
SELF-STUDYTEST
Gastrointestinal Nuclear Medicine

Questions are taken from the Nuclear Medicine Self-StudyProgramI,
published by The Society of Nuclear Medicine

DIRECTIONS
The following items consist of a heading followed by numbered options related to that heading. Select those options
you think are true and those that you think are false. Answers may be found on page 1807.
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A 43-yr-old man has paroxysmal coughing, which fre
quently leads to vomiting. Single-swallow (Fig. 1) and
multiple-swallow (Fig. 2) esophageal transit studies and
a reflux study (Fig. 3, see p. 1807)are shown. An upper
gastrointestinalseriesshoweda small hiatal hernia.Which
of the followingconditionsare documentedby these
studies?

I . gastroesophagealreflux
2. distal esophagitis with stricture
3. esophagealdysmotilitysecondaryto esophagitis
4. pulmonaryaspiration

Gastroesophageal scintigraphy, when employed to
evaluatechildren,has provedto be a reliabletestfor
demonstrating

EsophagealEmptying

5. gastroesophagealreflux.
6. esophageal motility abnormalities.
7. pulmonaryaspiration.
8. gastricemptyingabnormalities.

0 10 20 30 40 50

Swallow

111.0

0.0
111.0

0.0
111.0

0.0

Figure 2

Upper1/3 TruestatementsregardingMeckel'sdiverticulumin chil
Esophagus dren includewhich of the following?

9. It isthe mostfrequentcause of severelower
gastrointestinal bleeding in infants and small
children who otherwise appear well.

Middle1/3 10. It containsectopicgastricmucosain lessthan
Esophagus 2OVoof patients.

11. Before[99mTc]per.@echnetateimaging,potassium
perchlorate should be given to decrease radiation
exposure to the thyroid gland.

12. Technetium-99m-pertechnetateimagingshould
detect between 80% and 90% of symptomatic
Meckel's diverticula.

13. A negative[99mTc]pertechnetatestudyexcludesthe
presence of a Meckel's diverticulum in about 90%
of symptomaticpatients.

(continued on page 1807)
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heart disease using radionuctide determined regional ejection fraction at
rest and during handgrip exercise: correlation with coronary arteriography.
(â€˜inulationI978:58:640â€”648.

10. Jengo JA, Oren V, Conant R, et al. Effects of maximal exercise stress on
left ventricular function in patients with coronary artery disease using first
pass radionuclide angiocardiography: a rapid noninvasive technique for
determining ejection fraction and segmental wall motion. Circulation
1979:59:60â€”65.

I 1. Jones RH, Floyd RD. Austin EH, et al. The role ofradionuclide angiocar
diography in the preoperative prediction of pain relief and prolonged
survival followingcoronary artery bypassgrafting. Ann Surg l983;9l7:743â€”
753.

12. Pryor DB, Harrell FE, Lee KL, et al. Prognostic indicators from radio
nuclide angiography in medically treated patients with coronary artery
disease.AmfCardiol 1984:53:18â€”22.

I3. Borer IS, Bacharach SL, Green MV, et al. Real-time radionuclide cinean
giography in the noninvasive evaluation ofglobal and regional left ventric

(continued from page 1787)
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16. Bonow RO, Kent KM. Rosing DR. et al. lwrcisc-uiduced ischemia in
mildly symptomatic patients with coronary artery disease and preserved
left ventricular function. N Engi J Med 1984:31 1:13 @)-1345.
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True statements concerning bacterial overgrowth and the
â€˜4C-xylosebreath test include which of the following?
14. Normalhosttissuemetabolismcan resultin high

levels of 002 gas production.
15. Xyloseis catabolizedonly by Gram-negative

anaerobic bacteria.

16. Administrationof 1 g of xylosenormallyincreases
endogenous 002 output by about 30Â°oover basal
levels.

17. XyloseisabsorbedprimarilyinthesmaHbowel.
18. A negativeculturefrom a smallbowelbiopsyex

cludes bacterial overgrowth.

