
What&effect&can&a&cup&of&coffee&have&

on&dipyridamole&or&adenosine&stress&

test?&

•  Caffeine&in&coffee,&tea,&som&drinks&or&food&such&
as& chocolate& are& chemically& related& to&

dipyridamole&and&adenosine&and&can&block&the&

effect&of&dipyridamole&pharmacological& stress&

tesDng.&&



What&percentage&of&stenosis&at&rest&is&

necessary&in&the&coronary&arteries&for&

resDng&blood&flow&to&be&effected?&



What&percentage&of&stenosis&at&rest&is&

necessary&in&the&coronary&arteries&for&

resDng&blood&flow&to&be&effected?&

•  &>&85&–&90%&



Why&is&imaging&delayed&for&30&–&90&

minutes&amer&administraDon&of&

Tc;99m&sestamibi&or&tetrofosmin?&



Why&is&imaging&delayed&for&30&–&90&

minutes&amer&administraDon&of&

Tc;99m&sestamibi&or&tetrofosmin?&

•  Lung&uptake&is&also&significant.&
•  The& lung& and& liver& clear& with& Dme& and& the&

target&to&background&raDo&improves.&



What&pharmaceuDcal&is&administered&

to&allows&the&Tc;99m&to&bind&to&RBC?&&



What&pharmaceuDcal&is&administered&

to&allows&the&Tc;99m&to&bind&to&RBC?&&

•  Stannous& (Dn)& pyrophosphate& and& stannous&
chloride&has&been&used.&



What&part&of&the&RBC&does&the&Tc;99m&

label&bind?&



What&part&of&the&RBC&does&the&Tc;99m&

label&bind?&

•  Beta&chain&of&hemoglobin&when&the&paDent&is&

pretreated&with&stannous&ion.&



What&do&amplitude&and&phase&images&

portray?&



What&do&amplitude&and&phase&images&

portray?&

•  Amplitude& and& phase& images& are& parametric&

or&derived&images.&

•  The&amplitude& images&portrays&the&maximum&

count&difference&at&each&pixel& locaDon&during&

the& cardiac& cycle.& High& EF& areas& have& high&

amplitude& and& background& areas& have& & low&

amplitude.&

•  The& phase& images& portrays& the& Dming& of&

cyclical& acDvity& with& respect& to& a& reference&

standard.&



What&is&the&hallmark&of&a&ventricular&

apical&aneurysm&by&phase&analysis?&



What&is&the&hallmark&of&a&ventricular&

apical&aneurysm&by&phase&analysis?&

•  Aneurysms&demonstrate&paradoxical&moDon.&

•  AcDvity&in&the&area&of&the&aneurysm&is&typically&

180&degrees&out&of&phase&with&the&rest&of&the&

ventricle.&&





LAD&ischemia&

1.  Severe&decreased&perfusion&in&the&majority&of&

the& anterior& wall,& apex& and& septum& which&

normalizes& on& the& rest& image& indicaDng&

extensive&severe&ischemia.&

2.  LAD&territory.&
3.  Transient&cavity&dilataDon.&
4.  VT,& angina& related& ST& abnormaliDes,&

decreased& systolic& pressure& and& level& of&

exercise&achieved.&





Apical&infarct&

1.  Fixed&stress&and& rest& severe&apical&perfusion&
defect.&Heart&and&cavity&size&appear&normal.&

2.  Myocardial& infarcDon,& apical& thinning& and&

aIenuaDon.&

3.  Small&apical&lateral&scar.&

4.  Technical& factors,& operator& error& and&
interpretaDon&error&





Breast&aIenuaDon&

1.  Mild& fixed& anteroseptal& hypoperfusion& that&
demonstrates& uniform& brightening& on& gated&
SPECT,& indicaDng& normal& myocardial& wall&
thickening&on&gated&images.&

2.  Apparent& decreased& tracer& in& the& upper&
porDons&of&the&heart& is&most&obvious&on&the&
lem&anterior&oblique&and&lateral&frames.&&

3.  Normal& perfusion& study& with& normal& wall&
thickening&and&breast&aIenuaDon.&

4.  Assessment& of& regional& wall& moDon/& wall&
thickening&and&LVEF&





Inferolateral&wall&infarcDon&

1.  If&the&paDent&develops&severe&angina&chest&pain,&
a& decrease& in& blood& pressure,& frequent&
premature& ventricular& contracDon& or& ST&
elevaDon& suggesDve& of& acute& infarct.& Also& if&
paDent& can& walk& no& further& on& the& treadmill&
because&of&general&faDgue,&leg&pain&or&dyspnea.&

2.  Severe& stress& and& rest& fixed& defect& in& the&
basolateral,& inferior& and& inferolateral& walls,&
sparing&the&apex.&

3.  MI&or&possibly&hibernaDon.&Circumflex&artery.&

4.  The&exercise&stress&level.&





Dipyridamole&induced&reversible&

ischemia&

1.  A& perfusion& defect& involving& the& enDre&
inferior& wall& extending& to& the& apex& shows&

parDal&reversibility.&

2.  RCA&
3.  Inferior& wall& ischemia& with& incomplete&

reversibility.&The&laIer&may&represent&scar&or&

hibernaDng&myocardium.&

4.  The& paDent& is& at& risk& for& further& cardiac&
event,&either&infarct&or&death.&





Adenosine&stress&

1.  A.&adenosine& is& infused& IV& for&6&minutes& (140&μg/kg/
min)&amer&3&min&the&tracer&is&injected&and&adenosine&
is& conDnued& for& 3& more& minutes.& B.& adenosine& is&
cleared& from& circulaDon& <10& sec.& return& to& baseline&
blood& flow& levels& occurs& in& 2& to& 3& minutes& amer&
stopping&the&infusion.&C.&stop&infusion&

2.  Sinus& node& disease,& 2nd& to& 3rd& degree& block,&
bronchospasDc&lung&disease&and&adenosine&allergy&

3.  Small&to&moderate&severe&fixed&defect&at&the&apex&on&
both& stress& and& rest& images& consistent& with& infarct.&
Mildly&improved&perfusion&of&the&anterior&and&lateral&
walls& at& rest& compared& with& stress& consistent& with&
mild&anterolateral&ischemia.&

