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Radionuclide++ Decay+mode+ Half+1me++ Energy+(keV)+ Produc1on+
method+

Thallium=201+ Electron+capture+
+

73.1+hr+ 69=83(94%)+,+
135(3%)+167(10%)++

Cyclotron++

Gallium=67+ Electron+capture+ 78.3+hr+ 93(37%),185(20%),
300(17%),395(5%)+

Cyclotron++
+

Indium=111+ Electron+capture+ 2.8+d+ 171(90%),245(94%)+ Cyclotron++

Iodine=123+ Electron+capture+ 13.2+hr+ 159++ Cyclotron++

Iodine=131+ Beta+minus+ 8+d+ 364++ Reactor++

Techne1um=99m+ Isomeric+transi1on+ 6+hr+ 140++ Generator++

Cobalt=57+ Electron+capture+ 272+d+ 122+ Cyclotron++

Fluorine=18+ Positron+emiSng+ 110+min+ 0.653+MeV+ Cyclotron++
+

Gallium=68+ Positron+emiSng+ 68+min+ 1.9+MeV+ Generator++

Carbon=11+ Positron+emiSng+ 20+min+ 0.96+MeV+ Cyclotron++

Nitrogen=13+ Positron+emiSng+ 10+min+ 1.19+MeV+ Cyclotron++

Oxygen=15+ Positron+emiSng+ 2+min+ 1.70+MeV+ Cyclotron+

Rubidium=82+ Positron+emiSng+ 1.3+min+ 3.15+MeV+ Generator++



ɤ/x;ray&
interacDon&with&

maIer&

Coherent/Rayleigh/&
classical&scaIer&

Pair&producDon&

PhotodisintegraDon&&

Photo&electric&

Compton&scaIer&

;Low&energy&photon&excites&atom&but&then&
passes&through&without&energy&transfer&

;High& energy& photon& interact&with& nucleus&
&&converted&to&electron&and&photon&
;Positron& and& electron& annihilaDon& with&

two&511&keV&180&degree&

;High& energy& photon& absorbed& by& nucleus&
resulDng&disintegraDon&of&nucleus&
;Energy&threshold&15&MeV&

;Photon&interact&with&inner&shell&electron&
;Photon& energy& totally& absorbed& by& inner&
shell&electron&

;Electron&is&ejected&(photoelectron)&
;Outer& shell& electron& fill& the& inner& shell;&

characterisDc&radiaDon&or&Auger&electron&
;Energy& of& emiIed& photoelectron& =&
difference& of& incident& photon& energy& and&

electron&binding&energy&
;Low&energy&dominant&

;PE∝​"↑3 /%³&
;Photon&interact&with&outer&shell&electron&
;Loosely&bound&electron&
;High&energy&photon&–&more&straight&scaIer&

;Compton∝&electron&density/&E&



Decay&&

Alpha&&

Beta&&

Gamma&&

;Consist&2&neutrons&and&2&protons&=&Helium&
;Atomic&no&>&82&
;In&decay,&atomic&no&decreases&by&2&and&mass&

no&decreases&by&4&
;Travel&from&1&–&10&cm&in&air&

;Travel&<&0.1&cm&in&Dssue&
;High&risk&if&ingested&or&injected&

Electron&&

Positron&&

Electron&
capture&

Isomeric&
transiDon&

Internal&
conversion&

;Neutron&rich&
;n/p&high&
;n=&p&+&ßg&+&v&

;High&proton&
;n/p&low&

;n=&n&+ßᶧ&+&v&

;High&proton&
;n/p&low&

;p&+&e&=&n&+&v&

;Tc;99m&=&ɤ&+&Tc99&&



eg&

eg&

Q+=+EXPOSURE+
AMOUNT+ OF+ ELECTRICAL+ CHARGE+
P R O D U C E D+ B Y + I O N I Z I N G+
ELECTROMEGNETIC+RADIATION+PER+
MASS+OF+AIR+
+
UNIT+=+C/Kg+=+Roentgen+
1+R+=+2.58+x+10+c⁴+C/Kg+

.&
SKIN+DOSE+
RADIATION+EXPOSURE+INCIDENT+TO+
PATIENT+ DUE+ TO+ RADIOLOGICAL+
EXAMINATION+
+
CHEST+X+RAY+=+0.1+–+0.2+mGy+
SKULL++++++++++++=+1.5+mGy+
ABDOMEN++++=+3+mGy+
LUMBAR++++++++=+10+mGy+

K+=+KERMA+
ENERGY+ CARRIED+ BY+ PHOTON+ (OR+
OTHER+ I ND I R ECT+ ION I Z ING+
RADIATION)+ TRANSFER+ ENERGY+ TO+
CHARGE+ PARTICLE+ (+ PE/COMPTON/
PAIR+PRODUCTION+
+
UNIT+=+J/Kg+OR+Gray+

D+=+ABSORB+DOSE+
DIRECTLY+ IONIZATION+ CHARGE+
PARTICLE+ DEPOSIT+ ENERGY+ BY+
(EXCITATION/IONIZING)+ PER+ UNIT+
MASS+
+
UNIT+=+J/Kg+
1+Gray+=+1+J/+Kg+
100+rad+=+1+Gray+
Rad+=+RADIATION+ABSORB+DOSE+

E+=+EFFECTIVE+DOSE+
ICRP+1990+
MEASURE+ OF+ RADIATION+ AND+
ORGAN+ SYSTEM+ SPECIFIC+ DAMAGE+
IN+HUMAN+
+
UNIT+=+Sievert+
100+rem+=+1+Sv+=+J/Kg+
+
WT+=+TISSUE+WEIGHTING+FACTOR+
GONAD+=+0.2+
BONE+ MARROW/LUNG/STOMACH/
COLON+=+0.12+
BLADDER/BREAST/LIVER/THYROID+
=+0.05+
SKIN/BONE+=+0.01+

