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Breast cancer is the most common and, probably, the most 
feared malignancy of American women today. Although 
screening with breast examination and mammography is 
extremely important in the early detection of breast cancer, 
the limited specificity of these techniques creates the need 
for an adjunctive diagnostic tool. Technetium-99m-sesta
mibi was originally developed as a myocardial perfusion 
agent but also preferentially accumulates intracellularly in 
metabolically active breast cancer tissue. Sestamibi breast 
imaging can delineate breast cancers and exclude the pres
ence of a neoplastic process with high accuracy. Careful 
attention to imaging parameters provides high-quality breast 
tumor scintigraphy. Breast scintigraphy can be a valuable, 
adjunctive diagnostic tool in evaluating breast abnormalities. 
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Breast cancer is the most common visceral neoplasm affecting 
American women, with approximately 182,000 breast cancers 
diagnosed in 1995. The incidence of breast cancer has been 
increasing at an annual rate of more than Iiff since the 1940s 
in the U.S. Recently, the rate of increase rose to nearly 4% per 
year. Breast cancer mortality also has been increasing over the 
same period, but more slowly with an estimated 46,000 Amer
ican women dying of breast cancer in 1995. Breast cancer 
remains the leading cause of death among women aged 40 to 
55 yr. Overall, breast cancer will strike one in every nine 
women in the U.S., accounting for 32% of all cancers and 18% 
of all cancer deaths in women (1 ). 

Despite the plethora of statistics available about breast can
cer, these numbers still fail to depict the full impact of breast 
cancer on women. For every one woman diagnosed with breast 
cancer, another five or six will have a biopsy that shows benign 
breast disease. And for every woman biopsied it is likely that an 
additional five go to their physician for evaluation of a worri
some breast mass or for counseling about their risk of breast 
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cancer. Thus, 10 to 20 million American women seek medical 
care each year for a potential breast cancer (2 ). 

The first and best line of defense against breast cancer is 
early detection. Early detection, coupled with aggressive treat
ment, yields improved life expectancy and, in some individuals, 
the cure of their breast cancer. Three early-detection methods 
are currently employed: breast self-examination, clinical breast 
examination and screening mammography. With good patient 
education, monthly breast self-examination can bring breast 
neoplasms to medical attention at approximately 1-2-cm in 
size. Clinical breast examination by a trained health care pro
vider generally can detect breast masses down to about 8 mm 
in diameter depending on the location and size of breast mass, 
breast size and the examiner's ability. Screening mammogra
phy has the potential to detect lesions well before they are 
palpable. The threshold for screening mammography may be 
as low as 2 mm (3). 

Mammography detects the differential attenuation of x-rays 
passing through compressed breast tissue. Breast malignancies 
are detected due to calcifications within or around neoplasms 
or the increased density of the neoplastic tissue relative to 
adjacent normal breast tissue (Fig. I). Prospective mammog
raphy research studies have demonstrated a 30% reduction in 
mortality in women over the age of 50 yr. Smaller, but similarly 
important reductions in mortality can be realized in women 
under the age of 50 yr. Mammography with current film screen 
technique is quite sensitive in detecting breast cancer (4 ). 

Neither breast examination nor mammography can accu
rately differentiate breast cancer from the myriad of benign 
breast abnormalities. Therefore, each patient with a palpable 
breast abnormality or a positive mammogram requires an ad
ditional diagnostic step before treatment can be undertaken. 
Currently, the only means of confirming the nature of a sus
picious breast abnormality is a biopsy. Fine needle aspiration 
cytology, stereotactic needle biopsy and surgical open-breast 
biopsies can provide breast cells or tissue for a pathologist to 
evaluate for the presence of breast cancer. Fine needle aspirate 
and stereotatic biopsy techniques are less invasive and trau
matic and are becoming more prevalent, accepted and widely 
utilized (5). 

