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Preface ()

THis TEXT for the clinician was originally conceived as a means of reduc-
ing the load of repetitive teaching that we have carried in the Clinical
Radioisotope Unit, University Hospital, since 1947. Our first students
were technicians. Then the departments of radiology, medicine and
surgery made the Clinical Radioisotope Unit a regular rotation for every
resident in these departments. In addition, many residents in pediatrics,
obstetrics and gynecology, ophthalmology and other specialties sought
training to use radioisotopes for specialized techniques, in clinical tests-
or for clinical research projects.

Since the Atomic Energy Commission agreed, in 1952, to allow cer-
tain physicians to use radioactive isotopes in private practice, we have
given a preceptorship type of training to many men in practice so that
they might become licensed by the Atomic Energy Commission to use
radioactive isotopes, or so that they might learn how to use existing
radlolsotope centers most intelligently for the diagnosis and treatment
of their patients.

Recently, every medical student at the University of Michigan Medi-
cal School has been assigned to the Clinical Radioisotope Unit as a part
of his regular rotation during some part of his junior year.

This text was written primarily to help instruct such persons in the
most common clinical uses of radioactive isotopes. The space devoted to
each subject is welghted largely according to the popularity of each use.
Chapter 10, covering the less commonly used radioisotopes, was added
because these substances have been used to some extent in human beings
or because it seemed likely to the authors that they might well be
adapted to routine use in the future.

Physicians, medical students and technicians have shown us what
we must teach and how it must be taught. Dean Ralph Sawyer and Dr.
Henry Gomberg of the Michigan Memorial Phoenix Project and Dr.
Albert Kerlikowske, Director of University Hospital, made our start
possible. Dr. C. C. Sturgis, Chairman of the Department of Medicine,
and Dr. Fred Hodges, Chairman of the Department of Radiology, pro-
moted the start of the Isotope Unit. Drs. Isadore Lampe and Henry
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Gomberg taught the senior author the approach to radioisotope work
and a healthy respect for radiation. Dr. F. A. Coller, Chairman of the
Department of Surgery, has contributed almost daily in innumerable
ways to insure the best possible operation of the unit. Ardath Emmons,
Associate Radiation Safety Officer of the University, has been indis-
pensable in his help and instruction in radiation health physics. Dean
A. C. Furstenberg has never failed us in our endless requests.

WiLLiaM H. BEIERWALTES
PHiLip C. JOHNSON
ARTHUR ]. SOLARI

January, 1957



Contents

Chapter 1
CERTAIN PRELIMINARIES . ... itttiiitieinienaens 1
Who 'Should TIaINP s w v smpovsioimsmims s sies s oo b 5% ami 86 255850 s a4 54 1

The Medical Student, 1; The Intern and Resident, 1; The
Postgraduate in Private Practice, 2.
Recommendations and Requirements by the Atomic Energy Commission 2

A Minimum Knowledge of Radioactivity .......................... 25
LIE ATOTIE 505 2.5 50 2 i s i i s i 502 1l e skt i e e s 25
TSOLOPES: v v vinis e s iacwoim aims e e v g o s o w5 5 63 5 s 5 s 3 e 8 26
Radioactivity «.sw.wesusonenmamsivioniosssisspsaminasnisssng 27

Measurement of Radioactivity, 31.
BYQME TATE s iv v a5 58 500 2 00505 005 28 5 100 om0 i o s s s o 32

Interaction of Radiation with Matter .................cooiein.., 37
The Energy Unit—The MEV . -...uosunismsvsimesanswasmasossns 37
The Alpha Particle «.uesswsews s smimssanmsossobowsinesmson: 38
The Beta Patticle: « o i« s o o506 6 50 o s 9508 90505 006 8 585 608 6 536 5 ovms 2 15 38
Positrons and Annihilation Radiation ......................... 39
GammMa RAYS s vvevevnvimmmngavinsvusmnsse s susssoswsssed . 40

Shielding of Gamma Rays, 40; Inverse Square Law, 41.
The ROCIEEEN «nv s 5.55 w56 s w8s o 8 508 o ¢ 508 5 50§ 5058 55009 5 080§ s 41
The Rep, RBE, Remand Rad .......................ooiiae 42

The Detection of Radiation .............ovvviiiiiiiiiiiiiinnne. 42

Gas-Filled Detectors: i« cus v s wasosnmssssmesmms o s o0 s o s 510§ o s 5o 43

Ionization Chamber, 43; Proportional Counters, 44; Geiger
Counters, 44; Self-Quenching Counters (Organic), 46; Bismuth
Cathode Geiger-Mueller Tubes, 46.

Scintillation COUDEETS « « « v s s s« sis s am s s s s s o s wim s 005 o1 s 76 6 076 47
Scalers, 48; Count Rate Meter, 49.
Problems in /COUMEIIE, .« o w5 5.5 56 5 1% 5 o6 8 508 5800 55§ s £ 5008 50§ Bosl 3 § W5 55 % 0d 50

Background 50; Statistics of Counting, 51; Comparatlve Count-
ing, 52; Absolute Counting, 54.