4.  Whenever&adequate&exercise&stress&is&not&possible.&





Viability&&

1.  Extensive&fixed&defects&involving&the&anterior&
wall,& apex,& septum& extending& to& the& lateral&

wall.&

2.  Myocardial& infarcDon& vs.& hibernaDng&

myocardium.&

3.  In& hibernaDng& myocardium,& blood& flow& and&

funcDon& e.g..& contracDlity& are& chronically&

reduced.&

4.  Blood&flow&is&normal&with&reduced&funcDon.&





Bull’s&eye&

1.  A&polar&plot&is&constructed&by&layering&short&axis&slices&
one& on& top& of& the& other& with& the& apex& forming& the&
center&and&the&base&of&the&heart&being&the&outermost&
porDon.&

2.  MisregistraDon& use& of& inappropriate& reference&
database.&

3.  Stress;& hypoperfusion& of& the& anterior,& lateral& and&
inferior& walls.& Rest;& normalized& perfusion& of& the&
anterior& and& lateral& walls& and& incomplete&
normalizaDon& of& the& inferior& wall.& Most& consistent&
with&ischemia&of&the&LCX&and&infarct&of&the&&right&RCA.&

4.  Include&locaDon&and&extent,&severity&and&reversibility&
for& each& perfusion& abnormality.& If& gated& SPECT& is&
performed,&include&LVEF,&wall&moDon&with&or&without&
wall&thickening&fracDons.&





Inadequate&stress&

1.  Severe&fixed&defect& involving&the&both&enDre&
lateral&wall&

2.  Dilated& lem& ventricular& cavity& at& both& stress&
and&rest.&

3.  LCX&artery&
4.  False& negaDve& studies& for& ischemia& may&

result&





LBBB&

1.  Dipyridamole&or&adenosine&

2.  Exercise&or&dobutamine.&Methods&of&stress&that&
result& in& increased&heart&rate&can&be&associated&
with&false&posiDve&findings&of&septal&reversibility&
in&paDent&with&LBBB&

3.  These& agents& do& not& result& in& an& increased& in&
heart&rate.&

4.  The&mild&decreased&acDvity& in& the&anterior&wall&
appears& fixed& and& likely& is& caused& by& breast&
aIenuaDon&in&light&of&the&reported&normal&wall&
moDon.&





Dobutamine&stress&

1.  Dobutamine& stress;& paDents& who& are& not&

candidate&for&either&exercise;&asthma&

2.  Angina&and&inability&to&tolerate&dobutamine&

3.  Mild&fixed&anteroseptal&perfusion&defect&with&

decreased& wall& thickening.& Severe& fixed&

inferior& defect& with& absent& wall& thickening.&

Dilate& LV.& No& reversibility.& Myocardial&

th ickening& and& wal l& moDon& s igni fy&

funcDoning&viable&myocardium.&





PaDent&moDon&arDfact&

1.  A.& the& first& study& shows& an& abnormal&

configuraDon& of& the& anterior& wall;& the& repeat&

study&is&normal.&B,&The&iniDal&sinogram&shows&a&

disconDnuity&or&break,&the&second&is&normal.&

2.  To& visually& present& the& raw& unprocessed&
projecDon& images& to& evaluate& for& paDent&

moDon.&

3.  Review&SPECT&projecDon,& image&by& image&or& in&

cinemaDc&display.&

4.  ArDfact&caused&by&paDent&moDon.&





Breast&aIenuaDon&

1.  Tc;99m& sestamibi,& tetrofosmin& and& not&

Tl;201&because&the&GB&is&seen.&

2.  Mild& fixed& defect& in& the& anterior& wall.&

ProjecDon& images;& decreased& uptake& in& the&

half&of&the&heart&at&stress&and&rest&&

3.  Breast&aIenuaDon,&anterior&wall&infarcDon.&
4.  Assessment& of& regional& wall& moDon,& wall&

thickening&and&EF&





Bowel&acDvity&

1.  Dipyridamole& inhibits& the& acDon& of& adenosine&
diaminase,& increasing& endogenous& adenosine,& a&
potent& coronary& artery& vasodilataDon.& Coffee,& tea,&
caffeine& containing& som& drinks& or& chocolate,&
theophylline&and&aminophylline.&

2.  Dipyridamole&is&infused&for&4&minutes.&Tracer&is&given&
3&minutes&amer&compleDon&of&dipyridamole& infusion.&
Side&effects&can&be&reversed&with&aminophylline.&

3.  Mild& to& moderate& fixed& defect& of& the& anterior& wall.&
Severe,& mostly& fixed& defect& involving& the& enDre&
inferior& wall& but& small& area& of& reversibility& in& the&
inferioapical&region.&Dilated&LV.&

4.  Obtained& delayed& SPECT& to& allow& addiDonal& hepaDc&
clearance& or& movement& of& bowel& acDvity,& have& the&
paDent&drink&water.&



Brain&scinDgraphy&



Pearls&&&Pijalls&&

Brain&imaging&

•  The&commonest&indicaDons&for&brain&imaging&
are& perfusion& abnormaliDes& (stroke),&
demenDa& (Alzheimer’s& or& mulD& infarct),&
epilepsy,& brain& death,& & and& disDnguishing&
recurrent&tumor&from&radiaDon&necrosis.&

•  The& radiopharmaceuDcal& & Tc;99m&HAMPAO,&
TC;99m&ECD,&N;13&PET.&

•  The& radiopharmaceuDcal& Tc;99m& HAMPAO,&
TC;99m&ECD&are&lipophilic,& &extracted&on&first&
pass&and&reflect&perfusion.&

•  Their& uptake& is& highest& in& the& corDcal& and&
subcorDcal&grey&maIer.&

•  On& imaging,& the& central& area& of& decreased&
acDvity& is& primarily&white&maIer&and& should&
not&be&mistaken&for&dilated&lateral&ventricle&&



