
SELF-STUDY TEST

Pulmonary Nuclear Medicine
Questions are taken from the Nuclear Medicine Self-Study Program I,

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 70.
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FIGURE 1.

The 99mTcDTPA aerosol and 99mTcMAA perfusion images
shown in Figure 1were obtained from a 65-yr-oldwoman who
had increasing shortness of breath. The aerosol images (each
100,000counts requiring about 150sec of imaging time) were
obtained immediately before the perfusion images (each
400,000counts requiring about 60 sec). Truestatements con
cerning these images include:

1. The centralairwaysdepositionindicatesthattheaerosol
droplets were too large to penetrate into the periphery of
the right lung.

2. The medial rightlowerlobe activityseen on the perfusion
image probably is@ shine-through'@ from right lower lobe
aerosol deposition.

3. The scintigraphic findings are typical of those seen in pa
tients who have undergone irradiation of the right
hemithorax for lung cancer.

Truestatementsregardingsarcoidosisinclude:

4. It is a systemic disorder associated with abnormalities of
the immune system's response to an infectious agent.

5. Mostpatientswithsarcoidosisdevelopprogressive
deterioration in pulmonary function as a result of exten
sive pulmonary fibrosis.

6. The pathologicfindinginthe lungsof patientswithearly
sarcoidosisthat ismostdirectly relatedto pulmonary67Ga
uptake is alveolitiswith granuloma formation.

7. Pulmonary function tests generally show progressive
deteriorationof lung reservein patientswith normal 67Ga
pulmonary scintigrams.

8. Themagnitudeof67Gauptakein the lungsof patientswith
sarcoidosis has been shown to correlate with both the
severity of pulmonary function abnormality and the
radiographic severity of pulmonary fibrosis.

(continuedon page 70)

Evaluating Breast Abnormalities with Thallium Scintigraphy â€¢Waxman et al. 23



SELF
PulmonarySTUDY

TEST

NuclearMedicineANSWERS

40. ImmuSTRlP-HAMA IgG, Package Insert, July 1990.
41. Keenan AM, Harbert JC, Larson SM. Monoclonal antibodies in nuclear

medicine.J Nuc!Med 198526:531â€”537.
42. Larson SM. Lymphoma, melanoma and colon cancec diagnosis and

treatment with radiolabeled monoclonal antibodies. The 1986 Eugene
PendergrassNewHorizonsLecture.Radio/ogyl987;165:297â€”304.

43. GoldenbergDM. Current statusofcancer imagingwith radiolabeledanti
bodies. J Cancer Res C/in Onco/ 1987;l 13:203â€”208.

44. Goldenberg DM. Targeting of cancer with radiolabeled antibodies: pros
pects for imaging and therapy. Arch Patho/ Lab Med l988;1 12:580-587.

45. Schlom J. Innovations in monoclonal antibody tumor targeting diagnostic
and therapeuticimplications.JAMA l989;26l:744â€”746.

46. Larson SM. Clinical radioimmunodetection, 1978â€”1988:overview and
suggestions for standardization of clinical trials. Cancer Res l990;50:
892sâ€”898s.

47. Maguire RT, Schmelter RF, Pasucci VL, Conklin Ji. Immunoscintigraphy
of colorectal adenocarcinoma; results with site-specificallyradiolabeled
B72.3 (@In-Cyt-l03). Antib Immunoconjug Radiopharm l989;2:
257â€”269.

48. Maguire R, Pascucci V, Maroli A, Schmelter R, Conklin i, McKearn 1.
Immunoscintigraphy of colorectal cancer. multicenter clinical trials with
â€˜@In-Cyt-l03(OncoScint 103). Antib Immunoconjug Radiopharm 1990;
3:39.

49. Day ED. Vascularrelationshipsoftumor and host. ProgrExp TumorRes
1964;4:57â€”97.

50. Jam RK. Determinants oftumor blood flow: a review. Cancer Res 1988;
48:2641â€”2658.

51. Hansen Hi, Jones AL, Sharkey RM, et al. Preclinical evaluation of an
â€œinstantâ€•@â€œTc-labelingkit for antibody imaging. Cancer Res 1990;50:
794sâ€”798s.

