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Thefollowingitemsconsistofa headingfollowedbynumberedoptionsrelatedtothatheading.Selectthoseoptions
you think are true and those that you think are false.Answersmaybe found on page 1668.
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A Ant LTrue statementsconcerningthe lactulose-H2breath test for
detecting bacterialovergrowthwithin the small intestine include
whichof thefollowing?

I . Up to 30% of patientswithbacterialovergrowthdo not
have bacterial flora capable of producing H2 from
metabolism of the standard 10-gm lactose load.

2. H2 may resultfrom normalhosttissuemetabolism.
3. FastingH2 breathlevelsoccuraftercigarettesmoking.
4. FastingH2 breathlevelsmay resultfromsmallintestinal

bacterial overgrowth.
5. PatientswhohavenoriseinH2level(> 20 ppmH2)above

baseline after administration of 10 g of lactulose should
be retested with 30 g of lactulose.

Truestatementsconcerningcholecystokinin(CCK)cholescin
tigraphyincludewhichof thefollowing?

6. It isan appropriatescreeningtestforpatientswithupper
abdominal pain of uncertain origin.

7. Itcan be usedto identifypatientswithsphincterofOddi
dyskinesia.

8. Use ofCCK increasesthe sensitivityofhepatobiliaryim
aging for detecting mechanical cystic duct obstruction.

9. RapidbolusinjectionofCCKincreasesthepositivepredic
tive valueof CCK cholescintigraphyfor diagnosing biliary
dyskinesia.

Truestatementsconcerningcholecystokinin(CCK)include
whichofthefollowing?

10. It is producedby the duodenalmucosa.
11. All commercialformsof CCK retainphysiologicactivity

by reproducing the complete 33 amino acid polypeptide
chain length.

12. It decreaseshepaticbile secretion.
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A 51-yr-oldman,fivedayspost-coronaryarterybypasssurgery,
developsfever,nausea,andabdominalpain.Youareshown
thispatient's99mTclidofeninhepatobiliarystudy(Fig.1).

Which of the followingcouldexplainthe findingsin these
images? (continuedonpage1668)
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(continuedfrompage 1599)

13. insufficientperiodof fastingbeforethe study
14. acute pancreatitis
15. fastingfor 4 hr beforethe study
16. acute or chroniccholecystitis

Reasonable approaches atthis pointto improve the diagnos
ticutilityofthe studyinFigure1 includewhichofthefollowing?

17. administermorphinesulfate,0.04mg/kg,intravenous,and
continue imaging for an additional 30-45 mm

18. continueimagingfor an additional3 hr
19. administersincalide,0.02pg/kg, intravenous,administer

a second dose of 99mTclidofenin, and image for 60 mm
20. administer200 ml of waterby mouth

Which of the following characteristics among the 99mTc
acetanilidoiminodiacetate(IDA)derivativesfavorshepatocyte
uptakeand concentrationin the biliarytree?

21. the structureshouldcontaina nonpolargroup
22. thestructureshouldbe lipophilic
23. high urinaryexcretion
24. low plasmaproteinbinding

L
ITEMS 6-5: CCKCholesclntlgraphy
ANSWERS:6, F; 7,1;8, F;9, F
CCKcholescintigraphyshouldbeemployedto confirma surgeon's
and/orgastroenterologist'sclinical impressionthat rightupper quadrant
pain and biliary colic are a manifestationof acalculous biliary diseasa
It should not be employed as a screening test in individuals with vague
abdominalpain,becausefalse@positivestudieswilloccursincethemaxâ€¢
imalgallbladderejectionfractionresponseto CCK in this patientpopula
tion hasyetto be determined.

CCKcholescintigraphycanbeemployedasa noninvasivemeansof
identifying patients with sphincter of Oddi dyskinesia, as some will
demonstratea CCKcholescintigraphicpatternindicativeofthis disorder
A delayin biliary-to.boweltransitandfailureofthe sphincterofOddito
relaxafterCCKinfusion(thedilatedcommonductsign)arethecardinal
scintigraphicfeaturesof thisdysfunctionaldisorderof the biliarytree

The mostaccuratetest for the detectionof acutecholecystitisis
hepatobiliaryscintigraphy.Itssensitivityexceeds95%withouttheuse
of CCK. However,pretreatmentwith CCK is oftenemployed to improve
thespecificityofthistestinpatientswithsludgeintheirgallbladdersor
in those who have been fasting or undergoing total parenteralfeeding
for prolonged periods.

False-positiveCCKcholescintigramswilloccurifCCKisnotinfused
(continued on page 1684)

ITEMS 1â€”B:Lactulos.-H2 Breath Testing
ANSWERS:1,T;2,F;3,T;4,T;5,T
KingandToskeshavereviewedcarbohydrate.H2breathtestingfordetec
ting bacterialovergrowthand compared thesetestswith the 14C-xylose
breathtestandintestinalculture.AlthoughH2breathtestsareattractive
becauseof theireaseofperformanceandnonradioactivenature,they
are both inadequately sensitiveand specific. H2 breath tests are also
affectedby a numberolfactorsthatmakethcir interpretationproblematic.
Cigarettesmoking within 1 hr beforethe test elevatesbreath H2;diar
rheaandpriortreatmentwithantibioticsandenemasimpairbacterial
productionofH2.Althoughearlierstudiessuggestedthatonlyanocca
sionalpatientmaylackH2-producingbacteria,it isnowappreciatedthat
up to 30%of patientsmaynotgeneratesignificantH2withtheusually
empla@d10.gleotulose.H2test;insuchpatients,30goflactuloseshould
be administered. It also appears that as many as 30% of patientswith
culture-provenbacterialovergrowthmayhaveelevatedlevelsofbreath
H2 in the fasting state.

