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P1e intention of this book since its inception in 1998 has been to allow access to an amalga
Uon of protocols from many institutions, technologists, physicians, and written resources. 

department has a specific method of obtaining very sllnilar diagnostic llllages and results. 
e book serves only as a guide and to provide examples in the performance of the procedures 

eluded. The book is rwt intended to be the consummate and quintessential encyclopedia 
nuclear medicine but rather a resource to be used for relatively quick access to informa

on concernmg procedures and related material. The scope of the manual covers the basic 
ta needed for most routine llnaging and includes a reference section of peripheral material 

tilJzed on a daily basis by many personnel (not only nuclear medicine) within the hospital 
d clinic settings. Tables, charts, and data are incorporated that are usually difficult to find 

uickly or in any one source bearing in mind that the values given are taken from sources with 
ues and ranges that vary greatly from one to another. The information provided is miniscule 
comparison to the available amount of material and due to size constraints, must remain 
. The hope is that the readers will pursue the references used for more specific information. 
stltutional protocols and manufacturer's recommendations should always be followed as 
tten when available. If ever there is a question, without question, discuss all related issues 

th your radiologist or nuclear physician. 
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Procedures 
General Nuclear Medicine Imaging 

Positron Emission Tomography 

Therapy 



1 • Adrenocortical Scan 
2. Adrenal Medulla-Pheochromocytoma Scan (mIBG) 
3. Bone Density-Densitometry 
4. Bone Marrow Study 
5. Bone Scan-skeletal Imaging 
6. Brain Scan/Death-Brain Flow 
7. Brain SPECT ~Single Photon Emission Computed Tomography) 
8. Cardiac: Gated First-Pass Study-(First-Transit .Radionuclide Anglocardlography) 
9. Cardiac: MUGA and MUGA-X (Stress MUGA)-Equilibrium Radionuclide 

Angiography (ERNA) 
10. Cardiac: Mycardial Infarction (MI) Scan 
11 . Cardiac: Resting Test-(Perfusion) 
12. Cardiac: Stress Test~erfusion, Usually With Cardiac Rest Test) 
13. Cardiac: Sympathetic Innervation-(1281-mIBG) 
14. Cisternography 
15. Cystography (Voiding Cystourethrogram): Direct and Indirect 
16. DaTsca.n (1231 Brain SPECI'.l 
1 7. Esophageal Motility-(T:ransit Time) (Uquid. and Semisolid Meals) 
18. Gallium Scan 
19. Gastric Empt:y:tng~Solid and Llquid) 
20. Gastroesophageal Reflux 
21 • Gastrointestinal Bleeding Scan 
22. IDDA Scan-(Hepatobiliaiy or Gallbladder Scan) with Ejection Fraction 
23. LeVeen or Denver Shunt Patency 
24. IJ.ver SPECI'~epatlc Hemangioma) 
25. IJ.ver /Spleen Scan-and Hepatic Arterial Perfusion Scintlgraphy (HAPS) Procedure 
28. Lung Perfusion-(Usually Performed With Lung Ventilation) and Quantlta.tion 
27. Lung Transmission-{and Transmission Imaging) 
28. Lung Ventila~ and Aerosol (Usually Performed With Lung Perfusion) 
29. Lymphoscintigraphy-(Lymphangtogram) 
30. Meckel's Diverticulum 
31 . OcfJ:'eoScan<D-Neuroendocrine Somatosta.tin Tum.or Imaging 
32. Parathyroid Scan~Dual-Isotope Subtraction Technique and Single-Isotope Single 

and 1\vo-Phase) 
33. Prosta.Scint<rl Scan--{Radioimmunosclntigraphy (RISJ) 
34. Renal: Cortical Imagtng-(99DTc-DMSA) 
36. Renal: Renograrn-(Diurettc, and Captopril, Tubular Function, Effective Renal 

