
SELFUSTUDY TEST

Pulmonary Nuclear Medicine
Questions are taken from the Nuclear Medicine Self-Study Program 1,

published by The Society of Nuclear Medicine
. DIRECTIONS

The following items consist of a heading followed by lettered options related to that heading. Select the one
lettered option that is best for each item. Answers may be found on page 233.
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For each scintigraphic pattern (items 1-5), select the most
appropriate interpretation (answers A-E)
A. normal

low probability of pulmonary embolism
intermediate probability of pulmonary embolism
high probability of pulmonary embolism
additional information is necessary before interpreta
tion

1. There are multiple, large, matching ventilation-perfu
sion abnormalities involving about 75% of the total
lung volume. The chest radiograph shows no infil
trates, effusions, or atelectasis.

2. Perfusionisabsentintheentireposteriorbasalseg
ment of the left lower lobe. The chest radiograph and
ventilation study are normal.

3. Perfusiondefects involveall of the posteriorbasal
segment and the superior segment of the right lower
lobe. The chest radiograph shows only a very small
infiltrate in the superior segment of the right lower
lobe and the ventilation study is normal.

4. Thereare largeperfusiondefectsinthesuperiorseg
ment and posterior basal segment of the right lower
lobe. The ventilation study shows subtle washin ab
normalities in these regions, but the washout phase is
normal. A portable chest radiograph obtained 18
hours before the scintigrams shows a very small infil
trate in the superior segment of the right lower lobe.

5. There are matching ventilationand perfusionabnor
malities in the anterior segment of the right upper
lobe. The chest radiograph shows consolidation of
the same segment

For each of the following situations (items 6-10), select the
most appropriate estimate for the post-test probability of pul
monary embolism (answers A-E)
A. veryhigh(>99%)
B. high(85%-98%)

C. moderate(16%-84%)
D. low(1%-15%)
E. verylow(<1%)
6. An elderly woman experiences acute chest pain,

shortness of breath, and tachypnea 3 days after un
dergoing surgery for a femoral neck fracture. Per
fusion images show a large, wedge-shaped perfusion
defect with a corresponding radiographic infiltrate.

7. A middle-aged man with mild chest pain has known
coronary artery disease and classic clinical and radi
ographic findings of congestive heart failure. The
ventilation-perfusion study is normal except for a
washin ventilation defect and a perfusion defect cor
responding to a large right pleural effusion.

8. Ventilation-perfusion scintigraphy is requested as
part of a screening evaluation of a healthy kidney
donor. The study is normal except for a single,
medium-size perfusion defect.

9. A patienton hemodialysisfor chronicrenal failurehas
only minimal, vague respiratory complaints and a nor
mal chest radiograph. A ventilation-perfusion study
reveals two segmental perfusion defects and normal
ventilation.

10. Four wedge-shaped, segmental, matching ventila
tion-perfusion defects are seen in a patient who has
cancer and who has experienced the acute onset of
pleuritic chest pain, dyspnea, and tachypnea 2 hours
ago. The chest radiograph is normal.

For each patient profile (items 11-15), select the most
closely associated functional description (answers A-E)
A. Increasedalveolarcompliance,increasedairwaysre

sistance,regionsof increasedxenonclearancetime.
B. Normalalveolarcompliance,transientlyincreasedair

ways resistance, decreased global xenon clearance

(continued on page 233)
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C. Reducedalveolarcompliance,markedlyreduced
clearance time of @TcDTPA aerosol.

D. Decreasedalveolarcompliance,increasedairwaysre
sistance, normal xenon clearance time.

E. Normalcompliance,increasedsmallairwaysresis
tance, normal or mildly heterogeneous regional xenon
clearance time.

11. 28-year-old man witha 10 pack-year smokinghistory
12. 45-year-old woman with a 60 pack-year smokinghis

tory
13. 25-year-old man witha tibialfracture 1 week ago and

acute onset of dyspnea
14. 25-year-old man with massive internal injuriesresult

ing from a motor vehicle accident
15. 40-year-oldwomanwith idiopathicpulmonaryfibrosis

For each pattern of thoracic Ga uptake (items 16-20), select

the most closely associated diagnosis (answers A-E)
A.
B. Pneumocystis carinhipneumonia
C. primarylungcancer
D. chronicinterstitialpneumonitis
E. bacterialpneumonia

16. Several small mediastinalfoci and a larger, less well
defined region of uptake in the right middle lobe.

17. Intenseuptake limitedto the rightmiddle lobe.
18. Prominentuptakein bothhilarregionsand the right

paramediastinal region, and diffuse bilateral lower
lobe uptake.

