
Nuclear฀medicine฀diagnostic฀tools฀for฀early฀
detection฀of฀myocardial฀damage฀in฀treated฀

breast฀cancer฀patients฀

Antonia฀Tzonevska,฀MD฀PhD1,฀Krasimir฀Tzvetkov,฀MD2,฀฀
Mariana฀Atanasova,฀MD3,฀Anna฀Chakarova,฀MD4

1฀Department฀of฀Nuclear฀Medicine,฀Specialized฀
Hospital฀for฀Active฀Treatment฀in฀Oncology,฀Sofia,฀Bulgaria฀

2฀Department฀of฀Functional฀Cardiovascular฀and฀Pulmonary฀Diagnostics,฀Specialized฀
Hospital฀for฀Active฀Treatment฀in฀Oncology,฀Sofia,฀Bulgaria฀

3฀Chemotherapy฀Clinic,฀Specialized฀
Hospital฀for฀Active฀Treatment฀in฀Oncology,฀Sofia,฀Bulgaria

4฀Radiotherapy฀Clinic,฀Specialized฀Hospital฀for฀Active฀Treatment฀in฀Oncology,฀Sofia,฀Bulgaria

AbstrAct
The most severe side effect in treated patients with breast cancer is treatment-induced cardiotoxicity, leading to chronic heart failure 

or CAD, and worsening the patient’s quality of life. The early detection and medical protection is needed to prevent it. The aim of the 

study was to detect early signs of cardiotoxicity. 

Material and methods: 148 breast cancer patients were included in the study: 64 after combined treatment (chemo- and radiothe-

rapy), 56 patients after radiotherapy, 28 patients after chemotherapy. We performed myocardial scintigraphy (GSPECT-CT), EchoCG, 

proBNP measurement. 

Results: The analysis of the results present early signs of cardiotoxicity in 46% of investigated patients. Exclusion criteria were: patients 

with cardiac symptoms, pathologic ECG and LVEF. 

EchoCG results indicated normal systolic function in all (n = 120) patients (mean LVEF 64%), in 79 (66%) patients – normal diastolic 

function, in 41 (34%) patients diastolic dysfunction was found. Myocardial scintigraphy: normal systolic function was found in all pa-

tients (mean LVEF 68%), no segmental dysfunction, diastolic dysfunction had 47 (32%) patients. Hypoperfused myocardial segments 

were found in 39 (26%) patients. Normal myocardial perfusion had 125 (84%) patients. ProBNP: normal proBNP values were measured 

in 64 patients, increased values – in 7 (9%) patients.

Conclusion: The results indicated earlier detection of signs of cardiotoxicity in comparison to the routine diagnostic methods. Apply-

ing myocardial GSPECT-CT, we can detect early signs of myocardial damage before positive results from routine tests for cardiotoxicity 

and before severe morphologic myocardial damage.
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INtroductIoN
In cancer therapy, the optimal treatment effect and quality of life 

must both be considered in development of treatment plan for 

individual patient. In two of major modalities for cancer therapy 

– radiation therapy and chemotherapy, the introduction of new 

techniques and treatment schedules in order to intensify the 

antitumor effect with a curative intent, may be associated with 

a higher risk for normal organs and normal tissues which may not 

only limit the effectiveness of the treatment but also have further 

implications to the quality of life of the patient. In the evalua-

tion of organ toxicity from cancer therapy, both the early and late 

effects have to be considered. The first manifestations of injury 

are predominantly functional, and nuclear medicine techniques 

are particularly appropriate for monitoring function, enabling da- 

mage to be detected at an early stage before morphological altera-

tions occur [1]. 

Although many acute side effects of cancer therapy have faded 

as critical issues, cardiotoxicity remains a relevant concern and 

necessitates careful ongoing clinical attention with high index of 

suspicion. Various antineoplastic agents can cause cardiotoxi- 

city. Of them anthracyclines are the best recognized, though oth-

er chemotherapeutic and biologic agents are now known to have 

cardiac side effects [2].

Anthracyclines have been used in oncologic practice since the 

late 1960s. The tumors most commonly responding to doxoru-

bicin include breast and esophageal carcinomas, osteosarcoma, 

soft-tissue sarcomas, Hodgkin’s and non-Hodgkin’s lymphomas. 

In a retrospective study of 399 patient records, cardiomyopathy 

(CMP) and congestive heart failure (CHF) were dose-dependent. 