Chapter 2

THYROID PHYSIOLOGY AND RADIOACTIVE IODINE, I13t ., ...... 56
DEANTEIONS o ais 5w s mim s svas w5 00w 85655 6 58 5 W48 1008 # 5 § 10 5 5 o a0s 3 90605 00 8 31 309 56
Anatomy of the Thyroid Gland ................... .. ..., 57
Pituitary-Thyroid AXis ............ .ottt 59



vi Contents

1181 Absorption, Transport and Excretion ................coovenuen 59
Functions of the Thyroid Gland ..... SR B B B 6 R 6 VAR B B 6 N € R E 5 B 60
1. Uptake of Iodine and Tyrosine ..............ccoeuiviiiniene, 60

I181 Practical Considerations, 62.
2. Protein Binding of Iodine .............. § st o e g e o s 67

Mechanism of Action of Antithyroid Drugs, 67; I3t Practical
Considerations, 68.

3. Storage of Thyroid Hormone ...............ccoviviinne Al
1181 Practical Considerations, 70.
4. Release of Thyroid Hormone ...........cocvvvvviniinninne. 71
1131 Practical Considerations, 72.
Transport, Action and Metabolism of Thyroid Hormone ............. 72

Action of Thyroxine, 72.
v

Chapter 3

1131 TESTS OF THYROID FUNCTION ......coiiiiiiiiiiiiiinneinns 78
Thyroid Function versus Patient Function ...................oo00e. 78
1381 Tests of Thyroid Function in General ..................co0oia 80

I181 Excretion in the Urine, 80; Thyroid 1131 Uptake, 81; In-
organic or Organically Bound I8! Level in Serum, 83.

The Mechanics of Three Thyroid Function Tests ................... 85

The Two Hour 1131 Uptake Test ........ «.oooiiiinieaiiinnn., 85
Technique, 85; Reporting the Impression, 90.

The 24 Hour Uptake TeSt .....o.ovvtiiiiniineianeiieiinnenes 91

Technique, 91; Helpful Adjuncts to the 24 Hour I*31 Thyroidal
Accumulation Text, 93.

The One Hour Uptake Test .........oiviiieiieiiiiiiiiiiin 96
Chapter 4
113t THYROIDECTOMY .....cciiniiniiiiiinnenieeieinniaionnnnneanns 99
Treatment of Hyperthyroidism with I181 ... ..........ooiiininnn 99
Contraindications to 1181 Treatment of Hyperthyroidism .......... 99

Carcinogenic Effect, 99; Carcinoma Present in Thyroid, 102;
Large Mass of Thyroid, 102; Pregnancy, 103; Severe Hyperthy-
roidism, 103.

Indications for Radioiodine Treatment in Hyperthyroidism ....... 103
Previous Thyroidectomy for Hyperthyroidism, 103; Exoph-
thalmic Goiter in Persons over Forty Years of Age, "104; Im-
practically Long Preoperative Preparation, 104; Hyperthyroid-
ism in the Presence of Well Accepted Contraindications for
Surgery, 104; Hyperthyroidism with “Malignant” Exophthal-
mos at Any Age, 104.

Principal Reason for 1131 Treatment ............. SO D e OGO 105
Dosage of I181 ... iieinnit it 106
One Dose Method, 106; Fractionation of Dosage, 110; Predic-

tion Tests, 110.

Unpleasant Effects from I8t ... .. ..oooiniiiiin i, 111
Thyroiditis, 111; Worsening of Thyrotoxicosis, 111; Hypo-
thyroidism, 111.

Persistent or Recurrent Hyperthyroidism aiicc 118t Treacment . ... 112



Contents

Goiter in Relation to I131 | . .. ... ... ocivinenns S o e b RS

Additional Aspects of 1131 Thyroidectomy .............oovvenn.
Nodules in Recurrent Exophthalmic Goiter, 115; Thyroid-
ectomies after 1131, 116; Fathology, 116; Auricular Fibrillation,
117; Exophthalmos, 118.

Results to be Expected and Follow-up Care .............c.oonven
Carcinogenic Effects, 118; Fertility, 118; Radioactivity, 118;
Expenses, 118; Thyroiditis, 119; Delay in Effect, 119; Hypo-
thyroidism, 119; Persistent Hyperthyroidism, 119; Persistent
Goiter, 120; Exophthalmos, 120; Iodine Reaction, 120; Prog-
nosis, 120.

Summary: Use of I3t in Treaument of Hyperthyroidism .........
Indications and Contraindications, 120; Dose, 121.

I'3 Therapy for Angina Pectoris or Intractable Congestive Failure ....
Rationale, 121; Indications, 122; Contraindications, 122;
Preparation and Dosage, 123; Results, 124.

I'31 Therapy for Intractable Symptoms of Pulmonary Insufficiency . ...

p Rationale, 125; Indications, 125; Contraindications, 125;
Preparation and Dosage, 125; Results, 125.

113 rherapy for Intractable Parkinsomism ..........cooooviiienennn.
Rationale, 126; Indications, 126; Dose, 126; Results, 126.

