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Aim 
The aim of this document is to provide general information about breast scintigraphy 
in patients with known or suspected breast cancer. This guideline does not include all 
the existing procedures for scintimammography. It describes only the 99mTc-
SestaMIBI (2-methoxyisobutiylisonitrile) and the 99mTc-Tetrofosmin (1,2-bis bis(2-
ethoxy-ethylphosphine)ethane) breast scintigraphy protocols used in the current 
clinical routine. The guideline should therefore not be taken as exclusive of other 
nuclear medicine procedures useful to obtain comparable results. It is important to 
remember that the resources and the facilities available for patient care may vary 
from one country to another and from one medical institution to another. The present 
guide has been prepared for nuclear medicine physicians and intends to offer 
assistance in optimising the diagnostic information that can be obtained from 
scintimammography. The corresponding guidelines of the Society of Nuclear 
Medicine (SNM) have been taken into consideration and partially integrated with the 
present text. The same has been done with the most relevant literature on this topic, 
and the final result has been discussed by a group of distinguished experts. 
 
Background 
Breast scintigraphy is a non-invasive diagnostic tool that produces planar and 
tomographic images and gives general information on tumour cell viability and 
cellularity.  A variety of radiopharmaceuticals have been used for this technique. The 
widely used tracer for breast scintigraphy are lipophilic cation analogues, such as 
99mTc-SestaMIBI, which has been the first radiopharmaceutical registered for this 
purpose in U.S.A) and 99mTc-Tetrofosmin. Other radiopharmaceuticals, including 
201Tl-chloride and 99mTc-MDP, have also been proposed in the study of breast cancer.  
99mTc-SestaMIBI and 99mTc-Tetrofosmin are small cationic complexes of technetium, 
which are accumulated in the myocardium and in various neoplasms. Their 
mechanism of uptake has been described. They are markers of cellular 
transmembrane electrical potentials and they concentrate most markedly in 
mitochondria. The uptake is related to increased energy-dependent metabolism and 
cell proliferation. Recent papers have demonstrated that its cellular accumulation is 
reduced when multidrug resistance proteins are overexpressed. 
 
Clinical indications 
Although at present mammography should be considered the main diagnostic 
imaging technique to study breast cancer, breast scintigraphy has a role in the 
following indications: 
- detection of breast cancer when mammography is doubtful, inadequate or 

indeterminate. In particular, it may serve as a complementary procedure in 
patients with doubtful microcalcifications or parenchymal distortions, in the 
presence of scar tissue in the breast following surgery or biopsy, in 
mammographically dense breast tissue, and in breasts with implants;  

- assistance in identifying multicentric, multifocal or bilateral breast cancer in 
patients with a diagnosis of breast cancer;  

- study of multidrug resistance;  
- evaluation and prediction of tumour response to chemotherapy for breast 

carcinoma.  
 
Precautions 
- Pregnancy (suspected or confirmed). In the case of a diagnostic procedure in a 

patient who is known or suspected to be pregnant, a clinical decision is necessary 
to consider the benefits against the possible harm of carrying out any procedure.  

- Breastfeeding (when possible, breastfeeding should be interrupted for 24 hours 
following administration of the radiopharmaceutical).  

Although some protocols include checking of the patient’s menstrual cycle, no clear 
influence of this factor on breast scintigraphy has been reported.  
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Pre-examination procedures 
1) Patient preparation 
No special preparation for the test is required.  
The technologist or physician should give the patient a thorough explanation of the 
test. 
The patient should remove all clothing and jewellery above the waist immediately 
prior to the examination.  
 