19. Diffuse,bilateralhigh-intensitypulmonaryuptake.
20. Irregularparenchymaluptakepredominantlyin the

lower lung zones.

Items I -5: VentilatIon-PerfusionSclntlgraphlcPatterns
Answers: 1, C; 2, C; 3, D; 4, E; 5, C
Ventilation-perfusionâ€˜matchesâ€•with a normalradiographshould

be interpretedas indicatingan intermediateprobabilityfor pul
monary embolism if the ventilation abnormalities involve more than
50% of the lung fields. When obstructive pulmonary disease is dif
fuse or extensive, it may not be possible to recognize coexisting
ventilation-perfusion mismatching due to superimposed pulmonary
embolism.
A single,unmatchedperfusiondefect,even if segmentalin size,

should be interpreted as an intermediate-probability finding. Some
earlierinterpretationschemessuggestedthatthisfinding indicated
a high probability of pulmonaryembolism;more recent studies,
however,showthat this scintigraphicpatternis associatedwithan
intermediateprobability.
When a perfusion defect is much larger than the associated radi

ographic opacity, the defect can be considered essentially as
unmatched by the radiographic abnormality (assuming there is no

ventilation abnormality in that part of the perfusion defect outside
of the regionof radiographicopacity).Thus,the findingof twoseg
mental (large) perfusion defects with normal ventilation and only a
small radiographic density associated with one of them, indicates
a highprobabilityof pulmonaryembolism.
Thechest radiograph should be obtained at approximatelythe

sametime as the scintigraphicstudy. In patientswith stableclini
cal and radiographicfindings,this intervalcould be as longas 18-
24hours.Whenthepatient'sclinicalconditionischangingorthere
are newlyevolved radiographic abnormalitieson prior films, the
chest radiographfor comparisonwith the scintigramsshould be
obtained much closer in time to the ventilationperfusion study. In
the situationdescribed in Item4 the infiltratecould haveenlarged
during the 18-hourinterval to more closely match the perfusion
abnormality in the superior segment. Additionally, new infiltrate
may have developed in the posterior basal segment. The subtle
washinabnormalitiesnoted on the ventilationstudy suggest that

(continuedon page 287)
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these changes, indeed, may have occurred. The examination
should be considered nondiagnostic up to this point. A new chest
radiographic examinationshould be obtained (ideally, standard
erect posteroanterior and lateral films). If matching infiltrates have
developed, the findings would indicate an intermediate probabilty
of pulmonary embolism; if not, a high probability interpretation
would be appropriate. As a corollary, it should be noted that an
increasing period of time between onset of symptoms and ventila
tion perfusionimaging is associatedwith an increasinglikelihood
that an intermediate-probability interpretation will result, in part
reflecting the evolution of new radiographic abnormalities in
patientswithpulmonaryembolism.
The use of the term â€œventilationperfusionmatchâ€•can be mislead

ing. A ventilation-perfusion match only represents a low probability
for pulmonary embolism when the chest radiograph is normal. A
radiographic opacity correlating with a perfusion defect takes
precedence over a ventilation perfusion match, and should lead to
an intermediate-probability interpretation.
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133: 189-194.
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Utâ€¢ms6-10: Assessingthe Post-TestProbabilityof
PulmonaryEmbolIsm
Answers:6, C; 7, D;8, D;9, C; 10,C

The principles of Bayes' theorem can be used to answer these
questions,which requirethat one considerboth the scintigraphic
findings and the clinical data for each patient. Although ventilation
perfusionscintigramsusuallyare interpretedwith referenceto the
likelihoodor probabilityof pulmonaryembolismcorrespondingto a
particular set of findings on the images, the actual post-test proba
bilityof embolismin any patientdependson both the scintigraphic
result and the pretest probability of pulmonary embolism based on
the constellation of risk factors, symptoms, physical signs, labora
tory data, and radiographic findings in a particular patient.
Admittedly, this probability is difficult to determine precisely, but
experienced clinicians can estimate the likelihood of embolism as
low, moderate, or high with reasonable accuracy by carefully eval
uatingall of the patient'sclinical information.Thefirst patienthas

intermediate probability scintigraphic findings, but a very high din
ical probability for pulmonary embolism. Thus, she has a moder
ately high post-test probability of embolism. Some clinicians might
consider anticoagulation at this point, but most others would pro
deedwithfurtherdiagnosticstudiesin thisclinicalsetting.

