, given 
that it is the most robust study to evaluate the impact of drug 
intervention guided by the decrease in strain. The critical 
analysis of these documents is part of the burden of clinical 
individualization, which translates into cardio-oncology in 
more cardiotoxic chemotherapy treatment. In other words, if 
anthracyclines are being used, the image monitoring periods 
will be guided by that class of medication; if tyrosine kinase 
inhibitors are used, this class will guide monitoring. Until 
the publication of these 2 documents, echocardiogram was 
recommended before treatment and every 3 months in most 
classes of chemotherapy, with the exception of anthracyclines, 
with the subsequent echocardiograms at 2 months, 6 months, 
1 year, and then annually. It may be performed earlier if 
the total dose of doxorubicin exceeds 240 mg/m2, and it 
is recommended to repeat the echocardiogram at each 50 
mg/m2 increment in the total cumulative dose. Another 
situation where there is no clarity is monitoring during the 
use of checkpoint inhibitors. To date, no study has been able 
to demonstrate the role of echocardiography in predicting 
cardiotoxicity or myocarditis in this class. In this context, 
when facing suspicion, it is strongly recommended to perform 
cardiac resonance. Over the past years, another form of 
toxicity has been noticed, namely, the excess of imaging tests 
without clinical impact, especially in patients at a low risk for 
cardiotoxicity (young patients, no cardiovascular risk factors, 
low doses of anthracyclines, absence of radiotherapy). In 2022, 
the European Society of Cardiology published the update to 
its cardio-oncology guideline.3 In this document, there is a 
change of perspective on monitoring patients with cancer who 
are exposed to chemotherapy. Instead of monitoring according 
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Figure 1 – General principles for managing patients in cardio-oncology.
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to the cardiotoxic agent, the recommendation is to monitor 
through clinical stratification using the HFA-ICOS score, 
which classifies the risks of cardiotoxicity as low, moderate, 
high, and very high. Only patients with high/very high risk 
should be referred to a cardiologist (class I) before starting 
treatment. Regarding systematic and serial echocardiograms, 
there has been a change in the performance of the exam, 
based on clinical stratification, with a baseline echocardiogram 
being recommended before the start of chemotherapy in all 
patients. However, serial performance throughout treatment 
will be guided by the patients’ stratification according to the 
HFA-ICOS score. This rationale is extremely consistent from 
a clinical and cost-effectiveness point of view. On the other 
hand, the practicality of using it in daily clinical practice has 
become challenging, due to the uniqueness of each cancer 
treatment and each patient’s risk stratification (Table 1). 
This European update has brought an interesting severity 
classification, considering the patient’s functional status or 
the echocardiogram imaging data in asymptomatic patients.

This classification is important not only for prognostic 
stratification, but also for guiding therapy, which differentiates 
it from previous documents that did not categorize 
asymptomatic and symptomatic patients.

The incorporation of new technologies for monitoring 
cancer therapy-related cardiotoxicity, such as longitudinal 
global strain, allows for subclinical detection and more accurate 
monitoring during cardioprotective intervention (Figure 2).

Finally, although several studies have demonstrated that 
the assessment of LVEF by 3-dimensional echocardiography 
is quite robust, with values approaching the gold standard of 
cardiac volumetry (magnetic resonance imaging of the heart),15 
there is no demonstration of the superiority of monitoring 
cardiotoxicity using 3-dimensional LVEF in relation to the 
technique of LV global longitudinal strain.16-18 Nevertheless, we 
must adopt a critical view of the subject, since cardio-oncology 
is a relatively recent science. In the other clinical scenarios, 
the assessment of LVEF using the 3-dimensional technique is 
a more accurate tool when available. Therefore, we must use 
as much information as we have available, always combining 
it with clinical rationale, seeking to improve the survival of 
these patients, mitigating risks and morbidities.