2) Pre-injection 
Clinical evaluation by the nuclear medicine physician 
The nuclear medicine physician should perform an accurate breast physical 
examination to evaluate the abnormalities under study. Also the locoregional lymph 
nodes should be explored.  
In addition, the physician should consider any information that can be useful for the 
interpretation of the scintigraphic images, including: 
- menstrual cycle of the patient  (even if no clear influence of this factor on breast 

scintigraphy has been demonstrated); 
- recent  mammography (mandatory), up to 4 weeks previously; 
- recent ultrasonography (optional), up to 4 weeks previously;  
- other possible previous clinical images.  
In particular, all the following information should be evaluated and checked, as these 
situations are causes of false positive results: 
- recent breast surgery or any invasive diagnostic procedures such as cyst 

aspiration or fine-needle aspiration (scintigraphy should be delayed at least 2 
weeks), core or excisional biopsy (scintigraphy should be delayed 4 to 6 weeks) 
and breast surgery or radiation therapy (scintigraphy should be delayed at least 2 
months); 

- recent chemotherapy.  
 
3) Tracer injection, dosage and administration 
Tracer should be administered by intravenous injection in an arm vein contralateral to 
the breast with the suspected abnormality. If the disease is bilateral, the injection is 
ideally administered in a dorsal vein of the foot. A butterfly can be adopted to ensure 
correct venous access before drug administration. Perivenous extravasation may 
lead to visualisation of non-pathological lymph nodes in the related lymph node 
basins. The injection should be followed by flushing with 5-10 ml of saline.  
With regard to the injected activity of radiopharmaceuticals. The activity of 
radiopharmaceutical to be administered should be determined after taking account of 
the European Atomic Energy Community Treaty, and in particular article 31, which 
has been adopted by the Council of the European Union (Directive 
97/43/EURATOM). This Directive supplements Directive 96/29/EURATOM and 
guarantees health protection of individuals with respect to the dangers of ionising 
radiation in the context of medical exposures. According to this Directive, Member 
States are required to bring into force such regulations as may be necessary to 
comply with the Directive. One of the criteria is the designation of Diagnostic 
Reference Levels (DRL) for radiopharmaceuticals; these are defined as levels of 
activity for groups of standard-sized patients and for broadly defined types of 
equipment. It is expected that these levels will not to be exceeded for standard 
procedures when good and normal practice regarding diagnostic and technical 
performance is applied. 
For the aforementioned reasons the following activity for SestaMIBI and Tetrofosmin 
should be considered only as a general indication, based on the data of the literature 
and the current experience. However, it should be noted that in each country nuclear 
medicine physicians should respect the DRLs and the rules stated by the local law. 
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The SestaMIBI or Tetrofosmin activity required for good imaging should range 
between 740 and 1110 MBq (20-30 mCi). Injection of activities greater than local 
DRLs should be justified. The organs which receive the largest radiation doses are 
gall bladder and kidneys (see Table). 
 
Physiological 99mTc-SestaMIBI or 99mTc-Tetrofosmin distribution 
Evident concentration of the 99mTc-SestaMIBI can be seen in vivo in several organs. 
In particular, normal tracer uptake is evident in the salivary glands, thyroid, 
myocardium, liver, gallbladder, small and large intestine, kidneys, bladder, choroid 
plexuses and skeletal muscles. At five minutes post-injection about 8% of the injected 
dose of 99mTc-SestaMIBI remains in circulation. The effective half-life of clearance is 
approx. 3 hours for the heart and approx. 30 minutes for the liver. 
As regards 99mTc-Tetrofosmin, less than 5% of the injected dose remained in blood by 
10 minutes post-injection ad taken up predominantly in muscles. The effective half-
life of clearance is 4 hours for the heart and 30 minutes for the liver. 
A faint homogeneous uptake of both radiopharmaceuticals in the breast or axilla is 
normal. Physiological tracer uptake may be observed in the nipples.  
 