Figure 3
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ITEMS 1â€”4:Gastroesophageal Transit and Reflux
ANSWERS:1, 1; 2, F; 3, T;4, F
Gastroesophagealrefluxisclearlypresent(Fig.3),andboththetransit
curvesand â€˜global'â€˜clearancecurveindicatethe presenceof a mild
motility disorder, which is characteristic of reflux esophagitis.

Although there is some apparent dilatation in the region of the distal
esophagus, this can be explained by the anatomic finding of a hiatal
hernia. A diagnosis of esophagitis with stricture should not be made on
the basis of gastroesophageal scintigraphy and should be made either

from a barium swallow or at the time of endoscooy The transit curves
derived from the upper, middle, and lowerthirds of ;he esoohaqus (Fig.
1)show retentionin the distal esophagus. However there is diso a dif
fuseesophagealmotilitydisorder,evidencedbythedelayintransitof
the bolus peak throughout the entire esophagus Examination of the
multiple-swallow emptying curveforthe esophagus (Fig. 2) shows a pat
tern typical of esophagitis, with initially delayed cearance but eventual
emptying ofthe esophagus after approximately 15 swallows. In a stric

(continued on page 1812)
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in radionuclide quantitation of left-to-right shunts. J Nuci Med
1979;20:502â€”506.

7. Ham HR. Dobbeleir,Viart P, ci al. Radionuclidequantitationof left-to
right cardiac shunts using deconvolution analysis. J Nucl Med
1981;22:688â€”692.

8. BourguignonMH, LinksJM, DouglassKH, et al. Quantitation of left-to
right shunts by multiple deconvolution analysis. Am J Cardiol
1981;48:1086â€”1092.

9. NakamuraM, SuzukiY, NagasawaT, Ctal. Detectionand quantitation of
left-to-rightshunts from radionuclide angiocardiologyusing the homo
morphic deconvolution technique. IEEE Trans Biomed Eng 1983;BME
29: 192.

10. Kveder M, Bajzer Z, Zadro M. Theorectical aspects of multiple deconvo
lution analysis for quantification ofleft-to-right cardiac shunts. Phys Med
Biol 1987;32:1237â€”1243.

ture one wouldnot expectsuch rapidclearance.Usingthe multiple
swallowemptying curves, Tolinet al. were able to show differencesin
the degreeof retentionin patientswithesophagitis,including boththose
withnormalmotilityandthosewitha motordisorder.In bothcircum
stancesclearancewasonlymildlyimpairedcomparedwiththatinpatients
withachalasia,diffuseesophagealspasm,andscleroderma.Onendo
scopythispatientwasfoundtohavedistalesophagitisandantralgastritis.

Although there is no documentation of wheezing along with the
patient'scough, thehistorynonethelessraisesthequestionof pulmonary
aspiration.Pulmonaryaspirationcannotbeconfirmedwiththeavailable
images,however.Onewouldneedtoobtainfrequentimagesofthelungs
withenhancementofthe grayscale(by digitaldisplay)tobringout subtle
focalareasofabnormalactivityinthelungs.Becauseofthe difficulties
reported in visualizationof pulmonaryaspiration,this diagnosiscannot
be excluded with a negative study but can be confirmed if positive.
Rfrncâ€¢
1. TolinAD, Malmud LS,ReilleyJ, FisherAS. Esophagealscintigraphy to quan.

titateesophagealtransit(quantitationofesophagealtransit).Gastroenterology
1979;76:1402-1408.

ITEMS 5-8: Gastro.sophageal Sclntlgraphy In Children
ANSWERS:5,T;6, T;7,F;8,T
Quantification of esophageal scintigraphy is routinely performed in adults,
butquantitativescintigraphyofesophagealmotilityinchildrenhasnot
been evaluated extensively.Qualitative information obtained from an
evaluationoftherecordingofmultipleswallowshasbeenusefulininfants
and smallchildren. Normally,there isa smoothprogressionof swallows
downtheesophaguswithearlygastricfilling.Motilitydisordersassociated
withvariouspathologicstates,suchasesophagealatresiaaftersurgical
repair,achalasiaof the esophagus,scleroderma,and esophagitismay
be demonstrated. Older children who can cooperate can be studied
by single-bolusmethods,and studiescan be quantifiedin the same
fashionas in adults.