Nuclear cardiology

a)	 Radionuclide ventriculography in the monitoring of 
ventricular dysfunction

At the basis of cardio-oncology, the use of nuclear medicine 
has been one of the structuring forms of the ventricular 
function assessment protocol. Schwartz et al. used radionuclide 
ventriculography (often known as multigated acquisition or 
MUGA) to monitor patients treated with doxorubicin to detect 
small changes in LV function, in order to avoid elevated doses 
of doxorubicin and thus prevent significant cardiomyopathy.19 
In a pioneering manner, they demonstrated that the routine 
use of radionuclide ventriculography was associated with a 
reduced incidence of clinical heart failure to 2.8%, compared 
to 20.8% in patients receiving standard care without imaging.19 
Since then, the assessment of ventricular function has been 

routinely performed in patients treated with anthracyclines, 
and radionuclide ventriculography is now part of the assessment 
in a diverse range of patients. For its best use, it is necessary 
to understand its operational characteristics. The main 
advantages of radionuclide ventriculography are great intra- 
and inter-observer reproducibility, semi-automatic processing, 
widely available performance in nuclear medicine services, 
accuracy, little dependence on the operator, and the absence 
of contraindications related to renal dysfunction or allergy. The 
limitations to radionuclide ventriculography include the use of 
radiation (especially due to its repeated use) and the fact that 
the assessment of ventricular function is not accompanied by 
a structural analysis of the heart, the pericardium, the valves, 
or the state of the myocardium, as in magnetic resonance 
imaging.1,20 It is important to emphasize the fact that the 
LVEF values obtained by echocardiogram are not consistent 
with those from radionuclide ventriculography. Some authors 
found that echocardiogram provides higher LVEF values than 
radionuclide ventriculography, which could lead echocardiogram 
to underestimate cardiotoxicity. It is very important to be aware 
of the specificities of imaging methods and be familiar with them 
for proper use.21 In general, radionuclide ventriculography is 
best used in the following situations: when LVEF values on the 
echocardiogram are difficult to obtain (poor acoustic window); 
when LVEF values conflict with other results of clinical or 
laboratory tests or with clinical evaluation, as radionuclide 
ventriculography is more accurate and less dependent on 
operator proficiency; and when the LVEF value obtained by 
echocardiogram will lead to a significant change in the cancer 
treatment, such as interruption of a first-line cancer drug, in order 
to confirm the need for a change in strategy.1,3,20,22

Table 1 – Cancer therapy-related cardiotoxicity

Symptomatic (HF)

Mild
Patient with mild symptoms, 
without worsening during cancer 
treatment

Moderate
Outpatient requiring diuretic 
therapy and HF medication

Severe Hospitalized patient

Very severe

Patient requiring inotropic agents 
or mechanical circulatory support; 
or under assessment for heart 
transplantation

Asymptomatic

Mild

Ejection fraction ≥ 50% and new 
relative drop by more than 15% in 
LV global longitudinal strain; and/
or increase in myocardial injury 
biomarkers

Moderate

New drop in ejection fraction to 
values between 40% and 49%, 
associated or not with elevated 
biomarkers and decreased LV 
global longitudinal strain

Important
New drop in ejection fraction to 
values below 40%

HF: heart failure, LV: left ventricle; biomarkers: troponin. Adapted table.3
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Figure 3 shows the example of a patient whose 
echocardiogram showed doubtful LVEF values making 
radionuclide ventriculography necessary to define 
management.

b)	 123I-MIBG scintigraphy in the detection of 
cardiotoxicity

Changes in LV contractility function are relatively late in 
the cascade of damage secondary to cancer treatment. Earlier 
means of detecting cardiotoxicity have been proposed, such 
as the use of hyperstimulation of the adrenergic system, which 
is secondary to ventricular damage caused by antineoplastic 
agents. The tracer 123-iodine metaiodobenzylguanidine 
(MIBG) has demonstrated value in identifying patients 
with hyperstimulation of the adrenergic system and who 
are at increased risk of adverse events when suffering from 
heart failure with reduced LVEF.23 An experimental study 
demonstrated that, after treatment with doxorubicin, cardiac 
123I-MIBG uptake was significantly reduced 2 weeks later, 
followed by a decrease in LV end-diastolic volume and 
increased 18F-FDG uptake at 4 weeks, and, finally, by an 
increase in LV end-systolic volume and a decrease in LVEF 
at 6 weeks. Imaging of cardiac innervation is, thus, the 
earliest marker of anthracycline cardiotoxicity.24 In Brazil, 
Guimarães et al. demonstrated that, in women with breast 
cancer undergoing chemotherapy, the evaluation of cardiac 
sympathetic activity with 123I-MIBG was an early marker 
of cardiotoxicity.25 These data were recently reinforced by 
a systematic review with 12 studies using 123I-MIBG that 
indicated the value of the technique as an earlier method than 
echocardiogram in detecting cardiotoxicity; however, due to 
the methodological variability of the studies, further studies 
are recommended to confirm these findings.26 