1. King cE, TOSI@SPP The use of breath tests in the study ofmalabsorption. C/in
Gastroenterol1983;12:591-610.

2. KingcE, ToskesPPComparisonofthe 1-gram[1@CJxy1os@10-gramlactulose
H2breathtestsin patientswithsmallintestinebacterialovergrowth.Gastro
enterology1986:91:1447-1451.
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slowlyovera 1-3 mmduration. Presumably,this is due to spasmof the
cystic duct, which impairs emptying ofthe gallbladder andfalsely lowers
the gallbladderejectionfraction.
Rfr.ncâ€¢s
1. Pickleman J, Peiss AL, Henkin A, et al. The role of sincalide cholescintigraphy

in the evaluation of patients with acalcutous gallbladder disease. Arch Surg
1985:120:693-697.

2. DeRidderP Fink-BennettD.Thedilatedcommonductsign.Apotentialindicator
of sphincter of Oddi dyskinesia. C/in Nod Med 1984;9:262-263.

ITEMS 10â€”12:PropertIes of CCK
ANSWERS:10,1; 11,F; 12,F
Cholecystokinin(CCK)isa33-amino@acidpolypeptidehormoneproduc
ed by the duodenal mucosa in responseto fat, lipolyticproducts,amino
acidsand smallpolypeptidesin thesmallintestineItcausesthe galiblad
der to contract,thesphincterof Oddito relax,enhancesjejunal,ileal
and, to a lesser extent, colonic motility, increases pyloric tone, and
stimulatesthe secretionof pancreaticenzymesand bile.Thediffuseef
fectsofCCKonintestinalmotilityexplainwhymanypatientsreport gurgl
ing in the stomachâ€•followingits injection. Itsactiveor cholecystokinetic
portionresidestotallyin itsC-terminaloctapeptidefragment.

Therearetwo commercialpreparationsofthe 33-amino-acid polypep
tide cholecystokinin:Pancreozymin@vis produced by Boots Co., Ltd.,
England,and Cholecystokinintmbythe KarolinksaInstitutein Stockholm.
Bothsincalide,the C-terminaloctapeptide,and ceruletidediethylamine,
the C-terminal decapeptide of cholecystokinin, are synthetic
cholecystogogues.Sincalide(Kinevac@v)isproducedbySquibb&Sons,
Inc.,andceruletidediethylamine(Tymtran'@)by AdriaLaboratories.Their
effectsonthegastrointestinalandhepatobiliarysystemareidenticalto
that of intact cholecystokinin.
Rfrsncs
1. Fink-Bennett D. The role of cholecytogogues in the evaluation of biliary tract

disorders. In: Freeman LM, WeissmannHS, eds. Nuclear Medicine Annual
1985. New York: Raven Press: 1985:107-132.

ITEMS 13-IS and 17-20 False-PositiveSclntlgraphyforAcute
Cholecystltls
ANSWERS:13,T; 14,1@15,F; 16,1@17,1@18,1@19,T;20, F
TheimagesinFigure1revealrapiduptakeoftheradiotracerbytheliver.
Theintrahepaticandextrahepaticductsareseenby15mm.By30mm,
thereistransitoftheradiotracerintotheduodenalsweep.However,the
gallbladder is not visualizedthroughoutthe 60 mmofthe study.Hence,
theremaybecompletecysticductobstruction(acutecholecystitis).Since
the study wascarried out only to 60 mm,one cannot ascertainwhether
thegallbladdermayeventuallyvisualize(e.g.,onlychroniccholecystitis

may be present).
Amongthe causesoffalse-positivestudies(i.e.,nonvisualizationofthe

gallbladder notdueto cysticduct obstruction)arean insufficientperiod
offasting and acutepancreatitis.Asmanyas50% of normal individuals
whoare notfastedhavenonvisualizationofthe gallbladder Endogenous
releaseofcholecystokininandcontractionof thegallbladderfollowing
a meal are presumed to preventgallbladder filling. A fast of at least 2
hr, and preferably 4 hr is required before beginning cholescintigraphy
to minimizethe effectof endogenous cholecystokinin.Prolonged fast
ing, for several days or more, such as may be encountered in post
operativepatientsor those receivingtotal parenteralfeeding, also may
lead to a false-positivecholescintigraphic study, presumably because
thebilewithinthegallbladderisveryviscousor mixedwithsludge Under
suchcircumstances,it ishelpfulto administercholecystokinin30-60 mm
beforecholescintigraphy;thiswillcausecontractionofanormalgallblad
der, which will then be in its refilling phase during the imaging study.
It is generally agreed that acute pancreatitis may be a cause of non
visualizationof the gallbladder, although controversyexists as to the
percentage of individuals with acute pancreatitis who will not have
visualizationof the gallbladder.