Scintigraphy is ideally suited for detecting gastroesophagealreflux,
particularly because reflux occurs intermittentlyin most patients and
monitoringcan be extended over a prolonged period of time. Barium
studiesprovidebetterresolutionbutsufferfromthedisadvantagethat
imagingis intermittentovera shortperiodoftime.The24-hrpH probe
studygenerallyis regardedasthe â€˜goldstandard.â€•Thoughit isoften
difficulttocomparestudiesbetweendifferentcentersduetolackofuni
formity,it appearsthat scintigraphyhasa sensitivity> 75%, and is
generallymore sensitivethan the barium study (48%â€”80%)fordetect
ing reflux.Manometryhasprovedto bealess sensitiveindicatorof reflux
(38%â€”77%).An addedadvantageof gastroesophagealscintigraphy
is that it is easyto perform,noninvasive,and can be performedon
outpatients.

Althoughscintigraphyiscapableofdetectingsmallvolumesofgastric

contentaspiratedinto the lungs,most investigatorshavedetected
pulmonaryaspirationinasurprisinglysmaflfractionofpatientswithreflux.
Thisis mostlikelydue to noncontinuousimagingof the lungs.Most
imaging protocols have reported using anterior and posterior images
obtained atthe end of 1 hr, and have repeated these infrequently (usually
at2and18-24hr).Ciliaryactionalone,intheabsenceofacoughreflex,
hasbeenshowntoclear @9mTc-sulfurcolloidfromtheupperairwaywith
a T,,@of 1.7hr in monkeys.Withan intactcough reflex,clearanceis
much more rapid.Thus,with intermittentimaging,only the activity
reaching the distal airway is likely to be detected, especially if there is
a poorcoughreflex.Despitethegenerallylowfrequencyof detection
ofaspiration,Boonyaprapaetal.and Orellanaetat.havereportedhigher
detection rates (35%-55%) in patients with more severe pulmonary
disease.

Gastricemptyingofmilkor formulamixedwith99mTc-sulfurcolloidis
easilyquantifiedby monitoringgastricactivityoverat least60 mm
(preferably2 hr).Normalchildrenhavenotbeenstudied,butvaluesin
theliteraturesuggestnormalresidualactivityat 1hr rangesfrom36%
to70%afteramilkfeeding.Acow'smilkformulaisocaloricwithhuman
milk delaysthe emptying process, probably due to the differentcorn
positionofthe meals.Ithasbeenobservedthat,withinlimits,osmolar
loadsdo notaffectgastricemptyingin infantsand normalnewborns.
In older children, solid and liquid emptying of a standard meal may be
determinedwithuseof the samemethodsemployedin adults.
Rsfâ€¢roncâ€¢s
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Med 1983;8:427-433.
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gastroesophageal reflux. Radiology 1982:144:891-893.

5. Heyman S. Pediatric nuclear gastroenterology. In: Freeman LM, Weissmann
HS,eds.NuclearMedicineAnnual1985NewYork:RavenPress,1985:133-169.

6. HillemelerAC,LangeA,McCaIlumA,SeashoreJ,GryoboskiJ.Delayedgastric
emptyingininfantswithgastroesophagealreflux.J Pediatr1981;98:190-193.
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ITEMS 9â€”13:Meckel's Dlvertlculum in Children
ANSWERS:9, 1@10,F; 11,F; 12,T;13,T
Thecausesof lowergastrointestinalbleedinginchildrenmaybecon

(continued on page 1834)
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Note:Forfurther in-depthinformation,pleasereferto the
syllabuspages includedat the beginningof Nuclear
Medicine Self-Study Pmgram I: Part!.

annihilation radiation that arise whenever anti-matter equivalents
capture each other. Positron-electron annihilation pairs are
unique to that process, and the term positron in PET at least
specifies the process that produced them.