Plasma Flow, and Glomerular Filtration Rate) 
38. Salivary Gland Imaging 
37. Sctnttmammography~reast Imaging) 
38. SPECT Imaging: An Overview-(Single Photon Emission Computed Tomography) 
39. Testicular Scan-(Scrotal Imaging) 
40. Thyroid: Ectopic Tissue Scan~Substernal) 
41. Thyroid: Scan-(Usually in Conjunction Wlth Thyroid Uptake) 
42. Thyroid: Uptake-(Usually in Conjunction With Thyroid Scan) 
43. Thyroid: Whole Body 1311 Cancer Study-(and rh1SH Augmentation) 
44. White Blood Cell Scan-{111In-oxime and 99mTc-HMPAO Leukocyte Sctntlgraphy) 
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HHHH ~ 
drenocortical Scan 

ADIOPHARMACY 

adionuclide Quality Control 

• Done at factory, NP-59>90%. 1311 t
112: 8.1 days 

Energies: 364 keV • Assay dosage in dose calibrator for activify. 
fype: ~, y. fission product 

adiopharmaceutical 
is1 J-6-JHodomethyl-19-norcholesterol 
(NP-59 or 1311-lodocholesterol). Available 
for t.magtng since 1975 and, last lmawn, 
remains under an Investtgational New 
Drug (IND) application. 

ocalization 

Compartmental, blood flow, into the 
adrenal cortex, bound to and transported 
by plasma low-density lipoproteins. 
Taken up by low-density lipoprotein 
receptors on adrenocortical cells. 
Cholesterol is the main precursor in the 
production of adrenocortical steroid; NP-
59 is a cholesterol analogue. 

NDICATIONS 

Detection and localization of adrenal glands. 

Adult Dose Range 

• 2 mCl (74 MBq). 
• Some rccomm.cnd 1.0 mC1 (37 MBq) per 

1. 73 m 2 body surface area. 

Method of Administration 

• Intravenous slow injection over 
2-3 minutes. 

• Observe patient for 30 minutes after 
injection for reaction to injection. 

• Injection may be required to be 
performed by a physician as per 
institution protocol. 

Evaluation of documented primary hyperaldostcronism (PA). 
Differentiation in PA between aldosterone-produclng adenoma (APA or Conn syndrome) 
and bilateral adrenal hyperplasia (BAH). 
Detection and localization of abnormal adrenal function in adrenocorticotroplc hormone 
(ACT'H}-independent Cushing syndrome. 
Detection and localization of adrenal incidental.omas. 
Evaluation of adrenal lesions visualized on other imaging techniques. 

3 
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• Evaluation of virilization and/ or amenorrhea secondaiy to suspected adrenal hyperandrogenism. 
• Evaluation for biopsy or surgical intervention. 

CONTRAINDICATIONS 

• Allergy to iodine may be a consideration, although doses are small. 
• Patient taking interfering medications. 
• Pregnancy or nursing. Follow institutional guidelines. 

PATIENT PREPARATION 

Before Day of Injection 

• Physician instructs the patient to take SSKI (saturated solution potassium iodide) or Lugol 
solution to block free iodine uptake in thyroid. This is administered I drop, t.i.d., beginning 
the day before radiotracer administration and continuing for I 0 days after injection. If there 
is an allergy to iodine, perchlorate may be used. 

• Physician instructs the patient to take bisacodyl (e.g., Dulcolax®) 10 mg orally (PO), 
b.1.d. x 3 days before imaging, to reduce bowel activity. Patient may be required to take 
laxatives and/or enemas on afternoons before imaging days; check with radiologist. 

• Physician instructs patients with atopic history (genetic disposition to hypersensitivity or 
allergy to medications such as iodine or steroids) to be treated with oral antihistamine (e.g., 
BenadrylQ!I 50 mg) 1 hour before injection of radiotracer. 

Day of Injection 

• Identify the patient. Verify the doctor's order. Explain the procedure. 
• Obtain signed consent from the patient and a prescription for the iodine. 
• Ensure that the patient is not taking the following drugs: steroids, antlhypertensives, 

reserpine, tricyclic antidepressants, sympathomimetics (adrenergic, stimulates release of 
epinephrine), and diuretics as per physician's order. 

