
 

 

Introduction 
 
Cancer therapy has progressed considerably, 
improving survival for many patients [1]. How-
ever, deaths related to the cardiotoxicity of anti-
cancer drugs occur through mechanisms that 
are still unclear. Multiagent chemotherapy 
(MCT) and radiotherapy are cardiotoxic interven-
tions that can lead to diverse complications, 
such as heart failure, myocardial ischemia, myo-
cardial infarction, hypertension, thromboem-
bolism, QT prolongation, hypotension and ar-
rhythmias [2]. Despite such different clinical 
manifestations of cardiotoxicity, anticancer 
drugs may produce these effects through com-
mon cardiac mitochondrial targets [3]. Because 
technetium-99m-sestamibi (MIBI) is a marker of 
cardiac mitochondrial metabolism [4], cardiac 
MIBI uptake and washout on planar imaging, in 

addition to perfusion and left ventricular (LV) 
function on MIBI cardiac stress/rest gated-
SPECT imaging, can detect pre-clinical signs of 
cardiotoxicity. Previous experimental studies 
have found that abnormal MIBI cardiac kinetics 
may reflect cardiac mitochondrial dysfunction 
[5]. There is, however, a lack of information re-
garding the effects of cardiac MIBI uptake and 
release in patients on MCT. This study evaluates 
the hypothesis that an abnormal cardiac MIBI 
kinesis could represent a pre-clinical sign of 
cardiotoxicity in MCT patients. These results 
could encourage physicians to administer an 
early and rational course of cardioprotection 
despite the presence of a normal ejection frac-
tion. Sixteen cancer patients on MCT and four-
teen non-cancer patients were therefore evalu-
ated in a retrospective case-control study.  
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Abstract: Background: Multiagent chemotherapy (MCT) has mitochondrial targets. Since technetium-99m-sestamibi 
(MIBI) is a marker of mitochondrial metabolism, cardiac MIBI uptake and MIBI washout rate (%WR) may detect MCT-
induced cardiotoxicity. Methods: In 16 cancer patients on MCT for 10 months and in 14 non-cancer controls, cardiac 
MIBI uptake  between early (30 min) and delayed (3 hours) post-injection planar images was measured as counts per 
pixel (cpp). The MIBI cardiac %WR was also measured. Results: When MCT patients and controls were compared, 
early and cardiac delayed MIBI uptake were greater in MCT patients (45 ± 12 cpp vs. 30 ± 4 cpp; p <0.04) and (30 ± 
8 cpp vs. 25 ± 2 cpp; p < 0.02), but % WR did not change (12 ± 4% vs. 13 ± 3%; p = ns). However, in the MCT pa-
tients, the MIBI cardiac %WR was more rapid because it was obtained at the same time as in the control patients but 
from a greater amount of MIBI cardiac uptake. On 36-months follow-up, only MCT patients died of cardiac death. 
Overall survival risk parameters, only delayed cardiac MIBI uptake (Odds ratio = 1.7, p<0.001) and early cardiac MIBI 
uptake (Odds ratio = 1.2, p<0.02) were found to be significantly associated with cardiac mortality. Conclusions: In 
experimental studies, anticancer drugs elicit mitochondrial membrane hyperpolarization with passive cardiac MIBI 
uptake. In MCT patients, the increased cardiac MIBI uptake and rapid %WR compared with controls may reflect mito-
chondrial membrane dysfunction, pre-clinical cardiotoxicity and thus poor prognosis. 
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Materials and methods 
 
Patient population 

 
Sixteen consecutive cancer patients with a me-
dian age of 59 years (range 52-69; 9/16 (56%) 
males) were referred for a MIBI stress/rest 
gated-SPECT assessment due to complaints of 
functional capacity despite a normal ejection 
fraction after a median period of 10 months 
(range 8-21) on MCT.  
 
The results were compared to those of 14 non-
cancer control patients with a median age of 58 
years (range 57-69; 6/14 (43%) males) with 
similar symptoms who were also referred for 
MIBI cardiac stress/rest gated-SPECT assess-
ment due to complaints of functional capacity 
despite a normal ejection fraction. The cancer 
and control patients were selected consecu-
tively from Januay to July 2008 and did not dif-
fer with respect to age, gender or established 
cardiovascular risk factors, such as hyperten-
sion, dyslipidemia, diabetes and obesity (p > 
0.05 for all). Atrial fibrillation or an ejection frac-
tion < 45% were the exclusion criteria. The pro-
tocols for MCT were in adherence with the 
American Society of Clinical Oncology and the 
Oncology Nursing Society standards for safe 
chemotherapy administration [6]. All the pa-
tients provided written informed consent, and 
the local ethics committee approved the proto-
col of this study. 
 