H+=+EQUIVALENT+DOSE+
ICRP+1990+
MEASURE+ OF+ RADIATION+ SPECIFIC+
BIOLOGIC+DAMAGE+IN+HUMAN+
+
UNIT+=+Sievert+
100+rem+=+1+Sv+=+J/Kg+
+
WR+ =+ RADIATION+ WEIGHTING+
FACTOR+
XRAY/ɤ/ß/e+++++++++++++++++++++++++=+1+
PROTON+>+2+MeV++++++++++++++=+5+
NEUTRON+++++++++++++++++++++++++++=+5+–+20+
ΑLPHA+++++++++++++++++++++++++++++++++=+20+

SOURCE&&&





&PARATHYROID&SCINTIGRAPHY&



Pearls&&&Pijalls&&

Parathyroid&
imaging&

•  The& most& common& indicaDon& for&
parathyroid& imaging& is& to& localize& the&

hyperfuncDoning&gland&(adenoma)&either&

in& the& thyroid& bed& or& in& the& ectopic&

locaDon&(lower&neck&or&mediasDnum)&

•  Parathyroid&adenomas&are&usually&single&

•  Parathyroid& imaging&is&usually&performed&

by& using& Tc;99m& sestamibi& with&

sequenDal&images&amer&2&hours,&whereas&
p a r a t h y r o i d& a d enoma s& u s u a l l y&

hyperconcentrate& Tc;99m& sestamibi& and&

persist&over&Dme&



PARATHYROID&SCINTIGRAPHY&

ANATOMY&AND&EMBRYOLOGY&



ANATOMY&

&

•  4&parathyroid&glands&
•  Measuring&6mm&x&3mm&

•  Weighing&35&–&40&gram&

•  Rarely,&may&be&only&2&glands&or&as&many&as&8&

glands&





EMBRYOLOGY&

&

•  Inferior( parathyroid( glands( arise& from& 3rd&

branchial&pouch&and&migrate&caudally&with&the&

thymus&

•  Superior(glands(arise&from&4th&branchial&pouch&

and&migrate&with&the&thyroid&











Type&of&cells&in&parathyroid&

1.  Chief& cell& –& produces& parathyroid& hormone&

(PTH)& and& it& has& liIle& mitochondria& or&

cytoplasma&

&

2.  Oxyphil&cell&–&high&number&of&mitochondria.&&



Pathophysiology&&

•  Hyperpathyroidism&:&

1.   Primary&hyperpathyroidism&

2.   Secondary&hyperpathyroidism&

3.   Ter1ary&hyperpathyroidism&





Hyperparathyroidism++

•  Chief&cells&(single&or&mulDple&glands)synthesis&

more&and&release&more&PTH&

•  PTH& synthesize,& stored& and& secreted& by&
parathyroid&glands&

•  PTH& responsible& for& calcium& and& phosphorus&

homeostasis& by& its& acDon& on& bone,& small&

intesDne&and&kidneys&
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Scan&of&Tc;99m&MIBI&



Tc;99m&MIBI&
Heart+
GI+
Kidney+
Bladder&&



Normal&uptake&for&Tc;99m&MIBI&

Salivary&gland&

ParoDd&gland&

Renal&&

Bladder&&

Heart&&

IntesDne&

Thyroid&&

Parathyroid&&



WBS+

+ve&bone& ;ve&bone&

Ga;67/&In;111/&&Tc;99m&HMPAO& MIBI/&MIBG/&I;131/&OctreoDde&

GI& Spleen/&Liver&

Salivary/&lacrimal&gland&

Ga=67+

Spleen>liver& Liver>spleen&

In=111+ Tc=99m+HMPAO+

MIBI/&MIBG/&I;131& OctreoDde&

Cardiac&&

MIBI/&MIBG& I=131&&

MIBI+ MIBG+

GI& LIVER&&

No&&Yes&&

Yes&& No&&



Concerning&imaging&of&parathyroid&

glands&

&A.  Approx imate ly& 50%& o f& cases& o f& p r imary&
hyperparathyroidism& are& due& to& a& single& funcDoning&
adenoma&

B.  The& sensiDvity& of& parathyroid& scinDgraphy& in& the&
detecDon& of& adenomas&within& the& gland& approaches&
75%&

C.  In& secondary& hyperparathyroidism& approximately&
80%&of&hyperplasDc&glands&will&be&visualized&

D.  The& majority& are& parathyroid& adenomas& are&
funcDoning&

E.  False& posiDve& scans& may& occur& in& the& presence& of&
coexisDng&thyroid&disease&



Concerning&imaging&of&parathyroid&

glands&

&
A.  F&
B.  T&&
C.  F&&
D.  T&&
E.  T&



Tc;99m&sestamibi&uptake&may&be&

found&in&

A.  Parathyroid&hyperplasia&
B.  Parathyroid&adenoma&

C.  Thyroid&adenoma&



Tc;99m&sestamibi&uptake&may&be&

found&in&

A.  T&
B.  T&&
C.  T&



In&performing&Tl;201/Tc;99m&

pertechnitate&parathyroid&studies,&it&is&

best&perform&the&pertechnitate&study&

first&



In&performing&Tl;201/Tc;99m&

pertechnitate&parathyroid&studies,&it&is&

best&perform&the&pertechnitate&study&

first&

•  FALSE&



What&is&the&typical&finding&of&

parathyroid&adenomas&on&parathyroid&

imaging&with&Tc;99m&sestamibi?&



What&is&the&typical&finding&of&

parathyroid&adenomas&on&parathyroid&

imaging&with&Tc;99m&sestamibi?&

•  Parathyroid&adenomas&show&delayed&washout&

compared&with&normal&thyroid&Dssue&





Hyperparathyroidism&&

1.  Tc;99m& sestamibi& is& taken& up& by& thyroid& and&

parathyroid& Dssue,& but& wash& out& more& rapidly&

from&the&thyroid.&

2.  Parathyroid& adenoma& in& the& region& of& the& lem&

lower&lobe&of&the&thyroid.&

3.  >& 90%& predicDve& value& for& preoperaDve&
localizaDon&of&parathyroid&adenoma,& lower&test&

accuracy&for&hyperplasia&and&small&tumors.&

4.  Thyroid&follicular&adenoma.&





Parathyroid&adenoma&

1.  Dual& isotope& imaging&with& subtracDon,& in& the& past& using&
Tl;201&and&Tc;99m&pertechnitate&and&recently&using&I;123&
and&Tc;99m&sestamibi&