EQUIPMENT 

Camera 

• Large field of view 

Collimator 

• Medium or high energy, parallel hole 

Computer Setup 

Statics 
• 

1311: 50,000 to 100,000 counts or up to 20 min/image, 10%-20% window at 364 keV 

Single Photon Emission Computed Tomography (SPECTJ or SPECT/CT 
• 360°, 64 stops at 20 sec/stop, step and shoot or continuous 

PROCEDURE {TIME: -45 MIN/SESSION) 

Single Isotope: NP-59 

• Begin imaging 5 days (120 hours) after injection, followed by images on day 6 and 7 if required. 
• Place the patient in supine position, with camera posterior and the kidneys centered ( .... 12th rib). 
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• Collect statics to at least 100,000 counts or 5-20 minutes each. 
• Obtain lateral and posterior views with markers along the spine on one of the imaging days 

to allow for determination of depth of each adrenal gland (5 µCi 131I capsule or store injection 
syringe for markers until imaging is done). 

• Record percent uptake using regions of interest (ROls) for counts and correcting for depth 
differences. (Some processing systems have this software.] 

• Determine whether SPECT images need to be taken. Check with radiologist. 

Dual Isotope: NP-59 and 99mTc-DTPA 

• Begin imaging 48 hours after injection and repeat at 2- to 3-day intervals until results are 
satisfactory. 

• Place the patient in supine position, with camera posterior and renal area centered. 
• Collect 131I images up to 20 minutes (1200 seconds]. 
• Change energy window; without moving the patient, inject 5 mCi 99m'fc-DTPA 

(diethylenetriarninepentaacetic acid] and collect 500,000-1,000,000 counts for subtraction 
image (computer protocol]. 

• Proceed with anterior views of the chest and abdomen if the adrenals are not visualized. 

Procedure for Adrenocortical Scan With Suppression 

• 1bis scan differentiates bilateral hyperplasia from adenoma in hyperaldosteronisrn and 
hyperandrogenism. Unilateral visualization indicates adenoma. Bilateral visualization 
is indicative of hyperplasia. Dexarnethasone suppresses pituitary ACIH secretion, thus 
embellishing NP-59 uptake into the ACIH-independent zona glomerulosa, while inhibiting NP-
59 uptake into the ACIH-dependent zona fasciculata-reticularis including the ACIH-dependent, 
glucocortlcoid-productng part of the adrenal cortex. 1bis prevents the masking of uptake by the 
zona glomerulosa of the adrenal cortex, which is responsible for aldosterone production. 

• Patient preparation is the same. Administer 2-4 mg dexamethasone b.i.d. beginning 
2-7 days before injection of nuclide and continuing until completion of the study. 

• Scan using same procedures; however, begin imaging 24-48 hours after injection. 

Procedure for Adrenocortical Scan With ACTH Augmentation 

• Patient preparation is the same. Administer 50 IU of ACTH IV daily beginning 2 days before 
radiotracer injection. 

• Scan using single isotope or dual isotope procedures. 

NORMAL RESULTS 

• Visualization of both adrenal glands with the right slightly superior to the left. 
• On posterior trnage, most normal patients present with the right adrenal gland showing 

greater intensity than the left because of the difference in depth and because the left adrenal 
gland is partially shielded by the kidney. 

• Liver and gallbladder present brightly. If there is interference, laterals or SPECT can help 
localize. A fatty meal or cholecystokinin can also diminish the activity in the gallbladder. 

• Colon may also visualize. Cathartics can be used to reduce colon activity. 
• Dexamethasone will suppress about 50% of adrenal uptake of NP-59 that is ACTH 

dependent. These studies will show only faint visualization or bilateral nonvisualization by 
day 5. Imaging may be discontinued after the 24- or 48-hour studies. 

ABNORMAL RESULTS 

• In the nonsuppression study, faint visualization or nonvisualizatlon (usually bilateral) 
indicates adrenal carcinoma. 

• Asymmetric, bilateral, intense uptake suggests autonomous, ACTH-independent cortical 
nodular hyperplasia. 
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• Cushing syndrome produces BAH causing bilateral visual uptake ofNP-59. 
• Unilateral, intense uptake in the presence of known Cushing syndrome is highly suggestive 

of adrenal cortical adenoma. 
• No uptake bilaterally in the presence of known Cushing syndrome is suggestive of carcinoma. 
• In primary aldosteronism, bilateral symmetrical early visualization indicates BAH, unilateral 

early visualization indicates aldosterone-secreting adenoma (Conn tumor or APA), and 
bilateral late visualization or nonvisualization is usually nondiagnostic. 