The history and radiographic findings in the second patient are
most suggestive of heart disease with congestive failure, not pul
monary embolism. Thus, the post-test probability of embolism is
low, and in this setting, many physicians would not search further
for pulmonary embolism despite the intermediate-probability scinti
graphic result. Additionally, one recent study has suggested that a
perfusion defect corresponding to a pleural effusion is unlikely to
represent pulmonary embolism. However, there is not general
agreement on this point, and most diagnostic schemes still classify
such findings as indicative of an intermediatelikelihood for pul
monary embolism on scintigraphic grounds alone.
There is no reason for the third patient to have acute pulmonary

embolism. This single perfusion defect, leading to an intermediate
probability scintigraphic interpretation,is likely due to one of the
othercausesdiscussedin thesyllabustext.

The fourth patient, who is on chronic hemodialysis, has a high
probability scintigraphic result. Because pulmonary embolism is
relatively uncommon in patients on hemodialysis, presumably
because they receive heparin during dialysis and because of the
hemostaticdefect associatedwith renal insufficiency,the pre-test
likelihood of embolism is low, leading to only a moderate post-test
probabilityof embolism.Thus,it would seemprudentto do further
testing, such as pulmonary angiography or a search for lower
extremity deep venous thrombosis, in this patient.

The last patient has a very suggestive history for pulmonary
embolism but an apparently low-probability scintigraphic study.
Thus, the post-test probability of embolism is moderate. In fact,
there is an additional clue that pulmonary emboli may be present:
the defects are wedge-shaped and segmental and the symptoms
began a very short time before the lung scan. Infrequently, pul
monaryembolimay lead to reflex bronchoconstrictionduring the
first few hours after the embolic event. This bronchoconstriction is
likely due to local hypocapnia and the release of serotonin and
other substances from platelets at the site of the embolus. The
associatedabnormalityon ventilation imaging will closely match
the perfusion defect and will generally resolve within approximately
6 hours of the time of embolization. Recognition of this phenome
non can be very difficult because ventilation perfusion matches
with a normalradiographgenerallyare interpretedas indicatinga
low-probabilityfor pulmonaryembolism.Theprincipal featuresof
thiscase suggestingpulmonaryembolismwithbronchospasmare

(continuedor@page 296)

Gated and Ungated SPECT @â€œTc-Sestamibiâ€¢Eisner et al. 287

Pulmonary Nuclear Medicine

ANSWERS



SELF-STUDY TEST

7. Petrokubi R, Baum S. Rohrer GV. Cimetidine administration resulting in
improved pertechnetate imaging of Meckel's diverticuli. Clin NucI Med
l978;3:385â€”388.

8. Rantch MM. Duplications of the gastrointestinaltract. Pediatric Surg
1986;4:9l 1â€”920.

9. Duplicationof the alimentarytract. In: Swensonâ€˜spediatricsurgery.Nor
walk,CT: Appleton& Lange;1990:579â€”585.

10. Bissler JJ, Klein RI. Alimentary tract duplications in children: case and
literature review. Clin Pediatrics l988;27(3):152â€”157.

11. Ildstad ST. Tollerud DJ, Weiss RG, Ryan DP, McGowan MA, Martin
LW. Duplications ofthe alimentary tract, clinical characteristics,preferred
treatment,and associatedmalformations.AnnSurg 1988;208:l84â€”l89.

12. Collins CD. Perforation ofa peptic ulcer in a duplicated ileum. Br I Surg
1972;59: 159â€”160.

13. Winter PF. Sodium pertechnetate Tc-99m scanning of the abdomen:
diagnosis ofan ileal duplication cyst. JAMA l977;237:1352â€”1353.