Pearls&&&Pijalls&&

Brain&imaging&

•  The& radiopharmaceuDcals& Tl;201& and&

FDG& PET& are& metabolic& agents& that&

show& acDvity& in& viable& recurrent& and&

persistent& tumors& but& not& in& areas& of&

radiaDon&necrosis.&

•  MulD& infarct& demenDa& presents& with&

mulDple&asymmetric&corDcal&perfusion&

defects.&

•  MulDple& small& perfusion& defects& can&

also& occur& from& cocaine& abuse& or&

vasculiDs&



Pearls&&&Pijalls&&

Brain&imaging&

•  Alzheimer's& demenDa& classically&
presents& with& symmetrical ly&
decreased& acDvity& in& the& posterior&
parietal;temporal& lobes& with&
preserved& acDvity& in& the& calcarine&
cortex&and&basal&ganglia&and&can&be&
also&seen&in&Parkinson’s&demenDa.&

•  About& 30%& of& Alzheimer's& paDents&
have& symmetrically& decreased&
acDvity.&

•  Herpes&encephaliDs&can&be&seen&as&
increased& acDvity& in& the& temporal&
lobe&&



Pearls&&&Pijalls&&

Brain&imaging&

•  EpilepDc& seizure& foci& show& increased&
perfusion& (Tc;99m& HMPAO& or& Tc;99m&
ECD)& and& metabolism& FDG& PET& during&
seizure& acDvity& but& decreased& or& normal&
acDvity&interictally&

•  A& normal& radionuclide& angiographic&
examinaDon& of& the& brain& presents& a&
trident&appearance&of&intracranial&flow&in&
the& anterior& cerebral& and& right& and& lem&
middle&cerebral&territories.&

•  In& brain& death,& there& is& no& obvious&
arterial&phase& (the& trident& is&absent)&and&
only& scalp&acDvity& is& seen,&which& is&omen&
accompanied&by&a&hot&nose&sign.&



Pearls&&&Pijalls&&

Brain&imaging&

•  These& studies& can& also& be&
performed& by& Tc;99m& HMPAO&
or&Tc;99m&ECD.&

•  A& Diamox& challenge& study&
evaluate& cerebral& vascular&
reserve.&

•  In& areas& of& vascular& disease,&
regional& perfusion& worsens&
amer& Diamox& compared& with&
perfusion&without&Diamox&



Pearls&&&Pijalls&&

CSF&imaging&

•  Common& indicaDons& for& CSF&
imaging&are&for&evaluaDon&of&a&CSF&
leak& or& for& differenDaDng& normal;
pressure&hydrocephalus&from&other&
causes&of&hydrocephalus.&

•  These& study& are& done& with&
intrathecal&administraDon&of&In;111&
DTPA&

•  Most& CSF& leaks& occur& in& the& ear,&
paranasal&sinuses&or&nose&



Pearls&&&Pijalls&&

CSF&imaging&

•  SubstanDal& leaks& can& be&
imaged& by& noDng& asymmetric&
acDvity& around& the& region& of&
the&ears&on&the&frontal&view&or&
acDvity& in& the& nose& on& the&
lateral&view.&&

•  Some& leaks& are& detected& only&
by& removing& and& counDng&
coIon& pledgets& that& were&
placed&in&the&area&of&concern&

&&



Pearls&&&Pijalls&&

CSF&imaging&

•  Cysternography& images& are&

usually&obtained&anteriorly.&&

•  Six&hours&amer& injecDon,& these&
images& normally& show& a&

trident& appearance& of& acDvity&

produced&by&labeled&CSF&in&the&

anterior& interhemispheric,&

right&and&lem&sylvian&cisterns&

•  Any& abnormal& entry& into& the&

lateral& ventricles& is& seen& as&

heart&shape&acDvity&&



Pearls&&&Pijalls&&

CSF&imaging&

•  Early& ventricular& entry& with&
stasis,& accompanied& by& lack& of&
acDvity& over& the& superior&
surface&of&the&brain&amer&24&to&
4 8& h ou r s ,& s u ppo r t& t h e&
diagnosis& of& normal& pressure&
hydrocephalus.&

•  The& classical& clinical& triad& of&
normal&hydrocephalus&includes&
ataxia,& inconDnence& and&
demenDa&&



FDG+

RADIOPHARMACEUTICALS& F=18+FDG+

HOW&THE&STUDY&IS&
PERFORMED&

=+++++++++IV+FDG+(10=20+mCi)+
;  Imaged+about+45+min+later+
;  Pa1ent+sit+in+a+quiet,+darkened+room+
;  EEG+monitoring+

PATIENT&PREPARATION& ;  Fas1ng+except+water+
;  Withheld+alcohol/caffeine/psychiatric+medica1on+
;  Differ+4=6+weeks+a}er+RT+

&
&

&
&

&
UNDERSTANDING&THE&

REPORT&

FDG+uptake+dependent+on++blood+flow+&+by+ac1ve+cells+

+
Neoplasia++

FDG+is+taken+up+by+higher+grade+tumors+

Most+metastasis+have+increased+uptake+

Radia1on+necrosis+have+li~le+or+no+uptake+

+
+
+
+
+

Demen1a++

Alzheimer’s+ demen1a=+ decreased+ uptake+ in+ bilateral+ posterior+
temporoparietal,+ posterior+ cingulate+ gyrus+ and+ frontal+ lobe+ if+ more+
advanced+

Prick’s+disease+=+decreased+uptake+at+frontotemporal+

Lewy+bodies+=+temporoparietal+and+more+occipital+

Parkinson’s+demen1a+=+temporoparietal+and+visual+cortex+

Vascular+ demen1a+ =+ focal,+ asymmetric,+ wedge+ shape+ at+ cor1cal+ and+
subcor1cal+

AIDS+demen1a+=+mul1focal+cor1cal+at+frontal,+temporal+and+parietal+

Seizures++ Ictal+=+seizure+=+hyperperfusion+

Interictal+=+a}er+seizure+=+hypoperfusion+

&
&

POTENTIAL&PROBLEMS&

Diaschisis++ phenomenon+which+abnormal+in+one+segment+will+decreased+uptake+in+
uninvolved+region+