• Incidentally discovered (nonhyperfunctioning) adrenal mass lesion, with increased uptake on 
the same side, indicates benign nonhyperfunctioning adenoma; reduced uptake indicates a 
malignant lesion or infarction. 

• In the suppression study, failure to suppress uptake with dexamethasone indicates adenoma 
if unilateral and hyperplasia if bilateral. 

• In androgen excess (hyperandrogenism), also done with suppression, bilateral early 
visualization indicates BAH and unilateral early visualization indicates adrenal adenoma. 
'Ibis syndrome occurs secondary to polycystic ovarian disease and is also produced by 
primary adrenal cortical (zona reticularts) hyperplasia but rarely by adrenal tumors. 

ARTIFACTS 

• Attenuating articles in clothing. 
• Images not taken for enough counts. 
• Focal areas of interest usually linger over time and grow in intensity. False-positive results 

can be limited by delayed images and lateral views. 
• Bilateral uptake in patients with unilateral disease-spironolactone and other diuretics. 
• Early bilateral uptake in patients with no disease or unilateral disease----oral contraceptives. 

May occur even with dexamethasone suppression. 

NOTE 

• The adrenal cortex makes up about 90% of the adrenal gland. It contains three zones: ( l) The 
zona glomerulosa, which is the outermost, produces aldosterone, the principal mineralocortlcoid 
hormone. (2) The zona fasciculata produces cortisol, the principal glucocorticoid hormone. (3) 
The zona reticularis produces androgenic steroids, principally androstenedione. 

• The adrenal medulla secretes the catecholamines epinephrine and norepinephrine. 
• Secretion from the adrenal cortex is controlled by AC1H from the anterior pituitary. The 

exception is aldosterone from the zona glomerulosa, which is controlled by angiotensin 
II, blood volume, and electrolyte concentrations. Cholesterol is stored in the cortex as the 
metabolic precursor for the synthesis of adrenocorticosteroids, e.g., aldosterone. NP-59 uses 
the s1milarity to cholesterol for uptake into the cortex. Increased AC1H increases the uptake, 
occurring gradually over a period of days. 

• Adrenal venous sampling (AVS) is considered the standard of reference for determining the 
cause of primary aldosteronism. AVS is technically difficult particularly in cannulation of the 
right adrenal vein which directly drains into the inferior vena cava. 

PATIENT HISTORY 

The patient should answer the following questions. (Or use complete patient history in reference section.) 

Do you have a history of hypertension or hypotension? y N 

Do you have a history or family history of cancer? y N 

Have you had any recent weight gain? y N 

Have you experienced hirsutism (abnormal hair growth)? y N 
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Have you had any chemotherapy or radiation therapy? y N 

Have you had any recent examinations such as computed tomography (CT). ultrasonography (US), or y N 
magnetic resonance imaging (MRI)? 

If so, when and what facility? 

What medications are you currently taking? 

Have you had any recent blood or laboratory work done (of interest will be cholesterol levels, ACTH. y N 
aldosterone, catecholamines and metabolites, plasma renin activity, blood sugar)? 

Female patients: 

Are you pregnant or nursing? y N 

When was your last menstrual period? 

Have you experienced amenorrhea (suppression of menstruation)? y N 

Other department-spe<:ific questions: 

STUDENTS 

Explain the relevancy of each of the above patient history questions to this particular scan. 
Can you think of others that would be helpful for the interpretation of this type of study? 

SUGGESTED READINGS 
Chan HF. Chen LF. Use ofNP-59 (1311-iodocholesterol) scan as a potential alternative to adrenal venous sampling in 

the :Investigation of pr:lmaly aldosteronlsm: a 5-year retrospective study. Hong KDng J Radio{. 2014: 17(3). 
Datz FL. Handbook of Nudear MedJ.dne. 2nd ed. St. Louis: Mosby; 1993. 
Early PJ, Sodee DB. Prlru::qiles and Practtce of Nuclear Medldne. 2nd ed. St. Louis: Mosby; 1995. 
Kowalsky RJ, Falen SW. Radtophannaceuttcals t.n Nuclear Pharmacy and Nuclear Medtctne. 2nd ed. Wash1ngton. DC: 