In addition, ART is an acronym utterly familiar to any elec
trical engineer, signifying the algebraic reconstruction technique
algorithm for image reconstruction from projection data. Thus,
ART is doubly ambiguous. I think PET is a fine term and comes
closer to meeting your own criteria than ART does. By the way,
SPECT permits tomographic reconstruction in any orientation
not just the transaxial, as you imply. Try again Dr. Strauss!

(continued from page 1812)
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EDITOR'S NOTE: A rose by any other name . ...

venientlyclassifiedaccordingtoagegroups.Despitethefactthat50%
ofsymptomaticpatientswithMeckel'sdiverticulapresentbeforetheage
of2 yr,it isthemostfrequentcauseof severelowerintestinalbleeding
in all pediatric age groups.

AlthoughMeckel'sdiverticulausuallycontainilealmucosa,ectopic
tissueincludinggastric,duodenalor colonicmucosa,and pancreatic
@ssuealsomaybepresent.Theprevalenceofgastricmucosaisestimated

tobebetv@een30%and5(J%Becausehemorrhageresultsfrommucosal
ulcerationinthediverticulumoradjacentileumcausedbythesecretion
of hydrochloricacidand pepsin,nearlyall diverticularesponsiblefor
bleedingcontainectopicgastricmucosa.

Thesensitivitywithwhichectopicgastricmucosaisdetecteddepends,
toa largeextent,ontheimagingtechnique.Patientsshouldbestudied
aftera 4-hrfast,to preventthe rapidemptyingof [@â€œTc]pertechnetate
fromthestomachintothesmallbowel,whichcanobscurethefieldof
interest.It isbestto discontinuemedicationssuchaslaxativesfor2â€”3
days,becausethesemaycausehyperemiaofthebowelwithresultant
increasedaccumulationof [99â€•Tc@pertechnetate.

Althoughit istruethatthereis significantthyroidaluptakeof [99â€•Tc]
pertechnetat@premedicationwithpotassiumperchlorateshouldnotbe
performed. This not only will block thyroid uptake,but also will inhibit
gastricuptak@inadditiontothat bysalivaryglandsandchoroidalplexus.
It is usefulto administerpercholorateaftercompletionof the studyto
facilitatewashoutof the tracerfromthe thyroidgland.

A review of 226 [99mTcjpertechnetate imaging studies with surgically
provendiagnosesshowedthesensitivityto be85%andthespecificity
95% In another reviewthere were 30 positive scans in 270 children.
It was felt that the [99â€•@Tc]pertechnetatescan should detect 80%â€”90%
ofMeckel'sdiverticula,whereasa negativestudyexcludesthediagnosis
in over90% of patients.
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ITEMS 14â€”18:Carbon-14-XyloseBreath Testing
ANSWERS:14,F; 15,F; 16,F; 17,T 18,F
King and Toskeshavereviewedthe idealcharacteristicsof a breathtest
for the diagnosis of bacterialovergrowth.Severalfactors favor the use
of â€˜4C-xylose.It is primarilyabsorbed in the small bowel;thus, littlenor
mally reaches the colonic bacteria. There is no normal host tissue
metabolismof xylose and no increase in endogenous 002 output will
occur afteradministrationof 1 g of xylose.In contrast,endogenous002
output may increasewith the bile-saltbreath test. Sensitivityis greater
withthe xylosetestbecauseit iscatabolizedbyGram-negativeaerobes,
whereasthebileacidbreathtestdependsonthepresenceofanaerobes,
which may or may not be present in the overgrown flora.

King and Toskesreport that many patientswith malabsorption from
bacterialovergrowthwill havea positivexylosebreathtestand negative
intestinalculture.Thesepatientswillshowreversalofmalabsorptionfollow
ing antibiotictherapy.Thus,the xylosebreathtestappearsto be a more
reliable functional indicator of bacterial overgrowth than the intestinal
biopsy.
flâ€¢.fâ€¢râ€¢nco
1. King CE, ToskesPP The use of breath tests in the study of malabsorption.
C/in Gastroenterol 1983:12:591-610.
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