
SELF-STUDY TEST

Gastrointestinal Nuclear Medicine
Questions are taken from the Nuclear Medicine Self-StudyProgramI,

published by The Society of Nuclear Medicine

DIRECTIONS
The followingitems consist of a heading followedby 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 1818.
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True statements concerning scintigraphy for detection of
Meckel's diverticulum include which of the following?

16. Pretreatmentwithcimetidineincreasesthefrequencyof
false-negativestudies.

17. Uterine blood-pool activity occasionally causes false
positive studies.

18. Small bowel duplication is usually distinguishable from
Meckel's diverticulum.

I 9. Technetium-99mpertechnetate is selectivelyconcentrated
in parietal cells of ectopic gastric mucosa.

True statements regarding Meckel's diverticula in adults in
dude which of the following?

20. Most are symptomatic.
21. Two-thirdsofaffectedelderlypatientspresent withmelena.
22. Technetium-99m pertechnetate imaging has a sensitivity

of greater than 80%.

True statements concerning red blood cell labeling techniques
with @â€œTcinclude which of the following?

23. Whenthe modifiedin vivo(â€˜invivtro'â€˜)methodis used,
heparin rather than acid citrate dextrose (ACD) is prefer
red as the anticoagulant.

24. Stanous pyrophosphate and COrnTcshould be injected
through the same indwelling catheter when either the in
vivoorthemodifiedinvivotechniqueisused.

25. Thebladderistheorganreceivingthehighestradiation
exposure when the in vivo method of red blood cell label
ingisused.

26. Technetium-99mbinds predominantlytothe red blood cell
membrane.

Drugs that typicallyslowgastric emptying includewhichofthe
following?

I . nicotine
2. verapamil
3. isoproterenol
4. levodopa
5. metoclopramide
2. domperidone

Truestatements concerning Barrett'sesophagus includewhich
of thefollowing?

7. More than half of patients with Barrett's esophagus will
developsquamouscellcanceroftheesophagus.

8. The radiologic appearance on upper gastrointestinal
radiographyis diagnosticin mostpatients.

9. Inpatientswithgastroesophagealreflux,anincreasein
symptomssuggestsdevelopmentofBarrett'sesophagus.

10. Sequential [99@â€•Tc]pertechnetate imaging in patients with
Barrett'sesophagusishelpfulindeterminingwhichpa
tientswilldevelopmalignancy.

Truestatements concerning scintigraphic evaluation ofperito
neovenous shunt patency include which of the following?

I 1. Becauseofitslowspecificity,itisnothelpfulinmostcases.
12. When 99mTcMAA is injected intraperitoneally, non

visualization ofthe efferentlimb ofthe shunt indicates shunt
malfunction.

I 3. The afferentportionofthe shuntisthe mostfrequentsite
ofshuntmalfunction.

14. Congestiveheartfailureoccasionallycauses false-positive
studies.

15. Direct puncture of the efferent limb of the shunt oc
casionallyis necessaryto preciselylocate the site of
malfunction.
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The widening interest in pretarget
ing technology following favorable re
ports such as those outlined here
makes it likely that avidin-biotin will
find broad application in this area of
radiopharmaceutical development.
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I
ITEMS 1â€”6:Effectof Drugson GastrIcEmptyIng
ANSWERS:1,T;2,T;3,T;4,T;5,F;6,F
Many drugs have been shown to slow gastric emptying, and their ef
fects must be considered in reporting the resultsof gastric emptying
studies.Thenicotineassociatedwithcigarettesmokinghasbeenshown
to slow gastric emptying. In addition, calcium channel blockers have
been shownto decreasethe amplitudeand durationof contractionsof
smooth muscle throughout the gastrointestinaltract. Calcium channel
blockerseither decreasethe number of calcium channels (nifedipine,
verapamil,diltiazem)and/or decrease the rate of calcium transport in
the remaining channels (verapamil, diltiazem). Adrenergic agonists,
especially beta agonists(such as isoproterenol),all tend to delay gas
tric emptying. Dopamine is a neural transmitter,which appears to be
involved primarily in gastric relaxation. Dopamine agonists, such as
Ievodopa, will slow gastric emptying. The D2-receptor antagonist
metoclopramidestimulatesgastriccontractionsand, thus, increasesthe
rateof gastricemptying. It isalsofelt to havea centralantiemeticeffect.
Domperidone is another dopaminergic antagonist, which also ac
celeratesgastricemptying and has been shownto increasegastrican
tral contractions.
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ITEMS 7â€”10:Barrett'sEsophagus
ANSWERS:7, F; 8, F; 9, F; 10,F
Much has been writtenabout the clinical presentationand assessment
of patients with Barrett's esophagus. Although Barrett's esophagus
causes no symptoms per so, the clinical presentation is related to