1131 Therapy for Intermittent Claudication «.: s . s sie s i s 99 8 i s wiw s 5o v e
Rationale, 127; Indications, 127.

Chapter 5

Is1 IN THE DIAGNOSIS AND TREATMENT OF THYROID NEO-
PLASMS: . .o v oo wim o s it 2 52575 i 3 670 8 508 § 06 938 9 19790 8 5008 § 84008 9 ¢ i o wm o o

Diagnosis and Treatment of Goiters Not Yet Proved to Harbor Carcinoma
Non-nodular Toxic GOIter .. .. coeirmriirerierriiiionneaeneees
Nodular Toxic GOIter .. .o vvvttiirinnnnneaeneetreeeeeanens

§ Diagnostie Use of 1131 When Surgery Is Contraindicated, 132;
Recurrence after Previous Thyroidectomy, 132.

Nodular Non-toxic GOIters .......coeeuereereerrieeronaannonns
Solitary Nodules, 132; Non-toxic Multinodular Goiter, 138.
Recurrent Goiter with Hyperthyroidism .................000nnn
Carcinoma, 142; Colloid Goiter, 142; Exophthalmic Goiter,

142; Adenomatous Goiter, 142. '

I'31 in the Differential Diagnosis of Carcinoma .................
Thyroiditis, 142; Other Forms of Struma, 143.

Radioiodine Treatment of Proved Carcinoma of the Thyroid Gland ... .
Surgical Treatment of Thyroid Carcinoma ............c.coovveens
Roentgen Ray Therapy .............. A SO O L O SO IO B
Indications for T181 . ... .. .ciiiiiiniinnenneronrenrroonnannes
1131 Concentration in Relation to Type of Carcinoma ............

Follicular Carcinoma, 150; Papillary Carcinoma, 150; Papillary
and Follicular Carcinoma, 152; More Undifferentiated Types,
155; Primary and Metastatic Types, 156.

Methods of Determining I3t Concentration by Tissue ...........
Radioautography, 156; External Gamma Counting, 158; Insx
Urinary Excretion, 167; Blood I1:# Level, 168; Indices of Thy-
roid Function, 168.

Enhancing Uptake of 1181 by Thyroid Carcinoma Metastases ......

General Program of Treatment and Follow-up .................

118

120

121

125

126

127

131

131
131
132

132

142

142

147
147
149
149
150

156



vill Contents

Some Clinical Aspects ot Thyroid Cancer Seen in a Radioisotdpe
UITEIT i 4o 2 i o i 5 s s o o0 mm st e o s e 5w oms o s i i 170
Age of Patient and Colloid Production of Carcinoma, 170, Pre-
senting Symptom, 172; Patterns Exhibited by Mectastases ol
Thyroid Carcinoma in Lungs, 172.

Treatment Dosage of T30 Lo oo L 174
Toxic Efficcts of Treatment Dose .. ... oL, 175
Local Swelling, 175; Trradiation Sickness, 179; Radiation
Sialadenitis, 179; Urinary Tract Effects, 180; Depression of Bone

Marrow Function, 180; Ovarian Function, 182.

Urinary Excretion of I'3t after Treatment Dose . ................ 182
Post-treatment. Hypothyrotdistn ....ocoivwnvvinims vy mm s s o 183
Trecatment of the Thyroid Carcinoma Patient and Concomi-

tant Desiccated Thyroid Administration, 181. )

Results .......... B & s i 5 v .2 i 5 3 i 5 S o i o o 185
Pathology ol Lesions and Survival after Radioiodine, 185;
Deaths, 188; Patients Apparently Well, 188.

Chapter 6

OTHER GLINICAL USES OF T3 | i\ iuiameaws i onsoineanonmnmnnnnns 192
Human Serum Albumin (IHSA or RISA) Labeled with Radioactive
Todine .. o 192
Chemicaljand Physical Properties . ... o v o s mes w0 v s omswessasse 192
Pharmacology v v s s s ams 66 e massias o s miimeinssniiagss 192

Mixing with Blood, 192; Mixing with Extravascular Pools, 193;
The Metabolic Degradation of the Isotopically Labcled Pro-
tein, 193.

Localizationof THSA .. . oo o v v omos cosvsnmasims v smmsmessesssssssss 194
L.ocalization in Tumors, 194; Localization in Ascitic Fluid, 194;
Fdema Fluid, 194.

Radiation Hazard from THSA ... ... .. ... .. . .. ... 195
1's1T1SA Blood Volume Determination . ........................ 195
Other Physiologic Considerations, 195; Technique of I'31HSA

Blood Volume, 198; Variations in Blood Volume, 203.

Other Usces of I'#1-Labeled Human Serum Albumin (IHISA or RISA) 203
Brain Tumor lLocalization, 203; Circulation Time, Dilution
Curve and Cardiac Output, 210; Radiocardiography, 217;
Saphenous Circulation Time, 220; Peripheral Circulation, 220;
Mycloscintigram, 223; Diagnosis of Carcinoma Metastatic to
Liver, 226; Diagnosis of Pancreatic Insufficicncy, 228.