2.  I;123&by&mouth.&Amer&a&delay&of&2&to&3&hours,&an&anterior&
I;123& thyroid& scan& is& obtained.& Without& moving& the&
paDent,&an&image&is&obtained&amer&IV&injecDon&of&Tc;99m&
MIBI.& The& I;123& image& is& computer& subtracted& from& the&
Tc;99m&MIBI&image.&

3.  The& I;123& thyroid&scan&appears&normal,&although& the& lem&
lobe& extends& more& inferiorly.& The&MIBI& image& shows& an&
asymmetrical& bulbous& configuraDon& in& the& region& of& the&
right&lower&pole&of&the&thyroid.&SubtracDon&demonstrates&
focal&radiotracer&compaDble&with&parathyroid&adenoma&at&
the&lower&pole&of&the&right&thyroid.&

4.  Parathyroid,& thyroid& adenoma,& thyroid& carcinoma& and&
metastaDc&carcinoma.&&





MediasDnal&parathyroid&adenoma&

1.  Parathyroid& scan& with& Tc;99m& sestamibi& or&

Tc;99m&tetrofosmin.&

2.  Focal& persistent& uptake& in& the&mediasDnum,&

normal&salivary,&liver,&cardiac&uptake.&Axillary&

uptake& resolves& with& arm& elevated,& thus& is&

caused&by&skin&folds.&

3.  Various&benign&and&malignant&neoplasm.&

4.  MediasDnal&parathyroid&adenoma.&



ADRENAL&SCINTIGRAPHY&



Pearls&&&Pijalls&&

AdrenocorDcal&

imaging&

•  NP;59& is& an& adrenal& corDcal&
imaging& agent& with& imaging&

per formed& at& 4 ;5& days .&

Unilateral& adrenal& uptake& is&

usually& an& adenoma& and&

bilateral& uptake& is& usually& due&

to&adrenal&hyperplasia&&



ADRENAL&SCINTIGRAPHY&

•  Common& indicaDon& is& hypercorDsolism&

(Cushing’s&syndrome)&

•  Less&common&:&

a)  Hyperaldosterolism&(Conn’s&syndrome)&

b)  Adrenal&virilizing&tumors&





ADRENAL&

CORTEX& MEDULLA&

ZONA&
GLOMERULOSA&

ZONA&
FASCICULATA&

ZONA&
RETICULARIS&

ALDOSTERONE& CORTISOL& ANDROGENS&

CUSHING’S&CONN’S&

EPINEPHRINE&







Drugs&that&interfere&with&NP&–&59&

uptake&

Drug++ Mechanism++
Spironolactone&& Aldosterone&receptor&blocker&

Ketoconazole&& Suppression&of&corDcal&biosynthesis&

DiureDc/oral&contracepDon& SDmulate&&renin/angiotensin&&

GlucocorDcoids&& Suppression&of&ACTH&

Cholesterol&lowering&agents& Decrease&cholesterol&

Hypercholesterolemia&& Decrease&LDL&receptor&acDvity&





HYPERALDOSTERONISM&NP;59&

PATTERN&

SYMMETRICAL&

BILATERALLY&EARLY&

IMAGING&(BEFORE&DAY&5)&

SYMMETRICAL&LATE&

IMAGING&(ON&OR&

AFTER&DAY&5)&

UNILATERAL&EARLY&

IMAGING&(BEFORE&

DAY&5)&

;Bilateral&autonomous&
hyperplasia&
;Secondary&

aldosteronism&

&

;Conn’s&tumor&

;aldosterone&

secreDng&tumor&
Normal&adrenal&





CUSHING’S&SYNDROME&NP;59&

PATTERN&

ADRENAL&

SCINTIGRAM&

BILATERAL&

VISUALIZATION&

UNILATERAL&

VISUALIZATION&

BILATERAL&NON&

VISUALIZATION&

SYMMETRIC&

ASYMMETRIC&

ADENOMA&

CARCINOID&

DRUG&THERAPY&

BILATERAL&HYPERPLASIA&

BILATERAL&

HYPERPLASIA&

(SOME&ASYMMETRY&IS&

COMMON)&

BILATERAL&HYPERPLASIA&

ASSOSIATED&WITH&

UNILATERAL&ADENOMA&

ADRENAL&REMNANT&

AFTER&

ADRENALECTOMY&

















Concerning&scinDgraphy&of&the&adrenal&

A.  Asymmetrical& uptake&of& &NP&59&may&be& seen& in& two&
thirds&in&normal&subject&

B.  Bilateral&symmetrical&uptake&of&NP&59&in&the&presence&
of& glucocorDcoid& excess& is& usually& due& to& adrenal&
hyperplasia&

C.  Unilateral& increased& uptake& following& NP& 59& is&most&
commonly&due&to&funcDoning&adenoma&

D.  Bilateral& non& visualizaDon& of& the& adrenals& in& the&
presence&of&endogenous&glucocorDcoid&excess&is&most&
likely&to&be&due&to&adrenal&carcinoma&

E.  Unilateral& non& visualizaDon& exclude& an& adrenal&
carcinoma&



Concerning&scinDgraphy&of&the&adrenal&

•  TTTTF&



In&the&scinDgraphy&assessment&of&

adrenal&hypertension&
A.  Pretreatment& with& dexamethasone& in& paDents& with&

primary& hyperaldosteronism& significantly& improves&
the&diagnosDc&accuracy&of&NP&59&scanning&

B.  Following& dexamethasone& suppression,& a& Conn’s&
adenoma&will&usually&be&seen&before&day&five&

C.  NP& 59& scinDgraphy& can& disDnguish& ACTH& dependent&
from&ACTH&independent&Cushing’s&syndrome&

D.  False& negaDve& results& may& be& seen& during& MIBG&
scanning& in& paDents& with& pheochromocytoma& on&
steroid&therapy&

E.  AcDvity& in& the& normal& gland& is& usually& suppressed& in&
the&presence&of&a&unilateral&pheochromocytoma&



In&the&scinDgraphy&assessment&of&

adrenal&hypertension&

•  TTTFF&





AdrenocorDcal&scinDgraphy&

1.  A,& Unilateral& NP;59& uptake& consistent& with& lem&
adrenal& adenoma,& concordant& with& the& CT.& B,&
Bilateral& adrenal& hyperplasia,& discordant& with&
CT.&