Breast biopsy results are negative for breast cancer in 68-
87o/t: of women (6 ). Thus, while many breast abnormalities are 
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FIGURE 1. Left mediolateral oblique mammogram demonstrates 
scattered irregular calcifications surrounding an irregular density 
which on excisional surgical biopsy demonstrated intraductal car
cinoma. 

detected by breast examination and mammography, the vast 
majority of the positive findings prove to be falsely positive for 
malignancy. The dilemma for women and their physicians is 
that breast examination and mammography, while finding 
many early breast cancers, also subject thousands of women to 
a potentially unnecessary biopsy procedure with the associated 
risk, discomfort and expense. Therefore, many investigators 
have evaluated a wide variety of imaging modalities in an 
attempt to increase the specificity of breast cancer diagnosis 
noninvasively. 

BREAST SCINTIGRAPHY 

Technetium-99m-sestamibi (MIBI) was originally developed 
for cardiac imaging, and is now well-established as a myocar
dial perfusion agent. Technetium-99m-MIBI is distributed ini
tially throughout the body in proportion to blood flow (7), 
rapidly clears the blood stream and enters cells by passively 
diffusing across cell membranes. Technetium-99m MIBI is 
fixed intracellularly in proportion to the metabolic activity of 
the cell. Most breast cancers have increased blood flow and 
many tumors induce the development of new blood vessels 
strictly to facilitate tumor growth. Neoplastic cells have a met
abolic rate of 4-10 times that of normal cells (8). This sug
gested the potential for breast tumor imaging with 99mTc
MIBI. 
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FIGURE 2. Padded table with a cutout for prone breast scintigra
phy is shown with adjacent gamma camera ready to begin posi
tioning a patient. This table is firmly secured to an existing SPECT 
table. 

In all nuclear medicine studies, close adherence to a stan
dardized imaging protocol detailing patient preparation, radio
pharmaceutical administration, positioning and acquisition pa
rameters is very important in obtaining high-quality images for 
interpretation. Our standard imaging protocol is given in Ap
pendix A. Positioning is of major importance in prone breast 
imaging. A breast lesion can be located in a myriad of locations 
depending on how the patient is positioned. The technique of 
prone breast imaging described by Khalkhali et al. (9) allows 
for separation of breast tissue from thoracic and upper abdom
inal activity, yet maintaining normal breast anatomy and con
tour. Incorrect positioning, such as accidental compression of 
the breast on the imaging table, can produce false abnormal
ities. Extending the ipsilateral arm over the head allows the 
axilla to come in contact with the collimator surface and to be 
included in the field of view. The use of a table overlay with a 
cutout for the breast (Fig. 2) enhances patient safety and comfort. 
The quality of images is often also improved (9) (Fig. 3). 

FIGURE 3. Normal sestamibi breast imaging. (A) Without a spe
cialized table, the patient was placed on the edge of a SPECT table. 
Normal distribution of sestamibi is seen throughout the liver and 
salvary glands. This positioning was both precarious and uncom
fortable for the patient. (B) Using a table overlay and adding zoom 
excluded the liver and head from the field of view. Normal breast 
tissue has very little sestamibi uptake relative to the liver and heart. 
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FIGURE 4. Prone scintigraphy demonstrates a breast cancer in a 
49-year old female with a palpable mass in the left breast. Intense 
sest~mibi u.ptake (long arrow) occurred in the mass. Surgical biopsy 
confirmed Intraductal breast cancer. Axillary nodal activity (short 
arrow) resulted from breast cancer metastases. 

Technetium-99m-MIBI is homogeneously distributed 
throughout normal breast tissue (Fig. 3). This normal pattern 
occurs irrespective of the breast density on mammogram and 
fibrocystic changes felt on the clinical breast examination. 
Intense 99mTc-MIBI uptake occurs within the liver and heart 
and should be excluded, when possible, from the imaging field 
of view. Sestamibi accumulation within the thyroid and salivary 
glands is usually of moderate intensity. The 99mTc-MIBI accu
mulation in normal breast tissue is low and is best evaluated on 
a computer monitor where the gray scale can be adjusted by 
the interpreter. 