c)	 18F-FDG PET CT in the assessment of cardiotoxicity
Inc reased  myocard ia l  up take  o f  18- f luor ine 

fluorodeoxyglucose (18F-FDG) appears to be a marker of early 
myocardial damage in cancer therapy. Experimental studies 

using radiotherapy in the cardiac area have shown that high 
uptake of FDG in an irradiated field appears to be related to 
myocardial damage in the microcirculation associated with 
mitochondrial damage.27 Positron emission tomography (PET) 
with 18F-FDG is mentioned in the cardio-oncology position 
statement of the Brazilian Society of Cardiology as a means 
of diagnosing cardiotoxicity induced by immune checkpoint 
inhibitors, since it makes it possible to detect, evaluate the 
extent, and even quantify the inflammatory process of multiple 
cardiovascular conditions, such as myocarditis, pericarditis, 
and vasculitis.28 Figure 4 displays how the main applications 
of nuclear medicine in cancer-related cardiotoxicity have 
expanded beyond the assessment of LV function.29 

Cardiac magnetic resonance imaging
The improvement of cardiac magnetic resonance imaging 

techniques and the increasingly available access have 
expanded the role of cardiac magnetic resonance imaging 
into cardio-oncology. Recently, myocardial strain imaging 
and native T1 and T2 mapping have offered information 
beyond the quantification of ejection fraction, improving early 
detection of cardiotoxicity and predicting cardiac dysfunction 
without the use of contrast and radiation exposure.

Echocardiography is the first-line approach in the initial 
assessment of cardiac function, in the risk stratification of 
pre-existing cardiovascular disease, and in the imaging 
surveillance of cardiotoxicity during cancer treatment.3,6 In 
some situations, echocardiographic evaluation is a challenge, 
for instance, in patients undergoing treatment for breast cancer 
who have breast implants, or in patients who have already 
undergone pulmonary lobectomy due to lung cancer with 
consequent displacement of the heart (Figure 5), making 
echocardiographic assessment difficult or even impossible.

In patients with a limited echocardiographic window or 
with doubtful echocardiographic findings, cardiac magnetic 
resonance imaging is recommended, and it is able to add 
important information to stress imaging in the risk stratification 
of coronary disease and in the suspicion of acute myocarditis 
related to cardiotoxicity.3

Figure 2 – A 67-year-old patient with inoperable abdominal leiomyosarcoma who used docetaxel with gemcitabine as first line, then doxorubicin with dacarbazine, 
and currently using ifosfamide. In April 2019, she was asymptomatic, and a beta-blocker was prescribed due to subclinical cardiotoxicity (drop in global longitudinal 
strain greater than 15%), but the patient did not use the medication, returning 5 months later with heart failure and reduced ejection fraction. At that time, the 
patient was medicated with enalapril and carvedilol, evolving with clinical and echocardiographic improvement. ACEI: angiotensin-converting enzyme inhibitor; 
GLS: global longitudinal strain; LVEF: left ventricular ejection fraction.
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Figure 3 – A 52-year-old patient undergoing treatment for breast cancer with doxorubicin and trastuzumab. After the second cycle, the echocardiogram showed 
a worsening of the left ventricular ejection fraction from 67% to 45%. Radionuclide ventriculography confirmed that left ventricular ejection fraction had dropped 
to less than 50% (49%), leading to temporary suspension of trastuzumab.

 a)	 Magnetic resonance imaging in the detection of early 
myocardial damage

Waiting for LVEF to drop during cancer treatment may imply 
irreversible cardiovascular damage and it may be too late for 
protective measures. The alteration of regional myocardial 
deformation occurs before myocardial dysfunction in these 
patients.2,3

Accordingly, the use of myocardial strain by cardiac 
magnetic resonance imaging has shown to be an effective 
tool not only in the early detection of cardiotoxicity, before 
the reduction of the ejection fraction, but also a tool capable 
of identifying patients at risk of developing cardiotoxicity 
and those with chances of recovery after established 
cardiotoxicity.

