Use of radionuclide labelled microspheres to show the
distribution of the pulmonary perfusion with multifocal
pulmonary blood supply
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SUMMARY In pulmonary atresia with a ventricular septal defect and similar congenital heart disorders the pulmonary blood supply is often multifocal. The relative distribution of pulmonary perfusion from individual sources is usually demonstrated by selective angiography. A new technique
using a selective injection of radionuclide labelled human albumin microspheres was performed in
four patients with a complex pulmonary blood supply. In these cases the physiological distribution
of each of the multiple sources of pulmonary perfusion was demonstrated. This is a useful additional
technique in the assessment of such patients.

In pulmonary atresia with a ventricular septal defect approach with a new technique to demonstrate the
the pulmonary blood supply is often multifocal.1 distribution of the pulmonary blood supply by selecIndividual parts of the pulmonary vasculature may be tive injection of radionuclide labelled human albumin
connected to the central pulmonary arteries, may be microspheres in patients with a complex pulmonary
supplied directly by major aortopulmonary collater- blood supply.
als, or may have a dual blood supply.2 The central
pulmonary arteries are often connected to less than Patients and method
half the bronchopulmonary segments.3 A knowledge
of the precise nature of the pulmonary blood supply in Radionuclide labelled human albumin microspheres
an individual patient is essential for the rational surgi- were injected at selected sites in the circulation during
a full haemodynamic and angiographic assessment in
cal management.3 4
Conventionally, the anatomy of the pulmonary cir- four patients with a complex pulmonary blood supculation is demonstrated by selective angiography. 15 ply. Dilute contrast medium was injected by hand
Although this technique shows the anatomy of the before the microspheres were given to ensure the
arterial supply very well, it gives limited information catheter position did not encourage preferential
on the true physiological blood flow, especially in the streaming. The microspheres (3M, instant microspresence of a duplicate blood supply.2 Pressure injec- pheres) were given in a volume of approximately 0-5
tions of contrast medium through catheters in arteries ml and were flushed in with 5 ml of saline. They have
have been shown to cause a substantial increase in the a mean diameter of 20 um with a standard deviation
flow during the period of the injection.6 This effect of 5 ,um. In three cases they were labelled with
means that the observed pattern of blood flow cannot technetium-99m alone. In case 2 indium-1 13m labelbe assumed to represent the physiological distribu- led microspheres were also used so that injections
could be made at two separate sites in the central
tion.
In contrast, the injection of radionuclide labelled circulation. The different energies of the gamma rays
microspheres offers the possibility of studying the emitted by these two radionuclides, 140 keV for
pulmonary blood flow without haemodynamic distur- technetium-99m and 392 keV for indium-i 13m, allow
bance. We investigated the possibility of this the distribution of microspheres from each injection
to be imaged independently. A high energy collimator
Requests for reprints to Dr E J Baker, Department of Paediatrics, is required for the indium image.
Guy's Hospital, London SEI 9RT.
Static images of the lungs were acquired for five
after each injection. In cases 3 and 4 a mobile
minutes
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gammacamera was used in the catheter laboratory. In isotopes. The quality of the image with the indium
these two studies multiple injections of technetium labelled microspheres was poorer than that obtained
labelled microspheres were given at selected sites in with the technetium label. Both images, however,
the central circulation. Anterior lung images were showed preferential blood flow to the right lung with
acquired after each injection. The patients were no difference in the distribution of perfusion. The
positioned identically for each image with two ratio of right lung activity to left lung"activity for the
cobalt-57 marker sources attached to their chests. The indium image was 1-4: 1 and for the technetium image
images were stored on magnetic tape and later anal- 1*6: 1. Thus there was no evidence of any separate
ysed on a digital computer. The distribution of mic- collateral supply to either lung.
rospheres from each injection was reconstructed by
subtraction of these stored images.