False+posi1ve+ Inflamma1on+/+radia1on+necrosis+with+gliosis+

False+nega1ve+ Steroid/+high+glucose/+RT/+small+lesion/+low+histologic+grade+

Thyroid+disease+ Hypothyroid+may+effect+FDG+uptake+at+parietal+and+temporal+region+



Brain+perfusion+SPECT+imaging+

RADIOPHARMACEUTICALS& Tc=99m+HMPAO+/+Tc=99m+ECD+/+Xenon=133+

HOW&THE&STUDY&IS&
PERFORMED&

;  IV+RPC+(15+–+30+mCi)+
;  Pa1ent+went+in+the+dark+room+for++5+–+15+min+
;  For+seizure,+EEG+is+compulsory+

PATIENT&PREPARATION& ;  Fas1ng+except+water+
;  Withheld+alcohol/caffeine/psychiatric+medica1on+
;  Differ+4=6+weeks+a}er+RT+

&
&

&
&

UNDERSTANDING&THE&REPORT&

+
Cerebrovascular+disease+

Brain+perfusion+highly+sensi1ve+to+blood+flow+

Hemorrhagic+stroke+cannot+be+differen1ated+from+other+infarct+

Lacuna+strokes+may+be+too+small+to+detect+

+
+
+
+
+

Demen1a++

Alzheimer’s+ demen1a=+ decreased+ uptake+ in+ bilateral+ posterior+
temporoparietal,+ posterior+ cingulate+ gyrus+ and+ frontal+ lobe+ if+ more+
advanced+

Prick’s+disease+=+decreased+uptake+at+frontotemporal+

Lewy+bodies+=+temporoparietal+and+more+occipital+

Parkinson’s+demen1a+=+temporoparietal+and+visual+cortex+

Vascular+ demen1a+ =+ focal,+ asymmetric,+ wedge+ shape+ at+ cor1cal+ and+
subcor1cal+

AIDS+demen1a+=+mul1focal+cor1cal+at+frontal,+temporal+and+parietal+

Seizures++ Ictal+=+seizure+=+hyperperfusion+

Interictal+=+a}er+seizure+=+hypoperfusion+

&
&

POTENTIAL&PROBLEMS&

Diaschisis++ phenomenon+which+abnormal+in+one+segment+will+decreased+uptake+in+
uninvolved+region+

Age+of+infarct+ It+is+not+possible+to+determine+the+age+of+infarct+

Luxury+perfusion+ Radiotracer+may+be+deposited+at+an+infarct+due+to+increased+flow,+even+
the+brain+cells+are+actually+nonfunc1oning.+It’s+seen+with+Tc=99m+HMPAO+



Blood&Brain&barrier&protocol&



SPECT&cerebral&perfusion&imaging&protocol&



Brain+death+scan+
RADIOPHARMACEUTICALS& Tc=99m+HMPAO+/+Tc=99m+ECD+/+Tc=99m+pertechnitate+/+Tc=99m+DTPA+

HOW&THE&STUDY&IS&
PERFORMED&

;  Tc=99m+pertechnitate+/+DTPA++bolus+(20+mCi)+for+cerebral+blood+flow+
;  Tc=99m+HMPAO+/+ECD+(15+–+30+mCi),+delayed+images+from+20+min+to+2+hours+post+
injec1on+

PATIENT&PREPARATION& ;  No+specific+prepara1on+

&
&

UNDERSTANDING&THE&
REPORT&

+
Absent+of+cerebral+blood+flow+

+
Hot+nose+sign+

+
+
+

&
&

POTENTIAL&PROBLEMS&

Barbiturates+or+
hypothermia+

Barbiturate+coma,+taking+phenobarbital+or+hypothermia+

False+nega1ve+ Scalp+blood+flow+may+be+increased+due+to+inflamma1on+

Con1nuum+of+
brain+death+

Ineffec1ve+blood+flow+can+persist+despite+true+brain+death+



Diamox+Brain+stress+scan+
RADIOPHARMACEUTICALS& Tc=99m+HMPAO+/+Tc=99m+ECD++

HOW&THE&STUDY&IS&
PERFORMED&

;  1+g+Diamox+injected+
;  Rpc+(9+mCi)++injected+20+min+later+
;  The+base+line+scan+can+be+performed+a+day+before+or+a}er++

PATIENT&PREPARATION& ;  Contraindica1on+for+sulfa+drug+allergy+
;  Diamox+is+to+be+avoided+within+3+days+of+acute+stroke+

UNDERSTANDING&THE&
REPORT&

Caro1d+artery+
stenosis++

Decreased+flow+to+the+affected+region+on+
Diamox+scan+compared+to+base+line+

Mul1infarct+
demen1a+or+
Alzheimer’s+
disease+

MID+ =+ defect+ are+ o}en+ pronounced+
following+Diamox+
AD+=+normal+

&
&

POTENTIAL&PROBLEMS&

Side+effect+of+Diamox+=+ver1go/+1nnitus/nausea/+postural+
hypotension+

Completely+balanced+bilateral+lesion+may+give+false+nega1ve+



Thallium=201+or+Tc=99m+SestaMIBI+Brain+Scan+
&

RADIOPHARMACEUTICALS&

Tc=99msestamibi+=+localizes+in+mitochondria+by+ac1ve+diffusion+across+
an+interrupted+BBB+
Thallium+ 201+ =+ concentrated+ like+ potassium+ in+ viable+ tumor,+ less+ in+
inflammatory+and+no+in+necro1c+1ssue+

HOW&THE&STUDY&IS&
PERFORMED&

;  Tl=201+ (2+ –+ 4+mCi)+ IV+ ,+ image+ at+ 10+ –+ 30+min+ and+ delayed+ at+ 2+ –+ 4+
hours+

;  Tc=99m+SestaMIBI+(10+–+30+mCi)+IV+an+image+at+10++min+to+4+hours+

PATIENT&PREPARATION& ;  No+special+prepara1on+

&
UNDERSTANDING&THE&

REPORT&

Normal+brain+ Li~le+or+no+thallium+uptake+

High+grade+gliomas+
and+lymphoma+

Increased+uptake+“hot”+

Infec1on+or+radia1on+
necrosis+

No+significant+increase+from+background+

&
&

POTENTIAL&PROBLEMS&

+
False+posi1ve+

There+has+been+reports+of+thallium+uptake+with+
abscess,+ certain+ infec1ons,+ inflammatory+
demyelina1ng+disease+and+radia1on+necrosis+
SestaMIBI+less+prone+to+false+posi1ve+