2.  Uptake&in&the&right&adrenal&bed&region&indicaDng&
adrenal& remnant.& Discordant&with& the& negaDve&
CT.&

3.  Transport& and& receptors& system& for& serum&
cholesterol& account& for& adrenal& uptake.&
Cholesterol& is& required& for& the& producDon& of&
adrenal&hormones.&

4.  Hyperaldosteronism& (adrenal& adenoma& or&
hyperplasia)&and&hyperandrogenism.&



ADRENOMEDULLARY&

SCINTIGRAPHY&



Pearls&&&Pijalls&&

Adrenomedullary&
imaging&

•  MIBG& is& a& medullary& adrenal&
imaging&agent&which&effecDvely&
localizes& in&pheochromocytoma&
and&neuroblastoma.&It&may&also&
localize&in&carcinoid,& &medullary&
t h y r o i d& c a r c i n oma& a n d&
paraganglioma.&&





WBS+

+ve&bone& ;ve&bone&

Ga;67/&In;111/&&Tc;99m&HMPAO& MIBI/&MIBG/&I;131/&OctreoDde&

GI& Spleen/&Liver&

Salivary/&lacrimal&gland&

Ga=67+

Spleen>liver& Liver>spleen&

In=111+ Tc=99m+HMPAO+

MIBI/&MIBG/&I;131& OctreoDde&

Cardiac&&

MIBI/&MIBG& I=131&&

MIBI+ MIBG+

GI& LIVER&&

No&&Yes&&

Yes&& No&&



Heart&
Liver&&

Kidney&
Bladder&&



MIBG&scan&

Heart+
Liver++
Kidney+
Bladder++







Thyroid&blockade&

•  Potassium&perchlorate&for&emergency&and&

allergic&to&iodine=&400&mg&

Compound++ Daily+dose+

Capsules&&

Potassium&iodate& 170&mg&

Potassium&iodide& 130&mg&

SoluDon&&

Lugol&1%& 1&drop/kg&max&40&(20&drops&bd)&

Oncology&CommiIee&of&the&EANM&











In;111&pentetreoDde&(octreoscan)&&

normal&uptake&at&kidney,&spleen,&liver&,&

thyroid&and&intesDnal&acDvity&



SomatostaDn&analog&limitaDons&

False&negaDve&

Small&&&

Few&somatostaDn&receptors&









MulDple&endocrine&neoplasia&(MEN)&

type&1&
•  Dominantly&inherited&

•  MutaDon&of&MEN&1&gene&on&chromosomal&region&
11q13&

•  Include&:&
! Parathyroid&=&hyperplasia&or&adenoma&(90%)&

! PancreaDc& islet& =& adenoma,& carcinoma& or&
hyperplasia&(80%)&

! Anterior&pituitary&=&adenoma&(65%)&

! Adrenal&cortex&=&hyperplasia&or&adenoma&(40%)&

! Carcinoid&tumors&and&lipomata&



MulDple&endocrine&neoplasia&(MEN)&

type&2&

•  Parafollicular& cells& of& thyroid& =& Medullary&

carcinoma&(>&95%)&

•  Adrenal&adrenal&=&pheochromocytoma&&(50%)&

•  Parathyroid&=&hyperplasia&or&adenoma&&(<25%)&





The&following&Dssues&may&show&

increased&uptake&of&MIBG&

A.  Non;secreDng&paraganglioma&

B.  Small&(oat)&cell&bronchogenic&carcinoma&

C.  Squamous&carcinoma&of&the&bladder&

D.  Medullary&carcinoma&of&the&thyroid&

E.  The&heart&



The&following&Dssues&may&show&

increased&uptake&of&MIBG&

•  TTFTT&



The&following&are&true&concerning&

MIBG&scanning&

A.  Focal& bone& marrow& acDvity& in& the& presence& of& a&
known&neuroblastoma&may&be&normal&

B.  The& sensiDvity& of&MIBG& scanning& in& the& detecDon& of&
neuroblastoma&is&approximately&90%&

C.  MIBG&scanning&is&more&accurate&than&CT&or&MRI&in&the&
detecDon&of&primary&adrenal&pheochromocytoma&

D.  Increased& adrenal& uptake& of& MIBG& in& the& MEN&
s y n d r o m e& c o n fi r m& t h e & p r e s e n c e & o f&
pheochromocytoma&

E.  MIBG&scanning&accurately&reflects&the&extent&of&bony&
involvement&in&metastaDc&neuroblastoma&&



The&following&are&true&concerning&

MIBG&scanning&

•  FTFFF&



A.&I;131&NP&59&

B.&In;111;Octreoscan&

C.&I;131&MIBG&

1.  Adrenal&corDcal&adenoma&

2.  Pituitary&adenoma&

3.  Medullary&thyroid&carcinoma&

4.  Pheochromocytoma&

5.  Carcinoid&tumor&



A.&I;131&NP&59&

B.&In;111;Octreoscan&

C.&I;131&MIBG&

1.  Adrenal&corDcal&adenoma&=&A&

2.  Pituitary&adenoma&=&B&

3.  Medullary&thyroid&carcinoma&=B&

4.  Pheochromocytoma&=&C&

5.  Carcinoid&tumor&=&B&





Neuroblastoma&&

1.  Bone& scan& shows& uptake& symmetrically& in& the& distal&
femurs,&cranial&and&facial&bones.&I;131&MIBG&shows&a&large&
area&of&midline&abdominal&uptake.&InspecDon&of&the&bone&
scan&in&the&same&area&suggests&a&som&Dssue&lem&perirenal&
density,&best&seen&in&the&anterior&view.&In&addiDon,&diffuse&
marrow/bone&uptake&is&seen&on&the&MIBG&study.&

2.  The&prominent&mid&line&uptake&on&the&MIBG&is&consistent&
with& neuroblastoma.& Subtle& bone& uptake& is& seen& in& the&
region.&The&symmetrical&bone&uptake&in&the&distal&femurs,&
cranial& and& facial& bone& is& very& suggesDve& of& tumor.& The&
MIBG&confirms&metastaDc&disease&with&extensive&tumor&in&
the&marrow/&bone&from&skull&to&feet.&