Case 3
The total number of microspheres given in each A 14 year old boy with pulmonary atresia and a vencase was 30 000/m2. This represents approximately tricular septal defect had had a palliative reconstruc0-3 mg of human serum albumin. The total dose of tion of the right ventricular outflow tract one year
technetium in each case was 64 MBq/m2 and of previously. He was known to have multiple aorindium (in case 2) 21 MBq/m2. When multiple injec- topulmonary collaterals. Technetium-99m labelled
tions of the technetium microspheres were used the microspheres were injected into the pulmonary artery
total dose was divided into the appropriate number of and an anterior image acquired using a mobile gamaliquots.
macamera. The majority of the blood flow from the
central pulmonary arteries (65%) was to the left lung
CASE REPORTS
with only 35% of the microspheres distributed to
Case I
parts of the right lung (Figure a). A further injection
A 9 year old girl with pulmonary atresia and a ven- of the technetium microspheres was given into a
tricular septal defect had a palliative reconstruction of major collateral arising from the left subclavian artery
the right ventricular outflow tract. She was known to and a second image acquired. The distribution of the
have two major collateral arteries arising from the blood flowing through the collateral was obtained by
descending aorta supplying parts of both the right and subtracting the first image from the second (Figure
left lungs. Three years later she was requiring treat- b). A third injection of microspheres was given into a
ment for cardiac failure and was reinvestigated.
collateral arising from the descending aorta, supplyAn injection of technetium-99m labelled micros- ing some of the right lung. Subtraction was again used
pheres into the pulmonary artery showed a uniform to show the distribution of the blood flow (Figure c).
distribution throughout the right lung, whereas a The final image acquired (Figure d) showed that all
large part of the left lung was not perfused. The cen- parts of the lungs were perfused from these three
tral pulmonary artery supplied only part of the left sources.
upper and lower lobes. The whole of the left lung was
perfused when a second injection of technetium label- Case 4
led microspheres was given into a peripheral vein on a In a 22 year old man with the tetralogy of Fallot and
separate occasion. The collateral artery supplying the an anomalous origin of the left pulmonary artery from
left lung was therefore the sole supply to a large part the ascending aorta the very small pulmonary artery
of the pulmonary vascular bed, whereas the right lung arising from the right ventricle supplied only the right
had a dual blood supply from both the central pulmo- lung.
An injection of technetium microspheres was given
nary artery, which had been shown to supply all parts
of the lung, and the known right collateral artery. The into the left pulmonary artery at its origin and an
right collateral artery was since surgically ligated and image acquired. There was uniform perfusion of the
left lung but none to the right. The right pulmonary
the heart failure clinically responded.
artery could not be entered directly so a second injection was given into the body of the right ventricle.
Case 2
a
The
and
atresia
image obtained by subtraction demonstrating the
with
pulmonary
A 13 month old child
ventricular septal defect was investigated. He had a distribution of flow from the right ventricle showed
right Blalock-Taussig shunt created at 1 week of age. that the majority of the blood flow was to the left lung.
At cardiac catheterisation the shunt was entered and Despite the right pulmonary artery arising directly
the
appeared to be the sole blood supply to the lungs on from the right ventricle only 18% of the flow from was
angiography. Indium-1 13m microspheres were ventricle was to the right lung. A further injection
injected into the Blalock-Taussig shunt and given into the aorta just distal to the left pulmonary
technetium-99m microspheres into the root of the artery. The image obtained showed no additional
aorta. Static images were then acquired for the two areas of lung perfused, so there could be no other
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Figure Radionuclide anterior images in case 3: (a) image after pulmonary artery injection; (b) subtracted image
to show the distribution of microspheres after injection into the left coUateral; (c) subtracted image after injection
into the right collateral; and (d)final image obtained after all three injections.

significant pulmonary blood supply from collateral
arteries arising distal to the left pulmonary artery.