Radiation dosimetry  
The estimated adsorbed radiation dose to various organs in healthy subjects 
following administration of Technetium-MIBI is given in the following Table. The data 
are quoted from ICRP no. 80.  
 Absorbed dose per unit activity 

administered (mGy/MBq) 

Organ Adult 15 years 
Adrenals 0.0075 0.0099 
Bladder 0.011 0.014 
Bone surfaces 0.0082 0.010 
Brain 0.0052 0.0071 
Breast 0.0038 0.0053 
Gall bladder 0.039 0.045 
Stomach 0.0065 0.0090 
Small Intestine 0.015 0.018 
Colon 0.024 0.031 
Heart 0.0063 0.0082 
Kidneys 0.036 0.043 
Liver 0.011 0.014 
Lungs 0.0046 0.0064 
Muscles 0.0029 0.0037 
Oesophagus 0.0041 0.0057 
Ovaries 0.0091 0.012 
Pancreas 0.0077 0.010 
Salivary glands 0.014 0.017 
Skin 0.0031 0.0041 
Red marrow 0.0055 0.0071 
Spleen 0.0065 0.0086 
Testes 0.0038 0.0050 
Thymus 0.0041 0.0057 
Thyroid 0.0053 0.0079 
Uterus 0.0078 0.010 
Remaining organs 0.0031 0.0039 
Effective dose (mSv/MBq) 0.0085 0.011 
 
The estimated adsorbed radiation dose to various organs in healthy subjects 
following administration of Technetium-Tetrofosmin is given in the following Table. 
The data are quoted from ICRP no. 80. 
  Absorbed dose per unit activity administered 

(mGy/MBq) 

Organ Adult 15 years 



 6 

Adrenals     0,0033      0,0043  
Bladder     0,0260      0,0330  
Bone surfaces     0,0048      0,0058  
Brain     0,0005      0,0006  
Breast     0,0010      0,0013  
Gall bladder     0,0270      0,0310  
Stomach     0,0035      0,0047  
Small Intestine     0,0110      0,0140  
Colon     0,0180      0,0230  
Heart     0,0048      0,0061  
Kidneys     0,0110      0,0130  
Liver     0,0033      0,0042  
Lungs     0,0022      0,0029  
Muscles     0,0041      0,0050  
Oesophagus     0,0024      0,0030  
Ovaries     0,0076      0,0095  
Pancreas     0,0039      0,0051  
Salivary glands     0,0093      0,0110  
Skin     0,0014      0,0017  
Red marrow     0,0029      0,0035  
Spleen     0,0030      0,0039  
Testes     0,0029      0,0039  
Thymus     0,0024      0,0030  
Thyroid     0,0048      0,0071  
Uterus     0,0076      0,0093  
Remaining organs     0,0041      0,0051  
Effective dose (mSv/MBq)     0,0070      0,0082  

 
Radiopharmaceuticals [99mTc]-SestaMIBI 
Description 
SestaMIBI is commercially available as Cardiolite. It is supplied as a vial containing, 
in a lyophilised form the Cu (I) salt of tetrakis (2-methoxy isobutylisonitrile), stannous 
reducing agent and excipients. 
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Preparation 
99mTc-SestaMIBI is prepared by addition of the required 
amount of sodium [99mTc] pertechnetate diluted in sterile 
physiological saline to the vial and heating at 100 °C for 10 
minutes according to the manufacturer instructions. 
 
Quality control 
The radioactive concentration should be determined by 
measuring the activity of the vial in a calibrated ionisation 
chamber. Radiochemical purity may be confirmed using a 
TLC method. (Solid phase Baker-Flex Aluminium oxide plate, 
mobile phase Ethanol >95%  Rf SestaMIBI 1.0, unbound Tc-
99m 0.0). Labelling efficiency should be >90%. 
 
Special precautions 
The preparation may be diluted with sterile physiological 
saline if required. The radiopharmaceutical should be used 
within 6 hours of preparation. 
Extensive adsorption of the radiopharmaceutical to some 

vials and syringes has been observed. 
 
Radiopharmaceuticals [99mTc]-Tetrofosmin 
Description 
Tetrofosmin is commercially available as Myoview. It is supplied as a vial containing, 
in a lyophilised form 0,23 mg of Tetrofosmin (1,2-bis bis(2-ethoxy-
ethylphosphine)ethane), with stannous chloride de-hydrated, di-sodium-sulpho-
salicylate and sodium-di-gluconate and other excipients. 
 