Other Uses of I080 e e e e e e 231

Diagniosis of ‘Gallbladder DIisease «sumwsew s smi ons s s cmsrpmsvss s 231
Rationale, 231; Technique, 231; Results, 231.

Liver Tunction Test ..ot i it ettt e e i et e 231

Rationale, 231; Technique, 234; Interpretation, 234.

Chapter 7
RADIOACTIVE PHOSPHORUS: (P32) .:.siinismesmzsarsmisoasnssinsss 240

PRAFTRTCOLOMY: 1v: oot 2 v o 1 001 2 w0 1m0 00 o 5 s 204 . s 2 i = s 240
Physical Characteristics, 240; Rationale of Use, 240; Absorption

and Excretion, 241.



Contents ix

Diagnostic Uses of P32 . ... ... ... iiiiiiiiiiiiiiie i 241
Brain Tumor Localization ...........cooveivieenniinnnnennnnns 241
Localization, 241: Technique, 241; Uses, 241; Tumor Type,

242; Time Interval, 242; Age of Patient, 243. '

Eye Tumor Localization .............coiviiiieeniiininnnn.... 243
Rationale, 243; Technique, 243; Localization of Posterior Ocu-
lar Tumors, 244; Interpretation of Results, 244; Uses, 245.

Determination of Viability of Tissue ............cooiivinenan... 246
Determination of Cutaneous Burn Depth, 246; Determination

-of Circulation in Tubed Pedicle Flaps, 246.

Blood Volume Determination ................covviuiiinnennnnns 247
Rationale, 247; Technique, 247; Normal Values, 248; Clinical
Utility, 248.

Therapeutic Use of Radioactive Phosphorus ........................ 248
Radioactive Phosphorus in Polycythemia Vera .................. 248
Therapcutic Considerations, 248; A Therapeutic Regimen, 250;
Duration of Remissions Produced and Comparison with Other

Forms of Therapy, 251.

Radioactive Phosphorus in Leukemia ................... ..., 251
Selection of Patients, 251; Dosage, 251; Survival, 251; Chronic
Granulocytic Leukemia, 252: Chronic Lymphatic Leukemia, 253.

Rudioactive Chromic Phosphate .........ovvesvismiineinivmsassosre 253
Chromic Phosphate vs: GOl «icisoismsmsvmmsmmsmssnisismionsss 253
Radiation, 253; Half Life, 253; Distribution, 253.

Method of Preparation ............ ... ... .. ... ... 254

BT 1100 (01 (o A IO A e e 0 O O 1 2 N B e e R A P B e P T e 255
Chapter 8

RADIOACTIVE GOLD . is:ovivocminsensssnnasssessmssisi SR E B E B e et 257

PHATIIACOLONY 5.5 0 01 oo 215 105 0 i 2 o o 01 ot m om0 s o ok o 5 o v st i 257

Fate after Intraperitoneal or Intrapleural Injection for Treat-
ment, 257.

Intracavitary UISE) o i s s o s o5 6,09 50830 25 0 5 5% 7 5b £ 508 SR T 5 8 £ ouns 0 wam o foams ¢ s 258
1631V EP Yo 1o R N S Al o e e T Ol A D 0 D e D S B 2 B S e e 258
Method of Administration ........... e ¥ S e R W S S e s 259

Equipment, 259; Technique, 259.

1D LE L e Sa s A B s A m G e D Sina SEo A T frre e 261
Mode of Action, 261.

Reactions to Aul® in Therapy s «ws.cimmsmes vusmysosamsss s 261
Symptoms, 261; Bone Marrow Depression, 262; Liver Function,
262.

Therapeutic Results .. ouseesnsmvvmvmesmssnsvwsseonramessssny 262

Direct. Tumor INJECHON o s sis s sie s s wis s 50 s 6o s e wiocs woat s s s bm s s w860 s 263

Rationale, 263; Equipment, 263; Technique, 263; Dosimetry in
Injection Technique, 264; Results, 264.

Injection into Prostatic Carcinoma ...........coiviinviinneanannn, 265
Selection of Patients, 265; Rationale and Distribution of In-
jected Gold, 265; Technique, 265; Reactions, 266; Results, 266.

Injection for Other Pelvic Cancer . ..voevseveesivirvisnisninisonncs 266
Rationale, 266; Technique, 266; Reactions, 267; Results, 267.
Treatment of Carcinoma of Lung ..............cooiiiiiniiiene. 267

Rationale, 267; Results, 267. -



X Contents

Intravenous Administration of Au®8 ........... ...t 268
DISETIDRIEION (2.510505110 om0 otiein o ssreotssitomeras orcr oo o7 6o S0 S8 o2 00,816 S8 V0% 268
Particle Size, 268; Tissues and Organs, 268.
TTORICILY v vive e mas siig wisis o an wiwie o8 5 s 6808 Bs 55 Biis imioss wio's srarwaioin s 269
Liver, 269; Blood, 269.
For Treatment of Chronic Granulocytic Leukemia .............. . 269
For Treatment of Carcinoma in Liver .. .............ccoviiiinn.. 27(
Tritrathecall TRTECHION oo 566 m ¢ sa s i ¢ 50 5 51 § 018 5 056 5 9591 5 R0 & 55 suops amyer wimin » 9 270

Rationale, 270; Toxicity, 270; Distribution, 270; Results, 270.

