
Improved evaluation of pulmonary disease 
with gallium-67 emission tomography1 

James K. O'Donnell, M.D. 
Raymundo T . Go, M.D. 
Edward M. Cordasco, M.D. 
David H. Feiglin, M.D. 
Joseph A. Golish, M.D. 
Atul C. Mehta, M.D. 
Muzaffar Ahmad, M.D. 
William J. Maclntyre, M.D. 

Gallium-67 scintigraphy is helpful in the noninvasive evaluation 
of neoplastic and inflammatory pulmonary diseases. Single-photon 
emission computed tomography (SPECT) provides tomographic 
reconstructions of radioisotope distribution in the body. The ad-
dition of SPECT to gallium-67 scanning in more than 180 patients 
demonstrated an improvement in the already high sensitivity for 
the presence and extent of bronchogenic carcinoma, sarcoidosis, 
infection, and interstitial disease. Specificity is also improving as 
characteristic tomographic patterns of abnormal uptake in various 
conditions are becoming evident. 
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Medical imaging with gallium-67 was first proposed for 
the staging of neoplastic disease in 1969.1 Shortly there-
after, it was also reported to be useful in the localization 
of inflammatory lesions.2'3 Within these two broad cate-
gories, Ga-67 scintigraphy has since proved beneficial for 
the noninvasive evaluation of a wide variety of diseases. 
These applications have developed despite a lack of exact 
knowledge of the mechanisms by which gallium localizes 
in pathologic tissues. It is known that the gallium ion 
behaves chemically very much like the ferric ion, having 
similar binding and transport properties.4 

The increasing applications for Ga-67 imaging in neo-
plastic and inflammatory disease have paralleled the ad-
vancement of nuclear medicine technology. Several factors 
have improved the accuracy of Ga-67 imaging in recent 
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Fig. 1. Rotating gantry gamma camera. Note that the detector 
head is mounted oil a circular gantry allowing image acquisition 
over a 360-degree range around the patient. 

years. The scintillation gamma camera has almost 
totally replaced the rectilinear scanner for image 
acquisition. These newer cameras have advanced 
electronic capabilities, including specific triple-
peak Ga-67 energy settings, that have resulted in 
improved image visualization. Knowledge of the 
radiation dosimetry for Ga-67 has been refined, 
allowing the administered dose of the isotope to 
be increased with no hazard to the patient. Fi-
nally, digital image acquisition with the aid of 

Table. Diagnoses 
Diagnosis No. 

Controls 12 
Bronchogenic carcinoma 41 
Sarcoidosis 39 
Pneumonia 33 
Interstitial fibrosis 31 
Pneumoconioses 29 
Pulmonary abscess 6 
Tuberculosis, inactive 3 

Total 194 

dedicated imaging computers has become com-
mon. 

A recent technique deriving from the use of 
computer acquisition is that of single-photon 
emission computed tomography (SPECT). This 
method of constructing tomographic images of 
isotope distribution within the body has added 
significant sensitivity and accuracy to lesion de-
tection in cardiac, brain, and liver imaging.5"9 T o 
determine the clinical value of this technique as 
applied to gallium scintigraphy, we have now 
performed Ga-67 SPECT in conjunction with 
routine planar Ga-67 imaging in more than 180 
adult patients referred for the evaluation of a 
variety of suspected pulmonary diseases. 

Methods 

The distribution of referral diagnoses is shown 
in the Table. The control group consisted of 
patients for whom SPECT studies of the thorax 
were obtained when there was no clinical or other 
radiographic suspicion of pulmonary disease. 
These patients were usually referred for locali-
zation of intra-abdominal or extremity lesions. 
The patients in each of the other categories in-
cluded those with known diagnoses at the time 
of scanning as well as patients referred without a 
specific diagnosis but subsequently documented 
to have disease. 

The thoracic concentration of Ga-67 is nor-
mally very low, although there is some variable 
activity present in the first 24-48 hours after 
injection, due mostly to isotope in the circulating 
blood pool. Therefore, each of the patients in 
this series underwent both planar and SPECT 
image acquisition at least 48 hours after the in-
travenous injection of 6-10 millicuries (222-370 
MBq) of Ga-67 citrate. 

Planar imaging involved acquisition of anterior 
and posterior views of the chest for an accumu-
lation of 500 thousand counts with the patient 
lying supine under a gamma camera. 