 
Structure of Tetrofosmin 

 
Preparation 
99mTc-Tetrofosmin is prepared by addition of the required 
amount of sodium [99mTc] pertechnetate diluted in sterile 
physiological saline to the vial, according to the 
manufacturers instructions. 
 
Quality control 
The radioactive concentration should be determined by 
measuring the activity of the vial in a calibrated ionisation 
chamber. Radiochemical purity may be confirmed using a 
ITLC/SG method. Use a 35:65 v/v mixture of acetone and 
dichloromethane a Gelman ITLC/SG strip (2cm x 20cm). After 
deposition, free 99mTc-pertechnetate runs to the top piece, 
technetium Tc-99m-tetrofosmin runs to the center piece, and 
any hydrophilic complex impurities remain at the origin of the 
strip. Labelling efficiency should be >90%. 
 
Gamma camera quality control 
A strict quality control programme should be routinely 

performed according to the rules of each country, as stated in the 97/43/Council 
Directives EURATOM.  
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Image acquisition 
1) Instrumentation 
- A single- or multiple-head gamma camera is needed to acquire planar and/or 

tomographic (SPECT) images.  
- The gamma camera should be equipped with a low-energy, high-resolution 

collimator.  
- An imaging table (mattress) with specially designed breast cutouts to allow the 

breast to be fully dependent or with a foam cushion with a lateral semicircular 
aperture is required.  

- The energy window for image collection should be 10% (±5%) centred over the 
140 keV photopeak of 99mTc.  

 
2) Acquisition modality 
- Lateral views in prone position and anterior view in supine position must be 

acquired in all circumstances. The detector should touch the patient’s side to 
improve the resolution. Prone lateral breast images should be acquired with the 
patient lying prone with her head resting on her arms on a breast scintigraphy 
mattress. This projection allows excellent separation of the deep breast structures 
from the myocardium or liver. The contralateral breast should be compressed 
against the table to prevent cross-talk of activity. The axilla must be included in 
the lateral and anterior views in all circumstances: the arms should be raised to 
provide clear imaging of the axilla. 

-  Planar images should be acquired 5-10 minutes after injection for 10 minutes 
each, using a 256x256 or larger matrix. Electronic magnification can be used to 
optimise pixel size and to exclude internal organ activity. 

- The images must be acquired in the following sequence:  
1) prone lateral scintigraphy of the breast with the suspected lesion;  
2) prone lateral scintigraphy of the contralateral breast; 
3) supine (or upright) anterior scintigraphy.  

 
Optional images 
1) SPECT images (360°, 120 steps, 20 seconds per step). 
2) Prone posterior oblique scintigraphy (30°).  
3) Images with markers over the nipple or breast lesion(s).  
4) In order to evaluate multidrug resistance, delayed images (1 hour after injection) 

should be collected in the same conditions. 
 
Image processing 
No particular processing procedure is needed for planar images. Only masking of the 
high activities from internal organs is necessary.  
A logarithmic scale to enhance low-count areas instead of a linear scale is preferable 
for image display.  
When SPECT is performed one should take into account the different types of 
gamma camera and software available. Careful choice of image processing 
parameters should be adopted in order to optimize the imaging quality.  
 
Interpretation criteria 
To evaluate breast scintigraphy the following items should be taken into 
consideration: 
- clinical issue raised in the request for scintimammographic imaging 
- clinical history of the patient 
- anatomical localisation of the uptake according to other imaging data  
- intensity and characteristics of tracer uptake. Focal uptake is suspicious for 

malignancy, while diffuse and moderate accumulation is often related to benign 
disease. It should be remembered that the nipples frequently show physiological 
tracer uptake. Any focal deep uptake in the axilla is suggestive of axillary 
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involvement. Note that a linear and superficial axillary uptake on the lateral views 
usually corresponds to uptake in skin folds. 

- clinical correlation with any other data from previous clinical, biochemical and 
morphological examinations 

- causes of false negative results (lesion size, incorrect patient positioning, chemo-  
or radiotherapy, physiological uptakes masking cancer lesions, etc.) 

- causes of false positive results (artefacts, uptake in benign processes, post-
therapy uptakes).   