Sincenonvisualizationof the gallbladderat 60 mmmaybe due to
chroniccholecystitisaswellasacutecholecystitis,severalapproaches
have been developed to distinguish betweenthem. Obtaining images
up to 4 hr postinjectionhas been shown by many investigatorsto be
useful in separatingchronic cholecystitisfrom acute cholecystitis.The
gallbladder willeventuallyvisualizein patientswithchronic cholecystitis
sincethe cysticduct ispatent,althoughthe gallbladder may be scarred
and sluggish. In patientswith acute cholecystitis,the cystic duct is vir
tually alwaysfunctionallyor anatomicallyobstructed, and the gallblad
der will not visualize.

The false-positiverate for acute cholecystitis also can be reduced
significantlyby medicating the patientwith a cholecystokininanalogue,
or by useof morphinesulfateCholecystokiningivenintravenously(slowly
over 1-3 mm)emptiesa sludge-filledor distendedgallbladder,allowing
a seconddoseof the hepatobiliaryagentto flowintothe gallbladder.
lfthe cysticductisobstructed,thegallbladdercannotcontractagainst
the obstruction. Alternately,if the gallbladder fails to visualizeby 1 hr,
0.04mg/kgmorphinesulfatedilutedin10mlofsalinemaybegivenintra
venouslywith further imagingoverthe next30 mm.Morphine increases
the tone of the sphincter of Oddi at the distal common bile duct. The
resultantincreasein pressurewithinthe biliarysystemisenough to over
comeapartialobstructionofthecysticduct,ortocausefillingofafibrosed
gallbladder,thus bringing about earlier visualizationQfthe gallbladder.

(continuedon page 1695)
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etal. havereportedan increasein specificityfor acutecholecystitis 4. WeissmannHS,SugarmanLA.BadiaJD,FreemanLM.Improvingthespecifici
(from83% to 100%),compared to the use of delayed imaging without ty andaccuracyofTc-99m-IDAcholecystigraphywithdelayedviews.J Nuci
a lossof sensitivity. Med1980;21:P17.Occasionally,

it isdifficultto distinguishpooled activitywithinthe pro
ximal duodenum from the gallbladder itself, or one may mistake pooled ITEMS 21â€”24: Factors Affecting 99mTc IDA Uptake
activitywithinthe duodenumforthegallbladder.Intheseinstances,it ANSWERS:21,1@22,@ 23, F;24,F
isusefultoadminister200â€”300mlofwaterbymouth.Thiswillfacilitate Sincethe developmentof the originalIDAderivatives,work on the
flushingofactivityfromtheduodenum,buthasnoeffectonthegallblad- molecularstructureof thesecompoundshasproceededin thedirec
der.Sincethe duodenum isclearly identifiedin this patient,and activity tion of producing an agent with ideal biokinetics.The @mTcIDAagents
withinit isseento changeovertime,it shouldnotbe mistakenforthe arecarriedinbloodnonspecificallyboundtoplasmaproteins,particularly
ga1lt@adderHenceimagingafteradministeringwatertothispatientwould albumin.Thelipophilicityofthecompoundisdirectlyrelatedtothelevel
not provide further useful information. of proteinbinding. Substitutionsof nonpolar groups on the phenyl ring
Rfâ€¢r.ncâ€¢s ofthemoleculemakeitmorelipophilic.Proteinbindingpreventsrenal
1. Al-Sheikh W, Serafini A, Barkin J, Spoliansky G, Hourani M The role of excretion and promotes hepatic uptake. This is an important considera

hepatobiliaryscintigraphyin differentiatingacutecholecystitisfrom acute non- tion in the jaundiced patient where these agents compete for protein
biliary pancreatitis.Am J Gastroenterol 1983;78:502-506. binding sites with bilirubin.

2. Bakar RJ, Marion MA. Biliaryscanning with Tc-99m-pyridoxylidene glutamateâ€”Rf@ncesthe
effect of food in normal subjects. [Concise Communication].J Nuci Med 1. LobergMD,NunnAD,PorterDW.Developmentofhepatobiliaryimagingagents.1977;18:793-795.

In:FreemanLM,WeissmannHS,eds.NuclearMedicineAnnual1981.New3.
ChoyD,ShiEC,McLeanRG,HoschA,MurrayPC,HamJM.Cholescintigraphy York:Raven Press;1981:1-33.in

acute cholecystitis: use of intravenous morphine. Radiology 2. NicholsonRW,Herman KJ.ShieldsRA,TestaHJ.The plasma proteinbinding1984;151:204-207.
of HIDA.EurJ NuciMed 1980;5:311-312.
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NuclMed 1987;17:214â€”229.
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Note:Forfurtherin-depthinformation,pleaserefertothe syllabuspagesincludedatthe beginningofNuclearMedicineSelf-Study
Program I: Part I.
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