Incidence rose to unacceptably high levels when the cumulative 

dose of the drug exceeded 550 mg per square meter of body-sur-

face area. CHF developed in < 4% of patients who had received 

a cumulative dose of 500 to 550 mg of doxorubicin/m2, < 18% 

at a dose of 551 to 600 mg/m2 and to about 36% at a dose of 601 

mg/m2. An empirical dose limit of 500 mg/m2 was suggested as 

a strategy to minimize the risk of cardiomyopathy, although CMP 

has been reported to develop at a cumulative dose of doxorubicin 

of less than 500 mg/m2 [3]. 

Several risk factors that predispose patients to an increased risk of 

anthracycline-associated toxicity have been identified, from them 

the most important are: age > 65 years, mediastinal radiotherapy 

(previous or concomitant), previous cardiac disease (coronary, 

valvular, or myocardial), cardiac risk factors. The spectrum of 

cardiotoxicity ranges from myocarditis, pericarditis, myocardial 

infarction, sudden cardiac death to the most serious side effect 

– delayed-onset cardiomyopathy and congestive heart failure, 

which have poor clinical outcomes [4]. 

The pathogenesis of anthracycline-associated cardiac toxicity is 

known. The chemical structure of doxorubicin is prone to the 

generation of free radicals, and the oxidative stress that results 

correlates with cellular injury. Doxorubicin administration is 

associated with a decrease in the presence of the endogenous 

antioxidants responsible for the scavenging of free radicals [5]. 

A decrease in antioxidants and an increase in oxidants (free radi-

cals) result in increased oxidative stress, leading to myocardial 

damage. 

There is no ideal monitoring test for patients at high risk for car-

diotoxicity [6–8]. The standard clinical approach to monitoring 

for doxorubicin cardiotoxicity: assessment of base-line cardiac 

performance before doxorubicin therapy begins, regular monitor-

ing during treatment, and follow-up after therapy has been com-

pleted. The insidious nature of doxorubicin-induced CMP is best 

observed in the transient improvement in cardiac performance 

after the completion of therapy, followed by the development of 

full-blown CMP with CHF after years of latency [9, 10]. 

TabLE 1. 

Diagnostic methods [11].

physical examination and history taking lack of specificity

electrocardiography: arrhythmias, 
flattening of T-wave, prolongation of QT 
interval, decrease in R-wave voltage

lack of specificity

serial echocardiography and 
radionuclide ejection fraction 

high reliability imaging: decrease 
in left ventricular wide use and 
availability

angiography with radiolabeled anti-
myosin antibody for cell necrosis

high sensitivity
low specificity

angiocardiography with 
metaiodobenzylguanidine – myocardial 
integrity and cardiac function 

high sensitivity 
low specificity

endomyocardial biopsy
greatest reliability
high expense

However, in patients with low-grade myocardial damage and no 

substantial changes in the ejection fraction at the completion of 

therapy, it is still possible that CHF with typical features of doxo-

rubicin-induced cardiomyopathy will develop 4 to 20 years later 

[12].

Patients with cancer in whom symptoms of cardiomyopathy de-

veloped within the first year after doxorubicin therapy may have 

had an improvement in their condition during the first four years, 

but it subsequently deteriorated, and they died six to eight years 
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later. Endomyocardial biopsy is expensive, but it remains the most 

sensitive method for early diagnosis of ensuing cardiomyopathy. 

A change in the LVEF, as determined by echocardiography or ra-

dionuclide imaging, is a very good indicator of developing CMP, 

but is insufficient for detection of early sighs of cardiotoxicity 

[13].

After radiation therapy of cancer, localized in the thorax, early 

and late cardiac injuries may be induced. Early manifestation of 

cardiac damage is pericarditis or myocarditis while the late inju-

ries affect coronary arteries and myocardial capillaries and lead 

to ischemic heart disease. The late damage causes lost of capilla- 

ries, microvascular ischemia and progressive myocardial fibrosis 

which clinically manifests as valve dysfunction, coronary artery 

disease, myocardial infarction and sudden death years after ra-

diotherapy. The incidence of late radiation-induced cardiac di- 

sease depends on the total irradiation dose, the combination of 

the two modalities – chemo and radiotherapy and the presence 

or absence of preexisting cardiac disease [14].

The main purpose of our research is to assess nuclear medicine 

diagnostic tools for early detection of treatment-induced cardiac 

damage in breast cancer patients.