(continued from page 23)

ITEMS 1â€”3:UnIlateral Pulmonary Hypoventilation and
Hypoperfuslon
ANSWERS: 1, F; 2, F; 3, F
Central pulmonary airway hyperdeposition of radioaerosols is frequent
ly associatedwithpoorperipheralpenetrationofactivity.Infact,prior
tothedevelopmentofconvenientmethodstoproducesubmicronicradio
aerosol droplets, central@ hot spots' â€˜secondary to impaction of large
particlescommonlyledtopoordelineationofperipheralairspaces.The
anteriorandposteriorradioaerosolimagesshownin Figure1 reveala
substantialamountofradioaerosolactivityatandjustabovethecarina.
This activity extends laterally into the region of the left central bronchi.
However, there is excellent uniform peripheral penetration of radioaerosol
activity in the left lung. Only the right lung shows markedly diminished
aerosolactivity,withapatchydistribution.Radioaerosolactivity,however,
doesreachthelungperipheryinseveralareas.Thereisnocentralright
sided aerosol hyperdeposition, nor are â€˜hot spots' â€˜seen in more peripher
alzonesof therightlung.Thelackof right-sidedcentralairwayhyper
deposition and the excellent penetration of activity to the outer zones
ofthe left lung and the peripheral location of whatever activity has reached
therightlungsuggestthattheaerosolparticlesweresmallenoughto
reach the lung periphery. Thefindings suggestthat intrinsic pulmonary
disease,presenttoamuchgreaterextentintherightlungthantheleft,
is responsible for the asymmetric deposition of activity, rather than cen
tral obstruction or central airflow turbulence. The central hyperdeposi
tioninthetracheaprobablywascausedbyturbulentairflow,perhaps
secondary to excessive mucus in the airways. The findings also dem
onstrate that centrally turbulent airflow will not prevent good penetra
tion of submicronic radioaerosols to a well-ventilated lung in the absence
of significantairwayblockage.

Because inhalation and imaging of the 99mTc@labeledradioaerosol
generally is performed before injection and imaging ofthe 99mTcMAA,
the possibility always exists that @mTcaerosol activity could contribute
to and degradethe perfusionimages.Whenbothstudiesare prop
erly performed, however, this is not a clinical problem. On the average,
onlyabout700-800 @Ciof radioaerosolisdepositedin thelungsafter
a typical inhalation period of 2-3 minutes. A typical 99mTcMAA dose
ofapproximately4mCiyieldsaperfusionimagetoaerosolimagecount
rate ratio of about 5:1. Under these circumstances, only areas of focal
aerosol hyperdeposition are likely to be seen on the â€œcombinedâ€•
aerosol-perfusionimage,andeventheseareasusuallyarenotpromi
nent. In Figure 1, note that the count rate for the aerosol images alone
was100,000countsper 150sec(about660 counts/sec).After @mTc
MAA injection, the count rate was 400,000 counts per 60 sec (about
6660 counts/sec). Hence, the net count rate from 99mTcMAA was 6000
counts/sec.Inthispatient,thecountratecontributedby99mTcMAAwas
nearlytentimestheaerosolcountrate,makingsignificantâ€œshine-throughâ€•
oftheaerosolactivitymostunlikely.Ithasbeenshownthatsuchâ€œshine
throughâ€•is not a problem even when the 99mTcMAA to 99mTcDTPA
count-rate ratios are as low as 4:1 or 5:1. In this example, the left central

airway activity still can be seen faintly on the perfusion images, as can
tracheal activity and swallowed activity in the gastric fundus. The medial
rightlowerloberadioaerosolactivityis notas intenseasthesefocion
theoriginalaerosolimages.Accordingly,it is unlikelyto be visibleon
theperfusionimages.Thus,medialrightlowerlobeactivityontheper
fusionimagesmorelikelyrepresentsa regionofmaintainedperfusion
than an artifact caused by @mTcaerosol activity.

Theirregularandincompletereductionofperfusionseeninthispa
tient'srightlungisnotatalltypicalofpostradiationchange.Inirradiated
patients, perfusion is reduced in uniform fashion throughoutthe irradiated
region,whichusuallyhasawell-definedgeometricshape.Attheradia
tiondosesusuallyemployedforbronchogeniccarcinoma(5000 rads
midplanecumulativedose),perfusionis markedlyreduceddue to
radiation-inducedmicrovascularobliteration.Ventilationalsomaybe
reduced in the irradiated area, but usually it is much less affected than
perfusion.Whenabnormal,ventilationstudiestypicallyrevealeffectsof
reduced lung volume, and show a more uniform pattern of hypoventila
tionthanseenin this image.