In a longitudinal study of cardiac magnetic resonance 
imaging, Giusca et al. used fast strain encoded magnetic 
resonance (fast-SENC) to demonstrate that the percentage 
of normal myocardium, defined as the number of segments 
with circumferential and longitudinal strain ≤ −17% divided 
by 37 (total of segments considered), between 60% and 80% 
identified patients at risk of developing clinical or subclinical 
cardiotoxicity, and that early cardioprotective therapies assist 
in ventricular recovery. On the other hand, patients with a 
percentage of normal myocardium ≤ 55% had a high risk of 
cardiotoxicity and a low chance of recovery.18

Myocardial deformation by cardiac magnetic resonance 
imaging can also be calculated using post-processing software 
(feature tracking) from cine images acquired in the standard 
protocol, even if the specific sequence of myocardial strain 

has not been performed. Nevertheless, cine images have lower 
spatial and temporal resolution for strain calculation by feature 
tracking than echocardiography using speckle tracking.13

 

b)	 Magnetic resonance imaging in cardiotoxicity 
monitoring

The risk of cardiovascular toxicity should be assessed 
in all patients before initiating cancer treatment to identify 
individuals with pre-existing cardiovascular disease or 
multiple risk factors, thus considering prevention strategies, 
guiding appropriate cancer treatment in high-risk patients, 
and ultimately mitigating the risk of myocardial injury and 
heart failure.1

The risk of coronary artery disease should be assessed by 
conventional risk scores, and cardiac magnetic resonance 
imaging is a good option for cardiovascular stratification 
with stress perfusion imaging and delayed gadolinium 
enhancement. Furthermore, cardiac magnetic resonance 
imaging is the gold standard for measuring left and right 
ventricular ejection fraction, volumes, and mass. Its ability 
to detect small changes with low operator dependence may 
represent early changes in treatment strategy and the initiation 
of protective measures, thus reducing myocardial injury.30

Recent data about damage to the right ventricle related to 
anticancer therapy have also shown the involvement of this 
chamber, similar to what occurs with the LV. Corroborating 
these findings, Souza et al. found a decrease in the right 
ventricular ejection fraction, an increase in diffuse interstitial 



ABC Heart Fail Cardiomyop. 2022; 2(4):386-394 391

Review Article

Mesquita et al.
Analysis of Ventricular Dysfunction and Cancer

fibrosis, and a decrease in myocardial mass in 27 women 
undergoing treatment for breast cancer with anthracyclines, 
changes similar to those found in the LV.31

Conventional sequences of cardiac magnetic resonance 
imaging during the monitoring of patients undergoing 
cancer treatment add important information associated 
with cardiotoxicity or cancer-related complications. Acute 
pericarditis secondary to chemotherapy or mediastinal 
radiotherapy, or even involvement of the pericardium due 
to infiltration or metastatic spread, can be diagnosed with 
the combination of anatomical dark blood sequences, 
delayed enhancement, and cine imaging. Real-time cine 
sequences with free breathing and tagging provide additional 
information in cases of evolution to constrictive pericarditis.32 

Although rare, immune checkpoint inhibitor-related 
myocarditis may be increasingly present in clinical practice 
due to the increasing use of immunotherapy in the treatment 
of cancer, and cardiac magnetic resonance imaging is 
particularly important in this scenario, as it is a non-invasive 
and accurate diagnostic tool. Parametric maps, although not 
included in the Lake Louise criteria,33 when incorporated, 
have shown an evident gain in diagnostic accuracy, especially 
in the context of immune checkpoint inhibitor-related 
myocarditis.34

c)	 New magnetic resonance techniques for detecting 
cardiotoxicity

Tissue characterization by cardiac magnetic resonance 
imaging is a promising tool for early identification of 
cardiotoxicity. Consistent data have shown that edema, 
inflammation, and extracellular volume expansion occur 
before myocardial dysfunction in these patients.30 Increased 
signal intensity in the myocardium on T2-weighted sequences 

reveals areas with increased water content that represent 
myocardial edema. Nonetheless, conventional imaging has 
some important limitations related to motion artifacts and 
bright subendocardial rims due to stagnant blood. In contrast, 
myocardial T2 mapping does not have these limitations and 
improves edema detection. Some studies have proposed the 
use of T2 mapping to identify myocardial edema as the first 
alteration caused by damage to the myocardium related to 
cardiotoxicity.