 
Reporting 
The nuclear medicine physician should record all information regarding the patient, 
type of examination, date, radiopharmaceutical (administered activity and route), 
concise patient history, all correlated data from previous diagnostic studies, and the 
clinical question. 
The report to the referring physician should describe: 
- the absence or presence of focal increased tracer uptake in the breast 
- the absence or presence of focal increased tracer uptake in the axilla 
- comparative analysis: the findings should be related to previous information or 

results from other clinical or instrumental evaluations 
- interpretation: a clear diagnosis of benign/malignant disease should be made if 

possible, accompanied – when appropriate – by a differential diagnosis 
- comments on factors that may limit the accuracy of scintigraphy are sometimes 

important (size of the lesions, artefacts, etc.) 
- in case the conclusive impression should require additional diagnostic 

examination or an adequate follow-up, this must be recommended.  
 
Sources of error 
- small lesion size (lesions <1 cm may be missed) 
- extravasation following tracer injection in the contralateral arm, as this may result 

in areas of abnormal uptake in the axillary region 
- couch scatter 
- patient motion; wrong patient positioning: the breast must be fully dependent, and 

the detector must be as close as possible to the patient 
- if both breasts are dependent, cross-talk of activity may result in a false positive 

result in the contralateral breast 
- local pathological or physiological uptakes masking or confounding cancer lesions 
- interfering cytostatic treatments that decrease tumour uptake 
- post-surgery uptakes 
- post-radiotherapy uptakes.  
 
Issues requiring further clarification 
- Breast scintigraphy is not considered today a routinarily application for primary 

breast cancer diagnosis or axillary staging in patients with breast masses. Further 
study is needed to determine the characteristics of the population most likely to 
benefit from breast scintigraphy as a complimentary diagnostic modality.  

- Recent results from clinical studies indicate that the benefits of conventional 
SPECT compared with those of planar breast scintigraphy are still debatable and 
no consensus has been reached for the diagnosis of breast disease. However 
SPECT is superior for the assessment of axillary involvement. Recently some 
authors have published interesting dedicated breast approaches using pinhole 
and other collimator configurations and demonstrated that these application-
specific imaging can provide improved images of breast and axillary lesions. 
These methods are very promising and should be validated with further clinical 
evaluations. 
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- 201Tl and 99mTc-MDP have been used for breast scintigraphy in few studies. Their 
clinical usefulness and that of other single photon emitting radiopharmaceuticals 
for breast scintigraphy have not been established. 

- Among the oncology applications, breast cancer represents one of the most 
extensively studied disease with FDG-PET. FDG-PET has been performed for 
diagnosis, staging and restaging of invasive breast cancer and for monitoring the 
responsiveness to therapy. At present, the results of FDG-PET in detection of 
primary breast cancer are mixed and inconclusive. Very interesting data have 
been obtained in staging axillary lymph nodes. Results demonstrating the 
superiority of FDG-PET over anatomic imaging modalities in detection of distant 
metastases, recurrences and monitoring therapies are well documented. At 
present these applications have been accepted by the physicians and the 
scientific community.  

- Scintimammography with 99mTc-SestaMIBI or 99mTc-Tetrofosmin can be used in 
evaluating multidrug resistance (MDR). An increased washout from the tumour 
seems to be related to overexpression of multidrug resistance proteins. The 
adequate criteria for objective measurement of this parameter have not yet been 
defined.  

 
Disclaimer 
The European Association has written and approved guidelines to promote the use of 
nuclear medicine procedures with high quality. These general recommendations 
cannot be applied to all patients in all practice settings. The guidelines should not be 
deemed inclusive of all proper procedures and exclusive of other procedures 
reasonably directed to obtaining the same results. The spectrum of patients seen in a 
specialised practice setting may be different than the spectrum usually seen in a 
more general setting. The appropriateness of a procedure will depend in part on the 
prevalence of disease in the patient population. In addition, resource available for 
patient care may vary greatly from one European country or one medical facility to 
another. For these reasons, guidelines cannot be rigidly applied. 
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