Technetium-99m-MIBI uptake within breast neoplasms 
ranges from just above normal breast activity to more than five 
times the activity found in normal breast tissue. Any 99mTc
MIBI accumulation greater than adjacent breast activity is 
considered positive (Fig. 4). Breast tumor visualization can be 
easily made as early as 3 to 4 min after tracer injection. 
Technetium-99m-MIBI undergoes very little clearance and de
layed images up to 2 hr will produce similar findings. No 
benefit of delayed imaging has been observed in our patient 
population. The smallest breast neoplasm detected measured 
8 mm in its greatest dimension. The intensity of 99mTc-MIBI 
uptake is greatest within primary breast cancers which are 
subsequently shown to have already metastasized. Axillary 
lymph node metastases can often be demonstrated by sesta
mibi breast images. Technetium-99m-MIBI uptake in metas
tases can be of equal or even greater intensity than the primary 
breast lesion uptake. Axillary uptake is visible when multiple 
lymph nodes are involved with metastatic breast cancer. In our 
patients, we have also demonstrated 99mTc-MIBI accumulation 
in breast cancer metastases to supracavicular, paratracheal and 
hilar lymph nodes and the sternum. 
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TABLE 1 
Published Sestamibi Breast Imaging Results 

Number of 
patients 

Lead author (N) Sensitivity Specificity 

Burak (10) 41 92.6 87.7 
Kao (11) 38 84 100 
Khalkhali (12) 147 92.2 89.2 
Lu (13) 50 93 84 
Taillefer (14) 65 91.5 94.4 

Total no. of patients 341 
Range 84-93 84-100 
N-weighted mean 91.3 90.5 

In published research series (Table 1 ), sestamibi breast im
aging has demonstrated high sensitivity and specificity in dif
ferentiating benign from malignant breast lesions when com
pared to microscopic evaluation of breast tissue after biopsy. 
Our evaluation of sestamibi breast imaging has yielded similar 
sensitivity (91.6%) and specificity (93.1%) to published results. 
Sestamibi breast imaging is generally more accurate when 
evaluating breast abnormalities found by physical examination 
than those detected by mammography. In our population. the 
negative predictive value for palpable lesions has been 100%. 
Thus, if a breast lesion is palpable but not visible on sestamibi 
breast imaging, it is unlikely to represent a breast neoplasm. 
Mammographic lesions are generally smaller abnormalities 
than palpable lumps and, therefore, accuracy is less than in 
palpable lesions when sestamibi breast imaging is performed 
with current gamma camera technology. Our negative predic
tive value in mammographic lesions is still 94%. The overall 
accuracy in our first 100 patients exceeds 93%. 

Sestamibi breast imaging is not without its pitfalls and lim
itations. Falsely positive 99mTc-MIBI uptake occurs in benign 
hypercellular breast lesions and inflammation. An occasional 
benign breast abnormality will have the propensity to grow 
and, therefore, require excision (Fig. 5). Mild, diffuse increases 
in breast activity can be seen just prior to the onset of menses, 
especially in women under the age of 30 (Fig. 6). The greatest 
limitation of prone breast imaging with 99mTc-MIBI is the 
resolution of conventional gamma cameras. Falsely negative 
sestamibi breast imaging most frequently occurs in breast le
sions less than 8 mm in diameter. Medially placed lesions may 
also create some difficulty, as they are farther away from the 
detector surface with more interposed breast tissue. This can 
lead to an insufficient lesion-to-background count ratio for 
detection of the abnormality. Obtaining a complete patient 
history (Appendix B) and reviewing the patient's mammo
grams prior to initiating sestamibi breast imaging may help 
limit false negative and false positive results. 

CLINICAL ROLES OF BREAST sc,wn10RAPHY 

Improved access and use of mammography, increased 
awareness and use of breast self-examination and the true 
increase in breast cancer incidence have resulted in an increase 
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FIGURE 5. Sestamibi accumulated avidly throughout a smoothly 
marginated mass (arrow) in a 47-year old female with a rapidly 
growing tumor in the right breast. Surgical removal demonstrated a 
benign systocarcoma phyllodes. This hypercellular benign tumor 
does not have the propensity to spread like breast cancer but will 
recur if incompletely resected. 