Imaging methods 
 
Early anterior view planar imaging of the chest 
and stress-SPECT imaging were performed 30 
min after stress injection of an average dose of 
370 MBq of MIBI, commercially available as 
Cardiolite [7]. Delayed planar imaging was ac-
quired 3 hours after the stress injection. A sec-
ond injection of an average dose of 925 MBq of 
MIBI was made after delayed planar imaging 
and was followed after 1 hour by rest gated-
SPECT imaging.The isotope dosage was tailored 
by considering the patients body mass index 
and measure of abdominal circunmference. 
Imaging was performed with a single-day proto-
col using a double-headed gamma camera (DST
-XL; Sopha Medical Vision International, Buc, 
France) equipped with a low-energy, parallel-
bole, high-resolution collimator. On the planar 
images, early and delayed MIBI uptake were 
calculated as counts per pixel (cpp) in a region 
of interest (ROI), delineated by the contours of 

the heart area, with a ROI drawn in an area 
around the cannula used for injection and a ROI 
on the liver area (Figure 1). The MIBI washout 
rate (WR) was calculated in these 3 ROIs as 
previously defined [8]: % WR = early MIBI up-
take – delayed MIBI uptake x Hf x 100/early 
MIBI uptake, where Hf = (1/(1/2)x and x = (T 
delayed imaging – T early imaging )/6; the T 
was defined as the time for delayed planar im-
aging and the time for early planar imaging. 
MIBI tomographic images were obtained by use 
of a 180-degree circular orbit, from 45-degree 
right anterior oblique to 45-degree left posterior 
oblique, 32-frame step-and-shoot, 60 sec/
frame, with the patient in the supine position. 
Only rest projections were ECG-gated and 16 
individual ECG-gated frames per cardiac cycle 
were acquired. The gate tolerance was 100%. 
All patients in this study had a sinus rhythm. To 
avoid misinterpretation of attenuation artifacts, 
images were evaluated by 2 independent ob-
servers blinded to the patients clinical data.  
 
The symptom-limited exercise testing used for 
SPECT imaging was performed in 25 patients. 
Dipyridamole infusion was used in five patients 
who were unable to perform the exercise test-
ing; 3/16 (19%) MCT patients with bone metas-

Figure 1. A. early (e) planar imaging 30 min after 
MIBI injection. B. delayed (d) planar imaging 3 hours 
after MIBI injection. ROIs for MIBI uptake calculation 
are shown: cardiac (red arrows), site of injection 
(green arrows), and liver (white arrows). 
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tases were unable to perform the exercise test-
ing, and 2/14 (12%) control patients were inca-
pable of pedaling an exercise machine. Fixed 
and reversible abnormal perfusion defects were 
analyzed using a Cedars-Sinai protocol [9] with 
1 denoting the presence of defects and 0 denot-
ing an absence of defects (Figure 2). A 36-
month clinical follow-up was performed. 
 
Statistical analyses 
 
Statistical analyses were performed using Med-

Calc for Windows, version 12.0.3.0 (MedCalc 
Software, Broekstraat 52, 9030 Mariakerke, 
Belgium). The patient ages and the follow-up 
duration were expressed as median +/- inter-
quartile ranges. All values were then expressed 
as mean ± standard deviation. The differences 
between means were evaluated by unpaired or 
paired t-tests. In cases of unequal variances, 
the t-test was corrected with the Welch test. The 
differences between percentages were calcu-
lated with Fisher's exact test. The effect of the 
risk parameters on survival was analyzed with a 

Figure 2. MIBI SPECT of a patient after MCT. An inferior reversible defect (white arrows) and a lateral reversible defect 
(red arrow) are shown. A coronary angiogram revealed an absence of coronary obstructions. 
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logistic regression. A receiver operating charac-
teristic (ROC) curve was used to calculate the 
criterion value of the risk parameters on sur-
vival. In two groups of patients, survival curves 
were compared using the Kaplan-Meier analysis 
with the log-rank test. A p-value less than 0.05 
was considered statistically significant.  
 
