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Summary

The conventional method of lung scanning detects defects of
pulmonary artery perfusion. False positive results occur be-
cause regions of hypoventilation, such as are present in ob-
structive airways disease, also cause defects of perfusion. The
converse is not true, however, as defects of perfusion con-
tinue to be ventilated. Thus in pulmonary embolism ven-
tilation-perfusion discrepancy (normal ventilation and
impaired perfusion) occurs
We have assessed the clinical value of this discrepancy.

Out of 18 patients with ventilation-perfusion discrepancy 14
had a final diagnosis of pulmonary emboli, whereas in none
of the 34 patients without the discrepancy was this final
diagnosis made. We conclude that combined ventilation-
perfusion lung scanning distinguishes pulmonary emboli
from other lung conditions such as asthma and bronchitis
which cause impaired pulmonary perfusion. The false posi-
tive rate was only 4% overall and 7-7% in patients with
perfusion defects.

Introduction

Lung perfusion scanning is of value in the diagnosis of pul-
monary embolism and is a simple and safe screening proced-
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ure. Interpreta-tion of lung scans, however, creates a problem
in some patients because abnormal perfusion is not peculiar
-to pulmonary embolism but can appear in a variety of lung
diseases, including bronchitis and asthma (Lopez-Majano et
al., 1966; Mishkin and Wagner, 1968). There is a need for a
reliable method of diagnosing emboli in patienrts with asthma,
bronchitis, and other conditions with impaired pulmonary
perfusion.
Animal studies show itha-t a reduction in lung ventilation

such as occurs in man with chronic obstructive airways dis-
eases leads rapidly to a corresponding reduction in lung per-
fusion. On the other hand, reduction in lung perfusion, as in
pulmonary embolism, does not lead to a correspondingly
marked and sustained reduction in ventilation. With this in
mind several workers have suggested that combined
ventilation-perfusion lung scans might aid more specific diag-
nosis of pulmonary embolism (De Nardo et al., 1970; Farme-
lan(t and Trainor, 1971). Their studies were made on a total
of 57 pa-tients and the results justified a clinical trial with a
larger series. We have therefore performed 100 combined
ventilation-perfusion lung scans on patients with pulmonary
problems and have assessed the results in relation to the
final diagnosis.

Patients and Methods

The patients had been routinely referred by clinicians in the
hospital. Both scans were performed at the same session,
vetila-tion scanning always preceding perfusion scanning. The
combined scans took 20 minutes. Perfusion images were ob-
tained by using macroaggregated albumin (MAA) labelled
with 99mTc. Gaseous l13Xe was used for ventilation imagig.
All the images were recorded on Polaroid film by means of
a Nuclear Enterprises mark III ganmm camera with a diverg-

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5908.600 on 30 M
arch 1974. D

ow
nloaded from

 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL 30 MARCH 1974

ing collimator. The collimator was designed for use with
133Xe and SSmTc and was made at St. Thomas's Hovpital
(Ahmad and Clapham, 1974). The aim was to produce an
overall resolution of 3-5 cm aft a distance of 10 cm from the
collimator face, together with adequate sensitivity, and to in-
clude both lungs in the field of view.
The patient was seated with his back to the camera and

shown how to breathe from a clozed-circuit spirom-,t-r via a
facemask. After acclimatization and at full expiration 3-5
mCi of I"Xe was injected through the tubing connecting
spirometer to mask. A picture was then itaken with the breath
held after a full inspiration. After rebreathing until the count
rate over the lungs was steady an equilibrium picture was
taken. The spirometer was removed and washout pictures
were taken while an extractor system removed the exhaled
"3'Xe. Immediately after this 1 mCi of s9mTc MAA was slow-
ly injected intravenously with the patient supine and breath-
ing slowly and deeply. Anterior, posterior, and lateral images
were then recorded with the patient sitting.
The radiation dose for 9smTc perfusion scans was 0-19 rem

to the lungs, and for "-Iye ventilation scans 05-1 0 rem to the
bronchus. The skin dose for a single chest x-ray exposure is
0-15 rem and for pulmonary angiography 13-2 rem (Trott
et al., 1970).
The ventilation scan was regarded as normal if there was

uniform distribution of radioactivity throughout the lung
fields in both single-breath and equilibrium pictures and
neither localized nor generalized retention of 13Xe beyond
three minutes during washout i(Medina et al., 1969). For each
combined study a visual assessmen-t was made of whether
-there was a defect of perfusion. If a defect existed the image
was compared with the ventilation ima.ge. A visual assess-
men-t was then made to decide whether the abnormali-ty of
perfusion was greater than that of ventilation. If this was the
case ventilation-perfusion discrepancy existed.
The ventilation-perfusion lung scan results were compared

with the final diagnosis in each patient. This diagnosis was
determined by independent clinicians who had available to
them all the data on the patient except the ventilation scans.
The data included history and results of examination, chest
x-ray appearances, electrocardiogram, blood count and
biochemical values, 125I fibrinogen uptake, ultrasound
dopplegram, ascending phlebograms of the legs, and
perfusion lung scans. Finally, these clinicians considered the
response to treatment and clinical outcome of the illness. We
believe that a diagnosis of pulmonary embolism should not
be based on any one procedure and that a diagnosis based on
compound evidence is the most accurate at present available.