in diagnostic dilemmas confronting physicians caring for 
women. Sestamibi breast imaging's role will not be in supplant
ing conventional film-screen mammography and breast exam
ination, but in providing adjunct diagnostic information. In the 
borderline abnormal breast examination or marginally abnor
mal mammogram, sestamibi breast imaging can arbitrate the 
need for and the location of appropriate biopsy. Mammo
graphically dense breast tissue can be evaluated easily with 
sestamibi breast imaging. especially when evaluating a palpable 
abnormality. Breast-conserving surgery has a higher local re
currence rate than the more extensive modified radical mas-

FIGURE 6. Diffuse sestamibi uptake in a 38-year old female un
dergoing sestamibi breast imaging due to a mammographic abnor
mality of the right breast. Imaging was done two days prior to the 
onset of menses. Mild diffuse, bilateral increased sestamibi uptake 
can be seen in premenopausal women, especially those who expe
rience tender breast swelling prior to menstruation. 
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tectomy (15 ), and radiation therapy frequently creates breast 
tissue which is difficult to evaluate both by examination and 
mammography (/6 ). Sestamibi breast imaging can provide the 
first evidence of recurrence in this group of patients. Sestamibi 
breast imaging provides solutions to the diagnostic dilemmas 
in evaluating breast abnormalities. 

With the expansion of treatment options for breast cancer, 
the greatest future role for sestamibi breast imaging is to assist 
treatment planning. As breast-conserving surgery continues to 
become more prevalent, complete noninvasive staging of the 
breast neoplasm will become important. Chemotherapy ad
ministered prior to surgery allows breast conservation in a far 
greater number of women and may improve survival from 
breast cancer even in advanced stages (17). The application of 
presurgery chemotherapy precludes staging based upon surgi
cal results. 

Sestamibi breast imaging can aide evaluation of nodal me
tastases and multicentric and multifocal breast cancers. Addi
tionally, sestamibi breast imaging can guide a confirmatory 
biopsy, avoiding full surgical exploration. Sestamibi breast im
aging provides a guide in the treatment of breast tumors. 

OTHER RADIOPHARMACEUTICAL& 

Breast tumor scintigraphy was first performed with 2111 Tl. 
Thallium breast imaging has excellent sensitivity and specificity 
and is comparable to that obtained with sestamibi. The main 
disadvantage of using 201 Tl for breast _;;y_£intigraphy was the 
inability to administer more than 3-5 mCi 201 Tl due to radia
tion dosimetry. Technetium-99m-MIBI has largely replaced 
2111 Tl for nuclear breast imaging because of its superior imag
ing characteristics. A head-to-head comparison of sestamibi 
and thallium for breast imaging suggests that the specificity 
with 2111 Tl was slightly higher but sestamibi breast imaging had 
better sensitivity in the detection of breast cancer. Visualiza
tion of nonpalpable axillary nodal metastases is also better with 
"

9 "'Tc-MIBI than 201 Tl (/8). 
Fluorine-lH-labeled deoxyglucose (FOG) can be used to 

detect the elevated metabolic activity found in breast neo
plasms. The sensitivity (96o/t:) and specificity ( IOOo/t:) of FDG 
with PET is quite high (/9 ). Axillary metastases have also been 
readily identified using FOG PET. Small published series have 
shown that FOG PET can readily differentiate benign from 
malignant lesions possibly eliminating the need for a biopsy. 
The results of these trials are very encouraging. The current 
cost of PET technology and FOG production may be too 
expensive for routine use in the diagnostic setting. Alternative 
imaging methods of FOG uptake in breast lesions are currently 

in development. 

CONCLUSION 

Sestamibi breast imaging is a valuable diagnostic tool, com
plementing conventional screening with breast examination 
and film screening mammography. Scintigraphy can play an 
important clinical role in evaluating breast abnormalities and 
determining the need for and location of biopsies. Breast 
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tumor scintigraphy has a promising future in diagnosing breast 
cancer and assisting in treatment planning. 
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APPENDIX A 

I. Patient preparation 
A. Entirely remove all clothing above the waist. 
B. Patient should put on two hospital gowns with the inner 

gown open in the front and the outer gown open in the 
rear. 