+
False+nega1ve+

If+a+lesion+is+necro1c,+par1ally+treated,+near+an+
areas+ of+ normal+ uptake+ in+ the+ skull+ base+ or+
scalp,+or+below+the+resolu1on+of+imaging+



Radionuclide+Cysternogram+
RADIOPHARMACEUTICALS& Indium=111+DTPA++

3+days+half+life+
Study+requires+24+–+72+hours+

HOW&THE&STUDY&IS&
PERFORMED&

;  LP+is+performed+
;  In=111+DTPA+(9=18+MBq)+into+intrathecal+
;  Image+at+1=4+hr,+24+hr,+up+to+48+–+72+hr+

PATIENT&PREPARATION& ;  Lumbar+ puncture+ should+ be+ informed+ to+ pa1ent+ before+
procedure+

;  LP+ and+ radiotracer+ administra1on+ under+ fluoroscopic+
guidance+

&
UNDERSTANDING&THE&

REPORT&

Normally+radiotracer+reaches+basal+cisterns+by+1+hr,+
frontal+poles+and+Sylvian+fissures+by+2+–+6+hr+
Convexity+by+12+hr+
Sagi~al+sinus+by+24+hr+

&
&

POTENTIAL&PROBLEMS&

Lumbar+puncture+ Extravasa1on+ will+ manifest+ as+ persistent+
ac1vity+ at+ the+ lumbar+ puncture+ site+ and+
slow+or+no+progression+to+the+cranium+

O v e r l a p p i n g+
pa~erns+

O}en+there+is+overlap+of+finding+



Cysternography&protocol&



CSF+leak+
RADIOPHARMACEUTICALS& Indium=111+DTPA++

3+days+half+life+

&
&

&
&

HOW&THE&STUDY&IS&
PERFORMED&

;  Before+ the+exam,+ labeled+co~on+pledgets+are+placed+ into+ the+nasal+
cavity+and/or+ears+by+ENT+

;  In=111+DTPA+is+introduced+into+the+thecal+sac+via+LP+(9+–+18+MBq)++
;  Pa1ent+lies+supine+or+in+Trendelenberg+
;  Image+at+1+–+4+hr+
;  Pa1ent+may+be+asked+to+Valsalva+to+increased+CSF+pressure+
;  The+pledgets+usually+withdrawn+when+leak+is+detected+or+at+4+–+24+hr+
and+weighed+and+counted+for+radioac1vity+

;  Plasma+ sample+ is+ collected+ to+ calculate+ a+ pledget+ to+ plasma+
radioac1vity+ ra1o+ because+ CSF+ is+ absorbed+ into+ the+ blood+ stream+
and+will+appear+in+normal+nasal+secre1ons+

;  Further+delayed+up+to+72+hr+

PATIENT&PREPARATION& ;  Informed+for+lumbar+puncture+

UNDERSTANDING&THE&
REPORT&

A+corrected+pledget+to+plasma+ra1o+>+2:1+indicates+CSF+leakage+

&
POTENTIAL&PROBLEMS&

Lumbar+puncture+

Pledgets+falling+out+

Nasal+secre1on+radioac1vity+



CSF&leak&protocol&



CSF+Shunt+Patency+scan+

RADIOPHARMACEUTICALS& Tc=99m+DTPA/+MAA+
In=111+DTPA+

HOW&THE&STUDY&IS&
PERFORMED&

;  Tc=99m+DTPA+or+MAA+(0.5+–+1+mCi)+0r+In=111+DTPA+(0.25+–+0.5+mCi)+
injected+into+the+shunt++

;  Image+taken+at+30+min+to+2+hr+

PATIENT&PREPARATION& ;  Aware+type+of+shunt+

&
&

UNDERSTANDING&THE&
REPORT&

Normal+ flow+ through+ the+ tubing+ should+ be+ seen+ with+ significant+
reservoir+clearance+by+30+min+
Ventriculoperitoneal+shunt+free+distribu1on+within+abdominal+cavity+
If+the+1p+is+intra+artrial+–+MAA+is+trapped+in+the+lungs+
Hold+up+of+tracer+at+shunt+1p+in+peritoneum+indicates+a+locula1on+
Ventricular+chemotherapy+shunt+–+radiotracer+appear+at+convexi1es+by+
24+hr+if+no+obstruc1on+
+

&
&

POTENTIAL&PROBLEMS&

Unfamiliar+with+shunt+

Peri+ shunt+ injec1on+ –+ injec1ng+ not+ into+ reservoir+ will+ cause+ false+
posi1ve+



Shunt&patency&protocol&



Prick’s+disease+ Generalize& corDcal& hypoperfusion&
and& hypometabolism& favoring&

prefrontal&regions&

Mul1infarct+demen1a+
+

ScaIered&foci&of&decreased&corDcal&
perfusion&and&metabolism&

Alzheimer’s+disease+ Hypoperfusion& and& metabolism& in&
temporoparietal&regions&

