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Usefulness of Nuclear Medicine Scintigraphic Ventilation-Perfusion
(V/Q) Scanning of the Lung in Diagnosis of Pulmonary Embolism:
A Case Report

Suwannee Nakaphun, M.D.*

Abstract

Pulmonary embolism (PE) is a life-threatening condition. The clinical manifestations are rather nonspecific.
Typical symptoms are sudden dyspnea and chest pain, which also can be the presenting complaints in other
various conditions. Other signs and symptoms such as hemoptysis, cardiac arrhythmia, syncope, seizure etc.
occur less frequently and are not unique to PE either. The case was a 32 year-old woman with underlying asthma
and steroid abuse, presenting with sudden chest pain and generalized tonic-clonic seizure. Cerebral computerized
tomography (CT) was normal. Arterial blood gas showed hypoxemia and physical examination revealed left leg
edema. Venoscintigraphy and perfusion lung scan diagnosed deep vein thrombosis and PE. She was markedly
improved because of the early diagnosis and treatment. Pulmonary angiography is a gold standard for diagnosis
of PE but is invasive. There are other alternative tests e.g. CT angiography, D-dimer assay however venoscintigraphy

and V/Q lung scanning are the safest and most sensitive non-invasive test in the diagnosis.

* Nuclear Medicine Division, Department of Radiology, Maharat Nakhon Ratchasima Hospital, Nakhon Ratchasima 30000
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Introduction

Nuclear scintigraphic ventilation-perfusion (V/
Q) scanning of the lungs has been available at Maharat
Nakhon Ratchasima Hospital for 8 years so we will
report and discuss on the patient with massive pulmo-
nary embolism (PE) presenting as generalized seizure.
Pathophysiologic abnormalities that explain clinical
symptoms includ respiratory acidosis, hypoxemia and
cerebral hypoperfusion due to decrease cardiac out
put. PE should be included in the differential diagnosis
of new onset of unexplained seizure although its

presentation with this sign is very rare"”.

Report of case

A 32 year-old woman with underlying asthma
and steroid abuse during cleaning her house in the
morning, suddenly felt chest pain at right chest wall
and had approximately 60 second generalized tonic-
clonic seizure with urinary and fecal incontinence. On
initial examination after the seizure she had semicoma,
tachypnea, tachycardia and normotension. Neuro-
logical examination 2 hours after the seizure disclosed
no definite localizing signs. A chest film showed no
abnormality, ECG showed sinus tachycardia and non

specific ST-T change. Initially the diagnosis was
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seizure due to cerebrovascular cause, so a cerebral
computerized tomography (CT) study was obtained
and it revealed no abnormality. After that the patient
gained conscious but still had dyspnea and tachycardia.
Because there was no evidence of bronchospasm, so
PE came into differential diagnosis. An arterial blood

gas showed hypoxemia (Pa02= 62mmHg) in spite of

100% oxygen with facial mask. Echocardiogram
showed normal left ventricle and a dilated and
hypokinetic right ventricle with preserved apical
systolic function. Venoscintigraphy and V/Q lung
scanning which were obtained in the same setting
confirmed the diagnosis of massive PE with deep veins

thrombosis (DVT) at both lower extremities (picturel).
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With heparin treatment, She had dramatic clinical
improvement and was discharged on hospital day 11.
Her neurological sign was normal on the regimen of
warfarin and she was still healthy on the follow up, a
month later.

Venoscintigraphy showed partial DVT at left
popliteal vein.

Perfusion lung scan showed mutliple segmental
perfusion defects without abnormal chest X-ray

suggested high probability for pulmonary embolism.

Discussion

Several cardiopulmonary conditions have been
reported to present with seizure and these include
Torsades de Pointes, long QT syndrome, severe
bradycardia, asystole and systemic arterial hypertension.
But PEs presenting with seizure is very rare. In this
case, initial clinical attention focused upon the
neurological condition and then changed to PE after
clinical re-evaluation and diagnosis was confirmed with
V/Q lung scanning and venoscintigraphy.