American Pharmacists Association; 2004. 
Mettler FAJr, Guiberteau MJ. Essenttals qfN~ Medicine Imaging. 6th ed. Pbiladelph!a. PA: Elsevier-Saunders: 2012. 
Murray JPC. Ell PJ. eds. Nudear Medidne in CUnlcal.Dtagnos(s and Treatment. Vols 1 and 2. New York: Churchlll 

I.Mngstone, 1994. 
Wilson MA. Textbook of Nuclear Medldne. Philadelphia: Upplncott-Raven; 1998. 

NOTES 
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Adrenal Medulla 
Pheochromocytoma Scan (mlBG 

RADIO PHARMACY 

Radionuclide 

• 1231 t 112: 13.2 hours 
Energies: 159 keV 
Type: EC. y, accelerator 

• or 1311 t 112: 8.1 days 
Energies: 364 keV 
Type: ~-, y, fission product 

Radiopharmaceutical 

• 1251- or 1511-mIBG (-met.a
iodobenzylguanidine). Both 
pharmaceuticals, 1231-lobenguane and 
1s11-1obenguane, are FDA (U.S. Food 
and Drug Administration) approved. 
Also known as iobenguane sulfate or 
AdreView™. 

Localization 

• Blood flow, guanethidine analogue 
absorbed. much the same as 

INDICATIONS 

norepinephrlne into the chromafftn cells 
of the adrenergic tissue and stored in 
adrenergic granules. 

Quality Control 
• 1231- and ts•1-m1BG > 90% 

Adult Dose Range 

• 1811: 500 (J.Ci (18.5 :MBq), l mCi 
(37 MBq) for suspected metastatic 
pheochromocytoma 

• 1231: 3-15 mCi (111-555 MBq) 

Method of Administration 

• Intravenously injected slowly over 
5 minutes, if possible followed by a 10 
saline flush. 

• Detection and localization of benign and malignant intra-adrenal and extra-adrenal 
pheochromocytomas (usually benign chromaffln cell tumors of the sympathoadrenal 
system that produce and secrete catecholamines, e.g., norepinephrlne and epinephrine, 
producing hypertension and orthostatlc [standing] hypotenslon). These occur within the 

8 



CHAPTER 2 Adrenal Medulla 9 

adrenal medulla and are frequently associated with hereditary multiple endocrine neoplasia 
(MEN) types 2A and 2B, neuroftbromatosis, von Hippel-Lindau disease, Carney triad, and 
familial pheochromocyt.oma. 

• Localization of site(s) of hormonal overproduction. 
• Detection and localization of neuroectodermal (nerve tissue) tumors. 
• Detection and localization of neuroblastomas [malignant hemorrhagic tumors of cells 

resembling neuroblasts of the sympathetic system, especially the adrenal medulla, and 
usually occurring in childhood). 

• Detection and localization of other neuroendocrine tumors that share the property of amine 
precursor uptake in decarboxylation (APUD), such as 

• Carcinoid (argentaffin cells of the intestinal tract, bile ducts, pancreas, bronchus, or ovary 
that secrete serotonin) tumors 

• Medullary thyroid tumors 
• Paragangliomas (tumors of the adrenal medulla, chromaffin cells, and the paraganglia) 
• Merkel cell skin tumors 
• Chemodectomas (tumors of the chemoreceptor system) 
• Small cell lung carcinoma 
• Schwannoma 

• Evaluation of myocardial norepinephrine receptors. 
• Distinguishing neuroendocrine tumors from nonneuroendocrtne tumors. 
• Detection and localization of metastatic deposits from previously diagnosed 

pheochromocytoma. 
• Staging of the disease. 
• Evaluation of chemotherapy and to exclude subclintcal relapse in bone marrow or bone pain. 
• Evaluation of surgery. 

CONTRAINDICATIONS 

• Allergy to iodine may be a consideration, although doses are small. 
• Patient taking interfering medications. 
• Pregnancy or nursing. Follow institutional guidelines. 