C. The outer gown will be removed during imaging to 
allow positioning of the breast. 

D. Standard history (Appendix B) and breast examination 
should be recorded prior to imaging. 

E. Mammograms should be available for the interpreting 
physician for comparison. 

II. Radiopharmaceutical administration 
A. 25 to 35 mCi of 99mTc-sestamibi are used. 
B. Intravenous injection is performed in a foot vein. If 

unsuccessful the arm contralateral to the breast lesion 
can be used. 

C. Prior to injection of the tracer, a butterfly is placed to 
avoid any subtraneous infiltration. 

III. Positioning 
A. The table and breast imaging overlay should be se

curely locked in place. 
B. The detector head should be positioned close to the 

edge of the table to provide additional safety for the 
patient. 

C. The patient should be positioned prone with the breast 
freely dependent from the table and avoiding any com
pression of the breast by the table edge. 

D. The ipsilateral arm should be comfortably placed over 
the head with the axilla close to or touching the colli
mator face. 

E. The head is turned away from the breast to be imaged. 
F. The collimator face should be adjusted to touch the 

patient's side and arm. 
IV. Instrumentation and procedure 

A. A 10% window centered at 140 keY. 
B. High-resolution collimator. 
C. 128 x 28 matrix. 
D. Electronic magnification to allow complete visualiza

tion of the breast, anterior chest and axilla, but yet 
exclude as much heart and liver as possible. 

E. Shield chest, abdominal organs or salivary glands, or 
remove them from the field of view. 
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F. Lateral images are 10 min in length commencing 5 min 
after tracer injection. 

G. Start with the lateral image of the breast with the lesion 
followed by a lateral of the other breast. 

H. Five-min marker views of palpable breast abnormality 
are performed with a cobalt marker overlying the pal
pable abnormality. 

I. Following lateral images, anterior supine images of the 
thorax are obtained with both arms above the head. 
Both axilla and breasts should be included. 

J. A marker view with radioactive markers on the nipples 
provide anatomic localization. 

APPENDIX B 

Sestamibi Breast Imaging 
Personal information 

Today's date _____ 
Name __________________ Date of birth 
Medical record no. ________ Age ___________ 

Address ------------- Home phone ___ 
Work phone _____ 

Referring physician ________ Bra size ______ 
(e.g. 34 C) 

Medical information 
Height __ Weight__ Race 
Date of last mammogram Where? 
Last breast exam by a physician ___ 

Reason for current test -----------------

For each of the foUowing questions, please circle YES or NO 

Have you ever had BREAST cancer? Yes/No 
Family history of BREAST cancer? Yes/No 
Relation? Age at diagnosis ___ 
Other history of cancer? Yes/No 

If yes, type of cancer --------------------
Do you have any medical problems? (e.g., hypertension) 

Current medications ____________ 
Do you have any allergies? Yes/No If yes, what _____ 
Have you ever been pregnant? Yes/No 
If yes, age at first pregnancy ___ 
Date of last menstruation 
Average number of days in cycle ___ 
Any hormonal replacement therapy? Yes/No 
If yes, what? ___ 
Oral contraceptives? Yes/No 
Menopausal status: Pre___ Peri (recent)___ Post 
(including post-hysterectomy) __ 
Nipple discharge? Yes/No 
If yes, type: Bloody__ Clear__ Other 

Which breast? Right__ Left __ 
Have you experienced any of the following symptoms? 
Tenderness Yes/No Right ___ Left 
Cystic breast Yes/No Right__ Left 
Lump or mass Yes/No Right___ Left 
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Indicate on the diagram below any previous breast surgery, 
treatments or injury. Indicate lumps, scars or moles on the 
diagram using the following symbols: (X = lump\= scar 
0 = mole). List dates for each marking. 

FOR PHYSICIAN USE ONLY 

If the patient has ever had breast surgery, treatment or injuries, 
mark the area of surgery and the year it was done. If patient 
has a palpable mass in her breast, mark the location and 
patient's position. 

Date of breast examination: ------------

Mammography results: Date(s) _________ 
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