gastroesophagealrefluxand coversthe spectrumof regurgitation,heart
burn,chestand abdominalpain,and dysphagia.Ithasbeensuggested
that patientswith Barrett'sesophagus havelessseveresymptomsthan
do those with reflux esophagitis without Barrett's epithelium. The five
majorcomplicationsof Barrett'sesophagusinclude:esophagitis,ulcera
tion,stricturebleeding,andadenocarcinoma(notsquamouscellcancer).
Thefrequencyofadenocarcinomaofthe esophagusin patientswithBar
rett's esophagus is approximately 10%. The risk of esophageal cancer
with Barrett'sesophagus is approximately30 to 40 times greater than
that inthe generalpopulation.Oncethe diagnosisofBarrett'sesophagus
has been made on biopsy, periodic endoscopy with biopsy is recom
mended to monitor for malignanttransformation.The radiographicap
pearance of Barrett's esophagus is not specific and includes
gastroesophagealreflux,hiatalhernia,esophagealstricture,ulceration,
irregular mucosal folds, granulating reticularmucosal pattern, and in
tramuralpseudodiverticulosis.Thefindings of a benign-appearingstric
ture in the proximalesophagusor a deep esophagealulcerationshould
suggest the diagnosis and prompt endoscopic evaluation.

The scintigraphic assessmentof Barrett'sesophagus has not been
widely exploredor utilized.The accumulationof @9mTcpertechnetatein
the lovioresophagusafterintra@nousinjectionofthis tracerisconsidered
a positiveexaminationand is relatedto mucous-secretingcells of Bar
rett's mucosa. The swallowing of free 99@Tcin saliva and reflux of gastric
activitycan cause significantproblems in scan interpretation,however.

Scintigraphycan identify possibleareasof Barrett'sesophagus, but
plays no role in assessment for possible malignancy. Currently, scm
tigraphy plays no definitive role inthe evaluation of patients with suspected
Barrett'sesophagus.A large prospectivestudy with adequatecontrols
will be necessaryto define if any future role for scintigraphy exists.
Rfornces
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ITEMS 11â€”15:PerltoneovenousShuntImaging
ANSWERS:11,F; 12, F; 13,T; 14,T; 15,T
Scintigraphictechniquesforassessingpatencyofperitoneovenousshunts
utilizetracers injected into the peritonealcavity and/or directly into the
efferentlimbofthe shunt.Theseimaging techniquesmonitorthe transit

(continuedon page 1835)
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oftracerfromthe peritonealcavitythroughthe shunt intothetargetorgans
(lung or liver/spleen)of the tracer employed (99mTcmacroaggregated
albumin[MM] or @9@â€•Tcsulfurcolloid).Themostfrequentcauseof shunt
malfunction is obstruction by fibrin deposits of the afferentlimb of the
shunt. Lessfrequently,thrombus formation occurs in the efferentpor
lion ofthe tubing. When @mTcMAA isthe tracer utilizedat high and low
flow rates,there may be nonvisualizationof the efferentshunt tubing.
Hence,direct targetorgan visualization(i.e., tracer accumulation in the
lungs)shouldbe utilizedasthe criterionof shuntpatency.Diseasestates
thatcauseelevatedrightheartpressure,suchascongestiveheartfailure,
can cause false-positivestudies.Thus, when only the afferentportion
of the shunt is visualized,direct punctureof the efferentlimb isgeneral
ly necessaryto locate the site of malfunction more precisely.

Both the sensitivity and specificity.of peritoneovenousshunt scm
tigraphy appear to be high. In a study of 40 patients,six of whom were
evaluatedwhen their shuntsappeared to be malfunctioning, no false
positiveor false-negativestudies were encountered.
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ITEMS 16â€”19:Scintlgraphyfor Meckel'sDlvertlcula
ANSWERS:16,F; 17,1; 18,F; 19,F
The histamine-2receptor antagonist,cimetidine,enhances imaging of
Meckel's diverticulum by causing continued accumulation of [99mTc]
pertechnetatein ectopic gastric mucosa and by reducing secretionof
99mTcactivityintothe bowel.By decreasingthe amountof pertechnetate
entering the small bowel, cimetidine helps to reduce the frequency of
false-positivestudies.