Chapter 9
RADIOACTIVE CHROMIUM, CR51; COBALT, CO®, AND IRON, FEss
AND FE . o.iiwstbassss B, o P, RS R S e B S AL E R SRS 273
Radioactive ChIOMIiUI .. .....vvviiiiiniiineeeenanneeeeerannaeeenns 273
Pharmacology of CI®1 . .........oiiineiiniiniiiiiiennannannnnes 273

Physical Characteristics, 273; Biochemistry, 273; Distribution
and Excretion in Man, 274.
Blood Volume Determinations . ..........ceeeeeroenerueeeennnns 275
) Rationale, 275; Technique, 275.
Use of Cr5t RBC Labeling for Study of RBC Survival in Normal

and Disease States ........ocvrueeriiiiiiiiiiiiiiiiieiiaaes 280
Rationale, 280; Technique, 281; Results and Interpretation, 281.
Cr5t Red Blood Cell Half Life ..........covviiiiiiiianine 282

Cr5t Quantitation of Blood Loss Through Gastrointestinal Bleeding 283
Rationale, 283.
Use of Other Radioisotopes in the Differential Diagnosis of Anemia . ... 284
Use of Radioactive Cobalt (Co%%) Labeled Vitamin By2 to Diagnose

Prenicious ANEMIA .. .ovoeeveeerecerscosrossocsnsssonsaaannes 284
Rationale, 284; Technique, 284.
Radioactive Iromn;, Fe5? . .. .oescsaasmninceesssossssinsosssssnss 288

Physical Characteristics, 288; Rationale of Use in Diagnosis of
Anemias, 288; Technique for Plasma Clearance, Plasma Iron
Turnover and Iron Per Cent Utilization Curve, 290.

Chapter 10
OTHER LESS COMMONLY USED RADIOACTIVE ISOTOPES ........ 296
Radioactive Arsenic, As™ ........coiiiiueieneannneescetiieaeaanns 296
Pharmacology, 296; Rationale of Use in Brain Tumor Detec-
tion, 297; Technique, 298; Results, 298.
Astatine, At211 . ......... ived e ¢ e s vy st o i DS F AR GV S 298
Pharmacology, 298; Application, 299.
Soron, B0 | it e 299
Rationale, 299; Technique, 300; Toxicity, 300; Results, 300.
Radioactive Bromine, Br82 (and Chlorine, CI®¢) ..................... 301
Radiobromine, 301; Radiochioride, 301.
Estimation of Total Body Chloride in Man by Radiobromide
§0 110315103 « S R LR 301
Technique, 301; Results, 302; Radiation Hazard, 302.
Radioactive Calcium and Strontium .........cccoeeeiiiniiiiianians 302

Pharmacology, 302; Clinical Studies, 303.



Contents. x1

Radioactive Carbon, C14

.......................................... 303
Radioactive Cerium .. ....ccvviutrinennrnine it neeeneeennnennns 304
Radioactive Cesium ................ ettt e e 304
Radioactive Chlorine . .........c..uuiiiiiiiieeeeennneeeneenannnnn 304
Radioactive Cobalt .. ........couuiiiiiiiiiine e eiiiieeneanannnnnn 304
For Teletherapy, 304.
Radioactive Copper, Cus® . .........ovviiiiiniiiiininniiinennenn.. 305
Radioactive Fluorine, F18 . . ... ... .. c.iiiiiiiiiiiiieieennnnnn 306
Radioactive Gallium, Ga®2 . ..........c.iiiiiiinninnennenneeennnnns 306
Radioactive Germanium, Ge™ . ...........covuenurnnreenennennnns 307
Hydrogen® (TXIBIMY & oo 56 0w o v 08 5 a5 o ios 5106 00008 5k & 5370 5 5805 508 5 ot 307
Method, 307; Toxicity, 308; Results, 308.
Radioactive TEIditm, IT192 .., , oo vie s s s avn 5 s » wim piurs wisss wom & i 5 90 5 o 8 w0 308
Radioactive Krypton (and Other Inert Gases) ..............ccovvunen. 309
Inert Gas Exchange, 309; Study of Peripheral Circulation, 309;
Suppression of Gastric Acidity, 310.
Radioactive Lanthanum, Lal40 .. .......... ..0viiiiiiiiiniennnnnnn. 310
Radioactive Lead, Pb210 . ............. € % 6 68 8 H S 881§ B8 SO § A0 B 0 K S 310
Radioactive Manganese, M52 . ... ... ......couiiiiienininiinnenenns 311
Radiomercury, Hg208 . ... ... iuiiiiiiiiiiiiiiiiiiiiiiiniannaans 311
Radioactive Potassium, K42 (and Sodium, Na22 2¢) .................. 312

Method of K42 Determination of Exchangeable Potassium, 312.
Radioactive SodIum. s iwiimssmasmsmasmisvssnesbasmarmesnasimes 314
Radiocardiogram and Peripheral Circulation Studles, 314; Total

Exchangeable Sodium, 315.