Results  
 
Of the MCT patients, 9/16 (56%) experienced 
early cardiovascular adverse events within one 
month of MCT in the period before planar and 
SPECT imaging. Specifically, 1 patient had myo-
cardial ischemia, 3 had acute myocardial infarc-
tion, 2 had atrial fibrillation, 1 had atrial fibrilla-
tion and heart failure, 1 had supraventricular 
tachycardia, and 1 had a pulmonary embolism. 
On coronary angiograms, there was a lack of 
coronary obstruction in the 3 patients with myo-
cardial infarction, but the patient with myocar-
dial ischemia had single-vessel coronary artery 
disease. In the gated-SPECT imaging, all the 
patients showed normal ejection fractions, but 
abnormal perfusion defects were observed in 
only some MCT patients. Specifically, there were 
fixed perfusion defects in 2/16 (12%) MCT pa-
tients and reversible perfusion defects in 7/16 
(44%) MCT patients. When MCT patients and 
controls were compared, early MIBI and delayed 
cardiac MIBI uptake were significantly greater in 
the MCT patients, but the cardiac MIBI % WR 
did not change. However, in the MCT patients, 
the MIBI cardiac % WR was more rapid because 
it was obtained at the same time as in the con-
trol patients but from a greater amount of MIBI 

cardiac uptake. When early and delayed MIBI 
uptake and MIBI % WR of the liver and injection 
area from the MCT patients were compared with 
the respective values in the controls, the results 
did not differ. The cardiac MIBI kinetics profile 
of the patients are summarized in Table 1. 
 
Based on the gated-SPECT imaging, all the pa-
tients showed normal ejection fractions, but 
abnormal perfusion defects were observed in 
only some MCT patients. Specifically, there were 
fixed perfusion defects in 2/16 (12%) MCT pa-
tients and reversible perfusion defects in 7/16 
(44%) MCT patients. On follow-up, only 13/16 
(75%) MCT patients showed a worsening of the 
NYHA functional class (NYHA:1.8 ± 0.8 vs 2.9 ± 
1; p = 0.0001). Only 7/16 (44%) MCT patients 
were NYHA class IV; 4/16 (25%) died from heart 
failure, and 3/16 (19%) died from heart failure 
with cancer progression. The clinical character-
istics of the cancer patients, mechanisms of 
MCT cardiotoxic action [10], the gated-SPECT 
imaging and follow-up results are summarized 
in Table 2. 
 
When delayed and early cardiac MIBI uptake, 
ejection fraction, perfusion defects or cardiac 
MIBI % WR were evaluated with a logistic re-
gression analysis, delayed cardiac MIBI uptake 
(Odds ratio = 1.7, 95% CI, 1.1 to 2.7, p<0.001) 
and early cardiac MIBI uptake (Odds ratio = 1.2, 
95% CI, 1.1 to 1.5, p<0.02) were found to be 
significantly associated with cardiac mortality. 
The results did not change when the data were 
adjusted for age, total number of anti-cancer 
drugs used before nuclear imaging, duration of 

Table 1. The cardiac MIBI kinetics profile of the patients 
  
  

MCT patients 
n=16 

p Controls 
n=14 

Early cardiac MIBI uptake (ccp) 45±12 0.04 30±4 

Delayed cardiac MIBI uptake (ccp) 30±8 0.02 25±2 

Cardiac % WR 12±4 ns 13±3 

Early liver MIBI uptake (ccp) 56±22 ns 50±15 

Delayed liver MIBI uptake (ccp) 23±9 ns 21±10 

Liver % WR 36±10 ns 37±8 

Early MIBI uptake (ccp) of the area of MIBI injection 189±185 ns 145±41 

Delayed MIBI uptake (ccp) of the area of MIBI injection 147±138 ns 113±34 

MIBI % WR of the area of MIBI injection 21±4 ns 22±5 

Patients body mass index (kg/m2) 27±6 ns 28±4 

Patients abdominal circumference (cm) 100±15 ns 99±13 
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MCT, presence of early adverse effects or estab-
lished cardiovascular risk factors (p > 0.05 for 
all). When the relationship between survival risk 
parameters and death was analyzed with ROC 
curves, delayed and early cardiac MIBI uptake 
showed a greater area under the ROC curve 

compared with the other parameters with a val-
ues of 0.93 (95% confidence interval from 0.80 
to 1, p < 0.0001) and 85% (95% confidence 
interval from 0.68 to 0.95, p < 0.0001) and a 
criterion value of > 29 cpp (specificity = 86%, 
sensitivity = 91%) and and 42.8 ccp (specificity 