MAterIAl฀ANd฀Methods
We included in our study 148 female breast cancer patients, stage 

I–II, mean age 53 ± 11 years. They passed the following proce-

dures:

• anamnesis (n = 148)

• assessment of cardiac risk factors (n = 148)

• ECG (n = 148)

• echoCG (n = 120)

• myocardial GSPECT scintigraphy (n = 148)

• myocardial GSPECT-CT with CAC assessment (n = 28)

• proBNP measurement (n = 64).

The above described procedures are performed 6 months to one 

year after treatment. Exclusion criteria were: cardiac symptoms, 

pathologic ECG, deteriorated systolic function of LV.

Anamnesis
Detailed anamnesis and general and cardiologic status are ob-

tained by the cardiologist. The risk factors are defined.

12-channel฀ecG
The ECG changes are non specific in cardiotoxicity but the ECG 

monitoring can be helpful. The decreasing of QRS voltage and 

St-T wave changes as a cardiotoxicity indicator is not specific and 

is relatively late alteration, connected with severe and irresistible 

myocardial damage.

echocG฀[15–17]
Antracycline-induced heart failure (as a severe outcome of dete-

riorated cardiotoxicity) is a progressive clinical syndrome, cha-

racterized with altered left ventricular function and neurohor-

monal activation, often accompanied with fluid retention. The 

most commonly used method to recognize antracycline-induced 

heart failure is systolic dysfunction findings, caused by myocar-

dial contractile deficiency, which leads to decrease of LV ejection 

fraction. If the LVEF decreases bellow 50%, the LV pressure is in-

creased in the end diastole, which leads to an increase of pressure 

in the lung vessels and causes lung retention. The same increase 

of end diastolic pressure occurs during diastolic dysfunction, 

which precedes the systolic dysfunction in antracycline-induced 

cardiotoxicity. The diastolic dysfunction is characterized with 

normal systolic function, but decreased relaksation parameters 

of left ventricle, which leads to an increased end diastolic pres-

sure and lung retention too, which means that the measurement 

of the end diastolic pressure is the most secure criterion for the 

early detection of antracycline-induced heart dysfunction but 

it is possible only after heart catheterization, which is invasive 

and not routinely used method. Currently, LVEF measurement 

is used to detect or exclude systolic dysfunction. However, LVEF 

is a relatively insensitive tool for detection anthracycline induced 

cardiotoxicity at an early stage. This is largely because no consi- 

derable change in systolic function occurs until a critical amount 

of morphological damage has been take place. After this point 

deterioration proceeds rapidly and the prognosis is poor.

The heart systolic dysfunction can be recognized by LVEF moni-

toring. A normal value of 65% + 5% is accepted. Signs of heart 

failure are when LVEF falls bellow 45% or fall of 10% between 

two consequent measurements. The LVEF measurement are car-

ried out when heart rate, body temperature are normal, haemo-

globin is up of 9 g/dl – in circumstances diminishing false posi-

tive results. However LVEF is routinely used in practice to find 

cardiotoxicity, many clinical studies show that the results do not 

correlate to the endomyocardial biopsy – it has limited sensiti- 

vity for early detection of myocardial damage. Diastolic function 

parameters are more sensitive indicator. In EcoCG some diastole 

function parameters serve for cardiotoxicity assessment: left ven-

tricular end diastolic diameter with normal mean value 47 mm, 

posterior wall diastolic thickness normal mean value 9 mm, early 

peak flow velocity/atrial peak flow velocity normal range 1,9, iso-

volemic relaxation time normal value 76 ms.
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Gated฀sPect฀myocardial฀scintigraphy฀(Ms)฀
Images were obtained after intravenous injection of 600–740 

MBq of 99mTc-Tetrofosmin 45–60 min after radionuclide ad-

ministration on single detector gamma cameras Siemens or 

hybrid SPECT-CT Symbia T16 (Symbia T16, Siemens Medi-

cal Solutions USA, Inc.), using standard stress protocol. Gated  

images were acquired by using a 64 x 64 matrix, at 8 frames per 

R-R interval, using an R-wave window of ± 20% of mean preac-

quisition heart rate. Heart rate data were recorded automatically 

in image files. Data were acquired for 30 sec. projection, for 45 

projections per detector over a total arc of 180°, from the right 

anterior oblique-45° projection to the left posterior oblique-45° 

projection, with low-energy, high-resolution, parallel-hole col-

limators. 

GsPect-ct฀with฀cAc
Immediately after SPECT, CT acquisition was performed for at-

tenuation correction and coronary calcium scores, and prospec-

tive ECG triggering was used and set at 42% of the R-R interval. 