Simultaneous Determination of Both Naz¢tand K42 ............... 317
Exchangeable Body Sodium Determination with Sodium .......... 318
Rubidium, Rb88 . ... .t 319
Radioactive Silver, Ag110, 111 . ... ...l GO GOEOD TO0 320
Use in Liver Function Test, 320.
Radioactive Sodium, Na22: 26, . ., . ..o eisa oins wim s e s mmams s 608 5 0a 005 5,9 320
Radioactive Strontium, Sr8% 90 .. ..., ............. b mi s G E R el W 320
Radioactive Sulfur, S35 ........... ¢ i o i et o e e 0 L @ R 8 LS 8 e & i 320

Determination of Extracellular Fluid Volume, 321; Study of
Tumors, 322; Protein Metabolism, 322.

Thorium X (88 Ra224) . ....ovuiinnneinrnnnrnnreeensrrosssnsinsaas 322

Radioactive Thallium, TI20¢ . ... ... ... ittt iiiiiniienennnns 322

Uraniumi2®8 i oi.s o s wrm s i s o s s 500 5 05 40 3 0 2 8 S S5 g A s 323

WRETRUTOE B o g b i s ks 505 0t 5 510 ) o 7 L 06 2 0 0 3 0 8 08 L 3 3 323
Distribution, 323.

Radioactive Zinc, Zn®® .. ....c.eorvneriennionanaaan GEcont e 324

Chapter 11

BIOLOGIC EFFECTS OF RADIATION .......cooiviiiiiinnnnnnnnannns 329

Acute Penetrating Radiation Syndrome in Man ..................... 329
Hyperacute Reaction, 329; Initial Reaction, 330; Acute to Sub-
acute Reaction, 330; Treatment of Acute Penetrating Radiation
Syndrome, 331.. v

The Chronic Radiation Syndrome ..............0 . oo, 333~

Relative Radiosensitivity of Various Human Organs ................. 335

Cytochemistry of Radiation Injury ..............cooiiiiiiiin, 335



xil Contents

Radiosensitivity of Gells .....i.cciovviimnernrininisoverisnisnsnaesn 336
Changes Observed in Tissues and Organs, 337; Genetic Effects,
343.

Chapter 12

HEALTH PHYSICS IN THE CLINICAL USE OF RADIOISOTOPES .... 345

Types of Radiation Hazards ..............oooviiiiiiiiiiiii .. 345

External THazards . . s« os o ¢ siss 5w eme s o s wim s ae o m s m e wia o oie n oom s wee o 346
Tolerance Dose, 346; Protection from External Radiation, 346.

Internal Radiation Hazards . ... :.oivmivesnsivisossnessssss waimssis 358

Comparison of External and Internal Hazards, 359; Calculation
of Radiation Exposure from Internal Emitters, 359; Tolerance
Levels, 361; Protection from Internal Hazards, 361; Hazards to
Experiments, 362.

Radioactive Waste Disposal . .....eviiineniii i, 363
Storage, 363; Liquid Waste Disposal 363.

Comammatlon Control and Removal ...t i iaimmsvesvoincensnes 365
Skin Contamination, 365; Clothing and Bedding Contamina-
tion, 366; Detecting Instrument Contamination, 367; Glassware
Contamination, 367; Miscellaneous Equipment Contamination,
368; Floors and Bench Tops, 368; Most Common Laboratory
Accidents, 368.

Twelve Unsafe Practices in Handling Radioisotopes ................. -369

Chapter 13

INSTRUMENTATION IN THE CLINICAL RADIOISOTOPE UNIT ... 871

BCATCLS: 5 ¢ ciu s msi 6 s & 1o 5.9 s wie » avm o aie « 4t 0w o wim n min n mie o o b s 8976 6 606 5 & s 9 371
Mechanical Register, 371; Scaling Circuit, 372 Input Circuit,

878; High Voltage Supply, 373; Timer, 374.

Count Rate MEETS .. v uuomores o s onss s sss o s sl s ais s b5 mie s sms s o0 376
External Recorder, 376; Special Rate Meters, 376.

GASFIlled IDEUECHOYS & o s s o166 515§ 516 5 60 s w1 6 wims 5 4565 6iv o s 000 o 0w wincs wm o 6id § 40 377
Gas Flow Detectors, 379; Window Flow Counters, 379; 4 = Coun-
ters, 380; Bernstein-Ballantine Counter, 380.

Solid Counters ........coeeuveveense P R R R R 380
Scintillation Counters, 380.

Linear AMpPLfiers .......oveivniniiieinitiiiiiiiieiiiiis 383

Pulse Height Analyzer ...........ooieiiiiiiiiiieiiiiiean. 384

SPECLTOMEIEIS 4 e v vvv e sveanansaasen s censsssstnatuanannecennes 385
The Medical Scintillation Spectrometer, 387.