Results

Of the 100 combination scans analysed 48 showed normal
perfusion and 52 abnormal perfusion. The 48 patients with
normal perfusion also had a normal ventilation scan. Of the
52 patients with abnormal perfusion 34 had coinciding abnor-
malities of ventilation with no ventilation-,perfusion discrep-
ancy (see table). In 18 ventilation did not match perfusion
and in all these cases the perfusion defect exceeded the ven-
tilation defect. None of the patien-ts without ventilation-
perfusion discrepancy had a final clinical diagnosis of pul-
monary embolism bu-t of the 18 patients in whom this dis-
crepancy was present 14 had a final diagnosis of pulmonary
embolism.

In four of the patients with a final diagnosis other than of
pulmonary embolism the scan pattern of embolism oocurred,
giving a false posi-tive rate of 7-7% in patients with perfusion
defecs. Two of the four false-positives occurred in patients
with postoperative pneumonia, in whom pulmonary embol-
ism was an altemative diagnosis. An example of ventilation-
perfusion discrepancy is shown in the fig.
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Results of Combination Ventilation-Perfusion Scanning in the 52 Patients who
had Abnormal Perfusion Scans

Final Diagnosis No. of
Patients

Pulmonary emboli 14
Ventilation-perfusion discrepancy Fibrotic sarcoid 2

Postoperative pneumonia 2

Total 18

Pulmonary emboli 0
Cardiac failure 6
Pneumonia 10
Tuberculosis 6

No ventilation-perfusion discrepancy Fmphysema 5
Chronic bronchitis 2
Asthma 1
Pleurisy 2
Pleural thickening 2

Total 34

Discussion

Most lung perfusion scans are done to exclude or confirm

Posterior views of combined ventilation-perfusion lung scan from patient
suspected of having had pulmonary embolus. Top: Lung perfusion scan
showing normal perfusion on left and absence of perfusion on right. Bottom:
Normal lung ventilation scan.
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a diagnosis of pulmonary embolism. This has always been a
notoriously difficult diagnosis to substantiate as emboli may
occur silently or may mimic pneumonia, pleurisy, myocardial
infarotion, or cor pulmonale. The problem of basing a diag-
nosis of pulmonary embolism on clinical findings alone was
illustrated by a series of 71 patients in whom embolism was
suspected and who all had pulmonary angiograms. Even with
the help of simple investigations (electrocardiography, x-ray
examination, and biochemical tesits) it was impossible to pre-
dict the presence or absence of emboli (Poulouse et al., 1970).
With lung perfusion scanning ift is usually possible to make
a correct diagnosis in patients with a normal chest x-ray
picture and no obstructive airways disease.

In studies where embodi were shown by angiography the
incidence of false negative perfusion scans was 3-7% (Fred
et al., 1966) or nil (Poulouse et al., 1970; Szucs et al.,
1971). With experimentally induced emboli in dogs the over-
all false negative rate was 17%, the emboli being missed
either because they involved very small areas of lung or be-
cause they lodged centrally, causing only partial obstruction
to flow (Moser et al. 1969). This has not yet been confirmed
in man.
For clinical purposes a normal perfusion scan excludes a

pulmonary e,mbolus. The converse is far from true, as other
lung disease can cause al-teration of pulmonary perfusion.
Clinically these conditions (pneumonia, effusion, etc.) are
often apparent on the chest x-ray film. Abnormal perfusion
associated with normal chest x-ray appearances, however,
may also be found in chronic obstructive airways disease and
asthma. It is in this group that an improved technique is
required.
Reduction in ven,tilation causes an immediate reduction in

perfusion which persists while ventilation is impaired (Isawa
et al., 1971). On the other hand, if perfusion is impaired, as
in embolism, there is only a temporary reduction of ventila-
tion, which retums to normal within 48 hours (Wolfe et al.,
1966; Iswa et al., 1972). Clinically a primary disturbance
of ventilation, as in emphysema, should be accompanied by
an equal and corresponding disturbance of perfusion. Pul-
monary embolism would thus be expected to give rise to a
discrepancy between the extent of perfusion and vemilation.
Our data confirm in a clinical setting that the presence of
ventilation-perfusion discrepancy is linked with pulmonary
embolism and that the lack of this discrepancy is not.
Other workers have assessed vetilation-perfusion dis-

crepancy in the diagnosis of embolism. De Nardo found that

in 10 patients with emboli the embolic area was well ventila-
ted but underperfused, while five patients with other con-
ditions had equal impairment of ventilation and perfusion
(De Nardo et al., 1970). Similar results have been obtained
by others (Farmelant and Trainor, 1971). Review of the liter-
ature and of -the cases reported here shows only seven out of
100 cases in which ventilation-perfusion discrepancy was
found in the absence of embolism, which indicates that
ventilation-perfusion discrepancy is a sensitive marker of
pulmonary embolism.

Ventilaition scanning appears to be relevant when the per-
fusion scan is abnormal and the patient has a history of
obstructive airways disease, particularly where the chest x-ray
picture either is normal or shows only mrinor abnormalities.
Ventilation scanning is a quick, simple, and safe procedure
which can be carried out in radioisotope departments
equipped with a gamma camera. We have used this pro-
cedure routinely and in a study of the incidence of pulmon-
ary emboli after surgery, as described in the succeeding paper
(Browse et al., 1974).

Requests for reprints should be sent to Dr. D. N. Croft.
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