PATIENT PREPARATION 

Before Day of Injection 

• Three days prior to injection, physician may (if applicable) instruct patient to discontinue 
the use of certain medications including trtcyclic antidepressants, anti.hypertensives, 
cocaine products, sympathomimetics, and decongestants containing pseudoephedrine, 
phenylpropanolamine and phenylephrtne. 

• Physician instructs the patient to take SSKI (saturated solution potassium iodide) or Lugol 
solution to block free iodine uptake in thyroid. This is administered 1 drop, t.i.d., beginning 
the day before radiotracer administration and continuing for 6 days after injection. If there is 
an allergy to iodine, perchlorate may be used. 

• Physician instructs the patient to take bisacodyl (e.g., Dulco~ 10 mg PO, b.i.d. x 3 days 
before imaging, to reduce bowel activity. Patient may be required to take laxatives and/or 
enemas on afternoons before imaging days; check with radiologist. 

• Physician instructs patients with atopic history (genetic disposition to hypersensitivity or 
allergy to medications such as iodine or steroids) to be treated with an oral antihistamine 
(e.g., Benadcyl® 50 mg) 1 hour before injection ofradiotracer. 

Days of Injection 

• Identify the patient. Verify doctor's order. Explain the procedure. 
• Obtain signed consent from patient and a prescription for the iodine. 
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• Ensure that the patient is not taking the following drugs: steroids, antihypertensives, 
reserpine, tricycllc antidepressants, sympathomimetics (adrenergic, stimulates release of 
epinephrine),and diuretics as per physician's order. Ideally, no medications for 2-3 weeks 
before the examination (see Drugs to Withhold). 

EQUIPMENT 

Camera 

• Large field of view 

Collimator 

• 1311: High energy, general purpose, or high energy, high resolution 
• 1231: Low energy, all purpose, or low energy, high resolution 

Computer Setup 

Statics 
• 

1311: 100,000 counts or 10 to 20 mill/image, 20% window at 364 keV, 512 x 512 or 
256 x 256 matrix 

• 123!: 500,000 counts or 10 to 20 min/image, 20% window at 159 keV, 512 x 512 or 
256 x 256 matrix 

Whole Body 
• 5--10 cm/min, image at least head to pelvis, same setup 

Single Photon Emission Computed Tomography ISPECTJ or SPECT/CT 
• 360°, 120 or 60 stops at 25-45 sec/stop, 1311: 20% window at 364 keV, 1231: 20% window at 

159 keV, 128 x 128 or 64 x 64 matrix, step and shoot or continuous, circular or noncircular 
orbit. 

PROCEDURE {TIME: -30-60 MIN/SESSION) 

• Ensure patient is off medications and has taken thyroid blocker the night before. 
• Instruct patient to empty the bladder. 
• Place patient in supine position. 

1311-mlBG: Images at 24, 48, and Possibly 72 Hours 

• Acquire anterior/posterior images of the head/neck, thorax, abdomen, and pelvis. 
• Set whole-body sweep slow (10 cm/minor less). 
• Acquire static images of areas of interest if preferred or protocol. Statics should run at least 

100,000 counts or 5-20 minutes. 
• Acquire lateral views of abnormal uptake to aid in localization. 
• Acquire marker images if protocol (on axillae, lower ribs, and iliac crests). Use 5 µCi 1811 

capsule or perhaps store injection syringe for markers until imaging is done. 
• Acquire SPECT images if protocol or requested. 

1231-mlBG: Images at 24 Hours, 40 Hours, and Possibly 72 Hours 

• Same imaging procedures as above. 
• Acquire statics of at least 500 k counts or 15 minutes each. 
• Statics should at least include the chest, posterior mid-thorax, kidneys centered, and 

lumbar. 
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■ Whole-body sweep at 10 cm/min or less, anterior/posterior, head to pelvis. 
■ SPECT images at 45-60 sec/stop. 

NORMAL RESULTS 

■ Uptake occurs in the pituitary, salivary glands, thyroid, liver, and spleen. 
■ The gallbladder will be visualized in patients with renal failure. 
■ The kidneys and bladder will visualize because of the renal excretion. 
■ The heart is visualized in patients with normal catecholamine levels. 
■ Diffuse lung activity and nasal, neck muscle, and bowel activity may present in some 

patients. 
■ The normal adrenal medulla seldom visualizes (30%-40% on delayed images) and is of low 

intensity. 
■ The heart and adrenal medulla are visualized more clearly with 1231-mlBG. 
■ There should be no skeletal uptake. 
■ Areas of normal uptake diminish in intensity over time. 