Table 2. Patients clinical profiles 
Age/
gender 

Type of cancer MCT  before 
SPECT 

E-EV Basal 
NYHA 

ADS % EF 
(rest-gated-
SPECT) 

MCT after 
SPECT 

Follow-up 
(months 
after SPECT) 

NYHA/L-EV 
(on follow-
up) 

52/M non Hodgkin's 
lynphoma 

Ca, Et-, Vinb, 
Ine, Epia, Ia 

My-I 
  

1 R 43   0 31   
3/0 
  

57/M Liver m. Cab, Bevac, 
Oxb 

0 1 R 57 Bevac, 
Myta, Cab, 
Fb 

27 4/HF-
death with 
CP 

68/M Colon with m. Fb, Oxb, 
Bevac, Re 

My-Isc 1 R 50 Cab, Fb 
  

31 1/0 
  

41/FM Breast wth m. 
  

Aa, Trasta, 
Cab, Mytb, 
Mtxb, Vinorb, 
Re 

AF 2 R 63 Trasta , Re 
Lape 

31 3/0 

64/M Colorectal 
  

Bevac, Cab, 
Oxb 

0 1 R 52 Ced 26 3/0 

56/FM Colorectal 
  

Bevac, Cab, 
Oxb 

AF 2 R 54 Cab, Oxb 7 4/AF-HF- 
death 

47/FM Breast wth m. 
  

Trasta, 
Bevac, Pxd, 
Ca, Vncb 

0 1 0 62 Bevac 31 1/0 

87/M Colon with m. 
  

Ced, Cab, 
Cyta 

0 3 0 52 Cab, Ced, 
Oxb 

18 4/HF-
death with 
CP 

60/FM Breast with m. Trasta,Epid, 
Ca, Vinorb 

SVT 2 0 47 Bevac, 
Cara, 
Gema 

31 3/0 

49/FM Breast 
  

Epia, Ca, Dxa, 
Trast- 

0 2 0 64 0 31 2/0 

37/FM Breast 
  

Epia, Ca, Dxa, 
Trasta, R*a 

0 1 F 65 0 26 2/0 

82/M Prostate , 
Gastric with m. 

Pxd, Re 
  
  

AF 
HF 

3 0 55  0 6 4/AF-HF- 
death 

73/M Prostate , 
Gastric with m. 

Dxa, Re My-I 
(CAD) 

3 0 52 0 3 4/HF-
death 

60/FM Breast Fb, Epia, Ca, 
Re 

My-I 
  

1 R 66 0 31 1/0 

38/M Pancreatic with 
m. 

Bevac, Cab 0 2 0 60 0 6 4/HF-
death with 
CP 

82/M Lung and 
Colon with m. 

Cab ,Oxb, 
Mytb, Fb, Ced 

P E 3 F 60 0 6 4/AF-HF- 
death 

Atrial fibrillation (AF), abnormal defects (ADS), coronary artery disease (CAD), early cardiovascular events (E-EV), late 
cardiovascular events (L-EV), female (FM), fixed ADS (F), heart failure (HF), New York Heart Association (NYHA), male (M), 
metastasis (m), myocardial infarction (My-I), myocardial ischemia (My-Isc), pulmonary embolism (PE), reversible ADS (R), 
supraventricular tachycardia (SVT), Adriamycin (A), Bevacizumab (Beva), Capecitabine (Ca), Carboplatin (Car), Cetuximab (CE), 
Cyclophosphamide (C), Cytarabine (Cyt), Docetaxel (Dx), Epirubicine (Epi), Etoposide (ET), Fluorouracil (F), Gemcitabine (Gem), 
Ifosfamide (I), Interferon (In), Lapatinib (Lap), Methotrexate (Mtx), Mytomycin (Myt), Oxaliplatin (Ox), Paclitaxel (Px), Radiotherapy 
(R), Trastuzumab (Trast), Vinorelbine (Vinor), Vincristine (Vnc). aDrugs with prevalent myocardial depression, bdrugs with prevalent 
My-Isc, c drugs with prevalent hypertension, ddruge with prevelent hypotension, edrugs with both myocardial depression and My-Isc. 
Cancer progression (CP). 
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= 86%, sensitivity = 83%), respectively. The cri-
terion value of the delayed cardiac uptake 
showed the highest average of sensitivity for 
screening the patients outcome and thus better 
stratified individuals with respect to mortality 
based on the Kaplan-Meier survival curve analy-
sis (Figure 3).  
 