3.  First,& primary& neuroblastoma.& Osteosarcoma& metastaDc&
to& the& lung& is& another.& Metastases& of& various& tumors&
occasionally& are& seen& on& bone& scans,& lung,& colon& and&
breast.&

4.  CombinaDon&of&Tc;99m&bone&scan&and&I;131&MIBG.&





Octreoscan&&

1.  In;111&octreoscan&(octreoDde),&I;131&MIBG.&

2.  Prominent& liver,&spleen&and&kidney&uptake& is&

seen&with&In;111&octreoscan.&

3.  Focal&abnormal&uptake& in&the&right&temporal&

bone&that&correlates&with&CT.&

4.  Paraganglioma& considering& the& paDent’s&

history,&also&meningioma&or&NET&metastasis.&





Pheochromocytoma&&

1.  I;131&MIBG&

2.  LocalizaDon&occurs& through& the&norepinephrine&
reuptake& mechan i sm.& I t& l oca l i zes& in&
catecholamine& storage& vesicles& in& presynapDc&
adrenergic&nerve&ending&and&cells&of&the&adrenal&
medulla.&

3.  SensiDvity:&90%,&specificity,&95%&for&detecDon&of&
pheochromocytoma.&

4.  Neuroblastoma& (90%),& carcinoid& (50%)& and&
medullary&thyroid&carcinoma&(25%).&





NET&

1.  PepDde& analogue& of& somatostaDn& and&
octreoDde.& Binds& to& tumors& with& somatostaDn&
receptors.&

2.  NET&
3.  A,&mulDple&metastases&to&both&lobe&of&the&liver.&

Two& large& foci& and& one& small& focus& of& uptake&
consistent& with& paraaorDc& tumor& adenopathy.&
Possible& small& tumor& in& right& hilum.& B,&
prominent& irregular& uptake& in& the& anterior&
mediasDnum&and&focal&uptake&in&the&lower&lung&
posteriorly.&

4.  Kidney&and&spleen.&



InfecDon&and&inflammaDon&



Pearls&&&Pijalls&&

InfecDon&and&
inflammaDon&

•  Gallium;67& citrate& and& In;111&
leukocyte& scans& are& usually&
photon& poor& and& the& images&
are&coarse&or&grainy.&

•  Tc;99m& leukocyte& scan& have&
more& counts& and& the& images&
appear& l e s s& g ra iny& and&
smoother.&

•  Gallium;67& photon& energies&
are&90,&190,&290&and&390&keV.&

•  In;111&photon&energies&are&173&
keV&and&247&keV.&



Pearls&&&Pijalls&&

InfecDon&and&
inflammaDon&

•  Gallium;67& acDvity& is& normally&
seen& in& the& skeleton,& lacrimal&
glands,& nasopharynx& and& liver.&
Liver& acDvity& is& usually& greater&
than& spleen.& Colon& acDvity& is&
normal&on&delayed&images.&

•  Indium;111& leukocyte& acDvity& is&
normally& seen& in& the& bone&
marrow,& liver& and& spleen& with&
spleen&more&intense&than&liver.&

•  Patchy& lung& acDvity&may& be& due&
to& leukocyte& damaged& during&
labeling.&



Pearls&&&Pijalls&&

InfecDon&and&
inflammaDon&

•  Colonic& acDvity& is& normal& on&

Ga;67& and& Tc;99m& leukocyte&

scans& but& not& on& In;111&

leukocyte&scans.&

•  Renal& acDvity& may& be& seen&

normally& on& Ga;67& images&

during&the&1st& &24&hours&and&on&

Tc;99m& leukocyte& images& but&

not&on&In;111&leukocyte&scans.&



Pearls&&&Pijalls&&

InfecDon&and&
inflammaDon&

•  Focal&areas&of&uptake&on&Ga;67&scan&
are& nonspecific& & and& can& represent&
either& tumor& or& inflammaDon.&&
Indium;111& leukocytes& have& been&
reported& to& localized& in& some&
neop l a sms& a l t hough& t h i s& i s&
uncommon&occurrence.&&

•  On& Ga;67& imaging,& sarcoidosis& and&
lymphoma& may& have& s imi lar&
appearance.& Both& may& show&
mediasDnal& and& lymph& node&
i n vo l vemen t .& S a r co i do s i s& i s&
suggested& by& the& presence& of& the&
lambda& sign& and& the& panda& sign.&
Abdominal& involvement& is& more&
common&in&lymphoma.&&



Pearls&&&Pijalls&&

InfecDon&and&
inflammaDon&

•  Diffuse& lung& uptake& on& Ga;67&
scan& is& omen& due& to& PCP& in&

paDents&with&AIDS.&

•  Focal&uptake& in& the&abdomen&on&

leukocyte&scan&may&be&due&to&an&

abscess& or& inflammatory& bowel&

disease& (Crohn’s& disease) .&

AcDvity& in&the&colon&can&be&seen&

in&ulceraDve&coliDs&or&CMV.&

•  Ga;67& is& preferred& to& labeled&
leukocyte& in& the& seyng& of&

suspected&spinal&osteomyeliDs.&



Infec1on+&+inflamma1on+

Gallium&67&
citrate&

Radiolabeled&
leukocytes&

Indium;111&

oxine&

leukocyte&

Tc;99m&

HMPAO& Tc;99m&

Fenulesomab&

F18&;