Hun1ngton’s+disease+ Decreased&glucose&metabolism&and&
perfusion& in& caudate& nucleus& and&

putamen&

Wilson’s+disease+ Severe& depression& of& lenDcular&
nuclei&glucose&metabolism&

AIDS+demen1a+ Diffuse& hypometabolism& affecDng&
subcorDcal&more&than&corDcal&gray&

maIer&





Tc;99m& HMPAO& SPECT& for& brain& in&&
A l zhe imer ' s& d i sease& showing&

posterior&temporoparietal&defects&



Tc;99m&HMPAO&SPECT&of&the&brain&
in&demenDa&of&Lewy&bodies&showing&

posterior&perfusion&defect&with&
involvement&of&occipital&cortex&



Tc;99m&HMPAO&SPECT&of&the&brain&
in& frontotemporal& demenDa&

(Prick’s& disease)& of& showing&
anterior&perfusion&defect&&



Tc;99m&HMPAO&SPECT&of&the&brain&
in&vascular&demenDa&showing&

mulDple&perfusion&defects,&with&
generally&reduced&perfusion&in&the&

right&internal&caroDd&territory&



























Language&acDvaDon&H2
15O&study&in&a&

paDent& with& a& lem& hemisphere&

g l i o m a . & A c D v a D o n& d u r i n g&
a rDcu l aDon& ( r ed )& and& ve rb&

generaDon& (blue)& is& anterior& to& the&
tumor&&



Coronal&a&and&b&11C&methionine&PET&in&
a&paDent&with&recurrent&glioma&in&the&

lem&temporal&lobe&





Stroke&&

DimenDa&&

Movement&disorder&

Lewi&body&

Tumor&&

Trauma&&TIA&

Brain&death&

Epilepsy&&

CorDcal&cerebral&imaging&

AIDS&

Alzheimer&

AIenDon&deficit&

PSY&

Obsessive&compulsive&

Schizo&&

Parkinson&

HunDngton’s&
chorea&

MulD&infarct&&

Prick’s&disease&





Brain&&

Blood&brain&barrier&& Brain&perfusion& Metabolism&&Brain&tumors& Cysternography&&

Tc;99m&
glucoheptonate&

Tc;99m&DTPA&

IMP&
I;123&iodoamphetamine&

Tc;99m&ECD&
Ethyl&cysteinate&dimer&

Tc;99m&HMPAO&

F;18&FDG& F;18&FDG& Tc;99m&DTPA&

Tc;99m&sestamibi&

Thallium;201&

Indium;111&&
DTPA&

Indium;111&pentreoDde&



CNS&

Blood&Brain&barrier&

Diffusible&lipophilic& Non&diffusible&

Tc;99m&DTPA&

Tc;99m&pertechnetate&

F;Flurodopa&

Tc;99m&ECD&

FDG&

Tc;99m&HMPAO&



Tc=99m+HMPAO+ Tc=99m+ECD+

Accumula1on+ Frontal&
thalamus&&

cerebellum&

parietal&&
occipital&

Extrac1on++ 80%& 60;70%&

Dose+remains+in+blood+ 1&hour&<&12%& 1&hour&5%&
Good+brain+to+background+

ra1o+

Imaging+1me+ Can&image&unDl&24&
hours&

Superior&quality&15;30&min&
SubopDmal&quality&if&delayed&

Excre1on++ Renal&40%&and&GI& Renal&and&GI&













DemenDa&&

Temporoparietal&
hypoperfusion&&

Frontotemporal&&
hypoperfusion&

MulDple&focal&
defects&&

Lewy&body&&

Frontotemporal&

degeneraDon&&&

Prick’s&&

Parkinson&&&

Progressive&

supranuclear&palsy&

Alzheimer&&&

Pseudodepressive&&&&

Schizo&&&

Normo&pressure&
hydrocephalia&&&

Chronic&alcoholism&

MulD&infarct&&&

Creutzfeldt;Jakob&

AIDS&&&



























































































































Concerning&Tc;99m&HMPAO&

A.  Tc;99m&HMPAO&crosses&BBB&
B.  Regional& uptake& of& Tc;99m& HMPAO& is&

proporDonal& to& regional& cerebral& blood& flow& to&
the&same&area&

C.  DistribuDon& of& Tc;99m& HMPAO& in& the& brain& si&
independent&of&brain&maturaDon&

D.  Diffuse& lung& uptake& of& Tc;99m& HMPAO& is& seen&
only&in&people&with&a&history&of&smoking&

E.  Focal&cerebral&uptake& is& seen& in&herpes&simplex&
encephaliDs&&



Concerning&Tc;99m&HMPAO&

•  TTFTT&



Brain&SPECT&

A.  The& distribuDon& of& Tc;99m& HMPAO& reflects& regional&
glucose&metabolism&

B.  Tc;99m&HMPAO&has&to&be&used&within&30&min&of&being&
prepared&

C.  It& is&helpful& to& create& images& in& the&axis&of& temporal&
lobes&when&invesDgaDng&temporal&lobe&epilepsy&

D.  Bright& light& or& loud& sounds& at& the& Dme& of& injecDon&
may&alter&the&distribuDon&of&Tc;99m&HMPAO&&

E.  It& is& possible& to& accurately& assess& the& size& of& lateral&
ventricles&with&brain&blood&flow&tracer&&



Brain&SPECT&

•  FTTTF&



Concerning&demenDa&

A.  Increased&accumulaDon&of&cerebral&blood&flow&tracer&
is&seen&in&the&frontal&lobes&in&Prick’s&disease&

B.  AbnormaliDes& in& Alzheimer’s& disease& are& omen&
bilateral& and& predominantly& effect& temporal& and&
parietal&lobe&

C.  AIDS& demenDa& complex& usually& shows& no&
abnormaliDes&on&brain&SPECT&imaging&

D.  Typical& blood& flow& changes& are& seen& in& the& basal&
ganglia& in& asymptomaDc& paDents& with& HunDngton’s&
chorea&

E.  A& characterisDc& paIern& of& reduced& rCBF& is& seen& in&
idiopathic&Parkinson’s&disease&



Concerning&demenDa&

•  FTFTF&



Concerning&brain&scinDgraphy&

A.  In&the&iniDal&stage&of&cerebral&ischemia,&regional&
cerebral&blood&flow&increases.&

B.  In&the&iniDal&stage&of&cerebral&ischemia,&regional&
oxygen&extracDon&fracDon&increases.&

C.  With&cerebral&infarcDon,&cerebral&metabolic&rate&
for&glucose&increases.&

D.  Following& cerebral& infarcDon,& local& cerebral&
blood&flow&increases.&

E.  In& Parkinson’s& disease,& PET& perfusion& studies&
demonstrate& decreased& perfusion& to& the& basal&
ganglia&contralateral&to&the&affected&limb.&