Discussion 
 
This study presents the concept that in chemo-
therapy patients, the cardiac MIBI kinetics are 
altered and may be a predictor of mortality from 
cardiac causes. The increased values of the 
early and delayed cardiac MIBI uptake in MCT 
patients compared with control patients were 
not incidental findings but were clearly related 
to the specific actions of MCT on myocardial 
metabolism. The liver MIBI kinetics were similar 
in the MCT and control patients, suggesting that 
MCT did not influence liver cellular function but 
only affected the metabolism of the myocytes. 
The similar grade of MIBI uptake shown at the 
metabolically inactive injection sites of the MCT 
and control patients further demonstrated that 
MCT showed exclusive action on the metabolic 
function of myocytes. In addition, MIBI uptake 
was not influenced by the weight or body size of 
the patients. In normally-functioning hearts, 
approximately 90% of the MIBI activity is associ-
ated with the mitochondria in an energy-
dependent manner [11]. The tracer is taken up 
in the myocardium in proportion to blood flow 
and detects myocellular viability [12]. At equilib-
rium, MIBI is sequestered within mitochondria 
by the large negative transmembrane potentials 
[13]. Treatments that elicit hyperpolarization of 

cardiac mitochondrial membrane potentials 
induce thus a marked increase of cardiac MIBI 
uptake and retention [14]. Notably, the primary 
underlying mechanism of most anti-cancer 
drugs is to hyperpolarize mitochondrial mem-
brane potentials [15-19]. These data, when 
translated to patients on MCT, suggest that the 
increased cardiac MIBI uptake compared with 
controls might be a consequence of mitochon-
drial membrane dysfunction due to the MCT 
treatment. The faster MIBI washout observed in 
MCT patients with respect to controls may indi-
cate thus transient reversible mitochondrial 
membrane dysfunction as the “leaky” mitochon-
drial membrane lets more MIBI into the mito-
chondria and induces a faster MIBI “leak out” 
as well. Cardiac mitochondrial membrane hyper-
polarization induces the opening of a non-
specific pore in the mitochondrial membrane 
that enables the free passage of molecules 
<1.5 kDa into the mitochondria [20]. The result-
ing uncoupling of oxidative phosphorylation 
leads to ATP depletion, inadequate energy pro-
duction, arrhythmogenesis [21], myocardial dys-
function, and necrotic cell death [22]. Thus, the 
mitochondrial membrane increased permeabil-
ity due to MCT may represent a preliminary 
phase that may precede irreversible mitochon-
drial damage resulting in decreased cardiac 
MIBI uptake and increased MIBI washout [23, 
24], severe myocardial dysfunction, and short-
term mortality. In addition, myocardial damage 
and silent ischemia [25], which are direct con-
sequences of myocyte and vascular damage 
from MCT [26], may induce arrhythmias [27] 
and transient LV dysfunction [28]. Such mecha-
nisms thereby contribute to the worsened func-
tional capacity and the high incidence of early 
adverse cardiotoxic effects observed in patients 
under study. However our study has some limi-
tations due to the small patient sample. The 
effects of sequence, dosage, and the time inter-
val between the administrations of the antican-
cer agents were not adequately considered 
[29], while coronary angiography was performed 
only in patients with acute coronary syndromes. 
This approach on a relatively small number of 
patients does not provide therefore definite 
clinical conclusions but suggests the basis for 
further studies. 

 
Conclusion 
 
This is, however, the first study that introduces 
the properties of cardiac MIBI kinesis as a 
method for the detection of pre-clinical cardio-

Figure 3. Kaplan-Meier curves; delayed (d) cardiac 
MIBI uptake values stratified individuals with respect 
to mortality. 
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toxicity in cancer patients on MCT. The evalua-
tion of cardiac MIBI kinetics by planar imaging 
may provide additional informations concerning 
the myocardial metabolism of patients receiving 
MCT and suggest the need for an early cardio-
vascular protection [30] despite the presence of 
a normal ejection fraction. 
 