For SPECT image acquisition, 64 views of the 
thorax were obtained in a 360-degree arc around 
the supine patient. This required a gamma cam-
era mounted on a rotating gantry apparatus and 
interfaced to a minicomputer programmed for 
digital image acquisition (Fig. 1). Approximately 
10 million total counts were obtained in the thirty 
minutes of acquisition time. These 64 frames of 
raw data were subsequently reconstructed by the 
computer using algorithms very similar in prin-

 on April 25, 2024. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


Winter 1985 Ga-67 SPECT in pulmonary disease 527 

ciple to the reconstruction provided by transmis-
sion axial tomographic (CT) scan computers. The 
final images provided for interpretation repre-
sented multiple image sections through the 
thorax of about 6-mm thickness. They were avail-
able in the coronal and sagittal planes as well as 
the standard transverse or transaxial orientation. 

The normal planar views of the thorax (Fig. 2) 
demonstrate the lack of pulmonary activity and 
the normal uptake in the bone, thoracic cage, 
and liver. 

The normal SPECT study (Fig. 3) likewise 
demonstrates lack of significant lung uptake. Sev-
eral additional advantages result from the tomo-
graphic techniques. The potential interfering 
effect due to superposition of thoracic bony 
structures over the site of interest, especially in 
evaluating the mediastinum, is eliminated. It is 
also possible to localize focal lesions more accu-
rately by consideration of multiple body planes 
with various orientations. Another advantage, 
not visible in these examples, is the use of a color 
display that enhances image contrast and lesion 
detectability. 

Since the report of our initial experience with 
this technique in 1983,10 an ongoing series has 
confirmed that Ga-67 SPECT greatly enhances 
the usefulness of this isotope in pulmonary dis-
ease. 

Fig. 2. Normal planar Ga-67 scan. Anterior view of the thorax 
shows lack of pulmonary activity and normal uptake by the liver 
and by bones o f the sternum and shoulder. 

A , B 

Fig. 3. Normal SPECT Ga-67 scans. 
A. Transverse image (same orientation as for C T images) through the midthorax shows normal low pulmonary background activity 

with slight uptake in the sternum and vertebral spine. 
B. Coronal image through the central mediastinum. Normal uptake is seen in the dome of the liver. 
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A 

B 

C 

Fig. 4. Bronchogenic carcinoma. 
A . Recurrent adenocarcinoma several years after right upper 

lobe resection. Planar scan shows gallium uptake in the right and 
possibly left hilar areas, but the mediastinum has no obvious activity 
aside from normal sternal uptake. 

B. Transverse SPECT image confirms intense right hilar up-
take with spread to the adjacent mediastinum. 

C. Transverse SPECT image several centimeters caudal to B. 
At this level there is definite left hilar involvement and continuing 
mediastinal spread. All these findings were documented at thora-
cotomy. 

Clinical applications 

Bronchogenic carcinoma 

Previous studies have shown planar Ga-67 
scanning to be useful in the detection and staging 
of bronchogenic carcinoma.11'12 Gallium scan-
ning is particularly accurate for evaluating poten-
tial mediastinal involvement13 and postoperative 
recurrence.14 SPECT further enhances this stag-
ing capability by eliminating superimposed ster-
nal or vertebral uptake and by lessening the effect 
of the high circulating background gallium activ-
ity (Fig. 4). Initial comparisons with mediastinos-
copy or thoracotomy have been excellent and 
SPECT may prove to be the noninvasive method 
of choice for evaluating potentially operable 
bronchogenic tumors.15 Ga-67 scanning is less 
sensitive for detecting metastases to the lung 
from other primary sites such as breast.16 

Sarcoidosis 

The lesions of active sarcoidosis have an ex-
tremely high affinity for gallium and scintigraphy 
is a sensitive indicator both for the extent of 
organ involvement and for the degree of disease 
activity. Planar Ga-67 scanning is more sensitive 
than the chest radiograph in detecting hilar node 
involvement.17 Comparisons with other parame-
ters, such as angiotensin converting enzyme and 
serum lysozyme levels, have been variable.18'19 

The patterns of uptake, including parotid gland 
involvement, frequently suggest the specific di-
agnosis.211 A completely negative scan is strongly 
predictive of the absence of active disease.18 The 
primary advantage of Ga-67 SPECT imaging in 
pulmonary sarcoidosis is the more accurate local-
ization of involvement in the hilar and medias-
tinal regions (Fig. 5). Our experience with 
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SPECT confirms earlier reports of the value of 
serial scanning as an indicator of response to 
steroid therapy.21'22 