Concerning&brain&scinDgraphy&

•  FFFTF&



Concerning&brain&scinDgraphy&

A.  In& Parkinson’s& disease,& there& is& increased& F;18& flourodopa&
uptake&by&the&stratum&(caudate&and&putamen&nuclei).&

B.  Concerning&brain&tumors,&an&advantage&of&PET&is&that&it&can&
image& metabolically& acDve& cells& versus& gadolinium&
enhanced& MRI& and& contrast& enhanced& CT,& which& image&
areas&where&there&is&blood&brain&barrier&breakdown.&

C.  Gadolinium& enhanced&MRI& and& F;18& FDG& PET& imaging& are&
equally& capable& of& disDnguishing& between& recurrent& brain&
tumor&and&radiaDon&necrosis.&

D.  All&malignant& brain& tumors& demonstrate& hypermetabolism&
over&F;18&FDG.&

E.  In& differenDaDng& between& infecDous& and& neoplasDc& brain&
lesions,&the&presence&of&hypermetabolism&is&not&useful.&&



Concerning&brain&scinDgraphy&

•  FTFFF&



Concerning&brain&scinDgraphy&

A.  F;18&FDG&freely&crosses&the&BBB&via&the&same&carrier&
mediated&transport&system&as&glucose&

B.  Local& cerebral& metabolic& rates& of& glucose& (specific&
areas& of& the& thalamus,& basal& ganglia,& lobes)& can& be&
determined&through&PET&studies&

C.  Approximately& 20& –& 30& mCi& of& FDG& PET& should& be&
administered&for&a&brain&study&

D.  A& rouDne& FDG& study& can& be& performed& 5& minutes&
amer&radiopharmaceuDcal&administraDon&

E.  External& sDmuli& can& increased& regional& glucose&
metabolism&within&parDcular&areas&of&the&brain&



Concerning&brain&scinDgraphy&

•  TTFFT&



Concerning&brain&scinDgraphy&

A.  Global& glucose& metabolism& compared& with& normal&
decreases& to& a& greater& degree& in& mulDinfarct&
demenDa&than&in&Alzheimer’s&demenDa&

B.  Small& white& maIer& lacunar& infarcts& are& much& more&
easily&idenDfied&with&FDG&PET&than&with&CT&

C.  CT& can& reliably& disDnguish& Alzheimer’s& disease& from&
mulDinfarct&demenDa&

D.  In& HunDngton’s& disease,& changes& in& the& caudate&
nuclei&can&be&observed&on&PET&earlier&than&the&CT&

E.  Persistent& ventricular& filling& on& a& radionuclide&
cisternogram& is& diagnosDc& of& communicaDng&
hydrocephalus&



Concerning&brain&scinDgraphy&

•  FFFTT&



Concerning&Tc;99m&DTPA&in&brain&

scinDgraphy&

A.  Does&not&cross&the&BBB&
B.  Redistribute&over&several&hours&
C.  In& subacute& stroke& appears& as& an& area& of&

increased&uptake&

D.  Is& the& current& agent& of& choice& for&

radionuclide&cisternography&

E.  Requires&preparaDon&with&oral&perchlorate&to&
block&the&unwanted&choroid&plexus&uptake&



Concerning&Tc;99m&DTPA&in&brain&

scinDgraphy&

•  TFTFF&



Which&radiopharmaceuDcals&have&

been&used&for&blood&brain&

scinDgraphy?&



Which&radiopharmaceuDcals&have&

been&used&for&blood&brain&

scinDgraphy?&

•  Tc;99m& pertechnetate,& Tc;99m& DTPA& and&

Tc;99m& GH.& The& leIer& two& were& preferred&

because&of&their&faster&background&clearance,&

lack& of& choroid& plexus& uptake& and& lower&

radiaDon&dose.&



What&is&the&‘flip;flop’&phenomenon&

seen&in&the&cerebrovascular&

scinDgraphy&and&what&is&the&

significance?&



What&is&the&‘flip;flop’&phenomenon&

seen&in&the&cerebrovascular&

scinDgraphy&and&what&is&the&

significance?&

•  On& the& flow& phase,& parenchymal& flow& is&
delayed&on&the&abnormal&side&compared&with&
the& contralateral& normal& side.& Thus,& as& the&
normal& cortex& clears,&uptake& in& the&abnormal&
side& peaks.& This& may& be& seen& with& the& high&
grade& caroDd& artery& stenosis&with& or&without&
cerebral& infarcDon.& Delayed& caroDd& flow& is&
seen&concomitantly.&



Pearl&&

•  A& ‘hot& nose’&may& be& seen& on& the& flow&phase&

images& and& delayed& images& as& a& result& of&

shunDng&of&the&blood&from&the&internal&to&the&

external&caroDd&system&that&supplies&the&face&

and& the& nose& in& paDents& with& severe& caroDd&

stenosis,& brain& death,& psychoacDve& drug& use&

and& use& of& other& drugs& that& cause& nasal&

congesDon.&



What&is&luxury&perfusion?&



What&is&luxury&perfusion?&

•  Increased&perfusion&may&be&seen&in&the&region&

of& an& infarct& amer& a& recent& stroke& (1& to& 10&

days)& cause& by& an& uncoupling& of& blood& flow&

from&metabolism&and&oxygen&demand.&



How&is&brain&death&diagnosed?&



How&is&brain&death&diagnosed?&

•  The&diagnosis& is&primarily&by&clinical.&The&paDent&
must& be& in& deep& coma& with& total& absence& of&
brainstem& reflexes& and& spontaneous& respiraDon.&
Reversible&causes&(drug&or&hypothermia)&must&be&
excluded;& the& cause& of& the& dysfuncDon&must& be&
diagnosed& (trauma& or& stroke);& and& the& clinical&
findings& of& brain& death& must& be& present& for& a&
defined& period& of& observaDon& (6& to& 24& hours).&
Confirmatory&EEG&and&radionuclide&must&be&used&
to& increased& diagnosDc& certainty,& but& the&
diagnosis& is& primarily& clinical.& The& radionuclide&
study&is&more&specific&than&EEG.&