FDG&

Tc;99m&

Sulesomab&







Radiopharmaceu1cal++ Gallium=67+citrate+ Indium=111+oxine+
leukocytes+

Tc=99m+HMPAO+
labeled+leukocytes+

ProducDon&of&
radionuclide&

Cyclotron&& Cyclotron&& Generator&

Decay&mode& Electron&capture& Electron&capture& Isomeric&transiDon&

Half&life& 78hours& 67hours& 6hours&

Photo&peak&(KeV)& 93,&185,&288,&394& 173,&247& 140&

Dose&& 5&mCi& 0.3&–&0.5&mCi& 5&–&10&mCi&

Imaging&Dme& 48&hours& 24&hours& 1&;&4&hours&

Normal&
biodistribuDon&

Liver&>&indium,&spleen,&
marrow,&bone,&

gastrointesDnal&

Liver,&spleen&>&Ga&67,&
marrow,&lung&

Liver,&spleen,&marrow,&
GI,&GU&and&lung&



+
+

Radiopharmaceu1cal++

+
Gallium=67+

+
Indium=111+

+
Thalium=201+

&
Half&life&

&
78&hours&

&
67&hours&

&
72&hours&

&
Photo&peak&(KeV)&

&
93,+185,+288,+394+

&

&
173,+247+

&

&
69=83,+135,+167+



WBS+

+ve&bone& ;ve&bone&

Ga;67/&In;111/&&Tc;99m&HMPAO& MIBI/&MIBG/&I;131/&OctreoDde&

GI& Spleen/&Liver&

Salivary/&lacrimal&gland&

Ga=67+

Spleen>liver& Liver>spleen&

In=111+ Tc=99m+HMPAO+

MIBI/&MIBG/&I;131& OctreoDde&

Cardiac&&

MIBI/&MIBG& I=131&&

MIBI+ MIBG+

GI& LIVER&&

No&&Yes&&

Yes&& No&&



Normal&Gallium;67&citrate&Scan&

Liver+
Spleen+
Marrow+
Bone+
Gastrointes1nal&&

•  liver/spleen/GI+
•  marrow+



Liver+
Spleen+
Marrow+
Lung++

*spleen+intense+than++
liver/+marrow+



(lungs)&

•  liver/spleen/+bladder+
•  marrow+



Gallium;67&citrate&imaging&

protocol&
Pa1ent+prepara1on+ No+recent+barium+contrast+study+

RadiopharmaceuDcal&& ;Gallium;67&citrate&
;5&mCi&

;IV&

InstrumentaDon&& Photopeak&:20%&window,&93,&285&and&300&
KeV&

Collimator:&medium&energy&
&

Imaging&procedure& 24+hr+images+(opDonal):site&of&suspected&
infecDon&if&early&intervenDon&considered.&

48+hrs+images+:&whole&body&imaging&
Delayed+72+–+96+hr&images&:&differenDate&

intraabdominal&infecDon&or&normal&bowel&
clearance&



Indium;111&oxine&leukocyte&protocol&

Pa1ent+prepara1on+ Draw+50+ml+of+blood,+radiolabel+in+vitro+

RadiopharmaceuDcal&& In;111&oxine&labeled&leukocyte&
500&μCi&

InstrumentaDon&& Photopeak&:20%&window,&173&and&247&
KeV&

Collimator:&medium&energy&
&

Imaging&procedure& 4+hr+images+(opDonal):site&of&suspected&
acute&abscess.&

24+hrs+images+:&whole&body&imaging&
&



Tc;99m&HMPAO&leukocyte&protocol&

Pa1ent+prepara1on+ Wound+dressing+should+be+changed+prior+
imaging+
Draw+50+ml+blood+and+radiolabeled+in+
vitro+

RadiopharmaceuDcal&& Tc;99m&HMPAO&labeled&leukocyte&in&vitro&
10&mCi&

Given&IV&

InstrumentaDon&& Photopeak&:20%&window,&140&KeV&
Collimator:&low&energy&GP&

&

Imaging&procedure& 1+=+2+hr+images+(mandatory):intra&
abdominal&imaging&

4+hrs+images+:&peripheral&skeletal&imaging:&
osteomyeliDs&of&feet&

Whole&body&imaging&
&



IndicaDons&&
Gallium=67+ In=111+oxine+leukocytes+ Tc=99m+HMPAO+leukocytes+

Severe&leucopenia& Intra&abdominal&infecDon& Pediatric&paDents&

Sarcoidosis&& Cardiovascular&infecDon& Inflammatory&bowel&disease&

Idiopathic&pulmonary&fibrosis& DiabeDc&mid&foot&and&hind&
foot&osteomyeliDs&

OsteomyeliDs&of&extremiDes&
including&feet&in&non&diabeDc&

Pulmonary&drug&reacDons&
(amiodarone,&bleomycin)&

Inflammatory&bowel&disease& DiabeDc&forefoot&osteomyeliDs&

PneumocyDc&carinii& Hip&and&knee&prosthesis&

FUO& Orthopedic&hardware,&prior&
fracture&or&infecDon&

Immunosuppressed&paDent&
with&lung&infecDons&&

Suspected&low&grade&chronic&
infecDons&(fungal/protozoa)&



















OsteomyeliDs&in&different&clinical&

situaDons&
Normal+x+ray+ Three+phase+Bone+scan+

Neonates++ Three+phase+bone+scan+and+if+
nega1ve+for+Tc=99m+HMPAO+

Suspected+osteomyeli1s+in+non+
marrow+skeleton+(distal+

extremi1es)+

Bone+scan+++leukocyte+scan+

Suspected+osteomyeli1s+in+
bone+marrow+containing+
skeleton++(knees+and+hips)+

Marrow+scan+++leukocyte+scan+

Vertebral+osteomyeli1s+ Ga+=+67+



OsteomyeliDs&&

Type&of&study& SensiDvity&&
%&

Specificity&
%&&

Three&phase&bone&scan&
(normal&x&ray)&

94& 95&

Three&phase&bone&scan&
(underlying&disease)&

&

95& 33&

Gallium&67& 81& 69&

Indium;111&oxine&
leukocytes&

88& 85&

Tc;99m&HMPAO&leukocytes& 87& 81&

MRI& 95& 87&



InfecDons&&
Regions&& Scans&&

Diabe1c+foot+ Distal&foot&–&Tc;99m&HMPAO&leukocytes&
Mid/hind&foot&–&In;111&leukocytes&

Vertebral+osteomyeli1s+ Ga;67/bone&scan&&
F18;FDG&

Tc;99m&infecton&

Infected+joint+prosthesis+ In;111&leukocytes/&Tc;99m&SC&accuracy&90%&

Intra+abdominal+infec1ons+ In;111&leukocytes&sensiDvity&90%&@&24&Hr&imaging&
Tc;99m&HMPAO&leukocytes&&@&2&Hr&imaging&