Pulmonary embolism is a blockage in a
pulmonary artery from blood clot that has moved from
a thrombus at a deep vein thrombosis. The common
site of thrombosis is leg. Large fragments of thrombi
break off and are carried through the blood stream
until they are lodged in the pulmonary arteries. They
block the bloodflow from the heart to lungs which
may lead to death. After ischemic heart disease and
stroke, PE is the third leading cause of death and may
be the most common preventable cause of death in
hospitals. It is unsuspected in at least two-thirds of

people who die from it. PE is more likely to occur in

people with symptoms and signs of deep vein
thrombosis.

Ventilation and perfusion lung imaging is the
most important and most accessible mrthod for
detecting PE. Perfusion imaging can be obtained
thereafter venoscintigraphy using the same radiophar-

99m

maceutical, = 1c MAA. Ventilation imaging will be
done in only cases with uncertain diagnosis according
to venoscintigraphy and perfusion lung scan such as
the patients with underlying pulmonary and cardio-
vascular disease. The imaging is an accurate, nonin-
vasive way of evaluating PE. Ventilation and perfusion
of broncho-pulmonary segments will be matched with
that of a healthy individual. In pulmonary embolic
disease, segmental reduction in perfusion occurs with
maintenance of normal ventilation. This leads to the
mismatch of perfusion and ventilation in the broncho-
pulmonary segment. In parenchymal lung disease
matched ventilation and perfusion defects occur. In
acute infection the ventilation defect may exceed the
perfusion defect.

There are two common indications for V/Q
scan, these are to determine the probability for
pulmonary emboli and to monitor the degree of
resolution or change in ventilation and perfusion
following an episode of pulmonary emboli. No
absolute contraindication needs to be considered but
we have to concern in a special conditions such as
pregnancy, breast feeding, pulmonary hypertension
and patient with right to left shunts.

There are many diagnostic criteria for scinti-
graphic detection of PE. The prospective investigation

of pulmonary embolism diagnosis (PIOPED) is one
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of the commonly used criteria. The modified pro-
spective investigation of pulmonary embolism
diagnosis (revised PIOPED) scheme allows interpreta-
tion of the result of the V/Q scan in a meaningful way
and more accurate than the original PIOPED criteria"”
(area under the ROC curve = 0.753). The revised
PIOPED criteria can reduce the population of inter-
mediate probability group and shrink role of pulmo-
nary angiogram. Chest X-ray should be obtained within
24 hours before or after V/Q imaging in order to
compare with the scintigraphic imaging. It is an
important and helpful tool for determining other causes
of the patient’s signs and symptoms, except for PE.
For example, a fractured rib or cavitary lung lesion
may present in a manner similar to PE. The initial
Chest X-ray finding of the patient with PE are virtually
always normal. On rare occasions they may show the
Westermark sign, a dilatation of pulmonary vessels
proximal to an embolism along with collapse of distal
vessels, sometime with a sharp cutoff. After 24-72
hours, one third of patients with proven PE develop
focal infiltrates that are indistinguishable from an
infectious pneumonia. A rare late finding of pulmonary
infarction is the Hampton hump, a triangular or
rounded pleural-based infiltrate with the apex pointing
toward the hilum, frequently located adjacent to the
diaphragm.

Interpretation of V/Q imaging by revised
PIOPED criteria is as the following.”

1. Normal V/Q scan: no perfusion defects can
be seen and is found at least 2% of patients with PE.
Four percentages of patients with this pattern have PE.

This means that approximately 1 of every 25 patients

sent home after a normal V/Q scan in spite of having
PE. This is unfortunate however risk-benefit analysis
supports the idea that unless the presentation is highly
convincing and no other evidences are demonstrable,
a normal perfusion scan pattern often may be consi-
dered negative PE.

Van Beek EJ et al.” concluded that V/Q scan
should be performed as soon as feasible to prevent
unnecessary hospitalization and bleeding complica-
tions. Long-term anticoagulant therapy can be safely
withheld in symptomatic patients with a normal
perfusion lung scan.

2. High probability scan. This includes scans
with any of the following findings:

- Two or more segmental or larger perfusion
defects with normal Chest X-ray and normal ventilation.

- Two or more segmental or larger perfusion
defects where Chest X-ray abnormalities and
ventilation defects are substantially smaller than the
perfusion defects.

- Two or more subsegmental and one segmen-
tal perfusion defect with normal Chest X-ray and
normal ventilation.

- Four or more subsegmental perfusion defects
with normal Chest X-ray and normal ventilation.