Scans were made without the use of contrast agent, with 130 kV 

and 40 mA. A single collimation of 3,00 mm and an increment 

of 3,00 mm was applied. Total radiation exposure was 1 mSv for 

each patient. The coronary calcium score was obtained using the 

Agatston method [18] for assessment of coronary artery calcifica-

tion (CAC).

reconstruction
Gated 99mTc-Tetrofosmin SPECT was quantitatively analyzed 

with QGS/QPS software (QGS/QPS; Cedars-Sinai Medical Cen-

ter, Los Angeles, CA, USA). QGS was used for calculating the 

end-diastolic volume (EDV), end-systolic volume (ESV), LVEF, 

functional maps, WT, WM, peak filling rate (PFR), one-third 

mean filling rate (MFR/3), time to PF (TTPF). Regional WM and 

WT were evaluated based on 17-segments of a polar map system, 

and summed function scores SMS, STS were calculated.

Visual analysis and QPS were used for evaluating the relative 

distribution of the myocardial perfusion. Processing and analy-

sis were done to get the classic short axis, vertical long axis and 

horizontal long axis slices with application of the segment sco- 

ring system for semiquantitative analysis of the defect size to get 

summed stress score (SSS). The result was interpreted as: nega-

tive when SS: 0–3, mild (SSS > 3 and < 8), moderate (SSS ≥ 8 and 

< 12), and severe (> 12).

CAC scores were calculated. CAC plaque documents the pre- 

sence of atherosclerosis in an individual patient and high risk for 

coronary events. In the literature the Agatston score is used to as-

sess CAC, which measures the amount of calcium in each lesion. 

Total CAC is the sum of the scores of all the calcified lesions in 

all the vessels [18].

To avoid misinterpretation, all images were evaluated by 2 inde-

pendent observers blinded to the patients clinical data.

ProbNP฀[14]
A new tool for the diagnosis and assessment of heart failure is 

the 32-amino acid polypeptide B-type natriuretic peptide (BNP). 

The synthesis of BNP occurs in the ventricles of the heart and the 

serum levels correlates with the severity of heart failure and with 

left (as well as right) ventricular pressures. Elevated BNP is found 

both in patients with diastolic dysfunction and those with systolic 

dysfunction, and the plasma level correlates with end ventricular 

diastolic pressure. Since the negative predictive value of BNP is as 

high as 98%, low BNP plasma levels make ventricular dysfunction 

unlikely and BNP might therefore a tool to screen for anthracy-

cline-induced cardiotoxicity. Two small studies have evaluated 

the usefulness of BNP as a predictor of the risk of anthracycline- 

-induced cardiotoxicity. Both have shown promising results and 

need to be confirmed.

results
All patients (n = 148) included in the study had no clinical car-

diac signs, 82 patients had cardiac risk factors (hypertension, dia-

betes mellitus, age > 65 years, smoking), 64 patients had passed 

anthracycline-based therapy with cumulative dose > 550 mg/m2 

and radiotherapy, 28 patients passed only anthracycline-based 

chemotherapy, 56 patients passed only radiotherapy. 

ECG: normal in all patients (n = 148).

EchoCG: Normal systolic function in all (n = 120) patients (mean 

LVEF 64%), in 79 (66%) patients normal diastolic function was 

found, in 41 (34%) patients diastolic dysfunction existed.

Myocardial scintigraphy: normal systolic function was found in 

all patients (mean LVEF 68%), no segmental disfunction existed, 

diastolic dysfunction had 47 (32%) patients. Hypoperfused myo-

cardial segments were found in 39 (26%) patients. Normal myo-

cardial perfusion had 125 (84%) patients. CAC was measured in 

28 patients who had more than 3 cardiac risk factors, 2 (14%) of 

them had increased value.

ProBNP: normal proBNP values were measured in 64 patients, 

increased values – in 7 (9%) patients (fig. 1).
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dIscussIoN
Anthracyclines are well established as highly efficacious anti-

neoplastic agents for various solid and hemopoetic tumors. The 

cardiotoxicity of these agents continues to limit their therapeutic 

potential and threaten the cardiac function of many patients with 

cancer. However, some of the newer agents that have recently 

enter the clinic also have been associated with cardiac conduc-

tion abnormalities that may require attention [19–21]. In a study 

included 1219 patients, treated with Herceptin ± chemotherapy, 

meta-analysis showed cardiac dysfunction as follows [19]: 

• herceptin + AC: 27%

• herceptin + paclitaxel: 13%

• herceptin alone: 3–7%

• anthracycline: 8%

• paclitaxel: 1%

New diagnostic methods may provide more simple and effective 

means of detecting patients at risk at a time when changes in ad-

ministration technique are still possible [22–24]. 