Coincidence and Anticoincidence Circuits .............ooooiiiiiie, 388

Tonization Chambers .. .....oouuuuuirereeeenneneeeseeiaineenannns 388

Determination of Operating Voltage .............coieiiiiiniinaan. 390

Calibration of COUNMETS « vttt tremrereeereenraueuerannoenssos 392
Calibration of Scintillation Well-Type Counter with 1131, 392;
Calibration of a Thin-Window Geiger Tube for P32 or 1131, 393;
Calibration with a Radium D and E Source, 393: Calibration by
Coincidence Counting, 395.

Calibration of the EleCtroscope .........oouvuririiimieenetaeanees 396



Contents xiii

Suggested Equipment for an Isotope Unit ..........cocneniieeanins 398
Thyroid Function Tests, 398; 1131 Therapy—Less than 30 mc,
398; 1131 Therapy for Carcinoma, 398; Blood.¥etafies:

or Cr5, 398; P32 Diagnosis and Therapy,aﬁﬁ‘%; Go‘”—&m

Test, 399; Au?® Therapy, 399. 7 N
Costs and SErvicing « oo vvrsenee s sennenans Bk R i i B 39@
Chapter 14 SR S
STARTING AND MANAGING A CLINICAL RADIOIWI:IX,E 27 401
The Physician .o.ccvcuvveeernnunsariroenas cannee 8 K A R 401
The Hospital ......oouirininiiiniiiiritientaeie i iiiiaarnene 401
Superintendent, 401; Hospital Employees, 401.

Requesting Tests or Treatment Procedures: . s s ¢ s s s wve o mivains .. 406

Space and EQUIPMENt .. .....ovvuiiiiinereiiiiiiniainieneeen 408
SPACE « o sco o s 35 & i 5 41608 875 6 43k 3 00 8 01w wim o mim s ok 4 40k € B8 B 4N 8 818 408

Basic Requirements, 408; Where to Locate, 408; Delivery, Vent-
ing and Plumbing, 409.

Small Hospitals and Private Practitioners ....................... 409
Larger Clinical Radioisotope Unit Facilities .................... 411
Expenses and INCOME . ......oviiiinnntriteieiitrrinia e 413
Interested CollEagUES . ......ovuvieenmuinouenramanareenien e, 415
THhe FULUTE .« o vvevesen e ve e eeenaneeeannaseseensssosanseenananns 416
Physician or PhysiCist .. ......ooviiiiiariiiieneiiiiiiienes 419
Further Training .........oveineiiiiiitiieiiiei i 420
Appendices

AppENDIX A. STATISTICSOF COUNTING ......c.ciiiinniiiunienen 421
AppENDIX B. DECAY TABLES OF RADIOISOTOPES ............... .. 427
AppeEnpix C. RADIOAUTOGRAPHY OF THYROID SECTIONS ...... 429
Appenpix D. SHIELD THICKNESS FOR LABORATORY SOURCES .. 432
Appenpix E. COMPILATIONS OF NUCLEAR DATA ................ 434

Appenpix F. FORMAL CLINICAL RADIOISQTOPES TRAINING
COURSES . ovvvninnnfiisios sissmssssnssios vosasnerness 435

AppENDIX G. COMMERCIAL SUPPLIERS OF ISOTOPE-LABELED
COMPOUNDS .............. e e s e e L B § B § 437



Chapter 1

Certain Preliminaries

WHO SHOULD TRAIN?

WHo sHOULD receive training to diagnose and treat patients with radio-
active isotopes? When in the physician’s career should this training be
acquired? How should one acquire this training?

On February 7 and 8, 1954, a Conference on Training in the Use of
Radioactive Isotopes, sponsored by Northwestern University Medical
School and Argonne National Laboratory, was held in Chicago to urge
certain interested persons to crystallize their thinking on these problems.
Our opinions coincide with the conclusions derived from this conference.

1. The Medical Student. The medical student is required to take
chemistry and physics in undergraduate school. When he enters medical
school, a separate course on radiation biology or clinical techniques
should not be taught, both because of curriculum difficulties and be-
cause this material can be pertinently presented in relation to material
included in existing courses. On the other hand, coverage of certain
fundamental topics in this field should not be left to chance. Inclusion
of such topics in specific courses should be recommended by the curricu-
lum committees.

Instruction should be given in the freshman year on properties of
radiation, principles of radiation detection and measurement, and inter-
action of radiation and matter. This material, presented in lecture and
demonstration, should be included in either ‘biological chemistry or
physiology, depending upon which subject is presented first in the cur-
riculum. As students are now taught to think in chemical terms of the
structure and interrelationships of matter, they should also be en-
couraged to regard structure and function from a physical point of view.
The effect of radiation on tissue might be taught in the second year in
pharmacology or pathology. Instruction on radiation hazards and pro-
tection should be included in the curriculum, possibly in the junior
year, as a part of the course work either in radiology or in public
health and preventive medicine. The application of radioisotopes in
diagnosis and therapy would be left entirely to the clinical departments
as to what and Fow much to include.