Address correspondence to: Dr. Gian Piero Carboni, 
Nuclear Cardiology Service, Università Campus-Bio 
Medico di Roma, Via Alvaro del Portillo, 200. 00124 
R o m a .  T e l :  + 3 9 6 2 2 5 4 1 1 6 3 4 ;  F a x : 
+396225411933; E-mail: g.carboni@unicampus.it 
 
References 
 
[1] Bassily MN, Wilson R, Pompei F, Burmistrov D. 

Cancer survival as a function of age at diagno-
sis: A study of the Surveillance, Epidemiology 
and End Results database. Cancer Epidemiol 
2010; 34: 667-681. 

[2] Torrisi JM, Schwartz LH, Gollub MJ, Ginsberg 
MS, Bosl GJ, Hricak H. CT findings of chemo-
therapy-induced toxicity: what radiologists need 
to know about the clinical and radiologic mani-
festations of chemotherapy toxicity. Radiology 
2011; 258: 41-56. 

[3] Frezza C, Gottlieb E. Mitochondria in cancer: 
Not just innocent bystanders Semin Cancer Biol 
2009; 19: 411. 

[4] Crane P, Laliberté R, Heminway S, Thoolen M, 
Orlandi C. Effect of mitochondrial viability and 
metabolism on technetium-99m-sestamibi 
myocardial retention. Eur J Nucl Med 1993; 20: 
20-25. 

[5] Fukushima K, Momose M, Kondo C, Higuchi T, 
Kusakabe K, Hagiwara N. Myocardial 99mTc-
sestamibi extraction and washout in hyperten-
sive heart failure using an isolated rat heart 
Nucl Med Biol 2010; 37: 1005-1012. 

[6] Jacobson JO, Polovich M, McNiff KK, Lefebvre 
KB, Cummings C, Galioto M, Bonelli KR, 
McCorkle MR; American Society of Clinical On-
cology; Oncology Nursing Society. American 
Society Of Clinical Oncology/Oncology Nursing 
Society chemotherapy administration safety 
standards. J Clin Oncol 2009; 27: 5469-5475.  

[7] The imaging market guide. USA Edition 1992-
2008. Malvern, PA: Arlington Medical Re-
sources, Inc.  

[8] Matsuo S, Nakae I, Tsutamoto T, Okamoto N, 
Horie M. A novel clinical indicator using Tc-99m 
sestamibi for evaluating cardiac mitochondrial 
function in patients with cardiomyopathies. J 
Nucl Cardiol 2007; 14: 215-220. 

[9] Berman DS, Kang X, Gransar H, Gerlach J, 
Friedman JD, Hayes SW, Thomson LE, 
Hachamovitch R, Shaw LJ, Slomka PJ, Yang LD, 
Germano G. Quantitative assessment of myo-
cardial perfusion abnormality on SPECT myo-
cardial perfusion imaging is more reproducible 

than expert visual analysis. J Nucl Cardiol 
2009; 16: 45-53. 

[10] Yeh ET, Tong AT, Lenihan DJ, Yusuf SW, 
Swafford J, Champion C, Durand JB, Gibbs H, 
Zafarmand AA, Ewer MS. Cardiovascular com-
plications of cancer therapy diagnosis, patho-
genesis, and management. Circulation 2004; 
109: 3122-3131. 

[11] Carvalho PA, Chiu ML, KronaugeJF, Kawamura 
M, Jones AG, Holman BL, Piwnica-Worms D. 
Subcellular distribution and analysis of techne-
tium-99m-MIBI in isolated perfused rat hearts. 
J Nucl Med 1992; 33: 1516-1522. 

[12] Beller GA, Watson DD. Physiological basis of 
myocardial perfusion imaging with the techne-
tium 99m agents. Semin Nucl Med 1991; 21: 
173-181. 

[13] Piwnica-Worms D, KronaugeJF, Chiu ML. Up-
take and retention of hexakis (2-
methoxyisobutylisonitrile) technetium (I) in cul-
tured chick myocardial cells. Mitochondrial and 
plasma membrane potential dependence. Cir-
culation 1990; 82: 1826-1838. 

[14] Piwnica-Worms D, KronaugeJF, Chiu ML. En-
hancement by tetraphenylborate of technetium-
99m-MIBI uptake kinetics and accumulation in 
cultured chick myocardial cells. J Nucl Med 
1991; 32: 1992-1999. 