Although attempts have been made to monitor anthracycline car-

diotoxicity with techniques such as ECG, LVEF (EchoCG), they 

have been virtually inapplicable because of their low sensitivity 

and specificity [14].

The disruption of mitochondrial energetics as a mechanism of 

cardiotoxicity has recently been explored using 99Tc-SESTA-

MIBI, a lipophilic cation retained within mitochondria. Uptake 

and retention of the tracer were reduced in a dose- and time-de-

pendent manner during exposure to different concentrations of 

doxorubicin, suggesting the induction of mitochondrial defects 

[14, 25].

When radiotherapy is performed in a study, in which patients 

had modern treatment planning based on computed tomography 

and pre-RT and serial post-RT GSPECT, myocardial perfusion 

is scaned to assess for changes in heart function. New perfusion 

defects occurred in 50% to 63% of women 6 to 24 months after 

RT [14].

The patients, included in our study suffered from breast cancer, 

treated with chemo- and/or radiotherapy. We followed up the pa-

FigurE 2. 

breast cancer patient past radiotherapy, with early signs of cardiotoxicity: hypoperfusion of anterior and anterolateral wall (SSS7, extent 9%), normal systolic 

and diastolic function, CaC-0.

FigurE 1. 

breast cancer patient after antracycline-based chemotherapy, with early signs of cardiotoxicity: normal myocardial perfusion, normal systolic function, 

diastolic dysfunction, CaC-0.
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tients for cardiotoxicity comparing the conventional tests (ECG, 

LVEF by EchoCG) with diagnostic methods, which are not used 

routinely in practice, but there are literature data that they can be 

used to detect early signs of myocardial damage: diastolic myo-

cardial function, proBNP measurement, myocardial GSPECT 

scintigraphy, GSPECT-CT with CAC for simultaneous assess-

ment of myocardial systolic and diastolic function, myocardial 

perfusion and CAC [14]. 

The analysis of our results present early signs of cardiotoxicity in 

46% of investigated patients: diastolic dysfunction and/or myo-

cardial hypoperfusion, and increased proBNP value. All of the 

patients have no cardiac symptoms. ECG is insensitive test for 

cardiotoxicity – all patients had normal ECG. LVEF, measured 

by EchoCG and MS is normal in all patients too. When compare 

results from EchoCG and MS in 120 patients we found diastolic 

disfunction in 34% (EchoCG) and in 32% (MS) respectively. Dia-

stolic dysfunction and myocardial hypoperfusion are considered 

as early signs of cardiotoxicity. Patients with increased CAC and 

myocardial hypoperfusion were defined as suffering from silent 

CAD and were classified as with high risk for cardiac damage if 

routine radiotherapy would be performed. 

In a group of 64 breast cancer patients, performed chemo- and 

radiotherapy the results revealed that a highest percentage of 

patients had perfusion myocardial defects (42%) in comparison 

with myocardial diastolic dysfunction (33%) and also proBNP in-

creasing values (9%). Alteration of myocardial cells and fibrosis 

precede functional impairment and a certain critical mass of cell 

damage is needed before functional impairment can be detected 

[21]. The most likely explanation for our findings is microvascular 

damage to the myocardium caused by RT and anthracycline-in-

duced myocardial cell damage.

In 28 patients, performed chemotherapy and having cardiac risk 

factors MS defined cardiotoxicity in 21%.

In a group of 56 patients, performed radiotherapy, the results 

defined cardiotoxicity in 19% patients, exclusively in left-sided 

breast cancer.

Only GSPECT-CT with CAC MS achieves complex assessment 

of myocardial systolic and diastolic function, myocardial perfu-

sion and CAC, which gives possibility to check cardiotoxicity at 

an early stage and to define patients with high risk for cardiac 

damage.

The results from the study have to be confirmed in the studies 

with large number of investigated patients and larger period of 

follow up from 2 to 5 years after treatment.

coNclusIoN
Applying myocardial GSPECT-CT with CAC we can detect early 

signs of myocardial damage before positive results from routine 

tests for cardiotoxicity and before severe morphologic myocar-

dial damage.
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