Inthispatient,Swyerâ€”James'syndrome(unilateralhyperlucentlung)
had been diagnosed many years previously. The origin of her disease
wasnotknownprecisely,althoughshedid reportseveralepisodesof
bronchitisin childhood.Herchestradiographrevealeda moderately
hyperlucentrightlunganda normal-appearingleftlung.Thehypoven
tilation of her right lung was considered to be secondary to diffuse small
airwaysobstructivediseaseon the right.

ITEMS 4â€”8:Sarcoidosls
ANSWERS: 4, F; 5, F; 6, 1@7, F; 8, F
Sarcoidosisisasystemicdisordercharacterizedbyenhancedlocalim
muneprocesses,whichcausethemostsignificantmorbiditythrough
theireffectsonthepulmonaryparenchyma.Althoughtheetiologyofsar
coidosisisstillunknown,andnodirectrelationshiptoaninfectiousagent
has been shown, there appears to be a temporal association between
thepresenceofaninitialalveolitisandthesubsequentdevelopmentof
granulomas and fibrosis. In most patients disease is self-limited and is
associatedwithagoodprognosis.Patientswhopresentwithsymptoms
of dyspnea are those who have more advanced disease, the greatest
extent of pulmonary fibrosis, and who show the poorest response to
therapy.Prognosisis partiallydeterminedby the appearanceof the
disease on chest roentgenograms. Nonetheless, many patients with per
sistentlyabnormalroentgenogramsshownoclinicalevidenceof pro
gressive disease.

Althoughgranulomasarethecharacteristicpathologicfeatureofthe
disease, the initial lesion in the lung is probably an alveolitis from which
thegranulomaseventuallyarederived.Asagranulomamatures,there
isanincreaseinthenumberoffibroblasts,whichmayleadtoroentgeno
graphically evident parenchymal fibrosis. The sarcoid granuloma either
resolves, leaving no morphologic changes, or it undergoes an obliterative

(continuedon page 74)
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PulmonaryNuclearMedicineANSWERSfibrosis,
a process leading to widespread interstitial fibrosis, bronchiolec- who will improve spontaneously (without treatment) from those who re

tas@s,and distortion of pulmonary architecture. quire medicalintervention.Gallium-67
images of the lungs are frequently abnormal in patients Thus, it appears that 67Ga uptake marks the presence of one ormorewith

pulmonary sarcoidosis. There is evidence from in vitro experiments components of the disease stages associated with active alveolitisandthat
the macrophages associated with the alveolitis and granulomas of granuloma formation. Gallium-67 localization has not beenassociatedthe
active disease become labeled with more 67Ga on a per-cell basis with pulmonary fibrosis per se, and hence may not correlate closelywiththan
do normal macrophages. Furthermore, this increased macrophage pulmonary function or with the appearance of the chestroentgenogram.uptake

of 67Ga in vitro correlates with the presence of positive 67Ga Patients who have pulmonary fibrosis but no 67Galocalization areunlikelyscintigrams.
to benefit from corticosteroid therapy, which appears to be most suc

Although the role of 67Gascintigraphy, as a means to stage or monitor cessful during the inflammatory phase of thedisorder.the
disease is controversial, patients with normal studies generally haveReferencesstable

pulmonaryfunction,suggestingthattheirdiseasesarequiescent. 1@ LineBR.HunriinghakeGW.KeoghBA,JonesAE,JohnstonGW.CrystalRGConversely,
positive 61Ga studies have been associated with deteriora- Gallium-67scanning to manage the alveolitisot sarcoidosis correlation with

tionof pulmonaryfunctionin most,but notall, patients.Furthermore, clinicalstudies.pulmonarytunctionstudies.andbronchoalveolarlavageAm
severalauthorshavedemonstratedaclosecorrelationbetweenpositive RevRespirDis1981,123,440-446.
gallium scintigrams and responsiveness to therapy. Most authors seem 2 KeoghBA,HunninghakeGW.LineBR,CrystalRG Thealveolitisot pulmonary

sarcoidosis.Evaluationot naturalhistoryand alveolitis-dependentchanges in
to agree that corticosteroid therapy is unlikely to benefit a patient with lung tunction Am Rev Respir Dis 1983:128256-265
sarcoidostswhohasa negative67Gastudy.Ontheotherhand,it ap-@ ThomasPD.HunninghakeGWCurrentconceptsofthepathogenesisofsar
pears that positive 67Ga scintigrams do not reliably distinguish patients coidosis.Am Rev Respir Dis1987,135.747-760For

further in-depthinformation,referto the syllabuspagesin NuclearMedicineSelf-StudyI.
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