[15] Montaigne D, Marechal X, Preau S, Baccouch 
R, Modine T, Fayad G, Lancel S, Neviere R. 
Doxorubicin induces mitochondrial permeability 
transition and contractile dysfunction in the 
human myocardium. Mitochondrion 2011; 11: 
22-26. 

[16] Walliser S, Redmann K. Effect of 5-fluorouracil 
and thymidine on the transmembrane potential 
and zeta potential of HeLa cells. Cancer Res 
1978; 38: 3555-3559. 

[17] Ma H, Jones KR, Guo R, Xu P, Shen Y, Ren J. 
Cisplatin compromises myocardial contractile 
function and mitochondrial ultrastructure: role 
of endoplasmic reticulum stress. Clin Exp Phar-
macol Physiol 2010; 37: 460-465. 

[18] al-Nasser IA. In vivo prevention of cyclophos-
phamide-induced Ca2+ dependent damage of 
rat heart and liver mitochondria by cyclosporin 
A. Comp Biochem Physiol A Mol Integr Physiol 
1998; 121: 209-214. 

[19] Grazette LP, Boecker W, Matsui T, Semigran M, 
Force TL, Hajjar RJ, Rosenzweig A. Inhibition of 
ErbB2 causes mitochondrial dysfunction in 
cardiomyocytes: implications for herceptin-
induced cardiomyopathy. J Am Coll Cardiol 
2004; 44: 2231-2238. 

[20] Halestrap AP. What is the mitochondrial perme-
ability transition pore? Mol Cell Cardiol 2009; 
46: 821-831. 

[21] Brown DA, O'Rourke B. Cardiac mitochondria 
and arrhythmias. Cardiovasc Res 2010; 88: 
241-249. 

[22] Baines CP. The mitochondrial permeability tran-
sition pore and the cardiac necrotic program. 



Cardiac technetium-99m sestamibi and chemotherapy 

 
 
300                                                                                                      Am J Cardiovasc Dis 2012;2(4):293-300 

Pediatr Cardiol 2011; 32: 258-262. 
[23] Kumita S, Seino Y, Cho K, Nakajo H, Toba M, 

Fukushima Y, Okamoto N, Takano T, Kumazaki 
T. Assessment of myocardial washout of Tc-
99m-sestamibi in patients with chronic heart 
failure: comparison with normal control. Ann 
Nucl Med 2002; 16: 237-242. 

[24] Isobe S, Ohshima S, Unno K, Izawa H, Kato K, 
Noda A, Hirashiki A, Murohara T. Relation of 
99m Tc-sestamibi washout with myocardial 
properties in patients with hypertrophic cardio-
myopathy. J Nucl Cardiol 2010; 17: 1082-
1090.  

[25] Daher IN, Yeh ET. Vascular complications of 
selected cancer therapies. Nat Clin Pract Car-
diovasc Med 2008; 5: 797-805. 

[26] Albini A, Pennesi G, Donatelli F, Cammarota R, 
De Flora S, Noonan DM. Cardiotoxicity of anti-
cancer drugs: the need for cardio-oncology and 
cardio-oncological prevention. J Natl Cancer 
Inst 2010; 102: 14-25. 

[27] Myerburg RJ, Kessler KM, Mallon SM, Cox MM, 
deMarchena E, Interian A Jr, Castellanos A. Life-
threatening ventricular arrhythmias in patients 
with silent myocardial ischemia due to coronary
-artery spasm. N Engl J Med 1992; 326: 1451-
1455. 

[28] Opie LH. The multifarious spectrum of ischemic 
left ventricular dysfunction: relevance of new 
ischemic syndromes. J Mol Cell Cardiol 1996; 
28: 2403-2414. 

[29] Saad SY, Najjar TA, Alashari M. Cardiotoxicity of 
doxorubicin/paclitaxel combination in rats: 
effect of sequence and timing of administra-
tion. J BiochemMolToxicol 2004; 18: 78-86. 

[30] Debatin KM, Poncet D, Kroemer G. Chemother-
apy: targeting the mitochondrial cell death 
pathway. Detecting MMP might thus be useful 
for detecting chemotherapy responses in vivo. 
Oncogene 2002; 21: 8786-8803. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