Which&radiopharmaceuDcals&are&used&

to&evaluate&brain&death&and&what&are&

the&advantages&of&each?&



Which&radiopharmaceuDcals&are&used&

to&evaluate&brain&death&and&what&are&

the&advantages&of&each?&

•  Tc;99m& flow& agents& such& as& DTPA& are&
inexpensive.& The& 60& second& flow& & study& can& be&
interpreted& at& the& bed& side.& Because& Tc;99m&
HMPAO& and& Tc;99m& ECD& fixes& in& the& cortex,&
delayed& staDc& images& can& be& obtained& and&
interpreted& for& diagnosis.& The& clinician& is& not&
dependent& on& a& flow& study,& which& demand& a&
good& bolus& and& good& Dming& with& proper&
computer& acquisiDon.& However& it& is& more&
expensive.&



What&is&the&difference&in&mechanism&

of&uptake&between&F;18&FDG&and&

Tc;99m&cerebral&perfusion&imaging&



What&is&the&difference&in&mechanism&

of&uptake&between&F;18&FDG&and&

Tc;99m&cerebral&perfusion&imaging&

•  F;18& FDG& is& a& glucose& analog& and& its& uptake&
represent& regional& glucose& metabolism.& It’s&

metabolically&trapped&intracellularly.&

•  Tc;99m& HMPAO& and& Tc;99m& ECD& are& lipid&

soluble&cerebral&perfusion&agents& taken&up& in&

proporDon& to& regional& cerebral& blood& flow.&

They&fixed&intracellularly.&



How&can&SPECT&brain&perfusion&or&PET&

FDG&imaging&can&be&useful&in&the&

differenDal&diagnosis&of&demenDa?&



How&can&SPECT&brain&perfusion&or&PET&

FDG&imaging&can&be&useful&in&the&

differenDal&diagnosis&of&demenDa?&

•  MulDinfarct& demenDa& is& characterized& by& mulDple&
areas&of&past&infarct,&recognized&as&areas&of&decreased&
uptake&that&correspond&to&the&vascular&distribuDons.&&

•  Alzheimer’s& disease& exhibits& characterisDc& paIern& of&
bitemporal& and& parietal& hypoperfusion& and&
hypometabolism.&&

•  Pick’s&disease&is&associated&with&decreased&frontal&lobe&
uptake.&

•  AIDS&demenDa&complex&is&associated&with&a&paIern&of&
mulDfocal& or& patchy& corDcal& regions& of& decreased&
uptake& seen& parDcularly& in& the& frontal,& temporal& and&
parietal&lobes&and&the&basal&ganglia&



What&is&the&purpose&of&cerebral&

perfusion&imaging&in&paDents&with&

seizure&and&what&is&the&expected&PET&

or&SPECT&paIern?&



What&is&the&purpose&of&cerebral&

perfusion&imaging&in&paDents&with&

seizure&and&what&is&the&expected&PET&

or&SPECT&paIern?&

•  PET& F;18& FDG& and& SPECT& cerebral& perfusion&
studies& can& omen& localize& the& seizure& focus& in&
paDents& requiring& surgery& (typically& temporal&
lobectomy)&for&seizure&control.&

•  Interictally,& a& seizure& focus& shows& decreased&
metabolism& (FDG)& on& PET& and& decreased&
perfusion&on&SPECT.&

•  Ictally&there& is& increased&acDvity& is&seen&during&a&
seizure.&



Which&radiopharmaceuDcals&have&

been&found&useful&in&imaging&brain&

tumors&and&what&is&their&clinical&

uDlity?&



What&is&the&purpose&of&cerebral&

perfusion&imaging&in&paDents&with&

seizure&and&what&is&the&expected&PET&

or&SPECT&paIern?&
•  F;18&FDG&imaging&demonstrates&increased&uptake&
in& tumors& owing& to& increased& glycolysis.& Uptake&
of&FDG&is&proporDonal&to&the&malignant&grade&of&
glioblastomas.&

•  SPECT&with& Tl;201& and& Tc;99m& sestamibi& can& be&
used&in&similar&manner.&Both&Tl;201&and&PET&can&
differenDate& lymphoma& from& infecDon,& most&
omen&toxoplasmosis&in&AIDS&paDents.&

•  Uptake& of& Tl;201& or& FDG& is& indicaDve& of&
lymphoma.&



Name&the&radiopharmaceuDcal&used&

for&cysternography&and&the&most&

common&clinical&indicaDon&in&this&

study&



Name&the&radiopharmaceuDcal&used&

for&cysternography&and&the&most&

common&clinical&indicaDon&in&this&

study&

•  In;111& DTPA.& The& most& common& use& of& this&

radiopharmaceuDcal& in&modern& pracDce& is& to&

confirm& the& diagnosis& of& normal& pressure&

hydrocephalus&(NPH).&The&next&common&use&is&

for&(CSF)&leaks.&



What&is&the&paIern&of&NPH&on&

cysternography?&



What&is&the&paIern&of&NPH&on&

cysternography?&

•  Persistent& ventricular& filling& and& evidence& of&
convexity&block.&

•  The& symptoms& of& NPH& are& inconDnence,&

demenDa&and&gait&disturbance.&





Primary&brain&tumor&

1.  Low&grade&gliomas&typically&have&poor&or&no&
uptake&

2.  Intense& uptake& in& the& large& temporoparietal&
mass&

3.  TransformaDon& of& a& low& grade& to& a& high&
grade&glioma&

4.  No.& malignant& tumors& usually& do& not& have&
receptor&for&binding&of&RP,&which&is&necessary&
before&intracellular&incorporaDon&&





Brain&death&

1.  Flat&EEG&:hypothermia/&barbiturates/&depressive&

drugs&

2.  Deep& coma/& no& spontaneous& breathing/& no&

brain&stem&reflex&

3.  Tc;99m&DTPA/&Tc;99m&pertechnetate&or&Tc;99m&

HMPAO/&Tc;99m&ECD&

4.  Tc;99m&DTPA&–&no&blood&flow&to&cerebral&cortex,&

Tc;99m&HMPAO&–&shows&salivary&gland/&normal&

brain&perfusion&–&cerebral&corDcal&acDvity&seen&