Tc;99m&Fanolesomab&for&acute&appendiciDs&

Inflammatory+bowel+disease+ Tc;99m&HMPAO&&:&Crohn’s&small&bowel&involvement&
UlceraDve&coliDs&=&colonic&involvement&without&small&bowel&

Cardiovascular++ ProstheDc&gram&–&In;111&leukocytes&d/t&no&blood&pool&

Renal++ Ga;67&*&increased&uptake&may&due&to&renal/hepaDc&failure&
and&iron&overload&

Intra+cerebral++ Tl;201&:&increased&uptake&=&malignant,&no&uptake&=&infecDon&

FUO+ Ga;67&
Post&op&fever=In;111&leukocytes&

Malignant+external+o11s+ Ga;67&



Pulmonary&Ga;67&uptake&

Diffuse&& Focal&& Nodal&&

Intense&& Mild&&
Bacterial&&
Pneumonia&&

MAI&
TB&

Lymphoma&&

PCP& CMV&
MAI&

Treated&PCP&
Severe&PCP&

IntersDDal&pneumoniDs&

PCP=&pneumocysDc&carinii&pneumonia&
CMV=&cytomegalovirus&

MAI=&mycobacterium&avium&intracellular&



Gallium=67+ Thallium=201+

+
=+ve+

+
++ve+

Kaposi’s+
sarcoma+

+
++ve+

+
=+ve+

+
Infec1on+

+
++ve+

+
++ve+

+
Lymphoma++



&

&

&

Abnormal&CXR&

&&Normal&

Gallium;67&

Kaposi’s&sarcoma&

Pulmonary&fibrosis&

Treated&

sarcoidosis&

InacDve&TB&



&

&

&

&

Normal&CXR&&&

Abnormal&

Gallium;67&

PCP&

CMV&

Sarcoidosis&&

Pulmonary&drug&

toxicity&

LymphocyDs&

intersDDal&

pneumoniDs&&



&

&

Gallium&scan&

100%&sensiDvity&

BurkiI’s&

lymphoma&

Pyogenic&acute&

osteomyeliDs&

Pyogenic&acute&

arthriDs&



&

&

Gallium;67&lung&

uptake&

associated&with&

drugs&&

Bleomycin&&

Amiodarone&&

Busulfan&&

Nitrofurantoin&&

Cyclophosphamide&&

Methotrexate&&



Ga;67&is&taken&up&by&the&lungs&due&to&

drug&toxicity.&Which&drugs&are&the&

culprits?&



Ga;67&is&taken&up&by&the&lungs&due&to&

drug&toxicity.&Which&drugs&are&the&

culprits?&

•  Bleomycin& is& the& most& common.& Uptake& can&

be& seen& with& cytoxin,& nitrofurontoin& and&

amiodarone.&



What&is&the&role&of&Ga;67&in&

sarcoidosis?&



What&is&the&role&of&Ga;67&in&

sarcoidosis?&

•  Ga;67& lung& uptake& is& a& sensiDve& test& for& the&
diagnosis& of& acDve& alveoliDs& of& sarcoidosis.&

Ga;67& may& be& markedly& increased& in& the&

seyng& of& a& normal& CXR& in& early& disease& and&

may&be&negaDve&in&the&seyng&of&an&abnormal&

CXR&in&&inacDve&disease.&



Which&leukocytes&are&labeled&with&

In;111&oxine&and&Tc;99m&HMPAO?&



Which&leukocytes&are&labeled&with&

In;111&oxine&and&Tc;99m&HMPAO?&

•  In;111& binds& to& neutrophils,& lymphocytes,&

monocytes,&erythrocytes&and&platelets.&

•  Tc;99m&HMPAO&binds&to&neutrophils.&



Which&of&the&following&statements&is&

true&regarding&In;111&oxine&

leukocytes?&

A.  It& is& diagnosDcally& useful& for& evaluaDng&
inflammatory&lung&disease.&

B.  It& has& a& high& sensiDvity& for& detecDng&
osteomyeliDs&in&the&spine.&

C.  It& should& be& used& when& the& peripheral&
leukocyte&count&is&less&than&3000/mm³.&

D.  It& is& the& radiopharmaceuDcal& of& choice& for&

intraabdominal&infecDon.&



Which&of&the&following&statements&is&

true&regarding&In;111&oxine&

leukocytes?&

•  FFTT&



What&is&the&opDmal&imaging&Dme&for&

In;111&leukocytes&and&Tc;99m&HMPAO&

leukocytes?&



What&is&the&opDmal&imaging&Dme&for&

In;111&leukocytes&and&Tc;99m&HMPAO&

leukocytes?&
•  In;111& labeled& leukocytes& are& rouDnely& imaged& at& 24&
hours.& Imaging& at& 4& –& 6& hours& is& less& sensiDve& for&
detecDon& of& infecDon.& The& one& excepDon& is&
inflammatory& bowel& disease& in& which& imaging& should&
be& done& at& 4& hours& because& intraluminal& shedding& of&
inflammed&cells&may&result&in&inaccurate&localizaDon&at&
24&hours.&

•  Tc;99m&HMPAO& leukocytes& should& be& imaged& at& 1& ;2&
hours& for& intraabdominal& infecDon& because& of& biliary&
and&renal&clearance&seen&by&2&hours.&Extra&abdominal&
infecDon&can&be&imaged&later,&usually&4&hours&allowing&
more&Dme&for&background&clearance.&



Regarding&osteomyeliDs,&which&of&

these&statements&are&true?&

A.  The& three& phase& bone& scan& is& sensiDve& test&
for&diagnosis.&

B.  The& three& phase& posiDve& scan& is& specific& for&
osteomyeliDs.&

C.  A& negaDve& flow& phase& study& almost& always&

rules&it&out.&

D.  In& paDents&with& prostheses,& a& bone&marrow&

scan&can&be&useful&to&rule&out&a&false&posiDve&

In;111&leukocyte&study.&



Regarding&osteomyeliDs,&which&of&

these&statements&are&true?&

•  TTTF&



Which&of&the&following&statement&are&

true?&
A.  A& negaDve& three& phase& bone& scan& exclude&

osteomyeliDs&with&high&degree&of&certainty.&

B.  The& specificity& of& bone& scan& is& poor& in& paDents&
with&underlying&bone&disease&such&as& fractures,&
orthopedic&hardware&and&neuropathic&joints.&