2. The Intern and Resident. Current opinion agrees that radioac-
tive isotopes should be a tool for the use of the skilled clinician in diag-
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nosis and treatment. It is suggested, therefore, that the period of radio-
isotope training might best be presented at the end of two or three
years of specialty training. The major quantity of radioisotopes used in
clinical medicine today are administered by internists, radiologists and
surgeons. Pathology may soon include training in radioisotopes as part
of clinical laboratory pathology. We have made rotation through the
Clinical Radioisotope Unit available to all residents in University Hos-
pital to give them a broader knowledge of modern medicine, to prepare
them to be relatively well informed members of their community in
respect to questions of atomic warfare, civil defense programs’and haz-
ards which might arise or be alleged to arise from industrial use of
artificial radioactivity, and, most important, to equip them for the pos-
sibility that they may be needed to head a clinical radioisotope labora-
tory in a university hospital or a leading hospital in a large community.

3. The Postgraduate in Private Practice. Physicians in private
practice generally request training in a clinical isotope unit for one of
two reasons. The specialist usually wants to learn how to handle a cer-
tain radioactive isotope in his practice as a specialized tool in his daily
work. The general practitioner, on the other hand, desires information
on the indications for the use of all clinical radioisotopes in his patients,
how to prepare his patients for these isotopes, and how to handle his
patients after the isotopes have been administered to his patients. This
latter type of instruction should be available to any physician to keep
him informed on the utility of this new development in modern
medicine.

RECOMMENDATIONS AND REQUIREMENTS BY THE ATOMIC
ENERGY COMMISSION

The Atomic Energy Commission has made several specific recom-
mendations and requirements to be met by the person who wishes to
use radioisotopes in clinical medicine. These statements are reproduced
in toto as follows.

THE MEDICAL vUSE OF RADIOISOTOPES

Recommendations and Requirements by the
Atomic Energy Commission

I. INTRODUCTION

The present procedures of the Atomic Energy Commission for the
allocation of radioisotopes for medical research, diagnosis and
therapy are set forth in this announcement. The recommendations for
minimum clinical radioisotope training and experience for use of
radioisotopes in human subjects have been established in advisement
with the Subcommittee on Human Applications of the Atomic Energy
Commission's General Advisory Committee on Isotope Distribution.

These recommendations are designed to provide guidelines for
physicians and typify the nature rather than the precise extent of
the desirable clinical radioisotope experience. For special situa-



Certain Preliminarics 3

tions, other experience may serve in lieu of the particular recom-
mendations set forth in this announcement.

II. ADMINISTRATIVE PROCEDURE FOR RADIOISOTOPE PROCUREMENT

A. APPLICATION

A medical institution or a physician in an individual medical
practice desiring to obtain radioisotopes, forwards to the Isotopes
Extension*, Form AEC-313, "Application for Byproduct Material Li-
censes," and Supplement A, (Form AEC-313-a). If the radioisotopes
are to be obtained as sealed scurces (such as €obalt 60 for tele-
therapy units or Strontium 90 for medical eye applicator), the
applicant should complete the basic form (Form AEC-313) and Supple-
ment B (Form AEC-313-b). These forms should be completed in accord-
ance with the instructicns attached thereto. Applications for use
of radioisotopes in human subjects in an INSTITUTIONAL MEDICAL
PROGRAM should be supported by the special information described
under Section III, Page 4, Section IV, Page 6 and Section V, Page
7 of this announcement. For such use by a physician in his INDIVIDUAL
MEDICAL PRACTICE the application should be supported by the spacial
information described under Section III, Page 4, Section VI, Page
11 and Section VII, Page 13.

In considering such applications, the Atomic Energy Commis-
sion is concerned primarily with matters of radiological health
safety. Toward this end the Commission seeks to determine if the
applicant has equipment and facilities appropriate to the proposed
use and whether the physician is trained in basic principles of
radioactivity and has specific experience in the use of radioiso-
topes in the clinical situations being proposed. The information is
indicated by the applicant on his application form and the supple-
mentary sheets attached thereto.

B. LICENSE

Upon favorable review of the application (See NOTE below),
Form AEC-374, "Byproduct Material License," is issued. This license
permits the holder to procure radioisotopes in accordance with the
conditions stated on the application and license forms and in Title
10 of the Code of Federal Regulations.

NOTE. The Isotopes Extension normally reviews applications
proposing new or nonroutine medical uses of radioisotopes in col-
laboration with the Advisory Subcommittee on Human Applications.
This review usually requires four weeks for' completion.

C. TYPES OF CLINICAL RADIOISOTOPE PROGRAMS

The recommendations and requirements established by the
Atomic Energy Commission for the clinical use of radioisotopes are
designed to provide for two types of medical radioisotope programs.
These are defined as follows:

1. Institutional Medical Radioisotope Program
Clinical radioisotope programs established by a medical
institution and carried out under the guidance of a medical isotopes
committee (See recommendations for membership and duties of a medi-
cal isotopes committee in Section IV, A. Page 6) are designated as
"Institutional use." Licenses for institutional use require that
the physician(s) named on the license form supervise the conduct of
*® Allocations Branch, Isotopes Extension, Division of Civilian Application, U.S.
Atomic Energy Commission, P. O. Box E, Oak Ridge, Tennessee.