Up to 73% of menstruatingwomenhavebeenshownto demonstrate
a uterineâ€˜blushâ€•following[99mTcJpertechnetateadministrationduring
the menstrualor secretoryphaseof theirmenstrualcycle.Thismaylead
to a false-positive interpretation. In general, premenarchal, post
menopausal,and menstruatingpatientsin the proliferativephasedo not
show this uterine â€œblush.â€•

Smallbowelduplicationsoccasionallycontainectopicgastricmucosa
and may simulate Meckel's diverticulum on scintigraphy with [99mTc]
pertechnetate. Becausethe position within the abdomen ofa small bo@l
duplication can mimic that of Meckel'sdiverticulumand because both
anomaliescontain ectopic gastric mucosa, it usually is not possibleto
distinguish Meckel's diverticulum from a small bowel duplication by
[99mTc]pertechnetateimaging.

kitoradiographic studieshaveshownthat,afterintravenousadministra
tion, [99'@'Tc)pertechnetateis selectivelyconcentrated by the mucous
producing cells of gastricmucosa, ratherthan by parietalcells or chief
cells.Experimentalanimalstudieshavedemonstratedthat at least2 cm2
of functioningectopic gastric mucosa is necessaryfor visualization.
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ITEMS 20-22: Meckel'sDivertlculaIn Adults
ANSWERS:20, F; 21, F; 22, F
AlthoughMeckel'sdiverticulumisthemostcommoncongenitalanomaly
ofthe gastrointestinaltract,with a prevalenceofapproximately1%,most
are not symptomatic.Additionally,those that cause symptoms usually
do so in the first 2 yr of life.Ectopic gastric mucosa is more frequently
encounteredin symptomaticMeckel'sdiverticula,but mayalso be pre
sentinasymptomaticMeckel'sdiverticula.Lo@r gastrointestinalbleeding
isthe mostfrequentpresentationof symptomaticMeckel'sdiverticulum
in the pediatric population. In adults, the most common presentation
is acute inflammation(Meckel's diverticulitis).Obstruction is seen less
often,and gastrointestinalbleeding occurs rarely.Severalstudieshave
clearlyshownthatthe sensitivityof [99'@Tc)pertechnetatescintigraphyfor
Meckel'sdiverticulumis greater than 80% in the pediatric population.
Inadults,however,thesensitivityof Meckel'sscintigraphyisapproximately
60%. The precise reasons for this are unclear
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ITEMS 23â€”26:RedBloodCellLabelIngwfth @mTc
ANSWERS:23, F; 24, F; 25, T 26, F
In vivo red blood cell labeling is the most frequently utilized method
becauseit isthe simplestapproach.It isnotthe mostsatisfactorymethod,
however,for gastrointestinal bleeding scintigraphy. Because of the
variability in labeling efficiency,significant amounts of unbound, free
99mTccan be secretedintothe stomachand bowel,causing false-posi
tive studies.Additionally,much of the activity not bound to red blood
cells is excreted by the kidney as labeled small proteinsand reduced
technetiumcomplexes.This urinary activitymay cause problems in in
terpretation(e.g., a rectalbleeding sitemay be obscured)and renders
the bladderasthe criticalorganwiththis labelingmethod(approximately
2.4 rads/20mCi).When in vivo techniques are used, the â€œcoldâ€•stan
nous pyrophosphateshould be injecteddirectlyintoa vein.The precise
reasonfor this is unclear,but if the cold pyrophosphate is injected via
an indwellingcatheter,poor red blood cell labeling can occur,and this
may result in a nondiagnostic examination.

The basic theory underlying red blood cell labeling with @9mTcis as
follows.Thestannousioncomplex freelydiffusesintothe red blood cell
and bindsto cellularcomponents.Pertechnetateionalsofreelydiffuses
into and out of red cells. Once the pertechnetateion is inside the red

(continuedon page 1853)
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cell, the stannous ion (Sn2+) reduces it, and the reduced The modifiedinvivo(â€œinvivtroâ€•)techniqueof red blood cell labeling
technetium species binds to hemoglobin. Once bound, it remains in- hasbeendevelopedasa compromise betweenthe in vivomethod and
tracellular.Ifany stannousion is presentoutsidethe red blood cell, any the original in vitro method (which required a long incubation period,
free extracellular pertechnetate will be reduced. This free reduced multiple handling steps,and writtenpatientconsent, because of its in
technetiumwilldegradethe images(increasedbackgroundactivityand vestigationalstatus).When the â€œinvivtroâ€•technique is used, heparin
increased urinary excretion). is often used as the anticoagulant. Unfortunately, @mTcheparin com

The in vitro method provides the optimal red blood cell labeling, plexescan be excreted in the urine and accumulated in the bladder.
becauseof itsuniformlyhigh labelingefficiency.Themostrecentmodifica- For this reason,some investigatorsrecommend that ACD solution be
tion ofthe in vitro method useswhole blood and does not requirecen- used as the anticoagulant,which yields a slightly higher labeling effi
trifugationorthe removalofbloodintomultiplesterilecontainers.TheBrook- ciency and reduced urinary activity.
haven-modifiedred blood cell labeling kit achieveshigh labeling effi- References
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further in-depth information, refer to the syllabus pages in Nuclear Medicine Self-Study I.
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