41% of patients with PE have this pattern and
87% of patients with this pattern have PE. In the most
clinical settings, a high-probability scan pattern may
be considered positive for PE. The PIOPED study
showed that the rate of pulmonary embolism with high-
probability scans was 96% if clinical probability was
high, 88% if clinical probability was moderate and

50% if clinical probability was low.



198 NFANT TSINGILANMITIFUATTIFAY TN 29 23TUN 3 Aueeu - SunaY 2548

3. Low probability scan. This includes scans
with any of the following findings:

- Small perfusion defects, regardless of num-
ber, ventilation findings, or Chest X-ray findings.

- Perfusion defects substantially smaller than
a Chest X-ray abnormality in the same area.

- Matching perfusion and ventilation defects in
less than 75% of one lung zone or in less than 50% of
one lung, with a normal or nearly normal Chest X-ray.

- A single segmental perfusion defect with a
normal Chest X-ray, regardless of ventilation match
or mismatch

- No segmental perfusion defects.

6% of patients with PE have this pattern and
14% of patients with this pattern have PE. This pattern
often is called “low probability* but the term is a
misnomer: in a typical population, 1 in 7 patients with
this pattern turns out to have PE. This scan pattern is
an indication for pulmonary angiography or some
other definite tests. All patients suspected of PE who
have a nondiagnostic scan must have PE definitely
ruled out with some definite alternative diagnostic
methods.® Micheal F et al. reported, out of 63 patients
who had low probability for PE and a negative lower
extremity venous ultrasound examination but PE
clinically suspected, 5 had PE revealed on arteriogram.

4. Intermediate probability scan. This patterns
are referred to any V/Q abnormality not other wise
classified. Approximately 40% of patients with PE fall
into this category and 30% of all patients with this
pattern have PE. This scan pattern is always an
indication for pulmonary angiography or other definite

tests for ruling out PEC WY Wong, et al reported

14.1% of V/Q scan were categorized as having
intermediate probability of PE. Clinically suspected
PE were found in 72% of them and 39% of these had
evidence of thrombo-embolic disease proven by spiral
computed tomographic angiography (CTA).

Because the signs and symptom of PE are
nonspecific, objective diagnostic tests are warranted
when this event is suspected’*'". Many algorithms
have been suggested for the diagnosis of pulmonary
embolism, but there is no standard approach, so far.
Pulmonary angiography is the gold standard diagnostic
test, but this technique is invasive, expensive, not
readily available and labor intensive. Moreover, its
results can be difficult to be interpreted, In addition,
1.6% of patients with a normal pulmonary angiogram
develop pulmonary embolism during 1-year follow-up
usually in the first month">".

There are some other non-invasive diagnostic
tests of PE. Spiral CT angiography can demonstrate
emboli directly as filling defects within the pulmonary

- 6 . . . .
(1), Accuracy is high and indeterminate

arteries
studies due to patient movement or technical failure
are rare. There has been some concern that spiral CT
angiography may miss subsegmental emboli but, given
the wide interobserver variability in reporting
subsegmental emboli on pulmonary angiography, this
is hard to confirm or refute''”. Radiation doses,
however, are very different. The typical effective dose
for perfusion scintigraphy is about 1 mSv, and another
0.4 mSv can be added for ventilation study. However,
for computed tomography of the chest the dose can

be increased as much as 8 mSv (the equivalent of 3.6

years of background radiation). Scintigraphy should
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therefore still be used whenever the chance of
definitive result is high. When the chest radiograph is
markedly abnormal and the ventilation-perfusion
scanning is indeterminate, spiral CT angiography
should be the further investigation.

D-dimer assay may be a diagnostic tool. D-dimer
is a breakdown product of cross-linked fibrin which is
found in increased amounts in plasma when throm-
boembolism is present. It is a measure of fibrinolytic
activity and an indirect indicator of pulmonary
embolism, It may be falsely positive in immobile
patients but a negative result virtually excludes
pulmonary embolism"®. At the present time, D-dimer
is not sensitive or specific enough to change the course
of diagnostic evaluation or treatment for patients with

suspected PE.

Conclusion

The optimum strategy for investigating patients
with suspected pulmonary embolism should combine
clinical assessment, ventilation—perfusion scanning,
and venoscintigraphy of lower extremities. The result

of nuclear scanning is safe.
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