Galan-Arriola et al. correlated histopathological findings 
of doxorubicin-induced myocardial injury with T1 and 
T2 mapping, quantification of extracellular volume, and 
LVEF in an animal model. Cardiac magnetic resonance 
imaging was performed weekly before, during, and after 
anthracycline treatment, and T2 mapping showed changes 
prior to T1 mapping, extracellular volume, and LVEF. 
The histological correlation detected intracardiomyocyte 
edema without any other evident alteration in the structure 
of the myocardial tissue, and after suspension of the 
anthracycline there was no development of clinical or 
histological alterations.35

However, studies in humans have failed to demonstrate the 
significant role of T2 values in the context of cardiotoxicity. 
Tahir et al. studied changes in T1 and T2 mapping and 
myocardial strain in humans in the early detection of 
cardiotoxicity and found that T1 mapping was better able to 
detect cardiotoxicity than T2 mapping. The authors believe 
that this difference is due to the fact that they performed the 
control cardiac magnetic resonance imaging later and less 
frequently than Galan-Arriola et al. Therefore, T2 would be 
smaller or already normalized, while T1 would still be high.35 
This could explain why T1 mapping has a stronger data 
correlation with cardiotoxicity than T2 mapping.

Myocardial perfusion abnormalities
•Gated SPECT with 99mTc-MIBI
•PET CT with 82Rb or 13N-NH3

Alterations in cardiac sympathetic innervation
•123I-MIBG

Alterations in cardiac systolic and diastolic function
•Gated SPECT with 99mTc-MIBI or radionuclide ventriculography with 99mTc
•PET CT with 82Rb or 13N-NH3

Alterations in myocardial metabolism
•PET CT with 18F-FDG

Figure 4 – Main applications of nuclear medicine in the detection and monitoring of cancer therapy-related cardiotoxicity. 23I-MIBG: 123-iodine 
metaiodobenzylguanidine; 18F-FDG: 18-fluorine fluorodeoxyglucose; MIBI: sestamibi; NH3: ammonia; PET CT: positron emission tomography coupled with 
computed tomography; Rb: rubidium; SPECT: single-photon emission computed tomography; Tc: technetium. Adopted from Mesquita et al.29
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Native T1 sequence identifies focal and/or diffuse 
myocardial lesion, without the use of contrast, before it can 
be detected by late gadolinium enhancement.36 In addition, 
post-contrast T1 mapping offers the added benefit of 
quantifying extracellular volume already validated for fibrosis 
measurement. Considering the diffuse pattern of fibrosis most 
commonly found in this context, T1 mapping and calculation 
of extracellular volume are better predictors of the presence of 
fibrosis than delayed enhancement, seeing that focal fibrosis 
was detected by delayed enhancement in only 6% of patients 
treated with anthracycline-based chemotherapy (Figure 6).37 

Multiple studies have demonstrated the potential of 
myocardial T1 and T2 mapping and calculation of extracellular 
volume in the early detection of cardiotoxicity.18,30,34,36,37 
However, the great heterogeneity between acquisition 
sequences, varying even between manufacturers, limit their 
use in clinical practice, especially in longitudinal comparison 
of patients. For patients in monitoring for cardiotoxicity, 
always performing follow-up with the same type of sequence 
and respecting the same acquisition parameters can mitigate 
these limitations.38

Figure 6 – Delayed enhancement image without evidence of myocardial fibrosis (in a), but with increased native T1 (in b), in a 53-year-old man undergoing 
treatment for Hodgkin’s lymphoma with doxorubicin, bleomycin, vinblastine, and dacarbazine, in addition to radiotherapy.

Conclusion
The care of patients with cancer has evolved substantially 

in the past decades with the majority of patients surviving 
the initial treatment. The management of patients with 
cancer involves planning strategies to monitor the potential 
complications of this treatment, especially in patients 
who already have cardiovascular risk factors or manifest 
cardiovascular diseases. Many cancer treatment survivors 
will experience various problems related to cancer and the 
treatment thereof, as well as late effects throughout their lives. 
Therefore, it is crucial to use reliable techniques to monitor 
ventricular function for successful treatment, thus ensuring 
adequate life expectancy and quality of life.
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