C.  In;111& oxine& and& Tc;99m& HMPAO& leukocytes&
have& poor& specificity& for& the& diagnosis& of&
osteomyeliDs&in&a&paDent&with&a&hip&prosthesis.&

D.  Because& the& three& phase& bone& scan& may& be&
posiDve& in& a& paDent& with& a& Charcot’s& joint,& a&
radiolabeled& leukocyte& study& should& be&
performed.&



Which&of&the&following&statement&are&

true?&

A.  TTTF&



In&the&imaging&of&the&lung&infecDon&

A.  Gallium&uptake&is&highly&sensiDve&for&PCP&

B.  Localized&uptake&of&Gallium&is&common&in&PCP&

C.  Uptake&of&Indium;111&labeled&&white&cells&in&the&&

lungs&is&relaDvely&non&specific&for&infecDon&

D.  Unmatched& defects& of& perfusion& are& the& most&

common& abnormality& seen& on& V/Q& scan& in&

paDents&with&bacterial&infecDon&

E.  In&paDents&with&TB,&only&sites&of&acDve&infecDon&
are&Gallium&avid&



In&the&imaging&of&the&lung&infecDon&

•  TFTFT&



Concerning&In;111&white&cell&scans&

A.  The&white&cells&must&be&autologous&

B.  Lung& acDvity& is& pathological& between& 1& and& 4&
hours&amer&injecDon&

C.  If& a& focus& of& increased& uptake& is& seen& on& the&
early&images,&the&24&hour&images&do&not&need&to&
be&performed&

D.  In;111&white&cell&are&more&useful&in&chronic&PUO&

E.  If& the& paDent& is& on& appropriate& anDbioDcs,& the&
white&cell&study&is&unlikely&to&be&posiDve&



Concerning&In;111&white&cell&scans&

•  FTFFF&



Concerning&Tc;99m&HMPAO&and&

In;111&labeled&white&cell&scans&

A.  Diffuse& bowel& acDvity& on& a& Tc;99m&HMPAO& study& at&
24&hrs&indicates&severe&coliDs&

B.  On&a&Tc;99m&HMPAO& labeled&white&scan,& the& typical&
appearances&of&IBD&is&intense&acDvity&at&1&hour&which&
fades&with&Dme&

C.  Rectal& disease& can& be& disDnguished& from& bladder&
acDvity&on&a&Tc;99m&HMPAO&

D.  AcDvity& is& seen& in& the& bowel& in& IBD& because& the&
labeled&WBC’s&fix&in&the&inflammatory&bowel&wall&

E.  An&abscess&that&communicates&with&the&bowel&can&be&
disDnguish&&from&one&that&does&not&



Concerning&Tc;99m&HMPAO&and&

In;111&labeled&white&cell&scans&

•  FFTFT&



Concerning&the&imaging&of&the&

immunosuppressed&&paDent&

A.  In;111&labeled&WBCs&are&sensiDve&as&Gallium&
at&detecDng&PCP&

B.  Tc;99m&DTPA& clearance& is&more& useful& than&
Gallium&scanning&in&the&following&up&of&PCP&

C.  Gallium& uptake& in& the& colon& is& highly&
suspicious&for&acute&coliDs&

D.  Kaposi’s&lesions&take&up&Tl;201&
E.  AcDve&MAI& infecDon& in&HIV&posiDve&paDents&

has&specific&appearance&on&Gallium&scan&



Concerning&the&imaging&of&the&

immunosuppressed&&paDent&

•  FTFTF&



The&source&of&lectoferrin&&

A.  Lymphocytes&&

B.  Leucocytes&&
C.  Bacteria&&
D.  Fungus&&
E.  Tissue&macrophage&



The&source&of&lectoferrin&&

•  FTFFF&



The&source&of&siderophores&

A.  Lymphocytes&&

B.  Leucocytes&&
C.  Bacteria&&
D.  Fungus&&
E.  Tissue&macrophage&



The&source&of&siderophores&

•  FFTFF&



Lactoferrin&is&physiologically&produced&

by&certain&organs&that&localize&gallium&

A.  Lacrimal&glands&

B.  Salivary&glands&
C.  LactaDng&breast&
D.  Bone&&
E.  Liver&&



Lactoferrin&is&physiologically&produced&

by&certain&organs&that&localize&gallium&

•  TTTFF&





Sarcoidosis&&

1.  PaDent& A:& lambda& s ign& (h i lar& and&
paratracheal&nodal&uptake).&paDent&B:&diffuse&
pulmonary&uptake.&

2.  Classic&panda&sign.&
3.  Either&A&or&B.&The&panda&sign&can&be&seen&at&

any&stage&of&the&disease.&

4.  Sarcoidosis.& Ga;67& scan& is& used& to& confirm&
the&clinical&diagnosis&and&differenDate&acDve&
alveoliDs&from&inacDve&fibrosis.&





Intraabdominal&abscess&

1.  Very& increased& uptake& in& the& right& lower& quadrant&
strongly& suggests& an& intraabdominal& abscess.& Tumor&
cannot&be&excluded.&

2.  Increased&vascular&permeability,&bacterial&uptake&and&
binding&to&leukocytes&play&a&role,&however,&binding&to&
lactoferrin&of&degranulated&neutrophils&at& the&site&of&
infecDon&is&probably&the&primary&mechanism.&

3.  Photopeak& at& 91& to& 93,& 185,& 300& and& 394& keV.& The&
lower& three& photopeaks& are& used& for& imaging.& A&
medium&energy&collimator&should&be&used.&

4.  The&recommended&adult&dose&of&Ga;67&is&5&mCi,&half&
life&is&78&hours,&imaging&Dme&is&at&48&hours&is&rouDne.&
If& abscess& suspected,& imaging& at& 6& to& 24& hours&may&
provide&an&early&diagnosis.&