Discussion

Radionuclide labelled human albumin microspheres
have been shown to be an effective method of demonstrating regional pulmonary blood flow.78 Microspheres of the size used here can be expected to lodge
in approximately 0 1% of the pulmonary capillaries,9
and only a very small proportion of the radionuclide
label escapes capture in the pulmonary circulation.1 O11 The injection of such microspheres into the
pulmonary, cerebral, and coronary circulations has
been shown to be safe.' 2-14 In clinical use no major
complication except for rare anaphylactoid reaction
has been reported.'5

Radionuclide labelled macroaggregated albumin
has been used to measure the magnitude of right to
left shunting in congenital heart diseasel6 and also to
study lung perfusion after corrective surgery.'7 The
selective injection of microspheres to demonstrate the
distribution of pulmonary perfusion in a complex
pulmonary vascular supply has, however, not been
reported.
In the present four cases microspheres proved to be
valuable in showing the distribution of perfusion from
individual vessels supplying the pulmonary circulation. The volume of fluid given is small and injected
by hand, so the distribution is likely to reflect the true
physiological perfusion unlike that after pressure
injections of contrast media.6 The correspondence of
the relative flow to the right and left lungs between
the aortic injection and the injection into the surgical
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shunt in case 2 supports the assumption inherent in radionuclide from the pulmonary capillaries between
this technique that direct injection into a supply injections.
artery gives a true picture of the distribution of its
An alternative approach to overcome the problems
blood flow and that streaming of the microspheres was we encountered using indium-13m would be to use a
not a problem. Digital subtraction of images enables second radionuclide with a longer half life, for
multiple injections to be given at several sites and the instance indium- Il1.l The dual radionucide method
distribution of the microspheres from each individual limits the number of sites at which injections can be
injection to be established. Alternatively, as in case 2, made to two, whereas the subtraction method allows
microspheres labelled with different radionuclides can as many injections to be given as necessary to suit the
be used.
anatomy in each case. We have successfully given a
It must be emphasised that the images from the maximum of three separate injections of microspheres
microsphere studies can be interpreted only in the using this technique. Nevertheless, a mobile gamlight of the known vascular anatomy in each case, as macamera must be used, and only the anterior projecdefined by angiography. Case 1 showed the limited tion is feasible. Oblique and posterior images would
distribution of the central pulmonary artery perfusion improve the definition of the distribution of perfuin a case of pulmonary atresia with a ventricular septal sion. These can be obtained only with the dual
defect. The left collateral artery was shown to supply radionuclide technique.
a substantial part of the left lung, whereas the right
Although in case 2 we were able to establish that
lung had a dual blood supply from the central pulmo- streaming of the microspheres preferentially into one
nary artery and the right collateral artery. In case 2 of the pulmonary arteries was not a problem, this
the microsphere study showed the absence of any cannot be assumed in every case. Careful positioning
significant pulmonary perfusion additional to the sur- of the catheter tip using small contrast injections is
gical shunt and therefore excluded any major aor- essential if this problem is to be avoided.
The selective injection of radionuclide labelled
topulmonary collateral arteries. In case 3 the pulmonary artery supplied the majority of the left lung but human albumin microspheres in conditions such as
only the minority of the right lung (Figure a). The pulmonary atresia with a ventricular septal defect
remainder of the pulmonary circulation was perfused gives a good visual assessment and some semiquanfrom two separate systemic-pulmonary collateral titative information on the distribution of the pulmoarteries (Figure b and c). There was no signficant nary blood flow. This is a potentially valuable addioverlap between these three distributions. In case 4 tional technique in the preoperative assessment of
the vessel arising from the ascending aorta perfused conditions with a complex pulmonary blood supply.
the whole of the left lung, and the vessel arising from
the right ventricle perfused the right lung only poorly. E J B is a British Heart Foundation junior research
There was no other source of blood flow to the right fellow.
lung.
There are several problems with this technique.
Indium-113m has a half life of only 1*73 hours, and,
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