(continued from page 287)

theworrisomehistory,the characteristicsof the perfusiondefects,
and the short interval since onset of symptoms. If pulmonary
angiography is not performed, the possibility of embolism with
reflex bronchoconstriction can be assessed further with repeat
ventilation perfusionimaging 18-24hours later, when ventilation
likelywouldhavereturnedto normalin a patientwithembolism.
References
1. Bedont RA, Datz FL. Lung scan perfusion defects limited to matching
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145:1155-1157.
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Items I I -15: Patterns of Altered Function in Pulmonary
DIsease
Answers: 11, E; 12, A; 13, B; 14 C; 15, D
Histopathologicstudies of the lungs of young smokersdemon

strate definite pathologic changes in the peripheralairways.The
characteristiclesionis a respiratorybronchiolitisconsistingof clus
ters of brown pigmented macrophages often accompanied by
edema, fibrosis, and epithelial hyperplasia in the adjacent bronchi
olar and alveolar walls. These abnormalities can be detected in
some smokers by measurements of dynamic compliance, closing
volumes, and flow-volume loops; however, the changes generally
are too subtle to be detected by standard pulmonary function
studies.Xenonwashoutstudieshaveshownmild delay in regional
clearance and heterogeneity of clearance time constants in the
lungs of young smokers. In long-term smokers, these changes
become progressively more severe and irreversible as proteases
in the lysosomes of invading macrophages cause enzymatic
destruction of the elastin and collagen fibers of alveolar walls. Loss
of alveolar integrity resulting from this process increases alveolar
volume and regional compliance and decreases the lung's elastic
recoil, which is partially responsible for maintaining airway paten
cy. Goblet cell hyperplasia in response to airway irritants in smoke
results in increased mucous secretion and further compromise of
the airway lumen. The regional xenon clearance time increases as
both alveolar compliance and airway resistance increase.
The 25-year-old with a tibial fracture and new acute dyspnea is

likely to have suffered a pulmonary embolism. Transiently in
creased airway resistance can occur in patients with emboli as a
result of bronchoconstrictive amines released from the embolus

and of changes in alveolar gas composition due to reduction in
regional blood flow. Dyspnea is associated with increased depth
and frequency of ventilation, two factors that increase global air
flow and decrease xenon clearance time.
The 25-year-old man with massive internal injury is at risk for adult

respiratory distress syndrome characterized by interstitial edema
and alveolar flooding, secondary to increased permeability at the
alveolar-capillary interface. This change in permeability would be
reflected by an increased rate of pulmonary clearance (reduced
clearance time) of inhaled @TcDTPAaerosol, or an increased rate
of pulmonary accumulation of intravenously administered @â€œ@Tc
albumin. The presence of interstital fluid causes stiffening of the
alveolar wall and decreased compliance.
The 40-year-old woman with idiopathic pulmonary fibrosis is likely

to demonstratethe typical pathologic features of this disorder,
which include increased interstitial deposition of collagen and
elastinas a resultof chronicinflammationand fibrosis.As a conse
quence of these changes, alveolar compliance is significantly
decreased. Although airway diameter may be slightly reduced, air
way patency is maintained by increased lung elastic recoil. Xenon
clearance rates vary according to the extent of the disease
process in different lung regions. but clearance rates tend to be in
the normal range because of the counterbalancing effects on
clearance time of reduced complicance and increased resistance.
References
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Items I 6-20 Pulmonary Ga Scintigraphic Patterns
Answers: 16, C; 17, E; 18, A; 19, B; 20, D

Primary lung cancer with mediastinal metastasis would be the
best explanation for the finding of a right middle lobe focus of
67Gauptakeand severalsmall mediastinalfoci. Althoughintense
uptake in the right middle lobe could be related to a tumor with
postobstructive consolidation, a bacterial pneumonia would be the
most likely cause of a well-defined lobar uptake pattern. All of the
other patterns consist of bilateral gallium localization. Although
bilateralprimarytumorsare possible,theyareuncommon.Thereis

(continued on page 300)
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no patternspecific for sarcoidosis,but bilateralhilarand parame
diastinaluptakeis often noted in this disease.It is not uncommon
to see parenchymal disease due to sarcoidosis in conjunction with
hilar uptake, even in the absence of radiographic infiltrates.
Opportunistic infection and other chronic interstitial processes
uncommonly cause gallium uptake in mediastinal lymph nodes.
Chronic interstitialdiseasesmostoften showdiffuse but irregular
uptake in the lung due to the patchy nature of the alveolar inflam
mationand fibrosisassociatedwith the majorityof thesedisorders.
Opportunistic infections, and particularly Pneumocystis carinii
pneumonia,on theotherhand,generallyshowintense,diffusepul
monary uptake of 67Ga.
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