ABNORMAL RESULTS 

■ Focal areas of increased activity that increase more over time oocur. 
■ Sporadic, unilateral tumors show focal intense uptake. 
■ Metastatic disease is visualized in the axial skeleton, heart, lung, mediastinum, lymph 

nodes, and liver. 
■ Neuroblastomas may arise in any location of sympathetic nervous system tissue but most 

often are visualized as an abdominal mass, metastasizing early to bone and bone marrow. 
■ Images at 72 hours will provide maximal contrast between foci of activity and background. 
■ Localizes in pheochromocytoma, neuroblastoma, and also carcinoid, medullary thyroid 

carcinoma, and paraganglioma. 

ARTIFACTS 

■ Attenuating articles in clothing. 
■ Images not taken for enough eounts. 
■ Aggressive chemotherapy may hinder the visualization of some metastasis. 
■ False-positive results may be caused by recent surgical sites, x-ray therapy to the lungs, and 

bleomycin-induce pul onary changes. 
■ False-negatives can Be due to lesions too close to large primary or metastatic mass or 

tissue with high normal uptake. No or low tumor uptake related to tumor heterogeneity, 
ischemic necrosis in tumor mass, lack of granules, loss of tumor capacity to absorb tracer, 
or pharmaceutical inhibition. 

■ Focal areas of interest usually linger over time and grow in intensity. Limit false-positive 
results by delayed images (with obliques and laterals). 

■ Because of the nature of the disease and because they are off medications, patients may be 
agitated and not lie still. 

DRUGS TO WITHHOLD (IDEALLY, NO MEDICATIONS 
2-3 WEEKS BEFORE THE EXAMINATION) 

For 3 Weeks (Affect Reuptake Mechanism Presenting With Absence of Uptake by 
the Salivary Glands and Heart and May Inhibit Uptake in Pheochromocytoma) 

■ Tricyclic antidepressants: e.g., reserpine 
■ Sympathomimetics: e.g., dobutamine, dopamine, norepinephrine 



12 SECTION 1 Procedures 

For 2 Weeks (Affect Depletion of Storage Vesicle) 

• Amphetamines 
• Angiotensin-converting enzyme (ACE) inhibitors (captopril, enalapril) 
• Angiotensin receptor blockers (ARBs) (irbesartan, valsartan) 
• Bretyllum tosylate 
• Calcium channel blockers (nifedipine, nicardipine, amlodipine) 
• Cocaine 
• D:lgoxin 
• Fenoterol 
• Guanethidine 
• Halopertdol 
• Imipramine 
• Insulin 
• Phenothiazine 
• Pseudoephedrine (nasal decongestants) 
• Phenylpropanolamine (diet-control drugs) 
• Phenylephrtne (nasal decongestants) 
• Salbutamol 
• Terbutaline 
• Thiothixene 
• Xylometazoline 
Alpha- and beta-adrenergic blocking drugs will not affect study with the exception of labetalol 

(affects both reuptake and storage depletion). 

NOTE 

• mIBG is similar to the catecholamine norepinephrine. Epinephrine and norepinephrine 
are hormones that regulate smooth muscle tone, heart rate and force of contraction, 
and physiologic responses associated with stress. Pheochromocytomas produce excess 
amounts of these hormones resulting in hypertension and other symptoms associated with 
overabundance of catecholamines. 

• Renal and skeletal imaging with 99m'fc agents can be used in conjunction with this test to aid 
in localization. Their injections can be timed for optimal scan times at the 24- or 48-hour 
images with two sets of images taken by changing the energy windows to suit the radiotracer. 

PATIENT HISTORY 

The patient should answer the following questions. (Or use complete patient history in reference section.) 

Do you have a history or family history of cancer? y N 

If so, what type and for how long? 