Infection 

Ga-67 scanning is a well-established aid to the 
diagnosis and follow up of inflammatory and 
infectious processes.23 Applications in lung im-
aging include delineation of the extent of pneu-
monia in patients with abnormal baseline radi-
ographs, early detection of opportunistic infec-
tion, and differentiation of pulmonary infections 
from infarction. Particularly in cases where a 
focal acute process such as empyema is superim-
posed on chronic underlying disease, SPECT is 
helpful in accurate diagnosis. The greater con-
trast afforded by the tomographic technique re-
sults in far better sensitivity for lesion detection 
(Fig. 6). Several studies have also documented 
the effectiveness of Ga-67 scans in diffuse infec-
tious processes such as Pneumocystis carinii pneu-
monia.24,25 The scan will often show diffuse in-
creased uptake before radiographic findings de-
velop and SPECT is even more sensitive for these 
early subtle changes. Recent work using indium-
111-labeled leukocytes has shown promise in de-
tecting infection,26 but large clinical studies com-
paring this technique with Ga-67 scanning for 
pulmonary disease remain to be done. 

Interstitial disease 

Ga-67 is known to localize in diffuse parenchy-
mal lung conditions in proportion to the degree 
of inflammatory pneumonitis that either pre-
cedes or coexists with chronic fibrotic changes.2' 
The inflammatory components of idiopathic pul-
monary fibrosis and many occupational pneu-
moconioses can be accurately estimated.28 Planar 
scans, however, are limited in their ability to 
demonstrate this increased uptake in the thorax 
relative to the normal Ga-67 activity in the ribs 
and the spine. Also normal liver and spleen up-
take often mask subtle changes in the lung bases. 
Gallium-index techniques have been proposed to 
quantify inflammatory activity better, but these 
methods are somewhat subjective for choosing 
regions of interest and still suffer from the effects 
of superimposed bone and soft tissue. Our initial 
experience with SPECT imaging has been en-
couraging (Fig. 7). 

Even mild degrees of abnormal uptake are 
identifiable and SPECT is much more accurate 

Fig. 5. Sarcoidosis. Multisection image sequence in the corona] 
plane progressing from anterior to posterior (1 to 27). There is 
central left hilar uptake extending posteriorly and bilaterally to 
involve the entire perihilar and mediastinal regions. Sections 11-
13 also document extension to the supraclavicular and cervical 
nodes on the right. 

in discerning the characteristically diffuse but 
uneven involvement of various lung regions. Re-
gional quantification of activity based on the tom-
ographic section information is currently being 
investigated at our institution. 

Discussion 

The addition of SPECT techniques to routine 
Ga-67 scanning has increased its already high 
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Fig. 6. Empyema. Focal accumulation of Ga-67 can be seen 
above the hepatic dome in the right lower lobe of this febrile 
patient, who had diffuse planar scan uptake and chest radiographic 
evidence o f fibrotic change from pneumoconiosis. 

Fig. 7. Interstitial fibrosis. Transverse image demonstrates dif-
fuse increased Ga-67 activity, slightly worse on the right, confirming 
a significant component o f alveolitis. (Compare with Figure 3A.) 

sensitivity for detection of disease. As appropriate 
for any screening procedure, the high sensitivity 
and predictive value of a negative scan provide 
accurate data for clinical decision making. The 
reputed nonspecificity of Ga-67 imaging is less-
ened by SPECT and will most likely continue to 
decrease as we enlarge our experience in identi-
fying tomographic patterns of isotope distribu-
tion in various diseases. The primary advantage 
of the improved accuracy provided by SPECT is 
twofold, in the increased sensitivity for the detec-
tion of focal disease and in the documentation of 
disease activity in diffuse conditions. 

The data obtained in tomographic studies are 
highly reproducible. Serial SPECT evaluations 
are thus reliable in determining the course of 
pulmonary disease activity over time and the 
potential response to therapeutic maneuvers. 
This seems to be particularly true in document-
ing the beneficial response to steroid therapy. 

Emission tomography is emerging as a distinct 
improvement in the clinical application of Ga-67 
scintigraphy to pulmonary disease. All patients 
referred to our clinic for Ga-67 evaluation of 
intrathoracic disease now undergo additional 
SPECT imaging in order to maximize the physi-
ologic information available to guide diagnostic 
and therapeutic decisions. 
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