Do you have a history of hypertension or hypotension? y N 

Do you have palpitations? y N 

Have you felt anxiety or apprehension? y N 

Have you experienced excessive diaphoresis (sweating)? y N 

Do you have headaches? y N 

Have you experienced a flushed face? y N 

Do you experience nausea or vomiting? y N 
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Have you experienced tingling of extremities? y N 

Are you taking oral contraceptives? y N 

Have you had any recent surgery? y N 

If so. where and when? 

Have you had any chemotherapy or radiation therapy? y N 

Are there any recent or planned positron emission tomography (PET). computed tomography (CT). y N 
ultrasonography (US). magnetic resonance imaging (MRI}. or nuclear medicine (NM) scans? 

What medications are you taking? 

Have you had any recent laboratory reports {with attention to adrenocorticotropic hormone. y N 
aldosterone, catecholamines. and metabolites. Na. I()? 

Female: Are you pregnant or nursing? y N 

Other department-specific questions: 

STUDENTS 

Explain. the relevancy of each of the above patient histoiy questions to this particular scan. 
Can you think of others that would be helpful for the interpretation of this type of study? 

SUGGESTED READINGS 
Datz FL. Handbook of Nudear Medlcine. 2nd ed. St. Louts: Moaby; 1993. 
Early PJ, Sodee DB. Prlndp1.es and Practtt:e of Nudslr Medldne. 2nd ed. St. Louts: Mosby; 1995. 
FaITcll MB, Mantel ES, Basso DA. et al. (}ulck-R.eference Protocol Mwwalfar Nudslr Medlctne Technolagfsts. Reston, VA:. 

Society of Nuclear Medicine and Molecular Imaging; 2014. 
https:/ /www.iDs!deradiology.eom.au/mibg-scan/. 
Kowalsky RJ. Falen SW. Radtopharmaceut tnNuclear Pharmacy and Nuclear Medictne. 2nd ed. Wasbington. DC: 

American Pharmacists Assodation; 2004. 
Mettler FA Jr. Guiberteau MJ. Essen1tals of Nudssr Mer1Jcln£ Imaging. 6th ed. Phfladelpb!a. PA: Elsevier-&wnders; 2012. 
MUITa,Y IPC, Ell PJ, eds. Nudea.r Medldne in CUnlcal Dlagnosfs and Treatment. Vole 1 and 2. New York: Churchill 

!Jvingstone; 1994. 
Saha GB. l'\uu:famentals of Nuclear Pharmacy. 7th ed. Cham, Switzerland: Springer Intemattcmal Publishing AG; 2018. 
Weissleder R. Rieumont MJ, Wlttenberg J. Prtmer ofDtagnostie Imaging. 2nd ed. St. Louis: Mosby; 1997. 
Wilson MA. T~k of Nuclear Medictne. Philadelphia: Lippincott-Raven: 1998. 

NOTES 
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Bone Density 
Densitomet 

RADIO PHARMACY 

Radionuclide 
• Single radionuclide: 1201 t112: 60.1 days 

Energies: 23-31 keV 
Type: EC, x, y, accelerator 

• or-M1.Am (amertctwn) t 112: 432.7 years 
Energies: 60 keV 
Type: a, y, spontaneous fission product. 

• Dual radionuclide: 163Gd {gadolinium) t112: 

241.6 days 
Energies: 44, 100 keV (y); 35, 70 keV 
(x-ray) 
Type: x, y, neutron irradiation of 162Gd 

Radiopharmaceutical 
• N/A 

Localization 

• N/A 

INDICATIONS 

• Detection of osteoporosis. 

Quality Control 
• Daily calibration measurement using 

the supplied phantom following 
manufacturers' recommendations. The 
accuracy error percentage between the 
measurement and the defined standard 
supplied by the manufacturer should be 
within 5-10%. 

Adult Dose Range 

• N/A 

Method of Administration 
• Exposure to, not administration by 

injection. 

• Monitor.Ing and evaluation of treatment programs for osteoporosis (e.g., estrogen, 
progesterone, testosterone replacement, calcltonln therapy, exercise, or pharma.cologtc 
interventions with vitamins). 

• Evaluation of osteopenia (diminished bone tissue). 
• Evaluation of effect of menopause and premature spontaneous menopause on bone 

density (for hormone therapy management). 
• Evaluation for premenopausal oophorectomy. 
14 


